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ABSTRACT: The chromatin remodeler CHDI1, a regulator of L
gene activity and potential drug target in prostate cancer (PCa), FRC-303 7 @IH:I Dﬂ

Inhibitor 2
contains a tandem chromodomain (tCD) binding histone H3 (Inhibitor 2s)

trimethylated at lysine 4 (H3K4me3). We developed the first Ky=1401M )@ P
submicromolar inhibitors (2n and 2s) that target the H3K4me3 N&(\OO/\ H (D chromo-
binding site of the CHD1 tCD with Ky values of 0.15 M and 0.14 e K@ domain 2
UM, respectively. Co-crystal structures of these quinoline-based ,
compounds revealed aromatic cage interactions and extended v Hi L D
gh-affinity inhibitor of
ligand contacts in other parts of the H3K4me3 peptide pocket as CHD1 Kme reader domain
the main determinants of high-affinity ligand binding. 2n and 2s v Binding validated by
engage endogenous CHD1 in cell lysates or the exogenous CHD1 )S(X;yo‘f&g%“:g:f:
tCD in cells. Furthermore, we provide evidence for selectivity 9
against a panel of methyl-lysine readers and epigenetic enzymes as
well as impairment of PCa cell viability. Due to their high potency and defined binding mode, our ligands offer new directions for
further optimization.

chromo-
domain

A " Kme-peptide-
mimicking x
binding mode 5
aromatic cage

B INTRODUCTION cases and often co-occurs with other genomic altera-
: : R : tions,”>*>*° which suggests that the protein can act as a
The chromodomain helicase DNA-binding (CHD) family of g &8 P
ATP-dependent chromatin remodelers consists of nine tumor suppressor. In contrast, CHD1 was observed to increase
members (CHD1-9) exertin§ multiple functions during oncogenic gene rearrangements at androgen receptor target
development and in adulthood.' > All family members harbor genes in PCa upon interaction with LSD1-K114me2” hinting
a tander? chromc.)do”main .(tCD)x Wh.iCh consists of two at tumor-promoting CHD1 activity. Furthermore, survival of
chromo “subdomains” forming a functional unit, a sucrose phosphatase and tensin homologue (PTEN)-deficient PCa

nonfermentable (SNF)2-like ATPase/helicase domain, and
distinct additional domains. The CHD1 tCD was shown to
bind H3K4me3,* lysine-specific demethylase (LSD)1 (also o . .
termed KDMI1A) dimethylated at K114,° and the viral ity.” In prostate tumors with PTEN loss, CHD1 contributes

cells was reported to depend on the presence of CHDI,
providing an example for PTEN/CHDI synthetic essential-

influenza nonstructural protein (NS)1 di- or trimethylated at to an immunosuppressive tumor microenvironment.”’ Finally,
K229.° As in the case of other methyl-lysine (Kme) reader CHD1 was observed to promote sensitivity of PCa cells to
domains including Tudor, malignant brain tumor (MBT), aurora kinase A inhibitors,>> and CHD1 loss sensitizes PCa cell
proline—tryptophan—tryptophan—proline (PWWP), trypto- lines to DNA-damaging therapy’® as well as poly(ADP-

phan—aspartate (WD)40 repeat, and plant homeodomain
(PHD), the methylated residues bind to a so-called “aromatic
cage” formed by aromatic amino acids.” Kme reader domains
have become attractive targets for drug development,g_11 and
several inhibitors have been develo%)ed, selected examples of
which are depicted in Figure 1.”°7*

CHD1 has been implicated in diseases including can-
cer.'”***** Mutation or deletion of CHDI, for example, has
been observed in about 8 to 10% of prostate cancer (PCa)

ribose)polymerase inhibitors.’* Together, these reports suggest
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Figure 1. Selected small-molecule inhibitors of Kme reader proteins. (A) UNCI1215 (MBT domain of L3MBTL3),"> (B) UNC3866
(chromodomain of CBX4/7),"* (C) MS351 (chromodomain of CBX7),"* (D) A366 (Tudor domain 2 of SPIN1),'* (E) VinSpinIn (Tudor
domains 1 and 2 of SPIN1),'® (F) BI-9321 (PWWP domain of NSD3),'” (G) UNC6934 (PWWP domain of NSD2),"* (H) (R,R)-59 (Tudor
domain of SETDB1),"” (I) EML405 (Tudor domain 2 of SPIN1),° (J) MS8535 (Tudor domain 2 of SPIN1),*' and (K) UNC10142 (CHDI
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Figure 2. Identification of an initial hit and truncation at C2, C4, C6, and C7 of the quinazoline scaffold (compounds 1b—1g). IC;, and K; values
for compound binding to the CHD1 tCD were determined by FRET and ITC, respectively. Original ITC data are shown in Figure S2. (Cpd:

compound; no bd.: no binding; n.d.: not determined.).

that CHD1 may be a therapeutic target in certain subtypes of
PCa.

While CHD1 has been regarded as a potential target in
cancer, in a computational study, the Kme-binding cleft of the
CHD1 tCD was characterized as relatively shallow and thus
challenging as drug target.35 A H3K4me3 peptide, mimicking
the natural histone ligand, was reported to bind to the CHD1
tCD in a fluorescence polarization (FP)-based assay with a
dissociation constant (K;) of 5 uM." Notably, structural data
showed that the H3K4me3 peptide binds across the interface
of the CHD1 chromo subdomains,* a feature that may be
exploited for the development of high-affinity inhibitors.
Recently, a first inhibitor (UNC10142; Figure 1K) targeting
the CHD1 tCD with moderate affinity [Ky 43 uM
determined by isothermal titration calorimetry (ITC); ICy, =
1.7 uM determined by time-resolved Forster resonance energy
transfer (TR-FRET)] was reported.”” The ligand is based on a
quinazoline scaffold that has also been used, for example, in the
case of inhibitors of the Kme reader SPIN1 [e.g, MS853S
(Figure 1])]. ].*' Furthermore, the quinazoline scaffold is found
in inhibitors of nonreader proteins, including the histone
demethylase LSD1 (compound 29)*° and the histone
methyltransferases SETD8 (UNC0379)” and GLP/G9%a
(also known as EHMT1/2) (BIX01294)"° (Figure SIA—C).

In this study, the second report on CHDI tCD inhibitors,
we identified alkyloxy quinazolines and alkyloxy quinolines as
high-affinity binders. Our most potent quinoline-based

compounds, 2n (FRC-222) and 2s (FRC-303), exhibit K,
values determined by ITC of 0.15 uM and 0.14 uM,
respectively. Compared to UNC10142, our ligands exhibit
aromatic cage binding with a N-benzylpiperidine moiety
mimicking Kme interactions and form additional contacts in
other parts of the peptide binding pocket. Thus, we identified
the first submicromolar CHD1 tCD inhibitors and present a
comprehensive structure—activity relationship (SAR) analysis

explaining the determinants of high-affinity binding.

B RESULTS AND DISCUSSION

Identification of Quinazolines as CHD1 tCD Ligands

To identify inhibitors of the CHD1 tCD, we first established a
FRET-based assay system using purified, recombinant green
fluorescent protein (GFP)—CHD1 tCD fusion protein and S-
carboxytetramethylrhodamine (TAMRA)-labeled H3K4me3
peptide (Figure S1D). In this system, we determined an
apparent Ky, of 049 uM for TAMRA-H3K4me3/GFP-
CHD1 tCD interaction (Figure S1E). H3K4me or LSDI-
K1l4me peptides with distinct methylation states at K4 or
K114, respectively, inhibited the FRET signal with half-
maximal inhibition constants (ICs,) ranging from 20 uM to
about 4 mM (Figure S1F—S1I). H3K4me2/3 and LSDI1-
K114me2/3 peptides were more effective inhibitors than
monomethylated, unmethylated or mutant peptides, in which
K4 or K114 was replaced with alanine (Figure S1F—SII).
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Figure 3. Focused structure—activity relationship (SAR) study at C4 of the quinazoline scaffold (compounds 1h—1n). ICs, and K values for
compound binding to the CHD1 tCD were determined by FRET and ITC, respectively. Original ITC data are shown in Figure S3. (Cpd:

compound; no bd.: no binding.).

Figure 4. Quinazoline-to-quinoline switch and focused SAR study at C7 of the quinoline or quinazoline scaffold (compounds 2b—2h and 1lo).
Compound numbers of quinolines (X=C) are colored in green, compound numbers of quinazolines (X=N) in black. ICy, and K values for
compound binding to the CHD1 tCD were determined by FRET and ITC, respectively. Original ITC data are shown in Figure S4. (Cpd:

compound; weak bd.: weak binding.)
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Figure S. Focused SAR study at C2 of the quinoline or quinazoline scaffold. (compounds 2i—2m and 1p—1r). Compound numbers of quinolines
(X=C) are colored in green, compound numbers of quinazolines (X=N) in black. ICs, and K values for compound binding to the CHD1 tCD
were determined by FRET and ITC, respectively. Original ITC data are shown in Figure SS. (Cpd: compound; no bd.: no binding.).

These results are in full accordance with previous observations
for H3K4 and LSD1 peptide binding to the CHD1 tCD.*’
Using our newly developed FRET assay, we subsequently
screened an in-house, targeted library containing Kme mimics.
Among other potential hits, we identified compound 1la with
an ICy, of 42 uM (Figure 2). By ITC, we determined a Ky of
20 uM (Figures 2 and S2). la consists of a 6,7-dimethoxy-
quinazoline scaffold with two potential Kme-mimicking
moieties, N°,N°-dimethylpropane-1,3-diamine (DPD) at C2
and (N-benzylpiperidin-4-yl)amine (BPA) at C4.

To evaluate whether the substituents at positions C2, C4,
C6, or C7 of the quinazoline core were required for binding,

12022

we tested a series of truncated compounds (1b—1g) (Figure
2). While truncations at C2 and C4 strongly reduced or
abolished binding (1b, 1d), the removal of both methoxy
groups from C6 and C7 had no clear effect on the affinity (1c).
Similarly, a 1a derivative harboring only a methoxy group at
C6 (1le) did not exhibit altered binding (ICs, = 45 uM),
whereas 1f with only a methoxy group at C7 bound to the
CHD1 tCD with the highest affinity at that stage of the project
(ICso = 5.8 M, K4 = 5.8 uM). Replacement of the 7-methoxy
with a chloro substituent reduced binding (1g, ICs, = 12 uM,
Ky = 19 uM). These results identified 1f as the best hit for
further optimization and defined a minimal 7-methoxyquinazo-

https://doi.org/10.1021/acs.jmedchem.5c03690
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Figure 6. Crystallographic analysis of compound binding to the CHD1 tCD. (A) Crystal structure of the CHD1 tCD in complex with 21 (yellow;
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1 and 2 (colored light pink and light blue, respectively), and the “peptide N-terminal region”. Interactions of 21 with the side chains of Y295, D408,
and D425 contribute to binding. The electron density of the ligand was contoured at 1.0 6. (B) Superimposition of the crystal structures of CHD1
tCD/LSD1-K114me2 peptide (gray; PDB code SAFW) and CHD1 tCD/2l (yellow). The side chain of W325 is tilted in the CHD1 tCD/2l
relative to its position in the CHD1 tCD/LSD1-K114me2 peptide complex, thereby accommodating the bulkier N-benzylpiperidine moiety of 2I.
(C) Superimposition of the CHD1 tCD cocrystal structures of 21 (quinoline, yellow) and 1q (quinazoline, pale cyan; PDB code 9T9G). Note the
differences in the orientation of 4-dimethylaminopiperidine substituent in the peptide N-terminal region. (D) Superimposition of the CHD1 tCD
cocrystal structures of 21 (yellow) and UNC10142 (light blue; PDB code 8UMG).”

line scaffold with two potential Kme mimics as important
determinants of CHD1 tCD binding.

Optimization of Substituents and Transition to a
Quinoline Scaffold

Next, we tried to optimize 1f by replacing the (N-
benzylpiperidin-4-yl)amine moiety at C4 with other sub-
stituents (lh—1n) (Figures 3 and S3). However, all tested
substitutions decreased binding. Pursuing a “scaffold hopping”
strategy, we also evaluated the quinoline analog of 1f, which
exhibited a higher binding affinity (2a, K; = 3.2 uM) (Figures
4 and S4). We next tested alternatives of the 7-methoxy group
in the context of the quinoline scaffold (2b—2h). Notably,
replacement of the 7-methoxy with an ethoxy, cyclohexyloxy,
or phenyloxy group further increased the binding affinity about
three- to four-fold (2b, 2f, and 2g, K = 0.9 uM, 0.64 uM, and
0.68 uM, respectively), while other moieties showed no further
improvement. The quinazoline derivative of 2b (10) bound to
the CHD1 tCD with slightly lower affinity (Kg = 1.2 yM).
Together, replacement of the 7-methoxy moiety with (slightly)
larger substituents increased the ligand binding affinity of the
quinolines to a submicromolar range.

In the following step, we explored alternative substituents at
C2 to rigidify the N°,N*-dimethylpropane-1,3-diamine moiety
of 2b (Figures S and SS). Replacement with a 1-
methylpiperidine-4-amine or a 2-imidazole moiety reduced or

abolished ligand binding, respectively (2i, K; = 4.6 uM; 2j, no
binding in ITC). In contrast, 4-alkylamino-piperidine sub-
stituents increased binding by a factor of about three to four
(2k, 21, and 2m, Ky = 0.28 uM, 0.44 uM, and 0.20 uM,
respectively). When we applied the same modifications to the
quinazoline scaffold (1p, 1q, and 1r), we observed weaker
binding relative to the quinoline derivatives for all three
compounds (K; = 1.6 uM, 0.55 uM, and 1.5 uM, respectively).
Overall, the 4-alkylaminopiperidine substituents favorably
affected ligand binding to the CHDI1 tCD. However, this
was most noticeable in the context of the quinoline scaffold,
hinting at differences in quinoline vs quinazoline binding.

Crystal Structures of CHD1 tCD/Compound Complexes

For 2b, 2l, and 1q, we obtained cocrystal structures upon
soaking of CHD1 tCD/peptide crystals (Figures 6A—C and
S6A, and Table S1). All crystal structures, as exemplified by the
CHD1 tCD/2l complex refined at a resolution of 1.35 A,
showed that the N-benzylpiperidine moiety of the ligands acts
as the Kme mimic, inserting into the aromatic cage formed by
W322 and W32S of CHDI1 chromo subdomain 1 (Figures
6A,C and S6A). The 7-ethoxyquinoline core binds to a
shallow, mostly hydrophobic groove (which we termed “R-
cleft” because it accommodates R113 of LSD1 in the CHD1
tCD/LSD1-K114me2 complex structure)’ at the interface of
the two chromo subdomains. The 7-ethoxyquinoline scaffold
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adapts well to the shape of the R-cleft with a minimal distance
of about 3.4 A between C6 and the side chain of Y295.
Accordingly, an additional methoxy substituent at C6 as e.g., in
1a would force the ligand to partially rotate out of the groove
to avoid a too close contact with the side chain of Y295. The 4-
dimethylaminopiperidine moiety of 21 binds in a region that is
occupied by peptide N-terminal residues in CHD1 tCD/
peptide complexes (see next paragraphs) and forms contacts
with the “upper rim” of the ligand binding pocket.
Protein—ligand contacts were analyzed with the help of the
Protein—Ligand Interaction Profiler.>’ In the aromatic cage,
the binding of 21 is determined by a cation—z interaction
between the tertiary amine of the piperidine moiety and W325
as well as an edge-to-face 7-stacking (T-stacking) between the
benzyl moiety of the ligand and W322. Other interactions
contributing to ligand binding include hydrophobic contacts, a
hydrogen bond with the side chain of Y295 (at a donor—
acceptor distance of 3.5 A), a salt bridge with the side chain of
D408 (3.0 A) and an interaction with the side chain of D425
(2.7 A). Under physiological conditions, D425 would be
expected to be deprotonated and not to form a hydrogen bond
with the ligand. However, D425 is located at the N-terminus of
an a-helix and forms, in addition to ligand contacts, a hydrogen
bond with a main chain nitrogen, which may affect the local
environment and thus protonation (Figure S6C). Furthermore,
we noted a reorientation of the side chain of D425 toward N1
of the quinoline scaffold in CHD1 tCD/ligand but not CHD1

12024

tCD/peptide complexes (Figures 6B and S6C). To validate the
relevance of the interaction of D425 with 2l, we tested ligand
binding of a CHD1 tCD (D425A) mutant in ITC assays and
observed a strongly reduced affinity (K; = 9.7 uM; Figure
S6D). Together, these observations define the determinants of
binding of 21 and related ligands to the CHD1 tCD.

Superimposition of the CHD1 tCD/2l complex with the
crystal structures of the CHD1 tCD in complex with LSDI1-
Kll4me2 (PDB code SAFW)’ or H3K4me3 (PDB code
2B2W)* peptide showed that the ligand occupies a similar
region as the peptides (Figures 6B and S6B). The aromatic
benzyl substituent of 2l occupies the position of the
methylammonium moiety in the peptide complexes. In the
CHD1 tCD/21 complex, the side chain of W32S is tilted
relative to its conformation in both peptide complexes, thereby
accommodating the bulkier N-benzylpiperidine moiety of the
ligand and allowing formation of the cation— interaction and
the edge-to-face z-stacking. In the CHDI1 tCD/LSDI-
K114me2 complex, R113 of LSD1 binds to the R-cleft,
which is occupied by the 7-ethoxyquinoline moiety in the 21
complex. The 4-dimethylaminopiperidine moiety of 2I binds to
the region occupied by peptide N-terminal residues in the
peptide complexes (Figures 6B and S6B).

The comparison of the 21 (quinoline) and 1q (quinazoline)
cocrystal structures showed similar binding modes in the
aromatic cage and the R-cleft (Figure 6C). C3 of the quinoline
(corresponding to N3 of the quinazoline) core is located above
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Figure 8. Target engagement and selectivity of CHD1 tCD ligands. (A) Further extension of 2n to mimic click-chemistry modification (2r and 2s)
for the generation of a TAMRA probe. ICy, and K, values for compound binding to the CHD1 tCD are listed. (B) Crystal structure of the CHD1
tCD/2s complex (PDB code 9T9I). The electron density of the ligand was contoured at 1.0 6. (C) Displacement of 2s-TAMRA from
nanoluciferase (NLuc)—CHDI tCD by 2s in transfected HEK293T cells determined by NanoBRET assay. (D) Inhibition of binding of full-length
CHDI1 to a LSD1-K114me3 peptide by 2n. A biotinylated LSD1-K114me3 peptide was immobilized on streptavidin sepharose beads and
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Figure 8. continued

incubated with HEK293T cell extract treated with the indicated concentrations of 2s or DMSO vehicle control. Bound CHD1 was detected by
Western blot. Relative, normalized signal intensities are indicated. (E) Inhibition of catalytic activity of the indicated epigenetic enzymes by 2n and
2s at 10 uM was determined by activity assays described in the Experimental Section. (F) Inhibition of H3K4me3 peptide binding to the reader
domains of TAF3, SPIN1, or PHF8 by 2n and 2s (at 16 4uM) determined by FRET assay. (G, H) Cell viability of PC-3M-Luc (G) and 22Rv1 (H)
cells after 48 h treatment with 2n or 2s determined by MTT assay. (I-K) Proliferation of PC-3M-Luc (I), LNCaP-Luc (J), and 22Rv1 (K) cells
upon treatment with two different siRNAs directed against CHD1 (siCHD1-1 and siCHD1-2) or control siRNA (siCtrl). Knockdown

efficiencies are shown in Figure S8J.

carbons 5 and 6 of the indole side chain of W325 (at distances
of 42 and 4.5 A, respectively). In the peptide N-terminal
region, however, we observed small differences between
quinolines and quinazolines, which appeared as a small
“rotation” of the 4-alkylaminopiperidine substituents relative
to one another (Figure 6C). This “rotation” may result from
slightly different carbon—nitrogen bond lengths in quinazolines
compared to carbon—carbon bond lengths in quinolines,
which, in consequence, alter bond angles and the spatial
orientation of attached substituents. Thus, the 4-amino-
piperidine-derived substituents of 2k/1p, 2l/1q, or 2m/l1r
appear to form distinct contacts with the “upper rim” of the
ligand pocket in quinolines compared to quinazolines, which
may, at least in part, explain distinct binding affinities (Figure
5). In comparison, we did not observe differences for
superimposed CHD1 tCD complexes of the quinolines 2b
and 21 (Figure S6A).

Finally, we compared the cocrystal structure of 21 with that
of the recently reported CHD1 tCD inhibitor UNC10142
(PDB code: 8UMG).”* Despite the similarity of our ligands
and UNC10142 in the molecule backbone, the molecules
exhibit different binding modes (Figure 6D). Notably, whereas
the N-benzylpiperidine moiety of our ligands forms strong
cation—z and edge-to-face s-stacking interactions in the
aromatic cage, the binding of UNC10142 depends to a large
extent on 7—7 stacking interactions between the quinazoline
core and W325.*> We evaluated CHDI tCD binding of
UNC10142 and two other related compounds, compound
29°° (Figure S1A) and MS8535”" (Figure 1J) by ITC and
observed under our experimental conditions Ky values of 2.0
#M, 10.1 uM, and 20.4 uM, respectively (Figure S6E). The
higher relative affinity of UNC10142 })robably reflects its
particular binding mode (Figure 6D).** More importantly,
these observations supported our decision to transition from a
dimethoxyquinazoline to an ethoxyquinoline scaffold, resulting
in submicromolar ligand affinities (K; = 0.28 uM, 0.44 uM,
0.20 uM for 2k, 2l, 2m, respectively). Together, our CHD1
tCD/ligand crystal structures provided a view of compound
binding and explained the gains in potency during the steps of
compound optimization.

Further Ligand Extension

Aiming to further extend the 4-alkylaminopiperidine moiety in
the peptide N-terminal region, we reasoned that it might be
possible to achieve 7-stacking with the side chain of W423 (see
Figure 6C) by incorporation of an aromatic moiety into 2k or
2l. Accordingly, we tested a series of extended compounds
(2n—2q, 1s, and 1t) (Figures 7A,B and S7A). 2n was the most
potent compound in this series, and we observed an increase in
potency compared to its “precursor” 21 (K4 = 0.15 uM vs K; =
0.44 uM). 20 (K = 0.23 uM) was only slightly less potent
than 2n (Figure 7A). In comparison, we observed lower
binding affinities for the corresponding quinazolines 1s and 1t
(Kg=0.74 uM and K4 = 1.9 uM, respectively) (Figures 7A and

S7A). Finally, replacement of the methoxybenzyl moiety of 2n
with methylbenzyl (2p) or nitrobenzyl (2q) negatively affected
binding to the CHD1 tCD. Thus, 2n (K; = 0.15 yM) was
identified as the most potent CHD1 tCD ligand.

We next solved the CHD1 tCD/2n cocrystal structure at a
resolution of 1.45 A. Superimposition of the CHDI1 tCD/2n
and CHD1 tCD/2l complexes showed almost identical
binding modes (Figure 7C). Unintendedly, the additional
methoxybenzyl moiety did not form z-stacking with the side
chain of W423, but rather stacked with the side chain of Q400.
This interaction appears to depend on a small conformational
adaptation of the side chain of Q400, which is neither observed
in the cocrystal structure of 21 (Figure 7C) nor in that of 1q
(Figure S7B). This observation suggests that the stacking of
Q400 with the methoxyphenyl moiety of 2n contributes to the
increased binding affinity relative to compounds such as 21
Due to the subtle geometric differences between the quinoline
and the quinazoline scaffold (Figure 6C), the “C2-extended”
quinazolines 1s and 1t probably cannot reach Q400 to form
additional contacts. In summary, our structure—activity
relationship (SAR) study led to the identification of high-
affinity CHD1 tCD ligands and revealed the structural
determinants of ligand binding.

