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Abstract

4-Anilinoquinolines were identified as potent and narrow spectrum inhibitors of the cyclin G
associated kinase (GAK), an important regulator of viral and bacterial entry into host cells.
Optimization of the 4-anilino group and the 6,7-quinoline substituents produced GAK inhibitors
with nanomolar activity, over 50,000-fold selectivity relative to other members of the numb-
associated kinase (NAK) sub-family, and narrow activity spectra in the broader kinome. These
compounds may be useful tools to explore the therapeutic potential of GAK in prevention of a
broad range of infectious and systemic diseases.
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1. Introduction

Cyclin G associated kinase (GAK) is a ubiquitously expressed 160 kDa serine/threonine
kinase involved in membrane trafficking[l. GAK was initially identified as a protein that
associated with cell cycle regulator cyclin GI1Pl. GAK knockdown by siRNA initiated cell-
cycle arrest at the metaphase, demonstrating the requirement of GAK for normal mitotic
progression[2]. GAK is a member of the Numb-Associated Kinase (NAK) family, which
includes AAK1 (adaptor-associated kinase), STK16/MPSK1 (serine/threonine kinase 16/
myristoylated and palmitoylated serine/threonine kinase 1), and BMP2K/BIKE (BMP-2
inducible kinase)[3l.

GAK and AAK1 are host cell kinases that regulate clathrin-mediated endocytosis, a critical
regulatory process by which oligomeric clathrin and adaptor protein complexes facilitate
entry of macromolecules, proteins and nutrients into cellsll. GAK and AAK1 recruit
clathrin and adaptor protein complexes to the cell membrane in part through phosphorylation
of T156 in the p2 subunit of adaptor protein-2 (AP-2). The clathrin/AP-2 complex facilitates
vesicle assembly and efficient internalization of cargo proteins. In addition, GAK also
regulates recycling of clathrin back to the cell surface, while AAK1 mediates the rapid
recycling of receptors back to the plasma membrane. Through their involvement in clathrin-
mediated endocytosis, GAK and AAK1 regulate epidermal growth factor receptor (EGFR)
internalization, thereby promoting EGF uptake and EGFR signaling[®l.

Clathrin-mediated endocytosis is a common mechanism by which viruses, toxins, and
bacteria enter their host cells[®l. Several viruses that add significant global disease burden,
such as influenza, HCV, dengue, Hantaan virus, and Junin arenavirus, use this mechanism to
infect cellsl®l. HIV, Ebola and Zika have also been characterized as entering the cell viathis
uptake pathwayl7]. In addition, the endocytosis of anthrax and diphtheria toxins is mediated
by clathrinl8l. Inhibition of NAK family kinases has been proposed as a new approach to
development of host-centered anti-viral drugst®l. A notable advantage of this approach is
that these host molecular targets may be less prone to viral and bacterial resistance
mechanisms.

GAK participates in a variety of other important biological processes through its roles in cell
proliferation and receptor trafficking. GAK is a prognostic marker in advanced diseases,
including hormone refractory prostate cancerl1%l. GAK interacts directly with the androgen
receptor (AR) and sensitizes it to low levels of androgens; the expression of GAK increases
upon prolonged androgen treatment and during the progression of cells to hormone
independencel10-111. GAK is over-expressed in osteosarcoma cell lines and tissues where it
contributes to proliferation and survivalll1Pl. Genome-wide association studies (GWAS)
have identified single nucleotide polymorphisms in the GAK gene associated with
susceptibility to Parkinson’s diseasel2]. Additional studies support a functional role for
GAK in the pathology of Parkinson’s disease—for example, enhanced toxicity was observed
upon siRNA knockdown of GAK in HEK293 cells overexpressing a-synuclein, a major
constituent of Lewy bodies, the protein aggregates in nerve cells of patients with Parkinson’s
disease and other forms of demential13l.
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Prior reports have disclosed potent GAK inhibitors that lack selectivity over other protein
kinases (Figure 1), such as the pyridinylimidazole p38 inhibitor SB203580 and the c-Jun A~
terminal kinase inhibitor SP600125[141. Intriguingly, the clinically-approved EGFR
inhibitors gefitinib, erlotinib and Ber-Abl and Src inhibitors dasatinib and bosutinib show off
target activity on GAK, with potency in the low nanomolar rangel?3l. It is not known
whether the clinical efficacy or adverse events observed with these kinase inhibitor drugs are
connected to their inhibition of GAK activity. These drugs were originally prepared to target
EGFR and Bcr-Abl/Src, and only later was GAK identified as a collateral kinase target. The
utility of these inhibitors as tools to study the biology of GAK is severely limited. Notably, it
has been proposed that GAK inhibition causes clinical toxicity due to pulmonary alveolar
dysfunction, but this controversial hypothesis has not been addressed with a selective small
molecule GAK inhibitor[26],

Recently isothiazolo®4-Zpyridines have been described as first generation chemical probes
for GAK[®l, Analog 12g was identified as a potent narrow spectrum GAK inhibitor with
only a limited number of kinase off-targets including KIT, PDGFRB, FLT3, and MEKS5. The
availability of chemical probes with improved selectivity for GAK or a different spectrum of
off-targets would be useful in target validation studies. Here we report the synthesis and
characterization of 4-anilinoquinolines and 4-anilinoquinazolines as potent narrow spectrum
GAK inhibitors. Several of these compounds have potential for development into high
quality chemical probes for the study of GAK biology.

2.1 Initial screening

The chemogenomic sets PKIS and PKIS2 contain hundreds of biologically and chemically
diverse kinase inhibitors with potent activity across the protein kinome[X7]. Through the
screening of PKIS2 we identified several 4-anilinoquinolines and 4-anilinoquinazolines with
nanomolar activity on GAK and varying degrees of selectivity with respect to other kinases
(Table 1A and Figure 2). 4-Anilinoquinoline 1 had a K4 = 31 nM against GAK and showed
potent activity on only one other kinase, ADCK3 (K4 = 220 nM). The analog 2, containing a
4-pyridyl substituent at the 7-positon of the quinoline, retained GAK activity (84% I at 1
uM) and also inhibited eighteen other kinases. The 4-anilinogquinazoline 3 showed a K4 = 15
nM on GAK with activity on only three additional protein kinases, EGFR (K4 = 0.32 nM),
ERBB2 (Kq = 85 nM), and BUB1 (Kq4 = 130 nM). We then used a panel of binding assays to
determine selectivity across the NAK family and were encouraged by the results (Table 1B):
1 and 2 were potent and over 1000-fold selective, while compound 3 had weaker potency
and lower selectivity. Our interest in the quinoline/quinazoline scaffold was heightened by
the reported GAK activity of gefitinib, erlotinib, and bosutinib (Figure 1)[18l.

2.2 Chemistry

To further explore the structural requirements for GAK activity, we synthesized analogs of 1
and 3 as outlined in Scheme 1. 4-Anilinoquinolines (1, 4-12, 16-56) were prepared by
heating the corresponding 4-chloroquinoline and substituted aniline in ethanol at reflux for
18 hours. Products were isolated by direct crystallization from the crude reaction mixture or
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following chromatographic purification. The 4-anilinoquinazolines (13 & 57) were prepared
by heating the corresponding 4-chloroquinazoline and substituted aniline in ethanol (13) or
n-butanol (57) at reflux for 18 hours. The lower reactivity of the 4-chloroquinazoline
required heating at the higher temperature, and these reactions were generally not as clean,
requiring chromatographic purification to isolate the products. Several of the less
nucleophilic anilines required an alternative method to be employed in which the aniline was
added through a Buchwald-Hartwig coupling reaction to produce the corresponding 4-
anilinoquinazolines 14 and 15[19].

2.3 NAK family screening and determination of cell potency

The final compounds were initially screened at 10 uM for their ability to affect the melting
temperature of the GAK protein using a differential scanning fluorimetry (DSF) assay. The
change in denaturation temperature of kinase protein (AT},) in the presence and absence of a
small molecule inhibitor was previously established as predictive of compound affinity [20],
The compounds were next screened for activity on the kinase domains of all four members
of the NAK sub-family (GAK, AAK1, BMP2K, and STK16) using a Time-Resolved
Fluorescence Energy Transfer (TR-FRET) binding displacement assay in a 16-point dose
response format to determine the inhibition constant (K;).

The most active analogs were then tested in a GAK nanoBRET cellular target engagement
assay[?1l. Briefly an Atterminal fusion of GAK and Nano Luciferase, a small and extremely
bright luciferase, was transiently expressed in HEK293 cells. Addition of Nano Luciferase
enzyme substrate and a cell permeable tracer, comprised of a red shifted dye tethered to a
fragment shown to bind the ATP site of GAK, led to a bioluminescence resonance energy
transfer (BRET) signal. Small molecule GAK inhibitors competed away the tracer from the
fusion protein, leading to the observable loss of BRET signal and forming the basis of the
nanoBRET assay. The assay was conducted in a 8-point dose response format to determine
the cellular binding potency 1C5q[221.

Because 4-anilinoquinolines generally have significantly lower EGFR activity than their
corresponding 4-anilinoquinazolines[23], we decided to focus initially on the former series.
The 4-anilinoquinoline 1 had AT, = 6.3°C in the GAK DSF assay (Table 2). In the GAK
binding displacement assay 1 demonstrated K; = 3.9 nM with only weak activity on other
members of the NAK family and a selectivity index, defined as the ratio of GAK K;j and the
Kj of nearest NAK family member, over 4000 (Table 2). The first series of analogs explored
deletion of one or more of the methoxy substituents. Removal of either the 4-methoxy (4) or
3-methoxy (5) group led to a 10-fold drop in potency against GAK and a slight increase in
activity on other NAK family members. Modulating the position of the methoxy groups to
2,4-dimethoxy (6) or 2,5-dimethoxy (7) positions led to a decrease in GAK activity. The
effect of substituting the aniline with a single methoxy group were more dramatic.
Incorporating a single 4-methoxy group, as in 8, resulted in a 100-fold drop in activity.
However, analog 9 with a single 3-methoxy group retained potent GAK activity,
demonstrating K; = 5.7 nM and a NAK family selectivity index >2500. The 2-methoxy
substituted 10 was an order of magnitude less potent than the parent compound 1 and
maintained moderate NAK family selectivity. Two analogs were prepared in which the
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alkoxy substituents were bridged by a methylene (11) and an ethylene unit (12). However,
both compounds showed a decrease in GAK activity compared to the corresponding 3,4-
dimethoxy analog 6.

Switching to the 4-anilinoquinazoline core, the effect of variation in methoxy substitution
was explored in three analogs (Table 2). The rank order activity of the mono-, di-, and
trimethoxy 4-anilinoquinazolines 13-15 paralleled that of the corresponding 4-
anilinoquinoline analogs 1, 4, and 5, but the quinazolines showed a 10-fold decrease in GAK
potency compared with the quinolines. The 3,4,5-trimethoxyanilino analog 13 was the most
potent on GAK but showed a greatly reduced NAK family selectivity. We also note that the
changes in the substitution of the aniline and 6- and 7-quinazoline position drastically
decreased EGFR activity (for example, 13 - EGFR Ky = 6.1 pM (n=2), GAK K4 =190 nM
(n=2) (Figure S12)) relative to quinazoline 3 in the same assay system (Table 1). The lower
potency and selectivity of the 4-anilinoquinazoline core led us to focus our efforts on the 4-
anilinoquinolines.

The next series of 4-anilinoquinoline analogs explored the variation in electronic properties
and steric bulk of the aniline substituents (Table 3). Replacing the methoxy groups with
fluorine yielded several potent compounds. Mono-, di-, and trifluoro analogs 16-20 showed
potent activity on GAK but with reduced NAK family selectivity. Analogs with chlorine
substitution (21-24) also retained potent GAK activity with the exception of the 2-chloro
derivative 24. The bromo- and iodo-substituted analogs 27-30 were less potent. Non-
halogen electron withdrawing substituents were generally poorly tolerated: cyano (31-33),
trifluromethyl (34), and methylsulphonyl (37-38) analogs showed reduced activity. The
bulky 4-fert-butoxy and 4-methylsulphonylmethyl analogs 39 and 40 had weaker activity.
The two remaining compounds with potent GAK activity were the 3-acetylene (35) and the
3-acetyl (36), however both showed only modest NAK family selectivity.

Having explored the steric and electronic requirements of the aniline group, our focus turned
to the quinoline core (Table 4). The effect of varying the 6- and 7-substituent on the
quinoline core was explored within the 3,4,5-trimethoxyaniline series. Removal of the
trifluromethyl group (41) resulted in a 10-fold drop in NAK family potency and a 4-fold
decrease in cellular potency relative to 1, although selectivity for GAK was retained. The 6-
fluoro (42) and 7-fluoro (43) substituted analogs demonstrated potent GAK activity and
>10,000-fold NAK family selectivity but 42 was twice as potent in cells. In contrast, the 5,7-
difluoro compound 44 showed a significant drop in GAK activity compared with the 7-
fluoro compound 43 and weak cellular potency by nanoBRET. Compounds with 6-fer-butyl
(45), 6-cyano (46), and 6-sulfonylmethyl (47) substituents demonstrated potent GAK and
NAK family selectivity >1000-fold, but while 45 and 46 were equipotent in the nanoBRET
(ICsq approx. 350 nM), 47 showed a 10-fold drop in potency on GAK in cells. While 6-
methoxy substitution (48) resulted in a slight decrease in GAK activity, 6,7-dimethoxy
substitution (49) yielded a dramatic increase in GAK activity and NAK family selectivity.
Compound 49 showed >8°C stabilization of GAK protein in the thermal denaturation assay
and K; = 0.54 nM in the TR-FRET assay with NAK family selectivity >50,000 and with a
nanoBRET in cell GAK potency of 1C5y = 56 nM. The 14-17-fold cellular potency increase
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for 49 over the single methoxy substitutions (48 & 50) constituted more than an additive
effect. Finally, the 7-substituted analogs 50-52 showed single digit nanomolar GAK potency
and NAK family selectivity of approximately 10,000-fold with comparable cellular GAK
potency.

A final series of analogs explored the effect of matching the potent 6,7-dimethoxy core with
a range of 4-anilino substituents (Table 5). The 3-methoxy analog 9 retained the potency of
the trimethoxy analog 1 in the original series (Table 2). When 3-methoxyaniline was
incorporated into the 6,7-dimethoxyquinoline core (53), there was a 4-fold reduction in
GAK activity compared to the trimethoxy analog 49 and a reduction of 20-fold in cells. The
3-bromo (54) and 3-acetylene (55) substituted 4-anilino-6,7-dimethoxyquinolines showed
similar drops in GAK potency and decreases in NAK family selectivity, but while 55 showed
the same drop in cells as 53, 54 showed only a modest decrease of just under 3-fold. The 3-
acetyl substituent (56) led to a 100-fold loss of GAK activity relative to 49, and this
compound was equipotent across the NAK family. Finally, the 6,7-dimethoxyquinazoline 57,
incorporating a 3,4,5-trimethoxyaniline, showed a two-fold loss in potency while
maintaining a high selectivity relative to other NAK family members and better cellular
potency than 53 with only a 13-fold drop relative to 49.

