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Abstract:

A novel series of pyridin-3-amine derivatives were designed, synthesized and
evaluated as multi-targeted protein kinase inhibitors for the treatment of non-small
cell lung cancer (NSCLC). The hit 1 was firstly disclosed by in silico screening
against fibroblast growth factor receptors (FGFR), which was subsequently validated
by in vitro experiments. The structure-activity relationship (SAR) of its analogs was
then explored to afford novel FGFR inhibitors 2a-2p and 3a-3q. Among them, 3m
showed potent inhibition against FGFR1, 2, and 3. Interestingly, compound 3m not
only inhibited various phosphorylation and downstream signaling across different
oncogenic forms in FGFR overactivated cancer cells, but also showed nanomolar
level inhibition against several other NSCLC-related oncogenes kinases, including
RET, EGFR, EGFR/T790M/L858R, DDR2, and ALK. Finally, in vivo pharmacology
evaluations of 3m showed significant antitumor activity (TGl = 66.1%) in

NCI-H1581 NSCLC xenografts with good PK profiles.

Key words: tyrosine kinase, FGFR inhibitors, virtual screening, antitumor.

ACS Paragon Plus Environment

Page 2 of 70



Page 3 of 70

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Introduction

Lung cancer is one of the most common cancers and non-small cell lung cancer
(NSCLC) accounts for 80-85% of all lung cancers.! An epidermal growth factor
receptor (EGFR) inhibitor has recently been developed and has been shown to be
effective against NSCLC as more than 60% of NSCLCs express genetic mutations of
EGFR.? However, the emergence of drug-resistant variants of NSCLC has greatly
reduced the clinical efficacy of EGFR inhibitors such as gefitinib. Multi-targeted
tyrosine kinase inhibitors (TKIs), such as sunitinib, motesanib, sorafenib, lapatinib,
and vandetanib, have therefore been designed based on these drug-resistant variants.
For EGFR-TKIs-resistant patients with unknown driving mechanism, the concept of
"cancer driver gene" may help to increase the efficacy of multi-targeted drugs for
NSCLC.? In recent years, various driver oncogenic genes in NSCLC have been
characterized, including EGFR mutation (15-20%), ALK rearrangements (5%), MET
amplification, ErbB2 mutations (1-3%), PI3KCA mutation (5-10%), NF1 mutations
(5%), KRAS mutations (25-30%), FGFR1 amplifications (15-20%), FGFR 2/3/4
mutations/rearrangements (5-10%), DDR2 mutations (4%), ROS1 rearrangements
(1-2%), and RET rearrangements (1-2%), and so on.*

FGFRs are highly conserved transmembrane tyrosine kinase receptors. In human,
there are four FGFRs that are typical tyrosine kinase receptors (FGFR1-4), and they
are involved in several basic biologic processes, including tissue development,
angiogenesis, and tissue regeneration.”® An initial screen of 155 squamous cell lung

cancer specimens using single nucleotide polymorphism arrays identified focal
3
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amplifications of the FGFR1 gene.” Survival of FGFR1-amplified lung cancer cell
lines was additionally shown to be dependent on overexpression of the FGFRI
kinase.® As shown in Figure 1, there are many FGFR inhibitors in development for
NSCLC, including both selective FGFR inhibitors (LY2874455%) and multi-targeted
TKIs with FGFR activity. Currently, several multi-targeted FGFR inhibitors have
been approved for NSCLC treatment, including vandetanib,'” lenvatinib,"
nintedanib,12 ponatinib,13 and several others are under clinical trial studies
(anlotinib,14 cediranib,” lucitanib,'® brivanib,” danusertib,'® CP-547632."° and
AT-9283%%). For example, dovitinib has been investigated as a nonspecific FGFRs
inhibitor, and it also targets vascular endothelial growth factor receptor 1/2/3
(VEGFR1/2/3), platelet-derived growth factor receptor o/f (PDGFR-0/B), stem cell
factor receptor (c-Kit), FMS-like tyrosine kinase 3 (FLT3), and colony-stimulating
factor 1 receptor (CSF1R). In phase II trial, dovitinib exhibited efficacy in patients
with advanced squamous NSCLC with FGFR1 amplification.’ Another example is
crizotinib, a dual inhibitor of ALK and ROSI signaling, showed marked antitumor
activity in patients with ROS]1 rearranged or ALK-rearranged advanced NSCLC.***
In 2013 and 2016, FDA approved crizotinib for the treatments of patients with
advanced NSCLC whose tumors have ROS1 rearrangements or ALK rearrangements,
respectively. Since it has now been accepted that NSCLC is not a singular entity but is
in fact multiple pathologies with unique molecular signatures, there has been a

renewed interest in developing multi-targeted TKIs targeting different signaling

pathways and oncogenic drivers for enhancing efficacy and response rates. Discovery
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and development of multi-targeted TKIs with FGFR activity is therefore a promising
direction for the treatment of NSCLC.

In this study, molecular docking-based virtual screening was used to discover novel
FGFR inhibitors, based on the clarification of FGFR kinase structures. Fifty-seven
compounds were selected for FGFR1 inhibitor bioactivity testing, and a compound
with the pyridin-3-amine scaffold 1 showed high inhibition ratio at a concentration of
50 puM. Further bioactivity testing on compound 1 revealed that this compound
possesses a low micromolar level inhibitory activity with 1Csy value of 3.8 = 0.5 uM
against FGFR1. To improve the inhibition potency of compound 1 against FGFR1, we
analyzed its binding mode with FGFR1 and performed a structure-based structural
optimization. The most potent compound 3m displayed nanomolar ICs, against FGFR
and FGFR-depended cancer cell line. To better understand the pharmacological
profile of 3m, a kinase panel screening on 3m was performed, the effects of 3m on
protein kinase phosphorylation and downstream signaling were studied, and the
antiproliferative effects of 3m against several cancer cell lines that harboring the
oncogenic kinases targeted by 3m were detected. It was shown that compound 3m
targets several NSCLC related oncogenes kinases with nanomolar 1Cs, including
against FGFRs, RET, EGFR, EGFR/T790M/L858R, DDR2, and ALK. Meanwhile,
compound 3m could inhibit cancer cell lines proliferation harboring frequently
occurring oncogenic forms of FGFRs, DDR2, EGFR, and RET. Finally, in vivo
studies shown that compound 3m has good pharmacokinetic profiles and in vivo

activities against NCI-H1581 xenografts for the treatment of NSCLC.
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Multi-targeted FGFR inhibitors
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Figure 1. The representative structures of multi-targeted and selective inhibitors with

FGFR inhibitory activities for the treatment of NSCLC.
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Result and Discussions

Identification and Validation of Multi-substituted Pyridin-3-amine Scaffold by

Structure-based Virtual Screening

To discover novel chemotypes of FGFR inhibitors, a docking-based virtual
screening” was performed on an in-house compound library that contains more than
6,000 compounds with structural diversity.”>>> The crystal structure of FGFRI in
complex with potency inhibitor 15 (PDB code 3TT0)** was used as the receptor for
docking by the Schrodinger Suite 2015 software package. The ligand database was
prepared with LigPrep module to generate energy minimized three-dimensional (3D)
coordinates, in which the protonation states of molecules were calculated with Epik.
The crystal structure of receptor was converted into all-atom and refined with the
Protein Preparation Wizard in Schrodinger, where the force field used was OPLS3.
Finally, the prepared ligands database was docked into prepared receptor with extra
precision (XP) mode in Glide module.” The top-ranked 1,120 compounds with XP
scores lower than -7.0 kcal/mol were kept and the duplicated compounds were
removed. Then, the resulting compounds were clustered based on structure similarity
using Pipeline Pilot 7.5 software. For each cluster, only one or two compounds with
higher docking scores were retained. In the end, by considering both the Glide XP
scores and structural diversity, 57 compounds were selected for FGFR1 inhibition
assays to validate them in vitro activity. With the ELISA kinase assay at 50 pM,

compound 1 showed inhibitory potency with inhibition ratio of 76.5% (Figure 2A).
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Further evaluation demonstrated that compound 1 possesses a low micromolar level

activity with ICsp value of 3.8 = 0.5 uM against FGFR1.

Binding Mode Analysis of Compound 1

To gain deeper insights into the molecular basis of the inhibitory activity, we analyzed
the putative binding mode of compound 1 obtained by molecular docking. As shown
in Figure 2B, the active site of FGFR can be generally segmented into three sections:
a hinge region, a hydrophobic pocket, and a P-loop region. As depicted in Figure 2B,
compound 1 binds in the active site of FGFR1. The pyrazolyl moiety establishes two
hydrogen bonds with the backbone amino and carbonyl of Ala564 and GIu562 in the
hinge region, and the furyl group is located in the hydrophobic pocket of FGFR
protein. The hydroxyl of compound 1 could form a hydrogen bond with the backbone
carbonyl of Leu484 in the P-loop, and the amino group may form a weak hydrogen
bond with the backbone carbonyl of Glu486. Comparing the putative binding modes
of compound 1 with the crystal structures of reported FGFR inhibitors 15 and 16,
we may find that the 3,5-dimethoxy-phenyls of the reported two inhibitors occupy the
same hydrophobic pocket of the furyl of compound 1 (Figure 2C). However, the furyl
ring doesn’t fit the hydrophobic pocket well, which is more spacious and may
accommodate a larger group. Intuitively, modifying the furyl group to better fill the
hydrophobic pocket is the first round of scheme for the chemical optimization of
compound 1. Cheng et al. reported a series of 3,5-disubstutied- pyridine derivatives as

CDK inhibitors for the treatment of cancers.”” Compared with
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3,5-disubstutied-pyridine derivatives, the distinct substitutes at the 6-position of the
pyridine ring may have great influence on the inhibitory activities against FGFR.
Subsequently, the structure—activity relationship (SAR) at P-loop interaction region,
hydrophobic pocket, and hinge interaction region of the pyridine core will be further

explored (Scheme 1).
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Figure 2. Identification of compound 1 as a hit against FGFR. (A) Inhibitory activity
of the 57 selected compounds at 50 pM. Compound 16 (black column) was used as a
positive control and the inhibition ratio of compound 1 (red column) is 76.5%. (B)
The putative binding mode of compound 1 with FGFR1, where hydrogen bonds are
depicted as dashed red lines and hydrophobic pocket of FGFR1 is marked as an
orange circle. (C) Superimposition of the binding mode of compound 1 (green) with
the crystal structures of compounds 15 (slate) and 16 (orange), where the hydrophobic

pocket of FGFR1 is marked as an orange circle.
9

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Design

3a-3q

Scheme 1. SAR exploration of pyridin-3-amine derivatives as potent FGFR

inhibitors.

Chemistry

Two synthetic routes were exploited to access the desired compounds 2 and 3
(Schemes 2 and 3). With the treatment of Grignard reagent MeMgBr, aldehydes 4
were converted to ethanols, which yielded corresponding ketones 5 upon oxidation of
MnO, (Scheme 2). Pyrazoles 6 were then prepared by following refluxing with
hydrazine hydrate and the following protection with a Boc group. The boronic esters 7
were provided via a Miyaura boylation reaction. Pyridin-3-amine 8 underwent
Sandmeyer reaction in the presence of Nal, NaNO,, and hydrochloric acid to afford 9,
which was coupled with (R)-2-amino-2-phenylethanol with Cul as catalyst to give key
intermediate 10. The Suzuki coupling of 7 and 10 provided chloropyridine 11, which
underwent another coupling with commercial available boronic acids to yield the
desired compounds 1, 2a-2p, 3a, and 3k-3q. The FGFR inhibitors 3b-3e could be
obtained by the coupling of intermediate 12 with different hetero boronic acids and
5-chloro-2-hydroxyphenylboronic acid. As shown in  Scheme 3,
3-bromo-2-chloropyridines 13 were prepared by copper catalyzed coupling of

intermediate 9 with amino alcohols. The following two-step Suzuki coupling of 13

10
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with intermediate 7a and 2-hydroxyphenylboronic acids afforded the desired

compound 3f-3j.

Scheme 2“
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R! H H
X OH i R! N
\ \ OH R™ON
cl P - |
N _
CI” N
OH 1, 2a-2p,3a, 3k-3q

3b-3e 12a: R'= 6-isoquinoline
12b: R'= 5-indolinone
12¢: R'= N-(4-phenyl)acetamide
12d: R'= 5-indole

“Reagents and conditions: (a) MeMgBr, THF, 0 °C; then, MnO,, 1,4-dioxane, reflux;
(b) NHs (75 % in HO), reflux; (¢) Boc,O, EtzN, DCM, r.t.; then,
4,44'4°5,5,5'",5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane), Pd(dppf),Cl,-CH,Cl,,
KOAc, 1,4-dioxane, 80 °C; (d) Nal, HCI (6 M), NaNO,, H,O, 0 °C — r.t.; (e)
(R)-2-amino-2-phenyl-ethanol, Cul, K3PO4, ethylene glycol, ‘PrOH; (f)
Pd(dppf)Cl,-CH,Cl,, NayCOs, 1,4-dioxane, H,0, 90 °C; then TFA, DCM,; (g) boronic
acids, Pd(dppf),Cl,'CH,Cl,, NayCOs, 1,4-dioxane, H,O, 120 °C, MW. (h) boronic
acids, Pd(dppf),Cl,-CH,Cl,, K,COs, 1,4-dioxane, H,O, 90 °C; (i)
5-chloro-2-hydroxyphenylboronic acid, Pd(dppf),Cl,-CH,Cl,, Na,CO3;, 1,4-dioxane,

H,0, 120 °C, MW.

