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A B S T R A C T

Fms-like tyrosine kinase 3 (FLT3) has been considered as a potential drug target for the treatment of acute
myeloid leukemia (AML), because of its high and aberrant expression in AML patients, especially the patients
with FLT3-ITD mutation. Initiating from a hit compound (IC50: 500 nM against FLT3-ITD), a series of compounds
were designed and synthesized based on benzo[d]oxazole-2-amine scaffold to discover new potent FLT3-ITD
inhibitors. During the medicinal chemistry works, flexible molecular docking was used to provide design ra-
tionale and study the binding modes of the target compounds. Through the mixed SAR exploration based on the
enzymatic and cellular activities, compound T24 was identified with potent FLT3-ITD inhibitory (IC50: 0.41 nM)
and anti-proliferative (IC50: 0.037 μM against MV4-11 cells) activities. And the binding mode of T24 with “DFG-
in” FLT3 was simulated by a 20-ns molecular dynamics run, providing some insights into further medicinal
chemistry efforts toward novel FLT3 inhibitors in AML therapy.

1. Introduction

Acute myeloid leukemia (AML) is a clonal hematopoietic disorder
characterized by the excessive proliferation and block in differentiation
of abnormal leukemic cells [1]. Although the so-called “7+ 3” regimen
(combination of standard-dose cytarabine with daunorubicin or idar-
ubicin) and the allogeneic stem-cell transplant are widely used in
treating AML, the 5-year overall survival for younger patients is 40%-
50%, and for elderly patients (> 60), the bulk of AML cases, is only
10%-20% [2]. AML is thus still among the refractory blood tumors with
unmet therapeutic needs.

Fms like tyrosine kinase 3 (FLT3), a member of the class III receptor
tyrosine kinase family (RTK), plays a key role in the proliferation,
survival, and differentiation of hematopoietic stem cells [3]. However,
mutations and aberrant expression of the FLT3 are closely related with
the initiation and development of AML. Overexpression of FLT3, which
is an unfavorable prognostic factor for the overall survival in AML,
occurs in 70–100% of AML patients, [4]. Furthermore, activating mu-
tations of FLT3 are present in 30% of AML patients, and are associated
with the poor prognosis, too [5]. Particularly, approximately 25% of

AML patients have the internal tandem duplication (ITD) mutations in
the juxtamembrane region of FLT3, an indication of poor outcome and
relapse of AML [6]; while point mutations in the activation loop of
FLT3, which can stabilize the active conformation, have also been
identified in 5% AML patients [7]. Recently, a number of small-mole-
cule FLT3 inhibitors are reported, and some clinically advanced in-
hibitors show promising results for the treatment of AML [8–9], such as
sorafenib [10], midostaurin [11] (marketed in 2017), crenolanib [12],
quizartinib [13] (marketed in Japan in 2019), gilteritinib [14] (mar-
keted in 2018) (Fig. 1). However, responses of AML patients to those
inhibitors are transient, and the disease relapse often occurs within a
few weeks. The drug resistance of FLT3 inhibitors was mainly caused by
the FLT3 gene amplification, the expression of drug efflux pumps, the
suboptimal pharmacokinetics and pharmacodynamics, the activation of
other signal pathways and the mutations in the FLT3 binding domain
[8]. For instance, the plasma concentration of midostaurin was de-
creased due to the hepatic drug metabolism including CYP3A4 [15].
Increased phosphorylation of AXL kinase was seen for after the treat-
ment with FLT3 inhibitors [16]; this may be correlated with the drug
resistance of gilteritinib. Mutations of residues D835 and F691 led to
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the acquired resistance to quizartinib [17,18]. Therefore, FLT3 is an
attractive therapeutic target for treatment of AML, and new FLT3-ITD
inhibitors are still urgently needed.

Previously, we reported a series of FLT3 inhibitors with the pyrazole
amine scaffold [20,21], among which FN-1501 (Fig. 1) has entered
phase I clinical trial [22]. To discover structurally new FLT3-ITD in-
hibitors, screening our in-house kinase inhibitors database was

conducted, and then a hit compound LT-793-323 (Fig. 2) was identified
with moderate inhibitory activity against FLT3-ITD (IC50: 500 nM). In
this work, we explored the SAR of the benzoxazole compounds derived
from LT-793-323 with the assistance of structure-based molecule de-
sign method, and a new potent FLT3-ITD inhibitor with strong anti-
proliferative efficacy against MV4-11 cells was discovered.

Fig. 1. Structures of the representative FLT3 inhibitors.

Fig. 2. (A) Flexible molecular docking-based binding mode of the hit compound LT-793-323 with FLT3 homology model (the grey and cyan sticks represent residues
of FLT3 and the hit compound, respectively; the yellow ribbon represents the hinge region; the red and purple dash lines represent the hydrogen bond and the salt
bridge, respectively). (B) 2D schematic of the design rationale.
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2. Results and discussion

2.1. Design rationale

In order to understand the binding mode of LT-793-323 with FLT3,
we firstly performed the molecular docking study. Since LT-793-323
lacks the typical moieties that could bind to the allosteric pocket of
“DFG-out” FLT3, we used our homology model structure of “DFG-in”
FLT3 [20–22] in the docking study. As shown in Fig. 2A, the 2-amino
oxazole moiety formed a hydrogen bond with Cys694 in the hinge re-
gion, the benzene linker presented in the hydrophobic area adjacent to
the hinge region, and the piperazine moiety directed into the solvent
accessible region, according with the canonical binding mode of type I
kinase inhibitor. Normally, the hydrogen bonding interaction with the
hinge region was key to the kinase inhibitors, thus the 2-amino oxazole
moiety was regarded as the chemical scaffold. In comparison, addition
of suitable substituents on the benzoxazole moiety might introduce
some extra favorable intermolecular interactions with the unoccupied
ribose binding area of FLT3 binding site. Meanwhile, adding small
hydrophobic substituents onto the benzene linker might be favorable to
interact with the hydrophobic side chains of its surrounding residues.
The hydrophilic piperazine moiety was also worthy of investigation
since it might influence the cellular potency. Therefore, we did the
medicinal chemistry efforts on R1-R3 of the hit compound rationally to
improve its enzymatic and cellular inhibitory potencies (Fig. 2B).

2.2. Chemistry

A total of 24 benzo[d]oxazole-2-amine derivatives were synthesized
to explore the structure–activity relationships (SARs). Compounds
T1–T24 were prepared by the general approach shown in Scheme 1.
The substituted p-fluoronitrobenzene was used as the starting material,
and compounds 1a–1h were prepared through a nucleophilic sub-
stitution reaction. Reduction of compound 1a–1h with 80% hydrazine
hydrate gave compounds 2a–2h which were then reacted with 1,1′-
thiocarbonyldiimidazole to form the isothiocyanates 3a–3h. 2-Amino-
6-bromophenol was coupled with the isothiocyanates 3a–3h, following
by the ring closure reaction to give intermediates 4a–4h. Coupling
4a–4h with various borate esters or boric acids yielded title compounds
T18–T21 and intermediates 5a–5t. Title compounds T1–T17 and
T22–T24 were subsequently obtained through deprotection of 5a–5t by
the acidic cleavage. The structures of title compounds were confirmed
by the 1H NMR and high-resolution mass spectra analyses (details can
be found in supporting information).

2.3. Biological activity evaluation and docking study

All the synthesized compounds were evaluated for their abilities to
inhibit FLT3-ITD with FN-1501 as the positive control. And the com-
pounds that exhibited potent FLT3-ITD inhibitory activity were then
measured for their antiproliferative efficacy against MV4-11 cell line,
the growth of which was stimulated by the FLT3-ITD activation. The
methods used in biological evaluation were provided in the supporting
information. The results are summarized in Tables 1 and 2.

The first strategy for enhancing potency against FLT3-ITD was to
introduce the various groups in the ribose binding area of FLT3. As
shown in Table 1, the addition of the tetrahydropyridine group (T1)
increased the FLT3-ITD inhibitory activity by almost 10 folds, sug-
gesting that it was beneficial to incorporate new interactions with the
ribose binding area. Introduction of dihydro-2H-pyran group yielded
compound T2 with the potent FLT3-ITD inhibitory activity (IC50:
17.6 nM). However, both compounds T1 and T2 showed the weak
cellular efficacy against MV4-11 cells. Therefore, we continued to in-
vestigate other groups. The incorporation of aromatic rings such as the
benzene (T3), 3-pyridine (T4), 4-pyridine (T5) or pyrazole (T6), all
improved the FLT3-ITD inhibitory activities by about 10 folds (IC50:

38.52, 21.22, 30.41 and 57.04 nM, respectively) as compared with
compound LT-793-323, but still showed the weak cellular activities.