Cellular Target Engagement, Selectivity, and Effects on
Cell Proliferation of CHD1 tCD Inhibitors

To allow the investigation of cellular target engagement of 2n,
we next aimed to generate a TAMRA probe using a click-
chemistry approach. Precursor molecules of the click-chemistry
reaction, 2r and 2s, exhibited binding affinities (K4 = 0.18 and
Ky = 0.14 uM, respectively) similar to 2n (Figures 8A and
S8A). Furthermore, 2n and 2s exhibited similar stabilization of
the CHD1 tCD in fluorescent thermal shift assays (FTSA)
(Figure S8B). Therefore, further molecule extension did not
negatively affect ligand binding. Accordingly, the CHD1 tCD/
2s cocrystal structure, refined at a resolution of 1.55 A, showed
binding similar to 2n with the exception of additional contacts
of 2s in the peptide N-terminal region (Figures 8B and S8C).
In the crystal, the triazole moiety of 2s interacts with the N-
terminus of an a-helix including residues S398, N399, and
Q400. However, these interactions do not result in an
increased binding affinity of 2s compared to 2n. The
TAMRA derivative of 2s (2s-TAMRA) (Figure S8D) bound
to the CHD1 tCD in ITC assays (Figure SSE). We next
assayed in bioluminescence resonance energy transfer (Nano-
BRET) assays 2s-TAMRA binding to exogenous GFP-CHD1
tCD in transfected human embryonic kidney HEK293T cells
and observed a dose-dependent target engagement (ICg, = 15
uM; Figure 8C). To address the question whether our ligands
could bind full-length CHD1, we performed a peptide-based
pulldown assay as previously described by Johnson et al. for
UNC10142°* using a biotinylated LSD1-K114me3 peptide
and HEK293T cell extract preincubated with 2s or DMSO
vehicle control. The potential alternative, a cellular thermal
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Scheme 1. Synthesis of Compounds 1c and 1d“
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“Reagents and conditions: (a) diethylaniline, POCL;, 150 °C, 4 h, 76—81%; (b) DIPEA, anhydrous DMF, 0 °C to rt, 6 h, 75—92%; (c) appropriate
amine, i-PrOH, microwave, 130 °C, 1 h, 49—82%; (d) TIPS, HCI (4 M), anhydrous MeOH, 0 °C to rt, S h, 85—93%; (e) 4-methoxybenzaldehyde,
glacial AcOH, anhydrous MeOH, molecular sieves (4 A), 0 °C to rt, N,, 2.5 h, then NaBH,CN, rt, 25 h, 44%.

shift assay (CETSA), failed, most likely because the CHD1
tCD accounts for only about 10% of the full-length protein.**
In our pulldown assay, we observed enrichment of cellular
CHD1 by LSD1-K114me3 and a concentration-dependent
competition of this interaction by 2s (Figure 8D). We noted,
however, that the required concentrations of 2s were relatively
high. Yet, this observation is in accordance with data by
Johnson et al.**

The CHD1 tCD inhibitors developed in this study are based
on a quinazoline/quinoline scaffold, which was previously used
in inhibitors of other epigenetic re§ulators including SPIN1
(Figure 1J),”" LSD1 (Figure S1A),® SETD8 (Figure S1B),”’
and GLP/G9a (EHMT1/2) (Figure S1C).** Furthermore, our
initial hit la was previously identified first as GLP/G9a
inhibitor (compound E11),"’ and then as dual G9a/LSD1
inhibitor.* Therefore, we tested the target selectivity of 2n and
2s against a panel of epigenetic regulators with known,
structurally similar inhibitors. We observed that 2n and 2s
neither inhibited the activities of LSD1, KMT9, METTL2I1A,
G9a (EHMT2), SETS, or NSD2 (Figure 8E) nor bound to the
reader proteins TAF3, SPINI, or PHF8 (Figure 8F).
Furthermore, 2n did not significantly increase the melting

temperature of METTL21B in FTSA assays (Figure S8F). We
also checked 2s against a panel of kinases and observed no
relevant inhibition of kinase activity at 10 uM (Table S2).
However, we noted a weak inhibition of DNMT1 with ICy, =
6.2 uM (2n) and ICy, = 17.5 uM (2s), which is about 40- and
>100-fold, respectively, above the Ky of about 0.15 uM
determined for CHD1 tCD binding of both compounds
(Figure 8E). These observations suggest that 2n and 2s
selectively bind to the CHD1 tCD despite structural similarity
with other quinazoline/quinoline inhibitor scaffolds.

In the final set of experiments, we evaluated potential effects
of 2n and 2s on the viability of PTEN-negative (PC-3M-Luc)
or PTEN-positive (22Rv1) PCa cells. As a control compound,
we chose 2j (see Figure 5). In 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) assays, 2n and 2s
affected the viability of both cell lines after 48 h of treatment
with ICg, values of around 1.3—2.5 yM (Figures 8G,H, and
S8H,I). In comparison, for the control compound 2j, we only
observed a small effect on cell viability at 10 M after 5 days of
treatment (Figure S8G). Compared to our ligands, the recently
reported CHD1 tCD inhibitor UNC10142 was observed to
suppress the growth of prostate cancer cells at high ligand
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Scheme 3. Synthesis of Compounds 2b—2e”
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“Reagent and conditions: (a) K,CO;, KI, DMF, 80 °C, overnight, 26—93%; (b) 1-benzylpiperidine-4-amine, DIPEA, NMP, 150 °C, overnight,

31—43%; (c) N*',N'-dimethylpropane-1,3-diamine, HCI (4 M), i-PrOH, microwave, 160 °C, 3 h, 31-75%.

Scheme 4. Synthesis of Compounds 2a and 2g”
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“Reagent and conditions: (a) POCL, rt to 95 °C, 30 min, then add more POCL;, rt to 120 °C, 3 h, 45—58%; (b) 1-benzylpiperidine-4-amine,
DIPEA, NMP, 150 °C, overnight, 28—40%; (c) N',N'-dimethylpropane-1,3-diamine, HCI (4 M), i-PrOH, microwave, 160 °C, 3 h, 67—79%.

concentrations (87% and $4% viability loss of PC-3 and
LNCaP cells, respectively, at 75 uM).”

The effect of 2n and 2s on the viability of PTEN-positive
22Rvl cells was unexpected, given previous observations by
Zhao et al. showing that CHD1 depletion had minimal effect
on the growth of tumors derived from these cells in mice.”” To
address this issue, we investigated proliferation of PC-3M-Luc,
LNCaP-Luc, and 22Rvl cells upon knockdown of CHDI.
While proliferation of PC-3M-Luc and LNCaP-Luc cells was
strongly compromised by CHDI1 knockdown using two
different siRNAs (siCHD1-1, siCHD1—2) compared to
control (siCtrl), we observed a small effect on the proliferation
of 22Rv1 cells (Figures 8I—K and S8]). On the one hand, these
data suggest that ligand effects on 22Rv1 cell proliferation may,
at least in part, be mediated by inhibition of CHDI1. On the
other hand, our observations hint at some off-target activity.
Together, our data suggest that more work is required to
precisely characterize the cellular activities and potential off-
target effects of our inhibitors.

Synthesis

The synthesis and characterization of compounds 1a,"' 1b,*!
1c,* and 1d,"* were previously reported. The synthetic routes
for compounds 1c and 1d are depicted in Scheme 1.

The synthetic routes for the preparation of the final
derivatives le, 1g, and li—1t are depicted in Scheme 2. The
respective substituted quinazoline-2,4(1H,3H)-diones 3 (com-
mercially available) and 4 (prepared as reported in Scheme S1)
were treated with diethylaniline and phosphorus oxychloride
(POCL;) at 150 °C, affording the respective intermediates 6"
and 8. These derivatives, along with commercially available §
and 7, were then treated with the appropriate amine (9, 10, 14,
15 were commercially available, 11—13 were prepared as
described in Scheme S2) in the presence of N,N-
diisopropylethylamine (DIPEA) in anhydrous N,N-dimethyl-
formamide (DMF) at room temperature (rt), leading to

12028

regioselective C4 nucleophilic displacement and furnishing
intermediates 16—24. These intermediates were subsequently
converted into final derivatives le, 1g, li—1o, 1r, and 1t, as
well as the intermediates 25 and 26, via the C2 displacement
on the quinazoline ring using either commercially available
amines or the in-house prepared intermediate 36 (prepared as
reported in Scheme S3) under microwave irradiation at 130 °C
in isopropanol. Final compound 1p and intermediate 27 were
obtained by removal of the fert-butoxycarbonyl protection
group from 25 and 26, respectively, via acidic treatment (4 M
hydrochloric acid in 1,4-dioxane) in anhydrous methanol
(MeOH) with triisopropylsilane (TIPS) at rt. Finally, a
reductive amination reaction yielded compound 1s. In this
step, intermediate 27 was first treated with 4-methoxybenzal-
dehyde and glacial acetic acid at rt, followed by reduction with
sodium cyanoborohydride at rt (Scheme 2).

The synthetic routes for final derivatives 2b—2e are depicted
in Scheme 3. Intermediate 39 (prepared as reported in Scheme
S4) was alkylated with the corresponding commercially
available alkyl bromides under basic conditions (K,CO;) and
in the presence of KI at 80 °C in anhydrous DMF affording
intermediates 40—43 in varying yields. These intermediates
were subsequently treated with 1-benzylpiperidine-4-amine in
the presence of DIPEA in N-methyl-2-pyrrolidone (NMP) at
150 °C, yielding compounds 44—47. Final compounds 2b—2e
were obtained by treatment of 44—47 with N',N'-dimethyl-
propane-1,3-diamine and 4 M HCI in isopropanol under
microwave irradiation at 160 °C.

In the first step of the preparation of quinolines 2a and 2g, a
chlorination-driven condensation of anilines with malonic acid
was performed using POCI; at 95 °C for 30 min. Subsequently,
additional POCIl; was added, and the reaction mixture was
heated to 120 °C, affording intermediates 48 and 49 (Scheme
4). In the next step, a nucleophilic aromatic substitution SyAr
was carried out with 1-benzylpiperidine-4-amine, yielding
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Scheme S. Synthesis of Compounds 2f and 2h”
cl
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“Reagent and conditions: (a) NaH, DMF, 0 °C to rt, 1 h, 75%; (b) DIAD, PPh;, THF, 80 °C, 36 h, 61%; (c) 1-benzylpiperidine-4-amine, DIPEA,
NMP, 150 °C, overnight, 37%; (d) N',N'-dimethylpropane-1,3-diamine, HCI (4 M), i-PrOH, microwave, 160 °C, 3 h, 42—80%.

Scheme 6. Synthesis of Compounds 2i—2m*
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“Reagent and conditions: (a) HCI (4 M), i-PrOH, microwave, 160 °C, 3 h, 43—87%.

Scheme 7. Synthesis of Intermediates 56—63“
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“Reagent and conditions: (a) NaBH;CN, AcOH, MeOH, rt, overnight, 92%; (b) TFA, DCM, rt, overnight, quant.; (c) HCHO, NaBH,CN, AcOH,
MeCN, rt, overnight, 87%; (d) TFA, DCM, rt, overnight, quant.; (e) K,CO5, KI, MeCN, reflux, overnight, 39—65%; (f) TFA, DCM, rt, overnight,
quant.
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Scheme 8. Synthesis of Compounds 2n—2q“

HNR'RZ  + —_—
X
b
EtO N ~cl
57, 59, 62, 63 44

EtO

OO e
HN i 2n:R3®=H, R*=0Me

: R% = Me, R* = OMe
:R3=H, R*=NO,

.........................

“Reagent and conditions: (a) HCI (4 M), i-PrOH, microwave, 160 °C, 3 h, 63—80%.

Scheme 9. Synthesis of Compound 2r, 2s, and 2s-TAMRA"

{25 TAMRA: R= N OOy

EtO

EtO
H

Cl,

N=N

“Reagent and conditions: (a) NaBH;CN, AcOH, MeOH, rt, overnight, 39%; (b) TFA, DCM, rt, overnight, quant.; (c) intermediate 44, HCI (4
M), i-PrOH, microwave, 160 °C, 3 h, 69%; (d) 1-azido-2-methoxyethane (for compound 2s) or N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-
3',6’-bis(dimethylamino)-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-6-carboxamide (N;—PEG;-TAMRA) (for compound 2s-TAMRA), Tris-
[(1-benzyl-1H-1,2,3-triazol-4-yl)methylJamin (TBTA) (for 2s-TAMRA), CuSO,-SH,0, sodium ascorbate, t-BuOH/H,0 (1:1) and DMF (for 2s-
TAMRA), 40 °C or rt (for 2s-TAMRA), S or 12 h (for 2s-TAMRA), 40—84%.

compounds 50 and 51 in moderate yields. Final products 2a
and 2g were obtained through a second SyAr reaction under
acidic, microwave-assisted conditions, using intermediates 50,
51, and N',N'-dimethylpropane-1,3-diamine.

Quinolines 2h and 2f were prepared via Williamson ether
synthesis of previously described intermediate 39 with either
(bromomethyl)benzene or under Mitsunobu reaction con-
ditions with cyclohexanol, yielding intermediates 52 and 53
(Scheme S). These were subsequently subjected to an SyAr
with 1-benzylpiperidine-4-amine, following the same procedure
as described for 2b—2e (Scheme 3), to afford intermediates 54
and S55. A second microwave-assisted SyAr under acidic
conditions using N',N'-dimethylpropane-1,3-diamine then
furnished the final products 2h and 2f.

Final compounds 2i—2m were synthesized by treating
previously described intermediate 44 (Scheme 3) with the
corresponding amines under microwave-assisted SyAr con-
ditions (Scheme 6).

Commercially available tert-butyl 4-oxopiperidine-1-carbox-
ylate and (4-methoxyphenyl)methanamine were subjected to
reductive amination conditions with sodium cyanoborohydride
and glacial acetic acid in dry MeOH at rt, yielding intermediate
56 (Scheme 7). Deprotection with trifluoroacetic acid (TFA)
in dichloromethane (DCM) at rt furnished 57. In parallel,
treatment of 56 with formaldehyde under reductive amination
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conditions gave methylated amine 58, which was likewise
deprotected using TFA to afford 59. To access the nitro- and
methyl-substituted intermediates 62 and 63, an N-alkylation of
Boc-protected piperidine amine with a bromobenzyl derivative
was first performed, yielding intermediates 60 and 61.
Subsequent deprotection with TFA provided amines 62 and
63.

A microwave-assisted SyAr under acidic conditions was
conducted using amines 57, 59, 62, and 63 with quinoline 44
(Scheme 8) affording the final compounds 2n—2q.

The preparation of 64 (Scheme 9) was carried out via
reductive amination with (4-(prop-2-yn-1-yloxy)phenyl)-
methanamine. Subsequent deprotection with TFA afforded
65. A microwave-assisted SyAr of 44 with 65 furnished
compound 2r in good yields. A subsequent copper(I)-
catalyzed azide—alkyne cycloaddition (CuAAC) afforded the
1,4-disubstituted triazole derivatives 2s and 2s-TAMRA.

B CONCLUSIONS

In this study, we developed inhibitors, 2n (FRC-222) and 2s
(FRC-303), binding to the CHD1 tCD with affinities of about
0.15 puM. This is only the second report on CHD1 tCD
inhibitors and the first one describing ligands with sub-
micromolar affinities. The features of our compounds are
distinct from those of the recently reported, first CHD1 tCD
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inhibitor UNC10142, which is based on a dialkyloxyquinazo-
line scaffold.”” In comparison, our highest affinity compounds
2n and 2s are based on a 7-ethoxyquinoline scaffold. They
exhibit aromatic cage binding with a N-benzylpiperidine
moiety mimicking Kme interactions and forming cation—7
and edge-to-face 7-stacking interactions. Furthermore, possibly
due to small geometric differences with quinazolines, the
quinoline scaffold favors protein—ligand contacts in the
peptide N-terminal region of the CHD1 tCD peptide binding
pocket. In summary, our comprehensive SAR study describes
high-affinity CHD1 tCD inhibitors with a unique set of
binding features that have not been reported so far.

B EXPERIMENTAL SECTION

Chemistry General Procedures

Room temperature (rt) refers to 22 °C unless otherwise specified. All
reagents and anhydrous solvents were transferred using oven-dried
syringes or cannulas. Reaction flasks were flame-dried under vacuum,
and cooled under a constant stream of argon. Anhydrous solvents
(DMF, DCM, and acetonitrile) were purchased from Sigma-Aldrich
(stored over molecular sieves), while THF was dried over potassium.
All other chemicals were obtained at the highest commercially
available purity from ABCR, Acros, Alfa Aesar, BLDpharm,
Fluorochem, Merck, Sigma-Aldrich, or TCI Europe and were used
without further purification. Thin-layer chromatography (TLC) was
performed on Merck Silica gel 60 F254 aluminum plates and
visualized under UV light (254 nm) and/or by staining (ceric
ammonium molybdate, potassium permanganate, ninhydrin) or using
an iodine chamber. Flash column chromatography was carried out on
MACHEREY-NAGEL Silica gel 60 (230—400 mesh) under forced
flow (Still method). Yields refer to chromatographically purified and
spectroscopically pure compounds. NMR (nuclear magnetic reso-
nance) spectra were recorded on Bruker Avance 300, 400, or 500
MHz DRX spectrometers. Chemical shifts () are reported in parts
per million (ppm) relative to the solvent resonance as an internal
standard (chloroform d: § = 7.26 for 'H and & = 77.16 for 13C;
dimethyl sulfoxide dg: 6 = 2.50 for 'H and § = 39.52 for "*C;
methanol d,;: § = 331 for '"H and § = 49.00 for C; and
dichloromethane dy: 6 = 5.32 for 'H and 6 = 53.84 for °C).
Multiplicities are given as s (singlet), d (doublet), t (triplet), q
(quartet), quint (quintet), dd (doublet of doublet), dt (doublet of
triplet), dq (doublet of quartet), m (multiplet), or br s (broad
singlet). Coupling constants (J) are expressed in hertz (Hz). High-
resolution mass spectra (HRMS) were measured on Thermo
Scientific Advantage, Thermo Scientific Exactive, Thermo Scientific
Q-Exactive UHMR instruments equipped with APCI or ESI sources.
Microwave-assisted reactions were conducted using a CEM Discover
SP microwave system (Buckingham, U.K.). HPLC analyses were
performed to determine the purity of the final compounds on an
Agilent Technologies 1260 Infinity II system or on a Hitachi Elite
LaChrom system (L-2130 pump), or a Thermo Scientific UltiMate
3000 UHPLC system each equipped with a diode array detector
(DAD). UV detection was carried out at 254 and 282 nm. The
method for analytical HPLC employed an XBridge BEH Shield RP18
column (130 A, 5 ym, 4.6 mm X 150 mm) or for preparative HPLC a
BEH Shield RP18 OBD column (130 A, 5 ym, 19 mm X 150 mm).
EluentA was H,O containing 0.05% trifluoroacetic acid (TFA), and
eluent B was MeCN. The linear gradient was as follows: 0—4 min,
90:10 (A/B); 4—19 min, 0:100 (A/B); 19—21 min, 0:100 (A/B);
21-21.5 min, 90:10 (A/B); and 21.5—25 min, 90:10 (A/B), all at a
flow rate of 1.0 mL/min, 0.6 mL/min (analytical HPLC) or 17.1 mL/
min (preparative HPLC). Alternatively, the method for analytical
HPLC employed a Hypersil GOLD C18 Selectivity column (175 A.,
pm, 4.6 mm X 250 mm). Eluent A was H,O containing 0.1% TFA,
and eluent B was MeCN containing 0.1% TFA. The linear gradient
was as follows: 0—5 min, 90:10 (A/B); S—30 min, 10:90 (A/B); 30—
35 min, 10:90 (A/B); 35—37 min, 90:10 (A/B); and 37—45 min,
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90:10 (A/B), all at a flow rate of 1.0 mL/min. All compounds
assessed for biological activity showed >95% purity according to this
HPLC method.

Procedures for the Synthesis of Compounds 1e, 1g, 1i—1t
and Related Intermediates

General Procedure for the Synthesis of Final Compounds
1e, 1g, 1i-10, 1q, 1r, 1t, and Intermediates 25 and 26. The
intermediates 16—24 (0.176 mmol, 1 equiv) were mixed in a
microwave glass vial and dissolved in isopropanol (1 mL). The
appropriate amine (0.387 mmol, 2.2 equiv) was then added, and the
resulting mixture was heated to 130 °C by microwave irradiation for 1
h. Upon completion of the reaction, the mixture was extracted with
ethyl acetate (40 mL) and the organic phase was washed with 2 X 3
mL of a saturated sodium chloride solution, dried over anhydrous
sodium sulfate, and finally concentrated under vacuum. The crude
product was then purified by silica gel column chromatography using
the appropriate chloroform/methanol/ammonia mixture as the
mobile phase to afford final compounds le, 1g, li—1lo, 1q, 1r, 1t
and intermediates 25 and 26.

N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-6-methoxyquinazoline-2,4-diamine (1e). Colorless solid.
Yield, 59%. 'H NMR (400 MHz, DMSO-d,) 6 7.47 (d, 1H, NH),
7.36—7.28 (m, SH, 3 X CH benzene ring +2 x CH quinazoline ring),
7.27=723 (m, 1H, CH benzene ring), 7.18—=7.11 (m, 2H, CH
benzene ring + CH quinazoline ring), 6.22 (br s, 1H, NH-CH,),
4.17—4.09 (m, 1H, CH piperidine ring), 3.80 (s, 3H, OCHj), 3.52 (br
s, 2H, NCH,-Ph), 3.26 (q, 2H, CH,NH), 2.89 (d, 2H, 2 x CH
piperidine ring), 2.25 (t, 2H, CH,N(CH,),), 2.12 (s, 6H, N(CH,),),
2.05 (t, 2H, 2 x CH piperidine ring), 1.92 (d, 2H, 2 x CH piperidine
ring), 1.70—1.60 (m, 4H, 2 x CH piperidine ring + CH,CH,CH,);
13C NMR (101 MHz, DMSO-d,) § 158.71, 158.5, 153.0, 147.2, 138.6,
128.8 (2C), 1282 (2C), 126.9, 126.1, 122.7, 110.5, 1032, 62.2, 57.2,
55.7, 52.5 (2C), 47.6, 45.3 (2C), 38.5, 31.6 (2C), 27.7; ESI-HRMS
(m/z): [M + H]" caled for C,sH;,NO*, 449.3023; found, 449.3029.

N*-(1-Benzylpiperidine-4-yl)-7-chloro-N2-(3-
(dimethylamino)propyl)quinazoline-2,4-diamine (1g). Color-
less solid. "H NMR (400 MHz, DMSO d;) Yield, 57%. '"H NMR (400
MHz, DMSO-d;) 6 8.10 (d, 1H, CH quinazoline ring), 7.67 (br's, 1H,
NH), 7.42—7.30 (m, SH, S x CH benzene ring), 7.23 (br s, 1H, CH
quinazoline ring), 7.06 (d, 1H, CH quinazoline ring), 6.71 (brs, 1H,
NH-CH,), 4.19—4.07 (m, 1H, CH piperidine ring), 3.56 (s, 2H,
NCH,-Ph), 3.35-3.31 (m, 2H, CH,NH), 2.92 (d, 2H, 2 x CH
piperidine ring), 2.30 (t, 2H, CH,N(CH,),), 2.18 (s, 6H, N(CH,),),
2.09 (t, 2H, 2 x CH piperidine ring), 1.95 (br s, 2H, 2 x CH piperidine
ring), 1.72—1.64 (m, 4H, 2 x CH piperidine ring + CH,CH,CH,);
13C NMR (101 MHz, DMSO-dg) 6 160.6, 159.4, 153.9, 139.0, 137.2,
129.3, 128.6 (2C), 127.4, 125.6, 123.9, 120.0, 102.3, 62.7, 57.6, 52.9
(2C), 47.8, 45.8 (2C), 39.1, 31.8 (2C), 27.7; ESI-HRMS (m/z): [M
+ HJ]* caled for C,sH3,CINGY, 453.2528; found, 453.2532.

N*-(1-Benzylazepan-4-yl)-N?-(3-(dimethylamino)-propyl)-7-
methoxyquinazoline-2,4-diamine (1i). Colorless solid. Yield 57%.
"H NMR (400 MHz, DMSO-d,) 5 7.91 (d, 1H, CH quinazoline ring),
7.37—7.31 (m, SH, NH + 4 x CH benzene ring), 7.26—7.22 (m, 1H,
CH benzene ring), 7.91 (d, 1H, CH quinazoline ring), 6.61—6.57 (m,
2H, 2 x CH quinazoline ring), 6.36 (br s, 1H, NH-CH,), 4.42—4.37
(m, 1H, CH azepane ring), 3.79 (s, 3H, OCH,), 3.63 (s, 2H, NCH,-
Ph), 3.33 — 3.27 (m, 2H, CH,NH), 2.74-2.55 (m, 4H, 4 x CH
azepane ring), 2.25 (t, 2H, CH,N(CHs;),), 2.12 (s, 6H, N(CH;),),
1.99—1.89 (m, 2H, 2 x CH azepane ring), 1.85—1.74 (m, 3H, 3 x CH
azepane ring), 1.69—1.61 (m, 3H, CH azepane ring + CH,CH,CH,);
13C NMR (101 MHz, DMSO-dy) & 164.7, 159.01, 158.97, 153.5,
141.8, 131.9 (2C), 131.8 (2C), 129.9, 129.3, 113.64, 113.57, 99.2,
67.5, 65.4, 56.4, 54.6, 53.29, 50.31, 42.5 (2C), 42.4, 25.6, 19.2, 15.6
(2C); ESI-HRMS (m/z): [M + H]* caled for C,,H;oN4O", 463.3180;
found, 463.3189.