11
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Scheme 3“
Br. N |

»

clI” N

9

“Reagents and conditions: (a) amines, Cul, K;POys, ethylene glycol, 'PrOH; (c) 7a,
Pd(dppf)>Cl,-CH,Cl,, NayCOs, 1,4-dioxane, H,0, 90 °C; then TFA, DCM,; (d) boronic

acids, Pd(dppf),Cl,-CH,Cl,, Na,COs, 1,4-dioxane, H,O, 120°C, MW.

Structure—Activity Relationships of Multi-Substituted Pyridine-3-amine

Derivatives

Based on the modeled complex structure of hit compound 1 with FGFR1, we have
designed and synthesized dozens of pyridine-3-amine derivatives to explore their
structure and activity (SAR) relationship. As shown in Table 1, the preliminary SAR
at the hydrophobic pocket was firstly investigated. Replacement of 3-furan fragment
of compound 1 with various heteroaryl moieties or a benzene ring afforded
compounds 2a-2g. Compared with furan and thiophene analogs 2a-2¢, benzene
substituted derivative 2d displayed improved activity. Incorporation of
N-containing-heteroaryl substituents to yield compounds 2e-2g resulted in decrease of

inhibitory activities. Encouraged by these results, analogs containing substituted

12
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phenyl groups at the 6-position of pyridine nucleus were prepared for further activity
optimization (2h-2p). Introduction of fluorine (2h) had only marginal influence on
FGFR inhibition, while trifluoromethyl analog 2i showed complete loss of activity.
Interestingly, compounds 2j-21, bearing H-bond donor fragment such as amide or
hydroxymethyl group, maintained or slightly enhanced inhibitory activity against
FGFR. To our delight, 2-OH substituted derivative 2m demonstrated potent FGFR
inhibition, with an enzymatic ICsy of 14.9, 3.0, and 8.0 nM against FGFR1, 2, and 3,
respectively. Blocking of the phenolic hydroxyl group (2m) led to sharply reduced
potency, which indicated the critical role of this potential hydrogen-bond interaction
with FGFR. Such pseudo-cyclic motifs have been reported for kinase inhibitor
hinge-binders with an intramolecular hydrogen bond. However, based on putative
binding mode, it is unlikely to form an internal H-bond in compound 2m in our case
(For details, see Figures S1 and S2 in supporting information). Compared with
compound 2m, 3-OH substituted analog 20 exhibited 5-fold decreased potency
against FGFR1. With the incorporation of chlorine at the 4 position of the phenol
moiety in 2m, compound 2p also showed potent FGFR inhibition.

Figures 3A and 3B displayed the putative binding modes of compounds 1, 2d, and 2p
with FGFR1. Compared with compounds 1 and 2d, the replacement of furyl to phenyl
could gain more hydrophobic shape complementarity with the hydrophobic pocket of
FGFR, which is consistent with their inhibitory potency difference in the enzymatic
assays. In addition, the phenyl group of 2p occupies the hydrophobic pocket like 2d,
and the hydroxyl substituent on the phenyl of 2p could form two hydrogen bonds with

13
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the backbone amino and side chain carboxyl of Asp641. Accordingly, the inhibitory

activity of 2p was improved as compared with 2d.

14
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Table 1. SAR at the 6-position of the Pyridine Scaffold”

N
| \/ OH
R N
1, 2a-2p
FGFR1 FGFR2 FGFR3
Compd. R
(ICsp, nM) (ICsp, nM) (ICsp, nM)
1 furan-3-yl 3800 + 500 > 1000 > 1000
2a furan-2-yl > 1000 100-1000 > 1000
2b thiophen-3-yl 327.4+35.1 56.9+9.0 969.7 +236.8
2c thiophen-2-yl > 1000 100-1000 > 1000
2d Ph- 127.9+13.3 26.3+6.2 279.9 + 30.5
2e pyridin-3-yl > 1000 > 1000 > 1000
2f quinolin-8-yl > 1000 > 1000 > 1000
2g indol-7-yl 456.0 + 122.4 56.4+5.2 560.7 +35.1
2h 2-F-Ph- 4373+ 113.3 44.6 +12.9 430.5 + 68.1
2i 2-CF3-Ph- > 1000 > 1000 > 1000
2j 2-NHAc-Ph- 418.4 +64.6 250.2 +49.1 3653.5+283.9
2k 2-CH,OH-Ph- 167.3 +£49.7 50.5+0.6 250.5+35.6
21 2-CONH;-Ph- 48.8 £10.5 72.9+10.3 388.0 +73.8
2m 2-OH-Ph- 149+2.9 30+1.0 80+1.6
2n 2-OMe-Ph- > 1000 100-1000 > 1000

15
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20 3-OH-Ph- 66.5+5.2 21.4+4.0 433.8+32.3
2p 2-0OH, 5-Cl-Ph- 55.8+3.9 8.6+2.0 73.1+4.3
16 0.7+0.2 1.1£0.1 55+04

“The ICs values are shown as the mean + SD (nM) from two separate experiments.

As shown in Table 2, the SARs at the moiety interacting with the hinge region were
also explored, with the privileged 4-chloro-phenol fragment retained. As mentioned
above, the pyrazole group forms two hydrogen bonds with the hinge region. To
investigate the importance of the interaction, we synthesized derivatives 3a-3e, of
which the pyrazole group was replaced with other aza-heterocyclic or noncyclic
groups (Table 2). Among these derivatives, compound 3a, isoquinoline analog 3b, and
indolone analog 3¢ exhibited similar or slightly increased potency compared with
compound 2p, whereas the ring-opening derivative (3d) and indole derivative (3e)
displayed significantly reduced activity, demonstrating the pivotal role of the
hydrogen bond donating group at the hinge region of FGFR. To account for the
chemical basis of this result, we analyzed the putative binding modes of 3b and 3¢. As
shown in Figure 3C, 3b could form one hydrogen bond with the hinge region through
quinolyl nitrogen atom to Ala564, and the hydroxyl forms a hydrogen bond with
Glu484. Compound 3¢ could maintain two hydrogen bonds with the hinge region,
while the hydroxyl doesn’t form any hydrogen bond interaction, which should be
responsible for the decreased inhibitory potency of 3¢. In addition, the noncyclic
derivative 3d and indole-substituted derivative 3e cannot form stable anchoring

16
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interaction with hinge region, which may lead to its reduced inhibitory activity.

The SAR of the 1-hydroxymethyl-1-phenyl-methylamnio moiety of 2p was also
explored, which interacts with P-loop through two hydrogen bonds based on the
model. Either altering the chirality (3f) or removing the terminal hydroxyl group (3g)
resulted in significant loss of potency, highlighting the importance of P-loop region
interaction. As shown in Figure 3D, (R)-isomer 2p could form two hydrogen bonds
with Leu484 and Glu486 in the P-loop based on the docking, while (S)-isomer 3f only
could form one hydrogen bond through the amino to Glu486, thus showing a
decreased activity.

Finally, further modification at the phenol segment at the 6-position of the pyridine
nucleus led to the preparation of compounds 3k-3q. The replacement of the chlorine
substituent with methyl group (3k) retained the potent inhibition against FGFR,
however, the bulky isopropyl group (31) led to loss of inhibitory activity. Interestingly,
the following F-scan at the phenol moiety afforded a handful of FGFR inhibitors
3m-3q with significantly enhanced activities, which can be attributed to the feature of
relatively small and electron-withdrawing fluorine atom (For details, see Figure S3 in

supporting information). 38.39

Table 2. SAR of Substituents R', R* and R® on the 2-(Pyridin-2-yl)Phenol

Scaffold”

17
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\R2
FGFR1  FGFR2  FGFR3
Compd. R' R’ R’
(ICs0,nM)  (ICsp, nM)  (IC5p, nM)
OH
H
/N N\
3 N | 5Cl  249+31  66=15 93.9£257
=
OH
N ’
3b “~ 5Cl  161+45 20£01 23.0+82
OH
H 153.5+ 5915+
3c O 5Cl  91.5+85
11.9 572
OH
N
3d \Iof \©\ 5Cl >1000 >1000 >1000
OH
H
N EE
3e Q\j@\/ 5Cl >1000 >1000 >1000
OH
H
N f"v
3f N>\;©\/ : 5Cl >1000 >1000 >1000

18
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3g

3h
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3k

31

3m

3n

30
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. O

Z
o
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0

o
I

I

I

I

I

4
5/ ZT 5/ ZT 5/ ZT 5/ ZT 5/ ZI E/ ZT 5/ ‘ZT E/ ZT E/ ZT

5-Cl1

5-F

5-C1

5-Me

5-Pr

5-F

4-F

>1000 >1000 >1000
>1000 >1000 >1000
>1000 >1000 >1000
168.3 =
719+26.7 401.5=+1.1
51.7
323+10.8 16.1+6.0 22.8+49
>1000 >1000 >1000
18.0+4.9 1.6+03 275+94
252 +8.1 47+0.7 159+0.9
279+04  25+£038 353+4.1
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3p 4,5-di-F  10.6 1.1 2.8+0.8 27.6+1.1
3q 3,5-di-F  63.5+0.2 34+£03 584+14.0
16 0.7+0.2 1.1£0.1 55+£04

“The ICs, values are shown as the mean + SD (nM) from two separate experiments.
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Figure 3. The putative binding modes of pyridine-3-amine derivatives by docking in

FGFR1 protein (PDB code: 3TTO0). (A) The binding modes of 1 (green), 2d (yellow)

and 2p (pink) in the hydrophobic pocket of FGFR1, of which the front side of pocket
20
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surface is clipped away for clarity and the hydrophobic pocket is depicted as a dashed
orange circle. (B) The binding modes of 2d (yellow) and 2p (pink) with FGFR1. (C)
Superimposition of the binding modes of 2p (pink), 3¢ (blue), and 3b (limon). (D)
The binding modes of 2p ((R)-isomer) and its enantiomer 3f ((S)-isomer). Hydrogen

bonds are depicted as dashed red lines.

Cancer Cell Inhibitory Activities of the Selected Compounds:

Based on the enzymatic inhibitory potency against FGFR, compounds 2d, 2m, 2n, 2p,
3a, 3b, and 3m-3q were selected to further evaluate their inhibitory activities against
FGFR2 amplification cell line SNU16 (Table 3). The pan-FGFR inhibitor 16 was
tested as positive control. As shown in Table 3, the selected compounds exhibited
moderate to potent inhibition. Overall, the cell-based anti-proliferative results of the
selected compounds generally agree with the FGFR inhibition results at the molecular
level. Among them, compound 3m demonstrated best inhibitory activity against cell

assay SNU16 with ICsy of 24.8 nM, which thus was selected for further investigation.

Table 3. Anti-proliferative Activities of Derivatives against FGFR-Expressing

Cancer Cell SNU16 “
Compd. SNU16 (ICso, nM) Compd. SNU16 (ICso, nM)
2d 677.7 +30.5 3m 24.8+0.6
2m 57.5+£3.7 3n 313.3£25.5
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20 36.2+2.9 30 293.5+27.8
2p 248433 3p 288.6 + 84.2
3a 2281.3 +20.0 3q 280.1+43.5
3b 249.0 + 44.8 16 25.4+1.2

“The ICs values are shown as the mean + SD (nM) from two separate experiments.

Compounds 2p, 3b, 3m, and 3n as multi-target kinase inhibitors

Compounds 2p, 3b, 3m, and 3n were distinguished for their remarkable potency
against recombinant human FGFR kinase. Accordingly, we were prompted to
investigate whether this potency was specifically against FGFR. As shown in Table 4,
compounds 2p, 3b, 3m, and 3n also strongly inhibited the kinase activity of KDR,
VEGEFR-1, Ret, EGFR, DDR2, ABL, ErbB4, and c-Src, with ICs, value at nanomole
or sub-nanomole level. Compounds 2p, 3b, 3m, and 3n are, therefore,
multi-targeted protein kinase inhibitors.