To rationalize the pivotal activity of the methoxy group on the aniline ring, we used
molecular modelling to analyse the effect of inhibitor binding to the GAK catalytic site.
Analogs 1, 5, 9, and 49 were docked into the active site of the GAK x-ray structure, and a
hydration site analysis was performed with WaterMap using multiple orientations and
conformations of each compound (Figure 3)[9 241 These calculations identified a network
of water molecules that could occupy the active site. Docking of the 4-aminoquinolines into
the site resulted in potential displacement of one specific water molecule that could
contribute up to 6.4 kcal/mol in binding energy (Figure 3). The trimethoxy substituted
anilines (49 and 1) were predicted to displace this water molecule most effectively (Figure
3A/3B and 3C respectively), whereas other methoxy substitution patterns such as the 3,4-
dimethoxy (5) were only partially able to displace the water molecule (Figure 3D/3E). The
water site analysis also explained why the meta-methoxy analog 9 was more potent than the
ortho- and para-analogs 8 and 10. 9 could fully displace the high-energy water molecule
(Figure 3F), whereas 8 and 10 were not able to do so.

We measured GAK affinity of the 4-anilinoquinoline analogs with a wide range of AT,
values and affinity over several orders of magnitude in the TR-FRET binding assay. The two
binding assays were highly correlated, as shown by a plot of AT, versus —log K; which has
R =0.86 (Figure 4).

2.4 Kinome selectivity evaluation

Having obtained 49, a compound with sub-nanomolar GAK potency and favourable NAK
family selectivity, we next evaluated its selectivity in the context of the broader kinome
present in cell lysate using multiplexed inhibitor beads coupled with mass spectrometry
(MIB/MS)[25]. This methodology involves quantitation of kinases bound to immobilized
inhibitors in the presence and absence of soluble inhibitors and allows for assessment of
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inhibitor binding across a large percentage of the expressed, functional kinome in a single
MS run. GAK was the only kinase depleted by 1 in a dose dependent manner, suggesting a
very narrow specificity for the compound at the concentrations tested (Figure 5A). 49 was
used at lower concentrations (300 pM — 10 nM) in this assay and showed considerably
greater GAK potency, depleting it by almost 10-fold at the highest concentration (Figure
5B). All four of the NAK family kinases (AAK1, STK16, BMP2K, and GAK) were profiled
by this analysis, and both 1 and 49 showed exquisite selectivity for GAK. Among the >240
protein kinases profiled, these results indicate narrow selectivity for both GAK and RIPK2
of 1 and 49 (Figure 5A-D).

3. Discussion

Chemical tractability is a hallmark of the protein kinases. Over 30 drugs have been approved
that target the ATP binding site, predominantly in the field of oncology. However, most of
these drugs were developed as multi-kinase inhibitors that leverage the conservation of the
ATP pocket across the enzymes to increase their clinical efficacy. Development of kinase
inhibitors for treatment of chronic diseases, such as inflammation and neurodegeneration,
will require drugs with greatly improved selectivity profiles26]. New chemical approaches
and molecular insights into the development of highly selective kinase inhibitors that target
the conserved ATP-binding site are urgently needed. Binding assays are the most accurate
and robust method to measure potency and selectivity of ATP-competitive kinase
inhibitorsl27]. Binding assays available at commercial vendors are routinely used to profile
kinase inhibitors for their selectivity across the human kinomel28l. Moreover, ligand binding
displacement assays provide an accepted for direct measurement of kinase inhibition in drug
optimization of ATP-binding site inhibitors[2%]. This point is particularly relevant for
neglected kinases such as GAK where there are currently no robust and validated enzyme
activity assays. Here, we have uncovered a series of 4-anilinoquinolines that show high
affinity for GAK as measured in two orthogonal biochemical assays (DSF and TR-FRET),
which were highly correlated (Figure 4). Some of these compounds demonstrated
remarkable binding selectivity for GAK over hundreds of other kinases and even for other
members of the closely related NAK sub-family. Using medicinal chemistry and molecular
modelling, we have delineated the structural features of these molecules that contribute to
the binding selectivity within the NAK sub-family.

Common structural elements of kinase ligand interactions have been systematically
described in the KLIFS database[30]. Briefly, kinase domains have C- and A-terminal
domains bridged by a hinge region. ATP-competitive inhibitors generally make one to three
hydrogen bonding interactions with the backbone residues in the hinge. The ATP binding
site can be divided into a front cleft projecting towards solvent and a back cleft that has
some degree of conformational plasticity, due in part to the disposition of a conserved loop
containing an Asp-Phe-Gly (“DFG”) motif. The ease of access to the back cleft is largely
determined by the size of the amino acid directly preceding the hinge, which is known as the
“gatekeeper” residue.

Compounds containing quinoline and quinazoline ring systems have been the focus of prior
kinase drug discovery campaigns, which in some cases have led to approved medicines(31l.
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Structural studies using x-ray crystallography have been reported for several quinoline and
quinazoline-based kinase inhibitors in complex with their target kinases[32]. The dominant
binding mode of these quinolines and quinazolines shows a hydrogen bond in the hinge
region between N1 of the ligand and the third residue from the gatekeeper (GK + 3: Cys in
GAK, BMP2K, and AAK1 and Phe in STK16) (Figure 3A). The aniline group at the 4-
position of the quinazoline or quinoline ring system projects into the back-cleft pocket of
GAK that is partially defined by the a.C helix and the DFG motif. Finally, substituents at the
6- and 7-position of the quinoline are directed toward the surface of the protein. Changes in
the aniline head group and on the quinoline core are known to affect kinase potency and
selectivity profiles in other, structurally-related inhibitor series[33], as these parts of the
ligand project into a pocket lined with varied functionality or having a range of
conformational plasticity[30P],

We observed that GAK potency and NAK family selectivity was affected by a) the hinge
interacting moiety (quinoline vs. quinazoline), b) the pendant aniline, and c) substituents at
the quinoline 6- and 7-positions. The quinoline 1 was an order of magnitude more potent on
GAK than the quinazoline 13. The hydrogen that projects from C3 of the quinoline restricts
the torsion angle defined with the aniline to a much greater degree than the quinazoline N3,
from near planar for quinazoline and up to 60° for quinoline. Quinoline 1 may be more
conformationally restricted than 13, a proposition supported by gas phase OPLS3 torsional
scanning (Figure S1) and Density Function Theory (DFT) optimised (B3LYP/6-31G**)
force field calculations (Table S1). These results are consistent with small molecule x-ray
structures determined for 1, 9, 13, 17, 37, 48, and 49 (Figure S2 and Tables S2 and S3).
Thus, the restricted conformation of the quinoline relative to the quinazoline may favourably
pre-organize 1 for binding to GAK (Figure 6).

WaterMap analysis of the binding site suggested that a coordinated water network in the
protein pocket spans the region proximal the aniline and the 6-position of the ring system.
We propose that compounds able to displace a poorly coordinated water molecule in this
system will have increased potency due to entropic and enthalpic contributions to the free
energy of binding (Figures 3 and S3). Compounds 1 and 16 are calculated to have their
methoxy or fluoro substituents directly occupying the same space as the high-energy water
molecule. On the other hand, 6 and 20 were comparatively weaker binders and are predicted
to be unable to displace the water molecule. These models suggest that a water network
within the GAK active site plays a critical role in defining the relative affinity of quinoline
ligands. Extension of this model to other NAK family members or more distantly related
kinases may lead to computational models to predict selectivity.

Variation of the substitution at the 6- and 7-positions was observed to have a large effect on
GAK affinity. Comparing compounds in the 3,4,5-trimethoxyaniline series, the compound
with the weakest affinity was the unsubstituted quinoline 41. The 6- and 7-positions are
oriented towards solvent and may provide an opportunity to improve molecular properties.
Indeed, the approved medicines gefitinib and erlotinib both incorporate water solubilizing
groups at the 6- and 7-positions of their quinazoline cores (Figures S4-S7).
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As a result of screening the four NAK family kinases in parallel, we also identified
quinolines with interesting dual activity profiles (Figure S8). Most analogs had GAK affinity
that was >100-fold higher than for the other NAK family kinases. However, there were some
exceptions. 39, which has a 4-tert-butoxy aniline substituent, had affinity for all four NAK
family kinases within a range of 8-fold. Compound 37 with a 3-SO,Me aniline substituent
had a notable potency boost on STK16, to the extent that its affinity was within 2-fold of
GAK. These bulky substituents are likely to bind into the back cleft of the active site. In
addition, it was also observed that a number of compounds including 36 and 56 have pan-
NAK activity (Figure S9). Further exploration of this pocket may yield quinolines with
selectivity for other members of the NAK family.

The measurement of binding affinity across the NAK family kinases in parallel allowed us to
explore the determinants of selectivity within four close phylogenetic relatives. Inhibitors of
the NAK family kinases have a high likelihood of showing low selectivity across the family
based on high identity of their primary amino acid sequence and the presence of structural
features which are distinct from those observed in other kinases. Specifically, the four NAK
family kinases have a large a-helical insert positioned C-terminal to the activation segment,
in proximity to the ATP binding site[34]. Notably, GAK does have one fewer amino acid
residue in the hinge region, which distinguishes it from the other NAK family kinases. Prior
results with 144 clinically-used kinase inhibitors revealed few compounds selective for GAK
across the NAK family. It is therefore remarkable that several of the 4-aminoquinolines
bound to GAK with over 10,000-fold higher affinity compared to the other NAK family
kinases.

In summary, the 4-anilinoquinoline 49 was identified as a narrow spectrum GAK inhibitor
with low nanomolar potency in cells. 49 has remarkable selectivity within the NAK sub-
family, over 50,000-fold as assessed by a ligand binding displacement assay. In a broader
evaluation of selectivity, 49 showed binding to only GAK and RIPK2 in an unbiased
MIB/MS experiment in cell lysate. Our results demonstrate that quinoline-based ATP-
competitive kinase inhibitors can be designed with exquisite selectivity. More importantly,
the 4-anilinoquinolines series exemplified by 1 and 49 has the potential to yield high quality
chemical probes for use in the elucidation of GAK function in cells and perhaps /in vivo.

4. Experimental

4.1 Chemistry

4.1.1 General—All reactions were performed using flame-dried round-bottomed flasks or
reaction vessels unless otherwise stated. Where appropriate, reactions were carried out under
an inert atmosphere of nitrogen with dry solvents, unless otherwise stated. Dry acetonitrile
(MeCN) was obtained directly from manufacturer and used without further purification.
Yields refer to chromatographically and spectroscopically pure isolated yields. Reagents
were purchased at the highest commercial quality and used without further purification,
unless otherwise stated. Reactions were monitored by thin-layer chromatography carried out
on 0.25 mm E. Merck silica gel plates (60g_o54) using ultraviolet light as visualizing agent.
NMR spectra were recorded on a Varian Inova 400 or Inova 500 spectrometer and were
calibrated using residual undeuterated solvent as an internal reference (CDCl3: 1H NMR =
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7.26, 13C NMR = 77.16). The following abbreviations or combinations thereof were used to
explain the multiplicities observed: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad. Liquid Chromatography (LC) and High Resolution Mass Spectra
(HRMS) were recorded on a ThermoFisher hybrid LTQ FT (ICR 7T). The University of
Southampton (Southampton, UK) small molecule x-ray facility collected and analysed all X-
ray diffraction data.

4.1.2 General procedure for the synthesis of 4-anilinoquin(azo)olines

4.1.2.1 Method A: Quinoline (200 mg, 0.86 mmol) and aniline (0.95 mmol) were suspended
in ethanol (10 mL) and refluxed at 90°C for 18 hours. The product was collected by
filtration and washed with water (2 x 10 mL) and ether (3 x 10 mL) to yield the product as a
free following solid.

4.1.2.2 Method B: Quinoline/Quinazoline (200 mg, 0.86 mmol) and aniline (0.95 mmol)
were suspended in ethanol (10 mL) and refluxed at 90°C for 18 hours. The crude mixture
was purified by flash chromatography ethyl acetate:hexane followed by 1-5%
methanol:ethyl acetate and solvent removed under reduced pressure to yield the product as a
free following solid.

4.1.2.3 Method C: Quinazoline (200 mg, 0.86 mmol) and aniline (0.95 mmol) were
suspended in 7butanol (10 mL) and refluxed at 120°C for 18 hours. The crude mixture was
purified by flash chromatography 20-100% ethyl acetate:hexane followed by 1-5%
methanol:ethyl acetate and solvent removed under reduced pressure to yield the product as a
free following solid.

4.1.2.4 Method D: Quinazoline (200 mg, 0.86 mmol) and aniline (0.95 mmol) palladium
acetate (40 mg, 0.17 mmol), tri(o-tolyl)phosphine (55 mg, 0.18 mmol) and caesium
carbonate (380 mg, 2.0 mmol) were all suspended in acetonitrile 10 mL and degassed for 5
minutes. The mixture was refluxed at 85°C for 18 hours. The crude mixture was passed
through a plug of diatomaceous earth 545 before been purified by flash chromatography 20—
100% ethyl acetate:hexane followed by 1-5% methanol:ethyl acetate and solvent removed
under reduced pressure to yield the product as a free following solid.

4.1.3 Compound characterization

4.1.3.1 6-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (1): 1 was
prepared by method B to afford a mustard solid (219 mg, 67%); m.p. 128-130°C; 1H NMR
(400 MHz, DMSO-gg) & 11.23 (s, 1H), 9.30 (s, 1H), 8.57 (d, J= 7.0 Hz, 1H), 8.29 (Br s,
2H), 6.96 (d, J= 7.0 Hz, 1H), 6.83 (s, 2H), 3.81 (s, 6H), 3.73 (s, 3H): 13C NMR (101 MHz,
DMSO-a;) & 155.3, 153.7 (s, 2C), 144.6, 140.7, 136.7, 132.6, 129.1, 126.6 (d, /= 32.9 Hz,
CFjg), 125.2, 1225 (d, /= 5.1 Hz, 2C), 116.6, 103.1 (s, 2C), 101.5, 60.2, 56.2 (s, 2C); &
HRMS-ESI (m/z): [M+H]* calcd for C1gH17F3N»03 - 379.1270; found 379.1261; LC - T, =
3.86 min, purity > 95%.

4.1.3.2 N-(3,5-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (4): 4 was
prepared by method B to afford a tan solid (47 mg, 16%); m.p. >200°C (decomp.); 1H NMR
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(400 MHz, DMSO-ak) & 9.72 (s, 1H), 8.9 (s, 1H), 8.58 (d, /= 5.6 Hz, 1H), 8.09 (d, /= 8.8
Hz, 1H), 7.98 (dd, J= 8.9, 1.7 Hz, 1H), 7.10 (d, J= 5.6 Hz, 1H), 6.58 (d, J= 2.2 Hz, 2H),
6.37 (t, J= 2.2 Hz, 1H), 3.76 (s, 6H); 13C NMR (100MHz, DMSO-dg) 161.1, 153.7, 149.1,
1415, 139.5, 135.6, 133.5, 128.3, 125.3, 124.8, 124.5, 121.4, 118.6, 103.1 (s, 2C), 101.0,
55.3 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for C1gH;5F3N,0, - 349.1164; found
349.1149; LC - T, = 4.22 min, purity > 95%.

4.1.3.3 N-(3,4-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (5): 5 was
prepared by method B to afford a yellow solid (165 mg, 55%); m.p. 235-240°C; 1H NMR
(400 MHz, DMSO-gg) 6 11.25 (s, 1H), 9.32 (s, 1H), 8.54 (d, J= 6.9 Hz, 1H), 8.28 (s, 2H),
7.14 (d, J=8.5 Hz, 1H), 7.09 (s, 1H), 7.02 (d, /= 8.3 Hz, 1H), 6.81 (d, /= 6.9 Hz, 1H), 3.80
(d, J=18.3 Hz, 6H); 13C NMR (101 MHz, DMSO-a%) 6 155.6, 149.6, 148.2, 144.3, 140.6,
129.5,129.1 (d, J= 3.4 Hz), 126.6 (g, /= 32.7 Hz, CF3), 125.2, 122.6 — 122.1 (m, 2C),
117.6, 116.5, 112.4, 109.6, 101.0, 55.8 (s, 2C). HRMS-ESI (m/z): [M+H]* calcd for
C1gH15F3N205 - 349.1164; found 349.1153; T, = 3.85 min, purity > 95%.