Considering that the ribose binding area was surrounded by the polar
side chains of FLT3 residues, including Lys644, Asp698, Asn816 and
Asp829, we assumed that the polar interactions with those side chains
would be beneficial to increase the kinase inhibitory activity. As expected,
the addition of meta-amino (T7), meta-methoxy (T8), meta-cyano (T9)
group or meta-chlorine (T10) on the phenyl ring all made obvious in-
crease in the enzymatic activity, among which T9 displayed the potent
kinase activity (IC50: 1.02 nM) and T8 showed the potent cellular efficacy
(IC50: 0.41 μM), respectively. Docking study showed that the amino group
of T7 and the cyano group of T9 formed the hydrogen bonds with Asp829
and Asn70, respectively, in addition to the bidentate hydrogen bonds with
the hinge region (Fig. 3A and B), which might contribute to the im-
provement on FLT3 inhibitory activity. Switching the amino group of T7
to the para position in the phenyl ring (T11) led to an 8-fold decrease in
FLT3 inhibitory activity, indicating that the meta-substitution might be
preferred. Subsequently, we introduced the substituted amino groups at
the meta position of phenyl ring. The addition of the meta-methylamino
(T12, IC50: 75.26 nM) and meta-acetamido group (T13, IC50: 41.02 nM)
caused a 6-fold and a 3-fold decrease in the enzymatic activity, respec-
tively, compared with T7. This was probably due to the hindrance of
hydrogen bonding formation between the amino group and Asp829 when
the hydrogen atom of NH2 was substituted with methyl group (Fig. 3C).
Similarly, fusing the NH2 with a phenyl ring to form the indole ring (T14)
might also obstruct the hydrogen binding interaction with Asp829,
leading to a 6-fold decrease in FLT3 inhibitory activity (IC50: 71.02 nM).
The SARs of meta-NH2 in the benzene ring inspired us to try the carba-
moyl group that may also form a favorable interaction with Asp829. As a
result, this modification yielded T15 with both potent FLT3 inhibitory
(IC50: 6.7 nM) and antiproliferative (IC50: 0.11 μM) activities, which
formed the expected hydrogen bonding interaction with Asp829
(Fig. 3D). In contrast, the addition of an methyl group on the carbamoyl
group attenuated the enzymatic activity (T16 and T17), which probably
interrupted the favored hydrogen bonding interaction with Asp829.

Next, we investigated the impact of hydrophilic moieties on the
enzymatic and cellular efficacies when keeping the meta-carbamoyl
substitution. As data shown in Table 2, switching the piperazine moiety
with the open-ring tertiary amine moiety (T18) caused a 3-fold de-
crease in the FLT3 inhibitory activity (IC50: 21.2 nM), and the piper-
idine moiety (T19) also weakened the FLT3 inhibitory activity by two
folds (IC50: 12.2 nM). However, both the morpholine (T20) and N-
methyl piperazine (T21) moieties showed almost equivalent effects on
the enzymatic and cellular activities when compared with the piper-
azine moiety (T15), probably due to the existence of favorable inter-
actions between the terminal heteroatoms of hydrophilic moieties and
the waters outside the binding pocket.

We further introduced small groups on the phenyl linker to form
favorable interactions with the surrounding hydrophobic residue side
chains. In general, the addition of the fluorine atom (T22), methyl
(T23) or methoxyl (T24) group increased the FLT3 inhibitory activity in
various degrees and had different effects on the cellular efficacy
(Table 2). Compound T22 exhibited the increased FLT3 inhibitory ac-
tivity but similar antiproliferative efficacy against MV4-11 cells, com-
pared with T15. Compound T23, with the methyl substitution, dis-
played the most potent cellular activity (IC50: 0.029 μM) in this kind of
compounds; while compound T24 with the methoxyl substitution,
showed the most potent inhibitory activity against FLT3 (IC50:
0.41 nM), suggesting that the small substituents were beneficial in im-
proving both the enzymatic and cellular activities.

2.4. Molecular dynamics study

To study the binding mode of compound T24 with FLT3 precisely,
we docked it into the “DFG-in” FLT3 structure and simulated the re-
sulting complex using the molecular dynamics (MD) method. As Fig. S1
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shown, the total energy, potential energy, pressure, temperature and
volume of the whole MD system sustained stable during the simulation.
FLT3 achieved an equilibrium after 10 ns MD run, and the conformation

of compound T24 balanced fast after only 5 ns MD run (Fig. 4). Thus,
we performed the whole-time analysis of the protein–ligand interac-
tions in that 10-ns MD run. It was observed that Cys694, Arg815,

Scheme 1. Synthesis of compound T1-T24. Reagents and conditions: (i) DMSO, K2CO3, 80 °C, tert-butyl piperazine-1-carboxylate or diet-hylamine or piperidine or
morpholine; (ii) FeO(OH)/C, 80% NH2NH2·H2O, 95% EtOH; (iii) 1,1′-thiocarbonyldiimidazole, DCM, r.t.; (iv) a) 2-amino-6-bromophenol, DMF, r.t.; b) CuCl2, K2CO3,
DMF, r.t.; (v) pd(dppf)2Cl2, Na2CO3, dimethyl ether, H2O, R3–B(OH)2 or R3–Boric acid esters; (vi) CF3COOH, DCM, r.t.
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Asn816, Val624, Ala642 and Asp829 contributed more greatly than
other residues of FLT3 (Fig. 5A). Among them, two hydrogen bonds
between Cys694 and the benzimidazole moiety and the eNHe linker of
T24, were maintained at 100% and 83% during the analyzed 10-ns MD
run, respectively (Fig. 5B), confirming the importance of hydrogen
bonding interaction in the hinge region. Another stable hydrogen bond
formed between the carbamoyl group of T24 and Asn816 (78%). In
addition, the carbamoyl group were also involved in the direct hy-
drogen bonding interactions with Arg815 (36%) and Asp829 (20%), as
well as the water bridged hydrogen bonding interactions with Arg815
(50%), Asp829 (37%) and Ser618 (25%) (Fig. 5C). The data showed
that the carbamoyl group indeed contributed greatly to the interactions
with polar residues in the ribose binding area. Only transient ionic in-
teraction was found between T24 and Tyr693 (Fig. 5A), which sug-
gested the charged piperazine might mainly contribute to the weak and
dispersed hydration effect. Besides those polar interactions, many fa-
vorable hydrophobic contacts existed between T24 and the residues
Ala620 (68%), Ala642 (63%), Leu818 (38%), Leu616 (33%) and
Tyr693 (22%), whose hydrophobic side chains wrapped T24 within the
distance of 3.6 Å (Fig. 5D). The occupations of the intermolecular in-
teractions analyzed above were summarized in Fig. S2. Moreover,
torsion angles of the rotatable bonds in T24 were monitored during
10–20 ns MD run. Fig. S3 showed that the benzimidazole scaffold,
carbamoyl group and two benzene linkers kept in a relatively stable
state except the methoxy group and piperazine moiety, which was

Table 1

Optimization on the benzo[d]oxazole moiety.

ID R3 FLT3-ITD Inhibitory
activity a

MV4-11 Inhibitory
activity

LT-793–323 H 500 25.19%b

T1 69.51 2.70c

T2 17.60 1.66c

T3 38.52 44.63%b

T4 21.22 1.11c

T5 30.41 1.54c

T6 57.04 2.26c

T7 12.02 1.29c

T8 9.16 0.41c

T9 1.02 0.72c

T10 3.81 1.08c

T11 97.30 1.56c

T12 75.26 0.35c

Table 1 (continued)

ID R3 FLT3-ITD Inhibitory
activity a

MV4-11 Inhibitory
activity

T13 41.02 39.7%b

T14 71.02 1.54c

T15 6.7 0.11c

T16 40.98 0.96c

T17 40.10 54.78%b

FN-1501 / 0.27 0.015c

a IC50 (nM).
b Inhibitory rate at 1 μM.
c IC50 (μM).
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consistent with the small RMSD fluctuation of backbone atoms of T24
(Fig. 4), suggesting that the protein-ligand recognition achieved a
steady state. We then clustered the conformations of T24 in 10–20 ns
MD run to comprehend its 3D protein-ligand binding mode. As shown
in Fig. 6, the cluster analysis generated two representative binding
modes, in which the carbamoyl group formed the hydrogen bonding
interaction directly with different residues including R815, N816 or
D829, or through the bridge of water molecule. Overall, the data from
the analyses of MD simulation consolidated our design rationale and
agreed well with the SAR conclusion. Binding mode of T24 from the
MD simulation could provide good reference to new FLT3 inhibitor
research. Besides, considering that small molecules could bind to both
“DFG-in” and “DFG-out” kinases [19], compound T24 was docked to
the FLT3 with “DFG-out” conformation (PDB code: 4XUF). As shown in
Figs. S4, 24 bound to the “DFG-out” FLT3 in a similar mode with the its
binding mode in the “DFG-in” FLT3. However, an extra π–π interaction
was seen between the carbamoyl substituted phenyl ring and Phe830.
This was due to the phenyl ring of Phe830 flipped out, and thus fa-
cilitated the formation of paralleled phenyl rings.

3. Conclusion

In summary, the structure-based molecular design and SAR studies
on benzo[d]oxazole-2-amine derivatives led to the discovery of potent
FLT3 inhibitors, which showed the strong antiproliferative efficacy
against MV4-11 cells. Among these compounds, T24 was the most
promising one, which displayed the potent inhibitory activities in both
FLT3-ITD kinase (IC50: 0.41 nM) and MV4-11 cell line levels (IC50:
0.037 μM). Moreover, the binding mode of T24 with FLT3 was pro-
posed using the MD simulation method, providing the molecule-design
rationale for the additional medicinal chemistry. Therefore, compound
T24 represents a new scaffold for further discovery of FLT3-ITD in-
hibitors in the AML therapy.