Given the relative high inhibitory potency of compounds 2p, 3b, 3m, and 3n against
FGFR, RET, DDR2, EGFR and VEGFR2, together with the fact that these kinases are
important targetable oncogenes in NSCLC and the most verified targets in cancer
therapy, we took these kinases as representatives to evaluate the inhibitory effect of
2p, 3b, 3m, and 3n on protein kinases-associated events. Interestingly, small
structural changes may significantly alter the activity profile of the compounds. For

example, compound 3b is much more potent than 3m on FGFR4 and EGFR inhibition,
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while 3m is more active than 3b on IR and IGFIR. Such variance in kinase activity

profile may provide opportunity for future fine-tuning the efficacy of the compounds,

©CoO~NOUTA,WNPE

suggesting that these series of compounds are usefully multi-targeted, instead of
11 nonspecific promiscuous kinase inhibitors. While, compounds 2p, 3b, 3m, and 3n
14 displayed no obvious inhibitory activity against CDK1, CDK4, and CDK6 (ICsy >
1000 nM, Table 4), compared with 3,5-disubstituted-pyridine analogs reported by

19 Cheng et al.?

22 Table 4. The Kinase panel screening data of compounds 2p, 3b, 3m, and 3n.*

24 ICso (nM)

25 Kinase
27 2p 3b 3m 3n

29 FGFR1 10.1£0.2 12.7+2.6 8.7+1.1 24.4 +13.8
32 FGFR2 82+1.3 1.0+0.1 24+13 58+0.5
34 FGFR3 159+3.8 6.0+0.3 71+1.7 32.9+0.1
37 FGFR4 61.7+6.4 74+32  2994+345 9334193
39 KDR 3.7+£0.2 0.8+0.0 1.7+0.0 26+0.1
4 Ret 0.7+0.1 0.04 +0.01 02+0.1 0.4+ 0.0
44 EGFR 31+1.4 42+19 4.7+0.1 8.1+6.6
47 EGFR/T790M/L858R  8.6+2.5 1.9+0.8 6.0+5.9 1.3+0.1
49 DDR2 - - 0.8+0.0 -

50 ABL 6.6+1.8 43+0.5 29+1.8 6.1+2.5
54 ErbB4 53+44 5.0+4.9 6.2+3.7 24+0.1

57 c-Src 39+1.8 6.4+43 5.7+28 6.0+3.7
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VEGFR-1

IR

IGF1R
PDGFR-a
PDGFR-B

Mer

ErbB2

ALK

LTK

ROS1

EPH-A2
c -Kit
Erk2
c-Met
AXL
Tyro3
CDK1
CDK4

CDK6
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>10

91.6+21.2

>100

>100

>100

30.9+13.7

1-10

231.1£ 143

299.5 +

123.4

2729+

101.3

>10

>10

960.2 + 87.4

>1000

>1000

>1000

>1000

>1000

>1000

>10

431.2 £

183.2

>1000

93.9+27.7

453+ 153

168.5 £87.2

>100

>10

>1000

196.1 £43.7

>1000

>1000

>1000

>1000

>1000

1-10

417.5+£112.6

>1000

>100

>10

36.9 +20.8

>10

101.1 £29.3

122.9+£52.4

>1000

>10

>10

5747+
120.1

>1000

>1000

>1000

>1000

>1000

>1000
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>10

887.6 +

163.5

>1000

>100

1-10

7.1+£25

1-10

155.5+10.4

68.5+11.3

>1000

>100

>10

>1000

>1000

>1000

>1000

>1000

>1000

>1000
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“The ICs values are shown as the mean + SD (nM) from two separate experiments.

Compound 3m blocks protein kinase phosphorylation and downstream signaling

in cells.

We then investigated the intracellular targeting activity of compound 3m. Both
naturally and genetically kinase expressing cell lines were tested (Figure 4). Firstly,
the effects of compound 3m on the FGFR phosphorylation and downstream signaling
was investigated in representative FGFR-addicted cancer cells. Compound 3m
inhibited the phosphorylation of FGFRs and FGFR substrate 2a (FRS2a), the key
adaptor protein largely specific to FGFR, in a dose-dependent manner in the tested
cell lines. The phosphorylation of PLCy and ERK, key downstream molecules of
FGFR,* was also inhibited upon compound 3m treatment (Figures 4A-4C). Similar
results were observed in DDR2, RET, and KDR-driven NCI-H2286,
Ba/F3/CCDC6-RET Ba/F3/TEL-KDR cells, respectively (Figures 4D-4F). Together,
compound 3m exhibited an effective inhibition of FGFR, DDR2, RET, and KDR

activation and their signaling.

25

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

A FGFR1 amplification

NCI-H1581
3m (M) 0 0.5 1 2
p-FRS2 |4

FRS2 | s s w—

p-PLCy | s —

— —

p-Erk
Erk | - —

Tubulin [ S — —

D DDR2 mutation

NCI-H2286
3mEM) 0 1 05 025
p-DDR2 | s b
DOR2 [
p-SRC [ 4

SRC | e e — w—

p-Erk | == —

Erk | === == = =

GAPDH | === — e

blot analysis.

Journal of Medicinal Chemistry

FGFR1 fusion
KG1
3m(nM) 0 31.2 62.5 125

p-FGFR1

Erk [ — —m—]

E

Ba/F3/CCDC6-RET

3muM) 0 1 05 025

p-RET | 58

RET[—= ===

p-sTAT: [N B B B

STATS | = e = =

p-AKT [#59% — P

AKT |— " e s

p-Erk | w— -

Erk| == = =& —

GAPDH | = c e w—

B FGFR2 amplification

KATOIIl
3muM) 0 05 1 2
p-FGFR2 [ -

[0 Y Y Prp—

p-FRS2 |we
FRS2 -
phioyfm ]
Erk | - > -

F

Ba/F3/TEL-KDR

3m(nM) _0 40 20 10_
p-KDR [
p-STAT3 [ 22

STAT3 [ e — |

P-AKT [ 0

AKT [ —————]
p-Erk | ——

Erk | == S == —

GAPDH [ ™= === == —

Compound 3m Impairs Cancer Cell Proliferation
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3m (M)
p-FGFR3
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p-FRS2
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p-PLCy
PLCy
p-Erk
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FGFR-addicted cancer cells, including NCI-H1581, KGI, KATOIII,

C FGFR3 mutation
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0 05 1 2

Figure 4. Compound 3m blocks tyrosine kinase phosphorylation and downstream
signaling in cells. Cells including NCI-H1581(A, left), KG1(A, right), KATOIII(B),
UMUCI14(C), NCI-H2286(D), Ba/F3/CCDC6-RET(E), Ba/F3/TEL-KDR (F) treated

with 3m for 2 h at the indicated concentrations were lysed and subjected to Western

To further detect the anti-proliferative effects of compound 3m targeting the indicated
protein kinases, we extended to a panel of human cancer cell and mode cell lines that
harboring frequently occurring oncogenic forms of FGFRs, DDR2, EGFR, RET, and

KDR (Table 5). As expected, compound 3m remarkably inhibited cell proliferation of

SNU16,
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UMUCI14, and RT112, with ICsy values of 391.2, 14.5, 155.7, 24.8, 128.1, and 122.5
nM, respectively. Moreover, compound 3m significantly inhibited the proliferation of
HCC827 and PC-9 cells, which feature EGFR-dependent cell growth, while
compound 3m inhibited the proliferation of H1975 cells with ICsy value of 447.6 nM.
Similar observation was also obtained in DDR2, RET, and KDR-constitutively
activated NCI-H2286, Ba/F3/CCDC6-RET and Ba/F3/TEL-KDR cells. Our results
indicated that 3m inhibits cancer cell proliferation by targeting multi-kinase.

Table 5. Effects of 3m on cancer cell proliferation. *

Cell Line gene alteration 3m (ICsg, nM) 16 (ICs9, nM)
NCI-H1581 FGFRI1 amplification 391.2+£ 145 62.6+5.7
KGl1 FGFR10OP2-FGFR1 14.5+4.5 16.1£0.8
KATOIII FGFR2 amplification 155.7+21.2 14.1+2.5
SNU16 FGFR2 amplification 24.8+ 0.6 10.5+2.0
UMUCI14 FGFR3 mutation 128.1+0.3 27.1£0.1
RTI112 FGFR3 amplification 122.5+4.1 27.0£1.8
HCC827 EGFR Exon 19 del 0.4+0.0 /
PC-9 EGFR L858R 53+04 /
H1975 EGFR T790M/L858R  447.6 £45.7 /
NCI-H2286 DDR2 [638F mutation ~ 317.2+22.1 /
Ba/F3/CCDC6-RET  CCDC6-RET fusion 3157+ 1.7 /
Ba/F3/TEL-KDR TEL-KDR fusion 9.8+1.3 /

“The ICs values are shown as the mean + SD (nM) from two separate experiments.

PK Profiles of Compound 3m

Pharmacokinetic (PK) profile of the candidate 3m was assessed in Sprague—Dawley
27
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(SD) rats and CD-1 mice (Table 6). Compound 3m proved to be suitable for oral
administration with high area under the curve (AUCj., = 18705.5 ng/mL*h), long
half-life (t;» = 8.0 h), and good oral bioavailability (F = 60%) in SD rats. Compound
3m displayed a lower half-life of 2.72 h and AUCo-of 2402 ng-h/mL at 20 mg/kg oral
administration in CD-1 mice than in SD rats. The binding ratio of plasma protein to
3m was 99.56%. Accordingly, the free Cp.x for 3m in the plasma at the dose of 20

mg/kg and 5 mg/kg were calculated as 10.2 and 1.1 nM, respectively.
Table 6. PK profiles of compound 3m in SD rats and CD-1 mice.

Dose Thnax Crnax AUC, AUC, MRT  ty CLz F
Species  Compd.
(mg/kg) h ng/mL  ng/mL*h  ng/mL*h h h L/h/kg %
3m (p.o.) 20 1 2077.4 16629.1 18705.5 6.72 8.0 / 60%
Rats
3m (i.v.) 10 0.25 65352 13748.4 13756.9 341 239  0.727
3m (p.o.) 20 0.42 961 2402 2409 359 272 /
Mice
3m (p.o.) 5 1.50 106 289 290 374  2.50 /
28
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In vivo Antitumor Efficacy

Classic FGFR-dependent H1581 lung cancer cell line derived xenograft was used for

©CoO~NOUTA,WNPE

10 the in vivo efficacy evaluation, nude mice bearing NCI-H1581 tumors were
randomized and treated with 3m at doses of 5 or 20 mg/kg for 14 consecutive days.
15 As shown in Figure 5, compound 3m could suppress tumor growth in a
dose-dependent manner, with the tumor growth inhibition ratio (TGI) of 37.8% and
20 66.1% at the doses of 5 mg/kg and 20 mg/kg, respectively, indicating compound 3m
elicited a marked antitumor efficacy in NCI-H1581 tumor model. However, since
25 adverse reactions such as diarrhea, emaciation and body weight loss were observed in
mice dosed at 20 mg/kg, higher dose treatment was not further carried out in this

30 study.
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-~ \chick
= =@~ 1625mgkg qd’/14, po. TGl 99.5%
== 3m 20mg'kg qd’14, po. TGI 66.1%
20 4% 3m Smgkg qd/14. po. TGl 37.8%
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Figure 5. Compound 3m inhibits tumor growth in NCI-H1581 xenografts. The
mice were randomly assigned into control vehicle and treatment groups (n = 6 in
treated group, n = 12 in vehicle group), when the tumor volume reached 100-150 mm”.
The control groups were given vehicle alone, and the treatment groups received 3m or
16 at the indicated doses via oral administration once daily for 14 days. The results
are expressed as the mean + SEM. *p<0.05, ** p<0.01,*** p<0.001 v.s. control group,
determined using Student’s t test. The relative tumor volume (RTV) was measured on

the final day of the study for the drug-treated mice compared with the control mice.

Conclusion

In summary, a novel series of pyridin-3-amine derivatives were designed, synthesized,

and evaluated as multi-targeted protein kinase inhibitors for the treatment of NSCLC.
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The hit 1 was disclosed by in silico screening and sequential validated by in vitro
experiments. Based on the binding mode analysis of compound 1 and FGFR kinase
domain, SAR focusing on the hydrophobic pocket, hinge region and P-loop region,
respectively, was further explored. Among them, compound 3m showed high potency
against FGFR kinase (FGFR1: ICsy = 18.0 nM, FGFR2: ICsy = 1.6 nM, FGFR3: ICs
= 27.5 nM). Furthermore, in vivo pharmacology evaluations of compound 3m showed
significant antitumor activity (TGI = 66.1%) in FGFR-driven NCI-H1581 xenografts
with good PK profiles in SD rats and CD-1 mice.The multi-kinase activity of the lead
molecule may also account for the observed toxicities in the xenograft, which could
be mitigated by structural optimization to remove EGFR WT activity of the future
analogs. This novel scaffold of potent protein kinase inhibitors demonstrated a
promising prospect for the discovery and development of new NSCLC agents and

drugs.

Experimental section

Virtual screening

Protein structure preparation

The protein structure of human FGFRI1 in complexed with 15 was downloaded from
the Protein Data Bank (PDB code: 3TTO0). Protein structure was prepared with the
Protein Preparation Wizard module in the Maestro program (Maestro, version 10;
Schrédinger, LLC: New York, NY, 2015), which includes adding hydrogen atoms,
deleting nonstructural water with less than 3 hydrogen bonds to non-waters,
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optimizing the hydrogen bond assignment with an exhaustive sampling, optimizing
the hydrogen bond network, flip orientations, and tautomeric states of Gln, Asn, and
His residues, and finally performing a restrained minimization on the ligand-protein
complexes with the OPLS3 force field converged heavy atoms to RMSD of 0.3A.
Specific parameters were set as the default.