4.1.3.4 N-(2,4-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (6): 6 was
prepared by method B to afford a mustard solid (202 mg, 67%); m.p. 93-95°C; 1H NMR
(400 MHz, DMSO-d5) & 9.30 (s, 1H), 8.48 (d, /= 6.6 Hz, 1H), 8.25 (d, /= 8.8 Hz, 1H),
8.17 (dd, /=8.9, 1.4 Hz, 1H), 7.29 (d, /= 8.6 Hz, 1H), 6.80 (d, /= 2.5 Hz, 1H), 6.67 (dd, J
= 8.6, 2.6 Hz, 1H), 6.31 (d, J= 6.6 Hz, 1H), 3.83 (s, 3H), 3.77 (s, 3H); 13C NMR (101 MHz,
DMSO-ag) § 160.2, 155.4, 155.0, 145.7, 142.5, 128.8, 128.0 (d, /= 2.9 Hz), 126.1 (q, J=
32.7 Hz, CF3), 124.0, 122.6, 122.3 (d, /= 4.2 Hz), 118.0, 116.6, 105.6, 101.4, 99.8, 55.83,
55.61; HRMS-ESI (m/z): [M+H]"* calcd for C1gH15F3N20; - 349.1164; found 349.1152; T,
= 4.14 min, purity > 95%.

4.1.3.5 N-(2,5-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (7): 7 was
prepared by method B to afford a mustard solid (204 mg, 68%); m.p. 116-118°C; 1H NMR
(400 MHz, DMSO-ag) 6 8.34 (s, 1H), 7.72 (d, J= 6.7 Hz, 1H), 7.42 — 7.36 (m, 2H), 6.44 (d,
J=8.7 Hz, 1H), 6.31 — 6.25 (m, 2H), 5.80 (d, /= 6.7 Hz, 1H), 3.04 (d, /= 4.1 Hz, 6H); 13C
NMR (101 MHz, DMSO-¢) 6 155.4 (d, /= 96.8 Hz), 149.5, 146.6, 143.4, 129.1 (d, /= 3.1
Hz), 128.3 (g, /= 33.0 Hz, CF3), 126.7, 126.2, 124.7, 122.6 (d, J= 4.3 Hz), 117.9, 114.9,
114.5, 114.2, 103.0, 56.5, 56.2; HRMS-ESI (m/z): [M+H]" calcd for C1gH15F3N»0; -
349.1164; found 349.1152; T, = 4.05 min, purity > 95%.

4.1.3.6 N-(4-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (8): 8 was prepared
by method B to afford a green solid (190 mg, 68%); m.p. >220°C (decomp.); 1H NMR (400
MHz, DMSO-d5) 6 11.27 (s, 1H), 9.33 (d, J= 1.7 Hz, 1H), 8.54 (d, J= 7.0 Hz, 1H), 8.28 (d,
J=1.1Hz, 2H), 7.41 (d, /= 8.9 Hz, 2H), 7.14 (d, J= 8.9 Hz, 2H), 6.72 (d, J= 7.0 Hz, 1H),
3.83 (s, 3H); 13C NMR (101 MHz, DMSO-g5) 6 158.5, 155.6, 144.3, 140.6, 129.4, 129.1 (d,
J=3.4 Hz), 127.0 (s, 2C), 126.5 (q, /= 33.0 Hz, CF3), 125.2, 122.4, 122.3, 116.6, 115.2 (s,
2C), 100.7, 55.5; HRMS-ESI (m/z): [M+H]" calcd for C;17H;3F3N,0 - 319.1058; found
319.1049; T, = 4.04 min, purity > 95%.

4.1.3.7 N-(3-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (9): 9 was prepared
by method B to afford a light yellow solid (258 mg, 94%); m.p. 135-137°C; 1H NMR (400
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MHz, DMSO-gg) 6 11.24 (s, 1H), 9.34 (s, 1H), 8.58 (d, /= 6.8 Hz, 1H), 8.28 (g, /= 8.9 Hz,
2H), 7.48 (t, J= 8.3 Hz, 1H), 7.07 (s, 2H), 6.96 (dd, J= 26.3, 7.3 Hz, 2H), 3.81 (s, 3H); 13C
NMR (101 MHz, DMSO-d) 6 160.6, 154.8, 145.4, 141.6, 138.6, 131.0, 129.1 (d, /= 3.4
Hz), 126.7 (q, /= 32.8 Hz, CF3), 125.4, 123.2, 122.7 (d, /= 3.9 Hz), 117.2, 117.2, 113.2,
110.9, 101.6, 55.6; HRMS-ESI (m/z): [M+H]" calcd for C17H13F3N,0 - 319.1058; found
319.1048; T, = 4.08 min, purity >95%.

4.1.3.8 N-(2-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (10): 10 was prepared
by method B to afford a dark green solid (104 mg, 38%); m.p. 85-87°C; 1H NMR (400
MHz, DMSO-gg) 6 9.35 (s, 1H), 8.52 (d, /= 6.7 Hz, 1H), 8.29 (d, /= 8.9 Hz, 1H), 8.22 (dd,
J=8.9, 1.7 Hz, 1H), 7.46 (ddd, /=8.3, 7.5, 1.7 Hz, 1H), 7.41 (dd, J=7.8, 1.6 Hz, 1H), 7.28
(dd, J=8.4, 1.1 Hz, 1H), 7.12 (td, J= 7.6, 1.2 Hz, 1H), 6.36 (d, /= 6.7 Hz, 1H), 3.79 (s,
3H); 13C NMR (101 MHz, DMSO-a) 6 154.6, 154.2, 142.0, 129.4, 128.3 (d, J= 2.9 Hz),
127.9,126.3 (d, J=32.7 Hz, CF3), 125.3, 125.1, 123.6, 122.6, 122.4 (d, /= 4.2 Hz), 121.2,
116.6, 112.9, 101.7, 55.7; HRMS-ESI (m/z): [M+H]* calcd for C17H13F3N50 - 319.1058;
found 319.1049; T, = 4.00 min, purity > 95%.

4.1.3.9 N-(Benzo[d][1,3]dioxol-5-yD-6-(trifluoromethyl)quinolin-4-amine (11): 11 was
prepared by method B to afford a dark green solid (126 mg, 44%); m.p. 177-179°C; 1H
NMR (400 MHz, DMSO-¢) 6 11.24 (s, 1H), 9.32 (s, 1H), 8.56 (d, /= 6.9 Hz, 1H), 8.28 (s,
2H), 7.14 - 7.05 (m, 2H), 6.95 (dd, /= 8.2, 2.0 Hz, 1H), 6.78 (d, /= 6.9 Hz, 1H), 6.14 (s,
2H); 13C NMR (101 MHz, DMSO-a) & 155.6, 148.3, 146.7, 144.4, 140.7, 130.6, 129.0 (d,
J=2.7Hz), 126.5 (q, /= 32.8 Hz, CF3), 125.2, 122.5 (d, /= 3.2 Hz, 2C), 119.2, 116.6,
109.0, 106.8, 101.9, 101.1; HRMS-ESI (m/z): [M+H]* calcd for C17H11F3N,0; - 333.0851;
found 333.0840; T, = 3.90 min, purity > 95%.

4.1.3.10 N-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-6-(trifluoromethyl)guinolin-4-amine
(12): 12 was prepared by method B to afford a mustard solid (185 mg, 62%); m.p. 225-
227°C; 1H NMR (400 MHz, DMSO-a) & 11.33 (s, 1H), 9.36 (s, 1H), 8.55 (d, J= 7.0 Hz,
1H), 8.33 - 8.24 (m, 2H), 7.05 (d, /= 8.5 Hz, 1H), 7.01 (d, J= 2.4 Hz, 1H), 6.94 (dd, J=
8.5, 2.5 Hz, 1H), 6.78 (d, J= 7.0 Hz, 1H), 4.31 (s, 4H); 13C NMR (101 MHz, DMSO-a) &
155.6, 144.1, 144.0, 142.9, 129.9, 129.1 (d, /= 2.8 Hz), 127.9, 126.6 (q, /= 32.8 Hz, CF3),
122.6 (d, J=4.5Hz), 122.4,122.2, 118.5, 118.1, 116.6, 114.4, 100.9, 64.1 (s, 2C). HRMS-
ESI (m/z): [M+H]* calcd for C1gH13F3N205 - 347.1007; found 347.0997; T, = 4.05 min,
purity > 95%.

4.1.3.11 6-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinazolin-4-amine (13): 13
was prepared by method B to afford a yellow solid (137 mg, 42%); m.p. 225-227°C; 1H
NMR (400 MHz, DMSO-¢) 6 11.41 (s, 1H), 9.26 (s, 1H), 8.94 (s, 1H), 8.33 (dd, J= 8.8,
1.6 Hz, 1H), 8.07 (d, J= 8.7 Hz, 1H), 7.14 (s, 2H), 3.81 (s, 6H). 3.71 (s, 3H). 13C NMR (101
MHz, DMSO-dg) & 153.7, 152.7 (s, 2C), 135.9, 134.5, 132.6, 131.0, 130.9, 129.4, 127.8,
126.5, 122.9, 122.3, 113.8, 102.3 (s, 2C), 60.2, 56.1 (s, 2C). HRMS-ESI (m/z): [M+H]*
calcd for C1gH13F3N205 - 380.1222; found 380.1210; T, = 4.38 min, purity > 95%.

4.1.3.12 N-(3,5-Dimethoxypheny)-6-(trifluoromethyl)quinazolin-4-amine (14): 14 was
prepared by method D to afford a light yellow solid (114 mg, 38%); m.p. 250-255°C; 1H
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NMR (400 MHz, DMSO-¢) 6 11.51 (s, 1H), 9.32 (s, 1H), 8.98 (s, 1H), 8.34 (d, /= 10.3
Hz, 1H), 8.11 (d, J= 8.7 Hz, 1H), 7.01 (s, 2H), 6.50 (t, J= 2.2 Hz, 1H), 3.79 (s, 6H); 13C
NMR (101 MHz, DMSO-ag) & 160.9 (s, 2C), 160.0, 153.9, 138.8-131.5 (m, 1C, CF3),
128.4,128.0, 125.4, 123.5-123.4 (m, 1C), 122.7, 120.5, 114.2, 103.2 (s, 2C), 98.6, 55.9 (s,
2C); HRMS-ESI (m/z): [M+H]"* calcd for C1gH14F3N30, - 350.1116; found 350.1110; T, =
4.84 min, purity > 95%.

4.1.3.13 N-(4-Methoxypheny)-6-(trifluoromethyl)quinazolin-4-amine (15): 15 was
prepared by method D to afford a light yellow solid (121 mg, 44%); m.p. 255-260°C; 1H
NMR (400 MHz, DMSO-¢) 6 11.86 (s, 1H), 9.37 (s, 1H), 8.93 (s, 1H), 8.36 (dd, J= 8.8,
1.6 Hz, 1H), 8.12 (d, /=8.7 Hz, 1H), 7.77 — 7.51 (m, 2H), 7.19 — 6.95 (m, 2H), 3.81 (s, 3H);
13C NMR (101 MHz, DMSO-d5) & 159.4, 157.9, 155.8, 152.8, 131.4, 129.2 (d, J= 3.7 Hz),
128.1, 126.1 (s, 2C), 123.3-123.1 (m, 1C), 122.2, 121.9, 114.0, 113.6 (s, 2C), 55.4; HRMS-
ESI (m/z): [M+H]* calcd for C1gH12F3N30 - 320.1011; found 320.1004; T, = 4.08 min,
purity > 95%.

4.1.3.14 6-(Trifluoromethyl)-N-(3,4,5-trifluorophenyl)quinolin-4-amine (16): 16 was
prepared by method B to afford a tan solid (142 mg, 48%); m.p. 210-212°C; IH NMR (400
MHz, DMSO-gg) 6 9.32 (s, 1H), 8.65 (d, /= 5.2 Hz, 1H), 8.24 (dd, /= 39.6, 8.5 Hz, 2H),
7.70 - 7.37 (m, 2H), 7.09 (d, J= 5.6 Hz, 1H). 13C NMR (101 MHz, DMSO-g) 6 153.0,
151.9 (dd, /=10.3, 4.7 Hz), 149.4 (dd, J= 9.8, 5.5 Hz), 147.0, 143.1, 138.2 (t, /= 14.7 Hz),
135.7 (t, J=15.5 Hz), 134.7 (td, J=10.8, 3.5 Hz), 128.1 — 127.9 (m, 1C), 126.4 (q, J= 32.7
Hz, CF3), 125.2, 124.6, 122.5, 117.6, 109.5 (d, J= 23.1 Hz), 102.5; HRMS-ESI (m/z): [M
+H]* caled for C1gHgNFg - 343.0670; found 343.0653; Full Scan at T, = 4.24 min, purity >
95%.

4.1.3.15 N-(3,5-Difluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (17): 17 was
prepared by method B to afford an off white solid (169 mg, 64%); m.p. 240-245°C; 1H
NMR (400 MHz, DMSO-¢) 6 11.64 (s, 1H), 9.42 (s, 1H), 8.69 (d, /= 7.0 Hz, 1H), 8.37 (d,
J=9.0 Hz, 1H), 8.33 (dd, /= 9.0, 1.6 Hz, 1H), 7.52 - 7.22 (m, 3H), 7.15 (d, J= 7.0 Hz, 1H);
13C NMR (101 MHz, DMSO-ds) & 164.1 (d, J= 15.0 Hz), 161.7 (d, /= 15.1 Hz), 155.1,
144.7,140.2, 139.8 (t, /= 13.1 Hz), 130.3 - 128.7 (m, 1C), 127.0 (q, /= 32.9 Hz), 125.0,
122.8 (q, /J=3.7 Hz), 122.3, 122.2, 117.0, 109.6 — 107.9 (m, 1C), 103.2, 103.0 (t, /= 26.0
Hz); HRMS-ESI (m/z): [M+H]* calcd for C1gHgN,F5 - 325.0764; 325.07487; T, = 4.07
min, purity > 95%.

4.1.3.16 N-(4-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (18): 18 was prepared
by method B to afford an off white solid (169 mg, 64%); m.p. 226-228°C; 1H NMR (400
MHz, DMSO-gg) 6 11.57 (s, 1H), 9.48 (s, 1H), 8.57 (d, /= 6.9 Hz, 1H), 8.36 (d, /= 8.9 Hz,
1H), 8.28 (dd, /= 8.9, 1.4 Hz, 1H), 7.68 — 7.48 (m, 2H), 7.48 - 7.31 (m, 2H), 6.78 (d, /= 6.9
Hz, 1H); 13C NMR (101 MHz, DMSO-d4) & 162.0, 159.6, 155.4, 144.5, 140.8, 133.4, 129.0
(d, /=3.1 Hz), 127.8 (d, /= 8.7 Hz), 126.6 (g, /= 32.8 Hz), 125.2, 122.9 (d, /= 4.2 Hz),
122.4,116.8 (d, J= 8.7 Hz), 116.8, 100.9; HRMS-ESI (m/z): [M+H]* calcd for C1gH1gNF4
- 307.0858; found 307.0844; T, = 3.86 min, purity > 95%.
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4.1.3.17 N-(3-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (19): 19 was prepared
by method B to afford a light yellow solid (204 mg, 77%); m.p. 193-195°C; 1H NMR (400
MHz, DMSO-gg) 6 11.38 (s, 1H), 9.37 (s, 1H), 8.62 (d, /= 6.6 Hz, 1H), 8.32 (d, /= 8.8 Hz,
1H), 8.24 (d, /=8.5 Hz, 1H), 7.59 (q, /= 7.9 Hz, 1H), 7.38 (dd, /= 15.9, 9.0 Hz, 2H), 7.23
(td, /= 8.5, 2.0 Hz, 1H), 7.01 (d, /= 6.6 Hz, 1H); 13C NMR (101 MHz, DMSO-d) & 163.8,
161.3, 153.9, 145.9, 142.1, 139.4 (d, J=10.3 Hz), 131.5 (d, /= 9.4 Hz), 128.5 (d, /= 3.0
Hz), 126.5 (q, J= 32.7 Hz, CF3), 123.6, 122.9 - 122.0 (m, 1C), 120.7 (d, J= 2.8 Hz), 117.3,
113.6 (d, J=20.9 Hz), 111.8 (d, /= 23.8 Hz), 101.8; HRMS-ESI (m/z): [M+H]* calcd for
C16H10N2F4 307.0858; found 307.0844; T, = 3.95 min, purity > 95%.