Table 2
Optimization on the hydrophilic moiety and benzene linker.

ID R1 R2 FLT3-ITD
Inhibitory activity

MV4-11
Inhibitory
activity

T18 H 21.2a 14.20%b

T19 H 12.2a 0.77c

T20 H 5.29a 0.13c

T21 H 6.02a 0.18c

T22 F 1.09a 0.12c

T23 0.97a 0.029c

T24 0.41a 0.037c

FN-1501 / / 0.27a 0.015c

a IC50 (nM).
b Inhibitory rate at 1 μM.
c IC50 (μM).

Fig. 3. Bind modes of compound T7 (A), T9 (B), T12 (C) and T15 (D) with FLT3 homology model from the flexible molecular docking simulations. The color and
shape representations are the same as those in Fig. 2.
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4. Experiments

Commercially available materials were used without further pur-
ification unless otherwise specified. NMR spectra were recorded on a
Bruker AVANCE AV-300 spectrometer (300MHz for 1H; Bruker,
Billerica, MA) or Mass spectra were obtained on an Agilent 1100 LC/
MSD mass spectrometer (Agilent, Santa Clara, CA). All reactions were
monitored by the TLC (Silica gel GF254, Merck, Kenilworth, NJ), and
spots were visualized with the UV light or iodine. The purity of the
biologically evaluated compounds were>95% as determined by HPLC.

4.1. Synthesis

4.1.1. Step 1 Tert-butyl 4-(4-nitrophenyl)piperazine-1-carboxylate (1a)
To a solution of 1-fluoro-4-nitrobenzene (5 g, 35.5 mmol) in DMSO

(100mL) was added K2CO3 (14.6 g, 106.4mmol) at room temperature.
And a solution of tert-butyl piperazine-1-carboxylate (3.5 g, 35.5 mmol)
in DMSO (50mL) was added dropwise to the mixture at 0 °C. The re-
action mixture was stirred at 80 °C for 8 h. Water (500mL) was added to
quench the reaction. The precipitated solid was collected on a filter and
dried under reduced pressure to give 1a (8.0 g, yield 73.5%) without
further purification. MS m/z: 308.2 [M+H]+. The crude product was
delivered directly to the next step.

4.1.2. N,N-diethyl-4-nitroaniline (1b)
Compound 1b was prepared from diethylamine using the procedure

described in step 1 for 1a. MS m/z: 195.5 [M+H]+. The crude product
was delivered directly to the next step.

4.1.3. 1-(4-Nitrophenyl)piperidine (1c)
Compound 1c was prepared from piperidine using the procedure

described in step 1 for 1a. MS m/z: 207.2 [M+H]+. The crude product
was delivered directly to the next step.

4.1.4. 4-(4-Nitrophenyl)morpholine (1d)
Compound 1d was prepared from morpholine using the procedure

described in step 1 for 1a. MS m/z: 209.5 [M+H]+. The crude product
was delivered directly to the next step.

4.1.5. 1-Methyl-4-(4-nitrophenyl)piperazine (1e)
Compound 1e was prepared from 1-methylpiperazine using the

procedure described in step 1 for 1a. MS m/z: 222.5 [M+H]+. The
crude product was delivered directly to the next step.

4.1.6. Tert-butyl 4-(2-fluoro-4-nitrophenyl)piperazine-1-carboxylate (1f)
Compound 1f was prepared from tert-butyl piperazine-1-carboxylate

and 1,2-difluoro-4-nitroben zene using the procedure described in step
1 for 1a. MS m/z: 326.5 [M+H]+. The crude product was delivered
directly to the next step.

4.1.7. Tert-butyl 4-(2-methyl-4-nitrophenyl)piperazine-1-carboxylate (1g)
Compound 1g was prepared from tert-butyl piperazine-1-carbox-

ylate and 1-fluoro-2-methyl-4- nitrobenzene using the procedure de-
scribed in step 1 for 1a. MS m/z: 322.5 [M+H]+. The crude product
was delivered directly to the next step.

4.1.8. Tert-butyl 4-(2-methoxy-4-nitrophenyl)piperazine-1-carboxylate (1h)
Compound 1 h was prepared from tert-butyl piperazine-1-carbox-

ylate and 1-fluoro-2-methoxy-4- nitrobenzene using the procedure de-
scribed in step 1 for 1a. MS m/z: 338.5 [M+H]+. The crude product
was delivered directly to the next step.

4.1.9. Step 2 Tert-butyl 4-(4-aminophenyl)piperazine-1-carboxylate (2a)
To a solution of 1a (5 g, 22.5mmol) in 95% ethanol (100mL) was

added goethite (FeO(OH))/C (1.0 g) at room temperature. And a solu-
tion of 80% hydrazine hydrate (25mL, 400mmol) in 95% ethanol
(50mL) was added dropwise to the mixture at 0 °C. The reaction mix-
ture was stirred at 80 °C for 4 h. The solvent was removed in vacuo to
give 2a (3.8 g, yield 74.5%). MS m/z: 278.2 [M+H]+.

4.1.10. N1,N1-diethylbenzene-1,4-diamine (2b)
Compound 2b was prepared from 1b using the procedure described

in step 2 for 2a. MS m/z: 165.5 [M+H]+. The crude product was de-
livered directly to the next step.

4.1.11. 4-(Piperidin-1-yl)aniline (2c)
Compound 2c was prepared from 1c using the procedure described

in step 2 for 2a. MS m/z: 177.5 [M+H]+. The crude product was de-
livered directly to the next step.

4.1.12. 4-Morpholinoaniline (2d)
Compound 2d was prepared from 1d using the procedure described

in step 2 for 2a. MS m/z: 179.5 [M+H]+. The crude product was de-
livered directly to the next step.

4.1.13. 4-(4-Methylpiperazin-1-yl)aniline (2e)
Compound 2e was prepared from 1e using the procedure described

in step 2 for 2a. MS m/z: 192.5 [M+H]+. The crude product was

Fig. 4. Average root means square deviation (RMSD) of backbone atoms of the FLT3 protein and compound T24 during the MD simulation.
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Fig. 5. Stacked bar charts represent the interactions and contacts over the course of the MD trajectory (10–20 ns). A, the overall interactions and contacts; B, the
hydrogen bonding interactions; C, water bridged hydrogen bonding interactions; D, the hydrophobic contacts.
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delivered directly to the next step.

4.1.14. Tert-butyl 4-(4-amino-2-fluorophenyl)piperazine-1-carboxylate (2f)
Compound 2f was prepared from 1f using the procedure described

in step 2 for 2a. MS m/z: 296.5 [M+H]+. The crude product was de-
livered directly to the next step.

4.1.15. Tert-butyl 4-(4-amino-2-methylphenyl)piperazine-1-carboxylate
(2g)

Compound 2g was prepared from 1g using the procedure described
in step 2 for 2a. MS m/z:308.5 [M+H]+. The crude product was de-
livered directly to the next step.

4.1.16. Step 3 Tert-butyl 4-(4-isothiocyanatophenyl)piperazine-1-carboxylate
(3a)

To a solution of 2a (1.0 g, 3.6 mmol) in dichloromethane (30mL)
was added 1,1′-thiocarbonyldiimidazole (1.2 g, 7.2 mmol) at room
temperature. The reaction mixture was stirred at room temperature for
1 h. The solvent was removed in vacuo and the residue was purified by
silica gel chromatography (Developing solvent: petroleum ether (PE)/
ethyl acetate (EA)=20/1) to give 3a (1.0 g, yield 87.2%). 1H NMR
(300MHz, DMSO-d6): δ 1.42 (s, 9H), 3.08–3.23 (m, 4H), 3.37–3.52 (m,
4H), 6.96 (d, J=8.7 Hz, 2H), 7.29 (d, J=8.7 Hz, 2H).

4.1.17. N,N-diethyl-4-isothiocyanatoaniline (3b)
Compound 3b was prepared from 2b using the procedure described

in step 3 for 3a. 1H NMR (300MHz, DMSO-d6) δ 1.07 (t, J=6.6 Hz,
6H), 3.34 (q, J=6.5 Hz, 4H), 6.64 (d, J=7.8 Hz, 2H),7.22 (d,
J=7.7 Hz, 2H).

4.1.18. 1-(4-Isothiocyanatophenyl)piperidine (3c)
Compound 3c was prepared from 2c using the procedure described

in step 3 for 3a. 1H NMR (300MHz, DMSO-d6) δ 1.56 (s, 6H), 3.21 (s,
4H), 6.93 (d, J=8.7 Hz, 2H), 7.25 (d, J=8.6 Hz, 2H).

4.1.19. 4-(4-Isothiocyanatophenyl)morpholine (3d)
Compound 3d was prepared from 2d using the procedure described

in step 3 for 3a. 1H NMR (300MHz, DMSO-d6) δ 3.15 (s, 4H), 3.72 (s,
4H), 6.96 (d, J=8.7 Hz, 2H),7.30 (d, J=8.6 Hz, 2H).