Ligand preparation

Our own compound database contained 6,059 structural variety of compounds was
used as the ligand database for virtual screening. The ligand database was prepared
using LigPrep module in the Sherddinger software (LigPrep, version 3.4; Schrodinger,
LLC: New York, NY, 2015) to generate accurate, energy minimized 3D molecular
structure. The parameters in LigPrep were set to retain the specific chirality of
compounds and generate at most 32 conformations and one lowest energy ring
conformation per ligand, in addition, the ionization of compounds were determined at
pH 7.0 + 2.0 by Epik (Epik, version 3.2; Schrodinger, LLC: New York, NY, 2015).
Molecular docking

Molecular docking was following the standard Glide protocol. Receptor grid file was
generated based on the prepared protein structure. The enclosing box centered at the
ligand 15 with size of 18 A, and extra precision molecular docking was carried out
with the receptor grid file and the prepared ligands database. Epik state penalties were
added to docking score, and other parameters were used the default settings were used
for other parameters. Virtual screening was completed with standard Glide protocol.
Altogether 1120 top-ranked poses with XP scores lower than -7.0 kcal/mol were kept.
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After removal of the duplicated compounds, the remaining 949 compounds were
clustered with the software of BIOVIA Pipeline Pilot (Pipeline Pilot, version 7.5,
BIOVIA, http://accelrys.com). The molecular fingerprints ECFP4 used for clustering
analysis, and the average compound number of each cluster was set to 20. For each
cluster, only one or two compounds with higher docking scores were retained and
finally 57 compounds were selected for biological evaluation. The putative binding
modes of multi-substituted pyridin-3-amine derivatives were all generated using Glide
in XP mode with the same procedures described above.

Chemistry. The reagents (chemicals) were purchased and used without further
purification. Nuclear magnetic resonance (NMR) spectroscopy was performed on a
Bruker AMX-400 and AMX-300 NMR (IS as TMS). Chemical shifts were reported in
parts per million (ppm, d) downfield from tetramethylsilane. Proton coupling patterns
were described as singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m), and
broad (br). Low- and high-resolution mass spectra (LRMS and HRMS) were given
with electric, electrospray, and matrix-assisted laser desorption ionization (EI, ESI,
and MALDI) produced by a Finnigan MAT-95, LCQ-DECA spectrometer and
IonSpec 4.7 T. Optical rotations were measured using a 1 mL cell with a 10 mm path
length on an Auto pol V PLVS matic polarimeter and were reported as follows: [a]*p
(c: g/100 mL, in solvent). HPLC analysis of all final biological testing compounds
was carried out on an Agilent 1260 Series HPLC with an Agilent Extend-C18 column
(150%4.6 mm, 5 um). All final compounds achieved a minimum of 95% purity.
(R)-2-(6-(Furan-3-yl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phenylet
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hanol D). To
(R)-2-(6-chloro-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phenylethanol 11a
(150 mg, 0.40 mmol), furan-3-ylboronic acid (66 mg, 0.59 mmol) and K,CO3(137 mg,
0.99 mmol) in microwave tube, 3 mL of dioxane and 300 pL of water was added,
followed by the addition of Pd(dppf),Cl,-CH,Cl; (32 mg, 0.04 mmol). The reaction
mixture was filled with argon and was then heated at 120 °C for 2 h under microwave
heating. TLC and LC-MS showed the reaction completed. The resulting reaction
medium was diluted with DCM (20 mL) and filtered. The filtrate was washed with
water (20 mL) by three times and the aqueous layer was re-extracted by DCM (20
mL). The combined organic layer was washed by brine, dried over anhydrous Na;SO4
and concentrated under vacuum. The crude product was purified by silica gel column
chromatography (MeOH/CH,Cl,, 1/50 - 1/20) to afford compound 1 as a pale yellow
solid (69 mg, 42% yield). "H NMR (400 MHz, CD;0D) & 7.90 (d, J = 2.8 Hz, 1H),
7.47-7.41 (m, 3H), 7.39 (d, J= 8.7 Hz, 1H), 7.35 (t, J= 7.5 Hz, 2H), 7.27 (d, J= 7.3
Hz, 1H), 7.24 (t, J= 1.7 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H), 6.94 (dd, J = 1.5, 0.8 Hz,
1H), 6.92 (d, J=2.8 Hz, 1H), 6.15 (dd, J= 1.8, 0.8 Hz, 1H), 4.53 (dd, J=7.8, 4.7 Hz,
1H), 3.79 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.51 (s, 3H). °C NMR (125 MHz,
DMSO-ds) 6 142.4, 142.1, 141.4, 140.1, 139.8, 136.8, 135.7, 133.9, 131.6, 128.3(2C),
127.4, 127.1(2C), 127.0, 126.4, 122.3, 121.2, 119.7, 110.6, 109.9, 65.9, 59.1, 11.7.
mp 1753 — 178.2 °C. [a]*p = -16.5 (¢ = 0.085 g/100 mL, CH;OH). LRMS
[M+H]":411.1; HRMS (ESI) cacld for CysHzsN4O, [M+H]": 411.1816, Found:
411.1818.
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(R)-2-(6-(Furan-2-yl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phenylet
hanol (2a). Compound 2a was prepared in a similar manner as described for
compound 1. Yield: 41%; "H NMR (300 MHz, CD;0D) ¢ 7.93 (d, J = 2.5 Hz, 1H),
7.45 — 7.39 (m, 4H), 7.36 (d, J = 7.3 Hz, 2H), 7.33 — 7.30 (m, 1H), 7.29 — 7.24 (m,
1H), 7.08 (dd, J = 8.6, 1.4 Hz, 1H), 6.89 (d, /= 2.7 Hz, 1H), 6.20 (dd, /= 3.3, 1.8 Hz,
1H), 5.66 (d, J=3.1 Hz, 1H), 4.54 (dd, J = 7.7, 4.9 Hz, 1H), 3.79 (ddd, J = 19.0, 11.2,
6.3 Hz, 2H), 2.50 (s, 3H). mp 130.8 — 134.1 °C. [a]*’p = -16.5 (c = 0.085 g/100 mL,
CH;O0H). LRMS: [M+H]:411.1 HRMS (ESI) cacld for C,sHy;3N40O;
[M+H]":411.1821, Found: 411.1814.
(R)-2-(5-(3-Methyl-1H-indazol-5-yl)-6-(thiophen-3-yl)pyridin-3-ylamino)-2-phen
ylethanol (2b). Compound 2b was prepared in a similar manner as described for
compound 1. Yield: 44%; 'H NMR (400 MHz, CD;0D) ¢ 7.92 (d, J = 2.7 Hz, 1H),
7.44 (d, J=7.2 Hz, 2H), 7.40 — 7.33 (m, 3H), 7.32 — 7.25 (m, 2H), 7.13 (dd, J = 5.0,
3.0 Hz, 1H), 7.02 (dd, J = 4.3, 1.4 Hz, 1H), 7.00 (t, J/ = 1.3 Hz, 1H), 6.97 (d, J = 2.7
Hz, 1H), 6.73 (dd, J = 5.0, 1.2 Hz, 1H), 4.56 (dd, J = 7.8, 4.7 Hz, 1H), 3.80 (ddd, J =
19.1, 11.2, 6.3 Hz, 1H), 2.47 (s, 3H). mp 212.7 — 215.4 °C. [0]*’p = -26.7 (c = 0.09
g/100 mL, CH;0H). LRMS [M+H]": 427.1; HRMS (ESI) cacld for C,5H;3N,0S
[M+H]": 427.1587, Found: 427.1589.
(R)-2-(5-(3-Methyl-1H-indazol-5-yl)-6-(thiophen-2-yl)pyridin-3-ylamino)-2-phen
ylethanol (2¢). Compound 2¢ was prepared in a similar manner as described for
compound 1. Yield: 46%; "H NMR (400 MHz, DMSO-d) & 7.90 (d, J = 2.7 Hz, 1H),
7.44 —7.39 (m, 3H), 7.36 — 7.31 (m, 3H), 7.28 — 7.24 (m, 1H), 7.15 (dd, J=5.1, 1.1
35
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Hz, 1H), 7.07 (dd, J = 8.6, 1.5 Hz, 1H), 6.87 (d, J=2.7 Hz, 1H), 6.68 (dd, J=5.1, 3.7
Hz, 1H), 6.37 (dd, J=3.7, 1.1 Hz, 1H), 4.53 (dd, J= 7.8, 4.7 Hz, 1H), 3.78 (ddd, J =
19.1, 11.2, 6.3 Hz, 2H), 2.48 (s, 3H). mp 117.6 — 121.3 °C. [a]*’p = -25.0 (c = 0.08
g/100 mL, CH;0H). LRMS [M+H]": 427.1; HRMS (ESI) cacld for C,sH,3N,0S
[M+H]": 427.1593, Found: 427.1591.
(R)-2-(5-(3-Methyl-1H-indazol-5-yl)-6-phenylpyridin-3-ylamino)-2-phenylethano
1 (2d). Compound 2d was prepared in a similar manner as described for compound 1.
Yield: 41%; '"H NMR (400 MHz, CD;0D) & 7.95 (d, J = 2.7 Hz, 1H), 7.46 (d, J = 7.1
Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.34 (dd, J = 1.5, 0.8 Hz, 1H), 7.29 (t, J = 7.3 Hz,
1H), 7.20 (dd, J= 8.7, 0.7 Hz, 1H), 7.16 — 7.12 (m, 5H), 7.03 (d, J = 2.7 Hz, 1H), 6.93
(dd, J=8.6, 1.6 Hz, 1H), 4.57 (dd, J= 7.9, 4.7 Hz, 1H), 3.81 (ddd, J = 19.0, 11.2, 6.3
Hz, 2H), 2.44 (s, 3H). °C NMR (125 MHz, DMSO-d) 6 143.9, 143.1, 141.4, 141.2,
140.6, 139.8, 135.7, 134.0, 131.9, 129.3(2C), 128.3(2C), 127.9, 127.4(2C), 127.1(2C),
127.0, 126.2, 122.4, 121.4, 119.9, 109.5, 65.9, 59.8, 11.6. mp 130.3 — 132.7 °C. [0]*p
=-35.6 (c = 0.09 g/100 mL, CH;0H). LRMS [M+H]": 421.2; HRMS (ESI) cacld for
C27HsN,4O [M+H]': 421.2023,Found: 421.2022.
(R)-2-(3-(3-Methyl-1H-indazol-5-yl)-2,3'-bipyridin-5-ylamino)-2-phenylethanol
(2e). Compound 2e was prepared in a similar manner as described for compound 1.
Yield: 48%;'H NMR (400 MHz, CD;0D) & 8.33 — 8.16 (m, 2H), 8.04 (d, J = 2.7 Hz,
1H), 7.67 — 7.58 (m, 1H), 7.45 (d, J = 7.3 Hz, 2H), 7.40 — 7.31 (m, 3H), 7.31 — 7.18
(m, 3H), 7.02 (d, J = 2.7 Hz, 1H), 6.94 (dd, J = 8.6, 1.5 Hz, 1H), 4.59 (dd, J = 7.7, 4.7
Hz, 1H), 3.81 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.45 (s, 3H). mp 135.0 — 137.2 °C.
36

