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Abstract

FLT3 mutation is among the most common genetic trants in acute myeloid
leukemia (AML), which is also related with poor oak survival and refractory in
AML patients. Recently, FLT3 inhibitors have beeppeved for AML therapy.
Herein, a series of new compounds with pyrazolenansicaffold was discovered,
which showed potent inhibitory activity against BEITD and significant selectivity
against both FLT3-ITD and AML cells expressing FHT®. Compound 46,
possessing the most promising cellular activitpcked the autophosphorylation of
FLT3 pathway in MV4-11 cell line. Furthermore, tagoptosis and downregulation of
P-STATS5 were also observed in tumor cells extractemn the MV4-11 cell
xenografts model upon compou#é treatment. Compoundb wasalso metabolically
stablein vitro and suppressed tumor growth significantly in M\M-genografts
modelin vivo. Compound6 showed no toxicity to the viscera of mice and cduse
decrease in body weight of mice. In conclusion,réseilts of this study could provide
valuable insights into discovery of new FLT3 inhdss, and compound6 was
worthy of further development as potential drugdidate to treat AML.
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Introduction

Acute myeloid leukemia (AML) is one severe typduwhor that occurs mostly in
children and adolescents [1], causing about tenstwod deaths in the United States in
2017, with a 5-year survival rate of 27%.[2]  Itreported that approximately 30%
of AML patients harbored the Fms-like tyrosine ldea3 (FLT3) mutation.[3]
Normally, FLT3 is one member of type Ill receptgrasine kinase that is mainly
expressed in hematopoietic and lymphocytes celtg] eegulates the growth,
differentiation and apoptosis of cells. [4] Patlgdally, FLT3 mutations are often
capable of the autophosphorylation and excessitgation of its downstream
signaling pathways, including signal transducer autivator of transcription 5
(STAT5), Ras/mitogen-activated protein kinase (MARiGd phosphatidylinositol 3
kinase (PI3K) / AKT pathway.[5] FLT3 mutations cha divided into two types,e.
internal-tandem duplication (ITD) in the juxtamerabe domain of kinase [6] and
tyrosine kinase domain (TKD)[7] point mutationsiéfstandard chemotherapy, AML
patients with FLT3-ITD mutation had a worse progadban those with wild-type
FLT3.[8-10] Actually, both types of mutations nonlp correlate with negative
prognosis, but also contribute greatly to the dregistance for current FLT3
inhibitors.[9, 11] Therefore, FLT3, especially mute&FLT3, has attracted numerous
interests to develop targeting inhibitors toward IAMerapy.

According to their binding modes, FLT3 inhibitorancbe categorized into type |
and type I1.[12] Crenolanib, sorafenib, quizartinilteritinib and midostaurin
(Figure 1) are the representative and advanced inhibitolee Tombination of
midostaurin with standard chemotherapy can effebtiprolong the overall survival
of AML patients with FLT3 mutations.[13] Quizartmihas an excellent effect on
FLT3-ITD mutation, and can effectively prevent fatsone marrow suppression,
prolonging the survival and improving the life gtyabf AML patients.[14] Sorafenib
was reevaluated in several clinical trials for AMAnd improved the outcomes for
patients with FLT3-ITD.[15-17] Despite of the repamt FLT3 inhibitors,[18] novel
chemical entities that are effective and selectagainst either FLT3-ITD and
FLT3-TKD alone or concurrent mutations[19] arel stigently needed due to the fast
developing drug resistance. [20]
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Figure 1. Represented FLT3 inhibitors and hit compoumdl80-07120f this work.

In our previous efforts on FLT3 inhibitor researaeveral potent compounds
have been identified, among whiéiN-1501 is being under evaluation in phase |
clinical trial.[21, 22] HoweverFN-1501was also potent CDKs inhibitors, making it
not a selective FLT3 inhibitor. To discover mordeséve FLT3-ITD inhibitors, a
virtual screening was performed based on our irsbauolecule database, and a hit
compound I(T-180-0712 with good selectivity against FLT3 was identifieg us.[23]
Herein, a series of new pyrazole amines with imedowcellular activity was
discovered by hit to lead optimization, of whichepresentative compound showed
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high FLT3 selectivity from enzyme and cell-basedags as well as significant
anti-AML efficacyin vivo.

Chemistry
Scheme 1Synthesis of compound@s18
S . S " S
COOH i COOCH; i COOCH;
e gt ¢
Br Br NC
1 2
S 0}
i
—— I
NC NHNH,
3
NO, NO, NH, NCS
i vi
/\/F R2 R2 R2 a R'= 4-methylpiperazine-1-yl R?=H
1 1 1
R R R b R'=H R? = 4-methylpiperazine-1-yl
4a-4b 5a-5b 6a-6b ¢ R'= (4-methylpiperazin-1-ylformyl RZ=H
d  R'= N-(3-morpholinopropyl) carbamoyl R%2=H

NO, NO, NH, NCS
. ) e R'= N-(3-(diethylamino)propyl) carbamoyl
N vii v vi
‘ o f R'=H R2 = (4-methylpiperazin-1-yl)formyl
“COOH R? R? R2
R! R!

R! g R'"= N-(1-methylpiperidin-4-yl) carbamoyl
4c-4g 5¢c-59 6c-6g
viii - ix
N
3 + 6abg — > N \©[ -~ 814
) S R! Structure shown in Table S1
NC 7a-7g

9,10,13, 14 _x ., 15-18
Structure shown in Table S1

Reagents and conditions:(i) SOCL, MeOH, reflux; (i) CuCN, Kl, DMF, reflux; (iii)
NH,NH,-H,O, EtOH, 45 °C; (iv) Amines, BN, DMF, r.t.; (v) Fe, NHCI, EtOH, reflux; (vi)
CSChb, DCM, NaHCQ, H,0O, 0 °C; (vii) Amines, HATU, DIPEA, DMF; (viii) Pydine, EtOH,
reflux; (ix) Hg(OAc), EtOH, reflux; (x) NaOH, 30% D,, EtOH, 50 °C.

Compounds8-18 were prepared by a general approach showSdheme 1
4-Bromo-thiophene-2-carboxylic acid was used asstheing material to synthesize
compound 3 through a sequence of esterification, cyano sulstit and
hydrazinolysis.[24] 4-Fluoronitrobenzene or 3-flonitrobenzene was used as the
starting material to synthesize compoudads4b through a nucleophilic substitution
reaction with the appropriate amines. Reductiooamipound4a-4b gave compounds
5a-5b, followed by the reaction with thiophosgene toambtintermediate$a-6h.
Amides 4c-4g were synthesized by coupling 4-nitrobenzoic aagid3-aitrobenzoic
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acid with the related amines. Similar steps wemdooted to convertc-4gto 6¢-6g
as used in the synthesis @d-6b. Reaction of compound with intermediate$a-6g
followed by cyclization gave title compoun8@sl4. The hydrolysis of corresponding
compounds gave title compounts-18.[25, 26] Compound23-27 and45-54 were
prepared by a general approach showrSameme 2 The pyrazolamines2(Q and
21a-21) were synthesized using similar procedures toghnscheme 1 Coupling
reaction catalyzed by palladium gave intermedi&@s22i. Then, title compounds
23-26 and 4554 were obtained by the amination reactions of inteliates 20,
21a-21fand22a22i. Hydrolysis of hit compoundlT-180-0712 gave compoun@?7.
Accordingly, compound28-34and38-44(Scheme 3 were synthesized using similar
procedures to those shownScheme JandScheme 2

Scheme 2. Synthesis of compounds 23-27 and 45-54.
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19d 21c R'=2,3-dihydrobenzo[b][1,4]dioxine-6-yl 8 NG cN NG “N\H
19e 21d R'= 2 2-difluorobenzo[d][1,3]dioxole-5-yl 2

19f 21e R'= 2 3-dihydrobenzofuran-5-yl 19a 20
19g 21f R'= 3 4-dimethoxyphenyl-4-yl

~NH
iv R1 7
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R / Table 3 and Table 4
22g
H3COO0C @N N—"
/

22h
chooc@N 6] j
_/
22i
S NH~{\1 o]
\ vii
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Reagents and conditions(i) SOCL, MeOH, reflux; (ii) CUCN, KI, DMF, reflux; (iii) N\H, THF,

CH3CN, reflux; (iv) NHNH,-H,O, EtOH, reflux; (v) Amines, Pd(OAg) BINAP, CsCQO;, Tol,
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90 °C; (vi)20or2la-21f Al(CHg3)3, Tol, 90 °C; (vii) KOH, EtOH, reflux.

Scheme 3. Synthesis of compounds 28-34 and 38-44.
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35f R'=H R2=Cl R3=H 36bR'=CN R2=H R3=H
359 R'=H R2=H R%=H
35h R'=Br R2=H R® = cyclopentylmethyl
35i R'=Br R2=H R3 = phenyl
35f R'=Cl R2=H R3 = 4-trifluomethylbenzyl
35k R'=Cl R2=H R® = 4-methoxybenzyl
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\ rs H structures shown in
Table 2 and Table S2

37a-37m

37a R'=H RZ2=Br R3%=H

37b R'=Br R2?=H R®=H

37¢ R'=H R?=0CH3; R®=H

37d R'=0CH; R2=H  R3%=H

37¢ R'=Cl R2=H R®=H

37f R'=H RZ=Cl R%°=H

37g R'=H RZ=H R3=H

37h R'=Br R2=H R3 = cyclopentylmethyl
37i R'=Br R2?=H R®= benzyl
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38 39
Reagents and conditions: (i) Intermediates 35a-35g acetic anhydride, HCI§) 0 °C;
Intermediates35h-35k corresponding carboxylic acidszP0,, TFAA, CH:CN, r.t.; (ii) CuCN,
Kl, DMF, reflux; (iii) 1-Methylpiperazine, BN, DMF, r.t.; (iv) Fe, NHCI, EtOH, reflux; (v)

CSCh, DCM, NaHCQ, H,O, 0 °C; (vi) Intermediate6a, NaH, THF/DMF, 0 °C; (vii)
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NH,NH,- H,O, EtOH, reflux; (viii) KOH, EtOH, reflux.

Results and discussion

Structure and activity relationship (SAR). Previously, we found a potent and
selective FLT3-ITD inhibitorLT-180-0712 (IC5o = 0.9400 nM), but its cellular
activity against MV4-11 cell line was moderate4J€ 917 nM).[23] To discover new
selective FLT3-ITD inhibitors with improved cellfefacy, we firstly tried to increase
the cellular activity by structure-based optimiaatonLT-180-0712and maintain the
kinase inhibitory activity. However, the initial adiazole bioisosteres of-180-0712
showed nearly eliminated FLT3-ITD inhibitory activi(Table SJ), suggesting that
the pyrazole ring was indispensable for the enziymafficacy. To verify this
speculation, we docked compouB@dndLT-180-0712to FLT3 in active form (since
no activated FLT3 crystal structure was revealbd, tomology model [23] that we
constructed before was used). As showifrigure 2, neither key hydrogen bonding
interaction now-cation interaction formed between compo@ehd FLT3.

A VRS phesst B

%{?;"5694 Lysé14
L 7 p \

Lys64 5 /’“'( %3 LyN644
Pad
g

Asp829 Asp829/
Figure 2. Docking binding mode ofT-180-0712 (A) and compound (B) in FLT3 homology
model. Yellow ribbon represents hinge region. Rashdine represents hydrogen bond; magenta
dash liner-cation interaction; black dash line representscthee contact of atoms. Carbon atoms
of the FLT3 residues and the ligand are showneeigrand cyan color, respectively.

Hence, we focused on the study of pyrazole comg®uAs shown inTable 1,

when keeping the cyano group unchanged, the inttauof chlorine, fluorine atom
or methyl group at position 3 of benzene rirg3-¢5 made FLT3-ITD inhibitory
potency decrease in different degrees. The shaepuation of kinase activity for
compounds23 and 24 was probably due to unfavorable steric clash betwine
chlorine atom or methyl group and Tyr693 of FLT3lahus lack of key hydrogen
boning with hinge regionHigure 3A and 3B). Both replacing the benzene ring with
pyridine ring 6) and introducing hydrogen bonding donor on thiogheing @7)
only slightly attenuated the FLT3-ITD inhibitorytadty (ICso = 8.963 and 3.120 nM,
respectively). However, cell potencies of compou2@sand27 against MV4-11 cells
were moderately improved (&= 298 and 244 nM, respectively). This discrepancy
7



on kinase and cell activities reminded us that wesglkular potency of this kind of
compounds was probably due to the unfavorable nmansrane capacity. Hence,
solubility and transmembrane properties of thosemminds were predicted. The data
(Table 1) showed that compound23-27 and LT-180-0712 possessed weaker
predicted Caco-2 cell permeability and lower logitues than the clinical FLT3
inhibitors did, such as Crenolanib, MidostauBorafenib and Quzartinib. Therefore,
we turned to use the property-based optimizaticatesyy.

A Cysss.éy%/ B Cys695 Tyr| A,
) cyse94 r~—{ Y

1
A7 R 9L
\ 2 ' Lys@d4
28 O
Asp829
Tyré9
Cy369§/
LysG1
/ — ‘\;
%
% [Ys644 /_( Lys644
)‘/ pod

Lys644
Asp82

Figure 3. Docking binding mode of compound8 (A), 24(B), 29 (C), 30(D) and31 (E) in FLT3
homology model. Yellow ribbon represents hinge@sagRed dash line represents hydrogen bond;
black dash line represents the close contact ofiat@€arbon atoms of the FLT3 residues and the

ligand are shown in green and cyan color, respagtiv

Table 1. Structures and biological data of compou87.

s. NNH O



FLT3-ITD MV4-11

Cpd. R R? oo (MM)® 1Ces (1M)® PlogP?  PCacd’
23 CN Cl C  1198+102 < 2.929 43.612
24 CN CH; C 398.7£10.4 - 2.869 53.13
25 CN F C 39.61+2.3 - 2.709 42.4
26 CN H N 8.963+1.1 298+11 2.44 29.013
o]
27 )J\/, H C 3.120%0.8 244+16 2.171 18.308
H,N
0.9400+0.0
LT-180-0712 5 91727 2.532 44.735
Crenolanib 4.041 359.609
Midostaurin 5.394 2266.241
Sorafenib 1.300+0.3 1.59+0.15 411 322.725
Quzartinib 4.553 110.126

% In the presence of 1M ATP, the values are the mean from three indepenelgoeriments (+
SD); Pthe values are the mean from three independentimens (+ SD);°not determined®
predicted logP$ predicted Caco-2 cell permeability in nm/second.

Considering that the amide linker between pyrazamel benzene ring may
contribute negatively to transmembrane capacitijtd- group was used as the new
linker (Table 2). Although enzymatic activities of compou@8 decreased by more
than 10 times, compoun@$®, 30 and31 possessed comparable FLT3-ITD inhibitory
potency with hit compound, and their binding mode&LT3 (Figure 3C-3E) were
also similar with that of hit compound. Therefottee -NH- linker was acceptable to
maintain kinase activity. More importantly, compdsr29 and 30 also displayed six
times higher cell efficacy (I = 130 nM and 148 nM, respectively) than hit
compound did. Indeed, compour2®and30 had obviously increased predicted logP
values and Caco-2 cell permeabilifiable 2), which probably facilitated these two
compounds to transfer into MV4-11 cells and inl@bitcell growth. Consistently,
compound31 that had lower predicted logP values and CacoiZeemeability than
compound9 and30, showed decreased cellular potencydEE 756 nM).

