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MOLM14-FLT3-ITD-D835Y Glsg = 1.87 nM

MOLM14-FLT3-ITD-D835Y Glg = 3.27 nM
Oral Bioavailability = 42.6%
TGl (MV4-11, 20mg/kg/d p.o): Complete Remission
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Abstract

FMS-like receptor tyrosine kinase-3 (FLT3) is exgz@d on acute leukemia cells and is
implicated in the survival, proliferation and diféatiation of hematopoietic cells in most
acute myeloid leukemia (AML) patients. Despite rdachievements in the development of
FLT3-targeted small-molecule drugs, there are wtithet medical needs related to kinase
selectivity and the progression of some mutant foofFLT3. Herein, we describe the
discovery of novel orally available type 1 FLT3iinitors from structure-activity relationship
(SAR) studies for the optimization of indirubin dextives with biological and
pharmacokinetic profiles as potential therapeugierss for AML. The SAR exploration
provided important structural insights into the leepstituents for potent inhibitory activities
of FLT3 and in MV4-11 cells. The profile of the magptimized inhibitor 86) showed 1Gy
values of 0.87 and 0.32 nM against FLT3 and FLT 388 respectively, along with potent
inhibition against MV4-11 and FLT3/D835Y expres3d¢@LM14 cells with a G, value of

1.0 and 1.87 nM, respectively. With the high ornalvailability of 42.6%, compoun86
displayed significant in vivo antitumor activity lmyal administration of 20 mg/kg once daily
dosing schedule for 21 days in a mouse xenograftem®he molecular docking study 8

in the homology model of the DFG-in conformationF&iT 3 resulted in a reasonable binding
mode in type 1 kinases similar to the reported typ¢.T3 inhibitors Crenolanib and

Gilteritinib.



Introduction

FMS-like receptor tyrosine kinase-3 (FLT3), a rd¢oepyrosine kinase (RTK) in the type
[l RTK family, is expressed on most acute leukerogédls and normal hematopoietic stem
cells. The activation of FLT3 is initiated by thendting of the FLT3 ligand (FL), which is
expressed in stromal cells. Upon stimulation with FLT3 activation induces dimerization
and conformational changes in the receptor as waellautophosphorylation of specific
tyrosine residues, consequently triggering cassggleling, including Ras/Raf, PI3K, AKT,
STATS5, Grb2, SHP-2, SHIP, MAPK and ERK1/2. The deweam cascades from FLT3 can
be categorized into the PI3K/AKT, RAS/MAPK, and SIA signaling pathways. [1, 2]
Acute myeloid leukemia is a cancer of the myelan@ lof blood cells, characterized by the
rapid growth of abnormal blood cells originatingrfr bone marrow, interfering with normal
blood cells. [3] AML is the most common form of aeleukemia that generally occurs in the
elderly patient population and is responsible falf lof pediatric leukemia mortality. [4, 5]
Recently, genomic sequencing analysis has idetitifiat mutations commonly appearing in
the signaling genes led to FLT3, which has beenseguently studied as an attractive
therapeutic target for AML. [6, 7] Two broad typeflsFLT3 mutations have been identified:
internal tandem duplication (ITD) mutations [8] apdint mutations in the tyrosine kinase
domain (TKD), typically at the activation loop (Akgsidue D835. [9]

In recent decades, a number of small molecule ittnghave been reported for AML,
such as Sunitinib, [10] Midostaurin, [11] Sorafen(b2] Tandutinib, [13] Quizartinib, [14]
Ponatinib, [15] Crenolanib, [16] and Gilteritinidq] (Figure 1). However, most of these
inhibitors showed multikinase inhibitory activitiéisat limit their potency and repositioning
for the treatment of AML with the FLT3 mutation.[118, 19] Moreover, the occurrence of

drug resistance due to the FLT3/TKD mutation duichgmotherapy represents a challenge



to successful FLT3 inhibition. [20] Therefore, tthevelopment of potent and selective FLT3
kinase inhibitors, especially those effective fesistant AML caused by mutations, is in high
demand to solve the unmet medical needs of AML rtiwrapy.