ACS Paragon Plus Environment

Page 36 of 70



Page 37 of 70

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

[a]*p = -43.5 (c = 0.085g/100 mL, CH;0H). LRMS [M+H]": 422.2; HRMS (ESI)
cacld for CosH»4NsO [M+H]+: 422.1981,Found: 422.1982.
(R)-2-(5-(3-Methyl-1H-indazol-5-yl)-6-(quinolin-8-yl)pyridin-3-ylamino)-2-pheny
lethanol (2f). Compound 2f was prepared in a similar manner as described for
compound 1. Yield: 46%; 'H NMR (400 MHz, CD;OD) & 8.57 (s, 1H), 8.22 (d, J =
7.6 Hz, 1H), 8.01 (s, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.55 — 7.43 (m, 4H), 7.41 — 7.32
(m, 3H), 7.28 (t, J = 7.3 Hz, 1H), 7.21 (s, IH), 7.17 (d, J = 2.1 Hz, 1H), 6.97 (d, J =
8.6 Hz, 1H), 6.89 (dd, J= 8.7, 1.4 Hz, 1H), 4.62 (dd, J = 7.7, 4.7 Hz, 1H), 3.83 (ddd,
J=19.0, 11.2, 6.3 Hz, 2H), 2.25 (s, 3H). mp 160.9 — 163.7 °C. [a]*’p =-32.2 (¢ = 0.09
g/100 mL, CH3;OH). LRMS [M+H]":472.2; HRMS (ESI) cacld for C3HNsO
[M+H]": 472.2137, Found: 472.2126.
(R)-2-(6-(1H-Indol-7-yl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phen
ylethanol (2g). Compound 2g was prepared in a similar manner as described for
compound 1. Yield: 38%; "H NMR (400 MHz, CD;0D) ¢ 8.02 (d, J = 2.7 Hz, 1H),
7.48 (d, J=17.3 Hz, 2H), 7.42 — 7.33 (m, 4H), 7.29 (t, /= 7.3 Hz, 1H), 7.12 (d, J = 2.7
Hz, 1H), 7.08 (d, J = 3.2 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 6.90 (dd, J = 8.7, 1.5 Hz,
1H), 6.74 (t, J=7.6 Hz, 1H), 6.64 (dd, J = 7.3, 0.9 Hz, 1H), 6.36 (d, J=3.2 Hz, 1H),
4.60 (dd, J=7.9, 4.7 Hz, 1H), 3.82 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.37 (s, 3H). mp
167.3 — 170.8 °C. [a]*’p = -54.7 (¢ = 0.075 g/100 mL, CH;OH). LRMS [M+H]":
460.1; HRMS (ESI) cacld for C20Hy6NsO, [M+H]": 460.2132, Found: 460.2136.
(R)-2-(6-(2-Fluorophenyl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phe
nylethanol (2h). Compound 2h was prepared in a similar manner as described for
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compound 1. Yield: 37%; '"H NMR (400 MHz, CD;OD) & 7.96 (d, J = 2.6 Hz, 1H),
7.45 (d, J=17.3 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.31 — 7.13 (m, 5H), 7.06 (t, J="7.1
Hz, 1H), 7.03 (d, /= 2.7 Hz, 1H), 6.97 (dd, J = 8.7, 1.3 Hz, 1H), 6.86 — 6.80 (m, 1H),
4.57 (dd, J=7.7,4.6 Hz, 1H), 3.81 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.38 (s, 3H). mp
155.1 — 157.6 °C. [a]*’p = -65.3 (¢ = 0.095 g/100 mL, CH;O0H). LRMS [M+H]":439.1;
HRMS (ESI) cacld for Co;H24N4O F [M+H]": 439.1934, Found: 439.1945.
(R)-2-(5-(3-Methyl-1H-indazol-5-yl)-6-(2-(trifluoromethyl)phenyl)pyridin-3-ylam
ino)-2-phenylethanol (2i). Compound 2i was prepared in a similar manner as
described for compound 1. Yield: 51%; 'H NMR (400 MHz, DMSO-dq) & 7.94 (s, 1H),
7.62 (s, 1H), 7.46 (d, J = 7.3 Hz, 2H), 7.43 — 7.25 (m, 5H), 7.18 (d, J = 8.6 Hz, 2H),
7.14 — 6.85 (m, 3H), 4.57 (dd, J = 7.3, 4.8 Hz, 1H), 3.82 (ddd, J = 19.1, 11.2, 6.4 Hz,
2H), 2.38 (s, 3H). mp 140.8 — 142.7 °C. [a]*’p = -46.3 (¢ = 0.095 g/100 mL, CH;OH).
LRMS [M+H]":489.1; HRMS (ESI) cacld for CysHyN4OF; [M+H]": 489.1982,
Found: 489.1984.
(R)-N-(2-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridi
n-2-yl)phenyl)acetamide (2j). Compound 2j was prepared in a similar manner as
described for compound 1. Yield: 48%; 'H NMR (400 MHz, CDs0D) 6 7.99 (d, J =
2.7 Hz, 1H), 7.52 (d, J= 8.1 Hz, 1H), 7.46 (d, /= 7.3 Hz, 2H), 7.36 (t, /= 7.5 Hz,2H),
7.31 -7.25 (m, 2H), 7.22 — 7.14 (m, 2H), 7.10 (dd, J= 7.7, 1.5 Hz, 1H), 7.06 (d, J =
2.7 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.97 (dd, J= 8.7, 1.5 Hz, 1H), 4.58 (dd, J= 7.9,
4.7 Hz, 1H), 3.81 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.40 (s, 3H), 1.78 (s, 3H). mp
170.3 — 172.9 °C. [a]*’pb = -9.0 (c = 0.1 g/100 mL, CH;OH). LRMS [M+H]": 478.2;
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HRMS (ESI) cacld for C2oHysNsO, [M+H]': 478.2243, Found: 478.2232
(R)-2-(6-(2-(Hydroxymethyl)phenyl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylam
ino)-2-phenylethanol (2k). Compound 2k was prepared in a similar manner as
described for compound 1. Yield: 49%; 'H NMR (400 MHz, DMSO-d) & 7.94 (d, J =
2.6 Hz, 1H), 7.46 (d, J = 7.4 Hz, 2H), 7.42 — 7.34 (m, 3H), 7.31 — 7.25 (m, 2H), 7.21
(t, J=17.5Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 7.07 (d, /= 2.6 Hz, 1H), 7.03 (t, /= 7.5
Hz, 1H), 6.96 (d, J = 8.7 Hz, 1H), 6.91 (d, J= 7.6 Hz, 1H), 4.57 (dd, J=7.7, 4.7 Hz,
1H), 4.28 (s, 2H), 3.81 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.39 (s, 3H). mp 140.4 —
142.6 °C. [a]*p = -52.2 (¢ = 0.115 /100 mL, CH;OH). LRMS [M-+H]": 451.2;
HRMS (ESI) cacld for CogHy7N40, [M+H]': 451.2134, Found: 451.2128.
(R)-2-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2
-yl)benzamide (21). Compound 21 was prepared in a similar manner as described for
compound 1. Yield: 35%; "H NMR (400 MHz, DMSO-dy) 6 7.89 (d, J = 2.6 Hz, 1H),
7.49 (dd, J = 7.4, 1.5 Hz, 1H), 7.45 (d, J = 7.2 Hz, 2H), 7.36 (dd, J = 13.9, 6.6 Hz,
3H), 7.30 - 7.19 (m, 3H), 7.16 (d, J = 8.7 Hz, 1H), 7.10 (dd, J= 8.7, 1.5 Hz, 1H), 7.03
(d, J=2.7 Hz, 1H), 7.00 (dd, J = 7.4, 1.5 Hz, 1H), 4.54 (dd, J = 7.8, 4.7 Hz, 1H), 3.79
(ddd, J=19.2, 11.2, 6.3 Hz, 2H), 2.39 (s, 3H). mp 216.5 — 219.8 °C. [0]*’p = -30.5 (c
= 0.095 g/100 mL, CH;OH). LRMS [M+H]": 464.2; HRMS (ESI) cacld for
C1sHy6N50, [M+H]': 464.2087, Found: 464.2078.
(R)-2-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2
-yDphenol (2m). Compound 2m was prepared in a similar manner as described for
compound 1. Yield: 32%; 'H NMR (400 MHz, DMSO-de) 6 12.61 (s, 1H), 10.97 (s,
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1H), 7.95 (d, J = 2.7 Hz, 1H), 7.48 — 7.40 (m, 3H), 7.34 (t, J = 7.5 Hz, 2H), 7.29 —
7.18 (m, 2H), 7.01 — 6.91 (m, 3H), 6.78 — 6.67 (m, 2H), 6.64 (d, J = 6.5 Hz, 1H), 6.43
(t, J=17.5 Hz, 1H), 5.05 (t, J = 5.6 Hz, 1H), 4.55 (dd, J = 12.0, 6.3 Hz, 1H), 3.74 —
3.60 (m, 2H), 2.41 (s, 3H). mp 239.3 — 241.9 °C. [0]*’p = -26.25 (¢ = 0.08 g/100 mL,
CH3;0H). LRMS [M+H]": 437.1; HRMS (ESI) cacld for CHasN;O, [M+H]":
437.1972, Found: 437.1971.
(R)-2-(6-(2-Methoxyphenyl)-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-p
henylethanol (2n). Compound 7n was prepared in a similar manner as described for
compound 1. Yield: 49%; "H NMR (400 MHz, CD;0D) ¢ 7.90 (d, J = 2.7 Hz, 1H),
7.47 (d, J=7.3 Hz, 2H), 7.37 (t, J = 7.4 Hz, 2H), 7.31 — 7.25 (m, 1H), 7.24 - 7.15 (m,
4H), 7.06 — 6.97 (m, 2H), 6.89 (d, J = 7.5 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.56 (dd,
J=17.9,4.6 Hz, 1H), 3.81 (ddd, J=19.1, 11.2, 6.3 Hz, 2H), 3.23 (s, 3H), 2.37 (s, 3H).
mp 151.2 — 152.5 °C. [a]*’p = -23.3 (¢ = 0.09 g/100 mL, CH;OH). LRMS [M~+H]":
451.2; HRMS (ESI) cacld for CogHa7N40, [M+H]": 451.2129, Found : 451.2127.
(R)-3-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2
-yDphenol (20). Compound 20 was prepared in a similar manner as described for
compound 1. Yield: 38%; 'H NMR (400 MHz, DMSO-dg) 6 12.60 (s, 1H), 9.10 (s,
1H), 7.99 (d, J = 2.7 Hz, 1H), 7.46 — 7.40 (m, 3H), 7.33 (t, /= 7.5 Hz, 2H), 7.25 (d, J
= 7.3 Hz, 1H), 7.22 (d, J = 8.3 Hz, 1H), 6.89 — 6.81 (m, 3H), 6.66 — 6.61 (m, 1H),
6.53 — 6.43 (m, 3H), 5.02 (t, /= 5.6 Hz, 1H), 4.53 (dd, J = 12.1, 6.4 Hz, 1H), 3.71 —
3.59 (m, 2H), 2.43 (s, 3H). mp 173.8 — 175.1 °C. [0]*’p = -40.0 (c = 0.085 g/100 mL,
CH;0H). LRMS [M+H]": 437.1; HRMS (ESI) cacld for Cy;HpsN4O, [M+H]":
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437.1972, Found: 437.1975.
(R)-4-Chloro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (2p). Compound 2p was prepared in a similar manner as
described for compound 1. Yield: 47%; 'H NMR (400 MHz, CD;0D) & 7.93 (d, J =
2.7 Hz, 1H), 7.45 (d, J = 7.2 Hz, 2H), 7.40 — 7.38 (m, 1H), 7.36 (t, J = 7.5 Hz, 2H),
7.30 —7.25 (m, 2H), 7.06 — 7.01 (m, 2H), 6.96 (dd, J = 8.7, 2.6 Hz, 1H), 6.79 (d, J =
2.6 Hz, 1H), 6.65 (d, J = 8.7 Hz, 1H), 4.57 (dd, J = 7.8, 4.7 Hz, 1H), 3.81 (ddd, J =
19.1, 11.2, 6.3 Hz, 2H), 2.45 (s, 3H). °C NMR (125 MHz, DMSO-ds) d 154.7, 143.4,
141.3, 141.3, 140.9, 139.9, 137.0, 132.0, 131.6, 130.0, 128.4, 127.7, 127.1, 127.0,
122.4,121.9, 121.4, 119.6, 117.6, 109.6, 65.9, 59.1, 11.7. mp 138.7 — 140.1 °C. [a]*p
=-32.0 (c = 0.075 g/100 mL, CH;0H). LRMS [M+H]": 471.1; HRMS(ESI) cacld for
C7H24N40,C1 [M+H]": 471.1582, Found: 471.1580.
(R)-4-Chloro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-pyrazolo|[3,4-
b]pyridin-5-yl)pyridin-2-yl)phenol (3a). Compound 3a was prepared in a similar
manner as described for compound 1. Yield: 50%; "H NMR (400 MHz, CD;0D) &
8.14 (d, J = 1.9 Hz, 1H), 7.99 (d, J = 2.7 Hz, 1H), 7.86 (d, J = 2.0 Hz, 1H), 7.49 —
7.44 (m, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 7.06 — 7.00 (m, 3H),
6.57 (dd, J=17.4, 1.6 Hz, 1H), 4.59 (dd, J=7.8, 4.8 Hz, 1H), 3.82 (ddd, /= 19.1, 11.2,
6.3 Hz, 2H), 2.46 (s, 3H). °C NMR (125 MHz, DMSO-ds) 6 153.7, 151.3, 148.6,
143.5, 141.3, 141.2, 141.0, 134.0, 133.4, 130.5, 128.5, 128.4, 128.3(2C), 128.0,
127.1(3C), 121.8, 120.8, 117.2, 113.5, 65.9, 59.0, 12.1. mp 142.9 — 145.0 °C. [a]*’p =
-21.3 (c = 0.075 g/100 mL, CH;0H). LRMS [M+H]":472.1; HRMS(ESI) cacld for