4.1.3.18 N-(2-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (20): 20 was prepared
by method B to afford a light yellow solid (135 mg, 51%); m.p. 108-110°C; IH NMR (400
MHz, DMSO-g;) 6 9.37 (s, 1H), 8.61 (d, /= 6.4 Hz, 1H), 8.35-8.16 (m, 2H), 7.58 (t, J=
7.8 Hz, 1H), 7.54 — 7.44 (m, 2H), 7.39 (dt, /= 8.2, 4.7 Hz, 1H), 6.54 (dd, /= 6.3, 2.3 Hz,
1H); 13C NMR (101 MHz, DMSO-a) & 157.9, 155.4, 154.0, 146.5, 142.7, 129.4 (d, J=7.8
Hz), 128.5,128.1 - 128.1 (m, 1C), 126.4 (q, /= 32.8 Hz), 125.7 (d, J= 3.6 Hz), 125.3, 125.0
(d, J=12.1 Hz), 124.3, 122.6 — 122.4 (m, 1C), 117.2 — 116.6 (m, 1C), 101.7; HRMS-ESI
(m/z): [M+H]* calcd for C1gH19NoF4 - 307.0858; found 307.0844; T, = 3.81 min, purity >
95%.

4.1.3.19 N-(4-Chloro-3-fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (21): 21 was
prepared by method B to afford a bright yellow solid (200 mg, 68%); m.p. 112-114°C; 1H
NMR (400 MHz, DMSO-d5) 6 16 H NMR (400 MHz, DMSO-a) 6 9.26 (s, 1H), 8.63 (d, J
=5.8 Hz, 1H), 8.19 (dd, J=44.3, 8.6 Hz, 2H), 7.69 (t, /= 8.4 Hz, 1H), 7.64 — 7.53 (m, 1H),
7.37 (d, J=8.2 Hz, 1H), 7.10 (d, /= 5.9 Hz, 1H); 13C NMR (101 MHz, DMSO-g) & 158.6,
156.2, 151.7, 148.2 (d, J= 1.6 Hz), 144.8 (d, J= 1.6 Hz), 139.5 (d, /= 9.3 Hz), 131.3, 127.3,
125.1 (q, /=33.3 Hz, CF3), 125.9, 122.3 (q, J= 3.7 Hz), 120.7 (d, /= 2.9 Hz), 118.0, 115.7
(d, J=17.6 Hz), 112.0 (d, J= 23.4 Hz), 102.7; HRMS-ESI (m/z): [M+H]* calcd for
C16HgN,F4CI - 341.0469; found 341.0454; T, = 4.32 min, purity > 95%.

4.1.3.20 N-(3-Chloro-5-fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (22): 22 was
prepared by method B to afford a tan solid (185 mg, 63%); m.p. 162-164°C; 1H NMR (400
MHz, DMSO-¢g) & 9.19 (s, 1H), 8.66 (s, 1H), 8.18 (dd, /= 34.8, 7.1 Hz, 2H), 7.41 (s, 1H),
7.33 (dd, J=22.7, 8.5 Hz, 2H), 7.15 (s, 1H); 13C NMR (101 MHz, DMSO-d) & 163.8,
161.3, 151.7, 148.0, 144.2, 141.5 (d, /= 11.8 Hz), 134.7 (d, J= 12.9 Hz), 127.5, 126.1 (q, J
=32.4 Hz), 1255, 122.1 (d, /= 3.9 Hz), 119.4 - 119.3 (m, 1C), 118.0, 112.9 (d, /=25.2
Hz), 109.3 (d, /= 24.1 Hz), 103.1; HRMS-ESI (m/z): [M+H]* calcd for C1gHgN,F4ClI -
341.0469; found 341.0458; T, = 4.40 min, purity > 95%.

4.1.3.21 N-(3,4-Dichlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (23): 23 was
prepared by method B to afford a tan solid (207 mg, 67%); m.p. 145-147°C; 1H NMR (400
MHz, DMSO-d) 6 H NMR (400 MHz, DMSO-a) 6 9.20 (s, 1H), 8.71 — 8.51 (m, 1H),
8.15 (dd, /=42.3, 8.2 Hz, 2H), 7.77 - 7.66 (m, 2H), 7.48 (d, J= 7.4 Hz, 1H), 7.06 (d, J=
4.4 Hz, 1H). 13C NMR (101 MHz, DMSO-a) & 151.3, 148.6, 145.2, 139.2, 131.7, 131.3,
127.1-126.7 (m, 1C), 127.0, 126.3, 125.8 (q, /= 32.3 Hz), 125.1, 123.5, 122.7, 122.1 (d, J
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= 3.9 Hz), 118.1, 102.6; HRMS-ESI (m/z): [M+H]* calcd for C1gHgN,F3Cl, - 357.0173;
found 357.0163; T, = 4.71 min, purity > 95%.

4.1.3.22 N-(4-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (24): 24 was prepared
by method B to afford a light yellow solid (181 mg, 65%); m.p. 111-114°C; IH NMR (400
MHz, DMSO-gg) 6 9.28 (s, 1H), 8.58 (d, /= 6.3 Hz, 1H), 8.24 (d, /= 8.8 Hz, 1H), 8.14 (dd,
J=8.9, 1.6 Hz, 1H), 7.59 — 7.48 (m, 4H), 6.94 (d, J= 6.3 Hz, 1H); 13C NMR (101 MHz,
DMSO-a;) & 152.4, 147.9, 144.6, 137.4, 129.9, 129.6 (s, 2C), 128.2 (d, J= 2.5 Hz), 127.5 -
127.0 (m, 1C), 126.4 - 125.3 (m, 3C), 122.7, 122.3 (d, J= 4.4 Hz), 117.8, 101.8; HRMS-
ESI (m/z): [M+H]* calcd for C1gH1gN,F3ClI - 323.0563; found 323.0553; T, = 4.30 min,
purity > 95%.

4.1.3.23 N-(3-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (25): 25 was prepared
by method B to afford a light yellow solid (201 mg, 72%); m.p. 187-189°C; 1H NMR (400
MHz, DMSO-gg) 6 11.40 (s, 1H), 9.35 (s, 1H), 8.62 (d, /= 6.6 Hz, 1H), 8.41 - 8.19 (m,
2H), 7.61 (s, 1H), 7.57 (d, J= 7.9 Hz, 1H), 7.47 (dd, J=14.7, 7.8 Hz, 2H), 6.98 (d, /= 6.6
Hz, 1H); 13C NMR (101 MHz, DMSO-a) & 154.0, 145.8, 141.9, 139.1, 133.9, 131.5, 128.6
(d, /=3.1 Hz), 126.8, 126.5 (q, /= 32.3Hz, CF3), 125.2, 124.6, 123.5, 122.8 — 122.3 (m,
1C), 122.5, 117.2, 101.7; HRMS-ESI (m/z): [M+H]* calcd for C1gH1gN2F3Cl - 323.0563;
found 323.0553; T, = 4.25 min, purity > 95%.

4.1.3.24 N-(2-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (26): 26 was prepared
by method B to afford a light yellow solid (187 mg, 67%); m.p. 89-91°C; 1H NMR (400
MHz, DMSO-ds) & 9.42 (s, 1H), 8.61 (s, 1H), 8.26 (dd, J= 36.5, 7.3 Hz, 2H), 7.84 - 7.34
(m, 4H), 6.96 (s, 1H); 13C NMR (101 MHz,, DMSO-a) 6 154.5, 146.2, 142.3, 139.6,
134.3,131.9,129.1 - 128.9 (m, 1C), 127.2, 126.9 (q, J= 32.9 Hz, CF3), 125.6, 125.0, 123.8,
123.4 - 123.0 (m, 1C), 122.9, 117.7, 102.2; HRMS-ESI (m/z): [M+H]* calcd for
C16H10N2F3ClI - 323.0563; found 323.0553; T, = 4.04 min, purity > 95%.

4.1.3.25 N-(4-Bromophenyl)-6-(trifluoromethyl)quinolin-4-amine (27): 27 was prepared
by method B to afford a yellow solid (225 mg, 71%); m.p. 118-120°C; 1H NMR (400 MHz,
DMSO-dg) & 9.27 (s, 1H), 8.58 (d, J= 4.7 Hz, 1H), 8.19 (dd, J= 36.2, 8.4 Hz, 2H), 7.56
(dd, J=100.3, 7.7 Hz, 4H), 6.95 (d, J= 5.0 Hz, 1H); 13C NMR (101 MHz, DMSO-d) &
152.5, 147.5, 144.0, 137.6, 132.6, 127.6 — 127.4 (m, 1C), 126.3, 126.0 (d, /= 32.6 Hz, CF3),
125.3,125.2,122.6, 122.2 (d, /= 4.1 Hz), 118.3, 117.6, 101.8; HRMS-ESI (m/z): [M+H]*
calcd for C1gH1gNoF3Br - 367.0058; found 367.0046; T, = 4.37 min, purity > 95%.

4.1.3.26 N-(3-Bromophenyl)-6-(trifluoromethyl)guinolin-4-amine (28): 28 was prepared
by method B to afford a yellow solid (251 mg, 79%); m.p. 156-158°C; *H NMR (500 MHz,
DMSO-ag) & 9.28 (s, 1H), 8.61 (d, /= 6.1 Hz, 1H), 8.27 - 8.17 (m, 2H), 7.70 (s, 1H), 7.51
(9, J=11.9, 9.9 Hz, 3H), 6.99 (d, /= 6.1 Hz, 1H); 13C NMR (126 MHz, DMSO-g) &
153.1, 147.0, 143.2, 139.8, 131.7, 129.2, 128.2 — 127.7 (m, 1C), 127.0, 126.3 (q, /= 32.6
Hz, CF3), 125.0, 124.6, 123.3, 122.9, 122.4 - 122.2 (m, 1C), 117.5, 101.9; HRMS-ESI
(m/z): [M+H]* calcd for C1gH1gN2F3Br - 367.0058; found 367.0046; T, = 4.39 min, purity
> 95%.
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4.1.3.27 N-(2-Bromophenyl)-6-(trifluoromethyl)quinolin-4-amine (29): 29 was prepared
by method B to afford a yellow solid (219 mg, 69%); m.p. 88-90°C; 1H NMR (400 MHz,
DMSO-a;) & 9.09 (s, 1H), 8.46 (d, /= 5.8 Hz, 1H), 8.14 — 7.98 (m, 2H), 7.83 (dd, J= 8.1,
1.2 Hz, 1H), 7.62 — 7.45 (m, 2H), 7.34 (td, J= 7.6, 1.8 Hz, 1H), 6.18 (d, /= 5.8 Hz, 1H); 13C
NMR (101 MHz, DMSO-¢) 6 151.8, 150.3, 147.6, 138.5, 134.2, 129.8, 129.3, 128.4, 126.4
-126.1 (m, 1C), 126.1, 125.6 (g, /= 32.2 Hz), 123.4, 122.2 - 121.7 (m, 2C), 118.3, 102.5;
HRMS-ESI (m/z): [M+H]* calcd for C1gH1gN,F3Br - 367.0058; found 367.0046; T, = 4.10
min, purity > 95%.

4.1.3.28 N-(3-lodophenyl)-6-(trifluoromethyl)gquinolin-4-amine (30): 30 was prepared by
method B to afford a yellow solid (240 mg, 67%); m.p. 135-137°C; 1H NMR (400 MHz,
DMSO-ag) § 9.22 (s, 1H), 8.58 (d, /= 6.2 Hz, 1H), 8.23 - 8.08 (m, 2H), 7.81 (s, 1H), 7.57
(dd, /= 60.3, 8.3 Hz, 2H), 7.28 (t, J= 7.9 Hz, 1H), 6.95 (d, J= 6.2 Hz, 1H); 13C NMR (101
MHz, DMSO-gg) 6 152.2, 147.8, 144.3, 139.9, 134.6, 132.3, 131.5, 127.4 (d, J= 3.0 Hz),
126.0 (q, /=32.5 Hz, CF3), 125.5, 123.3, 122.7, 122.2 (q, J= 4.1 Hz), 117.7, 102.0, 95.3;
HRMS-ESI (m/z): [M+H]* calcd for C1gH1gNoF3l - 414.9919; found 414.9902; T, = 4.55
min, purity > 95%.

4.1.3.29 4-((6-(Trifluoromethyl)quinolin-4-yl)amino)benzonitrile (31): 31 was prepared
by method B to afford a yellow solid (251 mg, 79%); m.p. 235-240°C; *H NMR (400 MHz,
DMSO-ag) & 11.76 (s, 1H), 9.45 (s, 1H), 8.71 (d, /= 6.9 Hz, 1H), 8.40 - 8.30 (m, 2H), 8.07
—7.72 (m, 4H), 7.16 (d, J= 6.9 Hz, 1H); 13C NMR (101 MHz, DMSO-a) & 154.7, 144.8,
141.8, 140.4, 134.0 (s, 2C), 129.4 (d, /= 3.1 Hz), 127.0 (g, /= 32.9 Hz), 125.2 (s, 2C),
122.9 (q, J= 4.0 Hz), 122.3,122.2, 118.5, 117.4, 109.1, 102.2; HRMS-ESI (m/z): [M+H]*
calcd for Cq7H1gN3F3-314.0905; found 314.0892; T, = 3.59 min, purity > 95%.

4.1.3.30 3-((6-(Trifluoromethyl)quinolin-4-yl)amino)benzonitrile (32): 32 was prepared
by method B to afford an off-white solid (251 mg, 79%); m.p. >270°C (decomp.); 1H NMR
(400 MHz, DMSO-d5) & 9.28 (s, 1H), 8.63 (d, J= 6.2 Hz, 1H), 8.30 — 8.15 (m, 2H), 7.95 (s,
1H), 7.83 (d, J= 7.7 Hz, 1H), 7.80 — 7.66 (m, 2H), 7.06 (d, J= 6.1 Hz, 1H): 13C NMR (101
MHz, DMSO-a;) & 152.2, 147.8, 144.2,139.6, 131.1, 129.4, 128.7, 127.7 — 127.3 (m, 1C)
127.0, 126.1 (g, /= 32.6 Hz), 125.5, 125.4, 122.6, 122.3 (d, J= 4.1 Hz), 117.9, 112.5, 102.3;
HRMS-ESI (m/z): [M+H]* calcd for C17H19N3F3 - 314.0905; found 314.0892; T, = 3.57
min, purity > 95%.