Indirubin core skeleton has been extensively studoe the development of effective
kinase inhibitors,[21] [22] such as CDK and GSK®&wr group also previously reported
several indirubin-3’-oxime derivatives as potent TB[23] and CDK inhibitors[24]
depending on the substitutions at the 5 and 5tipasi which have indicated the versatile
utilities of the skeleton toward particular clagkimase inhibitors. Recently, we also reported
an indirubin derivative, compouril(Figure 1), which has potent inhibitory activitgaanst
FLT3 (ICso = 3 nM) and the proliferation of MV4-11 cells @l= 1 nM) with limited
pharmacokinetic profiles. [25] Aiming the druggapleysicochemical properties maintaining
FLT3 inhibitory activities, herein, we report momgptimized 5,5 -substituted indirubin
analogs with additional pharmacophores at the 8nexmoiety starting from previously
reported derivatives. [24] The biological profileds compounds along with the oral
bioavailability were evaluated, including FLT3 ibftion, anti-proliferative activity in the
AML cell line and in vivo anticancer efficacy in genograft animal model by oral

administration.



Figure 1. Chemical structures of FLT3 kinase inhibitors
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RESULT AND DISCUSSION

Chemistry

The synthesis of indirubin 3" -oximé$a 17ae, and18ab was performed following

the synthetic routes representecscheme 1

Scheme 1General Synthetic Pathway of the Preparation aflibth 3-oximes
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) 15a-b: Ry=F, Ry=i, ii 18a-b: Ry=F, R,=i, ii
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H R,= (i) NO, (ii) F (iii) H
11 (iv) OCH3 (V)OCF5

Reagents and conditions: (a) &, methanol or methanol:water(2:1), RT, 2-3 h, 4255

(b) Hydroxylamine hydrochloride, pyridine, refluX h, 60-70%;

As our group reported in the previous study, weehacluded the process of
making the final product in HCI salt form to soltlee solubility problem of the indirubin
derivative. To synthesize the 5,5-substituted fimliin 3-oxime derivatives, the 5-substituted
indoxyl-N,O-diacetates10a-b were prepared from their corresponding 5-substtut
anthranilic acids.[24] For the 5-hydroxy analog ttyclized compoundOawas obtained as
a triacetate form because the phenolic hydroxyugrnowas also acetylated under cyclization
conditions. The 5,5-substituted-3-indirubin oxirderivatives16a, 17a-e and 18a-b were
synthesized from conjugate reactions of the 5-#witstl indoxyl-N,O-diacetatel0a-bor 11

with various isatins 2a-9 under basic conditions to yield the Bshbstituted indirubin



derivatives13a, 14a-e, and 15a-bfollowed by the reaction of each of the latter hwit

hydroxylamine to convert the ketone group to anxire.

Scheme 2Synthetic of Compounds 20 and 24-29

16a-e: Ry=H, R,=i-v 19: R=OH

17 . R1=OH, Ro=i
18a-b: R4=F, Ry=i, i
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21a-e: Ry=H, Ry=i-v 24-49 Ro= (i) NO, (ii) F (iii) H
22 :R4=OH, Ry=i (iv) OCHj3 (v)OCF4
23a-b: Ry=F, Ro=i, ii

Reagents and conditions: (a) 2-(boc-amino)ethyiride, K,CO;, DMF, RT, overnight; (b)
4N HCl in 1,4-dioxane, DCM, QI, 3 h; (c) 1,2-dibromoethane,s&t DMF, RT, overnight;

(d) Various amines, DMF, 50, overnightithen 4N HCI in 1,4-dioxane, THF, 0, 30 min;

Scheme 2presents the synthetic routes for compow@land24-5Q Reaction of 5-

hydroxy-5-nitro indirubin 3-oximel6a) with 2-(Boc-amino)ethyl bromide gave intermediate



compoundl9, which was subjected to a sequence of reactionkjding deprotection of the
Boc protecting group followed by HCI salt formatiom yield compound20. Compounds
2la-e, 22 and 23a-b were obtained using the O-alkylation process betwel,2-
dibromoethane and N-oxime compourida, 17a-e, and 18a-lrespectively. The terminal
bromides of2la-e, 22and 23a-b were coupled with various heterocyclic compounds
containing amino moieties under basic conditionafford the corresponding intermediates,
which were then treated with 4 N HCI in dioxaneyield the desired final compoun@g-49

in excellent yield.