Next, we continued to investigate various substitsievith different volume or
electrostatic property on thiophene ring. When giragn substitutions on position 5 of
thiophene ring 32, 33, 34, 38, 39, only compound32 with 5-Br group showed
10-fold decreased kinase activity and the other pmunds displayed maintained
kinase activities, perhaps due to too close digtdmetween the bromine atom of
compound32 and Phe691 of FLT3gure 4A). Compound83 and34 showed better
cellular activities (IG, = 85 and 80 nM, respectively) than compouB88sand 39,
which was consistent with their differences in gredicted logP and Caco-2 cell
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permeability values. Unexpectedly, compout@j with no substitution at thiophene
ring, also demonstrated potent enzyme inhibitoryivitlg (ICso = 0.327 nM),
suggesting that simple substituents on thiopherre wet necessary to intermolecular
binding Figure 4B). And higher predicted logP and Caco-2 cell petigg values
and the improved cell efficacy (4= 74 nM) were concurrent for compoud
However, substitution on pyrazole rirdfl{44) led to eliminated potency against
FLT3-ITD and MV4-11 cellsTable S2, though these compounds had high predicted
Caco-2 cell permeability. Molecular docking resultsdicated that the
cyclopentylmethyl group4(@) formed unfavorable steric clashes with Leu616 and
Val624 of FLT3, which probably caused the interncalar binding unstable={gure

S1), suggesting unsubstitution on the pyrazole rig wptimal.
Table 2. Structures and biological data of compou2884 and38-40.

i
N
R1% r
'/
3

Cpd. R FLT3-ITD ICs (nM) @ MV4-11 ICso ("M)®  PlogP  PCaco
28 4-CN 30.12+1.6 “
29 4-Br 1.71140.42 130+11 4.361 643.97
30 4-Cl 0.7991+0.09 148+12 4.283 642.941
31 4-OCH; 1.960+0.1 756431 3.782 488.549
32 5-Br 48.31+1.3 -
33 5-Cl 1.503+0.17 8516 4.275 637.811
34 5-OCH; 1.71140.2 80+4 4.026 454.706
38 5-CN 2.006+0.59 261+18 2.918 92.801
39 HZN)CLS 3.212+0.88 418124 1.988 37.645
40 H 0.3270+0.05 74+3 3.78 639.025
Sorafenib 1.300+0.3 1.59+0.15 411 322.725

% In the presence of 1M ATP, the values are the mean from three indepenelgoeriments (+

SD);" The values are the mean from three independentimepﬁs (+ SD)¢Not determined.

Tyr693 LA

y: Cy5695 e691
- d Cys694
Asps29\ Lys614 ) ‘,"’L N .
.Y Av Lyse
YA

Asp829

Asp829)\

Figure 4. Overlappeddocking binding mode of compoun88 and 33 (A) and binding mode of
10



compound40 (B) in FLT3 homology model. Yellow ribbon repretehinge region. Red dash line
represents hydrogen bond; green dash line repsegeninteraction; black dash line represents
the close contact of atoms. Carbon atoms of theBFESidues and the ligand are shown in green
and cyan color, respectively.

Since the simple modification on hit compound omlighanced the cellular
potency by 12 folds 40), we wonderedwhether other moieties could replace
thiophene ring and further improve the cellulargmay. Hence, the scaffold hopping
was adopted on the thiophene ridglfle 3) because substitutions on this ring were
generally tolerated in kinase activity. Initiallfyysing a benzene ring with thiophene
led to the obvious decrease in enzymatic and eellattivity @5). Further, the
thiophene was replaced with benzodioxol and 2,§dfibbenzodioxin ring46 and
47), respectively. Compoundlé showed ~3 times more potent cellular efficacys¢IC
= 27 nM) than compoundlO did. However, compoundl7 with the expanded
fused-ring system, possessed 10 times weaker fliebha@y than compound6 did.
Subsequently, we investigated the analogues of cang46. The addition of two
fluorine atoms at the benzodioxol moietd8) caused a sharp decline in cell potency
and enzyme activity. And substituting an oxygenmatwith CH, group @9) in
benzodioxol ring also had a negative consequenceebrpotency (IG = 339 nM).
When the oxygen containing ring was op®&Qd)( both enzyme and cell inhibitory
potencies decreased dramatically. The data imgiatstructural modification on the
benzodioxol moiety was detrimental. Therefore,libazodioxol ring was reserved as
the optimal substituent.

Table 3. Structures and biological data of compoud8<50.

HN\N 0
1
RO >
: O
N
H

FLT3-ITD IC5p MV4-11 ICs

Compound R PlogP PCaco
S,

45 A 10.51+1.2 335:23 4731 221618
O

46 <O]©\/ 1.336£0.3 2742 3.439  219.834
o)

47 C ]@\/ 12.50+2.1 23619 3276  225.442
O
O

48 EXO]@\/ 123.9+10.3 1175£106  3.808  224.695

0]
49 {:@\/ 25.88+1.6 339+3 4024  227.32
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_0
50 Q 63.65+1.9 335+12 3.573 224.836

Sorafenib 1.300+0.3 1.59+0.15 411 322.725

% In the presence of 1M ATP, the values are the mean from three indepenelgoeriments (+
SD); ®The values are the mean from three independentiegr@s (+ SD).

In order to investigate the effect of hydrophiliniaes on the activity, compounds
51-54 with varying cyclic amines were synthesized. Tl#adTable 4) showed that
piperazine and substituted piperazi®d-$3) were tolerable to kinase activity but
made cell efficacy decrease moderately. For mompéab4), it made an obvious
reduction in the kinase and cell activities. Henge,keptN-methyl piperidine as the
current optimal group in hydrophilic region of FLT¥he SAR was collectively
illustrated inFigure 5.

Table 4. Structures and biological data of compoubiiss4.

Compound R FLT3-ITD ICs (nM) @ MV4-11 1Cso (NM)
51 i 1.518+0.12 62+1
52 v 4.434+0.6 54:+4
53 N v 2.7730.1 6427
54 N o 8.422+0.25 96+4
Sorafenib 1.300+0.3 1.59+0.15

% In the presence of 1M ATP, the values are the mean from three indepenelgoeriments (+

SD); ®The values are the mean from three independentiengr@s (+ SD).
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Property directed optimization improved cellular potency by 12 folds

Optimal scaffold:

Pyrazole ring o
was favorable > O
. 0
Hydrophilic -
group A Enhanced cellular activity

17 p

Varying R? N
improved
cellular

activity
R? \_moderately ) Structure-based scaffold hopping improved

. cellular potency by ~3 folds
Benzene ring
was better @

than pyridine

Substitution here was unfavorable

Figure 5. Summarized SAR.

Inhibitory activity of compound 46 against other kinases. We tested
FLT3-ITD selectivity of compound6 over a panel of 48 kinases at the concentration
of 0.1 uM. As shown inTable S3 only six kinases had an inhibitory rate gredtant
60%, which includes FMS and c-kit that are verysely homologous to FLT3.
Furthermore, at least 100-fold selectivity of FLITE over those 6 kinases was
observed Table 5. In addition, the high selectivity of compourdd over c-kit
(461-fold) was thought to be beneficial for avoglithe potential synthetic lethal
myelosuppreion.[27-30] Moreover, compourb almost showed no inhibitory
activity against CDKs that were among the targéshd>1501

As reported,[31, 32] some FLT3 inhibitors were sgbgd to drug resistance due
to FLT3 mutation. Therefore, we tested inhibitocyivaties of compound!l6 against a
variety of commonly occurred FLT3 mutants. As shawrTable 6, compound46
suppressed those FLT3-ITD or FLT3-TKD mutants wiil3, values lower than 25
nM. Notably, compound46 inhibited FLT3-D835Y (IGy = 18.71 nM) or
FLT3-D835V Kd = 7.3 nM) potently, which could cause drug resist to type Il
FLT3 inhibitors.?® And it bound two concurrent FLT3-ITD-TKD mutantstivKd
values around 100 nM. To further validate potentyampound46 against FLT3
mutants, its antiproliferative activities were istigated in BaF3 cells transformed
with FLT3 mutants. The data showed that compod@dhdeed inhibited growth of
BaF3 cells harboring FLT3 mutations; while it didt mbviously affect the growth of
parental BaF3 cellsTable 7).

Table 5. ICs of compoundi6 against 6 kinases.

Kinase 1Go (nM) #

ABL1 1340+102

BTK 16148
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c-Kit 616+13
FMS 24711
LCK 860+25
TRKA  432+19

#Mean value of results from triplicate runs (+ SD).

Table 6. Inhibitory efficacy of compound6 against wild-type FLT3 and several FLT3 mutants.

Kinase Activity
FLT3 66.75+1.32
FLT3 (D835Y) 18.71+1.62
FLT3 (F594_R595insR) 11.22+1.31
FLT3 (F594_R595insREY) 10.26+0.39
FLT3 (ITD)-NPOS 24.06+1.02
FLT3 (ITD)-W51 18.23+0.88
FLT3 (R595_E596insEY) 6.867+0.92
FLT3 (Y591-V592insVDFREYEYD) 17.72+13
FLT3 (D835V) 7.3+1.2
FLT3 (ITD)-D835V 160+8

FLT3 (ITD)-F691L 906’

#ICs0 (NM) value in the presence of i ATP, n =3 (+ SD)f3 Kd value (nM), n = 3 (£ SD).

Table 7. Antiproliferative effects of compoundi6 against a panel of FLT3 mutants transformed
BaF3 cells.

_ ICs0 (UM)
Cell line
Cpd.46 sorafenib
BaF3 9.197+0.293 7.997+0.221
BaF3-FLT3 (ITD) 0.107+0.006 0.006+0.001

BaF3-FLT3 (ITD-D835V) 0.146+0.009 1.454+0.028
BaF3-FLT3 (ITD-F691L) 0.532+0.021 1.348+0.021
BaF3-FLT3 (D835V) 0.211+0.004 1.112+0.032

@Al IC 5o values were obtained by triple testing (+ SD).

Binding mode simulation of compound 46We simulated the binding modes of
compound46 with FLT3, FMS and c-kit using induce-fit dockimgodule, and the
corresponding results were analyzed using pose wiedule in Schrodinger software.
As presented ifrigure 6A, two hydrogen bonds formed between the amino yoiet
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compound46 and residue Cys694 of FLT3, and the pyrazole mogeid Glu692,
respectively. And the-cation andt-n interactions formed between compout&iand
Lys614 and Phe691, respectively. An unfavored clomatact formed between the
pyrazole moiety and backbone NH of Cys694. For M8 c-kit Figure 6B and6C),
compound46 bound to the proteins more deeply in ATP sitehaps due to the
smaller size of their gatekeeper residues Thr6@BTdn623, respectively, compared
with Phe691 of FLT3. Hydrogen bonds also formedvieen compound6 and the
residues in the hinge region of those two kinasestead, ther-cation andn-n
interactions did not form for compountb. Furthermore, more unfavorable close
contacts emerged when compouttdnteracted with FMS and c-kit. For example, the
1-methylpiperidine moiety may clashed with Lys586FMS and Lys593 of c-kit,
respectively. It was speculated that the larger arof the close contacts and the
lack of m-m interactions may contributed to the weaker inbilyit activities of
compound46 against FMS and c-kit.

A v‘w ;\\f// \(\\c

Lys614 & Tyrés3

Glu692

rl “\WJF "‘"‘r Tyré65

Cy 5694

\/» .@ X ‘g/

Figure 6. Proposed binding mode of compoutiwith FLT3 homology model (A), FMS (B) and

c-kit (C) from molecular docking simulations. Reakd line represents hydrogen bond; green dash
line represents-rn interaction ort-cation interaction; black dash line representscthee contact

of atoms. Carbon atoms of the residues and thendigare shown in grey and cyan color,
respectively. PDB code for FMS and c-kit crystaldM and 3GOE.

Cell growth inhibition of compound 46 against othercell lines. Proliferative
inhibitory efficacy of compound46 against other leukemia cell lines and
histologically different cell lines was showed Trable 8 Only leukemia cell line
Molm-13 was sensitive to this compound {JG 33.2 nM), which also expressed
FLT3-ITD. The other leukemia and solid tumor ceafiels, which either expressed
wild-type FLT3 or lack expression of FLT3, were istagnt to compound!6. This
indicated that anti-growth effect of compou#lagainst MV4-11 and Molm-13 cells
were dependent on the expression of FLT3-ITD itsc&Ve also investigated vitro
antitumor of46 against more tumor cell lines by performing thelf8C panel screen.
As data shown iTable S4 most screened tumor cell lines exhibited wealsisgity
to compound46 even at a high concentration of 10/, further suggesting its
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selectivity of FLT3-ITD expressing cells.

Table 8. Antiproliferative activity of compound6 against a variety of cell linés

Cancer type Cell line FLT3 status Inhibition %u(d) / ICso(nNM)
Breast Cancer MCF-7 unknown 9.2+1.4/ -
Colorectal HT-29 unknown -13.5£1.9/ -
Liver Cancer Hep G2 unknown 4.3+1.3/-
Kidney Cancer ACHN unknown -8.3+1.1 /-
Lung Cancer A-549 unknown -2.9+0.9/ -
Ovarian Cancer SK-OV-3 unknown 18.8+1.7 / -
Pancreatic Cancer BxPC-3 unknown 2.6x0.5/-
Prostate Cancer PC-3 unknown 1.5+0.2 /-
Stomach Cancer  MKN-45 unknown 24.1+1.4/ -
Glioblastoma U251 unknown 1.3+0.2 /-
Esophageal KYSE-520 unknown -0.2+0.1 / -
Leukemia K-562 FLT3-null -14.9+1.1 /-
Leukemia HL-60 WT/low 1.6+0.2 /-
Leukemia Molm-13 ITD 90.3+2.9/33.2+4.6
Myeloma RPMI 8226 unknown 46.0+1.9/ 37951304
lymphoma OCI-LY19 unknown 28.7£2.1/ -

® Data from triple testing (+ SDS;Not determined.

Cellular mode of action of compound 46\We analyzed the phosphorylation
levels of FLT3, STAT5, ERK and AKT in MV4-11 celédter treated with compound
46 at various concentrations. As shown Rigure 7, compound46 decreased the
phosphorylation of FLT3 and its downstream sigriaiimoteins in a dose-dependent
manner, suggesting compoudé could interfere the transduction of FLT3 signal
pathway in MV4-11 cells.

A Cpd.46 (uM)  Sorafenib (uM)
0003 01 03 1 01 B Western blot analyses

0.90 13
P-FLT3 P — ® _

0.80 = TATS
FLT3 e e — 0.70 Al
P-STATS @ e — 0.60 Eek/Erk
STATS —_————— 0.50

0.40 |
P-AKT T == 0.30
AKT —_— e 0.20 I I IE

— 0.10 [ 1

il || U || U [ U
ERK i < 0.03 0.1 0.3 1M 0.1 pM
GAPDH ™= Cpd.46 Sorafenib

Figure 7. Western blotting analysis of compoudd. (A) MV4-11 cells were treated with

16



compound46 or sorafenib for 24 h; (B) Immunoblotting quardg#tion of P-FLT3, P-STATS5,
P-AKT, and P-ERK, respectively. All bands were difsed and normalized by GAPDH.