4.1.3.31 2-((6-(Trifluoromethyl)gquinolin-4-yl)amino)benzonitrile (33): 33 was prepared
by method B to afford a yellow solid (184 mg, 68%); m.p. >270°C (decomp.); 1H NMR
(400 MHz, DMSO-d) 6 'H NMR (400 MHz, DMSO-a§) & 8.84 (s, 1H), 8.30 (s, 1H), 7.95
(s, 2H), 7.88 (d, J= 7.8 Hz, 1H), 7.74 (t, J= 8.3 Hz, 1H), 7.43 (d, J= 8.0 Hz, 1H), 7.35 (t, J
=7.9 Hz, 1H), 6.37 (s, 1H); 13C NMR (101 MHz, DMSO-d;) 6 13C NMR (101 MHz,
DMSO-a;) & 154.2, 150.8, 147.0, 140.3, 135.1, 134.4, 131.3, 129.3, 129.0, 126.3, 123.6,
121.7,117.9, 112.5, 108.0, 103.7, 102.9; HRMS-ESI (m/z): [M+H]"* calcd for C17H19N3F3 -
314.0905; found 314.0893; T, = 3.31 min, purity > 95%.

4.1.3.32 6-(Trifluoromethyl)-N-(3-(trifluoromethyl)phenyl)quinolin-4-amine (34): 34
was prepared by method B to afford a yellow solid (120 mg, 39%); m.p. 118-120°C; 1H
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NMR (400 MHz, DMSO-d§) 6 9.17 (s, 1H), 8.62 (s, 1H), 8.14 (dd, J= 41.7, 7.8 Hz, 2H),
7.78 (s, 2H), 7.71 (s, 1H), 7.59 (d, J= 6.2 Hz, 1H), 7.09 - 6.99 (m, 1H); 3C NMR (101
MHz, DMSO-a) 6 151.1, 149.1, 145.7, 139.9, 130.8, 130.3 (q, /= 31.9 Hz, CF3), 127.0,
126.8 (s, 2C), 125.7 (q, J= 32.4 Hz), 125.3 (d, J= 23.7 Hz), 122.6 (d, J= 23.6 Hz), 122.0 -
121.1 (m, 2C), 119.8 (d, J= 3.5 Hz), 118.2, 102.3; HRMS-ESI (m/z): [M+H]* calcd for
C17HgNFg - 356.0748; found 357.0814; T, = 4.60 min, purity > 95%.

4.1.3.33 N-(3-Ethynylphenyl)-6-(trifluoromethyl)quinolin-4-amine (35): 35 was prepared
by method B to afford a mustard solid (159 mg, 59%); m.p. 149-151°C; 1H NMR (500
MHz, DMSO-g;) § 9.26 (s, 1H), 8.59 (d, /= 6.4 Hz, 1H), 8.25 - 8.14 (m, 2H), 7.58 — 7.41
(m, 4H), 6.94 (d, J= 6.4 Hz, 1H), 4.31 (s, 1H); 13C NMR (126 MHz, DMSO-a) & 153.0,
147.3, 143.7, 138.5, 130.3, 129.6, 127.9 — 127.6 (m, 1C), 127.3, 126.2 (d, J= 32.6 Hz),
125.1,125.0, 125.0, 123.2, 122.9, 122.3 (d, /= 4.1 Hz), 117.6, 101.8, 82.7, 81.8; HRMS-
ESI (m/z): [M+H]* calcd for C1gH11NoF3 - 313.0953; found 313.0942; T, = 4.17 min, purity
> 95%.

4.1.3.34 1-(3-((6-(Trifluoromethyl)guinolin-4-yl)amino)phenyl)ethan-1-one (36): 36 was
prepared by method B to afford a tan solid (185 mg, 65%); m.p. 228-230°C; 1H NMR (400
MHz, DMSO-g;) § 9.39 (s, 1H), 8.59 (d, /= 6.4 Hz, 1H), 8.33 - 8.18 (m, 2H), 8.03 (s, 1H),
7.94 (d, J=7.5Hz, 1H), 7.77 (d, J= 7.7 Hz, 1H), 7.69 (t, /= 7.7 Hz, 1H), 6.95 (d, /= 6.5
Hz, 1H), 2.62 (s, 3H); 13C NMR (101 MHz, DMSO-a) & 197.4, 153.7, 146.3, 142.7, 138.3,
130.3,129.1, 128.3 - 127.9 (m, 1C), 127.0 — 125.8 (m, 2C), 125.3, 124.1, 124.0, 122.6,
122.8 -122.3 (m, 1C), 117.4, 101.5, 26.9; HRMS-ESI (m/z): [M+H]" calcd for
C1gH13N>0F3 - 331.1058; found 331.1047; T, = 3.66 min, purity > 95%.

4.1.3.35 N-(3-(Methylsulfonyl)phenyl)-6-(trifluoromethyl)quinolin-4-amine (37): 37 was
prepared by method B to afford a yellow solid (269 mg, 85%); m.p. >270°C; 1H NMR (400
MHz, DMSO-¢g;) & 11.63 (s, 1H), 9.40 (s, 1H), 8.68 (d, /= 7.0 Hz, 1H), 8.40 - 8.31 (m,
2H), 8.07 (t, /= 1.7 Hz, 1H), 7.98 (dt, /= 7.4, 1.5 Hz, 1H), 7.94 — 7.84 (m, 2H), 7.06 (d, J=
7.0 Hz, 1H), 3.32 (s, 3H); 13C NMR (101 MHz, DMSO-d5) & 155.1, 144.7, 142.4, 140.3,
138.0, 131.3,129.9, 129.4 (d, /= 3.1 Hz), 127.0 (g, /= 32.9 Hz), 125.6, 125.1, 123.3, 122.7
(q, /= 4.0 Hz), 122.4, 122.2, 117.1, 101.4, 43.4; HRMS-ESI (m/z): [M+H]" calcd for
C17H13N20,SF3 - 367.0728; found 367.0716; T, = 3.27 min, purity >95%.

4.1.3.36 N-(4-(Methylsulfonyl)phenyl)-6-(trifluoromethyl)gquinolin-4-amine (38): 38 was
prepared by method A to afford a tan solid (285 mg, 90%): m.p. >270°C; 1H NMR (400
MHz, DMSO-gg) 6 11.75 (s, 1H), 9.47 (s, 1H), 8.70 (d, /= 7.0 Hz, 1H), 8.35 (q, /=8.2, 7.4
Hz, 2H), 7.96 (dd, /= 119.9, 8.7 Hz, 4H), 7.15 (d, J= 7.0 Hz, 1H), 3.30 (s, 3H); 13C NMR
(101 MHz, DMSO-ag) 6 154.8, 144.7, 141.9, 140.4, 138.8, 129.4 (d, /= 3.1 Hz), 128.9 (s,
2C), 127.0 (g, /=32.9 Hz), 125.2 (s, 2C), 122.9 (q, /= 4.3, 3.8 Hz), 122.4 122.2, 117.3,
102.0, 43.5; HRMS-ESI (m/z): [M+H]* calcd for C17H;3N20,SF3 - 367.0728; found
367.0710; T, = 3.29 min, purity > 95%.

4.1.3.37 N-(4-(tert-Butoxy)phenyl)-6-(trifluoromethyl)quinolin-4-amine (39): 39 was
prepared by method B to afford a tan solid (233 mg, 75%); m.p. 180-182°C; 1H NMR (400
MHz, DMSO-¢a;) & 10.95 (s, 1H), 9.31 (s, 1H), 8.53 (d, /= 6.5 Hz, 1H), 8.25 (d, /= 8.8 Hz,
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1H), 8.16 (dd, J= 8.9, 1.4 Hz, 1H), 7.37 (d, J= 8.7 Hz, 2H), 7.12 (d, /= 8.7 Hz, 2H), 6.81
(d, J= 6.5 Hz, 1H), 1.34 (s, 9H); 13C NMR (101 MHz, DMSO-a) & 153.6, 146.6, 143.3,
132.6,127.9 - 127.6 (m, 1C), 126.0 (q, /= 32.6 Hz, CF3), 125.7, 125.4, 124.6, 124.5, 122.6,
122.3 (q, J= 4.0 Hz), 117.2, 101.1, 78.4, 28.5 (s, 3C, 'Bu); HRMS-ESI (m/z): [M+H]* calcd
for CooH19N,OF 5 - 361.1528; found 361.1515; T, = 4.86 min, purity > 95%.

4.1.3.38 N-(4-((Methylsulfonyl)methyl)phenyl)-6-(trifluoromethyl)quinolin-4-amine
(40): 40 was prepared by method B to afford a tan solid (210 mg, 64%); m.p. >250°C; 1H
NMR (400 MHz, DMSO-gg) 6 10.78 (s, 1H), 9.22 (s, 1H), 8.60 (d, J= 6.5 Hz, 1H), 8.26 —
8.14 (m, 2H), 7.65 — 7.43 (m, 4H), 6.99 (d, J= 6.5 Hz, 1H), 4.57 (s, 2H), 2.96 (s, 3H); 13C
NMR (101 MHz, DMSO-a) & 152.9, 147.3, 138.2, 132.4 (s, 2C), 127.8 - 127.7 (m, 1C),
127.2,126.1 (d, J= 32.5 Hz), 125.4, 125.1-124.9 (m, 1C), 124.2 (s, 2C), 122.7, 122.1 (d, J=
3.7 Hz), 117.6, 101.8, 58.9, 48.6; HRMS-ESI (m/z): [M+H]"* calcd for C1gH15N,0,SF5 -
381.0885; found 381.0874; T, = 3.37 min, purity > 95%.

4.1.3.39 N-(3.4,5-Trimethoxyphenyl)quinolin-4-amine (41): 41 was prepared by method
B to afford a tan solid (288 mg, 76%); m.p. 224-226°C; 1H NMR (400 MHz, DMSO-a) &
10.84 (s, 1H), 8.82 (d, /= 8.4 Hz, 1H), 8.47 (d, /= 6.8 Hz, 1H), 8.11 (d, /= 8.0 Hz, 1H),
7.98 (t, J= 8.0 Hz, 1H), 7.76 (t, /= 8.1 Hz, 1H), 6.88 (d, /= 6.8 Hz, 1H), 6.82 (s, 2H), 3.80
(s, 6H), 3.72 (s, 3H); 13C NMR (101 MHz, DMSO-a) & 154.5, 153.6 (s, 2C), 143.3, 139.3,
136.3, 133.3 (s, 2C), 133.2, 126.7, 123.6, 121.1, 117.3, 103.1, 100.4, 60.2, 56.1 (s, 2C);
HRMS-ESI (m/z): [M+H]* calcd for C1gH1gN,03 - 311.1396; found 311.1387; T, = 3.23
min, purity > 95%.

4.1.3.40 6-Fluoro-N-(3.4,5-trimethoxyphenyl)quinolin-4-amine (42): 42 was prepared by
method A to afford a light greed solid (288 mg, 76%); m.p. 92-94°C; 1H NMR (400 MHz,
DMSO-ds) & 10.88 (s, 1H), 8.72 (dd, /= 10.5, 2.7 Hz, 1H), 8.50 (d, J= 6.9 Hz, 1H), 8.20
(dd, J=9.3,5.1 Hz, 1H), 7.98 (ddd, /= 9.3, 8.0, 2.7 Hz, 1H), 6.92 (d, /= 6.9 Hz, 1H), 6.82
(s, 2H), 3.80 (s, 6H), 3.72 (s, 3H); 13C NMR (101 MHz, dmso) & 161.0, 158.5, 154.7, 153.7
(s, 2C), 142.6, 136.6, 135.5, 132.7, 123.5-123.1 (m, 1C), 118.2 (d, /= 9.5 Hz), 108.4 (d, J=
25.1 Hz), 103.1 (s, 2C), 100.3, 60.2, 56.2 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for
C1gH17N203F - 329.1301; found 329.1287; T, = 3.32 min, purity > 95%.

4.1.3.41 7-Fluoro-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (43): 43 was prepared by
method a to afford a light green solid (206 mg, 64%); m.p. 228-230°C; IH NMR (400 MHz,
DMSO-gg) & 11.17 (s, 1H), 8.97 (dd, J=9.4, 5.6 Hz, 1H), 8.48 (d, J= 7.0 Hz, 1H), 7.91
(dd, /=9.5, 2.6 Hz, 1H), 7.74 (ddd, /= 9.4, 8.4, 2.6 Hz, 1H), 6.84 (d, /= 7.0 Hz, 1H), 6.83
(s, 2H), 3.80 (s, 6H), 3.72 (s, 3H); 13C NMR (101 MHz, DMSO-a) & 165.5, 163.0, 155.1,
153.6, 143.3, 140.1, 140.0, 136.6, 132.7, 127.5 (d, J= 10.6 Hz), 116.5 (d, /= 24.4 Hz),
114.2,105.1 (d, J=25.1 Hz), 103.3 (s, 2C), 100.4, 60.2, 56.2 (s, 2C); HRMS-ESI (m/z): [M
+H]* caled for C1gH17N>O3F - 329.1301; found 329.1289; T, = 3.14 min, purity > 95%.

4.1.3.42 5,7-Difluoro-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (44): 44 was prepared
by method B to afford a bright yellow solid (191 mg, 55%); m.p. >200°C (decomp.); H
NMR (400 MHz, DMSO-ag) & 9.27 (s, 1H), 8.38 (d, /=5.9 Hz, 1H), 7.61 (d, /= 9.5 Hz,
1H), 7.58 — 7.50 (m, 1H), 6.74 (s, 3H), 3.74 (s, 6H), 3.66 (s, 3H); 13C NMR (101 MHz,
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DMSO-a) & 163.5 (d, /= 15.8 Hz), 161.0 (d, /= 15.4 Hz), 158.5 (d, /= 14.6 Hz), 153.5,
151.5-150.5 (m, 1C), 149.2 — 147.3 (m, 1C), 146.1 (d, /= 12.6 Hz), 135.8, 134.1, 106.2 (d,
J=9.5Hz), 105.4 (dd, J= 22.0, 4.1 Hz), 102.9, 102.6 — 101.0 (m, 1C), 60.2, 56.1 (s, 2C);
HRMS-ESI (m/z): [M+H]* calcd for C1gH16FoNoO3 - 347.1207; found 347.1195; T, = 3.19
min, purity > 95%.

4.1.3.43 6-(tert-Butyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (45): 45 was
prepared by method B to afford a grey solid (224 mg, 67%); m.p. 119-121°C; 1H NMR (400
MHz, DMSO-a5) 6 8.66 (s, 1H), 8.42 (d, /= 6.6 Hz, 1H), 8.10 — 7.98 (m, 2H), 6.82 (d, J=
3.0 Hz, 3H), 3.80 (s, 6H), 3.72 (s, 3H), 1.43 (s, 9H); 13C NMR (101 MHz, DMSO-g) &
153.9, 153.6 (s, 2C), 149.6, 143.2, 136.1, 133.7, 131.4, 121.5, 118.9, 117.2, 103.1 (s, 2C),
100.5, 60.2, 56.1 (s, 2C), 35.4, 31.2 (s, 3C); HRMS-ESI (m/z): [M+H]* calcd for
CooHosN»03 - 367.2022; found 367.2009; T, = 4.59 min, purity > 95%.