41

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Ca6H23Ns0,Cl [M+H]": 472.1535, Found: 472.1538.
(R)-4-Chloro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(isoquinolin-6-yl)pyridin-2-
yDphenol (3b). Compound 3b was prepared in a similar manner as described for
compound 1. Yield: 53%; 'H NMR (400 MHz, CD;0D) & 9.15 (s, 1H), 8.38 (d, J =
5.8 Hz, 1H), 8.00 (d, J = 2.7 Hz, 1H), 7.92 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 6.8 Hz,
2H), 7.49 — 7.42 (m, 2H), 7.40 — 7.32 (m, 3H), 7.27 (t, J= 7.3 Hz, 1H), 7.08 (d, J =
2.7 Hz, 1H), 6.98 (dd, J = 8.7, 2.6 Hz, 1H), 6.91 (d, J = 2.6 Hz, 1H), 6.59 (d, J = 8.7
Hz, 1H), 4.63 —4.57 (m, 1H), 3.81 (ddd, J = 19.1, 1.2, 6.3 Hz, 2H). mp 124.9 — 127.5
°C. [0]*p = -48.0 (¢ = 0.075 g/100 mL, CH;OH). LRMS [M+H]": 468.1; HRMS (ESI)
cacld for CogHa3N30,C1 [M+H]": 468.1473, Found: 468.1477.
(R)-5-(2-(5-Chloro-2-hydroxyphenyl)-5-(2-hydroxy-1-phenylethylamino)pyridin-
3-yl)indolin-2-one (3c¢). Compound 3¢ was prepared in a similar manner as described
for compound 1. Yield: 46%; 'H NMR (400 MHz, DMSO-ds) & 10.75 (s, 1H), 10.40
(s, 1H), 7.94 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 7.4 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H),
7.23 (t, J=7.1 Hz, 1H), 7.02 (dd, J = 8.7, 2.6 Hz, 1H), 6.97 (s, 1H), 6.86 (d, J=2.8
Hz, 2H), 6.82 (d, J = 2.6 Hz, 1H), 6.72 — 6.62 (m, 3H), 5.03 (t, / = 5.5 Hz, 1H), 4.53
(dd, J=12.1, 6.3 Hz, 1H), 3.70 — 3.59 (m, 2H), 3.40 (s, 2H). mp 126.1 — 128.5 °C.
[a]*p = -15.2 (¢ = 0.105 g/100 mL, CH;OH). LRMS [M+H]": 472.1; HRMS (ESI)
cacld for C,7H»3N;05Cl1 [M+H]+: 472.1422, Found: 472.1420.
(R)-N-(4-(2-(5-Chloro-2-hydroxyphenyl)-5-(2-hydroxy-1-phenylethylamino)pyrid
in-3-yl)phenyl)acetamide (3d). Compound 3d was prepared in a similar manner as
described for compound 1. Yield: 61%; 'H NMR (400 MHz, CDs0D) ¢ 7.90 (d, J =
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2.7 Hz, 1H), 7.46 — 7.41 (m, 4H), 7.35 (t, J = 7.5 Hz, 2H), 7.27 (t, J = 7.3 Hz, 1H),
7.04 — 6.97 (m, 3H), 6.95 (d, J = 2.7 Hz, 1H), 6.82 (d, J = 2.6 Hz, 1H), 6.67 (d, J =
8.7 Hz, 1H), 4.55 (dd, J = 7.9, 4.7 Hz, 1H), 3.79 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H),
2.11 (s, 3H). mp 129.0 — 130.2 °C. [a]*’p = -28.0 (¢ = 0.1 g/100 mL, CH;0H). LRMS
[M-H]": 472.1; HRMS (ESI) cacld for C,7H»N305Cl [M-H]": 472.1433, Found:
472.1442.
(R)-4-Chloro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(1H-indol-5-yl)pyridin-2-yl
)phenol (3e). Compound 3e was prepared in a similar manner as described for
compound 1. Yield: 53%; 'H NMR (400 MHz, CD;0D) ¢ 7.88 (d, J = 2.7 Hz, 1H),
7.44 (d, J=7.2 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.31 (d, /= 1.2 Hz, 1H), 7.29 — 7.22
(m, 2H), 7.22 (d, J = 3.1 Hz, 1H), 7.04 (d, J = 2.7 Hz, 1H), 6.91 (dd, J = 8.7, 2.6 Hz,
1H), 6.78 (dd, J = 8.4, 1.6 Hz, 1H), 6.73 (d, /= 2.6 Hz, 1H), 6.67 (d, J= 8.7 Hz, 1H),
6.38 (dd, J=3.1, 0.7 Hz, 1H), 4.56 (dd, J="7.7, 4.8 Hz, 1H), 3.80 (ddd, J = 19.1, 11.2,
6.3 Hz, 2H). mp 116.7 — 121.5 °C. [0]*’p = -37.0 (¢ = 0.1 g/100 mL, CH;0H). LRMS
[M+H]": 456.1; HRMS (ESI) cacld for C,7H23N30,Cl [M+H]": 456.1473, Found:
456.1470.
(8)-4-Chloro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (3f). Compound 3f was prepared in a similar manner as
described for compound 1. Yield: 46%; 'H NMR (400 MHz, CD;0D) & 7.93 (d, J =
2.7 Hz, 1H), 7.45 (d, J = 7.7 Hz, 2H), 7.42 — 7.32 (m, 3H), 7.31 — 7.23 (m, 2H), 7.03
(dd, J = 10.5, 2.1 Hz, 2H), 6.96 (dd, J = 8.7, 2.6 Hz, 1H), 6.79 (d, J = 2.6 Hz, 1H),
6.64 (d, J= 8.7 Hz, 1H), 4.56 (dd, J= 7.7, 4.8 Hz, 1H), 3.80 (ddd, J = 19.1, 11.2, 6.3
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Hz, 2H), 2.45 (s, 3H). mp 136.5 — 139.1 °C. [0]*p = +28.3 (¢ = 0.06 g/100 mL,
CH;0H). LRMS [M+H]": 471.1; HRMS (ESI) cacld for Co;HyN4O ,Cl [M+H]":
471.1588, Found: 471.1578.
(5)-4-Chloro-2-(3-(3-methyl-1H-indazol-5-yl)-5-(1-phenylethylamino)pyridin-2-yl
)phenol (3g). Compound 8g was prepared in a similar manner as described for
compound 1. Yield: 52%; '"H NMR (400 MHz, CD;OD) & 7.87 (d, J = 2.7 Hz, 1H),
7.40 (d, J=17.2 Hz, 2H), 7.36 (d, J= 0.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.26 (dd, J
=8.6, 0.6 Hz, 1H), 7.22 (t, J=7.3 Hz, 1H), 7.01 (dd, J= 8.7, 1.6 Hz, 1H), 6.97 — 6.90
(m, 2H), 6.77 (d, J = 2.6 Hz, 1H), 6.64 (d, J = 8.7 Hz, 1H), 4.56 (q, J = 6.7 Hz, 1H),
2.44 (s, 3H), 1.54 (d, J = 6.8 Hz, 3H). mp 107.3 — 109.0 °C. [a]*’p = +23.2 (c = 0.095
g/100 mL, CH3;0H). LRMS [M+H]": 455.1; HRMS (ESI) cacld for C,7;H24N,OCI
[M+H]": 455.1639,Found: 455.1627.
(R)-4-Chloro-2-(5-(2-hydroxyethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2-
yDphenol (3h). Compound 3h was prepared in a similar manner as described for
compound 1. Yield: 52%; '"H NMR (400 MHz, CD;OD) & 8.01 (d, J = 2.7 Hz, 1H),
7.62 (s, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.19 (d, J = 8.7 Hz, 1H), 7.15 (d, J = 2.7 Hz,
1H), 6.75 (td, J = 8.4, 3.0 Hz, 1H), 6.69 (dd, J = 8.8, 5.0 Hz, 1H), 6.57 (dd, J = 9.8,
3.0 Hz, 1H), 3.78 (t, J = 5.7 Hz, 2H), 3.35 (t, /= 5.7 Hz, 2H), 2.50 (s, 3H). mp 226.5
— 227.8 °C. LRMS:[M+H]:379. HRMS (ESI) cacld for CyHyN4O,F
[M+H]":379.1565, Found : 379.1566.
(R)-4-Chloro-2-(5-(3-hydroxypropylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-
2-yl)phenol (3i). Compound 3i was prepared in a similar manner as described for
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compound 1. Yield: 54%; '"H NMR (400 MHz, CD;OD) & 7.99 (d, J = 2.8 Hz, 1H),
7.62 (s, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.19 (dd, J = 8.6, 1.5 Hz, 1H), 7.11 (d, J=2.8
Hz, 1H), 6.74 (dd, J = 8.0, 3.1 Hz, 1H), 6.72 — 6.66 (m, 1H), 6.56 (dd, /= 9.8, 3.0 Hz,
1H), 3.72 (t,J = 6.2 Hz, 2H), 2.50 (s, 3H), 1.89 (dd, J=13.1, 6.6 Hz, 2H). mp 249.6 —
252.3 °C. LRMS [M+H]": 393.2; HRMS (ESI) cacld for CH;N4O.F [M+H]":
393.1721, Found: 393.1721.
(R)-4-Chloro-2-(5-(2-hydroxy-2-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (3j). Compound 3j was prepared in a similar manner as
described for compound 1. Yield: 44%; 'H NMR (400 MHz, CD;0D) & 7.98 (d, J =
2.7 Hz, 1H), 7.57 (s, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.6 Hz, 3H), 7.26 (s,
1H), 7.14 (dd, J = 8.6, 1.5 Hz, 1H), 7.08 (d, J = 2.7 Hz, 1H), 6.97 (dd, J = 8.7, 2.6 Hz,
1H), 6.82 (d, J = 2.6 Hz, 1H), 6.67 (d, J = 8.7 Hz, 1H), 3.50 — 3.39 (m, 2H), 2.49 (s,
3H). mp 156.7 — 159.3 °C. [0]*p = +20.9 (c = 0.11 g/100 mL, CH;0H). LRMS
[M+H]": 471.1; HRMS (ESI) cacld for C,7H»4N40,Cl1 [M+H]": 471.1588, Found:
471.1586.
(R)-2-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2
-yl)-4-methylphenol (3k). Compound 3k was prepared in a similar manner as
described for compound 1. Yield: 42%; 'H NMR (400 MHz, CD;OD) & 7.91 (d, J =
2.7 Hz, 1H), 7.45 (d, J = 7.4 Hz, 2H), 7.41 — 7.32 (m, 3H), 7.27 (t, J = 7.3 Hz, 1H),
7.22 (d, J= 8.6 Hz, 1H), 7.07 — 7.00 (m, 2H), 6.81 (dd, J = 8.2, 2.2 Hz, 1H), 6.63 (d, J
= 1.9 Hz, 1H), 6.57 (d, J = 8.2 Hz, 1H), 4.56 (dd, J = 7.8, 4.7 Hz, 1H), 3.80 (ddd, J =
19.1, 11.2, 6.3 Hz, 2H), 2.43 (s, 3H), 1.92 (s, 3H). mp 93.2 - 95.0 °C. [a]*’p = -15.6 (¢
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= 0.09 g/100 mL, CH;0H). LRMS [M+H]": 451.2; HRMS (ESI) cacld for
CsHy7N4O, [M+H]': 451.2134, Found: 451.2123.
(R)-2-(5-(2-Hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)pyridin-2
-yl)-4-isopropylphenol (31). Compound 31 was prepared in a similar manner as
described for compound 1. Yield: 31%; 'H NMR (400 MHz, CD;0D) & 7.92 (d, J =
2.1 Hz, 1H), 7.45 (d, J = 7.4 Hz, 2H), 7.38 — 7.33 (m, 3H), 7.28 (d, J = 8.1 Hz, 2H),
7.08 —7.01 (m, 2H), 6.82 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 6.58 (s, 1H),
4.56 (dd, J=17.3, 4.8 Hz, 1H), 3.80 (ddd, J = 19.0, 11.1, 6.4 Hz, 2H), 2.44 — 2.35 (m,
4H), 0.73 (dd, J = 6.7, 4.0 Hz, 6H). mp 128.6 — 131.6 °C. [a]*’p = -18.8 (c = 0.08
g/100 mL, CH;OH). LRMS [M+H]":479.2; HRMS (ESI) cacld for C3yH3N;O;
[M+H]": 479.2442, Found: 479.2443.
(R)-4-Fluoro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (3m). Compound 3m was prepared in a similar manner as
described for compound 1. Yield: 46%; 'H NMR (400 MHz, DMSO-dg) & 12.65 (s,
1H), 10.73 (s, 1H), 7.99 — 7.92 (m, 1H), 7.44 (d, J = 7.2 Hz, 3H), 7.34 (t, /= 7.5 Hz,
2H), 7.29 (d, J= 8.7 Hz, 1H), 7.25 (t, J = 7.3 Hz, 1H), 6.99 — 6.94 (m, 2H), 6.80 (td, J
=8.5,3.2 Hz, 1H), 6.70 (d, J = 6.5 Hz, 1H), 6.65 (dd, J = 8.9, 5.1 Hz, 1H), 6.49 (dd, J
=10.2, 3.1 Hz, 1H), 5.05 (t, J = 5.6 Hz, 1H), 4.56 (dd, J = 12.1, 6.4 Hz, 1H), 3.67 (dt,
J =12.0, 6.0 Hz, 2H), 2.42 (s, 3H). °C NMR (125 MHz, CD;0D) § 157.8, 155.9,
153.3, 145.0, 143.7, 143.4 141.7, 139.1, 133.5, 133.4, 129.8, 129.5, 128.6, 128.2,
127.1 (d, J = 7.5 Hz), 124.2, 123.5, 121.3, 118.0 (d, J = 12.1 Hz), 1179 (d, J = 3.7
Hz), 115.8 (d, J = 23.1 Hz), 110.7, 67.7, 61.2, 11.6. mp 144.5 — 147.9 °C. [a]*%> =
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-27.4 (c = 0.095 g/100 mL, CH;OH). LRMS [M+H]": 455.2; HRMS(ESI) cacld for
C7H24N4O,F [M+H]': 455.1878, Found: 455.1877.
(R)-5-Fluoro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (3n). Compound 3n was prepared in a similar manner as
described for compound 1. Yield: 44%; 'H NMR (400 MHz, CD;0D) & 7.92 (d, J =
2.7 Hz, 1H), 7.46 (d, J = 7.4 Hz, 2H), 7.40 — 7.34 (m, 3H), 7.31 — 7.24 (m, 2H), 7.07
—7.01 (m, 2H), 6.78 (dd, J = 8.2, 7.1 Hz, 1H), 6.43 (dd, J = 10.6, 2.6 Hz, 1H), 6.25
(td, J = 8.6, 2.2 Hz, 1H), 4.57 (dd, J = 7.8, 4.7 Hz, 1H), 3.81 (ddd, J = 19.1, 11.2, 6.3
Hz, 2H), 2.46 (s, 3H). mp 140.8 — 143.1 °C. [a]*’p = -25.5 (¢ = 0.11 g/100 mL,
CH;OH). LRMS [M+H]": 455.1; HRMS (ESI) cacld for C,7HpN4O.F [M+H]":
455.1878, Found: 455.1883.
(R)-2-Fluoro-6-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-yl)
pyridin-2-yl)phenol (30). Compound 30 was prepared in a similar manner as
described for compound 1. Yield: 39%; 'H NMR (400 MHz, CD;OD) & 7.94 (d, J =
2.7 Hz, 1H), 7.46 (d, J = 7.2 Hz, 2H), 7.40 — 7.35 (m, 3H), 7.29 (d, J = 7.3 Hz, 1H),
7.25 (d, J = 8.6 Hz, 1H), 7.07 — 7.01 (m, 2H), 6.87 (ddd, J = 10.8, 8.1, 1.5 Hz, 1H),
6.62 (d, J=7.8 Hz, 1H), 6.48 (td, /= 8.0, 5.0 Hz, 1H), 4.58 (dd, /= 7.8, 4.7 Hz, 1H),
3.81 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.45 (s, 3H). mp 135.6 — 138.3 °C. [a]*’p =
-32.3 (c = 0.065 g/100 mL, CH;0H). LRMS [M-H]": 453.2; HRMS (ESI) cacld for
C»7H»N,O,F [M-H]": 453.1732, Found: 453.1739.
(R)-4,5-Difluoro-2-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-
yDpyridin-2-yl)phenol (3p). Compound 3p was prepared in a similar manner as
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described for compound 1. Yield: 40%; 'H NMR (400 MHz, CD;0D) & 7.93 (d, J =
2.7 Hz, 1H), 7.48 — 7.40 (m, 3H), 7.37 (t, J = 7.6 Hz, 2H), 7.34 — 7.26 (m, 2H), 7.04
(dd, J = 8.6, 1.5 Hz, 1H), 7.02 (d, J = 2.7 Hz, 1H), 6.65 (dd, J = 11.9, 9.3 Hz, 1H),
6.55 (dd, J = 12.1, 7.1 Hz, 1H), 4.57 (dd, J = 7.8, 4.7 Hz, 1H), 3.81 (ddd, J = 19.1,
11.3, 6.3 Hz, 2H), 2.48 (s, 3H). mp 146.8 — 149.2 °C. [0]*’p = -23.8 (¢ = 0.08 /100
mL, CH;OH). LRMS [M+H]": 473.2; HRMS (ESI) cacld for Cp;Hx3N40,F, [M+H]":
473.1784, Found: 473.1781.
(R)-2,4-Difluoro-6-(5-(2-hydroxy-1-phenylethylamino)-3-(3-methyl-1H-indazol-5-
yDpyridin-2-yl)phenol (3q). Compound 3q was prepared in a similar manner as
described for compound 1. Yield: 37%; 'H NMR (400 MHz, CD;OD) & 7.97 (d, J =
2.7 Hz, 1H), 7.51 — 7.46 (m, 2H), 7.43 (dd, J = 1.5, 0.8 Hz, 1H), 7.39 (t, /= 7.5 Hz,
2H), 7.34 — 7.28 (m, 2H), 7.07 (dd, J= 8.6, 1.6 Hz, 1H), 7.05 (d, /= 2.7 Hz, 1H), 6.80
—6.73 (m, 1H), 6.41 (ddd, J = 9.6, 3.0, 1.9 Hz, 1H), 4.60 (dd, J = 7.9, 4.8 Hz, 1H),
3.83 (ddd, J = 19.1, 11.2, 6.3 Hz, 2H), 2.49 (s, 3H). mp 143.5 — 145.2 °C. [a]*’p =
-24.3(c = 0.09 g/100 mL, CH;OH). LRMS [M-H]": 471.1; HRMS (ESI) cacld for
C»7H, 1 N4O,F, [M-H]": 471.1638, Found: 471.1646.
1-(5-Bromo-2-fluorophenyl)ethanone (5a). To a stirred solution of
5-bromo-2-fluoro-benzaldehyde (8.00 g, 39.4 mmol) in anhydrous ether (150 mL)
under argon atmosphere at 0 °C was added MeMgBr (17.1 mL, 3.0 M solution in
ether, 51.2 mmol) slowly. After 1 hour, water was slowly added to the reaction
mixture, followed by 1M HCI, under ice bath. The mixture was extracted with EA
(200 mL) by three times. The combined organic layer was washed by brine, dried
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over anhydrous Na,SO4and concentrated under vacuum. The obtained oil was mixed
with dioxane (100 mL), followed by the addition of manganese dioxide (17.13 g,
197.0 mmol). The reaction mixture was heated at reflux for 4 h. The resulting mixture
was cooled to room temperature and filtered. The filtrate was concentrated under
vacuum and purified by silica gel column chromatography (EA/PE, 1/20 - 1/10) to
afford 5a (6.32g, 74%). 'H NMR (400 MHz, DMSO-ds) & 7.92 (dd, J = 6.4, 2.7 Hz,
1H), 7.72 (ddd, J = 8.7, 4.2, 2.7 Hz, 1H), 7.19 (dd, J = 10.7, 8.8 Hz, 1H), 2.59 (d, J =
4.7 Hz, 3H). LRMS [M+H]": 217.0.
1-(5-Bromo-2-fluoropyridin-3-yl)ethanone (5b). Compound 5b was prepared in a
similar manner as described for compound 10a. Yield: 71%. LRMS [M+H]": 218.1.
5-bromo-3-methyl-1H-indazole (6a). To a solution of hydrazine monohydrate (15
mL) was added 1-(5-bromo-2-fluorophenyl)ethanone 10a (3.0 g, 13.82 mmol). The
resulting mixture was refluxed for 24h and then cooled to room temperature. The
mixture was poured over ice and the pale brown solid was precipitated. The solid was
collected by filtration and purified by silica gel column chromatography (EA/PE, 1/4 -
1/2) to afford 11a (1.89 g, 65%). '"H NMR (400 MHz, CD;0D) & 7.87 (s, 1H), 7.44
(dd, J = 8.8, 1.3 Hz, 1H), 7.39 (d, J = 8.7 Hz, 1H), 2.52 (s, 3H). LRMS [M+H]":
211.1.
5-Bromo-3-methyl-1H-pyrazolo[3,4-b]pyridine (6b). Compound 6b was prepared
in a similar manner as described for compound 6a. Yield: 59%; '"H NMR (400 MHz,
CD;0D) 6 8.50 (d, J = 2.1 Hz, 1H), 8.37 (d, J = 2.1 Hz, 1H), 2.52 (s, 3H). LRMS
[M+H]": 212.1.
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Tert-butyl-3-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole-
1-carboxylate (7a). To a stirred mixture of 5-bromo-3-methyl-1H-indazole 6a (2.0 g,
9.48 mmol) and triethylamine (2.0 mL, 14.21 mmol) in THF (20 mL) was added
Boc,O (3.10 g, 14.21 mmol) and DMAP (116 mg, 0.95 mmol) at room temperature.
After 4 hours, TLC showed the reaction completed. The resulting mixture was diluted
with EA (40 mL) and washed by saturated aqueous citric acid (40 mL) by two times.
The organic phase was washed by brine, dried over anhydrous Na,SO4 and
concentrated under vacuum. The obtained solid was added to the mixture of
4,44'4'5,5,5",5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (3.61 g, 14.21 mmol) and
KOACc (2.33 g, 23.69 mmol) in dioxane (20 mL). The reaction vessel was evacuated
and refilled with nitrogen (3 times), followed by the addition of Pd(dppf),Cl,-CH,Cl,
(32 mg, 0.04 mmol). The resulting mixture was stirred at 80 °C for 6 h and then
cooled to room temperature. The mixture was diluted with EA (30 mL) and filtrated.
The filtrate was sequentially washed by water, brine and dried over anhydrous
Na,S04 The obtained organic solution was concentrated under vacuum and purified
by silica gel column chromatography (EA/PE, 1/15- 1/10) to afford compound 7a as a
white solid (2.17g, 64% yield). '"H NMR (400 MHz, CDCl3) & 8.15 (s, 1H), 8.09 (d, J
=8.3 Hz, 1H), 7.93 (dd, J= 8.4, 0.9 Hz, 1H), 2.61 (s, 3H), 1.71 (s, 9H), 1.37 (s, 12H).
LRMS [M+H]": 359.2.