In vitro and in vivo PK evaluation. The metabolic stability of compourd and
46 was firstly evaluated by human and rat liver mscnmes assaw vitro. As the data
shown {Table 9), compoun0 was metabolically stable in both human and ratrlive
microsomes. In comparison, compourdid was more stable in human liver
microsomes than in that of rat. Then, PK propemfesompound6 in rats following
intravenous and oral administration were studiefable 10. Upon oral
administration, the bioavailability was only 22.84pon intravenous administration,
a higher Gax was observed, which may be beneficial to achidwe dntitumor
efficacy in vivo. Hence, the intravenous administration was seletdeevaluatan
vivo antitumor effect of compounds, and the dosing frequency was set as twice per
day to offset its shorter,b. To assist the determination of safe dosage ofpocomd
46 in vivo, we investigated its maximum tolerated dose inthge&SPFICR rats. The
result showed that the rats were tolerable to dosggto 200 mg/kg followed the
intravenous administration.

Table 9.Pharmacokinetics of compoud® and46in human and rat liver microsomes.

_ . ) CLint"®
Compound Liver microsomes 172 (min) _ _
(uL/min/mg protein)

human 59.8+7.8 23.2+1.1
40 rat 41.3+4.2 33.6+0.9

human 11748 11. 8+0.6
40 rat 8.27+1.3 168+5

2T,5,is half life; b Cuiint is the intrinsic clearande SD).

Table 10.Pharmacokinetics of compoud@in SD rats?

Parameter iv (1 mg/kg) po (5 mg/kg)
T2 (h) 196 +£0.71 3.07 £ 2.58
Crmax (Ng/mL) 205.37 £+11.91 27.00 +5.36
Trmax () 2.83 +2.02

AUC(o.y (h*ng/mL) 152.11 +£38.96 173.18 +29.52
AUC o) (h*ng/mL) 160.58 +46.35 193.66 +40.06

MRT 0. () 2.75+2.13 5.90 + 1.96
V, (L/kg) 18.19 +6.58  105.05 + 81.04
Cl, (L/h/kg) 6.63+2.09  26.68 £6.27

17



F (%) 22.77 +3.88

®All testing data were obtained from three independeice (+ SD).

In vivo effects of compound 46 in MV4-11 tumor xenograftsThe in vivo
antitumor efficacy of compound6 was evaluated in MV4-11 cells inoculated
xenograft mouse model, in which a FLT3 inhibitarafenib, was used as the positive
control. In addition, compoundO was tested simultaneously to compare with
compound46. As data shown irrigure 8, in vivo tumor inhibition of sorafenib in
MV4-11 xenograft mouse model [33] was reproducedgesting the results of this
experiment was reliable. The 14-day administrabbrrompound4d6 and40 caused
almost no body weight loss compared with soraférigure 8A), indicating good
tolerance of mice to both compounds. The injecti@nsompound6 at dosage of 20
and 40 mg/kg twice per day inhibited tumor prog@sssignificantly, and its
antitumor activity was dose dependehkigre 8B). The antitumor efficacy of 20
mg/kg46 was comparable to that of sorafenib in terms bihittory rate (IR) and rate
of relative tumor growth (T/C%)Aigure 8B and8D), which indicated that6 showed
similar performance with sorafenib in the sameltd&ly dose. The 40 mg/kd46
produced a T/C% of 8.01%-igure 8B) and a significant IR of 94.65% in tumor
weight (Figure 8D), which were moderately better than those valdesocafenib.
However, the increment of antitumor efficacy ## was moderate when its daily
dose was doubled. For compout(@ the IR (81.14%) was weaker than compodfd
at the same dosage, which was consistent with eker inhibitory activity against
MV4-11 cellsin vitro.
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A 25.00 B —=-Vehicle, iv, BID Gl % TIC %

--Vehicle, iv, BID Sorafenib, 40, ig, QD 119.86 10.10
Sorafenib, 40, ig, QD Cpd. 40, 40, iv, BID 95.25 28.51
Cpd. 40, 40, iv, BID 600.00 Cpd. 46, 40, iv, BID 122.77 8.01

Cpd. 46, 20, iv, BID 120.66 9.64
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Figure 8. (A) Means of body weights for compou#f, 46 and sorafenib mice groups and vehicle

group in anin vivo MV4-11 xenograft model (n = 8). (B) Antitumor eféicy of compound0, 46

and sorafenib in an MV4-11 xenograft model (n =(8) Comparison of the final means tumor

volume in each group after 14-day treatment penitd compound40, 46 and sorafenib. (D) The

means of tumor weight and inhibition rate for compd40, 46 and sorafenib mice groups in an
MV4-11 xenograft model (n = 8). ** P < 0.01.

To further characterizein vivo biological effects of compoundi6, the

immunohistochemistry stain assays were performethéntumor tissues after test

compound treatmentigure 9A showed that compound6 induced apoptosis of

tumor cells and inhibited cell proliferation at batosages, respectively; while tumor

cells from vehicle-treated animals had a high feddtive index. Besides,
phosphorylation of STAT5 was blocked intensely mmpound46 (Figure 9A),
which demonstrated the on-target effect of compodfdin vivo. Nevertheless,

hematoxylin and eosin (HE) staining results of thecera of mice indicated that

compoundd6 were not toxic to normal cells from heart, livesleen, lung and kidney
as compared with the HE staining results of velgeteips Figure 9B).
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A vehicle Sorafenib 40 mg/'ke 20 mg/'kg 40 mg'ko

KI1-67

P-STATS

TUNEL

B heart liver spleen lung kidney

vehicle

Figure 9. (A) Representative micrographs of hematoxylin aasire (HE), KI-67, P-STAT5 and
TUNEL staining of tumor tissues of6 treated groups in comparison with the vehicle and
sorafenib group. (B) Representative micrographsh@hatoxylin and eosin (HE) staining of
normal tissues of6 treated groups in comparison with the vehicle so@fenib group.
Conclusion

Initiated from our hit compound from virtual scné®y, a series of FLT3-ITD
inhibitors were investigated to improve efficacyasgt MV4-11 cells that harbored
FLT3-ITD mutation, from which we discovered new RLinhibitors with stronger
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selectivity thanFN-1501 The representative compourdb) showed potent cellular
efficacy and specificity against MV4-11 cells, cmtently with its high selectivity
against FLT3-ITD over the structurally similar d-land FMS kinases. Meanwhile,
this compound also displayed inhibitory activitiemgainst some concurrent
FLT3-ITD-TKD mutants biochemically and in transfoech BaF3 cells. Further, the
suppression of FLT3 signal pathway by compodfidvas confirmed in MV4-11 cells
bothin vitro andin vivo. Compoundi6 was well tolerated to mice at dosage up to 200
mg/kg followed the intravenous administration. Rertmore, significant antitumor
efficacy was observed for compoud® in MV4-11-xenograft model with IR of
94.7% and T/C% of 8% at dosage of 40 mg/kg; medewihcaused little decrease in
mice body weight and showed no obvious toxicitythie viscera of treated mice,
indicating its good safety profile. In all, compa@ua6 represented a potential drug
candidate for AML driven by FLT3-ITD mutation.

EXPERMENTAL SECTION

Reagents and General Methods Unless otherwise specified, reagents were purché&sed
commercial suppliers and used without further jatfon. Melting points were determined by
X-4 digital display micro-melting point apparatuBe{jing Tech Instrument Co., Ltd.); NMR
spectra were recorded on Bruker AVANCE AV-600 spotter (600 MHz fofH, 151 MHz for
3C) or AVANCE AV-500 spectrometer (500 MHz fld, 126 MHz for'*C) or AVANCE AV-400
spectrometer (400 MHz fdH, 101 MHz for**C) or Bruker AVANCE AV-300 spectrometer (300
MHz for *H, 75 MHz for'®C); Mass spectra were obtained on the Agilent 1100 MSD mass
spectrometer (Agilent, USA) or Q-tofmicro MS (miaomass company). All reactions were
monitored by TLC (Merck Kieselgel GF254) and spetse visualized with UV light or iodine.
The purity of biologically evaluated compounds w&35% as determined by HPLC (Agilent
Technologies). TemL of the solution was injected on a column (150 mmM.6 mm; 5um;
Symmetry C18, ZORBAX SB-C18 PN883975-902). The nwiuwas kept in a thermostat at 25
°C. Water and methanol were used as the mobileepdtaffow rate of 1 mL-mit.

Procedure for the synthesis of compound 1. To a stirring solution of
4-bromo-2-thiophenecarboxylic acid (3 g, 14.5 mmol)ymethanol (25 mL) was added thionyl
chloride (1.74 g, 14.5 mmol). Reaction mixture wested to reflux and stirred for 6 h. Upon
completion, the residue was taken up in ice wa@érriL). The pH was adjusted to 9-10 with
saturated sodium carbonate solution. The aquecasephias extracted with ethyl acetate (40 mL
x 3). The combined organic phase was washed twittesaturated brine (20 mL x 2) and dried

over anhydrous MgSQAfter filtering out MgSQ, the solvent of filtrate was removed in vacuo to
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afford crude product of title compound as a paldsyeoil which was used for next step directly.
Yield: 98%;'H NMR (300 MHz, CDC}) §: 7.69 (s, 1H), 7.45 (s, 1H), 3.90 (s, 3H). MS (m/z
[M+H]" 221.0, 223.0.

Procedure for the synthesis of compound 2n a sealed tube, compoutd5.00 g, 22.6 mmol)
was dissolved in anhydrous DMF (5 mL) followed I taddition of cuprous cyanide (6.08 g,
67.9 mmol) and potassium iodide (0.01 g, 0.06 mnuoijler an argon atmosphere. Reaction
mixture was heated at 160 °C for 10 h. After thesiqd, the reaction was quenched with a mixed
solution of ammonia and ice water (v /v = 1 : 8,r8L). The precipitate was filtered out and
rinsed with ethyl acetate. The filtrate was™ exedowith ethyl acetate (40 mL x 3). The combined
organic phase was washed twice with saturated BAemL x 2) and dried over anhydrous
MgSQ,. The solvent was removed in vacuo and the resrde purified by silica gel column
chromatography (PE : EA = 20 : 1) to give title gmund as a white solid. Yield: 79%; mp:
107-109 °CH NMR (300 MHz, CDC}) d: 8.09 (s, 1H), 7.93 (s, 1H), 3.93 (s, 3H). MS (m/z
[M+H]" 168.1.

Procedure for the synthesis of compound 3lo a stirring solution of compoun2l (1.67 g, 10
mmol) in anhydrous ethanol (25mL) was added hydetiydrate (1.19 g, 10 mmol). Reaction
was stirred at 45 °C for 10 h. The solvent was reedan vacuo to afford the pale-yellow solid,
which was recrystallized with 95% ethanol to giitketcompound as a white solid. Yield: 87%;
mp: 162-164 °C*H NMR (300 MHz, DMSOdg) d: 10.00 (s, 1H), 8.73 (d} = 1.3 Hz, 1H), 7.99
(d,J=1.3 Hz, 1H), 4.58 (s, 2H). MS (m/z): [M+H168.21, MS (m/z): [M-H]166.30.

General procedure for the synthesis of compound 44b. To a stirring solution of
4-fluoronitrobenzene (1.41 g, 10.00 mmol) in anlbydr DMF (25 mL) were added
1-methylpiperazine (1.01 g, 10.00 mmol) and triétyine (1.01 g, 10.00 mmol). Reaction was
stirred at r.t. for 24 h. Upon completion, the des was taken up in ice water (60 mL). The pH
was adjusted to 8 with saturated sodium carborwtgian, and the aqueous phase was extracted
with ethyl acetate (40 mL x 3). The combined orgaphiase was washed twice with saturated
brine (30 mL x 2) and dried over anhydrous MgS#kter filtering out MgSQ, the solvent of
filtrate was removed in vacuo and the residue wagiged by silica gel column chromatography
(PE : EA = 1: 1) to afford compourh as an orange solid. Yield: 85%. mp: 35-38 %&;NMR
(300 MHz, DMSO#) d: 8.05 (d,J = 9.5 Hz, 2H), 7.03 (dJ = 9.5 Hz, 2H), 3.54-3.37 (m, 4H),
2.47-2.38 (m, 4H), 2.22 (s, 3H). MS (m/z): [M+H]22.3.

1-Methyl-4-(3-nitrophenyl)piperazine (4b)

Yellow solid was afforded as the crude produttich was used in next step without further

purification. MS (m/z): [M+H] 222.2.
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General procedure for the synthesis of compound 44g. To a stirring solution of
4-nitrobenzoic acid (1.67 g, 10 mmol) in anhydro@MF (30 mL) were added
3-morpholinylpropylamine (1.44 g, 10 mmol), HATU .§7 g, 20 mmol) andN,
N-diisopropylethylamine (3 mL, 4 mmol). Reaction tipe was stirred at 35 °C for 4 h. Upon
completion, the residue was taken up in ice w@@m(L). The aqueous phase was extracted with
ethyl acetate (50 mL x 3). The combined organicspheas washed twice with saturated brine (20
mL x 2) and dried over anhydrous Mg&@ifter filtration, the solvent of filtrate was rewved in
vacuo, and the residue was purified by silica gdiimn chromatography (DCM : MeOH : Bt =
300 : 1 : 1) to affor¢ompound4d as a white solid; Yield: 70%; mp: 182-184 %8;NMR (400
MHz, DMSO-dg) 6: 8.89 (s, 1H), 8.44-8.21 (m, 2H), 8.17-7.90 (M), 2ZH67 (s, 4H), 2.75 (s, 4H),
1.81 (s, 2H). MS (m/z): [M+H]294.2.

(4-Methylpiperazin-1-yl)(4-nitrophenyl)methanone (&)

White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 250.2.

N-(3-(diethylamino)propyl)-4-nitrobenzamide (4€)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 280.1.

(4-Methylpiperazin-1-yl)(3-nitrophenyl)methanone (4)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 250.3.

N-(1-methylpiperidin-4-yl)-4-nitrobenzamide (49)

White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 264.3.

General procedure for the synthesis of compound 53g. To a stirring solution of compounth
(1.2 g, 4.77 mmol) in 70% ethanol (20 mL) were addemmonium chloride (1.28 g, 23.85 mmol)
and reduced iron powder (0.8 g, 14.31 mmol). Thetien was refluxed for 5 h. Upon completion,
the mixture was filtered while hot and rinsed wéthyl acetate. The solvent was removed in
vacuo, and the residue was purified by silica gaélimn chromatography (PE : EA =1 : 2) to
afford compoundsa as an orange solid. Yield: 97%; mp: 108-110 %€;NMR (300 MHz,
DMSO-dg) & 6.67 (d,J = 8.8 Hz, 2H), 6.48 (d] = 8.8 Hz, 2H), 4.53 (s, 2H), 2.92-2.84 (m, 4H),
2.46-2.36 (M, 4H), 2.19 (s, 3H). MS (m/z): [M+H]92.3.

3-(4-Methylpiperazin-1-yl)aniline (5b)

Brown oil was afforded as the crude prodwdtich was used in next step without further
purification. MS (m/z): [M+H] 192.1.

(4-Aminophenyl)(4-methylpiperazin-1-yl)methanone (5)
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White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 220.3.

4-Amino-N-(3-morpholinopropyl)benzamide (5d)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 264.2.

4-Amino-N-(3-(diethylamino)propyl)benzamide (5e)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 250.2.

(3-Aminophenyl)(4-methylpiperazin-1-yl)methanone (9

Light yellow solid was afforded as the crude prddubich was used in next step without further
purification. MS (m/z): [M+H] 220.3.

4-Amino-N-(1-methylpiperidin-4-yl)benzamide (5g)

Light yellow solid was afforded as the crude prddubich was used in next step without further
purification. MS (m/z): [M+H] 234.3.