4.1.3.44 4-((3,4,5-Trimethoxyphenyl)amino)quinoline-6-carbonitrile (46): 46 was
prepared by method A to afford a yellow solid (245 mg, 69%); m.p. 245-250°C; 1H NMR
(400 MHz, DMSO-gg) 6 11.38 (s, 1H), 9.49 (d, /= 1.3 Hz, 1H), 8.55 (d, /= 7.1 Hz, 1H),
8.33 (dd, /=8.8, 1.5 Hz, 1H), 8.24 (d, /= 8.8 Hz, 1H), 6.98 (d, /= 7.1 Hz, 1H), 6.83 (s,
2H), 3.80 (s, 6H), 3.73 (s, 3H); 13C NMR (101 MHz, DMSO-dg) 6 154.9, 153.7 (s, 2C),
144.4,140.4, 136.7, 134.7, 132.4, 130.6, 121.9, 117.9, 116.9, 109.0, 103.0 (s, 2C), 101.8,
60.2, 56.2 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for C19H;7N303 - 336.1348; found
336.1334; T, = 3.11 min, purity > 95%.

4.1.3.45 6-(Methylsulfonyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (47): 47 was
prepared by method B to afford a dark yellow solid (231 mg, 72%); m.p. 94-96°C; 1H NMR
(400 MHz, DMSO-d5) & 11.38 (s, 1H), 9.54 (s, 1H), 8.55 (d, /= 6.2 Hz, 1H), 8.47 - 8.16
(m, 2H), 6.99 (d, J= 6.1 Hz, 1H), 6.83 (s, 2H), 3.76 (d, /= 31.3 Hz, 9H), 3.44 (s, 3H); 13C
NMR (101 MHz, DMSO-gg) & 155.3, 154.0 (s, 2C), 145.8, 142.4, 138.7, 136.8, 133.4 (s,
2C), 130.0, 125.2, 117.4, 103.1 (s, 2C), 102.3, 60.6, 56.6 (s, 2C), 44.0; HRMS-ESI (m/z):
[M+H]* calcd for C1gHooN2O5S - 389.1171; found 389.1156; T, = 2.98 min, purity > 95%.

4.1.3.46 6-Methoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (48): 48 was prepared
by method A to afford a light green solid (313 mg, 89%); m.p. 133-135°C; 1H NMR (400
MHz, DMSO-gg) 6 10.75 (s, 1H), 8.40 (d, /= 6.9 Hz, 1H), 8.19 (d, /= 2.6 Hz, 1H), 8.03 (d,
J=9.2 Hz, 1H), 7.67 (dd, J= 9.2, 2.6 Hz, 1H), 6.86 (d, /= 6.9 Hz, 1H), 6.82 (s, 2H), 3.99 (s,
3H), 3.81 (s, 3H), 3.73 (s, 3H); 13C NMR (101 MHz, DMSO-d4) 6 157.9, 154.0, 153.7 (s,
2C), 140.7, 136.4, 133.0 (s, 2C), 125.3, 122.1, 118.3 (s, 2C), 103.3, 102.7, 100.0, 60.2, 56.5,
56.2 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for C1gH19N»O4 - 340.1423; found 341.1486;
T, = 3.55 min, purity > 95%.

4.1.3.47 6,7-Dimethoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (49): 49 was
prepared by method A to afford a light green solid (285 mg, 86%); m.p. 171-173°C; H
NMR (400 MHz, DMSO-¢) 6 10.56 (s, 1H), 8.32 (d, /= 6.9 Hz, 1H), 8.11 (s, 1H), 7.44 (s,
1H), 6.92 — 6.70 (m, 3H), 3.98 (d, J= 8.9 Hz, 6H), 3.80 (s, 6H), 3.72 (s, 3H); 13C NMR (101
MHz, DMSO-gg) 6 154.5, 153.6 (s, 2C), 153.3, 149.4, 140.0, 136.3, 135.4, 133.2 (s, 2C),
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111.5 (s, 2C), 103.3 (s, 2C), 99.6, 60.2, 56.7, 56.2, 56.1 (s, 2C); HRMS-ESI (m/z): [M+H]*
calcd for CygH2oNoOs - 371.1607; found 371.1589; T, = 3.60 min, purity > 95%.

4.1.3.48 7-Methoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (50): 50 was prepared
by method A to afford an off white solid (278 mg, 79%); m.p. 217-219°C; 1H NMR (400
MHz, DMSO-gg) 6 10.81 (s, 1H), 8.71 (d, /= 9.4 Hz, 1H), 8.38 (d, /= 7.0 Hz, 1H), 7.46 (d,
J=2.5Hz, 1H), 7.41 (dd, J= 9.3, 2.5 Hz, 1H), 6.80 (s, 2H), 6.76 (d, /= 7.0 Hz, 1H), 3.96 (s,
3H), 3.80 (s, 6H), 3.72 (s, 3H); 13C NMR (101 MHz, DMSO-d) 6 163.4, 155.1, 154.0 (s,
2C), 141.1, 136.9, 133.4 (s, 2C), 125.9, 118.5, 111.7, 103.8 (s, 2C), 100.5, 100.0, 60.6, 56.6
(s, 2C), 56.4; HRMS-ESI (m/z): [M+H]* calcd for C19H1gN»O4 - 340.1423; found
341.1485; T, = 3.41 min, purity > 95%.

4.1.3.49 7-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (51): 51 was
prepared by method A to afford a bright yellow solid (239 mg, 73%); m.p. 260-265°C; 1H
NMR (400 MHz, DMSO-¢) 6 11.12 (s, 1H), 8.99 (d, /= 8.9 Hz, 1H), 8.62 (d, J= 7.0 Hz,
1H), 8.45 (s, 1H), 8.14 (dd, /= 8.9, 1.5 Hz, 1H), 6.99 (d, /= 7.0 Hz, 1H), 6.83 (s, 2H), 3.81
(s, 6H), 3.73 (s, 3H); 13C NMR (101 MHz, DMSO-a) & 154.9, 153.7 (s, 2C), 144.4, 138.3
(d, /=31.7 Hz, CF3), 136.7, 132.6, 125.8, 124.6, 122.3 (d, /= 3.5 Hz), 119.3, 118.3, 105.5,
103.1 (s, 2C), 101.7, 60.2, 56.2 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for C1gH17F3N203
- 379.1270; found 379.1253; T, = 3.81 min, purity > 95%.

4.1.3.50 4-((3,4,5-Trimethoxyphenyl)amino)quinoline-7-carbonitrile (52): 52 was
prepared by method A to afford a yellow solid (224 mg, 63%); m.p. >255°C (decomp.); 1H
NMR (400 MHz, DMSO-ag) & 11.49 (s, 1H), 9.55 (s, 1H), 8.54 (d, /= 7.1 Hz, 1H), 8.32
(dd, /= 8.8, 1.5 Hz, 1H), 8.25 (d, /= 8.8 Hz, 1H), 6.97 (d, J= 7.1 Hz, 1H), 6.84 (s, 2H),
3.80 (s, 6H), 3.72 (s, 3H); 13C NMR (101 MHz, DMSO-d5) 6 154.9, 153.6 (s, 2C), 144.2,
140.3, 136.7, 134.7, 132.4, 130.7, 121.7, 117.9, 116.8, 108.9, 103.0 (s, 2C), 101.7, 60.2,
56.2 (s, 2C); HRMS-ESI (m/z): [M+H]" calcd for C1gH17N303 - 336.1348; found 336.1333;
T, = 3.04 min, purity > 95%.

4.1.3.51 N-(3-Bromophenyl)-6,7-dimethoxyquinolin-4-amine (53): 53 was prepared by
method B to afford a colourless solid (183 mg, 57%); m.p. 170-171°C; 1H NMR (400 MHz,
DMSO-gg) & 9.06 (s, 1H), 8.31 (d, /=5.3 Hz, 1H), 7.69 (s, 1H), 7.50 (t, /= 1.9 Hz, 1H),
7.35(ddd, /=8.1, 2.1, 1.1 Hz, 1H), 7.28 (t, /= 7.9 Hz, 1H), 7.23 (s, 1H), 7.19 (ddd, J= 7.8,
1.9, 1.1 Hz, 1H), 6.91 (d, /= 5.3 Hz, 1H), 3.89 (d, J= 15.2 Hz, 6H); 13C NMR (101 MHz,
DMSO-ag) § 151.8, 148.4, 148.1, 145.9, 145.4, 143.3, 131.1, 125.1, 123.4, 122.0, 119.6,
114.6, 108.1, 102.2, 101.4, 56.0, 55.5; HRMS-ESI (m/z): [M+H]* calcd for C17H;5N>0,Br
- 359.0395; found 359.0380; T, = 3.99 min, purity > 95%.

4.1.3.52 6,7-Dimethoxy-N-(3-methoxyphenyl)quinolin-4-amine (54): 54 was prepared by
method B to afford a colourless solid (180 mg, 65%); m.p. 178-180°C; 1H NMR (400 MHz,
DMSO-ag) § 10.23 (s, 1H), 8.31 (d, /= 6.4 Hz, 1H), 8.08 (s, 1H), 7.43 (s, 1H), 7.40 (t, J=
8.4 Hz, 1H), 7.06 — 6.98 (m, 2H), 6.87 (ddd, J= 8.4, 2.4, 0.9 Hz, 1H), 6.81 (d, /= 6.4 Hz,
1H), 3.99 (s, 3H), 3.94 (s, 3H), 3.79 (s, 3H); 13C NMR (101 MHz, DMSO-) & 160.2,
153.6, 150.9, 149.0, 142.3, 139.9, 138.6, 130.4, 116.2, 112.5, 111.3, 109.9, 102.4, 102.4,
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100.0, 56.6, 55.9, 55.3; HRMS-ESI (m/z): [M+H]* calcd for C1gH1gN>0O3 - 311.1396; found
311.1382; T, = 3.65 min, purity > 95%.

4.1.3.53 N-(3-Ethynylphenyl)-6,7-dimethoxyqguinolin-4-amine (55): 55 was prepared by
method A to afford a dark colourless solid (193 mg, 71%); m.p. 232-234°C; 1H NMR (400
MHz, DMSO-gg) 6 10.94 (s, 1H), 8.35 (d, /= 6.9 Hz, 1H), 8.25 (s, 1H), 7.60 (g, /= 1.4 Hz,
1H), 7.58 — 7.52 (m, 2H), 7.51 - 7.43 (m, 2H), 6.76 (d, J= 6.9 Hz, 1H), 4.34 (s, 1H), 3.99
(d, J=19.4 Hz, 6H); 13C NMR (101 MHz, DMSO-a) 6 154.6, 152.9, 149.4, 139.8, 138.1,
135.3, 130.2, 130.0, 128.1, 125.9, 123.2, 111.9, 103.0, 99.7, 99.31, 82.6, 81.9, 56.9, 56.1;
HRMS-ESI (m/z): [M+H]* calcd for C19H16N,0; - 305.1290; found 305.1278; T, = 3.75
min, purity >95%.

4.1.3.54 1-(3-((6,7-dimethoxyquinolin-4-yl)amino)phenyl)ethan-1-one (56): 56 was
prepared by method A to afford a colourless solid (193 mg, 67%); m.p. 238-240°C; 1H
NMR (400 MHz, DMSO-gg) & 10.96 (s, 1H), 8.35 (d, J= 6.9 Hz, 1H), 8.24 (s, 1H), 8.02 (s,
1H), 7.95 (d, /= 7.7 Hz, 1H), 7.78 (d, J= 8.6 Hz, 1H), 7.69 (t, J= 7.8 Hz, 1H), 7.50 (s, 1H),
6.78 (d, /= 6.9 Hz, 1H), 3.99 (d, /= 19.6 Hz, 6H), 2.62 (s, 3H); 13C NMR (101 MHz,
DMSO-gg) § 197.8, 155.1, 153.3, 149.9, 140.6, 138.7, 130.7, 130.1, 124.9, 112.4, 103.2,
100.5, 99.7, 57.2, 56.6, 27.4; HRMS-ESI (m/z): [M+H]* calcd for C1gH1gN»O3 - 323.1396;
found 323.1383; T, = 2.81 min, purity > 95%.

4.1.3.55 6,7-Dimethoxy-N-(3.4,5-trimethoxyphenyl)quinolin-4-amine (57): 57 was
prepared by method C to afford a bright yellow solid (261 mg, 79%) m.p. 230-232°C; 1H
NMR (400 MHz, DMSO-a) 8 11.41 (s, 1H), 8.81 (s, 1H), 8.35 (s, 1H), 7.37 (s, 1H), 7.09
(s, 2H), 4.00 (d, J= 13.2 Hz, 6H), 3.79 (s, 6H), 3.70 (s, 3H); 13C NMR (101 MHz, DMSO-
ag) & 158.2, 156.2, 152.7 (s, 3C), 150.1, 148.6, 135.9, 132.7, 107.2, 104.0, 103.1 (s, 2C),
99.8, 60.2, 57.0, 56.4, 56.1 (s, 2C); HRMS-ESI (m/z): [M+H]* calcd for C1gH51N3Os -
372.1559; found 372.1542; T, = 3.26 min, purity > 95%.

4.2 Mass Spectrometry

Samples were analyzed with a hybrid LTQ FT (ICR 7T) (ThermoFisher, Bremen, Germany)
mass spectrometer coupled with a Waters Acquity H-class liquid chromatograph system.
Samples were introduced vi/a an electrospray source at a flow rate of 0.6 mL/min.
Electrospray source conditions were set as: spray voltage 4.7 kV, sheath gas (nitrogen) 45
arb, auxiliary gas (nitrogen) 30 arb, sweep gas (nitrogen) 0 arb, capillary temperature 350°C,
capillary voltage 40 V and tube lens voltage 100 V. The mass range was set to 150-2000
m/z. All measurements were recorded at a resolution setting of 100,000.

Separations were conducted on a Waters Acquity UPLC BEH C18 column (2.1 x 50 mm,
1.7 uM particle size). LC conditions were set at 100% water with 0.1% formic acid (A)
ramped linearly over 9.8 min to 95% acetonitrile with 0.1% formic acid (B) and held until
10.2 min. At 10.21 min the gradient was switched back to 100% A and allowed to re-
equilibrate until 11.25 min.

Xcalibur (ThermoFisher, Breman, Germany) was used to analyze the data. Solutions were
analyzed at 0.1 mg/mL or less based on responsiveness to the ESI mechanism. Molecular
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formula assignments were determined with Molecular Formula Calculator (v 1.2.3). Low-
resolution mass spectrometry (linear ion trap) provided independent verification of
molecular weight distributions. All observed species were singly charged, as verified by unit
m/z separation between mass spectral peaks corresponding to the 12C and 13C 12C.._; isotope
for each elemental composition.

4.3 X-ray Crystallography

Single-crystal x-ray diffraction analyses were performed using a Rigaku FRE+ equipped
with either VHF (1, 9, 13, 37) or HF Varimax confocal mirrors (17, 48, 49) and an AFC12
goniometer and HG Saturn 724+ detector equipped with an Oxford Cryosystems low-
temperature apparatus operating at 7= 100(2) K. CrystalClear-SM Expert 3.1 b27
(CrystalClear, Rigaku Corporation, The Woodlands, Texas, U.S.A., (2008-2014) (1, 9, 13,
37) or CrysAlisPro (CrysAlisPro Software System, Rigaku Oxford Diffraction, Yarnton,
Oxford, UK (2016)) (17, 48, 49) was used to record images. CrysAlisPro was used to
process all data and apply empirical absorption corrections and unit cell parameters were
refined against all data. The structures were solved by intrinsic phasing using SHELXT[35]
(1,9, 13, 17, 37, 48) or charge flipping using SUPERFLIPI38] (49) and refined on Fo? by
full-matrix least-squares refinements using SHELXL-2014[37] as implemented within
OLEX2[38l_ All non-hydrogen atoms were refined with anisotropic displacement parameters
and hydrogen atoms were added at calculated positions except those attached to heteroatoms
which were located from the difference map. All hydrogen atoms were refined using a riding
model with isotropic displacement parameters based on the equivalent isotropic
displacement parameter (Ueg) of the parent atom. Figures were produced using OLEX2.
The CIF files for the crystal structures of 1, 9, 13, 17, 37, 48 and 49 have been deposited
with the CCDC and have been given the deposition numbers 1534017-1534023 respectively.