4.1.20. 1-(4-Isothiocyanatophenyl)-4-methylpiperazine (3e)
Compound 3e was prepared from 2e using the procedure described

in step 3 for 3a. 1H NMR (300MHz, CDCl3) δ 2.37 (s, 3H), 2.60–2.54
(m, 4H), 3.60–3.25 (m, 4H), 6.83 (d, J=9.4 Hz, 1H), 7.26 (s, 1H), 8.13
(d, J=9.4 Hz, 1H).

4.1.21. Tert-butyl 4-(2-fluoro-4-isothiocyanatophenyl)piperazine-1-carboxylate
(3f)

Compound 3f was prepared from 2f using the procedure described
in step 3 for 3a. 1H NMR (300MHz, DMSO-d6) δ 1.42 (s, 9H), 2.88–3.09
(m, 4H), 3.38 –3.60 (m, 4H), 7.06 (t, J=9.1 Hz, 1H), 7.23 (dd, J=8.7,
1.5 Hz, 1H), 7.39 (dd, J=13.1, 2.3 Hz, 1H).

4.1.22. Tert-butyl 4-(4-isothiocyanato-2-methylphenyl)piperazine-1-carboxylate
(3g)

Compound 3g was prepared from 2g using the procedure described
in step 3 for 3a. The crude product was delivered directly to the next
step.

4.1.23. Tert-butyl 4-(4-isothiocyanato-2-methoxyphenyl)piperazine-1-car-
boxylate (3h)

Compound 3h was prepared from 2h using the procedure described
in step 3 for 3a. 1H NMR (300MHz, DMSO-d6) δ 1.41 (s, 9H), 2.97–2.85
(m, 4H), 3.54–3.34 (m, 4H), 3.81 (s, 3H), 6.88 (d, J=8.5 Hz, 1H), 6.97
(dd, J=8.4, 2.2 Hz, 1H), 7.06 (d, J=2.1 Hz, 1H).

4.1.24. Step 4 Tert-butyl 4-(4-((7-bromobenzo[d]oxazol-2-yl)amino)phenyl)
piperazine-1-carboxylate (4a)

To a solution of 3a (1.0 g, 3.1 mmol) in DMF (30mL) was added 2-
amino-6-bromophenol (0.6 g, 3.4mmol) at room temperature. The re-
action mixture was stirred at room temperature for 14 h. Then, to the
reaction mixture was added CuCl2 (0.01 g, 0.074mmol) and K2CO3

(1.2 g, 8.7 mmol). The reaction mixture was stirred at room tempera-
ture for another 14 h. Water (100mL) was added to quench the reac-
tion, and the mixture was extracted with ethyl acetate (30mL×3). The
combined organic layer was dried over MgSO4. The solvent was re-
moved in vacuo. The residue was purified by silica gel chromatography
(Developing solvent: PE/EA=5/1) to give 4a (0.55 g, yield 38.6%). 1H
NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H), 3.03 (s, 4H), 3.47 (s, 4H),
7.00 (d, J=8.6 Hz, 2H), 7.15 (t, J=8.7 Hz, 1H), 7.28 (d, J=7.8 Hz,
1H), 7.40 (d, J=7.6 Hz, 1H), 7.60 (d, J=8.6 Hz, 2H), 10.69 (s, 1H).
MS m/z: 473.2 [M+H]+.

4.1.25. N1-(7-bromobenzo[d]oxazol-2-yl)-N4,N4-diethylbenzene-1,4-diamine
(4b)

Compound 4b was prepared from 3b using the procedure described
in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 1.07 (t, J=7.0 Hz,
6H), 3.30 (dd, J=11.9, 4.8 Hz, 4H), 6.70 (d, J=9.1 Hz, 2H), 7.13 (t,
J=7.9 Hz, 1H), 7.25 (dd, J=8.1, 0.9 Hz, 1H), 7.35 (dd, J=7.7,
0.9 Hz, 1H), 7.50 (d, J=9.1 Hz, 2H), 10.47 (s, 1H). MS m/z: 360.2 [M
+H]+.

4.1.26. 7-Bromo-N-(4-(piperidin-1-yl)phenyl)benzo[d]oxazol-2-amine (4c)
Compound 4c was prepared from 3c using the procedure described

in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 1.57 (d, J=31.0 Hz,
6H),3.06 (s, 4H), 6.96 (s, 2H), 7.16 (s, 1H), 7.27 (s, 1H), 7.39 (s, 1H),

Fig. 6. Two representative binding modes of T24 with FLT3 from the equili-
brium period (10–20 ns) of MD run, in which main differences come from the
hydrogen bonding interaction of T24 with N816 (A) or R815 (B). Red dashed
line represents the hydrogen bond. Lemon and cyan sticks represent the re-
sidues of FLT3 and T24, respectively.
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7.56 (s, 2H), 10.64 (s, 1H). MS m/z: 372.2 [M+H]+.

4.1.27. 7-Bromo-N-(4-morpholinophenyl)benzo[d]oxazol-2-amine (4d)
Compound 4d was prepared from 3d using the procedure described

in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 3.08 (s, 4H), 3.77 (s,
4H), 7.00 (s, 2H), 7.18 (s, 1H), 7.30 (s, 1H), 7.42 (s, 1H), 7.63 (s, 2H),
10.71 (s, 1H). MS m/z: 374.2 [M+H]+.

4.1.28. 7-Bromo-N-(4-(4-methylpiperazin-1-yl)phenyl)benzo[d]oxazol-2-
amine (4e)

Compound 4e was prepared from 3e using the procedure described
in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 2.24 (s, 3H), 2.50 (s,
4H), 3.09 (s, 4H), 6.98 (s, 2H), 7.17 (s, 1H), 7.29 (s, 1H), 7.41 (s, 1H),
7.58 (s, 2H), 10.68 (s, 1H). MS m/z:387.2 [M+H]+.

4.1.29. Tert-butyl 4-(4-((7-bromobenzo[d]oxazol-2-yl)amino)-2-fluorophenyl)
piperazine-1-carboxylate (4f)

Compound 4f was prepared from 3f using the procedure described
in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H), 2.91 (s,
4H), 3.47 (s, 4H), 3.47 (s, 4H), 7.01 – 7.23 (m, 2H), 7.35 (dd, J=14.9,
8.2 Hz, 2H), 7.46 (d, J=7.7 Hz, 1H), 7.69 (d, J=14.4 Hz, 1H), 11.01
(s, 1H). MS m/z: 491.2 [M+H]+.

4.1.30. Tert-butyl 4-(4-((7-bromobenzo[d]oxazol-2-yl)amino)-2-methylphenyl)
piperazine-1-carboxylate (4g)

Compound 4g was prepared from 3g using the procedure described
in step 4 for 4a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.28 (s,
3H), 2.75 (s, 4H), 3.46 (s, 4H), 7.06 (d, J=9.4 Hz, 1H), 7.16 (t,
J=7.9 Hz, 1H), 7.30 (dd, J=8.1, 0.9 Hz, 1H), 7.43 (dd, J=7.7,
0.9 Hz, 1H), 7.53 (d, J=6.4 Hz, 2H), 10.75 (s, 1H). MS m/z: 487.2 [M
+H]+.

4.1.31. Step 5 Tert-butyl 4-(4-((7-(1,2,3,6-tetrahydropyridin-4-yl)benzo
[d]oxazol-2-yl)amino)phenyl)piperazine-1-carboxylate (5a)

To a suspension of 4a (0.1 g, 0.21mmol) and (1-(tert-butox-
ycarbonyl)-1,2,3,6-tetrahydropyridin-4-yl)boronic acid (0.057 g,
0.25mmol) in dimethyl ether (DME)/H2O (4mL) were added Na2CO3

(0.06 g, 0.63mmol) and Pd(dppf)2Cl2 (0.034g, 0.04mmol) under argon
atmosphere, which was allowed to react at 100 °C for 8 h. After cooling,
water (10mL) was added to the reaction mixture, and the mixture was
extracted with ethyl acetate (15mL×3). The organic layer was dried
over MgSO4. The solvent was removed in vacuo and the residue was
purified by silica gel chromatography (Developing solvent: PE/EA=3/
1) to give 5a (0.09 g, yield 75.2%). 1H NMR (300MHz, DMSO-d6): δ
1.42 (s, 9H), 1.44 (s, 9H), 2.60 (s, 2H), 3.02 (s, 4H), 3.47 (s, 4H), 3.59
(s, 2H), 4.08(s, 2H), 6.52 (s, 1H), 7.00 (d, J=8.6 Hz, 2H), 7.08 (t,
J=7.5 Hz, 1H), 7.32 (d, J=7.9 Hz, 1H), 7.62 (d, J=8.6 Hz, 2H),
10.43 (s, 1H). MS m/z: 576.3 [M+H]+.