General procedure for the synthesis of compound 6&g. An aqueous solution of sodium
bicarbonate (0.57 g, 6.78 mmol) (20 mL) was stira¢d.t. for 10 min, and then compoubd
(0.50 g, 2.26 mmol) in dichloromethane (10 mL) veakled under ice-cooling. Thiophosgene
(0.39 g, 3.39 mmol) in dichloromethane solutiont(b) was added dropwise for 0.5 h. Reaction
was stirred under ice-cooling for 6 h. The aqugausse was extracted with dichloromethane (20
mL x 3). The combined organic phase was washedetwith saturated brine (20 mL x 2) and
dried over anhydrous MgSOAfter filtration, the solvent of filtrate was rewed in vacuo, and
the residue was purified by silica gel column chatmgraphy (DCM : MeOH = 100 : 1) to afford
compoundba as a pale-yellow solid; Yield: 63%; mp: 94-96 *8:NMR (300 MHz, DMSO«d)
5:7.27 (d,J = 9.0 Hz, 2H), 6.95 (d] = 9.1 Hz, 2H), 3.24-3.15 (m, 4H), 2.49-2.39 (m)4Ri23

(s, 3H). MS (m/z): [M+H] 234.1.

1-(3-Isothiocyanatophenyl)-4-methylpiperazine (6b)

Brown oil was afforded as the crude prodwdtich was used in next step without further
purification. MS (m/z): [M+H] 234.1, MS (m/z): [M-H]232.1.
(4-1sothiocyanatophenyl)(4-methylpiperazin-1-yl)mebhanone (6¢)

White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 262.1, MS (m/z): [M-H]260.1.
4-1sothiocyanatoN-(3-morpholinopropyl)benzamide (6d)

White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 306.1.
N-(3-(diethylamino)propyl)-4-isothiocyanatobenzamidg6e)
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White solid was afforded as the crude prodwtiich was used in next step without further
purification. MS (m/z): [M+H] 292.4.
(3-Isothiocyanatophenyl)(4-methylpiperazin-1-yl)methanone (6f)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 262.1.

4-1sothiocyanatoN-(1-methylpiperidin-4-yl)benzamide (69)

White solid was afforded as the crude prodwtich was used in next step without further
purification. MS (m/z): [M+H] 276.4.

General procedure for the synthesis of compound 7ag. To a stirring solution of compouri
(0.17 g, 1 mmol) in anhydrous ethanol (10 mL) wedeed compounéa (0.26 g, 1.1 mmol) and
pyridine (0.79 mg, 0.01 mmol). Reaction mixture wafluxed for 1 h. Upon completion, the
solvent was removed in vacuo, and the residue veasyRtallized with 95% ethanol to afford
compound7a as a pale-yellow solid which was used in next stepctly. Yield: 52%; mp:
192-194 °C;*H NMR (300 MHz, DMSOsdg) d: 12.52 (s, 1H), 10.60 (s, 1H), 10.39 (s, 1H), 8.28
(s, 1H), 8.07 (s, 1H), 6.66-6.64 (m, 2H), 6.30-6:28 2H), 3.31-2.43 (m, 8H), 2.21 (s, 3H). MS
(m/z): [M+H]" 401.1, MS (m/z): [M-H]399.1.

General procedure for the synthesis of compound 841
5-(5-((4-(4-Methylpiperazin-1-yl)phenyl)amino)-1,34-oxadiazol-2-yl)thiophene-3-carbonitril

e (8).To a stirring solution of compounia (0.4 g, 1 mmol) in anhydrous ethanol (15 mL) was
added mercury acetate (0.35 g, 1.1 mmol). Reaatigture was heated to reflux and stirred for 3
h. Upon completion, the mixture was filtered amsed with methanol. The solvent was removed
in vacuo, and the residue was purified by silicecgumn chromatography (DCM : MeOH : TEA
=40 2 : 1) to afford title compound as a whitdics Yield: 26%; mp: 255-257 °CH NMR (300
MHz, DMSO<g) d: 10.50 (s, 1H), 8.77-8.76 (m, 1H), 7.97-7.96 (H),17.46-7.43 (m, 2H),
6.97-6.94 (m, 2H), 3.09-3.06 (m, 4H), 2.51-2.46 &H), 2.24 (s, 3H)**C NMR (151 MHz,
DMSO-ds) 6: 60.53 (s), 153.04 (s), 146.70 (s), 140.66 (s).a3 (s), 128.90 (s), 127.79 (s),
118.87 (s), 116.95 (s), 115.01 (s), 110.94 (s®Zs), 61.18 (s), 54.51 (s), 52.45 (s), 29.66 (s),
7.65 (s). HRMS-EIl m/z [M+H]calcd for GgH1gNgOS: 367.1341, found: 367.1319.
5-(5-((3-(4-Methylpiperazin-1-yl)phenyl)amino)-1,34-oxadiazol-2-yl)thiophene-3-carbonitril

e (9). The preparation of compour@l was similar with that of compounfl to afford title
compound as a yellow solid. Yield: 42%; mp: 250-2&% '"H NMR (300 MHz, DMSOds)
10.64 (s, 1H), 8.79-8.78 (m, 1H), 7.97-7.96 (m, ,1HP8-6.59 (m, 4H), 3.15-3.12 (m, 4H),
2.50-2.45 (m, 4H), 2.23 (s, 3H). HRMS-EI m/z [M+Halcd for GgH1gNOS: 367.1341, found:
367.1311.
5-(5-((4-(4-Methylpiperazine-1-carbonyl)phenyl)amim)-1,3,4-oxadiazol-2-yl)thiophene-3-car
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bonitrile (10). The preparation of compourid was similar with that of compoun@l to afford
titte compound aa yellow solid. Yield: 42%; mp: 292-293 °Gi4 NMR (300 MHz, DMSOs) -
11.26 (s, 1H), 8.83 (s, 1H), 8.04 (s, 1H), 7.69)(¢, 8.0 Hz, 2H), 7.42 (d] = 8.0 Hz, 2H), 3.56
(m, 4H), 2.33 (m, 2H), 2.20 (s, 3HJC NMR (151 MHz, DMSQds) J: 169.26 (s), 160.06 (5),
153.55 (s), 141.07 (s), 139.98 (s), 129.40 (s),928&), 127.52 (s), 117.18 (s), 114.97 (s), 110.96
(s), 45.97 (s), 0.58 (s). HRMS-EI m/z [M+Halcd for GgH1gNgO,S: 395.1290, found: 395.1276.
5-(5-((3-(4-Methylpiperazine-1-carbonyl)phenyl)amim)-1,3,4-oxadiazol-2-yl)thiophene-3-car
bonitrile (11). The preparation of compouridl was similar with that of compoun@l to afford
titte compound as a white solid. Yield: 52%; mp12863 °C;'H NMR (300 MHz, DMSOs) 6:
10.99 (s, 1H), 8.80-8.79 (m, 1H), 8.02-8.01 (m, ,1HPH6-7.01(m, 4H), 3.60-3.42 (m, 4H),
3.32-3.20 (m, 2H), 2.20 (s, 3H). HRMS-EI m/z [M+Halcd for GgH19N6O,S: 395.1290, found:
395.1268.
4-((5-(4-Cyanothiophen-2-yl)-1,3,4-oxadiazol-2-ylyaino)-N-(1-methylpiperidin-4-yl)benzam
ide (12). The preparation of compourf® was similar with that of compoungl to afford title
compound as a white solid. Yield: 47%; mp: 266-268'H NMR (300 MHz, DMSOs) §: 11.10
(s, 1H), 8.81-8.80 (m, 1H), 8.12-8.09 (m, 1H), 8881 (m, 1H), 7.89-7.86 (m, 2H), 7.66-7.63
(m, 2H), 3.75-3.67 (m, 1H), 2.79-2.75 (m, 2H), 2(473H), 1.98-1.91 (m, 2H), 1.77-1.74 (m,
2H), 1.64-1.52 (m, 2H)*C NMR (151 MHz, DMSOdg) 6: 172.61 (s), 165.60 (s), 159.96 (s),
153.59 (s), 141.22 (s), 141.00 (s), 129.37 (s),d2%s), 128.46 (s), 127.51 (s), 116.79 (s), 114.95
(s), 111.00 (s), 54.24 (s), 52.46 (s), 46.10 (5)29 (s), 31.00 (s), 21.66 (s), 7.66 (s). HRMS-EI
m/z [M+H]" calcd for GoH»1NgO,S: 409.1447, found: 409.1449.
4-((5-(4-Cyanothiophen-2-yl)-1,3,4-oxadiazol-2-ylyaino)-N-(3-morpholinopropyl)benzamid

e (13). The preparation of compouniB was similar with that of compoun8 to afford title
compound as a white solid. Yield: 51%; mp: 279-281'H NMR (300 MHz, DMSOsd) §: 11.11
(s, 1H), 8.81-8.80 (m, 1H), 8.37-8.34 (m, 1H), 88®1 (m, 1H), 7.88-7.85 (m, 2H), 7.66-7.63
(m, 2H), 3.58-3.55 (m, 4H), 3.31-3.25 (m, 2H), 2329 (m, 6H), 1.72 (m, 2H}*C NMR (151
MHz, DMSOdg) d: 165.99 (s), 159.99 (s), 153.60 (s), 141.18 (4}.04 (s), 129.41 (s), 128.86
(s), 128.56 (s), 127.52 (s), 116.88 (s), 114.9618).99 (s), 56.59 (s), 55.39 (s), 53.81 (s), A40.4
(s), 38.17 (s), 29.65 (s), 26.50 (s). HRMS-EI mit+H]" caled for GgH»iNgO,S: 439.1552,
found: 439.1519.
4-((5-(4-Cyanothiophen-2-yl)-1,3,4-oxadiazol-2-ylyaino)-N-(3-(diethylamino) propyl)benza
mide (14). The preparation of compourid was similar with that of compourito afford title
compound as a white solid. Yield: 52%; mp: 254-2685 ‘H NMR (300 MHz, DMSOds)
8.81-8.80 (m, 1H), 8.41-8.37 (m, 1H), 8.02-8.79 (H), 7.87-7.83 (m, 2H), 7.65-7.62 (m,
2H), 3.30-3.24 (m, 2H), 2.44-2.40 (m, 6H), 1.6691(f, 2H), 0.97-0.92 (m, 6HYC NMR
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(151 MHz, DMSO#€) d: 165.96 (s), 159.98 (s), 153.60 (s), 141.16 (4.0l (s), 129.40 (s),
128.81 (s), 128.59 (s), 127.52 (s), 116.89 (s),98.4s), 111.02 (s), 55.38 (s), 50.53 (s), 46.F2 (s
38.33 (s), 26.76 (s), 11.83 (s). HRMS-EIl m/z [M¥Hplcd for G;H2sNgO,S: 425.1760, found:
425.1745.

General procedure for the synthesis of compound 158.
5-(5-((3-(4-Methylpiperazin-1-yl)phenyl)amino)-1,34-oxadiazol-2-yl)thiophene-3-carboxami

de (15).To a stirring solution of compour2l(0.125 g, 0.342 mmol) in anhydrous ethanol (4 mL)
were added 30% 4@, (0.1 mL) and 6N aqueous NaOH (0.15 mL). Reactias stirred at 50 °C
for 6 h. Upon completion, the mixture was filteradd rinsed with methanol. The solvent was
removed in vacuo, and the residue was purifiediligasgel column chromatography (DCM :
MeOH : TEA =40 : 2 : 1) to afford title compound a white solid. Yield: 51%; mp: 255-256 °C;
'H NMR (300 MHz, DMSO#dg) 6: 10.95 (s, 1H), 8.35-8.34 (m, 1H), 8.03 (s, 1HY3#7.92 (m,
1H), 7.43-7.42 (s, 1H), 7.27-6.60 (m, 4H), 3.1523(th, 4H), 2.50-2.45 (m, 4H), 2.23 (s, 3H).
HRMS-EIl m/z [M+H] calcd for GgH,1N¢O,S: 385.1447, found: 385.1418.
5-(5-((4-(4-Methylpiperazine-1-carbonyl)phenyl)amim)-1,3,4-oxadiazol-2-yl)thiophene-3-car
boxamide (16).The preparation of compourid was similar with that of compourib to afford
titte compound as a white solid. Yield: 52%; mp22774 °C;*H NMR (300 MHz, DMSO«) 6:
10.96 (s, 1H), 8.36 (d, 1H), 8.00 (s, 1H), 7.9987(M, 1H), 7.43 (s, 1H), 7.27-6.60 (m, 4H),
3.48-3.35 (m, 4H), 2.31-2.30 (m, 4H), 1.97 (s, 38 NMR (151 MHz, DMSOd) 6: 169.25
(s), 163.15 (s), 159.73 (s), 154.39 (s), 140.051389.15 (s), 132.90 (s), 129.53 (s), 128.97 (s),
127.98 (s), 125.74 (s), 117.06 (S), 55.38 (S), B4SY, 46.08 (s). HRMS-EI m/z [M+HJalcd for
C19H21N6O5S: 413.1396, found: 413.1407.
5-(5-((4-((3-Morpholinopropyl)carbamoyl)phenyl)amino)-1,3,4-oxadiazol-2-yl)thiophene-3-c
arboxamide (17). The preparation of compourk? was similar with that of compountb to
afford title compound as a white solid. Yield: 44%p: 278-280 °C;*H NMR (300 MHz,
DMSO-dg) d: 11.02 (s, 1H), 8.81-8.79 (m, 2H), 8.02-7.98 (iM),2Z7.88-7.86 (m, 2H), 7.69-7.67
(m, 2H), 7.44 (s, 1H), 3.59-3.56 (m, 4H), 3.33-3(@6 2H), 2.35-2.31 (m, 6H), 1.72-1.64 (m,
2H). HRMS-EIl m/z [M+HT calcd for GH,sN¢O,4S: 457.1658, found: 457.1637.
5-(5-((4-((3-(Diethylamino)propyl)carbamoyl)phenylamino)-1,3,4-oxadiazol-2-yl)thiophene-
3-carboxamide (18).The preparation of compourd® was similar with that of compourtb to
afford title compound as a white solid. Yield: 42%hp: 272-274 °C:*H NMR (300 MHz,
DMSO-dg) d: 11.00 (s, 1H), 8.41-8.36 (m, 2H), 8.00-7.98 (id),27.86—7.83 (m, 2H), 7.66-7.63
(m, 2H), 7.43 (s, 1H), 3.26-3.24 (m, 2H), 2.47-2(A1, 6H), 1.68-1.59 (m, 2H), 0.97-0.92 (m,
6H).*C NMR (151 MHz, DMSQds) 6:166.05 (s), 163.15 (s), 159.67 (s), 154.45 (s),.33(s),
139.16 (s), 132.94 (s), 128.83 (s), 128.39 (s),d28&s), 125.70 (s), 116.83 (s), 52.42 (s), 50.28
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(s), 46.69 (s) , 38.10 (s), 26.33 (s), 11.31 (H17s), 0.56 (s). HRMS-EI m/z [M+Hlcalcd for
Co1Ho7/N6O5S: 443.1865, found: 443.1838.

General procedure for the synthesis of compound 1989g. A mixture of 60% NaH (0.12 g, 5
mmol) was added in anhydrous THF (10 mL), followsdthe addition of anhydrous GEN
(0.21 g, 5 mmol) and compouriti(0.42 g, 2.5 mmol) in the ice bath. Reaction waatéd to
reflux and stirred for 6 h. Upon completion, thaatton mixture was taken up in ice water (30 mL)
and the pH was adjusted to 5. After filtration, fitteate was extracted with ethyl acetate (20 mL x
3). The combined organic phase was washed twide seturated brine (20 mL x 2) and dried
over anhydrous MgS©OThen, MgSQ was filtered out, and the filtrate was concenttatevacuo,
Followed by recrystallization of the residue tooaff compound 9aas a pale-yellow solid. Yield
52%. mp: 151-153 °CH NMR (600 MHz, DMSOdg) 5: 9.01(s, 1H), 8.43 (s, 1H), 4.72 (s, 2H).
MS (m/z): [M+H] 176. 1.