N2-(3-(Dimethylamino)propyl)-7-methoxy-N*-(1-(thiophen-
3-ylmethyl)piperidine-4-yl)quinazoline-2,4-diamine (1j). Col-
orless solid. Yield 51%."H NMR (400 MHz, DMSO-d;) 6 7.91 (d,
1H, CH quinazoline ring), 7.49 (q, 1H, CH thiophene ring), 7.30 (d,
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1H, CH thiophene ring), 7.25 (br s, 1H, NH), 7.06 (d, 1H, CH
thiophene ring), 6.61—6.57 (m, 2H, 2 x CH quinazoline ring), 6.37
(br's, 1H, NH-CH,), 4.10—4.02 (m, 1H, CH piperidine ring), 3.80 (s,
3H, OCH,), 3.51 (s, 2H, CH,), 3.30-3.25 (m, 2H, CH,NH), 2.87
(d, 2H, 2 x CH piperidine ring), 2.34 (t, 2H, CH,N(CHj,),), 2.12 (s,
6H, N(CHj3),), 2.00 (t, 2H, 2 x CH piperidine ring), 1.87 (d, 2H, 2 x
CH piperidine ring), 1.70—1.56 (m, 4H, 2 x CH piperidine ring +
CH,CH,CH,); *C NMR (101 MHz, DMSO-d;) & 162.4, 159.9, 158.
9, 1394, 128.6, 125.9, 124.4, 122.8, 110.3, 105.3, 104.2, 57.2, 56.9,
55.1, 52.4 (2C), 47.1, 45.3 (2C), 38.3, 31.4 (2C), 27.5; ESI-HRMS
(m/z): [M + H]" caled for C,,H;N4OS*, 455.2588; found, 455.2594.
N2-(3-(Dimethylamino)propyl)-7-methoxy-N*-(1-(naphtha-
lene-2-ylmethyl)piperidine-4-yl)quinazoline-2,4-diamine (1k).
Colorless solid. Yield 64%."H NMR (400 MHz, DMSO-d;) & 7.99—
7.94 (m, 4H, CH quinazoline ring +3 x CH naphthalene ring), 7.87
(s, 1H, CH naphthalene ring), 7.59—7.53 (m, 3H, 3 x CH
naphthalene ring), 7.34 (br s, 1H, NH), 6.68—6.64 (m, 2H, 2 x
CH quinazoline ring), 6.44 (br s, 1H, NH-CH,), 4.20—4.10 (m, 1H,
CH piperidine ring), 3.86 (s, 3H, OCHj;), 3.74 (s, 2H, CH,), 3.34 (q,
2H, CH,NH), 2.98 (d, 2H, 2 x CH piperidine ring), 2.31 (t, 2H,
CH,N(CHj;),), 2.18-2.13 (m, 8H, 2 x CH piperidine ring +
N(CH,),), 1.96 (d, 2H, 2 x CH piperidine ring), 1.75—1.67 (m, 4H, 2
x CH piperidine ring + CH,CH,CH,); '*C NMR (101 MHz, DMSO-
dg) 8 162.8, 160.4, 159.4, 154.8, 136.8, 133.4, 132.7, 128.1, 128.0,
128.0, 127.8, 127.6, 126.5,126.1, 124.8, 110.8, 110.7, 105.7, 62.8, 57.7,
55.5, 53.0 (2C), 47.9, 45.7 (2C), 39.0, 32.0 (2C), 28.0; ESI-HRMS
(m/z): [M + H]" calcd for C3,H3oNO*, 499.3180; found, 499.3184.
N2-(3-(Dimethylamino)propyl)-7-methoxy-N*-(1-(pyridin-3-
ylmethyl)piperidine-4-yl)quinazoline-2,4-diamine (1l). Color-
less solid. Yield 56%. '"H NMR (400 MHz, DMSO-d,) & 8.57 (s, 1H,
CH pyridine ring), 8.54 (d, 1H, CH pyridine ring), 7.96 (d, 1H, CH
quinazoline ring), 7.78 (d, 1H, CH pyridine ring), 7.43 (q, 1H, CH
pyridine ring), 7.32 (br s, 1H, NH), 6.67-6.63 (m, 2H, 2 x
quinazoline ring), 6.43 (br s, 1H, NH-CH,), 4.15—4.06 (m, 1H, CH
piperidine ring), 3.85 (s, 3H, OCH,), 3.59 (s, 2H, CH,), 3.35-3.31
(m, 2H, CH,NH), 2.91 (d, 2H, 2 x CH piperidine ring), 2.30 (t, 2H,
CH,N(CH,;),), 2.18 (s, 6H, N(CH,),), 2.12 (t, 2H, 2 x CH
piperidine ring), 1.94 (d, 2H, 2 x CH piperidine ring), 1.74—1.64 (m,
4H, 2 x CH piperidine ring + CH,CH,CH,); *C NMR (101 MHz,
DMSO—dé) 6 162.8, 160.4, 159.4, 154.8, 150.5, 148.7, 137.0, 134.3,
124.8, 123.9, 110.7, 105.6, 105.1, 59.7, 57.7, 55.5, 52.8 (2C), 47.8,
45.8 (2C), 38.5, 31.9 (2C), 28.0; ESI-HRMS (m/z): [M + H]* calcd
for C,sH;¢N,O7, 450.2976; found, 450.2980.
N2?-(3-(Dimethylamino)propyl)-7-methoxy-N*-(1-(3-
methylbenzyl)piperidine-4-yl)quinazoline-2,4-diamine (1m).
Colorless solid. Yield 70%. "H NMR (400 MHz, DMSO-d;) & 7.96
(d, 1H, CH quinazoline ring), 7.33 (br s, 1H, NH), 7.27 (t, 1H, CH
benzene ring), 7.18—7.11 (m, 3H, 3 x CH benzene ring), 6.67—6.64
(m, 2H, 2 x CH quinazoline ring), 6.45 (br s, 1H, NH-CH,), 4.18—
4.09 (m, 1H, CH piperidine ring), 3.85 (s, 3H, OCHj), 3.67 (s, 2H,
CH,), 3.33 (q, 2H, CH,NH), 2.91 (d, 2H, 2 x CH piperidine ring),
2.37 (s, 3H, Ph—CHj,), 2.30 (t, 2H, CH,N(CH,),), 2.18 (s, 6H,
N(CH,),), 2.11 (t, 2H, 2 x CH piperidine ring), 1.87 (d, 2H, 2 x CH
piperidine ring), 1.75—1.63 (m, 4H, 2 x CH piperidine ring +
CH,CH,CH,); *C NMR (101 MHz, DMSO-dy) & 162.8, 160.4,
159.4, 154.8, 138.9, 137.6, 129.9, 128.5, 128.0, 126.4, 124.8, 110.8,
105.7, 10S.1, 62.7, 57.7, 55.5, 52.9 (2C), 47.9, 45.8 (2C), 39.2, 32.0
(2C), 28.0, 21.5; ESI-HRMS (m/z): [M + H]* calcd for C,,H3sN4O,
463.3180; found, 463.3183.
N%-(1-(3-Chlorobenzyl)piperidine-4-yl)-N2-(3-
(dimethylamino)propyl)-7-methoxyquinazoline-2,4-diamine
(1n). Colorless solid. Yield 51%. 'H NMR (400 MHz, DMSO-d;) &
7.90 (d, 1H, CH quinazoline ring), 7.42-7.30 (m, SH, 4 x CH
benzene ring + NH), 6.62—6.58 (m, 2H, 2 x CH quinazoline ring),
6.37 (br s, 1H, NH-CH,), 4.15—4.01 (m, 1H, CH piperidine ring),
3.80 (s, 3H, OCH,), 3.52 (s, 2H, CH,), 3.31-3.25 (m, 2H, CH,NH),
2.85 (d, 2H, 2 x CH piperidine ring), 2.25 (t, 2H, CH,N(CHj;),),
2.12 (s, 6H, N(CHj3),), 2.06 (t, 2H, 2 x CH piperidine ring), 1.89 (d,
2H, 2 x CH piperidine ring), 1.70—1.58 (m, 4H, 2 x CH piperidine
ring + CH,CH,CH,); *C NMR (101 MHz, DMSO-dg) 5 162.8,

1604, 159.4, 154.8, 141.8, 133.4, 130.5, 128.8, 127.8, 127.3, 124.8,
110.7, 105.2, 105.1, 67.5, 61.7, 57.7, 55.5, 52.8 (2C), 45.8 (2C), 38.7,
32.0 (2C), 28.1; ESI-HRMS (m/z): [M + H]" calcd for
C,eH4CINO, 483.2634; found, 483.2643.
N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-7-ethoxyquinazoline-2,4-diamine (10). Colotless solid. Yield
68%. 'H NMR (400 MHz, DMSO-dy) & 7.90 (d, 1H, CH quinazoline
ring), 7.42—7.30 (m, 6H, S x CH benzene ring + NH), 6.59—6.57 (m,
2H, 2 x CH quinazoline ring), 6.37 (br s, 1H, NH-CH,), 4.09—4.03
(m, 3H, OCH,+ CH piperidine ring), 3.50 (s, 2H, CH,), 3.26 (t, 2H,
CH,NH), 2.86 (d, 2H, 2 x CH piperidine ring), 2.24 (t, 2H,
CH,N(CH,;),), 2.12 (s, 6H, N(CH,),), 2.03 (t, 2H, 2 x CH
piperidine ring), 1.92 (d, 2H, 2 x CH piperidine ring), 1.68—1.56 (m,
4H, 2 x CH piperidine ring + CH,CH,CH,), 1.34 (t, 3H, CH,); "*C
NMR (101 MHz, DMSO-d,) & 162.1, 160.4, 159.4, 154.8, 139.0,
129.3 (2C), 128.6 (2C), 127.3, 124.8, 111.3, 111.0, 105.5, 63.4, 62.7,
57.7, 55.4, 52.9 (2C), 45.8 (2C), 39.0, 31.9 (2C), 28.1, 15.0; ESI-
HRMS (m/z): [M + H]* caled for C,;H;9NO*, 463.3180; found,
463.3189.
N-(1-Benzylpiperidine-4-yl)-2-(4-(dimethylamino)-piperi-
dine-1-yl)-7-ethoxyquinazoline-4-amine (1q). Colorless solid.
Yield 82%. 'H NMR (400 MHz, DMSO-d) & 7.93 (d, 1H, CH
quinazoline ring), 7.38—7.23 (m, 6H, S x CH benzene ring + NH),
6.64—6.60 (m, 2H, 2 x CH quinazoline ring), 475 (d, 2H, 2 x CH
piperidine ring), 4.07 (q, 2H, OCH,), 4.03—3.97 (m, 1H, CH
piperidine ring), 3.51 (s, 2H, CH,), 2.87—2.68 (m, 4H, 4 x CH
piperidine ring), 2.33—2.27 (m, 1H, CH piperidine ring), 2.09 (s, 6H,
N(CH,),), 2.06 (t, 2H, 2 x CH piperidine ring), 1.93 (d, 2H, 2 x CH
piperidine ring), 1.77 (d, 2H, 2 x CH piperidine ring), 1.61 (qd, 2H, 2
x CH piperidine ring), 1.33 (t, 3H, CH,), 1.31-1.18 (m, 2H, 2 x CH
piperidine ring); *C NMR (101 MHz, DMSO-d¢) § 162.2, 159.4,
159.2, 154.7, 139.2, 129.2 (2C), 128.6 (2C), 127.3, 124.8, 1117,
10S.7, 105.0, 63.4, 62.7, 62.5, 52.9 (2C), 48.6, 43.2 (2C), 41.9 (2C),
31.7 (2C), 28.4 (2C), 15.0; ESI-HRMS (m/z): [M + H]* calcd for
CyoH, N(O", 489.3336; found, 489.334S.
N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-(pyrrolidin-1-yl)-
piperidine-1-yl)quinazoline-4-amine (1r). Colorless solid. Yield
49%. 'H NMR (400 MHz, methanol-d,) & 7.81 (d, 1H, CH
quinazoline ring), 7.39—7.33 (m, 4H, 4 x CH benzene ring), 7.32—
7.28 (m, 1H, CH benzene ring), 6.80 (d, 1H, CH quinazoline ring),
6.69 (dd, 1H, CH quinazoline ring), 4.82 (br s, 2H, 2 x CH piperidine
ring), 4.18—4.08 (m, 3H, OCH, + CH piperidine ring), 3.59 (s, 2H,
CH,), 3.00 (d, 2H 2 x CH piperidine ring), 2.89 (t, 2H 2 x CH
piperidine ring), 2.69 (br s, 4H, 4 x CH pyrrolidine ring), 2.40—2.32
(m, 1H, CH piperidine ring), 2.21 (t, 2H, 2 x CH piperidine ring),
2.10—2.01 (m, 4H, 4 x CH piperidine ring), 1.84 (br s, 4H, 4 x CH
pyrrolidine ring), 1.71 (qd, 2H, 2 x CH piperidine ring), 1.52—1.42
(m, SH, CH; + 2 x CH piperidine ring); *C NMR (101 MHz,
DMSO-dg) § 162.2, 159.3, 154.7, 139.2, 129.2 (2C), 128.6 (2C),
127.3, 124.8, 111.7, 105.7, 105.0, 63.4, 62.7, 61.9, 52.9 (2C), 51.2
(2C), 48.6, 42.6 (2C), 31.7 (2C), 31.5 (2C), 23.4 (2C), 15.0; ESI-
HRMS (m/z): [M + H]" caled for C;;H;3NO*, 515.3493; found,
515.3499.
N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-methoxy-
benzyl)(methyl)amino)piperidine-1-yl)quinazoline-4-amine
(1t). Colorless solid. Yield 82%. '"H NMR (400 MHz, DMSO-dy) 6
7.93 (d, 1H, CH quinazoline ring), 7.37—7.31 (m, SH, 4 x CH
benzene ring + NH), 7.29—7.23 (m, 1H, CH benzene ring), 7.21 (d,
2H, 2 x CH anisole ring), 6.86 (d, 2H, 2 x CH anisole ring), 6.65—
6.59 (m, 2H, 2 x CH quinazoline ring), 4.82 (d, 2H, 2 x CH
piperidine ring), 4.10—3.95 (m, 3H, OCH, + CH piperidine ring),
3.73 (s, 3H, OCHj), 3.49 (s, 4H, 2 x N—CH,), 2.86 (d, 2H, 2 x CH
piperidine ring), 2.75 (d, 2H, 2 x CH piperidine ring), 2.68—2.61 (m,
1H, CH piperidine ring), 2.10-2.03 (m, SH, NCH; + 2 x CH
piperidine ring), 1.93 (d, 2H, 2 x CH piperidine ring), 1.79 (d, 2H, 2
x CH piperidine ring), 1.61 (qd, 2H, 2 x CH piperidine ring), 1.45—
1.33 (m, SH, CH, + 2 x CH piperidine ring); *C NMR (101 MHz,
DMSO-d,) § 162.2, 159.4, 159.2, 158.6, 154.6, 139.1, 132.1, 130.1
(2C), 129.3 (2C), 128.6 (2C), 127.3, 124.8, 113.9 (2C), 111.7, 105.6,
105.0, 63.4, 62.7, 61.1, 57.1, 55.4, 52.9 (2C), 48.6, 43.5 (2C), 37.4,
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31.7 (2C), 28.0 (2C), 15.0; ESI-HRMS (m/z): [M + H]* calcd for
C56H4 NGO, ", 595.3755; found, 595.3754.

tert-Butyl(1-(4-((1-benzylpiperidine-4-yl)Jamino)-7-ethoxy-
quinazoline-2-yl)piperidine-4-yl)(methyl)carbamate (25). Col-
orless solid. Yield 81%. 'H NMR (400 MHz, DMSO-dg) & 8.03 (d,
1H, CH quinazoline ring), 7.48 (d, 1H, NH), 7.45—7.39 (m, 4H, 4 x
CH benzene ring), 7.36—7.32 (m, 1H, CH benzene ring), 6.74—6.71
(m, 2H, 2 x CH quinazoline ring), 4.98 (d, 2H, 2 x CH piperidine
ring), 4.17 (q, 2H, OCH,), 4.19—4.05 (m, 2H, 2 x CH piperidine
ring), 3.58 (s, 2H, CH,), 2.95 (d, 2H, 2 x CH piperidine ring), 2.87 (t,
2H, 2 x CH piperidine ring), 2.72 (s, 3H, NCHj;), 2.16 (t, 2H, 2 x CH
piperidine ring), 2.02 (d, 2H, 2 x CH piperidine ring), 1.76—1.64 (m,
6H, 6 x CH piperidine ring), 1.50 (s, 9H, COO(CHj);), 1.44 (t, 3H,
CH,).

tert-Butyl(1-(4-((1-benzylpiperidine-4-yl)amino)-7-ethoxy-
quinazoline-2-yl)piperidine-4-yl)carbamate (26). Colorless
solid. Yield 77%. '"H NMR (400 MHz, DMSO-d¢) & 7.93 (d, 1H,
CH quinazoline ring), 7.37 (d, 1H, NH), 7.35-7.29 (m, 4H, 4 x CH
benzene ring), 7.28—7.23 (m, 1H, CH benzene ring), 6.79 (d, 1H,
NH), 6.64—6.60 (m, 2H, 2 x CH quinazoline ring), 4.65 (d, 2H, 2 x
CH piperidine ring), 4.08 (q, 2H, OCH,), 4.03—3.95 (m, 1H, 1 x CH
piperidine ring), 3.49 (s, 2H, CH,), 2.92—2.84 (m, 4H, 4 x CH
piperidine ring), 2.06 (t, 2H, 2 x CH piperidine ring), 1.92 (d, 2H, 2 x
CH piperidine ring), 1.74 (d, 2H, 2 x CH piperidine ring), 1.67—1.54
(m, 2H, 2 x CH piperidine ring), 1.39 (s, 9H, COO(CH,);), 1.35 (t,
3H, CH;), 1.30—1.24 (m, 3H, 3 x CH piperidine ring).

General Procedure for the Synthesis of Final Compound
1p and Intermediate 27

A solution of intermediates 25 or 26 (0.104 mmol, 1.0 equiv) in
anhydrous methanol (2 mL) was cooled to 0 °C before adding
triisopropylsilane (TIPS, 0.125 mmol, 1.2 equiv., 25.5 L) and 4 N
HCl in dioxane (0.912 mL). The reaction mixture was then allowed
to warm to rt. After S h at rt, the reaction reached completion and was
concentrated under reduced pressure. The crude product was
triturated with a mixture of diethyl ether (2 mL) and tetrahydrofuran
(1 mL) and filtered. The remaining solvent was then completely
removed under reduced pressure to afford final compound 1p and
intermediate 27.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-(methylamino)-
piperidine-1-yl)quinazoline-4-amine (1p). Colorless solid. Yield
93%. 'H NMR (400 MHz, methanol-d,) § 8.17 (d, 1H, CH
quinazoline ring), 7.60 (d, 2H, 2 x CH benzene ring), 7.55—7.52 (m,
3H, 3 x CH benzene ring), 7.17 (d, 1H, CH quinazoline ring), 7.05
(d, 1H, CH quinazoline ring), 4.82 (br s, 2H, 2 x CH piperidine ring),
4.65 (t, 1H, CH piperidine ring), 4.40 (br s, 2H, CH,), 4.22 (q, 2H,
OCH,), 3.76 (t, 1H, CH piperidine ring), 3.69 (q, 1H, CH piperidine
ring), 3.61-3.41 (m, SH, S x CH piperidine ring), 2.79 (s, 3H,
NCHj), 2.35 (d, 4H, 4 x CH piperidine ring), 2.09 (q, 2H, 2 x CH
piperidine ring), 1.75 (qd, 2H, 2 x CH piperidine ring), 1.48 (t, 3H,
CH,); ®C NMR (101 MHz, methanol-d,) § 163.8, 158.9, 151.8,
142.5, 132.0 (2C), 1304, 129.9, 129.2 (2C), 126.8, 114.3, 103.3,
100.8, 64.6, 60.6, 59.4, 50.8 (2C), 47.6, 43.8 (2C), 29.7 (2C), 28.1
(2C), 27.8, 14.8; ESI-HRMS (m/z): [M + H]" calcd. for
C,gHyoN4O*, 475.3180; found, 475.3181.

2-(4r-Aminopiperidine-1-yl)-N-(1-benzylpiperidine-4-yl)-7-
ethoxyquinazoline-4-amine trihydrochloride (27). Colorless
solid. Yield 85%. '"H NMR (400 MHz, DMSO-d;) 6 12.58 (s, 1H,
HCI), 11.19 (s, 1H, HCI), 9.20 (d, 1H, NH), 8.59—8.28 (m, 4H,
NH;* + CH quinazoline ring), 7.67 (d, 2H, CH benzene ring), 7.59
(s, 1H, CH benzene ring), 7.48 (s, 3H, CH benzene ring + CH
quinazoline ring), 7.02 (d, 1H, CH quinazoline ring), 4.75 (d, 2H, 2 x
CH piperidine ring), 4.42—4.28 (m, 3H, 3 x CH piperidine ring), 4.14
(g, 2H, OCH,), 3.57 (s, 2H, CH,), 3.51-3.47 (m, 2H, 2 x CH
piperidine ring), 3.29—3.15 (m, 3H, 3 x CH piperidine ring), 2.18—
2.08 (m, 6H, 6 x CH piperidine ring), 1.62 (q, 2H, 2 x CH piperidine
ring), 1.39 (t, 3H, CH,).

Procedure for the Synthesis of Compound 1s

A solution of intermediate 27 (0.14 mmol, 1 equiv) in anhydrous
methanol (2.5 mL) and 4 A molecular sieves was supplemented with

4-methoxybenzaldehyde (0.154 mmol, 1.1 equiv) and glacial acetic
acid (8 mL) under constant nitrogen flow at 0 °C. The reaction
mixture was then allowed to warm to rt. After stirring for 2.5 h at rt,
sodium cyanoborohydride (0.28 mmol, 2 equiv) was added, and the
reaction was left to proceed for 25 h. The mixture was then
transferred into a solution containing tetrahydrofuran (2 mlL),
methanol (2 mL), ethyl acetate (15 mL), and a saturated sodium
carbonate solution (7 mL). After stirring for S min, the organic and
aqueous layers were separated, and the aqueous phase was extracted
with ethyl acetate (4 X 7 mL). The combined organic extracts were
washed with a saturated NaCl solution (2 X 3 mL), dried over
anhydrous sodium sulfate, and concentrated under vacuum. The
crude product was purified by silica gel column chromatography using
a chloroform/methanol/ammonia (32:1:0.1) mixture as the mobile
phase to afford final compound 1s.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-methoxy-
benzyl)amino)piperidine-1-yl)quinazoline-4-amine (1s). Color-
less solid. Yield 44%. 'H NMR (400 MHz, DMSO-d,) & 7.92 (d, 1H,
CH quinazoline ring), 7.36—7.29 (m, 6H, S x CH benzene ring +
NH), 7.26 (d, 2H, 2 x CH anisole ring), 6.86 (d, 2H, 2 x CH anisole
ring), 6.64—6.59 (m, 2H, 2 x CH quinazoline ring), 4.57 (d, 2H, 2 x
CH piperidine ring), 4.07 (q, 2H, OCH,), 4.02—3.95 (m, 2H, CH
piperidine ring), 3.73 (s, 3H, OCHj), 3.68 (s, 2H, NHCH,), 3.55 (s,
2H, N—CH,-Ph), 2.95-2.84 (m, 4H, 3 x CH piperidine ring +
NHCH,), 2.64—2.58 (m, 1H, CH piperidine ring), 2.06 (t, 2H, 2 x
CH piperidine ring), 1.93 (d, 2H, 2 x CH piperidine ring), 1.84 (d,
2H, 2 x CH piperidine ring), 1.53 (qd, 2H, 2 x CH piperidine ring),
1.35 (t, 3H, CH;)- 1.36 — 1.22 (m, 3H, 3 x CH piperidine ring); "*C
NMR (101 MHz, DMSO-dg) § 162.2, 159.4, 159.3, 158.4, 154.7,
139.2,133.7,129.5 (2C), 129.2 (2C), 128.6 (2C), 127.3, 124.8, 113.9
(2C), 111.6, 105.6, 104.9, 63.4, 62.7, 55.5, 54.2, 52.9, 49.6 (2C), 48.6,
42.7 (2C), 32.5 (2C), 31.7 (2C), 15.1; ESI-HRMS (m/z): [M + H]*
caled for C3sH,sNgO,", 581.3599; found, 581.3605.