4.4 Biological Assays

4.4.1 Differential scanning fluorimetry (DSF) assays—Starting from a 100 uM
stock, GAK (14-351) was diluted to 1 pM in buffer 100 mM K,HPO4 pH 7.5 containing 150
mM NacCl, 10% glycerol and 1x dye (Applied Biosystems catalog 4461806). The
protein/dye mixture was transferred to a 384-well PCR microplate with 20 L per well.
Compounds at 10 uM in DMSO were added next, in 20 nL volume, using a liquid handling
device setup with a pin head to make a final 10 UM compound in the assay plate. The final
DMSO concentration in all wells was 0.1%, including the reference well with DMSO only.

Thermal shift data was measured in a qPCR instrument (Applied Biosystems QuantStudio 6)
programmed to equilibrate the plate at 25°C for 5 minutes followed by ramping the
temperature to 95°C at a rate of 0.05°C per second. Data was processed on Protein Thermal
shift software (Applied Biosystems) fitting experimental curves to a Boltzmann function to
calculate differential thermal shifts (AT,) referenced to protein/dye in 0.1% DMSO only.
The compounds were screened against purified GAK (14-351) according to previously
reported procedures(20].

4.4.2 Ligand binding displacement assays—Inhibitor binding was determined using
a binding-displacement assay, which measures the ability of inhibitors to displace a
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fluorescent tracer compound from the ATP binding site of the kinase domain. Inhibitors
were dissolved in DMSO and dispensed as 16-point, 2x serial dilutions in duplicate into
black multi-well plates (Greiner). Each well contained either 0.5 nM or 1 nM biotinylated
kinase domain protein ligated to streptavidin-Tb-cryptate (Cisbio), 12.5 nM or 25 nM
Kinase Tracer 236 (ThermoFisher Scientific), 10 mM Hepes pH 7.5, 150 mM NaCl, 2 mM
DTT, 0.01% BSA, 0.01% Tween-20. Final assay volume for each data point was 5 pL, and
final DMSO concentration was 1%. The kinase domain proteins were expressed in £. coli as
a fusion with a C-terminal AVI tag (vector pNIC-Bio3, NCBI reference JN792439) which
was biotinylated by co-expressed BirA, and purified using the same methods as used
previously[34]. After setting up the assay plate it was incubated at room temperature for 1.5
hours and then read using a TR-FRET proto Residue ranges were AAK1: 31-396, BMP2K:
38-345, GAK: 12-347, STK16: 13-305col on a PheraStarFS plate reader (BMG Labtech).
The data was normalized to 0% and 100% inhibition control values and fitted to a four
parameter dose-response binding curve in GraphPad Software (version 7, La Jolla, CA,
USA). The determined 1Csq values were converted to K; values using the Cheng-Prusoff
equation and the concentration and Ky values for the tracer (previously determined).

4.4.3 Competition binding assays—Competition binding assays were performed at
DiscoverX as described previously [28]. Kinases were produced either as fusions to T7
phage3, or were expressed as fusions to NF-xB in HEK-293 cells and subsequently tagged
with DNA for PCR detection. In general, full-length constructs were used for small, single-
domain kinases, and catalytic domain constructs including appropriate flanking sequences
were used for multidomain kinases. Briefly, for the binding assays, streptavidin-coated
magnetic beads were treated with biotinylated affinity ligands to generate affinity resins. The
liganded beads were blocked to reduce non-specific binding and washed to remove unbound
ligand.

Binding reactions were assembled by combining kinase, liganded affinity beads, and test
compounds prepared as 100x stocks in DMSO. DMSO was added to control assays lacking
a test compound. Assay plates were incubated at 25°C with shaking for 1 h, and the affinity
beads were washed extensively to remove unbound protein. Bound kinase was eluted in the
presence of nonbiotinylated affinity ligands for 30 min at 25°C with shaking. The kinase
concentration in the eluates was measured by quantitative PCR. The KINOMEscan® panel
of approximately 400 wild type human kinase assays was run as a single measurement at 1
UM. Ky values were determined using 11 serial three-fold dilutions of test compound and a
DMSO control.

4.4 4 Cell transfection, treatments, and BRET measurements—The Atterminal
Nano Luciferase/GAK fusion (NL-GAK) was encoded in pFN31K expression vector,
including flexible Gly-Ser-Ser-Gly linkers between NL and GAK (Promega Madison, W1,
USA)B. For cellular NanoBRET Target Engagement experiments, the NL-GAK fusion
construct was diluted with carrier DNA - pGEM-3Zf(-) (Promega, Madison, WI, USA) at a
mass ratio of 1:10 (mass/mass), prior to adding FUGENE HD (Promega, Madison, WI,
USA). DNA:FUGENE complexes were formed at a ratio of 1:3 (ug DNA: uL FUGENE HD)
according to the manufacturer’s protocol (Promega, Madison, WI, USA). The resulting
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transfection complex (1 part, volume) was then gently mixed with 20 parts (v/v) of
HEK-293 cells (ATCC) suspended at a density of 2 x 10° cells/mL in DMEM (Gibco)

+ 10% FBS (Seradigm/VWR) followed by incubation (37°C / 5% CO5,) for 20-24 hours.
After 24 hours HEK293 NL-GAK transfected cells were detached from flasks (0.05%
Trypsin-EDTA or TrypLE) (Gibco) and re-suspended at a concentration of 2 x 10° cells/mL
in Opti-MEM media (Gibco).

Cellular nanoBRET assays were performed in Non-Binding Surface (NBS™)/white, 96-well
plates (Corning) by addition of 1.7 x 10* cells per well (85 pL). NanoBRET Tracer 5
(Promega, Madison, WI, USA) was used at a final concentration of 0.25 UM as previously
evaluated in a titration experiment. A total of 5 pL per well (20x working stock of
nanoBRET Tracer 5 [5 pM]) was added to all wells, except the “no tracer” control wells to
which 5 uL per well of tracer dilution buffer alone was added. All test compounds were
prepared initially as concentrated stock solutions in 100% DMSO (Sigma). Approximately 1
h prior to addition to assay plates, the concentrated stock solutions were diluted in Opti-
Mem media (90%) to prepare 10% DMSO working stock solutions. A total of 10 uL per
well of the 10-fold test compound stock solutions (final assay concentration 1% DMSO)
were added. For “no compound” and “no tracer” control wells, a total of 10 pL per well of
Opti-MEM plus 10% DMSO (9 uL was added, final concentration 1% DMSO). 96-well
plates containing cells with nanoBRET Tracer 5 and test compounds (100 pL total volume
per well) were equilibrated (37°C / 5% CO,) for 2 h. To measure nanoBRET signal,
nanoBRET NanoGlo substrate at a ratio of 1:166 to Opti-MEM media in combination with
extracellular NanoLuc Inhibitor diluted 1:500 (10 puL [30 mM stock] per 5 mL Opti-MEM
plus substrate) were combined to create a 3-fold stock. A total of 50 uL of the 3x substrate/
extracellular NanoLuc inhibitor were added to each well. The plates were read within 15
minutes (GloMax Discover luminometer, Promega, Madison, W1, USA) equipped with 450
nM BP filter (donor) and 600 nM LP filter (acceptor), using 0.3 s integration time instrument
utilizing the “nanoBRET 618" protocol.

Test compounds were evaluated at eight concentrations in competition with NanoBRET
Tracer 5 in HEK293 cells transiently expressing the GAK fusion protein. Prior to curve
fitting, the average BRET ratio for “no tracer” (Opti-MEM + DMSO only) wells was
subtracted from all experimental inhibitor well BRET ratio values and converted to mBRET
units (x1000). Additional normalization of the NanoBRET assay data was performed by
converting experimental values for respective concentrations of experimental inhibitors to
relative percent control values (no compound [Opti-MEM + DMSO + Tracer 5 only] wells =
100% Control; no tracer [Opti-MEM + DMSO] wells = 0% Control). The data was
normalized to 0% and 100% inhibition control values and fitted to a four parameter dose-
response binding curve in Prism Software (version 7, GraphPad, La Jolla, CA, USA).

4.4.5 Multiplexed Inhibitor Bead (MIB) affinity chromatography / MS analysis—
SUM159 cells were cultured in a 1:1 mixture of Dulbecco’s Modified Eagle Medium and
Nutrient Mixture F-12 medium (GIBCO) supplemented with 5% fetal bovine serum, 1%
anti/anti, 5 pg/mL insulin, and 1 pg/mL hydrocortisone. Cells were maintained at 37°C in a
humidified 5% CO, atmosphere. SUM159 cells were grown to 80% confluency, washed
twice with PBS, and harvested by scraping cells in lysis buffer (50 mM HEPES, pH 7.5, 150
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mM NacCl, 0.5% Triton X-100, 1 mM EDTA, 1 mM EGTA, 10 mM NaF, 2.5 mM NazgVOy,
complete protease inhibitor cocktail (Roche), phosphatase inhibitor cocktail 2, and 3
(Sigma). Lysates were sonicated then clarified by centrifugation at 14,000 x g for 15 minutes
at 4°C. Lysate was then filtered through a 0.2 pm syringe filter and frozen at -80°C until
used. Protein concentration was quantified using a Bradford assay the day of the experiment.
DMSO or the indicated concentration of 1 or 49 was added to lysate containing 4 mg of total
protein. Lysates were vortexed briefly then incubated for 30 minutes on ice. Kinases were
affinity purified as previously described[2]. Briefly, lysates were diluted to 1.33 mg/mL
with lysis buffer then NaCl concentration brought to 1M.

Diluted lysates were passed over a mixture of 25 L settled beads of each of the following
inhibitors conjugated to ECH Sepharose beads: Purvalanol B, PP58, VI1-16832,
UNC21474A, UNCB8088A, and 37.5 pL settled beads conjugated to CTx-0294885 and
VI1-16832. The kinase inhibitor-bead conjugates were previously equilibrated in high salt
buffer (50 mM HEPES pH 7.5, 1 M NaCl, 0.5% Triton X-100, 1 mM EDTA, and 1 mM
EGTA). MIBs columns were sequentially washed with high salt buffer, low salt buffer (50
mM HEPES pH 7.5, 150 mM NaCl, 0.5% Triton X-100, 1 mM EDTA, and 1 mM EGTA),
and SDS buffer (50 mM HEPES pH 7.5, 150 mM NaCl, 0.5% Triton X-100, 1 mM EDTA, 1
mM EGTA, and 0.1% SDS). Proteins were eluted by boiling samples in elution buffer (100
mM Tris-HCI pH 6.8, 0.5% SDS, and 1% pB-mercaptoethanol) for 15 minutes twice.
Dithiothreitol (DTT) was added to a final concentration of 5 mM and samples were
incubated at 60°C for 25 minutes. Samples were then cooled to room temperature on ice and
alkylated by adding iodoacetamide to a final concentration of 20 mM for 30 minutes in the
dark at room temperature. Samples were then concentrated in 10K Amicon Ultra centrifugal
concentrators (Millipore) followed by methanol and chloroform precipitation of proteins.
The final protein pellets were re-suspended in 50 mM HEPES pH 8.0 and incubated with
trypsin at 37°C overnight. Residual detergent was removed by three sequential ethyl acetate
extractions then desalted using Pierce C-18 spin columns (Thermo Scientific) according to
the manufacturer’s protocol.

4.4.6 LC/MS/MS Analysis—Each sample was analyzed by LC-MS/MS using an Easy
nLC 1000 coupled to a QExactive mass spectrometer equipped with an Easy Spray source
(Thermo Scientific). First, samples were reconstituted in loading buffer (5% ACN, 0.1%
formic acid), and then loaded onto a PepMap 100 C-18 column (75 pm id x 25 cm, 2 pm
particle size) (Thermo Scientific). Peptides were separated over a 165 min gradient
consisting of 5-45% mobile phase B at a 250 nL/min flow rate, where mobile phase A was
0.1% formic acid in water and mobile phase B consisted of 0.1% formic acid in ACN. The
QExactive was operated in data-dependent mode where the 20 most intense precursors were
selected for subsequent fragmentation. For all runs, ESI parameters: 3 x 106 AGC MS1, 80
ms MS1 max inject time, 1 x 10° AGC MS2, 100 ms MS2 max inject time, 20 loop count,
1.8 m/z isolation window, 45 s dynamic exclusion. Spectra were searched against the
Uniprot/Swiss-Prot database with the integrated MaxQuant search engine, ANDROMEDA.
Kinase abundance was quantitated label-free using the MaxQuant software (Ver. 1.5.1.2).
The false discovery rate was set at 5%, and only kinases having two or more unique peptides
were considered. The following parameters were used to identify tryptic peptides for protein
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identification: up to two missed trypsin cleavage sites; carbamidomethylation (C) was set as
a fixed modification; and oxidation (M), deamidation (NQ), and phosphorylation (STY)
were set as variable modifications. The ratios of label free quantification values of 49 treated
samples over DMSO treated samples are reported.

4.5 Molecular Modelling

Molecular modelling was performed using Schrédinger Maestro software packagel40].
Structures of small molecules were prepared using and the LigPrep module of Schrodinger
suite employing OPLS3 force for all computations. x-ray crystal structure for the GAK (pdb:
4Y8D) was pre-processed using the protein preparation wizard of Schrédinger suite in order
to optimize the hydrogen bonding network [9al.

Prior to Glide docking, the grid box was centered using corresponding x-ray ligand as
template. The ligand docking was performed using default SP settings of Schrodinger Glide
with additional hydrogen bond constraints to NH of CYS126 (hinge residue). Graphical
illustrations were generated using MOE software[41], Maestro (WaterMap) or PyMOL (The
PyMOL Molecular Graphics System, Version 1.8 Schrodinger, LLC).

4.5.1 Hydration Site Analysis—Hydration site analysis calculated with WaterMap
(Schrédinger Release 2016-3: WaterMap, Schrodinger, LLC, New York, NY, 2016.). The
4Y8D structure was prepared with Protein Preparation Wizard (as above). Waters were
analyzed within 5 A of the co-crystallized ligand, and the 2 ns simulation was conducted
with OPLS3 force field.

4.5.2 Gas Phase/OPLS3 force field modeling—Torsional barriers of compounds of
over N-C linger were estimated using molecular mechanics calculations employing Rapid
Torsion Scan functionality of Maestro suite with angle increment of 15 degrees with OPLS3
force field. QM optimized gas phase geometries for compounds shown in table 2 were
calculated with Jaguar software. Initial geometries were based on the rapid torsion scan and
full geometry optimization was calculated using B3LYP level of theory and 6-31G** basis
set with standard geometry optimization setting of Jaguar (Schrodinger Release 2016-3:
Jaguar, Schrédinger, LLC, New York, NY, 2016).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 3.
Active site WaterMap of compounds in GAK: A - Visualised GAK active site interaction of

49, B - WaterMap of 49, C - WaterMap of 1, D/E - WaterMap of 5 favoured (D) and
unfavoured (E), F - WaterMap of 9
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A - Compound 1 is highly selective for GAK. SUM159 cell lysates were incubated with
DMSO or the indicated concentration of 1 for 30 minutes on ice. Kinases were then affinity
purified using multiplexed inhibitor beads (MIBs) and analyzed by mass spectrometry.
Kinase abundance was quantified label free using MaxQuant software. Bars represent the
ratio of label free quantification values for the indicated kinase in lysate treated with drug
over DMSO control lysates. A dose dependent decrease in kinase ratio indicates 1 binding.
B - Compound 49 is highly selective for GAK, under the same conditions as 1. C - GAK and
RIPK2 enrichment from experiment with 1. D - GAK and RIPK2 enrichment from

experiment with 49,
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A)

Figure 6.
Comparison of GAK binding of compound 1 (A) and 13 (B). The quinoline scaffold is a

tighter binder then the quinazoline despite the possibility for an additional hinge binding
interaction.