Structure-Activity Relationships with Pharmacokinetic Studies

The biological activities of the synthesized indiru derivatives were evaluated for
their inhibitory activities against FLT3 and theofieration of MV4-11 cells, an FLT3-ITD
positive AML cell line using the WST assay protaclnl our previous report, [24] potent
CDK inhibitors with the indirubin skeleton were disered, including compourt’ (ICso =
1.9 nM for CDK2), which was further identified as mhibitor of FLT3 (1Go = 23.4 nM),
showing moderate antiproliferative activity agaiM¥4-11 cells (Gip = 133 nM, Table 1).
[23] We have also reported that the introductiorheferocyclic moieties on the 3™-oxime
position (R3) led to a significant increase in fh&tency against both FLT3 and MV4-11
cells. [25] Also, the docking analysis with a nigmup at the R2 position such as the case of
compound24 resulted in the sufficient numbers of interactiamghe ATP binding site of
FLT3. (See supporting information) Therefore, topmove the inhibitory potency of
compoundl? against FLT3, we introduced several functional geowith ethyl linkers at the

R3 position of compountl7 (20-26, Table 1).



Table 1. Biological Activities of compound.7, 20, 22and24-35against FLT3 and MV4-11

Cells
ICs0 (NM) Glso (NM)
Compound R R, Rs
FLT3? MV4;11°
17 OH NO2 H 23.4+1.06 133 £19.9
20 OH NO CH,CHNH,-HCI 8.6 +1.22 95.3 +10.3
22 OH NO: CHxCH,Br 324 +42.4 470+ 86.1
24 OH NO2 CHZCHZN/ 'NH - HCl 12.2 +1.64 26.5+11.1
-/
25 OH NO2 CH2CH2N/ 'N— - HCI 18.9 +3.53 50 + 16.6
_/
26 OH NO CHy CH2N/ \o- Hel 345+ 93.8 100 +10.9
/
27 F NO CHZCHZN/ \NH . Hol 27.6 £2.77 10.2 +2.33
_/
28 F NO2 CHZCHZN/ N— - HCl 31.2+5.06 118 +28.1
__/
29 H NO CHZCHZN/ \NH . HCl 13.2+0.87 7.01+1.90
_/
30 F F CH2CH2N/ H - Hel 15.8 +1.46 8.3+1.73
_/
31 = = CHchzN/ N— - Hel 27.0 +2.58 31.5+8.8
N
32 E = CH,CHNH NH- HCI 11.6 + 1.05 8.4+2.93
+ +
33 F F CHZCHZN/ \o~ Hel 98.3+17.6 1155+16.5
/
34 E = CH,CHN s 450 +1.19 105.3 +43.3
+ +
35 F F CHzCHzNG e 116 +1.11 633.9 + 173
Lestaurtinib 3 33

4Cso = 50% inhibitory concentrations of FLT3 were ob&d from dose-dependent response curves.
®Gls, = 50% inhibitory concentrations of cell prolifémt were obtained from dose-dependent
response curves. All biological data were obtaimettiplicate and presented as the mean mean *

standard error of the mean (SEM)



Substitutions to the R3 moiety with an amino etmgiety Q0) resulted in more
potent inhibitory activity compared to compouhd(ICso = 8.60 nM vs 23.4 nM and &l=
95.3 nM vs 133 nM, respectively). In contrast, theresponding bromo ethyl derivativalj
of compound20 showed a drastic loss in FLT3 inhibitory activiag well as MV4-11
antiproliferative efficacy (I = 324 nM and Gb = 470 nM, respectively), suggesting that
the basic properties at this position play an irtgodrrole in optimizing the biological activity.
Thus, compound®4 and25 with piperazine and N-methyl piperazine moietielsstituted for
the bromo moiety of compouri®, respectively, exhibited 10- to 20-fold enhancetkpcies
for FLT3 and MV4-11 (IG = 12.2 nM, 18.9 nM and & = 26.5 nM, 50 nM, respectively).
When the piperazine ring was replaced with a mdipaaing 26) at the R3 position, both
FLT3 inhibitory activity (IGo = 345 nM) and MV4-11 antiproliferative activity (£ = 100
nM) significantly decreased, indicating that thertmal amine of the heterocyclic ring may

be beneficial.