3-(Benzop]thiophen-2-yl)-3-oxopropanenitrile (19b)

Light yellow solid. Yield: 73%. mp: 120-121 °CH NMR (300 MHz, DMSOds) d: 13.51 (s,
0.8H), 8.42-8.11 (m, 1H), 8.11-7.95 (m, 2H), 7.6%47(m, 2H), 4.86 (s, 0.4H). MS (m/z):
[M-H] 199.9.

3-(Benzof][1,3]dioxol-5-yl)-3-oxopropanenitrile (19c)

Yellow solid. Yield: 71%. mp: 131-133 °GH NMR (300 MHz, CDC}J) §: 7.49 (ddJ = 8.2, 1.8
Hz, 1H), 7.40 (d)) = 1.8 Hz, 1H), 6.90 (d] = 8.2 Hz, 1H), 6.10 (s, 2H), 4.01 (s, 2H). MS (n/z
[M+H]* 190.2.

3-(2,3-Dihydrobenzop][1,4]dioxin-6-yl)-3-oxopropanenitrile (19d)

White solid. Yield: 92%. mp: 168-170 °&4 NMR (300 MHz, DMSOds) d: 7.52-7.47 (m, 1H),
7.44-7.43 (m, 1H), 7.03-7.00 (M, 1H), 4.67 (S, 2435-4.33 (m, 2H), 4.31-4.29 (m, 2H). MS
(m/z): [M+Na]" 226.0.

3-(2,2-Difluorobenzof][1,3]dioxol-5-yl)-3-oxopropanenitrile (19e)

Light yellow solid. Yield: 93%. mp: 69-70 °Gt NMR (300 MHz, DMSO#dg) 6: 11.70 (s, 0.09H)
7.97 (d,J = 1.7 Hz, 1H), 7.89 (dd] = 8.5, 1.8 Hz, 1H), 7.62 (d,= 8.5 Hz, 1H), 4.76 (s, 1.82H).
MS (m/z): [M-H] 224.0.

3-(2,3-Dihydrobenzofuran-5-yl)-3-oxopropanenitrile(19f)

Yellow solid. Yield: 95%. mp: 123-124 °CH NMR (300 MHz, CDC})) 6: 7.83 (g,J = 1.5 Hz,
1H), 7.73 (dd,) = 8.5, 2.0 Hz, 1H), 6.85 (d,= 8.5 Hz, 1H), 4.69 (d] = 8.8 Hz, 2H), 3.99 (s, 2H),
3.27 (g, = 8.8 Hz, 2H). MS (m/z): [M-H]185.9.

3-(3,4-Dimethoxyphenyl)-3-oxopropanenitrile (199)

Light yellow solid. Yield: 96%. mp: 139-141 °G+4 NMR (300 MHz, CDC}) 6: 7.54-7.47 (m,
2H), 6.92 (d,J = 8.9 Hz, 1H), 4.05 (s, 2H), 3.98 (s, 3H), 3.953d). MS (m/z): [M+H] 206.1.
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General procedure for the synthesis of compound 28nd 21a-21f.To a stirring solution of
compoundl9a(0.18 g, 1 mmol) in ethanol (10 mL) was added 888trazine hydrate (0.15 g, 1.5
mmol). Reaction was heated to reflux and stirredsftr. Upon completion, the reaction mixture
was taken up in ice water (20 mL). The aqueousephas extracted with ethyl acetate (20 mL x
3). The combined organic phase was washed twide seturated brine (20 mL x 2) and dried
over anhydrous MgSQOThe solvent was removed in vacuo, and the resigigepurified by silica
gel column chromatography (PE : EA = 2 : 1) to affoompound0 as white solid. Yield: 47%.
mp: 177-179 °C*H NMR (600 MHz, DMSO¢) d: 11.66 (s, 1H), 8.36 (s, 1H), 7.61 (s, 1H), 5.66
(s, 1H), 5.19 (s, 2H). MS (m/z): [M+H1L91.1.

3-(Benzop]thiophen-2-yl)-1H-pyrazol-5-amine (21a)

Grey solid. Yield: 48%. mp: 169-171 °@4 NMR (300 MHz, DMSOd) 6: 7.93-7.83 (m, 1H),
7.82-7.67 (m, 1H), 7.53 (s, 1H), 7.31 (dds 7.2, 1.5 Hz, 2H), 5.73 (s, 1H). MS (m/z): [M+H]
216.1.

3-(Benzof][1,3]dioxol-5-yl)-1H-pyrazol-5-amine (21b)

Grey solid. Yield: 65%. mp: 132-134 °&4 NMR (300 MHz, DMSOds) J: 12.82 (s, 1H), 7.67 (s,
1H), 7.39-7.27 (m, 2H), 6.95 (dd= 8.1, 2.5 Hz, 1H), 6.62 (d,= 2.5 Hz, 1H), 6.04 (d] = 2.6
Hz, 2H). MS (m/z): [M+H] 204.2.

3-(2,3-Dihydrobenzop][1,4]dioxin-6-yl)-1H-pyrazol-5-amine (21c)

White solid. Yield: 62%. mp: 173-175 °64 NMR (300 MHz, DMSOsg) 6: 11.62 (brs, 1H),
7.13-7.10 (m, 2H), 6.86 (d,= 8.3 Hz, 1H), 5.65 (s, 1H), 4.70 (s, 2H), 4.2824(m, 4H). MS
(m/z): [M+H]" 218.1.

3-(2,2-Difluorobenzof][1,3]dioxol-5-yl)-1H-pyrazol-5-amine (21d)

Light pink solid. Yield: 58%. mp: 112-114 °GH4 NMR (300 MHz, DMSOdg) d: 11.72 (s, 1H),
7.67 (d,J = 3.0 Hz, 1H), 7.51 (dd] = 8.5, 2.4 Hz, 1H), 7.39 (di,= 8.5, 2.4 Hz, 1H), 5.81-5.72
(m, 1H), 5.47 (s, 2H). MS (m/z): [M+HP40.1.
3-(2,3-Dihydrobenzofuran-5-yl)-H-pyrazol-5-amine (21e)

Light yellow solid. Yield: 98%. mp: 112-114 °é&4 NMR (300 MHz, DMSO#dg) &: 10.68 (s, 1H),
7.55 (d,J = 1.8 Hz, 1H), 7.42 (dd} = 8.2, 1.8 Hz, 1H), 6.77 (d,= 8.2 Hz, 1H), 5.75 (s, 1H), 4.54
(t, J=8.7 Hz, 2H), 3.20 (f] = 8.7 Hz, 2H). MS (m/z): [M+H]202.3.
3-(3,4-Dimethoxyphenyl)-H-pyrazol-5-amine (21f)

Yellow solid. Yield: 93%. mp: 131-133 °4 NMR (300 MHz, DMSO#dg) d: 10.71 (s, 1H), 7.30
(d,J = 2.0 Hz, 1H), 7.20 (dd] = 8.4, 2.0 Hz, 1H), 6.96 (d,= 8.4 Hz, 1H), 5.80 (s, 1H), 3.80 (s,
3H), 3.77 (s, 3H). MS (m/z): [M+H]220.4.
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General procedure for the synthesis of compound 2222i. To a stirring solution of
methyl-5-bromopicolinate (0.5 g, 2.31 mmol) in adigus toluene (15 mL) were added
1-methylpiperidin-4-amine (0.26 g, 2.31 mmol), PAEY (0.22 g, 0.1 mmol), BINAP (0.62 g,
0.1 mmol) and GE£O; (1.37 g, 2.2 mmol) under an argon atmosphere. tReawas stirred at
90 °C for 12 h. Upon completion, the reaction migtwas filtered over celite and rinsed with
ethyl acetate. The mixture was extracted with etpdtate (40 mL x 3). Then, the combined
organic phase was concentrated in vacuo and paibdfyesilica gel column chromatography (EA :
MeOH = 20 : 1) to afford compourRaas a white solid. Yield: 50%. mp: 138-140 6;NMR
(400 MHz, DMSO#) 0: 8.02 (d,J = 2.8 Hz, 1H), 7.78 (d] = 8.7 Hz, 1H), 6.93 (dd = 8.7, 2.8
Hz, 1H), 6.68 (dJ = 7.5 Hz, 1H), 3.76 (s, 3H), 3.32-3.25 (m, 1HY2(dd,J = 12.0, 3.9 Hz, 2H),
2.16 (s, 3H), 2.02 (td] = 11.4, 2.7 Hz, 2H), 1.90-1.82 (m, 2H), 1.42 (d& 11.2, 3.8 Hz, 2H).
MS (m/z): [M+H] 250.3.

Methyl-3-chloro-4-((1-methylpiperidin-4-yl)amino)benzoate (22b)

Brown solid was afforded as the crude prodwbich was used in next step without further
purification.

Methyl-3-methyl-4-((1-methylpiperidin-4-yl)amino)benzoate (22c)

Brown solid. Yield: 59%. mp: 110-112 °G NMR (400 MHz, DMSO+dg) d: 7.64 (dd,J = 8.7,
2.2 Hz, 1H), 7.58-7.55 (m, 1H), 6.61 (M= 8.7 Hz, 1H), 5.19 (d] = 7.9 Hz, 1H), 3.74 (s, 3H),
3.34-3.27 (m, 1H), 2.75 (di,= 12.0, 3.7 Hz, 2H), 2.17 (s, 3H), 2.11 (s, 3HP9A(td,J = 11.7,
2.4 Hz, 2H), 1.90-1.82 (m, 2H), 1.56 (gds 12.0, 3.7 Hz, 2H). MS (m/z): [M+HAR63.2.
Methyl-3-fluoro-4-((1-methylpiperidin-4-yl)Jamino)benzoate (22d)

Purple solid. Yield: 76%. mp: 96-98 °&4 NMR (400 MHz, DMSOde) 6: 7.64-7.57 (m, 1H),
7.50 (dd,J = 12.8, 2.0 Hz, 1H), 6.80 (#,= 8.7 Hz, 1H), 6.09 (dd] = 8.3, 2.5 Hz, 1H), 3.77 (s,
3H), 3.37-3.25 (m, 1H), 2.81-2.68 (m, 2H), 2.16 38i), 1.98 (id,J = 11.8, 2.3 Hz, 2H),
1.89-1.77 (m, 2H), 1.56 (qd,= 12.2, 3.7 Hz, 2H). MS (m/z): [M+HP67.6.
Methyl-4-((1-methylpiperidin-4-yl)amino)benzoate (2¢)

Brown oil. Yield: 50%;"H NMR (300 MHz, DMSO#d) d: 7.67 (d,J = 8.8 Hz, 2H), 6.60 (d] =
8.8 Hz, 2H), 6.46 (d] = 7.7 Hz, 1H), 3.73 (s, 3H), 3.35-3.31 (m, 1HR®2.86 (M, 2H), 2.29 (s,
3H), 2.25-2.22 (m, 2H), 1.93-1.89 (m, 2H), 1.5171(s, 2H). MS (m/z): [M+H] 249.1.
Tert-butyl 4-(4-(methoxycarbonyl)phenyl)piperazine-1-caboxylate (22f)

White solid. Yield: 54%. mp: 165-166°CH NMR (300 MHz, CDC)) §: 7.98-7.86 (m, 2H),
6.92-6.80 (m, 2H), 3.87 (s, 3H), 3.58 (dds 6.5, 4.0 Hz, 4H), 3.30 (dd,= 6.5, 4.0 Hz, 4H),
1.44 (s, 9H). MS (m/z): [M- (Boc)+HR21.2.

Methyl-4-(4-methylpiperazin-1-yl)benzoate (229)
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Red solid. Yield: 58%. mp: 105-107°¢H NMR (300 MHz, DMSOds) J: 7.84-7.73 (m, 2H),
7.02-6.93 (m, 2H), 3.77 (s, 3H), 2.42 (dds 6.0, 4.2 Hz, 4H), 2.21 (s, 3H). MS (m/z): [M+H]
235.2.

Methyl-4-(4-ethylpiperazin-1-yl)benzoate (22h)

Grey solid. Yield: 35%. mp: 95-97°CH NMR (300 MHz, DMSOdg) d: 7.81-7.74 (m, 2H),
7.01-6.93 (m, 2H), 3.77 (s, 3H), 3.32-3.27 (m, 4M46 (d,J = 5.0 Hz, 4H), 2.36 (q] = 7.2 Hz,
2H), 1.03 (tJ = 7.2 Hz, 3H). MS (m/z): [M+H]249.2.

Methyl-4-morpholinobenzoate (22i)

White solid. Yield: 73%. mp: 162-164°CH NMR (300 MHz, CDC}) 6: 7.99-7.89 (m, 2H),
6.92-6.83 (m, 2H), 3.94-3.80 (m, 7H), 3.29)(t 4.9 Hz, 4H). MS (m/z): [M+H]222.2.

General procedure for the synthesis of compound 237 and 45-54.
3-Chloro-N-(3-cyano-H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)amino)bernzamide (23).To

a stirring solution of compour2b (0.65 g, 2.31 mmol) in anhydrous toluene (3 mLjevedded
20(0.40 g, 2.10 mmol) and 2 M trimethylaluminum e solution (4.20 mL, 8.40 mmol) under
an argon atmosphere. Reaction was stirred at 9@r’CO h. After this period, the reaction was
guenched with 95% ethanol (40 mL). The solvent vessoved in vacuo, and then purified by
silica gel column chromatography (EA : MeOH = 20) to afford title compound as a white solid.
Yield: 33%; mp : 156-158 °C; Peak area: 95.HNMR (300 MHz, DMSO+dg) 6: 12.92 (brs,
1H), 10.82 (brs, 1H), 8.50 (s, 1H), 7.80 (s, 1HR7#7.35 (m, 1H), 6.66-6.57 (m, 3H), 6.34 (s,
1H), 2.84 (m, 2H), 2.29 (s, 3H), 2.19-2.15 (m, 2H#)99-1.90 (m, 2H), 1.46-1.42 (m, 2H).
HRMS-ESI m/z [M+HT calcd for G;H,,CINgOS: 441.1264, found: 441.1258.
N-(3-Cyano-1H-pyrazol-5-yl)-3-methyl-4-((1-methylpiperidin-4-yl)Jamino)benzamide  (24).
The preparation of compourgdt was similar with that of compourB3 to afford title compound
as a white solid. Yield: 31%; mp: 162-164 °C; Paata: 95.6%H NMR (300 MHz, DMSOd)

5: 12.84 (brs, 1H), 10.62 (brs, 1H), 8.48 (s, 1HY87(s, 1H), 7.40-7.37 (m, 1H), 6.46 (m, 2H),
6.04 (d, 1H), 2.88 (m, 2H), 2.37 (s, 3H), 2.2838l), 1.99-1.92 (m, 2H), 1.68-1.65 (m, 2H),
1.24-1.19 (m, 2H). HRMS-EI m/z [M+HJalcd for G,H,sNgOS: 421.1811, found: 421.1804.
N-(3-Cyano-1H-pyrazol-5-yl)-3-fluoro-4-((1-methylpiperidin-4-yl) amino)benzamide (25).
The preparation of compourgd was similar with that of compourB3 to afford title compound
as a white solid. Yield: 35%; mp: 148-150 °C; Paaka: 96.1%H NMR (300 MHz, DMSO¢)