Tert-butyl
3-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazolo[3,4-b] pyri
dine-1-carboxylate (7b). Compound 7b was prepared in a similar manner as
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described for compound 6a. Yield: 51%; LRMS [M+H]": 360.1.
3-Bromo-2-chloro-5-iodopyridine (9). To a solution of 5N aqueous HCI (100 mL)
were added 5-bromo-6-chloropyridin-3-amine (15 g, 72.30 mmol) and then cooled to
0 °C. An aqueous of NaNO,; (7.48 g, 108.5 mmol) was dropwise added to the former
stirred mixture under the ice bath. After 1 hour, to the reaction mixture was very
slowly added an aqueous solution of KI (26.41 g, 159.1 mmol) under ice bath. The
temperature restored to room temperature gradually, followed by continuing stirring
until no generation of nitrogen was observed. Thereafter, the solution was alkalized
with sodium hydroxide under ice bath, until pH reached 10-11. The aqueous layer was
then extracted with EA (300 mL) by two times. The organic layer was washed with
saturated aqueous sodium thiosulfate and brine, which was then dried over anhydrous
Na,;SO4and concentrated under vacuum. The crude product was purified by silica gel
column chromatography (EA/PE, 0 — 1/50) to afford compound 9 as a white solid
(20.5 g, 89% yield). '"H NMR (400 MHz, DMSO-d;) & 8.68 (d, J = 2.0 Hz, 1H), 8.67
(d, J=2.0 Hz, 1H). LRMS:[M+H]":319.9.
(R)-2-(5-Bromo-6-chloropyridin-3-ylamino)-2-phenylethanol (10). To a stirred
mixture of (R)-2-amino-2-phenylethanol (1.24 g, 9.05 mmol) and K;PO4 (3.20 g,
15.08 mmol) in isopropanol (20 mL) was added 3-bromo-2-chloro-5-iodopyridine 9
(2.4 g, 7.54 mmol) and ethane-1,2-diol (0.385 mL, 7.54 mmol). The reaction vessel
was evacuated and refilled with nitrogen (3 times), followed by the addition of Cul
(144 mg, 0.75 mmol). The resulting mixture was stirred at 80 °C for 18 h and then
cooled to room temperature. The mixture was diluted with EA (30 mL) and filtrated.
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The filtrate was sequentially washed by water, brine and dried over anhydrous
Na,;SO4. The obtained organic solution was concentrated under vacuum and purified
by silica gel column chromatography (EA/PE, 1/4- 1/2) to afford compound 10 as a
yellow solid (1.31 g, 53% yield). "H NMR (400 MHz, DMSO-dg) & 7.73 (d, J = 2.5
Hz, 1H), 7.37 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.29 — 7.21 (m, 2H), 6.87
(d, J=6.9 Hz, 1H), 5.06 (t, J = 5.4 Hz, 1H), 4.47 (dd, J = 11.8, 7.0 Hz, 1H), 3.72 —
3.51 (m, 2H). LRMS [M+H]": 328.9.