Among the series of compoun@§-26, we evaluated the pharmacokinetic (PK)
properties of compound20 and 24 in mice by intravenous or oral administration. The
relevant pharmacokinetic parameters are describe&upporting Table 1. The results
demonstrated poor oral bioavailability (F = 0% &8d for 20 and 24, respectively) and rapid
clearance (Clpy = 10,379 and 70.4 mL/min/kg, respectively) of campds20 and 24,
respectively. The poor PK profiles might be duentetabolically labile groups, such as

hydroxyl and nitro groups.

Next, to improve the FLT3 inhibitory activities amptharmacokinetic (PK) profiles,
the hydroxyl and nitro groups at the R1 and R2tmos was further modified to fluorine or
hydrogen groups based on our previous report, icwihydrogen and fluorine groups at the

R1 and R2 position showed beneficial effects fa& LT3 inhibition. [23] As the results,



compound®7 and28 displayed slightly decreased activity against FI(IC3, = 27.6 nM and
31.2 nM, respectively). CompourZzd, with a hydrogen at the R1 position, maintained its
inhibitory potency against FLT3 (k= 13.2 nM). These results indicate that fluorine or
hydrogen the substituents at the R1 position alitg nitro group at R2 position, may
minimally affect for the FLT3 inhibitory activitylnterestingly, compound27 and 29

displayed increased MV4-11 anti-proliferative edity.

In the evaluation of the PK profiles of compou2@without the hydroxyl group at
the R1 positiondisappointingly, poor oral bioavailability (F = B%) and rapid clearance
(CLopy = 108 mL/min/kg) was observed. (Supporting Table'ierefore, it is expected that

the poor PK profiles might be due to the nitro grat R2 position.

To further improve the PK profile while maintainitige biological activity, we next
prepared 5,5 -difluoro indirubin derivativ&@®-35 (Table 1). Among them, compoun@8
and32 containing piperazine and 4-amino piperidine, eesipely, at the R3 position showed
the best potency with a low nanomolar range ofdgal activities either in the FLT3 assay
or in MV4-11 cells(ICso= 15.8 and 11.6 nM and §F 8.30 and 8.47 nM, respectively).
Comparing this series of derivatives, the morptelipiperidine, and pyrrolidine-containing
compounds 33, 34 and 35) displayed 2- to 7-fold less inhibitory activitganst FLT3 than
the heterocyclic ring derivatives containing teratinitrogens, such as piperazine, N-methyl

piperazine and 4-amino piperiding)( 31, and32, respectively).

Next, the PK profiles 080 and 32 were determined in mice by intravenous or oral
administration (Supporting Table 2). Significanfpimvement, compared wi0, 24, and29,
was achieved for oral bioavailability (F = 16.7 dafl3%, respectively), with the suitable PK
parameters of half-life (.= 3.4 and 9.2 h, respectively) and clearance,{Ct 28.1 and

231 mL/min/kg, respectively). Thus, fluoro subgitns for either the hydroxyl or nitro



groups at the R1 and R2 positions are tolerablerfaintaining the biological activity, and