0: 12.93 (brs, 1H), 10.30 (brs, 1H), 8.49 (s, 1HY87(s, 1H), 7.57-7.54 (m, 1H), 6.69-6.44 (m,
4H), 2.73 (m, 2H), 2.18-1.96 (m, 5H), 1.43-1.35 @hl), 1.21-1.19 (m, 2H). HRMS-EIl m/z
[M+H] " caled for GiH,,FNOS: 425.1560, found: 425.1610.
N-(3-(4-Cyanothiophen-2-yl)-H-pyrazol-5-yl)-5-((1-methylpiperidin-4-yl)amino)picolinamid

e (26). The preparation of compourzb was similar with that of compoun23 to afford title
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compound as a white solid. Yield: 38%; mp: 151-283 HPLC analysis: retention time, 4.918
min; peak area, 98.49%H NMR (300 MHz, DMSO¢) 0: 12.60 (s, 1H), 10.57 (s, 1H), 8.47 (s,
1H), 8.10 (s, 1H), 7.91 (d} = 8.1 Hz, 1H), 7.80 (s, 1H), 7.14 @= 8.1 Hz, 1H), 6.99 (s, 1H),
6.74 (s, 1H), 3.64 (m, 1H), 3.37 (m, 2H), 3.07 @Hl), 2.73 (s, 3H), 2.12 (m, 2H), 1.79 (m, 2H).
HRMS-EIl m/z [M+H] calcd for GoH»N-/OS: 408.1607, found: 408.1607.
5-(3-(4-((1-Methylpiperidin-4-yl)amino)benzamido)-H-pyrazol-5-yl)thiophene-3-carboxami
de (27).To a stirring solution of hit compound-180-0712(0.10 g, 0.25 mmol) itert-butanol
(10 mL) was added potassium hydroxide (0.41 g, tAtl). Reaction was heated to reflux and
stirred for 10 h. Then the reaction mixture wasasmrated in vacuo and purified by silica gel
column chromatography (EA : MeOH = 10 : 1) to affditle compound as a yellow solid. Yield:
19%; mp: 195-197 °C; HPLC analysis: retention tir6e873 min; peak area, 96.8%1 NMR
(300 MHz, DMSOsg) d: 12.92 (brs, 1H), 10.89 (brs, 1H), 8.04 (s, 1H)17@&,J = 8.5 Hz, 3H),
7.73-7.72 (m, 1H), 7.29 (s, 1H), 6.61 {5 8.2 Hz, 2H), 6.24 (s, 1H), 4.10 (s, 1H), 3.2263(m,
1H), 2.75-2.71 (m, 2H), 2.17 (s, 3H), 2.02)(& 10.7 Hz, 2H), 1.90-1.86 (m, 2H), 1.46-1.36 (m,
2H). HRMS-EI m/z [M+HT calcd for GH,sFNeO,S: 425.1760, found: 425.1761.
N-(3-(Benzop]thiophen-2-yl)-1H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)amino)benzamide
(45). The preparation of compourdb was similar with that of compoun#3 to afford title
compound as a pale-yellow solid. Yield: 37%; mp0-112 °C; HPLC analysis: retention time,
11.258 min; peak area, 96.4%. NMR (300 MHz, DMSOds) §: 12.88 (brs, 1H), 10.62 (s, 1H),
7.97 (d,J = 7.4 Hz, 1H), 7.85 (s, 1H), 7.82 @@= 8.8 Hz, 2H), 7.73 (s, 1H), 7.38-7.36 (m, 2H),
6.73 (brs, 1H), 6.64 (dl = 8.6 Hz, 2H), 6.27 (d] = 7.4 Hz, 1H), 3.29-3.27 (m, 1H), 2.75-2.73
(m, 2H), 2.18 (s, 3H), 2.05-2.03 (m, 2H), 1.90-1(88 2H), 1.44-1.42 (m, 2H). HRMS-ESI m/z
[M+H] " calcd for GH,gNsOS: 432.1858, found: 432.1858.
N-(3-(Benzof][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)amino)benzami

de (46).The preparation of compourtb was similar with that of compour2B to afford title
compound as a white solid. Yield: 41%; mp: 286-288 HPLC analysis: retention time, 7.062
min; peak area, 99.5%4 NMR (300 MHz, DMSO#dg) 6: 12.68 (s, 1H), 10.30 (s, 1H), 7.81 Jc&
8.4 Hz, 2H), 7.31 (s, 1H), 7.25 (@7 8.0 Hz, 1H), 7.00 (d] = 8.0 Hz, 1H), 6.91 (s, 1H), 6.60 (d,
J = 8.4 Hz, 2H), 6.19 (s, 1H), 6.06 (s, 2H), 3.2253(m, 1H), 2.75 (dJ = 11.6 Hz, 2H), 2.18 (s,
3H), 2.06-2.04 (m, 2H), 1.88 (d,= 11.6 Hz, 2H), 1.43-1.40 (m, 2H). HRMS-ESI m/zH{M]"
calcd for G3H,eNsO3: 420.2036, found: 420.2026.
N-(3-(2,3-Dihydrobenzop][1,4]dioxin-6-yl)-1H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)ami
no)benzamide (47).The preparation of compour¥ was similar with that of compourB to
afford title compound as a yellow solid. Yield: 478tp: >250°C; HPLC analysis: retention time,

10.037 min; peak area, 90.4%1 NMR (300 MHz, DMSOdg) 6: 12.59 (brs, 1H), 10.28 (brs, 1H),
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7.81 (d,J = 8.4 Hz, 2H), 7.27-7.12 (m, 2H), 6.91 (&5 8.3 Hz, 1H), 6.78 (s, 1H), 6.60 (@= 8.5
Hz, 2H), 4.29-4.28 (m, 4H), 2.76-2.72 (m, 2H), 2($83H), 2.08-1.98 (m, 2H), 1.90-1.86 (m,
2H), 1.48-1.36 (m, 2H). HRMS-ESI m/z [M+H]calcd for GH,gNsOs: 434.2192, found:
434.2185.
N-(3-(2,2-Difluorobenzof][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)ami
no)benzamide (48).The preparation of compourB was similar with that of compourB to
afford title compound as a white solid. Yield: 41%6p: 226-228 °C; HPLC analysis: retention
time, 11.570 min; peak area, 96.7%.NMR (300 MHz, DMSOsdg) 6: 12.81 (brs, 1H), 10.30
(brs, 1H), 7.80 (dJ = 9.3 Hz, 3H), 7.61 (d] = 7.6 Hz, 1H), 7.47 (d] = 6.5 Hz, 1H), 7.02 (brs,
1H), 6.62 (dJ = 7.2 Hz, 2H), 6.13 (s, 1H), 2.78-2.76 (m, 2HR®(s, 3H), 2.10-2.08 (m, 2H),
1.90-1.88 (m, 2H), 1.48-1.45 (m, 2H). HRMS-ESI nji+H]" calcd for GaHNsOsF:
456.1847, found: 456.1849.
N-(3-(2,3-Dihydrobenzofuran-5-yl)-1H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)amino)benz
amide (49).The preparation of compoud® was similar with that of compour#B to afford title
compound as a pale-yellow solid. Yield: 12%; mp2-204 °C; HPLC analysis: retention time,
9.890 min; peak area, 95.4%1 NMR (300 MHz, DMSOdg) 6: 10.44 (s, 1H), 7.80 (d,= 8.7 Hz,
3H), 7.62 (s, 1H), 7.47 (d,= 8.3 Hz, 1H), 6.83 (s, 1H), 6.78 (@@= 7.2 Hz, 1H), 6.58 (d] = 8.8
Hz, 2H), 6.19 (d,]) = 7.7 Hz, 1H), 4.56 (t, 2H), 3.29-3.28 (m, 1HR23(t, 2H), 2.74-2.72 (m,
2H), 2.18 (s, 3H), 2.06-2.02 (m, 2H), 1.92-1.89 @hl), 1.43-1.39 (m, 2H). HRMS-ESI m/z
[M+H] " calcd for G4H,gNsO,: 418.2243, found: 418.2234.
N-(3-(3,4-Dimethoxyphenyl)-H-pyrazol-5-yl)-4-((1-methylpiperidin-4-yl)amino)benzamide
(50). The preparation of compourteD was similar with that of compoung@3 to afford title
compound as a pale-yellow solid. Yield: 21%; mp56Z; HPLC analysis: retention time, 5.719
min; peak area, 97.0%4 NMR (300 MHz, DMSOds) 5: 10.79 (brs, 1H), 7.85 (d, = 8.6 Hz,
2H), 7.38 (s, 1H), 7.28 (d,= 6.6 Hz, 1H), 7.01 (d] = 8.4 Hz, 1H), 6.85 (s, 1H), 6.60 (@= 8.7
Hz, 2H), 6.22 (dJ = 7.7 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.2@63(m, 1H), 2.75-2.73 (m,
2H), 2.17 (s, 3H), 2.04-2.01 (m, 2H), 1.90-1.88 2i), 1.43-1.39 (m, 2H}*C NMR (75 MHz,
DMSO-ds) d: 164.54 (s), 151.27 (s), 149.33 (s), 148.90 (8p.88 (s), 120.37 (s), 117.85 (s),
112.45 (s), 111.51 (s), 109.06 (s), 55.99 (s), B4, 48.77 (s), 46.48 (s), 32.02 (s), 25.16 (S).
HRMS-ESI m/z [M+HT calcd for G4H3Ns03: 436.2349, found: 436.2344.
N-(3-(benzop][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-(piperazin-1-yl)benzamide  (51). The
preparation of compoun8ll was similar with that of compouri2B to afford title compound as
orange solid. Yield: 16%; mp: >300 °C; HPLC anaysieetention time, 5.779 min; peak area,
95.0%.'H NMR (600 MHz, DMSOd) d: 10.74 (s, 1H), 9.48 (s, 2H), 8.00-7.98 Jd& 8.8 Hz,
2H), 7.36 (s, 1H), 7.29-7.28 (d~ 8.1, 1.7 Hz, 1H), 7.07-7.06 (@= 8.9 Hz, 2H), 7.01-7.00 (d,
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J=8.1Hz, 1H), 6.86 (s, 1H), 6.07 (s, 2H), 3.5B53(m, 4H), 3.22-3.17 (m, 4HY’C NMR (126
MHz, DMSO-dg) J: 164.48 (s), 152.64 (s), 148.29 (s), 147.77 (85.70 (s), 143.97 (s), 129.82
(s), 124.49 (s), 124.10 (s), 119.74 (s), 114.64 1689.21 (s), 106.14 (s), 101.77 (s), 94.14 (s),
45.82 (s), 44.66 (s), 42.71 (s), 8.89 (s), 8.13HEMS-ESI m/z [M+H] calcd for GiH,,NsOx:
392.1723, found: 392.1718.
N-(3-(benzop][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-(4-methylpiperazin-1-yl)benzamide (52).
The preparation of compour® was similar with that of compour2B to afford title compound
as white solid. Yield: 20%; mp: 263-265 °C; HPLGbsis: retention time, 3.346 min; peak area,
99.6%."H NMR (600 MHz, DMSO#dg) d: 12.71 (s, 1H), 10.47 (s, 1H), 7.93 (= 8.6 Hz, 2H),
7.32 (s, 1H), 7.25 (d] = 8.0 Hz, 1H), 7.01 (d] = 8.1 Hz, 1H), 6.98 (d] = 8.7 Hz, 2H), 6.93 (s,
1H), 6.08 (s, 2H), 3.29-3.28 (m, 4H), 2.46-2.45 @hl), 2.23 (s, 3H)*C NMR (126 MHz,
DMSO-ds) d: 164.58 (s), 153.44 (s), 149.06 (s), 148.32 (4),.36 (s), 142.07 (s), 129.61 (s),
124.17 (s), 123.47 (s), 119.33 (s), 113.89 (s),260%s), 105.90 (s), 101.73 (s), 94.92 (s), 54.87
(s), 47.36 (s), 46.21 (s). HRMS-ESI m/z [M+Hgalcd for G,H,NsOs: 406.1879, found:
406.1880.

N-(3-(benzop][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-(4-ethylpiperazin-1-yl)benzamide  $3).
The preparation of compourB was similar with that of compour2B to afford title compound
as white solid. Yield: 31%; mp: 240-242 °C; HPLGbsis: retention time, 3.567 min; peak area,
98.6%."H NMR (600 MHz, DMSOdj) 6: 12.71 (s, 1H), 10.48 (s, 1H), 7.94 (b 8.5 Hz, 2H),
7.32 (s, 1H), 7.26-7.25 (t, 1H), 7.02-6.98 (m, 36183 (s, 1H), 6.08 (s, 2H), 3.30-3.28 (M, 4H),
2.49-2.48 (m, 4H), 2.38 (d,= 6 Hz, 2H), 1.05 (t) = 6 Hz, 3H).**C NMR (126 MHz, DMSQdy)

5: 164.58 (s), 153.48 (s), 149.08 (s), 148.31 (4).35 (s), 142.06 (s), 129.61 (s), 124.19 (s),
123.45 (s), 119.32 (s), 113.84 (s), 109.25 (s),9M%s), 101.72 (s), 94.91 (s), 55.38 (s), 52.63 (s
52.09 (s), 47.48 (s), 12.44 (s). HRMS-ESI m/z [M*ldilcd for GaH,¢NsOs: 420.2036, found:
420.2035.

N-(3-(benzop][1,3]dioxol-5-yl)-1H-pyrazol-5-yl)-4-morpholinobenzamide (54). The
preparation of compoun®4 was similar with that of compouri2B to afford title compound as
white solid. Yield: 17%; mp: 264-266 °C; HPLC argfy retention time, 2.800 min; peak area,
97.6%.'H NMR (600 MHz, DMSOd) 6: 12.72 (s, 1H), 10.51 (s, 1H), 7.97-7.95Jd; 8.4 Hz,
2H), 7.33 (s, 1H), 7.26-7.25 (d,= 8.1 Hz, 1H), 7.02 (s, 1H), 6.99 @@= 9.2 Hz, 2H), 6.95 (s,
1H), 6.08 (s, 2H), 3.76-3.74 (m, 4H), 3.34-3.24 @Hl). **C NMR (126 MHz, DMSQOdy)
164.56 (s), 153.59 (s), 149.04 (s), 148.33 (s),4ATs), 142.08 (s), 129.59 (s), 124.17 (s), 124.00
(s), 119.34 (s), 113.78 (s), 109.27 (s), 105.9018).74 (s), 94.93 (s), 66.42 (s), 47.73 (s), B0.7
(s). HRMS-ESI m/z [M+H] calcd for G;H»1N4O4: 393.1563, found: 393.1557.

General procedure for the synthesis of compound 3535g. To a stirring solution of
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2-bromothiophene (2.0 g, 12.3 mmol) in acetic amiojd (2.51 g, 24.6 mmol) was added
perchloric acid (3.71 g, 36.9 mmol) dropwise in liggh for 0.5 h. Then, reaction was stirred at r.t.
for 6 h. Upon completion, the reaction mixture walken up in ice water (60 mL), the pH was
adjusted to 6-7 with sodium carbonate, and the aepiphase was extracted with ethyl acetate (25
mL x 3). The combined organic phase was washed:twith saturated brine (20 mL x 2) and
dried over anhydrous MgSOAfter filtering out MgSQ, the filtrate was concentrated in vacuo,
followed by further purification by silica gel cotwn chromatography (PE : EA=50 : 1) to afford
compound35b as a yellow solid; Yield: 70%. mp: 93-95 °& NMR (300 MHz, CDC}) 6: 7.42
(d,J = 4.0 Hz, 1H), 7.10 (d] = 4.0 Hz, 1H), 2.52 (s, 3H). MS (m/z): [M+H204.9, 206.9.
1-(4-Bromothiophen-2-yl)ethan-1-one (35a)

Light yellow oil was afforded as the crude produttich was used in next step without further
purification. MS (m/z): [M+H] 204.9,206.9.