General Procedure for the Synthesis of Intermediates 6
and 8

The respective substituted quinazoline-2,4(1H,3H)-dione (8.32
mmol, 1 equiv) was supplemented with POCl; (138.9 mmol, 16.7
equiv, 12.94 mL) at 0 °C. Then, N,N-diethylaniline (9.15 mmol, 1.1
equiv) was added, and the mixture was heated at 150 °C. After 4 h,
the crude reaction mixture was transferred dropwise into a flask
containing an ice—water mixture (150 mL) and stirred for 30 min.
The mixture was then filtered, and the solid was washed with water.
The obtained product was transferred to a flask and the solvent was
removed under reduced pressure. The crude material was finally
purified by silica gel column chromatography with the appropriate
acetate/hexane mixture as the mobile phase to afford the
intermediates 6** and 8.

2,4-Dichloro-7-ethoxyquinazoline (8). Colorless solid. Yield,
81%. '"H NMR (400 MHz, DMSO-d;) 6 8.18 (d, 1H, CH quinazoline
ring), 7.50—7.44 (m, 2H, 2 x CH quinazoline ring), 4.30 (q, 2H,
CH,), 1.41 (t, 3H, CH;).

General Procedure for the Synthesis of Intermediates
16—-24

A solution of the respective substituted quinazoline (2.88 mmol, 1
equiv) in anhydrous DMF (11 mL) was supplemented with DIPEA
(14.4 mmol, S equiv, 2.5 mL) and the appropriate amine (4.61 mmol,
1.6 equiv). The mixture was stirred for 6 h at rt before being diluted
with 160 mL of ethyl acetate. The organic phase was then washed
with 6 X 15 mL of a saturated NaCl solution, dried over sodium
sulfate, filtered, and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography using
appropriate mixtures of acetate/hexane as the mobile phase to yield
intermediates 16—24.
N-(1-Benzylpiperidine-4-yl)-2-chloro-6-methoxy-quinazo-
line-4-amine (16). Colorless solid. Yield, 92%. '"H NMR (400 MHz,
DMSO-dg) 6 8.23 (d, 1H, NH), 7.74 (d, 1H, CH quinazoline ring),
7.55 (d, 1H, CH quinazoline ring), 7.42 (dd, 1H, CH quinazoline
ring), 7.34—7.27 (m, SH, 5 x CH benzene ring), 4.16—4.08 (m, 1H,
CH piperidine ring), 3.90 (s, 3H, OCH,), 3.53 (br s, 2H, CH,), 2.90
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(brs, 2H, 2 x CH piperidine ring), 2.10 (br s, 2H, 2 x CH piperidine
ring), 1.95—1.91 (m, 2H, 2 x CH piperidine ring), 1.75—1.69 (m, 2H,
2 x CH piperidine ring).
N-(1-Benzylpiperidine-4-yl)-2,7-dichloroquinazoline-4-
amine (17). Colorless solid. Yield, 85%. 'H NMR (400 MHz,
DMSO-dg) 6 8.55 (brs, 1H, NH), 8.39 (d, 1H, CH quinazoline ring),
7.68 (d, 1H, CH quinazoline ring), 7.60 (dd, 1H, CH quinazoline
ring), 7.36—7.24 (m, SH, S x CH benzene ring), 4.10—4.00 (m, 1H,
CH piperidine ring), 3.50 (br s, 2H, CH,), 2.87 (d, 2H, 2 x CH
piperidine ring), 2.08 (t, 2H, 2 x CH piperidine ring), 1.89 (d, 2H, 2 x
CH piperidine ring), 1.72—1.62 (m, 2H, 2 x CH piperidine ring).
N-(1-Benzylazepan-4-yl)-2-chloro-7-methoxy-quinazoline-
4-amine (18). Colorless solid. Yield, 82%. 'H NMR (400 MHz,
DMSO-dg) 5 8.27—8.24 (m, 2H, CH quinazoline ring + NH), 7.37—
7.24 (m, SH, CH benzene ring), 7.13 (dd, 1H, CH quinazoline ring),
7.03 (d, 1H, CH quinazoline ring), 4.42—4.35 (m, 1H, CH azepane
ring), 3.88 (s, 3H, OCHS), 3.64 (br s, 2H, CH,), 2.70—2.60 (m, 4H, 4
x CH azepane ring), 1.95—1.90 (m, 2H, 2 x CH azepane ring), 1.85—
1.76 (m, 3H, 3 x CH piperidine ring), 1.64 (br s, 1H, CH azepane
ring).
2-Chloro-7-methoxy-N-(1-(thiophen-3-ylmethyl)-piperi-
dine-4-yl)quinazoline-4-amine (19). Colorless solid. Yield, 78%.
"H NMR (400 MHz, DMSO-d,) 6 8.31 (d, 1H, CH quinazoline ring),
8.20 (d, 1H, NH), 7.50 (t, 1H, CH thiophene ring), 7.33 (br s, 1H,
CH thiophene ring), 7.13 (dd, 1H, CH quinazoline ring), 7.07 (d, 1H,
CH thiophene ring), 7.04 (d, 1H, CH quinazoline ring), 4.10—4.06
(m, 1H, CH piperidine ring), 3.88 (s, 3H, OCH,), 3.53 (br s, 2H,
CH,), 2.91-2.88 (m, 2H, 2 x CH piperidine ring), 2.06 (br s, 2H, 2 x
CH piperidine ring), 1.90—1.86 (m, 2H, 2 x CH piperidine ring),
1.71-1.62 (m, 2H, 2 x CH piperidine ring).
2-Chloro-7-methoxy-N-(1-(naphthalene-2-ylmethyl)-piperi-
dine-4-yl)quinazoline-4-amine (20). Colorless solid. Yield, 79%.
"H NMR (400 MHz, DMSO-d,)  8.25 (d, 1H, CH quinazoline ring),
8.20 (d, 1H, NH), 7.91—7.88 (m, 3H, 3 x CH naphthalene ring), 7.81
(s, 1H, CH naphthalene ring), 7.54-7.45 (m, 3H, 3 x CH
naphthalene ring), 7.13 (dd, 1H, CH quinazoline ring), 7.04 (d,
1H, CH quinazoline ring), 4.13—4.07 (m, 1H, CH piperidine ring),
3.88 (s, 3H, OCH,), 3.67 (s, 2H, CH,), 2.92 (d, 2H, 2 x CH
piperidine ring), 2.14 (t, 2H, 2 x CH piperidine ring), 1.90 (d, 2H, 2 x
CH piperidine ring), 1.75—1.65 (m, 2H, 2 x CH piperidine ring).
2-Chloro-7-methoxy-N-(1-(pyridin-3-ylmethyl)-piperidine-
4-yl)quinazoline-4-amine (21). Colorless solid. Yield, 77%. 'H
NMR (400 MHz, DMSO-dy) & 8.52 (s, 1H, CH pyridine ring), 8.48
(d, 1H, CH pyridine ring), 8.24 (d, 1H, CH quinazoline ring), 8.21
(d, 1H, NH), 7.73 (d, 1H, CH pyridine ring), 7.38 (q, 1H, CH
pyridine ring), 7.14 (dd, 1H, CH quinazoline ring), 7.04 (d, 1H, CH
quinazoline ring), 4.13—4.07 (m, 1H, CH piperidine ring), 3.88 (s,
3H, OCHj), 3.69 (s, 2H, CH,), 2.86 (d, 2H, 2 x CH piperidine ring),
2.10 (t, 2H, 2 x CH piperidine ring), 1.88 (d, 2H, 2 x CH piperidine
ring), 1.71-1.61 (m, 2H, 2 x CH piperidine ring).
2-Chloro-7-methoxy-N-(1-(3-methylbenzyl)piperidine-4-yl)-
quinazoline-4-amine (22). Colorless solid. Yield, 75%. 'H NMR
(400 MHz, DMSO-d) & 8.30 (d, 1H, CH quinazoline ring), 8.25 (d,
1H, NH), 7.30 (t, 1H, CH benzene ring), 7.21-7.09 (m, SH, 2 x CH
quinazoline ring +3 x CH benzene ring), 4.18—4.07 (m, 1H, CH
piperidine ring), 3.88 (s, 3H, OCHj), 3.69 (s, 2H, CH,), 2.92 (d, 2H,
2 x CH piperidine ring), 2.37 (s, 3H, CH;), 2.11 (t, 2H, 2 x CH
piperidine ring), 1.93 (d, 2H, 2 x CH piperidine ring), 1.77—1.67 (m,
2H, 2 x CH piperidine ring).
2-Chloro-N-(1-(3-chlorobenzyl)piperidine-4-yl)-7-methoxy-
quinazoline-4-amine (23). Colorless solid. Yield, 81%. 'H NMR
(400 MHz, DMSO-d,) & 8.24 (d, 1H, CH quinazoline ring), 8.19 (d,
1H, NH), 7.39—-7.28 (m, 4H, 4 x CH benzene ring), 7.13 (dd, 1H,
CH quinazoline ring), 7.04 (d, 1H, CH quinazoline ring), 4.15—4.06
(m, 1H, CH piperidine ring), 3.88 (s, 3H, OCHj;), 3.52 (s, 2H, CH,),
2.85 (d, 2H, 2 x CH piperidine ring), 2.10 (t, 2H, 2 x CH piperidine
ring), 1.89 (d, 2H, 2 x CH piperidine ring), 1.73—1.63 (m, 2H, 2 x
CH piperidine ring).
N-(1-Benzylpiperidine-4-yl)-2-chloro-7-ethoxy-quinazoline-
4-amine (24). Colorless solid. Yield, 87%. 'H NMR (400 MHz,

DMSO-dg) & 8.30 (d, 1H, CH quinazoline ring), 8.24 (d, 1H, NH),
7.42—7.37 (m, 4H, 4 x CH benzene ring), 7.33—7.30 (m, 1H, CH
benzene ring), 7.18 (dd, 1H, CH quinazoline ring), 7.07 (d, 1H, CH
quinazoline ring), 4.21 (q, 2H, OCH,), 4.19—4.09 (m, 1H, CH
piperidine ring), 3.56 (s, 2H, CH,), 2.92 (d, 2H, 2 x CH piperidine
ring), 2.13 (t, 2H, 2 x CH piperidine ring), 1.93 (d, 2H, 2 x CH
piperidine ring), 1.76—1.67 (m, 2H, 2 x CH piperidine ring), 1.43 (t,
3H, CH,).

Procedure for the Synthesis of Intermediate 28

4-hydroxy-2-nitrobenzoic acid (10.36 mol, 1 equiv) and potassium
carbonate (31.07 mol, 3 equiv) were added to anhydrous DMF
(12.65 mL), followed by iodoethane (31.07 mol, 3 equiv., 2.50 mL).
The reaction mixture was stirred for 24 h at rt and then quenched
with ethyl acetate (100 mL). The organic phase was washed with
saturated solutions of sodium carbonate (2 X 10 mL) and sodium
chloride (4 X 5 mL), then dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The crude product was purified
by silica gel column chromatography using a 1:10 acetate/hexane
mixture as the mobile phase to afford intermediate 28.

Ethyl 4-Ethoxy-2-nitrobenzoate (28). Colorless solid. Yield,
69%. '"H NMR (400 MHz, chloroform-d) § '"H NMR (400 MHz,
chloroform-d) § 7.83 (d, 1H, CH benzene ring), 7.23 (d, 1H, CH
benzene ring), 7.10 (dd, 1H, CH benzene ring), 4.34 (q, 2H,
COOCH,CH,), 4.14 (q, 2H, Ph-OCH,CH,), 148 (t, 3H, Ph-
OCH,CHS3), 1.36 (t, 3H, COOCH,CH,).

Procedure for the Synthesis of Intermediate 29

Intermediate 28 (6.86 mol, 1 equiv) was dissolved in an EtOH/
AcOH/H,0 (5:1:1) mixture (34.4 mL). Finely powdered iron (68.64
mol, 10 equiv) was then gradually added, and the reaction mixture
was stirred at rt for 50 min. The reaction mixture was then
supplemented with ethyl acetate (60 mL) and filtered. The solid over
was washed with ethyl acetate (10 X 25 mL), while the organic phase
was washed with saturated solutions of sodium carbonate (8 X 10
mL) and sodium chloride (S X 10 mL). The combined organic layers
were dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The crude product was purified by silica gel column
chromatography using a 1:12 acetate/hexane mixture as the mobile
phase, finally yielding intermediate 29.

Ethyl 2-Amino-4-ethoxybenzoate (29). Colorless solid. Yield,
92%. 'H NMR (400 MHz, chloroform-d) & 7.80 (d, 1H, CH benzene
ring), 6.26 (dd, 1H, CH benzene ring), 6.15 (d, 1H, CH benzene
ring), 5.90 (br s, 2H, NH,) 4.32 (q, 2H, COOCH,CHj,), 4.04 (q, 2H,
Ph-OCH,CHS), 1.44—1.30 (m, 6H, Ph-OCH,CH, + COOCH,CHj).

Procedure for the Synthesis of Intermediate 4

Intermediate 4 was obtained through a two-step process. In the first
step, an AcOH/H,0 (2:1) (24 mL) mixture was added to a flask
containing the intermediate 29 (6.29 mol, 1 equiv), and sodium
cyanate (15.72 mol, 2.5 equiv) was then added at 0 °C. The reaction
mixture was then allowed to warm to rt and stirred for 18 h. In the
second step, after the addition of MeOH (24 mL), 8 M NaOH (~70
mL) was added to reach pH 13. The mixture was then stirred under
reflux for S h. The mixture was then vacuum filtered, the resulting
solid was washed with water and the solvent was removed under
reduced pressure to afford intermediate 4.

7-Ethoxyquinazoline-2,4(1H,3H)-dione (4). Colorless solid.
Yield, 93%. 'H NMR (400 MHz, chloroform-d) § 7.61 (d, 1H, CH
benzene ring), 6.44—6.40 (m, 2H, 2 x CH benzene ring), 6.15 (d, 1H,
CH benzene ring), 5.90 (br s, 2H, NH,),4.02 (q, 2H, CH,), 1.33 (,
3H, CH,).

General Procedure for the Synthesis of Intermediates
30-32

A solution of N-tert-butoxycarbonyl-piperidine (2.0 mmol, 1 equiv) in
anhydrous DCM (20 mL) was prepared under a nitrogen atmosphere.
The appropriate aldehyde (2.8 mmol, 1.4 equiv) and 4 A molecular
sieves (1.43 g) were then added, and the mixture was stirred for 45
min at rt. Sodium triacetoxyborohydride (STAB) (3 mmol, 1.5 equiv)
was then added at 0 °C using an ice bath. The reaction mixture was
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then allowed to warm to rt and stirred for 23 h. The reaction was
quenched by adding ethyl acetate (25 mL), and the organic phase was
washed with saturated solutions of sodium carbonate (3 X 3 mL) and
sodium chloride (1 X 2 mL). The organic phase was dried over
sodium sulfate, filtered, and concentrated under reduced pressure.
The crude product was then purified by silica gel column
chromatography using the appropriate mixtures of chloroform/
methanol/ammonia as the mobile phase, yielding intermediates
30-32.

tert-ButyI(1-(thiophen-3-ylmethyl)piperidine-4-y|)-carba-
mate (30). Colorless solid. Yield, 72%. '"H NMR (400 MHz, DMSO-
dg) 8 7.47 (dd, 1H, CH thiophene ring), 7.27 (d, 1H, thiophene ring),
7.02 (d, 1H, CH thiophene ring), 6.74 (d, 1H, NH), 3.42 (s, 2H,
CH,), 3.25-3.16 (m, 1H, CH piperidine ring), 2.74 (d, 2H, 2 x CH
piperidine ring), 1.90 (t, 2H, 2 x CH piperidine ring), 1.66 (d, 2H, 2 x
CH piperidine ring), 1.37—1.30 (m, 11H, 2 x CH piperidine ring +3 x
CH,).

tert-ButyI(1-(naphthaIene-2-y|methyl)Piperidine-4-yl)-car-
bamate (31). Colorless solid. Yield, 75%. 'H NMR (400 MHz,
DMSO-dg) 6 7.90—7.85 (m, 3H, 3 x CH naphthalene ring), 7.77 (s,
1H, CH naphthalene ring), 7.49 (br s, 3H, 3 x CH naphthalene ring),
6.77 (d, 1H, NH), 3.59 (s, 2H, CH,), 3.29-3.19 (m, 1H, CH
piperidine ring), 2.79 (d, 2H, 2 x CH piperidine ring), 2.03 (t, 2H, 2 x
CH piperidine ring), 1.68 (d, 2H, 2 x CH piperidine ring), 1.45—1.30
(m, 11H, 2 x CH piperidine ring +3 x CHs).

tert-Butyl(1-(pyridin-3-ylmethyl)piperidine-4-yl)-carbamate
(32). Colorless solid. Yield, 79%. 'H NMR (400 MHz, DMSO-dg) 6
8.52 (s, 1H, CH pyridine ring), 8.51 (s, 1H, CH pyridine ring), 7.74
(d, 1H, CH pyridine ring), 7.41 (dd, 1H, CH pyridine ring), 6.81 (d,
1H, NH), 3.52 (s, 2H, CH,), 3.31-3.21 (m, 1H, CH piperidine ring),
2.78 (d, 2H, 2 x CH piperidine ring), 2.03 (t, 2H, 2 x CH piperidine
ring), 1.73 (d, 2H, 2 x CH piperidine ring), 1.48—1.35 (m, 11H, 2 x
CH piperidine ring +3 x CHj).

General Procedure for the Synthesis of Intermediates
33-35

A solution of intermediates 30—32 (1.324 mmol, 1 equiv) in
anhydrous methanol (25 mL) was cooled to 0 °C before adding TIPS
(1.588 mmol, 1.2 equiv, 323 L) and HCl (4 M) in dioxane (9.93
mL). The reaction mixture was then allowed to warm to rt and stirred
for 6 h. After completion, the solvent was evaporated under reduced
pressure and washed with anhydrous diethyl ether (4 X S mL) until a
solid was obtained. The suspension was then concentrated under
reduced pressure and triturated with anhydrous diethyl ether (13
mL). The mixture was then vacuum filtered, and solvent traces were
removed under reduced pressure to afford the hydrochloride salts
33-3S.

1-(Thiophen-3-ylmethyl)piperidine-4-amine Dihydrochlor-
ide (33). Colorless solid. Yield, 92%. 'H NMR (400 MHz, DMSO-
d) 6 11.12 (br s, HCI), 8.48—8.35 (m, 3H, NH, + HCI), 7.80 (s, 1H,
CH thiophene ring), 7.65 (s, 1H, thiophene ring), 7.38 (d, 1H, CH
thiophene ring), 4.33—4.24 (m, 2H, CH,), 3.29-3.24 (m, 3H, 3x CH
piperidine ring), 2.95 (d, 2H, 2 x CH piperidine ring), 2.10 (d, 2H, 2
x CH piperidine ring), 1.99—1.91 (m, 2H, 2 x CH piperidine ring).

1-(Naphthalene-2-ylmethyl)piperidine-4-amine Dihydro-
chloride (34). Colorless solid. Yield, 87%. 'H NMR (400 MHz,
DMSO-dy) 6 11.19 (br s, HCI), 8.51-8.37 (m, 3H, NH, + HCI),
8.22—-8.04 (m, 3H, 3 x CH naphthalene ring), 7.98 (s, 1H, CH
naphthalene ring), 7.85 (br s, 3H, 3 x CH naphthalene ring), 4.39 (s,
2H, CH,), 3.55—3.44 (m, 2H, CH piperidine ring), 3.25-3.20 (d,
1H, 2 x CH piperidine ring), 2.78 (t, 2H, 2 x CH piperidine ring),
2.11 (d, 2H, 2 x CH piperidine ring), 1.99—1.88 (m, 2H, 2 x CH
piperidine ring).

1-(Pyridin-3-ylmethyl)piperidine-4-amine Trihydrochloride
(35). Colorless solid. Yield, 91%. '"H NMR (400 MHz, DMSO-dy) &
11.03 (br s, HCI), 8.50 (br s, 4H, NH, + 2 x HCl), 8.46 (s, 1H, CH
pyridine ring), 8.44 (s, 1H, CH pyridine ring), 7.88 (d, 1H, CH
pyridine ring), 7.35 (dd, 1H, CH pyridine ring), 4.43 (s, 2H, CH,),
3.57—3.48 (m, 2H, 2 x CH piperidine ring), 3.36—3.28 (d, 1H, CH
piperidine ring), 3.17 (t, 2H, 2 x CH piperidine ring), 2.13 (d, 2H, 2 x
CH piperidine ring), 2.07—1.98 (m, 2H, 2 x CH piperidine ring).

General Procedure for the Synthesis of Intermediates
11-13

The hydrochloride salts 33—35 (0.638 mmol) were dissolved in a
saturated solution of sodium carbonate (11.65 mL) at 0 °C, and the
reaction was stirred at rt for 10 min. This was followed by the addition
of a chloroform/isopropanol (4:1) mixture (3 mL). After S min, the
reaction mixture was extracted with chloroform/isopropanol (4:1)
(10 X 3 mL), and the organic phase was dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford
intermediates 11—13 as free amines, which were immediately used
for the following reactions.

Procedure for the Synthesis of Intermediate 37

N-tert-butoxycarbonyl-4-(methylamino)piperidine (2.33 mmol, 1
equiv) was dissolved in anhydrous DCM (10 mL) with 4 A molecular
sieves (1.67 g). 4-methoxybenzaldehyde (3.27 mmol, 1.4 equiv) was
then added under a nitrogen atmosphere at rt. After 1 h, STAB (3.50
mmol, 1.5 equiv) was added at 0 °C, and the reaction mixture was
allowed to warm to rt. After stirring for 21 h at rt, ethyl acetate (50
mL) was added to the reaction mixture, and the organic phase was
washed with saturated sodium carbonate (3 X 4 mL) and sodium
chloride (2 X 3 mL) solutions. The organic phase was dried over
sodium sulfate, filtered, and concentrated under reduced pressure.
The crude product was purified by silica gel column chromatography
using a chloroform/methanol (99:1) mixture as the mobile phase to
afford intermediate 37.

tert-Butyl-4-((4-methoxybenzyl)(methyl)amino)-piperidine-
1-carboxylate (37). Colorless solid. Yield, 78%. 'H NMR (400
MHz, chloroform-d) § 7.15 (d, 2H, 2 x CH benzene ring), 6.78 (d,
2H, 2 x CH benzene ring), 4.09 (br s, 2H, CH piperidine ring), 3.73
(s, 3H, OCH;,), 3.45 (s, 2H, CH,), 2.61 (t, 2H, 2 x CH piperidine
ring), 2.50 (t, 1H, CH piperidine ring), 2.11 (s, 3H, NCHj3), 1.72 (d,
2H, 2 x CH piperidine ring), 1.48—1.38 (m, 11H, 2 x CH piperidine
ring +3 x CHj).