more importantly, granting improved oral PK praddile



Table 2. Biological Activities of compoun86-49against FLT3 and MV4-11 Cells

ICso (nM) Glso (nM)
Compound R, Rs
FLT3? MV4;11°
36 F CH,CH,N  NH - HCI 0.87 £0.16 1.0+03
__/
37 F CHchZN/ N— - Hl 33+1.27 11.1+0.37
/
38 F CHZCHZNH@NH . He 9.47 £0.31 11.9+0.26
39 F 142 +7.07 263.3+43.1
CH,CH,N ) - HCI
40 F 257 + 44.2 212 +65.4
CH2CH2NG - HCI
41 H CH,CHN  NH - HCl 2.7+1.10 0.51 +0.016
/
+ +
42 H CHZCHZN/ N— - HI 9.29£2.77 54.8+215
_/
43 H CHZCHZNH@NH . HCl 20.9 £2.88 15.1+3.18
44 H 128 +22.5 138 £29.4
CH,CH,N ) HCI
45 H 41.3£2.68 103.5+18.0
CHZCHzNG - HCI
46 OCHjs CHZCHZN/ NH - HCI 12.4 +1.08 22.0£5.0
-/
47 OCH;, CHZCHZN/ N— - Hl 2.1+1.14 20.0+8.3
N
48 OCFs CH,CH,N  NH - HCl 40.2+1.13 17.0£5.1
—/
49 OCF;3 CHCHN N— - HCl 5.62+1.05 7.0£3.0
/
Lestaurtinib 3 33

4Cso = 50% inhibitory concentrations of FLT3 were ob&d from dose-dependent response curves.
Gls, = 50% inhibitory concentrations of cell prolifémt were obtained from dose-dependent
response curves. All biological data were obtaimettiplicate and presented as the mean mean *

standard error of the mean (SEM)



Since the above results from compoul@sand 32 provided clues to achieve oral
bioavailability, further optimization of the biolal efficacy toward single-digit nanomolar
ICso values was attempted by modification of the stbstits at the R1 and R2 positions
(Table 2). Thus, the piperazine and N-methyl pipiee derivatives with no substitution at
the R1 position36 and37) showed a dramatic increase in the potency cordpaith the
corresponding fluoro analog30 and 31, with 1Cso values of 0.87 and 3.3 nM for the
inhibitory activities of36 and 37 against FLT3, respectively, along with an impressi
enhancement of MV4-11 anti-proliferation activityjth Glsp values of 1.0 and 11.1 nM,
respectively. In the case of compow®icontaining the ethyl(4-amino-piperidine) moiety at
the R3 position, the activities against FLT3 and ¢Vl compared to corresponding
compound32 were similarly maintained (g = 9.47 versus 11.6 nM and4gkE 11.1 versus
8.47 nM for38 and32, respectively). In contrast, the biological adtes of compound89
and40 with ethyl piperidine and ethyl pyrrolidine moiesi at R3 position, respectively, were
significantly decreased for their inhibitory actigs against FLT3 (165 = 142 nM and 257
nM, respectively) and anti-proliferative efficaciagainst MV4-11 (Gh = 263 nM and 212

nM, respectively).

We further removed the fluoro groups at the R2 tpmsiof 36-40 resulting in
compound#l1-45 to compare the electronic effects between fllweand hydrogen at the R2
position. Among them, compound4-43 containing piperazine, N-methyl piperazine and 4-
amino piperidine moieties at the R3 position, refipely, displayed generally decreased
inhibitory activities against FLT3 (kg = 2.7, 9.3 and 21 nM, respectively) and MV4-11scel
(Glsp = 0.51, 55 and 15 nM, respectively). Following damactivity profiles in the above
cases, piperidine and pyrrolidine derivativéd and 45 exhibited a large decrease in

inhibitory activity compared td1.



Next, we examined the effect of another functiogadups at the R2 position by
introducing methoxy or trifluoromethoxy moietied6( 47, 48, and 49), which possess a
similar size but different electronic properties.general, the methoxy derivativé8 and47
showed slightly more potent inhibitory activity agst FLT3 compared to the corresponding
trifluoromethoxy analogg8 and49. Interestingly, unlike the SAR patterns of thevioeasly
discussed compounds, the N-methyl piperazine-aaintaicompoundg7 and49 were more

potent than the corresponding piperazine derivattéeand48.