1-(4-Methoxythiophen-2-yl)ethan-1-one (35c)

Colorless oil. Yield: 45%'H NMR (300 MHz, CDCJ) o: 7.42 (d,J = 4.0 Hz, 1H), 7.10 (d1= 4.0
Hz, 1H), 3.99 (s, 3H), 2.53 (s, 3H). MS (m/z): [M}tH.57.0.
1-(5-Methoxythiophen-2-yl)ethan-1-one (35d)

Light yellow oil. Yield: 53%;*H NMR (300 MHz, DMSOdg) 6: 7.92 (d,J = 5.5 Hz, 1H), 7.16 (d,
J=5.5Hz, 1H), 3.98 (s, 3H), 2.43 (s, 3H). MS (n[M+H]" 157.1.
1-(5-Chlorothiophen-2-yl)ethan-1-one (35e)

Brown solid. Yield: 81%. mp: 46-48 °CH NMR (300 MHz, DMSOedg) 6: 7.86 (d,J = 4.1 Hz,
1H), 7.30 (d,J) = 4.1 Hz, 1H), 2.51 (s, 3H). MS (m/z): [M+H161.0, 163.0.
1-(4-Chlorothiophen-2-yl)ethan-1-one (35f)

White solid. Yield: 81%. mp: 49-51 °CH NMR (300 MHz, DMSO#dg) 5: 7.86 (s, 1H), 7.30 (s,
1H), 2.51 (s, 3H). MS (m/z): [M+H]161.0, 163.0.

1-(Thiophen-2-yl)ethan-1-one (359)

Brown oil. Yield: 60%;*H NMR (300 MHz, DMSOs) 5: 8.00 (d,J = 4.9 Hz, 1H), 7.94 (d] =

3.6 Hz, 1H), 7.26 (t) = 4.2 Hz, 1H), 2.56 (s, 3H). MS (m/z): [M+H]27.1.

General procedure for the synthesis of compound 35B5k. To a stirring solution of
2-bromothiophene (3.44 g, 21.1 mmol) in £HN (10 mL) were added 3-cyclopentylpropionic
acid (1.00 g, 7.03 mmol) and phosphoric acid (@81.03 mmol). Reaction was stirred at r.t. for
3 h. Then, the pH of reaction mixture was adjuste@-7 with sodium carbonate, and the aqueous
phase was extracted with ethyl acetate (25 mL xTBg combined organic phase was washed
twice with saturated brine (20 mL x 2) and drieceroanhydrous MgSg After filtering out
MgSQ,, the filtrate was concentrated in vacuo, followey further purification by silica gel

column chromatography (PE : EA = 50 : 1) chromapby to afford compoun85h as a white
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solid; Yield: 54%; mp: 34-36 °CH NMR (300 MHz, CDC}) &: 7.45 (d,J= 4.0 Hz, 1H), 7.10 (d,
J= 4.0 Hz, 1H), 2.88-2.77 (m, 2H), 1.85-1.67 (m, 5HB7-1.57 (m, 2H), 1.54-1.51 (m, 2H),
1.14-1.05 (m, 2H). MS (m/z): [M+HR87.0
1-(5-Bromothiophen-2-yl)-2-cyclopentylethan-1-one36h)

White solid. Yield: 55%. mp: 34-36 °CH NMR (300 MHz, CDC}) §: 7.45 (d,J = 4.0 Hz, 1H),
7.10 (d,J = 4.0 Hz, 1H), 2.88-2.77 (m, 2H), 1.85-1.67 (m)5H67-1.57 (m, 2H), 1.54-1.51 (m,
2H), 1.14-1.05 (m, 2H). MS (m/z): [M+HP73.0, 275.0
1-(5-Bromothiophen-2-yl)-2-phenylethan-1-one (35i)

White solid. Yield: 86%. mp: 52-53 °GH NMR (300 MHz, CDC}J) §: 7.40 (d,J = 4.0 Hz, 1H),
7.32-7.28 (m, 1H), 7.26-7.17 (m, 4H), 7.07J&; 4.0 Hz, 1H), 3.18-3.12 (m, 2H), 3.06-3.01 (m,
2H). MS (m/z): [M+H] 281.0, 283.0
1-(5-Chlorothiophen-2-yl)-2-(4-(trifluoromethyl)phenyl)ethan-1-one (35j)

White solid. Yield: 75%. mp: 47-48 °CH NMR (300 MHz, DMSOdg) &: 7.93 (d,J = 4.1 Hz,
1H), 7.64 (d,J = 8.1 Hz, 2H), 7.51 (d] = 8.0 Hz, 2H), 7.30 (d] = 4.1 Hz, 1H), 3.35 (] = 9.2 Hz,
2H), 3.01 (tJ = 7.5 Hz, 2H). MS (m/z): [M+H]305.0, 307.0
1-(5-Chlorothiophen-2-yl)-2-(4-methoxyphenyl)ethant-one (35k)

White solid. Yield: 80%. mp: 41-42 °GH NMR (300 MHz, DMSOdg) &: 7.89 (d,J = 4.1 Hz,
1H), 7.28 (d,J = 4.1 Hz, 1H), 7.17 (d] = 8.5 Hz, 2H), 6.83 (d] = 8.6 Hz, 2H), 3.71 (s, 3H), 3.22
(t, J = 7.5 Hz, 2H), 2.85 (] = 7.5 Hz, 2H). MS (m/z): [M+N&]303.0, 305.0.

General procedure for the synthesis of compound 3636b. In a sealed tube, compoul&a
(2.0 g, 9.75 mmol) was dissolved in anhydrous DI@NL), followed by the addition of cuprous
cyanide (2.62 g, 29.26 mmol) and potassium iodi@®17 g, 0.1 mmol) under an argon
atmosphere. Reaction was heated to reflux anédtfar 12 h. Upon completion, the reaction was
guenched with a mixture of ammonia water and iceem@ / v = 1 : 3, 40 mL). The residue was
filtered and rinsed with ethyl acetate. The aqueplase of filtrate was extracted with ethyl
acetate (25 mL x 3). The combined organic phasewaabed twice with saturated brine (20 mL x
2) and dried over anhydrous Mgg$@ifter filtering out MgSQ, the filtrate was concentrated in
vacuo, followed by further purification by silic&lgcolumn chromatography (PE : EA=50: 1) to
afford compoun®6aasa yellow oil. Yield: 64%."H NMR (300 MHz, DMSOd) §: 8.08 (d,J =
4.0 Hz, 1H), 8.05 (d] = 4.0 Hz, 1H), 2.62 (s, 3HYIS (M/z): [M+H]" 152.0.
5-acetylthiophene-2-carbonitrile (36b)

Light yellow oil. Yield: 64%:*H NMR (300 MHz, CDCJ) §: 7.67 (d,J = 5.1 Hz, 1H), 7.40 (d] =
5.1Hz, 1H), 2.77 (s, 3H). MS(m/z): [M+H]52.0.

General procedure for the synthesis of compound 3737m. A mixture of 60% NaH (0.16 g,
3.95 mmol) and anhydrous THF and DMF (v /v = 12Q mL) was added compou8#f (0.54 g,
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2.63 mmol) in ice bath, and stirred for 0.5 h. $olu of compoundsa in anhydrous THF and
DMF solution (5 mL) was added dropwise for 0.5 leaBtion was stirred at r.t. for 6 h. Upon
completion, the reaction was quenched with ice @@ mL). The pH was adjusted to 3-4 with
2N aqgueous hydrochloric acid. After this period trange precipitates were filtered to afford the
crude producB7f which was used in next step without further poafion. MS (m/z): [M+H]
394.1.

General procedure for the synthesis of compound 284 and 38-44.
5-(5-((4-(4-Methylpiperazin-1-yl)phenyl)amino)-H-pyrazol-3-yl)thiophene-3-carbonitrile

(28). To a stirring solution of compourii7l (0.30 g, 0.78 mmol) in anhydrous ethanol (10 mL)
was added 85% hydrazine hydrate (0.047 g, 0.94 jniRehction was heated to reflux and stirred
for 6 h. Then, the mixture was concentrated in vaeund the residue was purified by silica gel
column chromatography (DCM : MeOH = 20 : 1) to afféitle compound aa white solid. Yield:
20%; mp: 206-208 °C; HPLC analysis: retention tirBe823 min; peak area, 98.8%4 NMR
(300 MHz, DMSO#l) 5: 12.40 (s, 1H), 8.17 (s, 1H), 7.61 (s, 1H), 7.3866(m, 3H), 6.86 (d) =
8.5 Hz, 2H), 6.34 (s, 1H), 2.99 (t= 4.3 Hz, 4H), 2.43 (1] = 4.3 Hz, 4H), 2.20 (s, 3HYC NMR
(151 MHz, DMSOsdg) d: 170.80 (s), 144.74 (s), 136.89 (s), 131.69 (85.24 (s), 117.51 (s),
116.79 (s), 60.24 (s), 55.27 (s), 49.86 (s), 469521.24 (s), 14.57 (s). HRMS-EI m/z [M+H]
calcd for GgH29CINsOS: 365.1548, found: 365.1522.
3-(4-Bromothiophen-2-yl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine  (29).
The preparation of compourg® was similar with that of compourB to afford title compound
as a white solid. Yield: 17%. mp: 178-180 °C; HPafalysis: retention time, 15.844 min; peak
area, 97.4%H NMR (300 MHz, DMSOdg) : 12.40 (brs, 1H), 8.13 (d, = 13.9 Hz, 1H), 7.15
(m, 3H), 6.85 (dJ = 8.3 Hz, 2H), 6.37-6.04 (m, 1H), 3.00Jt 4.6 Hz, 4H), 2.42 (] = 4.6 Hz,
4H), 2.21 (s, 3H)**C NMR (151 MHz, DMSQds) 6: 144.91 (s), 136.91 (s), 131.69 (s), 126.18
(s), 117.51 (s), 116.80 (s), 109.60 (s), 55.2649)91 (s), 49.86 (s), 46.24 (s); HRMS-EI m/z
[M+H] " calcd for GgH»1BrNsS: 418.0701, found: 418.0701.
3-(4-Chlorothiophen-2-yl)-N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine  (30).
The preparation of compour8D was similar with that of compourB to afford titte compound
as a white solid. Yield: 17%; mp: 178-180 °C; HP&aRalysis: retention time, 15.276 min; peak
area, 96.0%'H NMR (300 MHz, Acetonels) 0: 7.38 (d,J = 5.4 Hz, 1H), 7.31 (s, 1H), 7.05 @,

= 8.7 Hz, 2H), 6.92 (d] = 5.4 Hz, 1H), 6.77 (d] = 8.9 Hz, 2H), 6.25 (s, 1H), 2.96-2.90 (m, 4H),
2.39-2.33 (m, 4H), 2.12 (s, 3H). HRMS-EI m/z [M+Halcd for GgH»:CINsS: 374.1206, found:
374.1190.
3-(4-Methoxythiophen-2-yl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine (31).

The preparation of compourgl was similar with that of compourB to afford titte compound
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as a white solid. Yield: 32%; mp: 233-235 °C; HP&aRalysis: retention time, 10.984 min; peak
area, 96.4%H NMR (300 MHz, DMSOd) 6: 11.91 (s, 1H), 8.05 (s, 1H), 7.43 (s, 1H),
7.35-7.07 (m, 3H), 6.82 (dl = 8.5 Hz, 2H), 5.98 (s, 1H), 3.88 (s, 3H), 3.0®72(m, 4H),
2.45-2.42 (m, 4H), 2.21 (s, 3HYC NMR (151 MHz, DMSOdg) 6: 154.47 (s), 144.18 (s), 137.42
(s), 123.89 (s), 117.75 (s), 117.49 (s), 116.4698)89 (s), 67.48 (s), 59.11 (s), 55.29 (s), 50.01
(s), 46.24 (s), 25.60 (s); HRMS-El m/z [M+HFalcd for GgH.,NsOS: 370.1702, found:
370.1677.

3-(5-Bromothiophen-2-yI)-N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine ~ (32).
The preparation of compourg® was similar with that of compourB to afford title compound
as a pale-yellow solid. Yield: 38%; mp: 142-145 °&&f NMR (300 MHz, DMSOdg) o
12.38-12.15 (m, 1H), 8.10-8.03 (m, 1H), 7.22-6.82 ¢H), 6.12-6.00 (m, 1H), 3.31-2.43 (m,
8H), 2.21 (s, 3H). HRMS-ESI m/z [M+HEalcd for GgH21BrNsS: 418.0701, found: 418.0689.
3-(5-Chlorothiophen-2-yl)-N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine  (33).
The preparation of compourg8 was similar with that of compourzB to afford title compound
as a white solid. Yield: 21%; mp: 200-204 °C; HPA&@alysis: retention time, 3.674 min; peak
area, 98.3%H NMR (300 MHz, DMSOdg) d: 12.37-12.19 (m, 1H), 8.08 (s, 1H), 7.23-6.82 (m,
6H), 6.07 (s, 1H), 2.99 ( = 4.7 Hz, 4H), 2.44 (t) = 4.7 Hz, 4H), 2.21 (s, 3HY°C NMR (151
MHz, DMSO-dg) J: 153.54 (s), 145.51 (s), 144.58 (s), 136.88 (3)..30 (s), 127.95 (s), 123.42
(s), 117.51 (s), 116.83 (s), 91.08 (s), 88.2268M9 (s), 55.26 (s), 49.90 (s), 46.25 (s), 2591 (
HRMS-EIl m/z [M+H] calcd for GgH,;CINsS: 374.1206, found: 374.1192.
3-(5-Methoxythiophen-2-yl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-amine (34).
The preparation of compourdst was similar with that of compourzB to afford title compound
as a white solid. Yield: 25%; mp: 200-202 °C; HPA&@alysis: retention time, 3.129 min; peak
area, 98.6%H NMR (300 MHz, DMSO#dg) 6: 12.17-11.96 (m, 1H), 8.05 (s, 1H), 7.40-6.89 (m,
3H), 6.84 (d,J = 8.4 Hz, 2H), 6.30 (s, 1H), 5.87 (s, 1H), 3.873(4), 2.99 (tJ = 4.6 Hz, 4H), 2.44

(t, J = 4.6 Hz, 4H), 2.21 (s, 3H)’C NMR (151 MHz, DMSQOdy) d: 165.23 (s), 153.13 (s), 144.37
(s), 137.22 (s), 122.36 (s), 117.50 (s), 116.601(84.89 (s), 90.03 (s), 60.67 (s), 55.38 (s), &9.9
(s), 46.24 (s). HRMS-EI m/z [M+H]calcd for GgH,4NsOS: 370.1702, found: 370.1675.
5-(5-((4-(4-Methylpiperazin-1-yl)phenyl)amino)-H-pyrazol-3-yl)thiophene-2-carbonitrile

(38). The preparation of compourB was similar with that of compoun#8 to afford title
compound as a white solid. Yield: 28%; mp: 202-204 HPLC analysis: retention time, 7.889
min; peak area, 99.7%H NMR (300 MHz, DMSOdg) J: 12.54 (s, 1H), 8.18 (s, 1H), 7.92 (=