4.1.32. Tert-butyl 4-(4-((7-(3,6-dihydro-2H-pyran-4-yl)benzo[d]oxazol-
2-yl)amino)phenyl)piperazine-1-carboxylate (5b)

Compound 5b was prepared from 4a and 2-(3,6-dihydro-2H-pyran-
4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane using the procedure de-
scribed in step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H),
2.58 (s, 2H), 3.02 (s, 4H), 3.47 (s, 4H), 3.88 (t, J=5.3 Hz, 2H), 4.38 (s,
2H), 6.60 (s, 1H), 7.00 (d, J=8.9 Hz, 2H), 7.09 (t, J=7.8 Hz, 1H),
7.19 (t, J=7.7 Hz, 1H), 7.32 (d, J=7.5 Hz, 1H), 7.62 (d, J=8.7 Hz,
2H), 10.43 (s, 1H). MS m/z: 477.5 [M+H]+.

4.1.33. Tert-butyl 4-(4-((7-phenylbenzo[d]oxazol-2-yl)amino)phenyl)piperazine
-1-carboxylate (5c)

Compound 5c was prepared from 4a and phenylboronic acid pi-
nacol ester using the procedure described in step 5 for 5a. 1H NMR
(300MHz, DMSO-d6): δ 1.42 (s, 9H), 3.03 (s, 4H), 3.47 (s, 4H), 7.00 (d,
J=8.6 Hz, 2H), 7.22–7.37 (m, 2H), 7.37–7.48 (m, 2H), 7.54 (t,
J=7.5 Hz, 2H), 7.65 (d, J=8.5 Hz, 2H), 7.87 (d, J=7.8 Hz, 2H),

10.50 (s, 1H). MS m/z: 471.1 [M+H]+.

4.1.34. Tert-butyl 4-(4-((7-(pyridin-3-yl)benzo[d]oxazol-2-yl)amino)phenyl)
piperazine-1-carboxylate (5d)

Compound 5d was prepared from 4a and 3-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine using the procedure described in step
5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H), 3.03 (s, 4H),
3.03 (s, 4H), 3.47 (s, 4H), 7.01 (d, J=8.7 Hz, 2H), 7.34 (d, J=7.7 Hz,
1H), 7.42 (d, J=7.6 Hz, 1H), 7.47 (d, J=7.6 Hz, 1H), 7.53 – 7.61 (m,
1H), 7.64 (d, J=8.6 Hz, 2H), 8.27 (d, J=8.0 Hz, 1H), 8.63 (d,
J=4.5 Hz, 1H), 9.11 (s, 1H), 10.55 (s, 1H). MS m/z: 472.1 [M+H]+.

4.1.35. Tert-butyl 4-(4-((7-(pyridin-4-yl)benzo[d]oxazol-2-yl)amino)phenyl)
piperazine-1-carboxylate (5e)

Compound 5e was prepared from 4a and 4-(4,4,5,5-Tetramethyl-1,3,2-
dioxaborolan −2-yl)pyridine using the procedure described in step 5 for
5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 3.04 (s, 4H), 3.47 (s, 4H),
7.01 (d, J=8.5Hz, 2H), 7.36 (d, J=7.7Hz, 1H), 7.50 (dd, J=7.4,
4.0Hz, 2H), 7.65 (d, J=8.3Hz, 2H), 7.91 (d, J=4.9Hz, 2H), 8.73 (d,
J=4.8Hz, 2H), 10.59 (s, 1H). MS m/z: 472.1 [M+H]+.

4.1.36. Tert-butyl 4-(4-((7-(1H-pyrazol-4-yl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5f)

Compound 5f was prepared from 4a and 4-pyrazoleboronic acid
pinacol ester using the procedure described in step 5 for 5a. 1H NMR
(300MHz, DMSO-d6): δ 1.43 (s, 9H), 3.05 (s, 4H), 3.48 (s, 4H), 7.02 (d,
J=8.0 Hz, 2H), 7.23 (t, J=10.4 Hz, 2H), 7.40 (d, J=7.4 Hz, 1H),
7.64 (d, J=7.8 Hz, 2H), 8.13 (s, 1H), 10.39 (s, 1H), 13.16 (s, 1H). MS
m/z: 460.2 [M+H]+.

4.1.37. Tert-butyl 4-(4-((7-(3-aminophenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5g)

Compound 5g was prepared from 4a and 3-aminophenylboronic
acid pinacol ester using the procedure described in step 5 for 5a. MS m/
z: 485.7 [M+H]+. The crude product was delivered directly to the next
step.

4.1.38. Tert-butyl 4-(4-((7-(3-methoxyphenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5h)

Compound 5h was prepared from 4a and 3-methoxyphenylboronic
acid pinacol ester using the procedure described in step 5 for 5a. MS m/
z: 500.2 [M+H]+. The crude product was delivered directly to the next
step.

4.1.39. Tert-butyl 4-(4-((7-(3-cyanophenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5i)

Compound 5i was prepared from 4a and 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl) benzonitrile using the procedure described in
step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.97–3.09
(m, 4H), 3.42 – 3.53 (m, 4H), 7.01 (d, J=9.0 Hz, 2H), 7.32 (t,
J=7.7 Hz, 1H), 7.44 (dd, J=12.6, 7.2 Hz, 2H), 7.64 (d, J=8.9 Hz,
2H), 7.75 (t, J=7.8 Hz, 1H), 7.91 (d, J=7.8 Hz, 1H), 8.21 (d,
J=8.0 Hz, 1H), 8.33 (s, 1H), 10.54 (s, 1H). MS m/z: 496.5 [M+H]+.

4.1.40. Tert-butyl 4-(4-((7-(3-chlorophenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5j)

Compound 5j was prepared from 4a and 2-(3-chlorophenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane using the procedure described
in step 5 for 5a. MS m/z: 505.5 [M+H]+.

4.1.41. Tert-butyl 4-(4-((7-(4-aminophenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5k)

Compound 5k was prepared from 4a and 4-aminophenylboronic
acid pinacol ester using the procedure described in step 5 for 5a. MS m/
z: 485.7 [M+H]+.
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4.1.42. Tert-butyl 4-(4-((7-(3-(methylamino)phenyl)benzo[d]oxazol-2-yl)
amino)phenyl)piperazine-1- carboxylate (5l)

Compound 5l was prepared from 4a and N-methyl-3-(4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolan -2-yl)aniline using the procedure de-
scribed in step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H),
2.75 (d, J=4.9 Hz, 3H), 3.03 (s, 4H), 3.47 (s, 4H), 5.70 (d, J=4.9 Hz,
1H), 6.60 (dd, J=8.0, 1.5 Hz, 1H), 6.92 (s, 1H), 6.99 (dd, J=7.4,
5.2 Hz, 3H), 7.15–7.30 (m, 3H), 7.35 (dd, J=6.6, 2.3 Hz, 1H), 7.63 (d,
J=9.0 Hz, 2H), 10.35 (s, 1H). MS m/z: 498.6 [M+H]+.

4.1.43. Tert-butyl4-(4-((7-(3-acetamidophenyl)benzo[d]oxazol-2-yl)
amino)phenyl)piperazine-1-carboxyl ate (5m)

Compound 5m was prepared from 4a and 3-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)acetanilide using the procedure described in
step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.09 (s,
3H), 2.91–3.12 (m, 4H), 3.40–3.54 (m, 4H), 6.99 (d, J=9.1 Hz, 2H),
7.17–7.24 (m, 1H), 7.30 (dd, J=10.3, 5.1 Hz, 1H), 7.36–7.42 (m, 1H),
7.45 (d, J=7.8 Hz, 1H), 7.50 (d, J=7.7 Hz, 1H), 7.65 (t, J=7.5 Hz,
3H), 7.98 (s, 1H), 10.03 (s, 1H), 10.40 (s, 1H). MSm/z: 528.6 [M+H]+.

4.1.44. Tert-butyl 4-(4-((7-(1H-indol-4-yl)benzo[d]oxazol-2-yl)amino)phenyl)
piperazine-1-carboxylate (5n)

Compound 5n was prepared from 4a and4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-indole using the procedure described in
step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 3.02 (s,
4H), 3.47 (s, 4H), 6.43 (s, 1H), 6.97 (d, J=8.8 Hz, 2H), 7.24 (dd,
J=15.1, 7.4 Hz, 2H), 7.31 (d, J=4.5 Hz, 2H), 7.42 (t, J=4.2 Hz, 2H),
7.48 (d, J=7.7 Hz, 1H), 7.63 (d, J=8.8 Hz, 2H), 10.36 (s, 1H), 11.28
(s, 1H). MS m/z: 510.6 [M+H]+.

4.1.45. Tert-butyl 4-(4-((7-(3-carbamoylphenyl)benzo[d]oxazol-2-yl)amino)
phenyl)piperazine-1-carboxylate (5o)

Compound 5o was prepared from 4a and 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamide using the procedure described in
step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.48 (s, 9H), 3.03–3.14
(m, 4H), 3.45–3.59 (m, 4H), 7.04 (d, J=8.0 Hz, 2H), 7.41 (dt,
J=21.6, 6.9 Hz, 4H), 7.52–7.54 (m, 1H), 7.67 (t, J=9.4 Hz, 3H), 7.96
(d, J=6.8 Hz, 1H), 8.05 (d, J=6.7 Hz, 2H), 8.36 (s, 1H), 10.43 (s,
1H). MS m/z: 528.6 [M+H]+.