Procedure for the Synthesis of Intermediate 38

Intermediate 37 (1.79 mmol, 1 equiv), TIPS (2.1S mmol, 1.2 equiv,
440 uL), and 4 N HCI in dioxane (13.5 mL) were added to
anhydrous methanol (11 mL) at 0 °C, and the mixture was allowed to
reach rt. After stirring for 6 h at rt, the solvent was evaporated under
reduced pressure, and the crude product was washed with anhydrous
diethyl ether (4 X S mL) until a solid was obtained. The suspension
was then concentrated under reduced pressure and triturated with
anhydrous diethyl ether (10 mL). The mixture was then vacuum
filtered, and solvent traces were removed under reduced pressure to
afford N-(4-methoxybenzyl)-N-methylpiperidine-4-amine hydrochlor-
ide salt (38).
N-(4-Methoxybenzyl)-N-methylpiperidine-4-amine Dihy-
drochloride (38). Colorless solid. Yield, 85%. 'H NMR (400
MHz, DMSO-dy) 6 10.99 (br s, HCI), 9.13 (d, 2H, NH + HCl), 7.58
(d, 2H, 2 x CH benzene ring), 7.00 (d, 2H, 2 x CH benzene ring),
4.36—4.10 (m, 2H, 2 x CH piperidine ring), 3.80 (s, 3H, OCH,),
3.42—3.38 (m, 3H, CH, + CH piperidine ring), 2.90 (br s, 2H, 2 x
CH piperidine ring), 2.53 (s, 3H, NCH;), 2.31 (dd, 2H, 2 x CH
piperidine ring), 2.09—2.01 (m, 2H, 2 x CH piperidine ring).

Procedure for the Synthesis of Intermediate 36

Intermediate 38 (1.622 mmol) was dissolved in a saturated solution
of sodium carbonate (29 mL) at 0 °C, and the reaction was stirred at
rt for 10 min. This was followed by the addition of a chloroform/
isopropanol (4:1) mixture (7 mL). After S min, the reaction mixture
was extracted with chloroform/isopropanol (4:1) (10 X 7 mL), and
the organic phase was dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford intermediate 36, which
was immediately used for the following reaction.

Procedures for the Synthesis of Compounds 1¢, 1d, 2a—2s,
and Related Intermediates. General Procedure A. The dichloro
derivative (1.0 mmol, 1.0 equiv) was dissolved in N-methyl-2-
pyrrolidone (NMP, 4 mL), and the corresponding amine (1.2 mmol,
1.2 equiv) and N,N-diisopropylethylamine (DIPEA, 5.0 mmol, 5.0
equiv) were added at rt. The reaction mixture was stirred overnight at

https://doi.org/10.1021/acs.jmedchem.5c03690
J. Med. Chem. 2026, 69, 12020—12047


pubs.acs.org/jmc?ref=pdf
https://doi.org/10.1021/acs.jmedchem.5c03690?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of Medicinal Chemistry

pubs.acs.org/jmc

150 °C in an oil bath. The resulting solution was heated to 150 °C in
an oil bath and stirred at this temperature overnight. After completion
of the reaction (monitored by TLC), the mixture was cooled down to
rt and water was added to the reaction mixture. The product was
extracted three times using diethyl ether, and the combined organic
layers were dried over sodium sulfate. After filtration, the solvents
were evaporated under vacuum. The resulting crude product was
purified by flash column chromatography (DCM:MeOH, 0 to 3%) to
give the corresponding products.

General Procedure B. The corresponding amine (1.5 mmol, 1.5
equiv) and aqueous solution (4 M) of HCl (0.26 mL, 1.0 equiv) were
added at rt to a stirring solution of the chloride (1.0 mmol, 1.0 equiv)
in isopropanol (i-PrOH) (4 mL). The resulting mixture was heated to
160 °C under microwave irradiation for 3 h. Upon completion of the
reaction, the solvents were evaporated under vacuum, and the
resulting crude product was purified by flash column chromatography
(DCM/MeOH/NH,OH (aqueous, 25%), 100:0:1 to 100:5:1) to give
the corresponding products.

General Procedure C. Malonic acid (8.4S g, 81.2 mmol, 1.0 equiv)
and the corresponding aniline (81.2 mmol, 1.0 equiv) were added to a
two-neck flask fitted with a reflux condenser. Phosphorus oxychloride
(114 mL, 122 mmol, 1.5 equiv) was then added in portions at rt.
After gas evolution ceased, the slurry was slowly heated to 95 °C and
stirred for 30 min. The resultant foam was then cooled to rt and
phosphorus oxychloride (22.8 mL, 244 mmol, 3.0 equiv) was added.
The mixture was heated to 120 °C and stirred for 3 h at this
temperature. After cooling in an ice bath, the reaction mixture was
slowly added to an ice—water mixture to quench the remaining
phosphorus oxychloride, followed by 5 N NaOH solution, until the
solution reached pH = 8. The mixture was diluted with ethyl acetate,
and the organic layer was collected. The organic phase was washed
with water and brine. After drying over sodium sulfate and being
concentrated, the crude residue was purified by flash column
chromatography (DCM) to provide the corresponding dichloro
quinoline derivatives. General procedure C is based on a reported
synthesis.*

General Procedure D. Potassium carbonate (5.0 mmol, 5.0 equiv)
was added to a stirring solution of 4-(tert-butoxycarbonylamino)-
piperidine (1.0 mmol, 1.0 equiv) and alkyl bromide (1.1 mmol, 1.1
equiv) in dimethylformamide (DMF) (2.0 mL), and the reaction
mixture was stirred overnight at rt. After completion of the reaction,
water was added, and the product was extracted using DCM. After the
organic layer was washed three times with water, it was dried over
sodium sulfate, and filtered. After evaporation of the solvent under
reduced pressure, the residue was purified by flash column
chromatography (DCM/MeOH, 0 to 2%) to afford the correspond-
ing products.

General Procedure E. Trifluoroacetic acid (TFA) (4 mL) was
added to a solution of the corresponding amine (1.0 mmol, 1.0 equiv)
in DCM (4 mL) at rt, and the reaction mixture was stirred overnight.
After completion of the reaction, the solution was removed under
reduced pressure to afford a crude product. A saturated sodium
hydrogen carbonate solution was added to the crude product, which
was then extracted with DCM. The organic layer was dried over
sodium sulfate, and filtered. The solvent was removed by evaporation
under vacuum to afford the products as TFA salts in quantitative
yields.

N-(1-Benzylpiperidine-4-yl)-2-chloroquinazoline-4-amine
(1d). Compound 1d was prepared following the general synthetic
procedure A and was isolated as a colorless solid (80% yield). 'H
NMR (500 MHz, chloroform-d) § 7.77—7.70 (m, 2H), 7.66 (d, | =
8.1 Hz, 1H), 7.44 (ddd, ] = 8.2, 6.7, 1.5 Hz, 1H), 7.33 (d, ] = 4.4 Hz,
4H), 7.28 (dd, J = 8.3, 4.1 Hz, 1H), 5.79 (d, ] = 7.2 Hz, 1H), 4.31
(tdt, J = 11.6, 8.4, 4.3 Hz, 1H), 3.57 (s, 2H), 2.91 (d, J = 12.0 Hz,
2H),2.27 (td, J = 11.7, 2.2 Hz, 2H), 2.16—2.10 (m, 2H), 1.66 (qd, ] =
114, 3.8 Hz, 2H); *C NMR (126 MHz, chloroform-d) § 160.3,
157.9, 151.0, 138.0, 133.5, 129.3, 128.4, 128.0, 127.3, 126.2, 120.7,
113.3, 63.1, 52.2, 48.3, 32.0; ESI-HRMS (m/z): [M + H]* calcd for
Cy0H,,CIN,*, 353.1528; found, 353.1530. The analytical data are in
accordance with previously reported literature.*®

N*-(1-Benzylpiperidine-4-yl)-N2-(3-(dimethylamino)-
propyl)quinazoline-2,4-diamine (1c). Compound lc was pre-
pared following the general synthetic procedure B and was isolated as
a colorless solid (68% yield). '"H NMR (500 MHz, methanol-d,) &
8.16 (d, ] = 8.0 Hz, 1H), 7.72 (t, ] = 7.7 Hz, 1H), 7.46 (d, ] = 7.6 Hz,
3H), 7.43 — 7.31 (m, 4H), 4.40 (s, 1H), 3.87 (s, 2H), 3.63 (t, ] = 6.4
Hz, 2H), 3.20 (d, ] = 12.3 Hz, 2H), 3.11-3.06 (m, 2H), 2.79 (s, 6H),
2.61 (t, ] = 11.6 Hz, 2H), 2.14 (s, 2H), 2.08 (p, ] = 6.8 Hz, 2H),
2.00-1.89 (m, 2H); *C NMR (126 MHz, methanol-d,) & 161.4,
136.0, 135.6, 131.3, 129.6, 129.3, 124.6, 119.9, 63.0, 56.8, 53.1, 49.9,
43.8,43.6, 39.3, 35.9, 35.4, 31.0, 26.6, 26.3; ESLHRMS (m/z): [M +
H]J* caled for CysHysN,*, 419.2918; found, 419.2923. The analytical
data are in accordance with previously reported literature.*®

N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-7-methoxyquinoline-2,4-diamine (2a). Intermediate 48 was
prepared following the general synthetic procedure C and was isolated
as a colorless solid (58% yield). '"H NMR (300 MHz, chloroform-d) &
8.07 (d, J = 9.2 Hz, 1H), 7.41-7.35 (m, 2H), 7.30—7.27 (m, 1H),
3.95 (s, 3H). The analytical data are in accordance with previously
reported literature.*

Intermediate S0 was prepared following the general synthetic
procedure A and was isolated as a colorless solid (40% yield). 'H
NMR (400 MHz, chloroform-d) § 7.51 (d, ] = 9.2 Hz, 1H), 7.34 (d, |
= 4.4 Hz, 4H), 7.30-7.27 (m, 1H), 7.24 (d, J = 2.6 Hz, 1H), 7.05
(dd, J = 9.1, 2.6 Hz, 1H), 6.32 (s, 1H), 4.88 (d, ] = 7.4 Hz, 1H), 3.90
(s, 3H), 3.57 (s, 2H), 3.50 (qd, J = 10.6, 5.4 Hz, 1H), 2.90 (dd, J =
12.1, 3.3 Hz, 2H), 2.25 (td, J = 11.7, 2.3 Hz, 2H), 2.18—2.08 (m,
2H)-, 1.68 (dd, J = 10.5, 3.3 Hz, 2H); ESLHRMS (m/z): [M + H]*
caled. for C,,H,;CIN;0", 382.1681; found, 382.1682.

Compound 2a was prepared following the general synthetic
procedure B and was isolated as a colorless solid (79% yield). 'H
NMR (400 MHz, methanol-d,) § 7.73 (d, ] = 9.1 Hz, 1H), 7.35—7.23
(m, SH), 6.93 (d, ] = 2.6 Hz, 1H), 6.72 (dd, ] = 9.1, 2.6 Hz, 1H), 5.67
(s, 1H), 3.84 (s, 3H), 3.56 (s, 2H), 3.45 (td, ] = 10.7, 5.5 Hz, 1H),
3.39 (t, ] = 6.9 Hz, 2H), 2.94 (d, ] = 12.2 Hz, 2H), 2.47—2.40 (m,
2H), 2.25 (s, 6H), 2.24—2.16 (m, 2H), 2.06 (d, ] = 11.5 Hz, 2H),
1.81 (p, J = 6.9 Hz, 2H), 1.73—1.60 (m, 2H); *C NMR (101 MHz,
methanol-d,) § 162.3, 160.7, 151.4, 150.8, 138.5, 130.8, 129.3, 128.4,
123.1, 112.2, 111.6, 106.0, 85.5, 64.0, $8.3, 55.6, 53.5, 50.8, 45.5, 40.8,
32.2, 28.5; ESI-HRMS (m/z): [M + HJ' caled for C,,H3N;O",
448.3071; found, 448.3070.

N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-7-ethoxyquinoline-2,4-diamine (2b). Intermediate 48 was
prepared by following the synthetic procedure for compound 2a.

Intermediate 39 was prepared following a reported procedure.*’
2,4-Dichloro-7-methoxyquinoline (48) (342 mg, 1.50 mmol) was
dissolved in sulfuric acid (3.4 mL) and heated in a 160 °C oil bath for
2 h. The mixture was cooled to rt, poured into ice-cold water to form
a precipitate and extracted with ethyl acetate. The organic phase was
washed with water, and then with saturated aqueous NaHCO,
solution. The organic layer was dried (MgSO,), filtered and
concentrated. The crude mixture was purified by column chromatog-
raphy (DCM/MeOH/NH,OH = 15:0.1:0.1) to afford the title
compound as a colorless solid (94% yield). 'H NMR (300 MHz,
dichloromethane-d,) 5 8.10—8.01 (m, 1H), 7.33 (s, 1H), 7.25 (dd, ] =
9.0, 2.4 Hz, 1H), 7.19—7.17 (m, 1H); ESI-HRMS (m/z): [M + H]*
caled for CoH;ONCL,", 213.9821; found, 213.9819. The analytical
data are in accordance with previously reported literature.*’

Intermediate 40 was prepared following the general synthetic
procedure D and was isolated as a colorless solid (93% yield). 'H
NMR (400 MHz, chloroform-d) 5 8.06 (dd, J = 9.2, 0.4 Hz, 1H), 7.35
(s, 1H), 7.33 (d, J = 2.7 Hz, 1H), 7.26 (dd, ] = 9.2, 2.5 Hz, 1H), 4.17
(q,J = 7.0 Hz, 2H), 149 (t, ] = 7.0 Hz, 3H). ESI-HRMS (m/z): [M +
H]* caled for C,;H,,ONCL*, 242.0134; found, 242.0137.

Intermediate 44 was prepared following the general synthetic
procedure A and was isolated as a colorless solid (43% yield). 'H
NMR (400 MHz, chloroform-d) 6 7.51 (d, J = 9.2 Hz, 1H), 7.33 (d, ]
= 4.4 Hz, 4H), 7.27 (d, ] = 42 Hz, 1H), 7.22 (d, ] = 2.6 Hz, 1H), 7.05
(dd, J =9.1,2.6 Hz, 1H), 6.32 (s, 1H), 4.87 (d, ] = 7.4 Hz, 1H), 4.13
(q,J = 7.0 Hz, 2H), 3.56 (s, 2H), 3.49 (dq, ] = 10.3, 6.8, 5.0 Hz, 1H),
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2.95-2.85 (m, 2H), 2.29—2.20 (m, 2H), 2.17—2.07 (m, 2H), 1.65 (s,
2H), 1.46 (t, ] = 7.0 Hz, 3H); ESI-HRMS (m/z): [M + H]* calcd. for
C,3H,,CIN,0, 396.1837; found, 396.1839.

Compound 2b was prepared following the general synthetic
procedure B and was isolated as a colorless solid (65% yield). 'H
NMR (500 MHz, methanol-d,) § 7.73 (d, ] = 9.0 Hz, 1H), 7.36—7.25
(m, SH), 6.91 (d, ] = 2.5 Hz, 1H), 6.71 (dd, ] = 9.0, 2.5 Hz, 1H), 5.66
(s, 1H), 4.08 (q, J = 7.0 Hz, 2H), 3.57 (s, 2H), 3.44 (dd, ] = 9.5, 5.5
Hz, 1H), 3.38 (t, ] = 6.9 Hz, 2H), 2.95 (d, ] = 12.0 Hz, 2H), 2.47—
241 (m, 2H), 2.25 (s, 6H), 2.21 (dd, ] = 11.7, 2.4 Hz, 2H), 2.07 (d, ]
=11.9 Hz, 2H), 1.81 (dt, ] = 14.4, 7.1 Hz, 2H), 1.68 (qd, ] = 11.7,3.7
Hz, 2H), 1.41 (t, ] = 7.0 Hz, 3H); *C NMR (126 MHz, methanol-d,)
5 161.6, 160.7, 151.4, 138.5, 130.8, 129.3, 128.5, 123.1, 112.6, 106.6,
85.5, 64.4, 64.0, 58.3, 53.5, 50.8, 45.5, 40.8, 322, 28.5, 15.1; ESI-
HRMS (m/z): [M + H]" calcd. for CygH,oNO", 462.3227; found,
462.3228.

N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-7-isopropoxyquinoline-2,4-diamine (2c). Intermediate 39
was prepared by following the synthetic procedure for compound 2b.

Intermediate 41 was prepared starting from intermediate 39
following the general synthetic procedure D and was isolated as a
colorless solid (86% yield). '"H NMR (400 MHz, chloroform-d) &
7.97 (d, ] = 9.2 Hz, 1H), 7.26 (d, ] = 1.8 Hz, 2H), 7.16 (dd, ] = 9.2,
2.5 Hz, 1H), 4.65 (pd, ] = 6.1, 0.6 Hz, 1H), 1.35 (d, ] = 6.1 Hz, 6H);
APCI-HRMS (m/z): [M + H]* calcd for C,H,,CLNO", 256.0290;
found, 256.0293.

Intermediate 45 was prepared following the general synthetic
procedure A and was isolated as a colorless solid (42% yield). 'H
NMR (500 MHz, chloroform-d) & 7.50 (d, J = 9.2 Hz, 1H), 7.36—
7.31 (m, 4H), 7.30—7.26 (m, 1H), 7.22 (d, ] = 2.5 Hz, 1H), 7.01 (dd,
J = 9.1, 2.6 Hz, 1H), 6.30 (s, 1H), 4.87 (d, J = 7.5 Hz, 1H), 4.67
(hept, ] = 6.0 Hz, 1H), 3.56 (s, 2H), 3.54—3.45 (m, 1H), 2.94—2.87
(m, 2H), 2.24 (td, ] = 11.4, 2.6 Hz, 2H), 2.15-2.08 (m, 2H), 1.63
(dtd, J = 14.0, 10.7, 3.7 Hz, 2H), 1.39 (d, ] = 6.1 Hz, 6H); ESI-HRMS
(m/z): [M + H]* caled for C,H,,CIN;O", 410.1994; found,
410.1998.

Compound 2c was prepared following the general synthetic
procedure B and was isolated as a colorless solid (56% yield). 'H
NMR (500 MHz, methanol-d,) § 7.72 (d, ] = 9.1 Hz, 1H), 7.35—7.30
(m, 4H), 7.28—7.24 (m, 1H), 6.92 (d, J = 2.5 Hz, 1H), 6.69 (dd, ] =
9.0, 2.5 Hz, 1H), 5.66 (s, 1H), 4.65 (p, ] = 6.0 Hz, 1H), 3.56 (s, 2H),
3.47-3.41 (m, 1H), 3.38 (t, ] = 6.9 Hz, 2H), 2.95 (d, ] = 12.1 Hg,
2H), 2.47-2.40 (m, 2H), 2.25 (s, 6H), 2.21 (t, ] = 11.8 Hz, 2H), 2.07
(d, J = 11.8 Hz, 3H), 1.81 (dt, ] = 14.5, 7.1 Hz, 2H), 1.72—1.60 (m,
2H), 1.34 (d, ] = 6.0 Hz, 6H); *C NMR (126 MHz, methanol-d,) &
160.8, 160.4, 151.3, 138.5, 130.8, 129.3, 128.5, 123.1, 113.4, 111.6,
108.1, 85.5, 70.8, 64.0, 58.4, 53.5, 50.8, 49.5, 45.5, 40.8, 32.2, 28.5,
22.4; ESI-HRMS (m/z): [M + H]" caled for C,oH,,N;O", 476.3384;
found, 476.3391.

N*-(1-Benzylpiperidine-4-yl)-7-cyclobutoxy-N2-(3-
(dimethylamino)propyl)quinoline-2,4-diamine (2d). Intermedi-
ate 39 was prepared following the synthetic procedure for compound
2b.

Intermediate 42 was prepared starting from intermediate 39
following general synthetic procedure D and was directly subjected to
the next synthesis step without further purification.

Intermediate 46 was prepared following the general synthetic
procedure A and was isolated as a colorless oil (32% yield). '"H NMR
(500 MHz, chloroform-d) & 7.51 (d, J = 9.2 Hz, 1H), 7.37—7.27 (m,
SH), 7.09 (d, J = 2.5 Hz, 1H), 7.02 (dd, ] = 9.1, 2.6 Hz, 1H), 6.31 (s,
1H), 4.86 (d, ] = 7.4 Hz, 1H), 4.74 (p, ] = 7.1 Hz, 1H), 3.56 (s, 2H),
3.49 (dp, J = 144, 5.4, 4.1 Hz, 1H), 2.90 (d, J = 12.0 Hz, 2H), 2.59—
2.50 (m, 2H), 2.27-2.17 (m, 4H), 2.15-2.09 (m, 2H), 1.94—1.84
(m, 1H), 1.77—1.69 (m, 1H), 1.66—1.60 (m, 2H); ESI-HRMS (m/z):
[M + HJ* caled for C,gH,,CIN;07, 422.1994; found, 422.1997.

Compound 2d was prepared following the general synthetic
procedure B and was isolated as a colorless solid (31% yield). 'H
NMR (500 MHz, methanol-d,) 6 7.75 (d, ] = 9.0 Hz, 1H), 7.35—7.31
(m, 4H), 7.26 (td, ] = 6.3, 5.9, 2.3 Hz, 1H), 6.83 (d, ] = 2.5 Hz, 1H),
6.69 (dd, J = 9.0, 2.5 Hz, 1H), 5.66 (s, 1H), 4.72 (q, ] = 7.1 Hz, 1H),

3.56 (s, 2H), 3.44 (dd, ] = 9.5, 5.3 Hz, 1H), 3.39 (t, ] = 6.9 Hz, 2H),
2.95 (d, J = 12.1 Hz, 2H), 2.55—2.47 (m, 2H), 2.44 (d, ] = 7.7 Hz,
2H), 2.26 (s, 6H), 2.24—2.18 (m, 2H), 2.14 (td, ] = 7.3, 3.7 Hz, 2H),
2.06 (d, J = 12.3 Hz, 2H), 1.88—1.77 (m, 3H), 1.75—1.64 (m, 3H);
BC NMR (126 MHz, methanol-d,) § 160.3, 160.1, 151.7, 149.5,
138.5, 130.8, 129.3, 128.5, 123.4, 113.0, 111.4, 106.8, 85.1, 72.9, 64.0,
38.1, 53.5, 50.9, 45.4, 40.8, 32.1, 31.6, 28.4, 14.1; ESLHRMS (m/z):
[M + HJ* caled for C4,H,NO", 488.3384; found, 488.3390.

N*-(1-Benzylpiperidine-4-yl)-7-(cyclopentyloxy)-N2-(3-
(dimethylamino)propyl)quinoline-2,4-diamine (2e). Intermedi-
ate 39 was prepared by following the synthetic procedure for
compound 2b.

Intermediate 43 was prepared starting from intermediate 39
following the general synthetic procedure D and was isolated as a
colorless oil (61% yield). '"H NMR (500 MHz, chloroform-d) & 8.04
(d, ] =9.1 Hz, 1H), 7.34 (s, 1H), 7.32 (d, ] = 2.5 Hz, 1H), 7.22 (dd, J
=9.2,2.5 Hz, 1H), 4.90 (tt, ] = 5.8, 2.7 Hz, 1H), 2.03—1.96 (m, 2H),
1.96—1.89 (m, 2H), 1.87—1.78 (m, 2H), 1.71-1.62 (m, 2H); APCI-
HRMS (m/z): [M + H]" caled for C,,H,,CL,NO", 282.0447; found,
282.0448.

Intermediate 47 was prepared following the general synthetic
procedure A and was isolated as a colorless oil (31% yield). '"H NMR
(500 MHz, chloroform-d) 6 7.49 (d, ] = 9.2 Hz, 1H), 7.33 (d, ] = 4.4
Hz, 4H), 7.29 (d, ] = 4.3 Hz, 1H), 7.21 (d, ] = 2.5 Hz, 1H), 7.01 (dd,
J=9.1,2.6 Hz, 1H), 6.31 (s, 1H), 4.86 (dd, ] = 5.7, 2.5 Hz, 1H), 3.56
(s, 2H), 3.49 (dh, J = 14.3, 4.0 Hz, 1H), 2.90 (d, J = 11.9 Hz, 2H),
224 (t, ] = 10.5 Hz, 2H), 2.17—2.06 (m, 2H), 1.98 (dq, ] = 13.9, 7.8,
7.0 Hz, 2H), 1.93—1.86 (m, 2H), 1.83—1.76 (m, 2H), 1.66—1.61 (m,
4H); ESI-HRMS (m/z): [M + H]* caled. for C,¢H; CIN;O",
436.2150; found, 436.2150.