3.6 Hz, 1H), 7.52 (dJ = 3.8 Hz, 1H), 7.05-7.02 (m, 2H), 6.85 (5 8.5 Hz, 2H), 6.28 (s, 1H),
3.00 (t,J = 4.8 Hz, 4H), 2.45 (t] = 4.8 Hz, 4H), 2.21 (s, 3H)’C NMR (151 MHz, DMSQdy) §:
145.41 (s), 140.21 (s), 136.53 (s), 124.60 (s),337s), 117.10 (s), 115.11 (s), 105.95 (s), 89.95
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(s), 55.24 (s), 49.81 (S), 46.24 (s). HRMS-EI mviz-H] " calcd for GgH»1NeS: 365.1548, found:
365.1522.
5-(5-((4-(4-Methylpiperazin-1-yl)phenyl)amino)-H-pyrazol-3-yl)thiophene-2-carboxamide
(39). The preparation of compour2® was similar with that of compoun®8 to afford title
compound as a pale-green solid. Yield: 34%; mp:-208 °C; HPLC analysis: retention time,
7.097 min; peak area, 95.596 NMR (300 MHz, DMSOsg) : 12.26 (s, 1H), 7.99 (s, 1H), 7.69
(d,J = 3.8 Hz, 1H), 7.41 (s, 1H), 7.36 @= 3.8 Hz, 1H), 7.11 (s, 2H), 6.85 @@= 8.9 Hz, 2H),
6.10 (s, 1H), 3.01 (t) = 4.3 Hz, 4H), 2.27 (tJ = 4.3 Hz, 4H), 1.91 (s, 3H). HRMS-EI m/z
[M+H] " caled for GgH,3NgOS: 383.1654, found: 383.1631.
N-(4-(4-Methylpiperazin-1-yl)phenyl)-3-(thiophen-2-\)-1H-pyrazol-5-amine (40). The
preparation of compoundld was similar with that of compour2B to afford title compound as a
white solid. Yield: 18%; mp: 212-214 °C; HPLC argfy retention time, 13.145 min; peak area,
99.2%."H NMR (300 MHz, DMSOdg) d: 12.33-12.12 (m, 1H), 7.51 (s, 1H), 7.38 (s, 1H}2
(s, 1H), 7.10 (s, 2H), 6.83 (d,= 8.8 Hz, 2H), 5.99 (s, 1H), 2.98 {t= 4.6 Hz, 4H), 2.46 (1) =
4.6 Hz, 4H), 2.22 (s, 3H). HRMS-El m/z [M+H]calcd for GgH,:NsS: 340.1596, found:
340.1570.
3-(5-Bromothiophen-2-yl)-4-(cyclopentylmethyl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-p
yrazol-5-amine (41).The preparation of compourid was similar with that of compourzB to
afford title compound as a white solid. Yield: 53#6p: 180-182 °C; HPLC analysis: retention
time, 10.623 min; peak area, 95.2%4. NMR (300 MHz, DMSOdg) J: 12.63-12.28 (m, 1H),
7.60-6.97 (m, 4H), 6.80 (d,= 8.5 Hz, 1H), 6.63 (s, 1H), 3.01-2.93 (m, 4H%8%2.39 (m, 4H),
2.21 (s, 3H), 2.03-1.93 (m, 1H), 1.65-1.00 (m, 8HRMS-ESI m/z [M+H] calcd for
Cy4H31BrNsS: 500.1484, found: 500.1467.
4-Benzyl-3-(5-bromothiophen-2-yl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-pyrazol-5-ami

ne (42).The preparation of compourt® was similar with that of compoun2B to afford title
compound as a white solid. Yield: 49%; mp: 228-280 HPLC analysis: retention time, 16.810
min; peak area, 97.3%H NMR (300 MHz, DMSOs) 6: 12.51 (brs, 1H), 10.06 (s, 1H), 7.72 (s,
1H), 7.28-7.06 (m, 7H), 6.88-6.85 (m, 3H), 3.962H), 2.85 (s, 4H). HRMS-ESI m/z [M+H]
calcd for GsH,7BrNsS: 508.1171, found: 508.1161.
3-(5-Chlorothiophen-2-yl)-N-(4-(4-methylpiperazin-1-yl)phenyl)-4-(4-(trifluoromethyl)benzy
[)-1H-pyrazol-5-amine (43).The preparation of compoud® was similar with that of compound
28 to afford title compound as a white solid. Yieldd%; mp: 224-226 °C; HPLC analysis:
retention time, 7.642 min; peak area, 97.28b.NMR (300 MHz, DMSOdg) 6: 7.64-7.58 (m,
3H), 7.31 (dJ = 8.5 Hz, 2H), 7.17-6.86 (m, 4H), 6.80 {d= 8.9 Hz, 2H), 4.05 (s, 2H), 2.96 {,

= 4.8 Hz, 4H), 2.43 (t) = 4.0 Hz, 4H), 2.20 (s, 3H)’C NMR (151 MHz, DMSOdy) 6: 145.85
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(s), 144.66 (s), 138.06 (s), 128.99 (s), 127.8718Y.17 (s), 125.76 (s), 125.56 (s), 123.96 (s),
117.48 (s), 116.35 (s), 55.23 (s), 49.96 (s), 46s)827.97 (s). HRMS-EI m/z [M+H]calcd for
CueH26CIFN5S: 532.1550, found: 532.1523.
3-(5-Chlorothiophen-2-yl)-4-(4-methoxybenzyl)N-(4-(4-methylpiperazin-1-yl)phenyl)-1H-py
razol-5-amine (44).The preparation of compourdt was similar with that of compourzB to
afford title compound as a white solid. Yield: 38#bp: 228-230 °C; HPLC analysis: retention
time, 12.547 min; peak area, 95.9%.NMR (300 MHz, DMSOdg) J: 10.21 (s, 1H), 7.62 (d, =

3.7 Hz, 2H), 7.59 (s, 1H), 7.31 @z= 8.1 Hz, 2H), 7.07 (s, 2H), 6.97 (s, 1H), 6.79X¢ 8.8 Hz,
2H), 4.04 (s, 2H), 3.01-2.91 (m, 4H), 2.47-2.38 @H), 2.20 (s, 3HHRMS-El m/z [M+H]
calcd for GgH29CINsOS: 494.1781, found: 494.1753.

Kinase Inhibition Assay. Activity of kinases were determined using Hot-Sffokinase
assay which was performed by Reaction Biology Cdiyalvern PA, USA) as described
previously.[23]

Cell Growth Inhibition Assay. The human cancer cell lines were purchased froen th
American Type Culture Collection (ATCC, Manassas, MSA). The cell lines (MV4-11, MCF-7,
HT-29, Hep G2, ACHN, A-549, SK-OV-3, BxPC-3, PCMKN-45, U251, KYSE-520, K-562,
HL-60, Molm-13, RPMI 8226, OCI-LY19, parental Bakthd kinase isogenic BaF3) were
maintained in culture media at 37 °C with 5% Q000 ng/ml IL-3 was added to parental BaF3
cells). Cells were plated in 384-well culture p&a(2000-6000/well for adherent cells; 10,000/well
for suspension cells). Cell proliferation was detieed after treatment with compounds for 72 h.
Cell viability was measured by Cell Titer-Glo asg®&yomega, USA) following manufacturer’s
instructions, and luminescence was measured inl@abel reader (Envision2014, PerkinElmer,
USA). IC5o values were determined by Prism 5.0.

Analysis of P-FLT3, P-STAT5, P-ERK and P-AKT in Vitro. To determine levels of
P-FLT3, P-STAT5, P-ERK and P-AKT, cells were seeitked 6-well cell culture plate at a density
of 400000 cells per well for MV4-11 and incubateceimight in medium containing 10% fetal
bovine serum (Life Technologies, Rockville, MD)artotal volume of 180QL. Then, 200uL of
serially diluted compounds were added to each wadll lysates were harvested after 4 h.
FLT3/Phospho-FLT3™8%%9% STAT5/Phospho-STATS®%, AKT/Phospho-AKTe""3
ERK/Phosphop44/42MAPK(Erk1/2y2°?™2%*  and GAPDH antibody (Cell  Signaling
Technology) were used for immunoblotting.

PK Analysis. Male Sprague-Dawley rats (200-250 g) were usedrandomly divided into
two groups (n = 3 in each group). Rats were fasget before dosing and fasted 4 h after dosing.
Compound46 was administered by intravenous injection at adwsl mg/kg or oral gavage at a

dose of 5 mg/kg in saline mixture (DMSO/SolutolHSd&ine =5 : 10 : 85), respectively. Plasma
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were collected into heparin tubes at time point pdravenous injection (5 min, 15 min, 30 min,

1h,2h,4h,8hand 24 h). Plasma were collerttd heparin tubes at time points post oral
gavage (15 min, 30 min, 1 h, 2 h, 4 h, 8 h and 24€bmpound concentrations were determined
by Mass spectrometric analysis (APl 4000/5500 LCHMIS). The relevant PK data was

calculated with WinNonLifi 6.4 software.

In Vivo Efficacy for MV4-11 Xenografts. Five to six-weeks-old female BALB/c mice
(nu/nu) were purchased from Beijing Vital River loasitory Animal Technology Co., Ltd
(Beijing, China). All studies were carried out aaing to the animal-care regulations of Sundia
Meditech Company, Ltd (Shanghai, China). Prior mplantation, cells were harvested during
exponential growth. Approximately 4 x 1B1V4-11 cells in IDMEM medium were formulated as
a 1:1 mixture with Matrigel (BD Biosciences, SarsegJoCA), and injected into the subcutaneous
space on the right flank of each nu/nu mouse wmia volume of 0.15 mL/mouse. Sorafenib was
dissolved in a solution of anhydrous ethanol (5@ polyoxyethylene 35 castor oil (50%).
Compoundst0 and46 were dissolved in a solution of PEG400 (2.5%)cge (5%) and acetic
acid/sodium acetate buffer (pH 4.5, 5%). Daily @dininistration and intravenous injection were
initiated when MV4-11 tumors had reached sizes B68.80-224.26 mfh Animals were
randomized into treatment groups of 8 mice eaclefiicacy studies. Sorafenib was treated orally
with the dose of 40 mg/kg once daily for 14 dayscevivere dosed intravenously with vehicle, 20
and 40 mg/kg of compoundié or 40 mg/kg of compoundO twice daily for 14 days. Tumor
growth was measured every 3 days using Verniepeaifor the duration of the treatment (Sundia
Meditech Company, Ltd). The volume was calculateth ihe formula: tumor volume = (a x
bz)/2, where a was the long diameter of tumor, andas the short diameter of tumor. The
percentage of tumor-growth inhibition (GI) was cddéded with the formula: Gl = [1- (T~
TVinitial)/(CVy — CVinitia1)]X100%, where TWvas the tumor volume measurement of the treatment
group, TViiar Was the tumor volume of the treatment group beémhainistration, CVt was the
tumor volume measurement of the solvent controligrand CV,iias Was the tumor volume of the
solvent control group before administration.

Metabolic Stability in Liver Microsomes. The metabolic stability of compourd0 and
compound46 (in human and rat liver microsomes) were testedNlapjing MingJie Biotech
Company. Solution of compourb (100 uM, 2.5 uL) or control working solution in DMSO and
methanol (1 : 9) was added into microsome soluf®® mg/mL, 197.5.L). After incubating the
mixture at 37 °C for 5 min, NADPH solution (5@, 5 mM) was added. The final concentrations
for test compound and microsome wasM and 0.5 mg/mL, respectively. Every 8D of sample
solution was taken out and terminated by a chithixture of Tolbutamide and Terfenadine (1 : 1)

at 0 min, 5 min, 15 min, 30 min and 60 min, respety. The mixture was vortexed for 1 min,
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centrifuged at 4000 rpm for 15 min at 4 °C, and shpernatants were analyzed by LC-MS/MS
(U3000-Qtrap6500). The data was analysis by tis¢ dirder kinetics to calculatg,tand CI. The
metabolic stability of compoundld was tested in the same way to compodéd

Molecular Modeling. The FLT3 homology model was constructed as prelyoteported by
us [23] and used here directly. The protein wapamed the Protein Preparation Wizard workflow
in Schrodinger 2009 platform (Schrodinger, LLC, Ngark, NY). Compounds were docked into
the FLT3 homology model using Glide module in a@€cision with default parameters. The
docked poses were evaluated and ranked by defdide Gcore. The logP and Caco-2 cell
permeability were predicted using Qikprop modul&ahrodinger with the default settings.

HE Staining. The section was hydrated firstly, and then théi@eaevas dipped into a Coplin
jar containing Mayer’s hematoxylin and agitated 3¢5 min followed by rinsing with O for 1
min. The section was dehydrated with 85% alcohdl 266 alcohol for 5 min each before it was
stained with 1% eosin Y solution for 5 min with tagion. The alcohol was extracted with xylene
for 5 min. Finally, one or two drops of mounting dinen were added and covered with a
coverslip.

KI-67 Staining. Tissue sections were quenched for endogenousigesyand then placed in
an antigen retrieval solution (0.01 M citrate byffeH 6.0) for 15 min in a microwave oven at 600
W. Rabbit mAb anti-Ki-67 (CST (Shanghai) Biologidaéagents Company Limited, China) was
applied to the sections at dilutions of 1 : 50 amcubated overnight at 4 °C. The secondary
detection system was added and incubated for 503téming was developed with DAB, and the
slides were counterstained with hematoxylin for ,ndehydrated with xylene for 5 min, and
mounted DPX Mounting Medium.

P-STATS Staining. Similar procedures with KI-67 staining were penfied except that the
phospho-Stat5 (Tyr694) (C11C5) rabbit mAb (CST (&®itei) Biological Reagents Company
Limited, China) was used as primary antibody.

TUNEL Staining. TUNEL staining was performed using in situ celatfedetection kit, POD
(#11684817910, Roche, Switzerland) according to mhenufacturer’s instructions. Firstly,
sections were dewaxed in xylene, rehydrated inedsing concentrations of ethanol (100%, 85%,
75%) and water, and then treated with Proteinageu€lease free) for 25 min at 37 °C. Mixture
of terminal deoxynucleotidyl transferase and dUTP: @) in reaction buffer were applied to
sections for 2 h at 37 °C. Following washes wittSPBe slides were covered by converter-POD
solution for 30 min at 37 °C. Apoptotic cells wetetected after incubation in DAPI chromogen
(Servicebio technology, China) for approximately rbih, and analyzed with camera equipped
NIKON ECLIPSE C1 fluorescence microscope.

Acute toxicity of compound 46.The acute toxicity of compoundé was determined in
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SPFICR rats (4 animals for each group type of appibin, including 2 male and 2 female rats).
The single dose of compourdd was administrated intravenously (200 mg/kg, 15@kggl00
mg/kg) compared with solvent group, in which thgation volumes were all less than 0.5 mL.
Mixture of acetic acid/sodium acetate buffer (pla,4%), DMSO (2.5%) and 4@ (92.5%) was
used as the solvent. And its toxicity was evaludiaded on mortality. In addition, behavioral
changes, clinical signs of intoxication and bodyglie changes were closely observed during the
following 14 days. After intravenous administratiohcompound6, no signs of intoxication and
no pathological macroscopic changes were recordeitigl the study. The maximum tolerated
dose (MTD) of compound6 after intravenous administration was determinefedigher than
200 mg/kg.
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Highlights:

® 46 was highly potent and specific against FLT3-ITD.

® 46 showed good antitumor efficacy in MV4-11 mouse xenograft model without
decreasing the body weight of mice.