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Asquith et al.

% RE]L
©/ NH

\ a
| Ethanol | N/ R
0
ek 1, 4-12, 16-56

R
N~ ™~
' 7 13 Butanol/120 °c

- Ethanol/85 °C

NH, RJ@L
©/ NH

)U Pd(OAc),, P(o-Tol)s

Cs,CO3, MeCN
85 °C

Scheme 1.
Preparation of quinoline and quinazoline based GAK inhibitors

ChemMedChem. Author manuscript; available in PMC 2019 January 08.

N™ ™=
L7

14 & 15

Page 35



Page 36

Asquith et al.

“JusWILIBdXe @UEISTINONIM XJ2n00sIq & ul AT T 18 BuIpulq %G6 J9A0 LM Saseury Jo J3QUINN,,

€ 6C 3NO 3NO H H g N €
8T (AN T ye %58) | 1ApuAd-1 H 3NO | aNO | 3WO | HO 14
T 1€ H €40 | 3O | @O | aNO | HO T
p
eS196.1e) 40 aseuryy :\M_@ov_ o »d e 2o o X | pdwp

Yy N
“ )

X
Py AN

HN Y

°Y
by

‘BuIusalas zSIMd Bulusalas Aq paiynuapl sutod Buiels [eatway)

VT 3lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 37

Asquith et al.

Author Manuscript

dT alqeL

Author Manuscript

Jaquiaw Ajiwey YN 1sa1eau ayp surebe AIAN09IeS

(M) 1 Aesse Juswiaoe|dsip Buipulg

q
012 0T< 99 TEe | 5100 €
006T 0T< 98 8z | 1000 z
00V 1T 00T< vs | 62000 T
9TMLS | MzdNg | THVY | VD
qf1AI318s VN pdwd

Joued Aesse Ajiwes MWwN oyl ul pajio.d siutod Buiels [ealway)

Author Manuscript

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 38

Asquith et al.

Author Manuscript

ST L'¢C 00T< 17 8T €0 H 3NO H H N qT
92 08 00T< 00T< €0 L0 3INO H 3INO H N T
€L L'¢C 8T 8. 1€0°0 &4 3INO | 3NO | 3NO H N €T
T €T 99 144 880 ST H 0°HOHO0 H HO 4%
G8 14 09 0¢ 620 4 H 0°HO0 H HO T
01T 6¢ 17 8V ¥v70'0 0¢ H H H S8INO | HO 0T
00S¢ 8T €¢ 14 15000 8'G H H ElAe] H HO 6
9¢ 6T SL 99 €L0 LT H SINO H H HO 8
(1744 89 00T< 08 10 9¢ 3NO H H 3NO | HO L
18 0L 00T< TL 980 81 H SINO H S8INO | HO 9
(1744 ve 124 ve 8500 7'e H 8NO | 3O H HO g
019 Zs a8 e 500 1584 SNO H SINO H HO 14
00€Y LT 00T< ¥S 6€00°0 €9 8INO | 3NO | 3INO H HO T
Q>u_>_uom_wm SN 9THLS | MZdNG | TIVYVY MV mnOov wyyg o o N o " pdwio
(M) 'y Aesse juswaoe|dsip Buipurg | 3SA MVO

€40

N

1

>~ X

¢ dlqeL

Author Manuscript

Author Manuscript

T - punodwod 1Y sy3 01 SUOIELIIPOW |[eWS

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 39

Asquith et al.

Jaquiaw Ajiuey SN 1s8seau ay) surebe \a_>_uo_w_m.mQ

syuaWLIadxa 7 Jo mmem><w

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 40

Asquith et al.

Author Manuscript

0S¢ €e 00T< 24 960°0 8¢ H H ig H 8¢
0S¢ € 00T< 14 €10 9¢ H 19 H H 12
o] VL 8¢ €T 10 8¢ H H H 12 9¢
0S€ 9¢ 6¢ LT 0S0°0 15874 H H 10 H 14
06¢ 0¢ 79 T¢ 2S00 15984 H 10 H H 144
06€ 00T< 00T< €e 750°0 TS H 10 10 H €¢
06¢ 89 00T< 8¢ T.0°0 [44 10 H 4 H [44
09€ 6€ 19 0¢ 9500 Sy H 10 4 H TC
T 79 9 14 980°0 143 H H H | 0¢
08T JAS 1 '8 8700 15874 H H | H 67
ove 6T qT L8 9€0°0 99 H | H H 8T
06T 144 00T< 96 TS0°0 '€ H | | H LT
00¢ 00T< 00T< S'6 L¥0°0 L€ E| 4 4 H 91
Q>u_>_uom_wm SN 9THLS | MZdNG | THVV | MVO EmAOov w)yg o o N N pduwis
() 'y Aesse juswiaoe|dsip Buipulg 4Sa Xvo

N

e

<Y

Author Manuscript

€ 9lqeL

T - punodwo? Jo Juswfbas auljiue ay) 0] SUOITRIIJIPOIA

Author Manuscript

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 41

Asquith et al.

Jaguiaw Ajiwey YN 1saeau ay) 01 aAle|al ALIAINDBISS

q

sjuswiadxa ¢ Jo mmm_m><m

LT L9 1 0¥ v'e S0 H | HD%0S®HO H H or
60 ge 81 34 € €0 H ng,0 H H 6¢
8T Sy 81 ' S z0 H 8IN°OS H H 8¢
7T v'T 6T 0T 160 €0 H H 3NPOS | H Lg
091 Ly €1 T6 | 6200 9€ H H oy H 9
28 91 9 TL | 800 Lg H H 2=0 | H ge
v A 00T< 001< | 21 €T H H €40 H ve
€6 6L 6z LT 80 90 H H H NO | eg
144 8'6 9 6T 90 TT H H NO H [4>
4 L'8 9 7T Z€0 LT H NO H H 1€
091 0§ Ve Ge 120 9C H H | H 0
Ve 01 or 81 62°0 8T H H H 1a 62
LU SN 9TALS | M2dNE | TIHVY | MVD || (5 yug " N N | pows
(M) 1 Aesse Juswiade|dsip Buipuig 4Sa XvoO

€40

~

N

7Y

€Y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 42

ove 006 T4 00T< 19 12000 € NO H H [4S
025 000ST 001< 00T< 06 29000 95 €40 H H 18
oy 0002Z 00T< 00T< 85 9200°0 T9 3INO H H 0§
72 000TS 001< €9 8z | ¥50000 88 8NO | awWo | H 6
08¢ 00L.< 00T< 00T< 00T< | €100 09 H 3NO | H 8y
00T€ 00vE 79 00T< €L 8100 €€ H | ewos | H Ly
05 000TT ST oT 9T GT00°0 vy H NO H 9y
0€€ 00v8 89 00T< 00T< | 18000 A H ng, H St
00vY 0zL< 001< 001< 00T< v1°0 T€E 4 H 4 44
0TS 0008T 001< 001< 44 200°0 85 E H H ey
0.2 00071 001< 001< €8 15000 6'G H 4 H o
08L 005¢< 001< 001< 00T< | 0O¥00 a4 H H H L4
08T 00€Y LT 001< S 6£00°0 €9 H €40 H T
(W) %501 Mvo < IALS | M2dNE | TIVY | VO [ 5 yuy
g HAI3IES MYN et Y | pdwo
pl3ygoueN (M) ' Aesse Juswisoe|dsip Buipulg 4sa Xvo

O3\

O3\

ChemMedChem. Author manuscript; available in PMC 2019 January 08.

Asquith et al.

9NO

T - punodwod JO 3109 auljouinb ay) 0] SUOITLIILIPOIA

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 43

Asquith et al.

sjuawiadxa g Jo mem><u
Jaquiawl Ajiwe) SN 1s84eau ay) 01 aANe|al b_>_6w_me
sjuswiadxe  Jo mmem.><m

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



Page 44

Asquith et al.

sjuawiiadxa g Jo mmEm><u

Jaquiaw Aj1we) YN 1s81eau Uy 0) SAIR|SI b_>_6m_me

sluawiiadxa ¢ Jo mew><w

0se 00€S e 61 v. | v1000 95 aNo | awo | amo | N 15
- - ST 890 920 0v'0 1 H H o | HO | o5
00S 092 61 vz 60 | seo00 5 H H |o=0|Ho| s
9L 0.2 6¢ 00T< sz | veooo TS H H g [ Ho| s
028 00€g 00T< 4 T8 | szooo L'l H H |swo |Ho| e
5z 000TS 00T< €9 8z | vso000 88 ano [ awo | awo | HO | 6
(W) %501 Mvo « OTILS | M2dNE | TIVY | VO [ yu g
qfMAIOBISS SYN cd 2d ™ | X | pdwd
sl3ydgoueN (M) 'y Aesse Juswisge|dsip Buipuig 4SaXvo

SINO N
!
aNO o

HN ge

°Y
€Y

61 Jo sbojeue paziwndo Ajjenusiod Jo Areiqi| [rews

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

ChemMedChem. Author manuscript; available in PMC 2019 January 08.



	Abstract
	1. Introduction
	2. Results
	2.1 Initial screening
	2.2 Chemistry
	2.3 NAK family screening and determination of cell potency
	2.4 Kinome selectivity evaluation

	3. Discussion
	4. Experimental
	4.1 Chemistry
	4.1.1 General
	4.1.2 General procedure for the synthesis of 4-anilinoquin(azo)olines
	4.1.2.1 Method A
	4.1.2.2 Method B
	4.1.2.3 Method C
	4.1.2.4 Method D

	4.1.3 Compound characterization
	4.1.3.1 6-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (1)
	4.1.3.2 N-(3,5-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (4)
	4.1.3.3 N-(3,4-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (5)
	4.1.3.4 N-(2,4-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (6)
	4.1.3.5 N-(2,5-Dimethoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (7)
	4.1.3.6 N-(4-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (8)
	4.1.3.7 N-(3-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (9)
	4.1.3.8 N-(2-Methoxyphenyl)-6-(trifluoromethyl)quinolin-4-amine (10)
	4.1.3.9 N-(Benzo[d][1,3]dioxol-5-yl)-6-(trifluoromethyl)quinolin-4-amine (11)
	4.1.3.10 N-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-6-(trifluoromethyl)quinolin-4-amine (12)
	4.1.3.11 6-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinazolin-4-amine (13)
	4.1.3.12 N-(3,5-Dimethoxyphenyl)-6-(trifluoromethyl)quinazolin-4-amine (14)
	4.1.3.13 N-(4-Methoxyphenyl)-6-(trifluoromethyl)quinazolin-4-amine (15)
	4.1.3.14 6-(Trifluoromethyl)-N-(3,4,5-trifluorophenyl)quinolin-4-amine (16)
	4.1.3.15 N-(3,5-Difluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (17)
	4.1.3.16 N-(4-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (18)
	4.1.3.17 N-(3-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (19)
	4.1.3.18 N-(2-Fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (20)
	4.1.3.19 N-(4-Chloro-3-fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (21)
	4.1.3.20 N-(3-Chloro-5-fluorophenyl)-6-(trifluoromethyl)quinolin-4-amine (22)
	4.1.3.21 N-(3,4-Dichlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (23)
	4.1.3.22 N-(4-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (24)
	4.1.3.23 N-(3-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (25)
	4.1.3.24 N-(2-Chlorophenyl)-6-(trifluoromethyl)quinolin-4-amine (26)
	4.1.3.25 N-(4-Bromophenyl)-6-(trifluoromethyl)quinolin-4-amine (27)
	4.1.3.26 N-(3-Bromophenyl)-6-(trifluoromethyl)quinolin-4-amine (28)
	4.1.3.27 N-(2-Bromophenyl)-6-(trifluoromethyl)quinolin-4-amine (29)
	4.1.3.28 N-(3-Iodophenyl)-6-(trifluoromethyl)quinolin-4-amine (30)
	4.1.3.29 4-((6-(Trifluoromethyl)quinolin-4-yl)amino)benzonitrile (31)
	4.1.3.30 3-((6-(Trifluoromethyl)quinolin-4-yl)amino)benzonitrile (32)
	4.1.3.31 2-((6-(Trifluoromethyl)quinolin-4-yl)amino)benzonitrile (33)
	4.1.3.32 6-(Trifluoromethyl)-N-(3-(trifluoromethyl)phenyl)quinolin-4-amine (34)
	4.1.3.33 N-(3-Ethynylphenyl)-6-(trifluoromethyl)quinolin-4-amine (35)
	4.1.3.34 1-(3-((6-(Trifluoromethyl)quinolin-4-yl)amino)phenyl)ethan-1-one (36)
	4.1.3.35 N-(3-(Methylsulfonyl)phenyl)-6-(trifluoromethyl)quinolin-4-amine (37)
	4.1.3.36 N-(4-(Methylsulfonyl)phenyl)-6-(trifluoromethyl)quinolin-4-amine (38)
	4.1.3.37 N-(4-(tert-Butoxy)phenyl)-6-(trifluoromethyl)quinolin-4-amine (39)
	4.1.3.38 N-(4-((Methylsulfonyl)methyl)phenyl)-6-(trifluoromethyl)quinolin-4-amine (40)
	4.1.3.39 N-(3,4,5-Trimethoxyphenyl)quinolin-4-amine (41)
	4.1.3.40 6-Fluoro-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (42)
	4.1.3.41 7-Fluoro-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (43)
	4.1.3.42 5,7-Difluoro-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (44)
	4.1.3.43 6-(tert-Butyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (45)
	4.1.3.44 4-((3,4,5-Trimethoxyphenyl)amino)quinoline-6-carbonitrile (46)
	4.1.3.45 6-(Methylsulfonyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (47)
	4.1.3.46 6-Methoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (48)
	4.1.3.47 6,7-Dimethoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (49)
	4.1.3.48 7-Methoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (50)
	4.1.3.49 7-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (51)
	4.1.3.50 4-((3,4,5-Trimethoxyphenyl)amino)quinoline-7-carbonitrile (52)
	4.1.3.51 N-(3-Bromophenyl)-6,7-dimethoxyquinolin-4-amine (53)
	4.1.3.52 6,7-Dimethoxy-N-(3-methoxyphenyl)quinolin-4-amine (54)
	4.1.3.53 N-(3-Ethynylphenyl)-6,7-dimethoxyquinolin-4-amine (55)
	4.1.3.54 1-(3-((6,7-dimethoxyquinolin-4-yl)amino)phenyl)ethan-1-one (56)
	4.1.3.55 6,7-Dimethoxy-N-(3,4,5-trimethoxyphenyl)quinolin-4-amine (57)


	4.2 Mass Spectrometry
	4.3 X-ray Crystallography
	4.4 Biological Assays
	4.4.1 Differential scanning fluorimetry (DSF) assays
	4.4.2 Ligand binding displacement assays
	4.4.3 Competition binding assays
	4.4.4 Cell transfection, treatments, and BRET measurements
	4.4.5 Multiplexed Inhibitor Bead (MIB) affinity chromatography / MS analysis
	4.4.6 LC/MS/MS Analysis

	4.5 Molecular Modelling
	4.5.1 Hydration Site Analysis
	4.5.2 Gas Phase/OPLS3 force field modeling


	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Scheme 1
	Table 1A
	Table 1B
	Table 2
	Table 3
	Table 4
	Table 5