4.1.46. Tert-butyl 4-(4-((7-(3-(methylcarbamoyl)phenyl)benzo[d]oxazol-
2-yl)amino)phenyl)piperazine-1-carboxylate (5p)

Compound 5p was prepared from 4a and 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamide using the procedure described in
step 5 for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.83 (d,
J=4.5 Hz, 3H), 2.98–3.08 (m, 4H), 3.46 (d, J=4.8 Hz, 4H), 7.00 (d,
J=9.0 Hz, 2H), 7.28–7.40 (m, 2H), 7.43 (d, J=7.3 Hz, 1H), 7.63 (dd,
J=12.5, 5.3 Hz, 3H), 7.87 (d, J=7.9 Hz, 1H), 8.00 (d, J=7.7 Hz,
1H), 8.26 (s, 1H), 8.57 (d, J=4.5 Hz, 1H), 10.49 (s, 1H). MS m/z:
528.6 [M+H]+.

4.1.47. Tert-butyl 4-(4-((7-(2-(methylcarbamoyl)pyridin-4-yl)benzo[d]
oxazol-2-yl)amino)phenyl)piperazine-1-carboxylate (5q)

Compound 5q was prepared from 4a and (2-(methylcarbamoyl)
pyridin-4-yl)boronic acid using the procedure described in step 5 for
5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.88 (d, J=4.8 Hz,
3H), 2.96–3.16 (m, 4H), 3.40–3.54 (m, 4H), 7.01 (d, J=9.1 Hz, 2H),
7.37 (t, J=7.8 Hz, 1H), 7.52 (t, J=7.1 Hz, 2H), 7.65 (d, J=9.0 Hz,
2H), 8.06 (dd, J=5.1, 1.8 Hz, 1H), 8.48 (d, J=1.2 Hz, 1H), 8.77 (d,
J=5.1 Hz, 1H), 8.86 (d, J=4.8 Hz, 1H), 10.59 (s, 1H). MS m/z: 529.5
[M+H]+.

4.1.48. Tert-butyl 4-(4-((7-(3-carbamoylphenyl)benzo[d]oxazol-2-yl)amino)-
2-fluorophenyl)piperazine-1-carboxylate (5r)

Compound 5r was prepared from 4f and (2-(methylcarbamoyl)
pyridin-4-yl)boronic acid using the procedure described in step 5 for

5a. 1H NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H), 2.91 (s, 4H), 3.47 (s,
4H), 3.47 (s, 4H), 7.01–7.23 (m, 2H), 7.35 (dd, J=14.9, 8.2 Hz, 2H),
7.46 (d, J=7.7 Hz, 1H), 7.69 (d, J=14.4 Hz, 1H), 11.01 (s, 1H). MS
m/z: 491.2 [M+H]+.

4.1.49. Tert-butyl 4-(4-((7-(3-carbamoylphenyl)benzo[d]oxazol-2-yl)amino)-
2-methylphenyl)piperazine-1-carboxylate (5s)

Compound 5s was prepared from 4g and (2-(methylcarbamoyl)
pyridin-4-yl)boronic acid using the procedure described in step 5 for
5a. 1H NMR (300MHz, DMSO-d6): δ 1.43 (s, 9H), 2.28 (s, 3H), 2.75 (s,
4H), 3.46 (s, 4H), 7.06 (d, J=9.4 Hz, 1H), 7.16 (t, J=7.9 Hz, 1H),
7.30 (dd, J=8.1, 0.9 Hz, 1H), 7.43 (dd, J=7.7, 0.9 Hz, 1H), 7.53 (d,
J=6.4 Hz, 2H), 10.75 (s, 1H). MS m/z: 487.2 [M+H]+.

4.1.50. Tert-butyl 4-(4-((7-(3-carbamoylphenyl)benzo[d]oxazol-2-yl)
amino)-2-methoxyphenyl)piperazine-1-carboxylate (5t)

Compound 5t was prepared from 4h and (2-(methylcarbamoyl)
pyridin-4-yl)boronic acid using the procedure described in step 5 for
5a. 1H NMR (300MHz, DMSO-d6): δ 1.42 (s, 9H), 2.86 (s, 4H), 3.45 (s,
4H), 3.81 (s, 3H), 6.92 (d, J=8.6 Hz, 1H), 7.16 (t, J=7.9 Hz, 1H),
7.23–7.33 (m, 2H), 7.38 (d, J=2.3 Hz, 1H), 7.41 (dd, J=7.7, 0.9 Hz,
1H), 10.78 (s, 1H). MS m/z: 503.2 [M+H]+.

4.1.51. Step 6 N-(4-(piperazin-1-yl)phenyl)-7-(1,2,3,6-tetrahydropyridin-
4-yl)benzo[d]oxazol-2-amine (T1)

To a solution of 5a (60mg, 0.13mmol) in dichloromethane (3mL)
was added CF3COOH (0.3 mL) at room temperature. The reaction
mixture was stirred at room temperature for 6 h. Saturated aqueous
sodium bicarbonate was added to the reaction mixture until the pH of
solution was 7–8. The precipitated solid was collected on a filter and
was further purified by silica gel chromatography (Developing solvent:
dichloromethane/MeOH=10/1) to give T1 (30mg, yield 81.8%). 1H
NMR (300MHz, DMSO-d6): δ 2.75–2.89 (m, 4H), 2.91–3.02 (m, 4H),
3.44 (s, 2H), 6.54 (s, 1H), 6.94 (d, J=9.0 Hz, 2H), 7.02–7.09 (m, 1H),
7.16 (t, J=7.7 Hz, 1H), 7.28 (d, J=7.4 Hz, 1H), 7.60 (d, J=9.0 Hz,
2H), 10.33 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for C22H26N5O:
376.2137, found: 376.2133.

4.1.52. 7-(3,6-Dihydro-2H-pyran-4-yl)-N-(4-(piperazin-1-yl)phenyl)benzo
[d]oxazol-2-amine (T2)

Compound T2 was prepared from 5b using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.58 (s, 2H),
2.75–2.88 (m, 4H), 2.88–3.03 (m, 4H), 3.88 (t, J=5.4 Hz, 2H), 4.31 (d,
J=2.5 Hz, 2H), 6.60 (s, 1H), 6.94 (d, J=8.9 Hz, 2H), 7.09 (d,
J=7.0 Hz, 1H), 7.18 (t, J=7.7 Hz, 1H), 7.31 (d, J=7.0 Hz, 1H), 7.59
(d, J=9.0 Hz, 2H), 10.39 (s, 1H,). HRMS-ESI m/z [M+H]+, calcd for
C22H25N4O2: 377.1978, found: 377.1976.

4.1.53. 7-Phenyl-N-(4-(piperazin-1-yl)phenyl)benzo[d]oxazol-2-amine
(T3)

Compound T3 was prepared from 5c using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.86–2.99 (s, 4H),
3.00–3.11 (s, 4H), 6.97 (d, J=9.0 Hz, 1H), 7.24–7.36 (m, 1H),
7.37–7.48 (m, 2H), 7.54 (t, J=7.6 Hz, 1H), 7.64 (d, J=8.9 Hz, 1H),
7.87 (d, J=7.4 Hz, 1H),10.47 (s, 1H). HRMS-ESI m/z [M+H]+, calcd
for C23H23N4O: 371.1872, found: 371.1871.

4.1.54. N-(4-(piperazin-1-yl)phenyl)-7-(pyridin-3-yl)benzo[d]oxazol-2-
amine (T4)

Compound T4 was prepared from 5d using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.93–2.99 (m, 4H),
3.04–3.10 (m, 4H), 6.98 (d, J=9.1 Hz, 2H), 7.33 (t, J=7.7 Hz, 1H),
7.43 (ddd, J=13.6, 7.7, 1.3 Hz, 2H), 7.54–7.60 (m, 1H), 7.63 (d,
J=9.0 Hz, 2H), 8.37–8.17 (m, 1H), 8.63 (dd, J=4.8, 1.6 Hz, 1H),
9.09–9.12 (m, 1H), 10.50 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for
C22H22N5O: 372.1824, found: 372.1820.
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4.1.55. N-(4-(piperazin-1-yl)phenyl)-7-(pyridin-4-yl)benzo[d]oxazol-2-
amine (T5)

Compound T5 was prepared from 5e using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.97–3.05 (m, 4H),
3.08–3.16(m, 4H), 7.00 (d, J=9.1 Hz, 2H), 7.29–7.31 (m, 1H), 7.49 (d,
J=1.6 Hz, 1H), 7.50–7.55 (m, 1H), 7.64 (d, J=9.0 Hz, 2H), 7.91 (dd,
J=4.6, 1.6 Hz, 2H), 8.81–8.66 (m, 2H), 10.56 (s, 1H). HRMS-ESI m/z
[M+H]+, calcd for C22H22N5O: 372.1824, found: 372.1818.