Compound 2e was prepared following the general synthetic
procedure B and was isolated as a colorless solid (75% yield). 'H
NMR (400 MHz, methanol-d,) § 7.71 (d, ] = 9.0 Hz, 1H), 7.37—7.22
(m, SH), 6.91 (d, ] = 2.5 Hz, 1H), 6.67 (dd, ] = 9.0, 2.5 Hz, 1H), 5.66
(s, 1H), 4.85 (tt, ] = 6.1, 2.6 Hz, 1H), 3.57 (s, 2H), 3.49—-3.41 (m,
1H), 3.38 (t, J = 6.9 Hz, 2H), 2.95 (d, ] = 12.2 Hz, 2H), 2.47-2.40
(m, 2H), 2.2 (s, 6H), 2.20 (dd, J = 12.0, 2.2 Hz, 2H), 2.07 (d, ] =
10.5 Hz, 2H), 2.00—1.92 (m, 2H), 1.83 (tdd, J = 14.6, 7.5, 3.9 Hz,
6H), 1.73—1.61 (m, 4H); 3C NMR (101 MHz, methanol-d,) &
160.8, 160.6, 151.4, 150.8, 138.5, 130.8, 129.3, 128.4, 123.0, 113.4,
1114, 108.0, 85.5, 80.4, 64.0, 58.4, 53.5, 50.8, 45.5, 40.8, 33.9, 32.2,
28.5, 25.0; ESI-HRMS (m/z): [M + HJ]" caled for C;,H,N;O",
502.3540; found, 502.3538.

N*-(1-Benzylpiperidine-4-yl)-7-(cyclohexyloxy)-N*-(3-
(dimethylamino)propyl)quinoline-2,4-diamine (2f). Intermedi-
ate 39 was prepared following the synthetic procedure for compound
2b.

Intermediate 39 (300 mg, 1.41 mmol, 1 equiv), cyclohexanol
(0.150 mL, 1.41 mmol, 1.0 equiv), triphenylphosphine (481 mg, 1.83
mmol, 1.3 equiv), and THF (9 mL) were added to a round-bottom
flask. Diisopropylazodicarboxylate (DIAD) (0.300 mL, 1.55 mmol,
1.1 equiv) was added dropwise to the reaction mixture over the course
of 2 min at rt. Then, the reaction mixture was warmed up to 80 °C
and stirred at this temperature for 36 h. Upon reaction completion,
the reaction solvent was evaporated under reduced pressure, and the
residue was purified by flash column chromatography (cyclo-
hexane:ethyl acetate, 0 to 1%) to give the corresponding intermediate
53 as a colorless oil (253 mg, 61% yield). '"H NMR (500 MHz,
chloroform-d) & 8.05 (d, J = 9.2 Hz, 1H), 7.35—7.32 (m, 2H), 7.25 (s,
1H), 4.43 (td, J = 9.1, 4.5 Hz, 1H), 2.09 (dd, ] = 13.1, 3.8 Hz, 2H),
1.88—1.79 (m, 2H), 1.66—1.56 (m, 3H), 1.46—1.31 (m, 3H); ESI-
HRMS (m/z): [M + H]* caled for C,sH,;,CL,NO*, 296.0603; found,
296.0604.

Intermediate S5 was prepared following the general synthetic
procedure A and was isolated as a colorless oil (37% yield). '"H NMR
(500 MHz, chloroform-d) § 7.72—7.63 (m, 1H), 7.56—7.46 (m, 2H),
7.34 (d, ] = 44 Hz, 3H), 7.24 (d, ] = 2.6 Hz, 1H), 7.03 (dd, ] = 9.1,
2.6 Hz, 1H), 6.30 (s, 1H), 4.86 (d, ] = 7.4 Hz, 1H), 4.37 (ddd, ] =
12.9, 9.1, 3.7 Hz, 1H), 3.56 (s, 2H), 3.49 (ddt, ] = 14.3, 10.8, 5.3 Hz,
1H), 2.90 (d, J = 12.0 Hz, 2H), 2.24 (t, ] = 11.3 Hz, 2H), 2.16—2.04
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(m, 4H), 1.85—1.76 (m, 2H), 1.67—1.60 (m, 3H), 1.52 (dd, J = 16.3,
7.0 Hz, 2H), 1.42—1.26 (m, 3H); ESI-HRMS (m/z): [M + H]" calcd
for C,;H;;CIN;0%, 450.2307; found, 450.2308.

Compound 2f was prepared following the general synthetic
procedure B and was isolated as a colorless solid (42% yield). 'H
NMR (500 MHz, methanol-d,) 6 7.73 (d, J = 9.0 Hz, 1H), 7.35-7.31
(m, 4H), 7.28—7.24 (m, 1H), 6.94 (d, J = 2.5 Hz, 1H), 6.71 (dd, ] =
9.0, 2.5 Hz, 1H), 5.66 (s, 1H), 4.36 (tt, ] = 8.7, 3.6 Hz, 1H), 3.56 (s,
2H), 3.45 (dq, ] = 10.7, 6.7, 5.3 Hz, 1H), 3.38 (t, ] = 6.9 Hz, 2H),
2.94 (d, J = 12.1 Hz, 2H), 2.49-2.41 (m, 2H), 2.25 (s, 6H), 2.23—
2.15 (m, 2H), 2.09—2.01 (m, 4H), 1.84—1.75 (m, 4H), 1.71-1.64
(m, 2H), 1.63—1.57 (m, 1H), 1.56—1.49 (m, 2H), 1.43 (dtd, ] = 13.4,
7.1, 3.5 Hz, 2H), 1.35 (ddt, ] = 13.6, 6.2, 3.1 Hz, 1H); '3C NMR (126
MHz, methanol-d,) & 160.5, 160.3, 151.4, 150.4, 138.5, 130.8, 129.3,
128.5, 1232, 113.6, 111.5, 107.9, 85.4, 76.3, 64.0, 58.3, 53.5, 50.8,
45.5, 40.8, 32.9, 32.2, 28.5, 26.8, 24.8; ESI-HRMS (m/z): [M + H]*
caled for C5,H,¢N;O%, 516.3697; found, 516.3699.

N*-(1-Benzylpiperidine-4-yl)-N?-(3-(dimethylamino)-prop-
yl)-7-phenoxyquinoline-2,4-diamine (2g). Intermediate 49 was
prepared following the general synthetic procedure C and was isolated
as a colorless oil (45% yield). '"H NMR (500 MHz, chloroform-d) &
8.16 (d, ] = 9.2 Hz, 1H), 7.47—7.41 (m, 3H), 7.39 (s, 1H), 7.32 (d, ]
= 2.5 Hz, 1H), 7.26—7.22 (m, 1H), 7.15—7.11 (m, 2H); ESI-HRMS
(m/z): [M + H]* caled for C,;sH;,CL,NO", 290.0134; found,
290.0141.

Intermediate 51 was prepared following the general synthetic
procedure A and was isolated as a colorless solid (28% yield). 'H
NMR (500 MHz, chloroform-d) & 7.60 (d, ] = 9.1 Hz, 1H), 7.41—
7.36 (m, 2H), 7.34 (d, ] = 4.4 Hz, 4H), 7.30-7.26 (m, 2H), 7.22—
7.15 (m, 2H), 7.10 (d, J = 7.7 Hz, 2H), 6.34 (s, 1H), 4.90 (d,] = 7.3
Hz, 1H), 3.58 (s, 2H), 3.55 — 3.46 (m, 1H), 2.91 (d, J = 12.0 Hz,
2H), 2.31-2.22 (m, 2H), 2.18—-2.06 (m, 2H), 1.73—1.60 (m, 2H);
ESI-HRMS (m/z): [M + H]" caled for C,,H,,CIN,0%, 444.1837;
found, 444.1837.

Compound 2g was prepared following the general synthetic
procedure B and was isolated as a colorless solid (67% yield). 'H
NMR (500 MHz, methanol-d,) & 7.83 (d, ] = 9.0 Hz, 1H), 7.40—7.23
(m, 7H), 7.13 (t, ] = 7.4 Hz, 1H), 7.06—7.02 (m, 2H), 6.92 (d, ] = 2.5
Hz, 1H), 6.80 (dd, ] = 9.0, 2.5 Hz, 1H), 5.70 (s, 1H), 3.57 (s, 2H),
3.47-3.42 (m, 1H), 3.36—3.33 (m, 2H), 2.95 (d, J = 12.2 Hz, 2H),
2.45—2.35 (m, 2H), 2.23 (s, 8H), 2.08 (d, ] = 13.5 Hz, 2H), 1.81—
1.75 (m, 2H), 1.69 (tt, J = 11.5, 6.5 Hz, 2H); 3C NMR (126 MHz,
methanol-d,) 5 161.0, 160.2, 158.1, 151.1, 150.9, 138.5, 130.9, 130.8,
129.3, 128.5, 124.8, 123.6, 120.7, 113.6, 113.5, 112.4, 86.4, 64.0, 58.3,
53.5, 50.8, 45.4, 40.7, 32.1, 28.5; ESI-HRMS (m/z): [M + H]* caled
for C3,H,oN,O", 510.3227; found, 510.3230.

7-(Benzyloxy)-N*-(1-benzylpiperidine-4-yl)-N2-(3-
(dimethylamino)propyl)quinoline-2,4-diamine (2h). Intermedi-
ate 39 was prepared following the synthetic procedure for compound
2b.

A suspension of intermediate 39 (400 mg, 1.88 mmol, 1.0 equiv)
and NaH (60% dispersion in mineral oil) (189 mg, 4.70 mmol, 2.5
equiv) in anhydrous DMF (S mL) was stirred for 1 h at 0 °C under
argon. Benzyl bromide (0.830 mL, 7.00 mmol, 3.7 equiv) was added,
and the reaction was warmed up to rt and stirred at this temperature
until complete consumption of the starting material (monitored by
TLC). The mixture was extracted with ethyl acetate and washed with
water and brine. The organic solution was dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The residue was
purified by flash column chromatography (cyclohexane/ethyl acetate,
0 to 1%) to afford intermediate 52 as a colorless solid (427 mg, 75%
yield). "H NMR (500 MHz, chloroform-d) & 8.07 (d, ] = 9.2 Hz, 1H),
7.47 (d, ] = 7.3 Hz, 2H), 7.43—7.38 (m, 3H), 7.35 (td, ] = 6.1, 5.5, 3.2
Hz, 3H), 520 (s, 2H); ESI-HRMS (m/z): [M + H]* calcd for
C¢H,CLNO", 304.0290; found, 304.0292. The analytical data are in
accordance with previously reported literature.**

Intermediate 54 was prepared following the general synthetic
procedure A and was isolated as a colorless solid (37% vyield). 'H
NMR (500 MHz, chloroform-d) 6 7.53 (d, J = 9.2 Hz, 1H), 7.46 (d, ]
= 7.2 Hz, 2H), 7.39 (t, ] = 7.4 Hz, 2H), 7.36—7.31 (m, SH), 7.28 (dt,

] =89, 4.3 Hz, 1H), 7.14 (dd, ] = 9.1, 2.6 Hz, 1H), 6.32 (s, 1H), 5.16
(s, 2H), 4.88 (d, ] = 7.4 Hz, 1H), 3.57 (s, 2H), 3.50 (d, J = 7.1 Hz,
1H), 2.91 (d, J = 11.9 Hz, 2H), 2.24 (t, ] = 11.3 Hz, 2H), 2.13 (d, ] =
14.1 Hz, 2H), 1.69-1.61 (m, 2H); ESI-HRMS (m/z): [M + H]*
caled for C,gH,4CIN;O%, 458.1994; found, 458.1992.

Compound 2h was prepared following the general synthetic
procedure B and was isolated as a colorless solid (80% yield). 'H
NMR (400 MHz, methanol-d,) 6 8.07 (d, J = 9.2 Hz, 1H), 7.48—7.31
(m, 10H), 7.21 (d, J = 2.4 Hz, 1H), 7.07 (dd, J = 9.2, 2.5 Hz, 1H),
5.88 (s, 1H), 5.22 (s, 2H), 3.85 (s, 2H), 3.76 (t, J = 10.5 Hz, 1H),
3.56 (t, ] = 6.7 Hz, 2H), 3.22—3.12 (m, 3H), 3.05-2.98 (m, 2H),
2.69 (s, 6H), 2.63 (t, J = 9.9 Hz, 1H), 2.14 (d, J = 13.4 Hz, 2H),
2.08—2.00 (m, 2H), 1.92—1.81 (m, 2H); *C NMR (101 MHz,
methanol-d,) § 163.2, 155.6, 153.9, 141.0, 137.7, 131.3, 129.7, 129.7,
129.4, 129.2, 128.6, 125.1, 115.3, 110.0, 102.6, 82.9, 71.5, 63.1, 56.4,
52.9, 50.7, 44.1, 40.4, 30.9, 26.3; ESI-HRMS (m/z): [M + H]" caled
for C3;H,,N,0", 524.3384; found, 524.3388.

N*-(1-Benzylpiperidine-4-yl)-7-ethoxy-N?-(1-methylpiperi-
dine-4-yl)quinoline-2,4-diamine (2i). Intermediate 44 was pre-
pared by following the synthetic procedure for compound 2b.

Compound 2i was prepared starting from intermediate 44
following the general synthetic procedure B and was isolated as a
colorless solid (84% yield). "H NMR (400 MHz, methanol-d,) § 7.70
(d, J = 9.0 Hz, 1H), 7.36—7.22 (m, SH), 6.93 (d, J = 2.5 Hz, 1H),
6.70 (dd, J = 9.0, 2.6 Hz, 1H), 5.67 (s, 1H), 4.09 (q, ] = 7.0 Hz, 2H),
3.86 (td, J = 10.4, 5.2 Hz, 1H), 3.56 (s, 2H), 3.42 (ddd, ] = 14.2, 10.3,
3.8 Hz, 1H), 2.94 (d, ] = 12.2 Hz, 2H), 2.85 (d, J = 11.9 Hz, 2H),
2.29 (s, 3H), 2.25—2.14 (m, 4H), 2.03 (d, J = 13.7 Hz, 4H), 1.74—
1.60 (m, 2H), 1.54 (q, ] = 10.5 Hz, 2H), 1.41 (t, ] = 7.0 Hz, 3H); *C
NMR (101 MHz, methanol-d,) 6 161.5, 160.1, 151.2, 151.1, 138.6,
130.7, 129.3, 1284, 122.9, 112.6, 111.7, 106.9, 86.5, 64.4, 64.0, 55.6,
53.5, 50.8, 46.3, 33.3, 32.2, 15.1; ESI-HRMS (m/z): [M + H]* caled
for CyoH,N,O", 474.3227; found, 474.3227.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(1H-imidazol-1-yl)-
quinoline-4-amine (2j). Intermediate 44 was prepared by following
the synthetic procedure for compound 2b.

Compound 2j was prepared starting from intermediate 44
following the general synthetic procedure B and was isolated as a
yellow/green oil (85% yield). "H NMR (500 MHz, dichloromethane-
d,) 68.36 (t,]J= 1.1 Hz, 1H), 7.75 (t, ] = 1.4 Hz, 1H), 7.63 (d, ] = 9.2
Hz, 1H), 7.36—7.31 (m, 4H), 7.28—7.24 (m, 1H), 7.22 (d, ] = 2.6 Hz,
1H), 7.15-7.14 (m, 1H), 7.05 (dd, J = 9.1, 2.6 Hz, 1H), 6.39 (s, 1H),
5.13 (d, J = 7.5 Hz, 1H), 4.17 (q, ] = 7.0 Hz, 2H), 3.65—3.57 (m,
1H), 3.55 (s, 2H), 2.93—2.87 (m, 2H), 2.29-2.22 (m, 2H), 2.18—
2.13 (m, 2H), 1.72—1.63 (m, 2H), 1.47 (t, ] = 7.0 Hz, 3H); *C NMR
(126 MHz, dichloromethane-d,) & 161.1, 151.5, 150.0, 150.0, 135.6,
130.3, 129.4, 121.1, 117.1, 117.0, 112.5, 109.1, 64.2, 63.3, 52.5, 50.3,
32.4; ESI-HRMS (m/z): [M + H]* caled for C,qH;(N;O", 428.244S;
found, 428.2437.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-(methylamino)-
piperidine-1-yl)quinoline-4-amine (2k). Intermediate 44 was
prepared following the synthetic procedure for compound 2b.

Compound 2k was prepared starting from intermediate 44
following the general synthetic procedure B and was isolated as a
colorless solid (43% yield). "H NMR (500 MHz, methanol-d,) & 7.78
(d, J = 9.1 Hz, 1H), 7.36—7.30 (m, 4H), 7.28—7.24 (m, 1H), 6.95 (d,
J=2.5Hz, 1H), 6.77 (dd, ] = 9.1, 2.5 Hz, 1H), 5.90 (s, 1H), 4.34 (d, ]
= 13.3 Hz, 2H), 4.10 (q, J = 7.0 Hz, 2H), 3.60—3.51 (m, 3H), 2.99—
2.88 (m, 4H), 2.64 (ddd, J = 10.9, 6.8, 4.1 Hz, 1H), 2.41 (s, 3H), 2.26
(td, J = 11.8, 2.0 Hz, 2H), 2.10—1.96 (m, 4H), 1.70 (qd, ] = 13.4, 3.6
Hz, 2H), 1.41 (t, ] = 7.0 Hz, 4H); 3C NMR (126 MHz, methanol-d,)
6 161.8, 160.5, 152.5, 138.5, 130.8, 129.3, 128.5, 123.2, 113.7, 111.0,
106.5, 84.9, 64.5, 64.0, 58.1, 53.4, 50.6, 49.6, 46.3, 32.8, 32.3, 32.1,
15.1; ESI-HRMS (m/z): [M + H]" calcd for C,0H,,NO%, 474.3227;
found, 474.3223.

N-(1-Benzylpiperidine-4-yl)-2-(4-(dimethylamino)-piperi-
dine-1-yl)-7-ethoxyquinoline-4-amine (2l). Intermediate 44 was
prepared following the synthetic procedure for compound 2b.

Compound 21 was prepared starting from intermediate 44
following the general synthetic procedure B and was isolated as a
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colorless solid (87% yield). "H NMR (500 MHz, methanol-d,) & 7.96
(d, J = 9.1 Hz, 1H), 7.37-7.31 (m, 4H), 7.27 (ddd, ] = 8.5, 5.5, 2.2
Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.91 (dd, ] = 9.1, 2.4 Hz, 1H), 5.72
(s, 1H), 4.13 (q, ] = 7.0 Hz, 2H), 3.60 (s, 2H), 3.53 (t, J = 6.6 Hz,
3H), 2.98 (dq, ] = 14.5, 7.0 Hz, 6H), 2.24 (t, ] = 11.8 Hz, 2H), 2.06
(d, J = 12.4 Hz, 2H), 1.99 (p, ] = 6.8 Hz, 2H), 1.75 (qd, ] = 12.8, 3.7
Hz, 2H), 1.43 (t, ] = 7.0 Hz, 3H), 1.26 (t, ] = 7.3 Hz, 3H); >*C NMR
(126 MHz, methanol-d,) 5 163.1, 153.3, 138.3, 130.8, 129.4, 128.5,
124.5, 114.4, 110.3, 103.0, 83.2, 65.1, 63.9, 53.3, 51.4, 49.6, 45.7, 43.9,
39.6, 31.8, 28.1, 15.0, 12.2; ESI-HRMS (m/z): [M + H]" calcd for
C,gH,oNO*, 462.3227; found, 462.3219.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-(pyrrolidin-1-yl)-
piperidine-1-yl)quinoline-4-amine (2m). Intermediate 44 was
prepared following the synthetic procedure for compound 2b.

Compound 2m was prepared starting from intermediate 44
following the general synthetic procedure B and was isolated as a
colorless solid (83% yield). "H NMR (400 MHz, methanol-d,) & 7.78
(d, J =9.1 Hz, 1H), 7.34—7.29 (m, 4H), 7.28—7.22 (m, 1H), 6.95 (d,
J=2.5Hz, 1H), 6.77 (dd, J = 9.1, 2.5 Hz, 1H), 5.89 (s, 1H), 4.34 (d, ]
=13.3 Hz, 2H), 4.09 (q, ] = 7.0 Hz, 2H), 3.55 (s, 3H), 2.98—2.85 (m,
4H), 2.64 (s, 4H), 2.31—2.18 (m, 3H), 2.03 (t, ] = 13.1 Hz, 4H), 1.80
(t, J = 3.2 Hz, 4H), 1.73—1.63 (m, 2H), 1.60—1.47 (m, 2H), 1.40 (t, ]
= 7.0 Hz, 3H); *C NMR (101 MHz, methanol-d,) & 161.8, 160.6,
152.3, 150.1, 138.5, 130.8, 129.3, 128.4, 123.1, 113.7, 111.1, 106.8,
85.0, 64.5, 64.0, 63.8, 53.3, 52.4, 50.6, 46.3, 32.2, 32.1, 24.0, 15.1; ESL-
HRMS (m/z): [M + H]" caled for C;,H,,N;O, 514.3540; found,
514.3544.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-methoxy-
benzyl)amino)piperidine-1-yl)quinoline-4-amine (2n). Inter-
mediate 44 was prepared following the synthetic procedure for
compound 2b.

(4-Methoxyphenyl)methanamine (5.5 mmol, 1.1 equiv) and acetic
acid (0.75 mL) were added to a solution of the N-(tert-
butoxycarbonyl)-4-piperidone (1.0 g 5.0 mmol, 1.0 equiv) in
methanol (25 mL). Sodium cyanoborohydride (0.63 g, 10 mmol,
2.0 equiv) was added portionwise to the reaction mixture. After
stirring overnight at rt, the solvent was evaporated under a vacuum,
and NaOH solution (2 M) and DCM were added to the residue. The
organic phase was washed with brine, dried over sodium sulfate, and
filtered, and the resulting crude mixture was purified by flash column
chromatography (DCM:MeOH, 0 to 3%) to give intermediate 56 as a
colorless oil (1.5 g, 92% yield). The analytical data are in accordance
with the previously reported literature.*’

Intermediate 57 was prepared following the general synthetic
procedure E and was isolated as the TFA salt as a colorless oil
(quantitative yield). "H NMR (400 MHz, chloroform-d) & 7.23 (d, J
= 8.6 Hz, 2H), 6.87—6.84 (m, 2H), 3.80 (d, ] = 1.6 Hz, 4H), 3.75 (s,
2H), 3.11 (dt, J = 12.9, 3.7 Hz, 2H), 2.65—2.58 (m, 3H), 1.91 (d, ] =
4.1 Hz, 4H), 1.35—1.25 (m, 2H); ESI-HRMS (m/z): [M + H]" calcd
for C;5H,,N,0", 221.1648; found, 221.1648.

Compound 2n was prepared starting from intermediates 44 and 57
following the general synthetic procedure B and was isolated as a
colorless solid (76% yield). "H NMR (500 MHz, methanol-d,) § 7.74
(d,] = 9.1 Hz, 1H), 7.33 (q, ] = 7.9, 7.3 Hz, 4H), 7.28—7.21 (m, 3H),
6.92 (d, ] = 2.5 Hz, 1H), 6.89—6.85 (m, 2H), 6.73 (dd, J = 9.1, 2.6
Hz, 1H), 5.89 (s, 1H), 4.34 (d, ] = 13.2 Hz, 2H), 4.08 (q, J = 7.0 Hz,
2H), 3.77 (s, 3H), 3.73 (s, 2H), 3.56 (s, 2H), 3.54—3.49 (m, 1H),
2.96—2.85 (m, 4H), 2.71 (tt, ] = 10.8, 3.9 Hz, 1H), 2.24 (td, ] = 11.7,
1.9 Hz, 2H), 2.10—1.94 (m, 4H), 1.72—1.62 (m, 2H), 1.41 (q, ] = 6.8
Hz, SH); C NMR (126 MHz, methanol-d,) § 161.5, 161.4, 160.4,
152.0, 151.2, 138.5, 132.8, 130.8, 130.7, 129.7, 129.3, 128.5, 122.9,
1149, 114.9, 1134, 111.3, 107.3, 85.3, 64.4, 64.0, 55.7, 53.4, 50.6,
50.5, 46.3, 46.1, 32.8, 322, 15.1; ESLHRMS (m/z): [M + H]* caled
for C3¢H,6N;O,", 580.3646; found, 580.3652.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-methoxy-
benzyl)(methyl)amino)piperidine-1-yl)quinoline-4-amine
(20). Intermediate 44 was prepared following the synthetic procedure
for compound 2b.

Intermediate 56 was prepared by following the synthetic procedure
for compound 2n.