(R)-2-(6-Chloro-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phenylethanol
(11a). To a stirred mixture of
(R)-2-(5-bromo-6-chloropyridin-3-ylamino)-2-phenylethanol 15 (3.0 g, 9.16 mmol)
and Na,CO; (2.43 g, 22.89 mmol) in dioxane (50 mL) was added tert-butyl
3-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) -1H-indazole-1-carboxylate
12a (4.92 g, 13.74 mmol) and 2.5 mL of water. The reaction vessel was evacuated and
refilled with nitrogen (3 times), followed by the addition of Pd(dppf),Cl,-CH,Cl, (748
mg, 0.92 mmol). The resulting mixture was stirred at 80 °C overnight and then cooled
to room temperature. The mixture was diluted with EA (30 mL) and filtrated. The
filtrate was sequentially washed by water, brine and dried over anhydrous Na;SOg,
The obtained organic solution was concentrated under vacuum. The obtained solid
was re-dissolved in DCM (30 mL). To the stirred mixture was added 15 mL of TFA.
After 6 hours, the mixture was concentrated under vacuum and neutralized with 1M
aqueous sodium hydroxide under ice bath. The mixture was extracted with DCM (65
mL) by three times. The combined organic layer was washed with brine and dried
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over anhydrous Na,SO4. The obtained solution was concentrated under vacuum and
purified by silica gel column chromatography (MeOH/DCM, 1/100- 1/50) to afford
compound 11a as a yellow solid (1.89 g, 55% yield). "H NMR (400 MHz, CD;0D) &
7.66 (d, J = 2.9 Hz, 1H), 7.53 (d, J = 0.6 Hz, 1H), 7.45 (d, J = 8.6 Hz, 1H), 7.42 —
7.37 (m, 2H), 7.36 — 7.30 (m, 3H), 7.26 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 2.9 Hz, 1H),
4.48 (dd, J=17.8,4.7 Hz, 1H), 3.77 (ddd, /= 19.1, 11.2, 6.3 Hz, 2H), 2.55 (d, J = 12.5
Hz, 3H). LRMS [M+H]": 379.1.
(R)-2-(6-Chloro-5-(3-methyl-1H-pyrazolo[3,4-b]pyridin-5-yl)pyridin-3-ylamino)-
2-phenylethanol (11b). Yield: 48%; Compound 11b was prepared in a similar manner
as described for compound 11a. LRMS [M+H]": 380.1.
(R)-2-(6-chloro-5-(isoquinolin-6-yl)pyridin-3-ylamino)-2-phenylethanol (12a). To
a stirred mixture of (R)-2-(5-bromo-6-chloropyridin-3-ylamino)-2-phenylethanol 10
(2.5 g, 7.63 mmol) and K,CO; (2.64 g, 19.08 mmol) in dioxane (30 mL) was added
6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)isoquinoline (2.92 g, 11.45 mmol) and
1.5 mL of water. The reaction vessel was evacuated and refilled with nitrogen (3
times), followed by the addition of Pd(dppf),Cl,-CH,Cl, (623 mg, 0.76 mmol). The
resulting mixture was stirred at 90 °C overnight and then cooled to room temperature.
The mixture was diluted with EA (30 mL) and filtrated. The filtrate was sequentially
washed by water, brine and dried over anhydrous Na,SO4 The organic layer was
concentrated under vacuum and purified by silica gel column chromatography
(MeOH/DCM, 1/100- 1/50) to afford compound 12a as a white solid (1.97 g, 69%
yield). "H NMR (400 MHz, CD;0D) & 9.25 (s, 1H), 8.45 (d, J = 5.8 Hz, 1H), 8.11 (d,
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J=8.5Hz, 1H), 7.81 (d, J= 5.6 Hz, 2H), 7.74 (d, /= 2.7 Hz, 1H), 7.63 (d, /= 8.3 Hz,
1H), 7.40 (d, J = 7.4 Hz, 2H), 7.34 (t, J = 7.4 Hz, 2H), 7.26 (t, J= 7.1 Hz, 1H), 7.05
(d, J=2.7 Hz, 1H), 4.51 (dd, J = 7.3, 4.7 Hz, 1H), 3.78 (ddd, J = 18.8, 11.1, 6.2 Hz,
2H). LRMS [M+H]": 376.1.
(R)-5-(2-Chloro-5-(2-hydroxy-1-phenylethylamino)pyridin-3-yl)indolin-2-one
(12b). Compound 12b was prepared in a similar manner as described for compound
12a. Yield: 64%; "H NMR (400 MHz, CD;0D) & 7.63 (d, J = 2.9 Hz, 1H), 7.39 (d, J
=7.2 Hz, 2H), 7.34 (t, J= 7.5 Hz, 2H), 7.26 (t, J= 7.2 Hz, 1H), 7.20 (s, 1H), 7.14 (d,
J=28.0Hz, 1H), 6.92 (t,J = 6.0 Hz, 2H), 4.47 (dd, J = 7.8, 4.6 Hz, 1H), 3.76 (ddd, J =
19.1, 11.2, 6.3 Hz, 2H), 3.55 (s, 2H). LRMS [M+H]": 380.1.
(R)-N-(4-(2-chloro-5-(2-hydroxy-1-phenylethylamino)pyridin-3-yl)phenyl)acetam
ide (12c¢). Compound 12¢ was prepared in a similar manner as described for
compound 12a. Yield: 68%; LRMS [M+H]": 382.1.
(R)-2-(6-Chloro-5-(1H-indol-5-yl)pyridin-3-ylamino)-2-phenylethanol (12d).
Compound 12d was prepared in a similar manner as described for compound 12a.
Yield: 72%; LRMS [M+H]": 364.0.
(S)-2-(5-Bromo-6-chloropyridin-3-ylamino)-2-phenylethanol (13a). Compound
13a was prepared in a similar manner as described for compound 10. Yield: 51%; 'H
NMR (400 MHz, CDs;0OD) 6 7.66 (d, J=2.7 Hz, 1H), 7.40 — 7.32 (m, 4H), 7.26 (t, J =
6.8 Hz, 1H), 7.21 (d, J = 2.7 Hz, 1H), 4.42 (dd, J = 7.8, 4.6 Hz, 1H), 3.74 (ddd, J =
19.1, 11.3, 6.3 Hz, 2H). LRMS [M+H]": 328.9.
(R)-2-(5-Bromo-6-chloropyridin-3-ylamino)ethanol (13b). Compound 13b was
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prepared in a similar manner as described for compound 15. Yield: 48%; LRMS
[M+H]": 253.0.

(R)-3-(5-Bromo-6-chloropyridin-3-ylamino)propan-1-ol (13¢). Compound 13¢ was
prepared in a similar manner as described for compound 15. Yield: 45%; LRMS
[M+H]": 267.0
(8)-2-(6-Chloro-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)-2-phenylethanol
(14a). Compound 14a was prepared in a similar manner as described for compound
16a. Yield: 53%; 'H NMR (400 MHz, CD;0D) § 7.67 (d, J = 2.9 Hz, 1H), 7.55 - 7.51
(m, 1H), 7.46(d, J = 8.6 Hz, 1H), 7.43 — 7.37 (m, 2H), 7.36 — 7.31 (m, 3H), 7.30 —
7.22 (m, 1H), 6.97 (d, J = 2.9 Hz, 1H), 4.49 (dd, J = 7.8, 4.8 Hz, 1H), 3.82 (dd, J =
11.2, 4.8 Hz, 1H), 3.73 (dd, J = 11.2, 7.9 Hz, 1H), 2.56 (d, J = 12.6 Hz, 3H). LRMS
[M+H]": 379.1
(R)-2-(6-Chloro-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)ethanol  (14b).
Compound 14b was prepared in a similar manner as described for compound 16a.
Yield: 42%; "H NMR (400 MHz, DMSO-dq) & 12.76 (s, 1H), 7.79 (d, J = 2.9 Hz, 1H),
7.74 (s, 1H), 7.52 (d, J = 8.5 Hz, 1H), 7.39 (dd, J = 8.6, 1.4 Hz, 1H), 7.06 (d, J = 2.9
Hz, 1H), 6.11 (t, J = 5.8 Hz, 1H), 4.76 (t, J = 5.3 Hz, 1H), 3.57 (q, J = 5.7 Hz, 2H),
3.17(dd, J=11.4, 5.7 Hz, 2H), 2.51 (s, 3H). LRMS [M+H]": 303.0.
(R)-2-(6-Chloro-5-(3-methyl-1H-indazol-5-yl)pyridin-3-ylamino)ethanol (14c¢).
Compound 14¢ was prepared in a similar manner as described for compound 16a.
Yield: 48%; '"H NMR (400 MHz, DMSO-d) § 12.75 (s, 1H), 7.75 (d, J = 2.7 Hz, 2H),
7.52 (d, J=8.6 Hz, 1H), 7.39 (dd, J = 8.6, 1.4 Hz, 1H), 7.01 (d, /= 2.9 Hz, 1H), 6.10
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(t, J=5.4 Hz, 1H), 4.52 (t, J= 5.1 Hz, 1H), 3.51 (dd, J = 11.5, 6.1 Hz, 2H), 3.13 (dd,
J=12.7,6.7 Hz, 2H), 2.51 (s, 3H), 1.71 (p, J = 6.5 Hz, 2H). LRMS [M+H]": 317.1
Kinase profiling

Kinase profiling

The kinase profiling of compounds was used by various methods: the kinase of Erk
was tested by Fluorescence Resonance Energy Transfer (FRET)-based assay with
Z'-LYTE™ Kinase Assay Kit (Invitrogen, Grand Island, NY), the kinases of CDKI1,
CDK4, CDK6 were detected by Fluorescence Resonance Energy Transfer
(FRET)-based assay with LANCE Ultra Kinase Assay Kit (PerkinElmer, Waltham,
Massachusetts), and other kinases used Elisa kinase assay as below.

ELISA kinase assay

The effects of indicated compound on the activities of various tyrosine kinases were
determined using enzyme-linked immunosorbent assays (ELISAs) with purified
recombinant proteins. Briefly, 20 pg/mL poly (Glu, Tyr) 4:1 (Sigma, St Louis, MO,
USA) was pre-coated in 96-well plates as a substrate. A 50-uL aliquot of 10 uM ATP
solution diluted in kinase reaction buffer (50 mM HEPES [pH 7.4], 50 mM MgCl,,
0.5 mM MnCl,, 0.2 mM NazVOy, and 1 mM DTT) was added to each well; 1 pL of
indicated compound diluted in 1% DMSO (v/v) (Sigma, St Louis, MO, USA) were
then added to each reaction well. DMSO (1%, v/v) was used as the negative control.
The kinase reaction was initiated by the addition of purified tyrosine kinase proteins
diluted in 49uL of kinase reaction buffer. After incubation for 60 min at 37 °C, the
plate was washed three times with phosphate-buffered saline (PBS) containing 0.1%
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Tween 20 (T-PBS). Anti-phosphotyrosine (PY99) antibody (100 pL; 1:500, diluted in
5 mg/mL BSA T-PBS) was then added. After a 30-min incubation at 37 °C, the plate
was washed three times, and 100 pL horseradish peroxidase-conjugated goat
anti-mouse IgG (1:1000, diluted in 5 mg/mL BSA T-PBS) was added. The plate was
then incubated at 37 °C for 30 min and washed 3 times. A 100 pL aliquot of a solution
containing 0.03% H»0O, and 2 mg/mL o-phenylenediamine in 0.1 M citrate buffer (pH
5.5) was added. The reaction was terminated by the addition of 50 uL of 2 M H,SO4
as the color changed, and the plate was analyzed using a multi-well
spectrophotometer (SpectraMA X190, from Molecular Devices, Palo Alto, CA, USA)
at 490 nm. The inhibition ratio (%) was calculated using the following equation:
[1-(A490/A490 control)] x100%. The ICso values were calculated from the inhibition
curves in two separate experiments.

Western blot analysis

NCI-H1581, KGI1, SNUl6, KATOIII, UMUCI14, RTI112, HCCS827, PC-9,
Ba/F3/CCDC6-RET and Ba/F3/TEL-KDR cells were treated with the indicated dose
of 3m for 2 h at 37 °C and then lysed in 1xXSDS sample buffer. The cell lysates were
subsequently resolved by 10% SDS-PAGE and transferred to nitrocellulose
membranes. The membranes were probed with the appropriate primary antibodies
[phospho-FGFR1, FGFRI1, phospho-FGFR2, FGFR2, phospho-FGFR3, FGFR3,
phospho-DDR2, DDR2, phospho-RET, RET, phospho-KDR, KDR, phospho-FRS2,
FRS2, phosphor-ERK, ERK, PLCy, phosphor—PLCy, phospho-SRC, SRC,
phospho-STAT3, STAT3, phospho-AKT, AKT, Tubulin, GAPDH (all from Cell
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Signaling Technology, Beverlyy, MA, USA)] and then with horseradish
peroxidase-conjugated anti-rabbit or anti- mouse IgG. The immune reactive proteins
were detected using an enhanced chemilluminescense detection reagent (Thermo
Fisher Scientific, Rockford, IL, USA)

Cell proliferation assay

Cells were seeded in 96-well cell culture plates. On the day when seeding, the cells
were exposed to various concentrations of compounds and further cultured for 72 h at
37°C. Cell proliferation was then determined using Cell Counts Kit-8 (CCKS). The
ICso values were calculated by concentration-response curve fitting using the
four-parameter method.

In vivo antitumor activity assay

Female nude mice (4—6 weeks) were housed at five or six mice per cage in a specific
pathogen free room with a 12 h light/dark schedule at 25 + 1°C; the animals were fed
an autoclaved chow diet and water ad libitum. All the animal experiments were
performed according to the institutional ethical guidelines of animal care.

NCI-H1581 cells at a density of 5 x10° were first implanted subcutaneously into the
right flank of each mouse and then allowed to grow to 700-800 mm®, which was
defined as a well-developed tumor. The well-developed tumors were cut into 1.5mm’
fragments and transplanted subcutaneously into the right flank of nude mice using a
tracer. When the tumor volume reached 100-150 mm?, the mice were randomly
assigned into control vehicle and treatment groups (n = 6 in treated group, n=12 in
vehicle group). The control groups were given vehicle alone, and the treatment groups
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received 3m at the indicated doses via oral administration once daily for 14 days. 16
was a positive Drug. The sizes of the tumors were measured twice per week using
micro calipers. The tumor volume (TV) was calculated as follows: TV = (length x
width®)/2. The tumor volume shown was obtained on the indicated days as the median
tumor volume + SEM for indicated groups of mice. The relative tumor volume values,
RTV, were measured on the final day of the study for the drug-treated mice compared
with the vehicle-treated mice and were calculated as RTV = Vt/V,, while Vj is the
tumor volume at day 0, Vt is the tumor volume measured each time point. The
percentage of tumor volume inhibition values (TGI) was also measured. Significant
differences between the treated versus the control groups (P <0.05) were determined

using Student’s t test.
Pharmacokinetic profiles in SD rats and CD-1 mice

Compound 3m (5% DMSO + 5% Tween-80 in 90% saline) was subjected to PK
studies in SD rats and CD-1 mice. Compound 3m was administered via the oral route
at 20 mg/kg and administered via the intravenous route at 10 mg/kg in SD rats.
Compound 3m was administered via the oral route at 20 mg/kg and 5 mg/kg in CD-1
mice. After oral and intravenous administration, blood samples were collected. The
blood samples were centrifuged to obtain the plasma fraction. The plasma samples
were deproteinized with methanol containing an internal standard. After
centrifugation, the supernatant was diluted with methanol and centrifuged again. The

compound concentrations in the supernatant were measured by LC/MS/MS.
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