4.1.56. N-(4-(piperazin-1-yl)phenyl)-7-(1H-pyrazol-4-yl)benzo[d]oxazol-
2-amine (T6)

Compound T6 was prepared from 5f using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 3.03–3.15 (m, 4H),
3.03–3.15 (m, 4H),7.06 (d, J=9.0 Hz, 2H), 7.14–7.29 (m, 2H), 7.41 (d,
J=7.0 Hz, 1H), 7.68 (d, J=8.9 Hz, 2H), 8.01–8.39 (m, 1H) 10.47 (s,
1H), 13.20 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for C20H21N6O:
361.1777 [M+H]+, found: 361.1780.

4.1.57. 7-(3-Aminophenyl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]oxazol-
2-amine (T7)

Compound T7 was prepared from 5g using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.87–2.98 (m, 4H),
3.01–3.12 (m, 4H), 5.19 (s, 2H),. 6.62 (d, J=8.1 Hz, 1H), 6.96 (d,
J=8.1 Hz, 4H), 7.10–7.20 (m, 2H), 7.25 (t, J=7.6 Hz, 1H), 7.35 (d,
J=7.5 Hz, 1H), 7.63 (d, J=8.7 Hz, 2H), 10.43 (s, 1H). HRMS-ESI m/z
[M+H]+, calcd for C23H24N5O: 386.1981, found: 386.1979.

4.1.58. 7-(3-Methoxyphenyl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]
oxazol-2-amine (T8)

Compound T8 was prepared from 5h using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 3.07–3.16 (s, 4H),
3.16–3.23 (s, 4H), 3.85 (s, 3H), 7.01 (d, J=8.7 Hz, 3H), 7.24–7.38 (m,
2H), 7.38–7.48 (m, 4H), 7.65 (d, J=8.7 Hz, 2H), 10.48 (s, 1H). HRMS-
ESI m/z [M+H]+, calcd for C24H24N5O3: 401.1978, found: 401.1969.

4.1.59. 3-(2-((4-(Piperazin-1-yl)phenyl)amino)benzo[d]oxazol-7-yl)
benzonitrile (T9)

Compound T9 was prepared from 5i using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.90 (s, 4H), 3.03 (s,
4H), 6.98 (d, J=5.2 Hz, 2H), 7.25–7.38 (m, 1H), 7.38–7.51 (m, 2H),
7.63 (d, J=5.2 Hz, 2H), 7.82–7.69 (m, 1H), 7.90 (s, 1H), 8.18–8.28
(m, 1H), 8.34 (s, 1H), 10.50 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for
C24H22N5O: 396.1824, found: 396.1830.

4.1.60. 7-(3-Chlorophenyl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]oxazol-
2-amine (T10)

Compound T10 was prepared from 5j using the procedure described
in step 6 for T1. 1H NMR (300MHz, MeOD) δ 3.25 (s, 4H), 3.26 (s, 4H),
7.05 (d, J=9.0 Hz, 2H),7.28–7.34 (m,2H), 7.36 (t, J=2.9 Hz, 1H),
7.44–7.38 (m, 1H), 7.48 (t, J=7.9 Hz, 1H), 7.58 (d, J=8.9 Hz, 2H),
7.77 (d, J=7.7 Hz, 1H), 7.87–7.92 (m,1H). HRMS-ESI m/z [M+H]+,
calcd for C23H22ClN4O: 405.1482, found: 405.1468.

4.1.61. 7-(4-Aminophenyl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]oxazol-
2-amine (T11)

Compound T11 was prepared from 5k using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 3.22 (s, 4H),
3.24 (s, 4H), 5.36 (s, 2H), 6.70 (d, J=8.3 Hz, 2H), 7.03 (d, J=8.7 Hz,
2H), 7.31–7.18 (m, 3H), 7.60 (d, J=8.3 Hz, 2H), 7.68 (d, J=8.7 Hz,
2H), 10.45 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for C23H24N5O:
386.1981, found: 386.1976.

4.1.62. 7-(3-(Methylamino)phenyl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]
oxazol-2-amine (T12)

Compound T12 was prepared from 5l using the procedure described
in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.75 (d, J=4.9 Hz,

3H), 2.93–3.02 (m, 4H), 3.02–3.15 (m, 4H), 5.68–5.85 (m, 1H), 6.60 (d,
J=8.2 Hz, 1H), 6.92 (s, 1H), 6.99 (t, J=8.1 Hz, 3H), 7.31–7.16 (m,
3H), 7.33–7.40 (m, 1H), 7.63 (d, J=8.9 Hz, 2H), 10.41 (s, 1H). HRMS-
ESI m/z [M+H]+, calcd for C24H26N5O: 400.2137, found: 400.2136.

4.1.63. N-(3-(2-((4-(piperazin-1-yl)phenyl)amino)benzo[d]oxazol-7-yl)
phenyl)acetamide (T13)

Compound T13 was prepared from 5m using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.09 (s, 3H),
3.02–3.12 (m, 4H), 3.12–3.20 (m, 4H), 7.00 (d, J=9.1 Hz, 2H),
7.18–7.25 (m, 1H), 7.30 (t, J=7.7 Hz, 1H), 7.37–7.54 (m, 3H), 7.65 (d,
J=9.0 Hz, 3H), 8.00 (s, 1H), 10.11 (s, 1H), 10.47 (s, 1H). HRMS-ESI
m/z [M+H]+, calcd for C25H26N5O2: 428.2087, found: 428.2085.

4.1.64. 7-(1H-indol-4-yl)-N-(4-(piperazin-1-yl)phenyl)benzo[d]oxazol-2-
amine (T14)

Compound T14 was prepared from 5n using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 3.07–3.16 (m,
4H), 3.16–3.24 (m, 4H), 6.42 (s, 1H), 7.00 (d, J=9.1 Hz, 2H),
7.16–7.28 (m, 2H), 7.28–7.35 (m, 2H), 7.38–7.51 (m, 1H), 7.65 (d,
J=9.0 Hz, 2H), 10.41 (s, 1H), 11.31 (s, 1H). HRMS-ESI m/z [M+H]+,
calcd for C25H24N5O: 410.1981, found: 410.1981.

4.1.65. 3-(2-((4-(Piperazin-1-yl)phenyl)amino)benzo[d]oxazol-7-yl)
benzamide (T15)

Compound T15 was prepared from 5o using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.75–2.91 (m,
4H), 2.92–3.09 (m, 4H), 6.95 (d, J=9.0 Hz, 2H), 7.25–7.39 (m, 2H),
7.40 (t, J=7.5 Hz, 1H), 7,51(s, 1H), 7.56–7.66 (m, 3H), 7.91 (d,
J=7.8 Hz, 1H), 8.00 (d, J=7.8 Hz, 1H), 8.12 (s, 1H), 8.31 (s, 1H),
10.49 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for C24H24N5O2:
414.1930, found: 414.1919.

4.1.66. N-methyl-3-(2-((4-(piperazin-1-yl)phenyl)amino)benzo[d]oxazol-
7-yl)benzamide (T16)

Compound T16 was prepared from 5p using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.83 (d,
J=4.5 Hz, 3H), 2.95–3.05 (s, 4H), 3.06–3.17 (m, 4H), 6.99 (d,
J=9.0 Hz, 2H), 7.24–7.40 (m, 2H), 7.41–7.46 (m, 1H),7.57–7.69 (m,
3H), 7.88 (d, J=7.9 Hz, 1H), 8.00 (d, J=7.8 Hz, 1H), 8.27 (s, 1H),
8.52–8.65 (m, 1H), 10.49 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for
C24H24N5O2: 428.2087, found: 428.2077.

4.1.67. N-methyl-4-(2-((4-(piperazin-1-yl)phenyl)amino)benzo[d]oxazol-
7-yl)picolinamide (T17)

Compound T17 was prepared from 5q using the procedure de-
scribed in step 6 for T1. 1H NMR (300MHz, DMSO-d6): δ 2.88 (d,
J=4.8 Hz, 3H), 2.90–2.95 (m, 4H), 3.01–3.10 (m, 4H), 6.98 (d,
J=9.0 Hz, 2H), 7.36 (t, J=7.8 Hz, 1H), 7.46–7.56 (m, 2H), 7.64 (d,
J=9.0 Hz, 2H), 8.06 (dd, J=5.1, 1.8 Hz, 1H), 8.47–8.50 (m, 1H), 8.77
(d, J=5.2 Hz, 1H), 8.81–8.92 (m,1H), 10.56 (s, 1H). HRMS-ESI m/z [M
+H]+, calcd for C24H25N6O2: 429.2039, found: 429.2040.

4.1.68. 3-(2-((4-(Diethylamino)phenyl)amino)benzo[d]oxazol-7-yl)
benzamide (T18)

Compound T18 was prepared from 4b using the procedure de-
scribed above for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.07 (t,
J=6.9 Hz, 6H), 3.24–3.32(m, 4H), 6.71 (d, J=9.0 Hz, 2H), 7.25–7.43
(m, 3H), 7.47–7.57 (m, 3H), 7.61 (t, J=7.8 Hz, 1H), 7.91 (d,
J=7.7 Hz, 1H), 8.00 (d, J=7.1 Hz, 1H), 8.11 (s, 1H), 8.30 (s, 1H),
10.29 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for C24H25N4O2:
401.1978, found: 401.1977.