Paraformaldehyde (290 mg, 9.60 mmol, 10 equiv) and acetic acid
(3 mL) were added to a solution of the intermediate 56 (300 mg,
0.940 mmol, 1.0 equiv) in acetonitrile (3 mL). Sodium cyanobor-
ohydride (304 mg, 4.80 mmol, 5.0 equiv) was added portionwise to
the reaction mixture. After stirring overnight at rt, the solvent was
evaporated under vacuum, and NaOH solution (2 M) and DCM were
added to the residue. The organic phase was washed with brine, dried
over sodium sulfate, and filtered, and the resulting crude mixture was
purified by flash column chromatography (DCM/MeOH, 0 to 2%) to
give intermediate 58 as a colorless oil (274 mg, 87% yield). '"H NMR
(400 MHz, chloroform-d) & 7.24—7.18 (m, 2H), 6.87—6.81 (m, 2H),
4.15 (d,J = 12.9 Hz, 2H), 3.80 (s, 3H), 3.52 (s, 2H), 2.68 (t, J = 12.3
Hz, 2H), 2.56 (tt, ] = 11.4, 3.5 Hz, 1H), 2.18 (s, 3H), 1.79 (d, ] = 12.7
Hz, 2H), 1.51 (td, J = 12.1, 4.4 Hz, 2H), 1.46 (s, 9H); ESI-HRMS
(m/z): [M + H]* caled for C,oH;N,0;%, 335.2329; found, 335.2335.

Intermediate 59 was prepared following the general synthetic
procedure E and was isolated as the TFA salt as a colorless oil
(quantitative yield). "H NMR (500 MHz, methanol-d,) & 7.46—7.41
(m, 2H), 7.05—6.99 (m, 2H), 4.32 (s, 2H), 3.82 (s, 3H), 3.71-3.56
(m, 3H), 3.11 (td, J = 13.1, 2.7 Hz, 2H), 2.73 (s, 3H), 2.39 (d, ] =
13.5 Hz, 2H), 2.09 (qd, J = 13.2, 4.2 Hz, 2H); ESI-HRMS (m/z): [M
+ HJ* caled for C,,H,;N,07, 235.1805; found, 235.1809.

Compound 20 was prepared starting from intermediates 44 and 59
following the general synthetic procedure B and was isolated as a
colorless solid (80% yield). "H NMR (400 MHz, methanol-d,) & 7.76
(d, J = 9.1 Hz, 1H), 7.35—7.31 (m, 4H), 7.25 (ddd, ] = 8.8, 5.3, 2.8
Hz, 1H), 7.21 (d, ] = 8.6 Hz, 2H), 6.95 (d, ] = 2.5 Hz, 1H), 6.85 (d, ]
= 8.6 Hz, 2H), 6.75 (dd, J = 9.1, 2.5 Hz, 1H), 5.89 (s, 1H), 4.41 (d,
=13.1 Hz, 2H), 4.08 (q, ] = 7.0 Hz, 2H), 3.76 (s, 3H), 3.57—3.48 (m,
6H), 2.92 (d, J = 12.1 Hz, 2H), 2.82 (d, ] = 11.6 Hz, 2H), 2.65 (tt, ] =
11.5, 3.5 Hz, 1H), 2.29-2.19 (m, 2H), 2.18 (s, 3H), 2.05 (d, J = 11.7
Hz, 2H), 1.93 (d, ] = 11.2 Hz, 2H), 1.64 (dtd, ] = 24.2, 13.3, 12.2, 3.7
Hz, SH), 1.40 (t, ] = 7.0 Hz, 3H); *C NMR (101 MHz, methanol-d,)
5 161.7, 161.0, 160.4, 152.2, 150.7, 138.5, 131.7, 131.7, 130.8, 130.7,
129.3,129.3, 128.4, 123.0, 114.7, 113.6, 111.2, 107.1, 85.2, 64.5, 64.0,
62.0, 58.3, 55.7, 53.4, 50.6, 46.9, 37.9, 32.2, 28.9, 15.1; ESI-HRMS
(m/z): [M + H]" caled for C;,H,sNO,*, 594.3803; found, 594.3785.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-nitro-benzyl)-
amino)piperidine-1-yl)quinoline-4-amine (2p). Intermediate 44
was prepared following the synthetic procedure for compound 2b.

Potassium carbonate (830 mg, 6.00 mmol, 2.4 equiv) and
potassium iodide (41.0 mg, 0.250 mmol, 0.1 equiv) were added to
a stirring solution of tert-butyl 4-aminopiperidine-1-carboxylate (500
mg, 2.50 mmol, 1.0 equiv) and 1-(bromomethyl)-4-nitrobenzene
(3.00 mmol, 1.2 equiv) in acetonitrile (10 mL), and the reaction
mixture was refluxed overnight. After completion of the reaction, the
solvent was evaporated, water was added, and the product was
extracted using DCM. After washing the organic layer three times
with water, it was dried over sodium sulfate, and filtered. After
evaporation of the solvent under reduced pressure, the residue was
purified by flash column chromatography (DCM:MeOH, 0 to 2%) to
afford the intermediate 60 as a pale yellow solid (65% yield). 'H
NMR (500 MHz, chloroform-d) & 8.17 (d, J = 8.7 Hz, 2H), 7.51 (d,
= 8.7 Hz, 2H), 4.01 (s, 2H), 3.93 (s, 2H), 2.80 (t, ] = 11.7 Hz, 2H),
2.65 (tt, J = 10.1, 3.9 Hz, 1H), 1.86 (d, J = 11.6 Hz, 2H), 1.45 (s, 9H),
1.29 (td, J = 14.7, 4.7 Hz, 2H); ESI-HRMS (m/z): [M + H]* calcd
for C,,H,sN;0,*, 336.1918; found, 336.1919. The analytical data are
in accordance with previously reported literature.*®

Intermediate 62 was prepared following the general synthetic
procedure E and was isolated as the TFA salt as a pale yellow solid
(quantitative yield). "H NMR (500 MHz, methanol-d,) § 8.31 (d, J =
8.7 Hz, 2H), 7.76 (d, ] = 8.7 Hz, 2H), 441 (s, 2H), 3.64—3.51 (m,
3H), 3.11 (td, J = 13.2, 2.8 Hz, 2H), 2.43 (d, J = 13.8 Hz, 2H), 1.95
(qd, J = 13.4, 4.1 Hz, 2H); ESI-HRMS (m/z): [M + H]" caled for
C1,H,iN;0,", 236.1394; found, 236.1398.

Compound 2p was prepared starting from intermediate 44 and 62
following the general synthetic procedure B and was isolated as a pale
yellow solid (63% yield). 'H NMR (400 MHz, methanol-d,) & 8.22—
8.14 (m, 2H), 7.74 (d, ] = 9.1 Hz, 1H), 7.60 (dd, ] = 8.9, 2.1 Hz, 2H),
7.35=7.30 (m, 4H), 7.29-7.23 (m, 1H), 6.93 (d, J = 2.5 Hz, 1H),
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6.74 (dd, ] = 9.1, 2.6 Hz, 1H), 5.89 (s, 1H), 4.33 (d, ] = 13.2 Hz, 2H),
4.09 (q, J = 7.0 Hz, 2H), 3.93 (s, 2H), 3.56 (s, 2H), 3.55—3.47 (m,
1H), 2.91 (t, J = 12.7 Hz, 4H), 2.73 (tt, ] = 10.6, 4.0 Hz, 1H), 2.24
(td, J = 11.8, 2.1 Hz, 2H), 2.09—-1.96 (m, 4H), 1.72—1.62 (m, 2H),
1.51—1.43 (m, 2H), 1.40 (t, J = 7.0 Hz, 3H); *C NMR (101 MHz,
methanol-d,) & 161.6, 161.3, 152.1, 151.1, 149.3, 148.5, 138.5, 131.4,
130.8, 1303, 129.3, 128.4, 124.5, 122.9, 1134, 111.3, 107.3, 85.3,
64.4, 64.0, 56.0, $3.4, 50.6, 46.2, 33.0, 32.2, 15.1; ESLHRMS (m/z):
[M + H]* caled for C3sH3NO5", 595.3391; found, 595.3396.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-methyl-
benzyl)amino)piperidine-1-yl)quinoline-4-amine (2q). Inter-
mediate 44 was prepared following the synthetic procedure for
compound 2b.

Potassium carbonate (830 mg, 6.00 mmol, 2.4 equiv) and
potassium iodide (41.0 mg, 0.250 mmol, 0.1 equiv) were added to
a stirring solution of tert-butyl 4-aminopiperidine-1-carboxylate (500
mg, 2.50 mmol, 1.0 equiv) and 1-(bromomethyl)-4-methylbenzene
(3.00 mmol, 1.2 equiv) in acetonitrile (10 mL), and the reaction
mixture was refluxed overnight. After completion of the reaction, the
solvent was evaporated, water was added, and the product was
extracted using DCM. After washing the organic layer three times
with water, it was dried over sodium sulfate, and filtered. After
evaporation of the solvent under reduced pressure, the residue was
purified by flash column chromatography (DCM/MeOH, 0 to 2%) to
afford the intermediate 61 as a colorless solid (39% yield). '"H NMR
(400 MHz, chloroform-d) & 7.20 (d, J = 8.0 Hz, 2H), 7.13 (d, ] = 7.9
Hz, 2H), 4.01 (d, ] = 10.1 Hz, 2H), 3.78 (s, 2H), 2.80 (t, J = 11.5 Hz,
2H), 2.67 (ddd, J = 10.2, 6.3, 3.9 Hz, 1H), 2.33 (s, 3H), 1.90—1.80
(m, 2H), 1.53 (dd, J = 10.2, 5.3 Hz, 1H), 1.45 (s, 9H), 1.30 (qd, ] =
11.5, 3.4 Hz, 2H); ESI-HRMS (m/z): [M + H]' caled for
C,5HyoN,0,", 305.2224; found, 305.2228.

Intermediate 63 was prepared following the general synthetic
procedure E and was isolated as the TFA salt as a colorless solid
(quantitative yield). "H NMR (500 MHz, methanol-d,) § 7.38 (d, J =
8.1 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 422 (s, 2H), 3.58—3.46 (m,
3H), 3.09 (td, J = 13.3, 2.9 Hz, 2H), 2.40 (d, ] = 14.0 Hz, 2H), 2.36
(s,3H), 1.92 (qd, J = 13.4, 4.2 Hz, 2H); ESI-HRMS (m/z): [M + H]"
calcd for C;3H,;N,*, 205.1699; found, 205.1698.

Compound 2q was prepared starting from intermediates 44 and 63
following the general synthetic procedure B and was isolated as a
colorless solid (64% yield). "H NMR (400 MHz, methanol-d,) § 7.74
(d, ] = 9.1 Hz, 1H), 7.34—7.30 (m, 4H), 7.27 (dd, ] = 5.7, 3.0 Hz,
1H), 7.22 (d, J = 8.0 Hz, 2H), 7.13 (d, ] = 7.9 Hz, 2H), 6.93 (d, ] =
2.5 Hz, 1H), 6.74 (dd, ] = 9.1, 2.5 Hz, 1H), 5.88 (s, 1H), 433 (d,] =
13.2 Hz, 2H), 4.08 (q, J = 7.0 Hz, 2H), 3.75 (s, 2H), 3.55 (s, 2H),
3.54—3.45 (m, 1H), 2.95-2.83 (m, 4H), 2.70 (ddt, J = 10.8, 8.3, 4.0
Hz, 1H), 2.30 (s, 3H), 2.27—-2.18 (m, 2H), 2.05 (d, ] = 11.7 Hz, 2H),
2.01-1.95 (m, 2H), 1.73—1.61 (m, 2H), 1.47—1.42 (m, 1H), 1.40 (t,
J = 7.0 Hz, 4H); >C NMR (101 MHz, methanol-d,) § 161.6, 161.3,
152.0, 151.1, 138.6, 137.8, 137.8, 130.8, 130.1, 129.5, 129.3, 128.4,
122.9,113.4, 111.3, 107.3, 85.3, 64.4, 64.0, 55.7, 53.4, 51.0, 50.5, 46.2,
329, 322, 21.1, 15.1; ESI-HRMS (m/z): [M + H]" caled for
C3¢HNOF, 564.3697; found, 564.3694.

N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-(prop-2-yn-1-
yloxy)benzyl)amino)piperidine-1-yl)quinoline-4-amine (2r).
Intermediate 44 was prepared following the synthetic procedure for
compound 2b.

To a solution of the N-(tert-butoxycarbonyl)-4-piperidone (1.0 g,
5.0 mmol, 1.0 equiv) in methanol (25 mL) was added (4-(prop-2-yn-
1-yloxy)phenyl)methanamine (5.5 mmol, 1.1 equiv) and acetic acid
(0.75 mL). Sodium cyanoborohydride (0.63 g, 10 mmol, 2.0 equiv)
was added portionwise to the reaction mixture. After stirring
overnight at rt, the solvent was evaporated under vacuum, and to
the residue was added NaOH solution (2 M) and DCM. The organic
phase was washed with brine, dried over sodium sulfate, and filtered,
and the resulting crude mixture was purified by flash column
chromatography (DCM:MeOH, 0 to 3%) to give intermediate 64 as a
colorless oil (677 mg, 39% yield). "H NMR (400 MHz, chloroform-d)
8725 (d, J = 9.0 Hz, 2H), 6.98—6.88 (m, 2H), 4.68 (d, ] = 2.4 Hz,
2H), 4.01 (d, ] = 9.9 Hz, 2H), 3.76 (s, 2H), 2.80 (t, ] = 11.5 Hz, 2H),

2.66 (ddd, J = 10.1, 6.3, 3.9 Hz, 1H), 2.50 (t, ] = 2.4 Hz, 1H), 1.89—
1.80 (m, 2H), 1.45 (s, 9H), 1.34—1.24 (m, 2H); ESI-HRMS (m/z):
[M + HJ* caled for C,0H,oN,05", 345.2173; found, 345.2163.
Intermediate 65 was prepared following the general synthetic
procedure E and was isolated as the TFA salt of intermediate 65 as a
colorless solid (quantitative yield). "H NMR (500 MHz, methanol-
d,) 6 747-7.42 (m, 2H), 7.10—7.04 (m, 2H), 4.76 (d, ] = 2.4 Hz,
2H), 4.21 (s, 2H), 3.57—3.52 (m, 2H), 3.48 (td, ] = 7.8, 3.9 Hz, 1H),
3.10 (td, J = 13.2, 2.8 Hz, 2H), 2.95 (t, ] = 2.4 Hz, 1H), 2.40 (d, ] =
13.9 Hz, 2H), 1.90 (qd, ] = 13.4, 4.2 Hz, 2H); ESI-HRMS (m/z): [M
+ H]* caled for C;sH,N,0%, 245.1648; found, 245.1649.
Compound 2r was prepared starting from intermediates 44 and 65,
following the general synthetic procedure B, and was isolated as a
colorless solid (69% yield). "H NMR (500 MHz, methanol-d,) & 8.13
(d, ] = 9.2 Hz, 1H), 7.56 (dd, ] = 7.1, 2.1 Hz, 2H), 7.52—7.45 (m,
SH), 7.31 (d, J = 2.4 Hz, 1H), 7.07 (d, ] = 8.7 Hz, 2H), 7.02 (dd, ] =
9.2, 2.5 Hz, 1H), 6.08 (s, 1H), 4.76 (d, J = 2.3 Hz, 2H), 449 (d, ] =
13.8 Hz, 2H), 4.24 (s, SH), 4.17 (q, ] = 7.0 Hz, 2H), 3.57 (ddd, ] =
15.8, 11.5, 4.2 Hz, 1H), 3.45 (d, ] = 11.9 Hz, 2H), 3.34 (s, 2H), 3.21
(s, 2H), 2.96 (t, ] = 2.4 Hz, 1H), 2.38 (d, J = 10.2 Hz, 2H), 2.25 (d, ]
= 12.5 Hz, 2H), 2.07 (q, J = 10.8 Hz, 2H), 1.85 (qd, J = 12.6, 3.9 Hz,
2H), 1.45 (t, J = 7.0 Hz, 3H); '*C NMR (126 MHz, methanol-d,) &
163.9, 160.0, 155.1, 154.7, 141.1, 132.5, 132.2, 130.7, 130.2, 125.5,
125.0, 116.7, 1159, 109.2, 101.6, 83.5, 79.4, 77.1, 65.4, 56.7, 55.7,
52.4, 49.9, 49.2, 46.7, 29.5, 14.9; ESI-HRMS (m/z): [M + H]" caled
for CysH,eN.O,", 604.3646; found, 604.3661.
N-(1-Benzylpiperidine-4-yl)-7-ethoxy-2-(4-((4-((1-(2-me-
thoxyethyl)-1H-1,2,3-triazol-4-yl)methoxy)benzyl)-amino)-pi-
peridine-1-yl)quinoline-4-amine (2s). Compound 2r, obtained as
described above, was used as the starting material for the next
transformation. A reaction tube was charged with compound 2r (36.2
mg, 60.0 ymol, 1.0 equiv) and 1-azido-2-methoxyethane (4 mL of a
solution of azide in DMF-DCM (2 mg/mL); 7.90 mg, 78.0 ymol, 1.3
equiv) and +BuOH (2 mL) at rt. Then, a solution of CuSO,
pentahydrate (3.00 mg, 20 mol %) and sodium ascorbate (4.80 mg,
40 mol %) in water (2 mL) were added to the reaction mixture. The
reaction mixture was stirred at 40 °C for S h. After completion, the
reaction mixture was extracted with DCM. The organic phase was
washed with brine, dried over sodium sulfate, and filtered to give a
crude product, which was purified by flash column chromatography
(DCM/MeOH, 0 to 3%) to obtain compound 2s as a colorless solid
(35.6 mg, 84% yield). "H NMR (500 MHz, methanol-d,) & 8.00 (s,
1H), 7.75 (d, J = 9.1 Hz, 1H), 7.33—7.25 (m, 7H), 6.99—6.96 (m,
2H), 6.94 (d, ] = 2.6 Hz, 1H), 6.74 (dd, ] = 9.1, 2.6 Hz, 1H), 5.89 (s,
1H), 5.13 (s, 2H), 4.56—4.54 (m, 2H), 4.35 (d, ] = 13.0 Hz, 2H),
4.08 (q, J = 7.0 Hz, 2H), 3.77-3.74 (m, 2H), 3.73 (s, 2H), 3.55 (s,
2H), 3.54—3.48 (m, 1H), 3.31 (s, 3H), 2.94—2.84 (m, 4H), 2.70 (tt, ]
=10.9, 4.0 Hz, 1H), 2.22 (td, J = 11.9, 2.5 Hz, 2H), 2.08—2.03 (m,
2H), 2.01-1.96 (m, 2H), 1.71-1.63 (m, 2H), 1.47—-1.41 (m, 2H),
1.41 (t, ] = 7.1 Hz, 3H); *C NMR (126 MHz, methanol-d,) & 161.5,
161.4, 158.9, 152.0, 151.2, 144.9, 138.5, 133.6, 130.8, 130.8, 129.3,
1284, 125.9, 122.9, 115.9, 113.4, 111.3, 107.3, 85.3, 71.7, 64.4, 64.0,
62.4, 59.0, 55.7, 53.4, 51.3, 50.6, 46.2, 32.8, 32.2, 15.1; ESLHRMS
(m/z): [M + H]" caled for C,Hg3NgO5*, 705.4235; found, 705.4231.
N-(2-(2-(2-(2-(4-((4-(((1-(4-((1-Benzylpiperidine-4-yl)amino)-
7-ethoxyquinoline-2-yl)piperidine-4-yl)amino)-methyl)-
phenoxy)methyl)-1H-1,2,3-triazol-1-yl)ethoxy)-ethoxy)-
ethoxy)ethyl)-3’,6'-bis(dimethylamino)-3-oxo-3H-spiro-
[isobenzofuran-1,9'-xanthene]-6-carboxamide (2s-TAMRA).
Compound 2r, obtained as described above, was used as the starting
material for the next transformation. A reaction tube was charged with
compound 2r (17.1 mg, 12.9 umol, 1.2 equiv), N-(2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)-3',6'-bis(dimethylamino)-3-oxo-
3H-spiro[isobenzofuran-1,9'-xanthene]-6-carboxamide (N;—PEG;-
TAMRA, 10.0 mg, 159 pmol, 1.0 equiv), and tris[(1-benzyl-1H-
1,2,3-triazol-4-yl)methyl]Jamine (TBTA, 0.91 mg, 1.71 ymol, 10 mol
%) in DMF (0.17 mL). First, a mixture of H,0/t-BuOH (1:1, 0.30
mL), then aqueous solutions of CuSO, (1 M, 16.4 mL) and sodium
ascorbate (0.1 M, 32.8 mL) were added to the reaction mixture. The
reaction mixture was stirred at rt for 12 h. After completion, the
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reaction mixture was extracted with DCM. The organic phase was
washed with brine, dried over sodium sulfate, and filtered to give a
crude product, which was purified by preparative reversed-phase
HPLC (H,0 (0.05% TFA)/MeCN = 95:5 to 5:95) to obtain
compound 2s-TAMRA as a red solid (6.50 mg, 40% yield). "H NMR
(500 MHz, methanol-d,) & 8.76 (d, ] = 1.8 Hz, 1H), 8.24 (dd, J = 7.9,
1.9 Hz, 1H), 8.15 (s, 1H), 8.11 (d, J = 9.3 Hz, 1H), 7.55—7.49 (m,
6H), 7.48—7.45 (m, 2H), 7.20 (d, J = 2.5 Hz, 1H), 7.15—7.09 (m,
4H), 7.07-7.02 (m, 3H), 6.97 (d, ] = 2.4 Hz, 2H), 6.02 (s, 1H), 5.16
(s, 2H), 4.59—4.55 (m, 2H), 4.42 (d, J = 14.1 Hz, 2H), 4.37 (s, 2H),
4.25 (s, 2H), 4.16 (q, ] = 7.0 Hz, 2H), 3.90—3.87 (m, 2H), 3.71-3.67
(m, 2H), 3.67—3.61 (m, 12H), 3.61—-3.53 (m, 2H), 3.30 (s, 12H),
3.29-3.26 (m, 2H), 2.40—2.28 (m, SH), 2.14—1.93 (m, 3H), 1.88—
1.79 (m, 2H), 1.45 (t, ] = 7.0 Hz, 3H); *C NMR (126 MHz,
methanol-d,) § 168.2, 167.5, 164.1, 160.8, 160.7, 159.0, 159.0, 155.3,
154.7, 144.4, 141.0, 138.1, 137.6, 133.1, 132.6, 132.5, 132.3, 132.0,
131.9, 131.4, 131.3, 130.4, 126.3, 125.0, 125.0, 116.6, 116.1, 115.6,
114.7, 109.2, 101.4, 97.5, 83.4, 71.6, 71.5, 71.4, 71.4, 70.5, 70.3, 65.4,
62.5, 61.7, 55.6, S1.5, 49.9, 49.6, 49.5, 49.5, 49.3, 49.3, 49.2, 49.1,
49.0, 48.8, 48.7, 48.5, 46.5, 41.2, 40.9, 29.6, 29.3, 14.8.

Cloning of Expression Plasmids, Expression of
Recombinant Proteins, and Protein Purification

Plasmids for expression of the human CHD1 tCD in fusion with a
hexahistidine tag (His), enhanced green fluorescent protein (GFP),
and/or NanoLuc luciferase (NLuc) [pET1Sb_hCHDI1,4,_4,;His,
pET15b_His-hCHD1,,y_443, pET1Sb_His-GFP-hCHDI1,4)_,43, and
pNLF1_NanoLuc-hCHD1,4_,;] were generated by PCR cloning
using standard techniques or have been previously described.® The
plasmid pET1Sb_CHDI1,4,_443(D425A)His encoding mutant CHD1
was generated by standard PCR cloning. The ¢cDNA of human
METTL21A,_,,5 was cloned into pET28a in fusion with an N-
terminal His-SUMO tag. The cDNA of human HSPAS8, g, was
cloned into pGEX-6P-1. The cDNA of human METTL21B,_,,4 was
cloned into a pFastBac-HTb. Cloning vectors pET15b and pET18a
were obtained from Novagen, pNLF1-N [CMV/Hygro], pGEX-6P-1,
and pFastBac-HTb were obtained from Promega and Sigma-Aldrich.
Detailed information on cloning procedures will be provided upon
request. Proteins were expressed in Escherichia coli BL21-CodonPlus-
(DE3)-RIPL. Cultures were grown in Terrific Broth medium (Sigma-
Aldrich) and induced with 0.5 mM IPTG overnight at 18 °C.
Bacterial pellets for expression of CHD1 proteins were resuspended in
buffer 1 [20 mM Tris-HCl (pH 8.0), 200 mM NaCl] and cells were
disrupted in an EmulsiFlex high-pressure homogenizer (Avestin).
Proteins were affinity-purified in batch using TALON Superflow
affinity resin (GE Healthcare). The resin was washed with buffer 1,
and proteins were eluted with buffer 2 [20 mM Tris-HCl (pH 8.0), S0
mM NaCl, SO0 mM imidazole (pH 8.0)]. Proteins were further
purified by ion exchange chromatography (MonoQ HR §/50 or
Capto HiResQ 5/50 column, GE Healthcare) in 20 mM Tris-HCl
(pH 8.0), S0—500 mM NaCl buffer followed by gel filtration (HiLoad
16/600 Superdex 75 pg column, GE Healthcare) in buffer 3 [S0 mM
HEPES (pH 7.5) 200 mM NaCl] using an AKTA pure HPLC system
(GE Healthcare).

His-SUMO-METTL21A was first purified using a HisTrap column
(GE Healthcare), then the His-SUMO tag was removed by Ulpl
cleavage. GST-HSPAS8 was purified with glutathione sepharose 4B
(GE Healthcare), then the GST tag was removed by Prescission
protease cleavage. The proteins were further purified by gel filtration
using a HiLoad 16/600 Superdex 7S pg column (GE Healthcare) in
buffer containing 10 mM Tris/HCl (pH 8.0), 100 mM NaCl, and 1
mM dithiothreitol. Purified proteins were aliquoted, flash frozen in
liquid nitrogen, and stored at —80 °C. His-METTL21B,_,,s was
expressed in S9 cells, affinity-purified using a HisTrap column, and
further purified by gel filtration on a HiLoad 16/600 Superdex 75 pg
column (GE Healthcare) in buffer containing 10 mM Tris/HCI (pH
8.0), 100 mM NaCl, and 1 mM dithiothreitol.

Expression plasmids, protein expression and purification proce-
dures have been described for hSPINI,y_,,,'° hKMT9
(KMT9@,_,,-His/KMT98,_,5),"” glutathione-S-transferase (GST)-

tagged mTaf3557 g2, (GST-mTaf3-PHD),*® GST-hPHES;,_,0,,** and
GST-LSD1,_g,."

Isothermal Titration Calorimetry (ITC)

ITC experiments were performed with a Microcal VP-ITC instrument
(Malvern). Ligand (200 #M to 1.2 mM in the syringe) was titrated to
purified hCHD1,¢,_,4;His protein (20 gM in the sample cell) in ITC
buffer [25 mM HEPES (pH 7.5) 100 mM NaCl, and 0.2—0.6%
DMSO depending on ligand concentration] at 20 °C. Instrument
settings were: 3 uL initial injection followed by 28 injections of 10 uL
at an injection rate of 0.5 uL/s, 240 s spacing between injections, and
a stirring speed of 307 rpm. Data were analyzed with manual baseline
corrections using the Origin 7 software for VP-ITC instruments
(Malvern). (Number of experiments: n = 1 for 1b, 1c, 1f, 1g, 1h, 1j,
1k, 1m, 1n, 1o, 1p, 1r, 1t, 2a, 2b, 2¢, 2d, 2e, 2g, 2i, 2j, 2k, 2m, 20, 2p,
2q, 2r, and 2s-TAMRA; n = 2 for 1a, 1i, 11, 1q, 1s, 2f, 2h, 21, 2n, and
2s.)

Forster Resonance Energy Transfer (FRET) Assay

Compounds were initially diluted from 100 mM or 200 mM DMSO
stocks in assay buffer [25 mM HEPES (pH 7.5), 50 mM NaCl, 1 mg/
mL BSA, 0.5 mg/mL Tween-20, 2 mM DTT] followed by serial
dilutions in the same buffer containing 2% DMSO. A protein-peptide
mixture was prepared in assay buffer containing 0.2 M purified His-
GFP—CHD1,4_443 protein and 2 uM TAMRA-H3,_;,K4me3
peptide (Table S3). For the 100% inhibition control, unlabeled
H3,_,K4me3 peptide (Table S3) was diluted to 400 yM in assay
buffer containing 2% DMSO. In a 384-well black OptiPlate
(PerkinElmer), 10 uL of compound dilution were added to 10 uL
of protein-peptide mixture (total assay volume of 20 uL and 1%
DMSO per well). For the 0% inhibition control, assay buffer with 2%
DMSO was used instead of the compound; for the 100% inhibition
control, the H3,_;,K4me3 solution was added. For the blank control,
assay buffer with 2% DMSO was mixed with DMSO-free assay buffer
in equal volumes. All conditions were tested in at least duplicate.
Plates were sealed with Black TopSeal-A film (PerkinElmer),
centrifuged for 1 min at 700 rpm, incubated at 25 °C for 30 min at
500 rpm, then centrifuged again for 1 min at 700 rpm. Fluorescence
was measured using an EnVision 2102 multilabel plate reader
(PerkinElmer) with excitation at 450 nm and emission at 535 and 590
nm. After blank subtraction, the FRET ratio (FR) was calculated for
each well as

FR = 50
1535

where Iy, and Ig3s are the blank-corrected fluorescence intensities.
Inhibition (%) was calculated using
FR, — FR,
Inh (%) = ————%% _.100%
FRyg90, = FRog

where FR;, FRyy, and FRyyq, represent the FRET ratios for the
sample, 0% inhibition control, and 100% inhibition control,
respectively. Inhibition values were plotted against compound
concentration in GraphPad Prism 9 or OriginPro2019. Dose—
response curves were fitted using the equation

top — bottom

ICyo HillSlope
X

Y = bottom +
(1+

Fluorescent Thermal Shift Assay (FTSA)

Compounds were diluted from 10 mM DMSO stock solutions into
assay buffer (25 mM HEPES, pH 7.5, 50 mM NaCl, 2 mM DTT) to
the desired concentrations, keeping a final DMSO concentration of
1.6% (v/v). Then, 10 uL of a protein-dye mix containing 0.2 mg/mL
CHD1,¢,_443His and 10X SYPRO Orange was added to 10 uL of each
compound solution in a 96-well Hard-Shell PCR plate (Bio-Rad).
Control wells received buffer with 1.6% DMSO. All measurements
were performed in duplicate. Plates were sealed with an adhesive PCR
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seal (Biozym), centrifuged (700 rpm, 1 min), and incubated at 25 °C
for 15 min (shaking at 400 rpm) followed by a second centrifugation
step. Fluorescence (excitation: 485 nm; emission: 530 nm) was
recorded during sample heating in a temperature gradient from 20 to
100 °C at 1 °C/min using a CEX96 Touch Real-Time PCR Detection
System (Bio-Rad). Melting temperatures (T,,) were determined using
Bio-Rad CFX Manager (v3.1), Microsoft Excel, and GraphPad Prism
7, applying the DSF analysis tool described by Niesen et al.*°

Protein Crystallization and Crystal Soaking

Crystallization was performed using the vapor diffusion sitting-drop
method with an Oryx Nano pipetting robot (Douglas Instruments,
UK.) in MRC 2 Well UVP Plates (SWISSCI, U.K.) at 4 °C.
CHD1,,y_443/LSD1K114me3 crystals were obtained as previously
described.® Briefly, purified His-CHD1,70_4; protein (11—15 mg/
mL) was incubated with 2 mM LSD1K114me3 peptide (Table S3) on
ice for 1 h, followed by centrifugation at 4 °C for 10 min to remove
precipitates. Crystals formed within 1-2 days from 0.30 uL protein
solution and 0.30 uL reservoir solution containing 6—16% (w/v) PEG
3,350, 0.2 M L-proline, and 0.1 M HEPES at pH 6.5-8.0.
CHD1,,y_443/inhibitor complexes were obtained by soaking pre-
formed CHD1,,,_443/LSD1K114me3 crystals in a mixture of reservoir
solution and 10% (v/v) DMSO containing inhibitor (final inhibitor
concentration: 2b and 21 = 20 mM; 1q, 2n and 2s = 10 mM) for 24 h.
Crystals were cryoprotected with reservoir solution supplemented
with 15% (v/v) 2R,3R-(—)-butanediol, mounted on nylon loops, and
flash-cooled in liquid nitrogen.

Data Collection and Structure Determination

X-ray diffraction data for CHDI1,, 4;/2b (PDB code 9T9E),
CHDl,,_443/21 (PDB code 9T9F), and CHDl,,_s/2n (PDB
code 9T9H) were collected on beamline BM07 at the European
Synchrotron Radiation Facility (ESRF, Grenoble, France) using a
Pilatus 6 M detector. X-ray diffraction data for CHD1,7_443/2s (PDB
code 9T9I) and CHD1,,y_443/1q (PDB code 9T9G) were collected
on beamline ID30A-3 at the ESRF using an Eiger X 4 M detector.
The data sets were processed with autoPROC’' and scaled using
Aimless.”” The structures were solved by molecular replacement with
Phaser™ using the CHDI1,;y_43/LSD1K114me2 complex (PDB
SAFW)® as the search model. Model building and refinement were
performed iteratively with COOT>* and either REFMAC®® or
Phenixrefine.’® Ligand restraints were generated using the grade
Web Server (Global Phasing Ltd., UK.). The electron density for all
ligands was well resolved. Final structures were validated using
MolProbity.”” Data collection and refinement statistics are summar-
ized in Table S1.

Methyltransferase Inhibition Assays

Inhibition of KMT9 methyltransferase activity was performed as
previously described.*” Briefly, the assay was carried out in duplicates
in assay buffer [SO mM BTP (pH 8.5) 1 mM MgCl,, 1 mM DTT, and
0.01% Triton-X100] in the presence of varying inhibitor concen-
trations, 25 nM purified KMT?9, 0.3 uM 3H-SAM, 0.7 uM SAM, and
S uM His-ETF149_,75 in a final volume of 20 uL. Reactions were
incubated at 30 °C for 2 h with shaking and then stopped by adding S
uL of a 50% trichloroacetic acid (TCA) solution. Then, 22 uL
reaction mixtures were transferred into 96-well MultiScreenHTS FB
filter plates (Merck) and subsequently washed with 10% TCA and
100% ethanol. After drying overnight, filters were transferred into
Pony Vials (PerkinElmer Inc.) and incubated in 3 mL of Ultima Gold
scintillation cocktail (PerkinElmer Inc.) for 30 min. The scintillation
signal was measured 3 times for 1 min using a TriCarb 2910 TR
(PerkinElmer Inc.) scintillation counter set to 3H CPM mode (LL: 0,
UL: 18.6).

Inhibition of METTL21A methyltransferase activity was deter-
mined in a white 384-well OptiPlate instrument (PerkinElmer Inc.) in
duplicates. For ICy, determination, 10-point 3-fold dilution series of
inhibitor was preincubated with 1 yM HSPAS8, 40 uM SAM, Ix
MTaseGlo Reagent in assay buffer [20 mM Tris (pH 8.0) 50 mM
NaCl, 1 mM EDTA, 3 mM MgCl,, 0.1 mg/mL BSA] for 15 min.
Then the reaction was started by the addition of 0.4 M METTL21A

and incubated for 4 h at 30 °C. After incubation, 2x MTaseGlo
Detection solution was added, and the mixture was incubated for 1 h
at 25 °C. Luminescence was measured using an EnVision 2102
multilabel plate reader (PerkinElmer). Inhibition was calculated using
the following formula

c xpos

X,
inhibition[%] = [1 — ——— | X 100
[ xpos - xneg]
with x,: signal of compound, x,,,,: mean signal of positive control, x,,:
mean signal of negative control. Data fitting was carried out in
GraphPad 7.0 by using nonlinear fit ([inhibitor] vs the response—
variable slope (four parameters)).

Fluorescent Thermal Shift Assay (FTSA)

FTSA assays were carried out in 96-well hard-shell PCR plates (Bio-
Rad Laboratories Inc.) in duplicates. Desired concentrations of
inhibitors in DMSO were mixed with 2 yM METTL21B and 5x
SyproOrange in assay buffer [25 mM HEPES (pH 7.5), 100 mM
NaCl, 1 uM DTT] and incubated at 25 °C for 15 min. Controls
contained DMSO instead of the inhibitor. Measurements were
conducted using a CFX96 Touch Real-Time PCR Detection System
(Bio-Rad Laboratories Inc.). The plate was equilibrated at 20 °C for 4
min and then heated stepwise at a rate of 1 °C per 15 s until 95 °C
was reached. After every step, fluorescence was measured (4, = 485
nm, 4., = 530 nm) in “FRET mode.” Calculation of melting points
was conducted using a Boltzmann sigmoidal model in GraphPad
Prism 7.0.

Fluorescence Polarization Assay

Ten puL of protein solution containing either 0.3 yM GST—mTaf3—
PHD and 0.06 uM Cy5—H3K4me3 (Table S3), 0.2 yM His-
hSPIN1,_,, and 0.2 uM full-length (FL)-H3K4me3 peptide"® or 1
UM GST—hPHF8,,_,,,"® and 0.02 yM FL—H3K4me3 (Table S3)
were mixed with 10 uL of compound dilution in a 384-well black
nonbinding plate (Greiner), resulting in a total assay volume of 20 uL
per well. CHD1 tCD inhibitors were serially diluted from 10 mM
DMSO stocks in TAF3 assay buffer [SO mM Bis-Tris (pH 6.5) 200
mM NaCl, 10 uM ZnCl,, 1 mg/mL BSA, 0.5 mg/mL Tween-20, 2
mM DTT], SPINI assay buffer [25 mM HEPES (pH 7.5) 100 mM
NaCl, 1 mg/mL BSA, 0.5 mg/mL CHAPS], or PHF8 assay buffer [25
mM HEPES (pH 7.5) 100 mM NaCl, 10 uM ZnCl,, 1 mg/mL BSA,
0.5 mg/mL CHAPS], respectively, containing 10% DMSO at each
dilution step. The final DMSO concentration in all wells was 5%. For
the 0% inhibition control, assay buffer with 10% DMSO was used
instead of the compound. For the 100% inhibition control, assay
buffer with 10% DMSO was mixed with 0.06 yuM CyS—H3K4me3
peptide in the absence of TAF3, 0.02 uM FL-H3K4me3 in the
absence of SPINI, or 0.02 yuM FL—H3K4me3 in the absence of
PHES. For the blank control, assay buffer with 10% DMSO was
combined with DMSO-free assay buffer. All conditions were tested at
least in duplicate. Plates were sealed with Black TopSeal-A film
(PerkinElmer), centrifuged for 1 min at 700 rpm, incubated at 25 °C
for 30 min with shaking at 500 rpm, then centrifuged again for 1 min
at 700 rpm. Fluorescence polarization was measured on an EnVision
2102 multilabel plate reader (PerkinElmer) with excitation at 480 nm
and emission at 535 nm, detecting fluorescence parallel (S-plane) and
perpendicular (P-plane) to the excitation plane. After blank
subtraction, polarization (P, in mP) was calculated as

I, — G-I
P(mP) = 1000->—F
Iy + G-I,

where I and I, are the fluorescence intensities of the S- and P-plane,
and G is a device-specific factor (0.93). Inhibition (%) was calculated
using the equation

P, — By
(%) = 100%-[1 - ﬂ]
PO% - PIOO%
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where P}, Pyy, and P, are the polarization values for the sample, 0%
inhibition control, and 100% inhibition control, respectively.
Inhibition values were plotted against compound concentration in
GraphPad Prism 9 or OriginPro2019. Dose—response curves were
fitted using the equation

top — bottom

ICqo HillSlope
X

Y = bottom +
(1 +

Peroxidase Assay

A standard peroxidase-coupled assay was used to determine ICq,
values for LSD1 inhibition as described previously.*® Briefly, LSD1
enzyme at a final concentration of 0.035 yM in buffer (45 mM
HEPES, 40 mM NaCl, pH 8.5) was incubated with the inhibitor for
20 min in an OptiPlate-384 microtiter plate (PerkinElmer).
H3,_,(K4me2 peptide (Peptide Specialty Laboratories GmbH) at a
final concentration of 20 yM was used as substrate. After 1 h of
incubation, Amplex Red reagent/horseradish peroxidase (HRP)
mixture was added (final concentration: 50 M AmplexRed and 1
U/mL HRP; Sigma-Aldrich, P8125) in the reaction buffer.
Immediately after addition, fluorescence intensity corresponding to
the resorufin product was measured at A, = 510 nm and /., = 615
nm using a BMG FLUOstar Omega microplate reader. Percent
inhibition was calculated relative to the compound-free DMSO
control (positive control) and the no-substrate negative control.
Inhibition curves were analyzed by sigmoidal curve fitting using
GraphPad Prism 9.0.2. IC, values are reported as the mean of two
independent experiments.

Cell Culture and Proliferation Assay

Cell lines used in this study were obtained from the American Type
Culture Collection (ATCC), the European Collection of Cell
Cultures (ECACC), or Caliper Life Sciences and cultured as
recommended by the suppliers. Media were supplemented with
10% fetal calf serum and penicillin/streptomycin. Cell proliferation
was determined using the X-Celligence RTCA system (Roche). For
real-time recording of cell proliferation, PC-3M-Luc (3000 cells/
well), LNCaPLuc (20,000 cells/well), or 22Rv1 (20,000 cells/well)
cells were seeded into 16-well E-plates (Roche). Cell indices were
automatically recorded every 15 min. Twenty-four h prior to seeding,
PC-3M-Luc and LNCaP-Luc cells were transfected with siRNA at a
final concentration of 80 nM using DharmaFECT 2 Transfection
Reagent (Thermo Fisher Scientific), and 22Rv1 cells were transfected
with Lipofectamine RNAiMax (Thermo Fisher Scientific). The
following stealth siRNAs (Invitrogen) were used: 5'-GAAAGTCC-
TAGATCCACACGCAAAT-3' (siCtrl), S'-AAUGAGAGCUCCAU-
CUUCCCAGCUG-3' (siCHD1-1), 5-GCUACCUCAUUAAAC-
CACCAGAUAA-3’' (siCHD1-2). Knockdown efficiencies were
verified by Western blot. Proliferation curves are presented as mean
+ standard deviation (n = 4 for each condition). Statistical analyses
were performed using the Student’s t test with two-tailed distribution.
Statistical significance is presented as * p < 0.05, ** p < 0.01, *** p <
0.001.

Transient Transfection of HEK293T Cells and
Bioluminescence Resonance Energy Transfer (BRET)
Measurements

NanoBRET experiments were performed with HEK293T cells plated
in 6-well plates (Sarstedt, cat. #83.1839.300) at a density of 8 X 10°
cells per well and incubated for 2—4 h at 37 °C and 5% CO, before
transfection. Plasmid encoding NLuc-CHD1,¢,_44; fusion protein was
transfected using Fugene HD Transfection reagent (Promega)
according to the manufacturer’s protocol. Briefly, 2 ug expression
plasmid were dissolved in 100 L medium without serum and phenol
red to obtain a concentration of 0.02 yig DNA per yL. Fugene reagent
was added, the sample vortexed for a short time, and incubated for 15
min at rt. The mix was added dropwise to the HEK-293T cells,
followed by incubation for 24 h at 37 °C and 5% CO,. Cells were

trypsinized, resuspended in medium without serum and phenol red,
and adjusted to a concentration of 2 X 10° cells per mL. To determine
affinities of the inhibitors, a final tracer concentration of 8 yM was
used. Serially diluted inhibitor and tracer were added to the cell
suspension, and 100 uL were seeded in 96-well white, sterile
nonbinding surface plates. Plates were incubated at 37 °C and 5%
CO, for 2 h. For BRET measurements, NanoBRET NanoGlo
Substrate (Promega cat. #N1571) was added to the wells according to
the manufacturer’s protocol. For all measurements, the 2102
EnVisionTM Multilabel reader (PerkinElmer) was used, equipped
with 460 nm (donor) and S90LP nm (acceptor) filter. Data analysis
was performed with Prism (GraphPad Software, San Diego, CA,
USA). Milli-BRET units (mBU) are BRET values multiplied with
1000. Tracer affinities were calculated using the following equation

B X X
K, + X

with B, representing the maximal response upon saturation, X the
tracer concentration, and K, the equilibrium dissociation constant.
Apparent K; values were calculated using the Cheng—Prusoff
equation.

1C
K = 50

1 [Tracer]

1+

Kg,app

with Ky, as the apparent K, value of the fluorescent ligand (tracer).
Cell Lysate Pull-Down Assay and Western Blotting

Pull-down assays were essentially performed as described by Johnson
et al.>* with minor modifications. Briefly, HEK293T cells were lysed
in Cell Lysis Buffer (Cell Signaling) supplemented with cOmplete,
EDTA-free protease inhibitor cocktail (Roche). The protein
concentration was calculated by Bradford assay with a BSA standard
curve. Streptavidin sepharose beads (Merck) were washed (2 X 500
uL) with assay buffer [20 mM Tris/HCl (pH8.0), 200 mM NaCl,
0.1% Tween 20] and then incubated with 30 ug of a biotinylated
LSD1-K114me3 peptide [104-TPEGRRTSRR(Kme3)-
RAKVEYREMDESL-127-K-biotin (Peptide Specialty Laboratories
GmbH)] in 1 mL assay buffer for 1.5 h at 4 °C on a rotator.
Meanwhile, S00 pg of cell lysate was incubated with compound (0—
400 uM) in 250 pL assay buffer on ice. The beads with bound peptide
were briefly washed (2 X 1 mL, 1 min) with assay buffer and then
incubated with the cell lysates [250 pL + 750 uL assay buffer
(reducing the ligand concentration to 0—100 M)] on a rotator at 4
°C overnight. After overnight incubation, beads were washed (3 X 1
mL, 10 min) with assay buffer, resuspended in 1x SDS-PAGE sample
buffer, and heated at 95 °C for S min. Bound proteins were resolved
by SDS-PAGE on 8% polyacrylamide gels. 100 pg (20%) of
HEK293T lysate served as an input control. Western blotting was
performed according to standard procedures. Membranes (Immobi-
lon-P, Millipore) were blocked for 1 h in PBS buffer supplemented
with 0.1% Tween 20 and 5% (w/v) skim milk (1h rt), decorated with
anti-CHD1 antibody (BETHYL, A301-218A, 1:2500) at 4 °C
overnight, and then decorated with mouse anti-rabbit IgG-HRP
secondary antibody (Cell Signaling, 5127, 1:10,000) for 45 min at rt.
Finally, membranes were incubated with ECL Select Western Blotting
Detection Reagent (Cytiva) and signals recorded on an Amersham
Imager 600 (GE Healthcare). Signal intensities were quantified using
the build-in software provided by the manufacturer.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
Bromide (MTT) Assay

Cell proliferation was determined using the CellTiter 96 Non-
Radioactive Cell Proliferation Assay (MTT) kit (Promega) essentially
as described by the manufacturer. PC-3M-Luc (2500 cells/well) or
LNCaP (5000 cells/well) were seeded in 96-well plates in the
presence of compound or vehicle with a final concentration of 0.1%
DMSO. After 72 h, MTT solution was added. The absorbance was
measured with a BMG LABTECH FLUOstar OMEGA plate reader
(BMG Labtechnologies, Germany). Experiments were performed in
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triplicate, and ECg, values were calculated using Prism (GraphPad
Software, San Diego, CA, USA).

Kinase Selectivity Assay

The kinase selectivity profile of KMI169 at 10 uM was validated by
the KINOMEscan®® Profiling Service performed at Eurofins
DiscoverX Corporation, San Diego, USA. Compound-kinase inter-
actions were tested with 97 representative kinases belonging to the
AGC, CAMK, CMGC, CK1, STE, TK, TKL, lipid, and atypical kinase
families including important mutant forms (scanEDGE Kinase Panel).

Molecular Modeling

Protein—ligand contacts in solved X-ray structures were analyzed with
the Protein—Ligand Interaction Profiler (PLIP) program39 and
visualized in PyMOL (Schrodinger LLC, NY, USA). Structure-
based lead optimization was performed with the tools of the
Schrodinger Suite 2019—1 (Schrédinger LLC, NY, USA), as
previously described.’” Briefly, the crystal structure of the CHD1
tCD/2b complex was prepared with the program Protein
PrepWizard.(’0 The center of mass of the ligand (2b) was considered
as the docking grid centroid. Designed analogs were docked with a
core constraint docking using the program Glide,*" with the Standard
Precision (SP) scoring function.
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