4.1.69. 3-(2-((4-(Piperidin-1-yl)phenyl)amino)benzo[d]oxazol-7-yl)
benzamide (T19)

Compound T19 was prepared from 4c using the procedure
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described above for 5a. 1H NMR (300MHz, DMSO-d6): δ 1.45–1.56 (m,
2H),1.56–1.71 (m, 4H), 3.00–3.12 (m, 4H), 6.96 (d, J=9.0 Hz, 2H),
7.28–7.40 (m, 2H), 7.43 (d, J=7.2 Hz, 1H), 7.51 (s, 1H), 7.56–7.67
(m, 3H), 7.91 (d, J=7.8 Hz, 1H), 8.00 (d, J=7.7 Hz, 1H), 8.12 (s, 1H),
8.31 (s, 1H), 10.46 (s, 1H). HRMS-ESI m/z [M+H]+, calcd for
C25H25N4O2: 413.1978, found: 413.1966.

4.1.70. 3-(2-((4-Morpholinophenyl)amino)benzo[d]oxazol-7-yl)
benzamide (T20)

Compound T20 was prepared from 4d using the procedure de-
scribed above for 5a. 1H NMR (400MHz, DMSO-d6): δ 3.01–3.14 (m,
4H), 3.71–3.81 (d, 4H), 6.98 (d, J=8.7 Hz, 2H), 7.27–7.35 (m, 1H),
7.38 (d, J=6.6 Hz, 1H), 7.43 (d, J=6.8 Hz, 1H), 7.50 (s, 1H),
7.59–7.72 (m, 3H), 7.91 (d, J=6.9 Hz, 1H), 8.00 (d, J=7.1 Hz, 1H),
8.12 (s, 1H), 8.31 (s, 1H), 10.49 (s, 1H). HRMS-ESI m/z [M+H]+, calcd
for C24H23N4O3: 415.1770, found: 415.1771.

4.1.71. 3-(2-((4-(4-Methylpiperazin-1-yl)phenyl)amino)benzo[d]oxazol-
7-yl)benzamide (T21)

Compound T21 was prepared from 4e using the procedure de-
scribed above for 5a. 1H NMR (400MHz, DMSO-d6): δ 2.27 (s, 3H),
2.51–2.57 (m, 4H), 3.03–3.16 (m, 4H), 6.97 (d, J=9.1 Hz, 2H), 7.32 (t,
J=7.7 Hz, 1H), 7.38 (dd, J=7.8, 1.2 Hz, 1H), 7.43 (dd, J=7.5,
1.2 Hz, 1H), 7.51 (s, 1H), 7.57–7.69 (m, 3H), 7.92 (d, J=7.8 Hz, 1H),
8.00 (d, J=7.9 Hz, 1H), 8.12 (s, 1H), 8.31 (s, 1H), 10.48 (s, 1H).
HRMS-ESI m/z [M+H]+, calcd for C25H26N5O2: 428.2087, found:
428.2088.

4.1.72. 3-(2-((3-Fluoro-4-(piperazin-1-yl)phenyl)amino)benzo[d]oxazol-
7-yl)benzamide (T22)

Compound T22 was prepared from 5r using the procedure described
above for T1. 1H NMR (400MHz, DMSO-d6): δ 2.93–3.15 (m, 8H),
7.03–7.18 (m, 1H), 7.31–7.39 (m, 1H), 7.39–7.47 (m, 2H), 7.47–7.57
(m, 2H), 7.70 – 7.58 (m, 1H), 7.76 (d, J=11.4 Hz, 1H), 7.97–7.98 (m,
1H), 7.98–8.07 (m, 1H), 8.14 (s, 1H), 8.32 (s, 1H), 10.83 (s, 1H).
HRMS-ESI m/z [M+H]+, calcd for C24H23FN5O2: 432.1836, found:
432.1831.

4.1.73. 3-(2-((3-Methyl-4-(piperazin-1-yl)phenyl)amino)benzo[d]oxazol-
7-yl)benzamide (T23)

Compound T23 was prepared from 5s using the procedure de-
scribed above for T1. 1H NMR (400MHz, DMSO-d6): δ 2.67–2.85 (m,
4H), 2.85–3.00 (m, 4H), 7.04 (d, J=9.1 Hz, 1H), 7.33 (t, J=7.7 Hz,
1H), 7.39 (d, J=7.7 Hz, 1H), 7.45 (d, J=7.5 Hz, 1H), 7.50 (s, 1H),
7.56 (s, 2H), 7.62 (t, J=7.7 Hz, 1H), 7.92 (d, J=7.3 Hz, 1H), 8.01 (d,
J=7.3 Hz, 1H), 8.12 (s, 1H), 8.31 (s, 1H), 10.54 (s, 1H). HRMS-ESIm/z
[M+H]+, calcd for C25H26N5O2: 428.2087, found: 428.2079.

4.1.74. 3-(2-((3-Methoxy-4-(piperazin-1-yl)phenyl)amino)benzo[d]
oxazol-7-yl)benzamide (T24)

Compound T24 was prepared from 5t using the procedure described
above for T1. 1H NMR (300MHz, DMSO-d6): δ 2.72–3.04 (m, 8H), 3.80
(s, 3H), 6.91 (d, J=8.4 Hz, 1H), 7.26–7.48 (m, 5H), 7.51 (s, 1H), 7.62
(t, J=7.7 Hz, 1H), 7.92 (d, J=7.6 Hz, 1H), 8.01 (d, J=7.3 Hz, 1H),
8.12 (s, 1H), 8.31 (s, 1H), 10.57 (s, 1H). HRMS-ESI m/z [M+H]+, calcd
for C25H26N5O3: 444.2036, found: 444.2036.

4.2. Biological assay

4.2.1. Kinase assay
Inhibitory rate or IC50 values against kinases were determined as

previously reported [20]. Generally, the tests were performed at Re-
action Biology Corporation using the “HotSpot” assay platform. The
kinase and corresponding substrate were mixed with the reaction buffer
(20mM Hepes pH 7.5, 10mM MgCl2, 1 mM EGTA, 0.02% Brij35,
0.02mg/mL BSA, 0.1 mM Na3VO4, 2mM DTT, 1% DMSO) at room

temperature. Then DMSO solution of compound (starting at 10 μM with
3-fold serial dilution) were added into the kinase reaction mixture at
room temperature. After 20min, the reaction was initiated by addition
of a mixture of ATP (Sigma) and 33P ATP (PerkinElmer) to a final
concentration of 10 μM, followed by the incubation of 120min at 25 °C.
The kinase activities were detected by filter-binding method. Kinase
activity data of test sample were expressed as the percent remaining
kinase activity compared to vehicle (DMSO) reactions. The values of
IC50 were obtained by using Prism (GraphPad Software, San Diego, CA).

4.2.2. Cell Growth Inhibition Assay
The human cancer cell lines were purchased from the American

Type Culture Collection (ATCC, Manassas, VA, USA). The MV4-11 cells
were maintained in culture media at 37 °C with 5% CO2 (100 ng/mL IL-
3 was added to parental BaF3 cells). Cells were plated in 384-well
culture plates (10,000/well). Cell proliferation was determined after
treatment with compounds for 72 h. Cell viability was measured by Cell
Titer-Glo assay (Promega, USA) following manufacturer’s instructions,
and luminescence was measured in a multilabel reader (Envision2014,
PerkinElmer, USA). The values of IC50 were obtained by using Prism.

4.3. Molecular simulation study

4.3.1. Homology modeling
The structure of “DFG-in” FLT3 was constructed using the homology

modeling method as described in our previously published paper [22],
which was directly used in this work.

4.3.2. Molecular docking
The FLT3 model was prepared with the Protein Preparation Wizard

workflow in Schrödinger 2005 platform (Schrödinger, LLC, New York,
NY). And ligands were docked into the ATP site using induced-fit
docking module based on Glide with default parameters, which allowed
the residues within 5 Å of ligand to be flexible. The docked pose with
top-ranked Glide score was selected for further simulation.

4.3.3. Molecular dynamics
A MD simulation was performed for the complex of T24 with FLT3

in Desmond module of Schrödinger, according to the published method
[23]. A truncated octahedral box of TIP3P water model was constructed
with Na+ or Cl− as counter ions. Protein and ligand were charged with
OPLS_2005 force field. Prior to MD, energy minimization was con-
ducted with a convergence threshold of 0.01 Kcal/mol/Å. Heating si-
mulation was performed from 0 to 300 K using the Berendsen ther-
mostat with a time step of 1 fs, and a total of 1200 ps heating simulation
was accomplished in the NVT ensemble. Equilibrium MD simulation
was implemented for 20 ns with a time step of 2 fs, in which NPT en-
semble was employed with a temperature fixed at 300 K and pressure at
1.01 bar. We chose a 10 ps recording interval, resulting in a MD tra-
jectory with 2000 unique conformations of T24. Default settings were
used for all other parameters. The analysis module in Desmond was
used to the generated trajectory.
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