Next, two of the most active compoun@®§ and41, were subjected to PK profile
investigations, with an intravenous or oral adntmaison of a 10 mg/kg dose of the
compounds in miceF{gure 2 andSupporting Table 3. The results showed tha6é had an
AUC s Of 25.0 ug-min/mL, a Gaxof 36.5 ng/mL, and a remarkable increase in thé ora
bioavailability of 42.6%. The PK study of compou#d also achieved satisfactory results,

with an AUG,:of 72.1ug- min/mL, a Gaxof 69.7 ng/mL, and a bioavailability (F) of 51.0%.

As the consequences, we have successfully disabverally administrable
compounds with more potent FLT3 inhibitory actegiand MV4-11 antiproliferative effects
than the previously reported inhibitor with samelseton, compoun@®. [25] Especially, the
oral bioavailability (BA) of compound86 and41 (BA = 42.6% and 51.0%, respectively)

was greatly improved compared with compo@n(@A = 1.43%)



Figure 2. The mean plasma concentration-time profile8@®éand41. (A) Oral administration
to ICR mouse 086 at dose of 10 mg/kg (n=5) (B) Intravenous admiatgin to ICR mouse
of 36 at dose of 10 mg/kg (n=4) (C) Oral administrationlCR mouse ofl1 at dose of 10
mg/kg (n=5) (D) Intravenous administration to ICRuBe of41 at dose of 10 mg/kg (n=5).
All data were obtained in triplicate and the etvars represent the standard error of the

mean.
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In conclusion, from the SAR analysis and PK optetian of the series of
derivatives in Tables 1 and 2, the ethyl piperazimeety at the R3 position and the fluoro
moiety at the R2 position, such as the case of comg36, are the best combination for the

highly potent FLT3 inhibitory activity along with W4-11 anti-proliferative efficacy. In



addition, the PK profiles, including oral bioavéikty, were critically dependent on the
substituents at the 5 and 5'-positions (R1 and Ra). example, the oral bioavailability
dramatically decreased depending on the substitaerihe R1 and R2 positions in the

following order: -H, -F < -F, -F < -H, -N£x -OH, -NQ, respectively.

Kinase Selectivity Assay

To investigate kinase selectivity profiles, we stred a single concentration of 100

nM of compound6 against a Eurofins broad oncology panel of 104s@s Figure 3).



Figure 3.Kinase selectivity profiles @6. (A) Kinase tree illustration of compou®® using KinMap.

Kinase tree indicates the % inhibition value at @ of compound6 with concentration of ATP

near to the i value for each individual target kinases. Thediecle indicates kinases that were

inhibited > 50%. Size of red circle is proportiot@lthe % inhibition value. (B) Biological actis

of 36 against other kinases.
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FLT3(D835Y)
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c-KIT
PDGFRo
Fms
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TrkA
TrkB
cSRC
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CDK1
CDK2
CDK5
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98
99

22

92
100
98
99
100
87
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IC5, (nM)
0.87
0.32

<0.25 (Ky)

4.20
3.01
1.21
6.89
2.04
9.52
23.8
5.54

The kinome tree is illustrated in Figure 3A usinopMap, showing major selective

inhibitory activities at the tyrosine kinase familjith more than 90% inhibition such as

FLT3/D835Y, FLT4, cSRC, Fms, Mer, Ret, TrkA, TrkR26] Remarkably, the inhibition of

the mutant FLT3/D835Y (0.32 nM) turned out to berenpotent than that of the wild type

FLT3 (IC50 = 0.87 nM). Moreover, compouf3é displayed strong binding affinity at FLT3-

ITD with a Ky value of < 0.25 nM. In contrast, kinases PD@FR&hd c-KIT (Type 3 RTK),



which are typically inhibited by current FLT3 inlitidr drugs, [13, 27, 28] were weakly
inhibited at 5% and 22%, respectively. In additicompound36 demonstrated selective
inhibitory activities for FLT3 over the CDKs (21%2% and 54% inhibition against CDK1,
CDK2 and CDK5 at 100 nM, respectively), even thouigdlirubin derivatives have been
reported as well-known CDK inhibitors. [22, 29-Récently, c-KIT inhibition of TKIs was

reported as an important toxicological index assted with the disruption of hematopoietic
progenitor cells related to myelosuppression.[28] dur case, an important, focused
selectivity profile of weak c-KIT inhibition by coppund36 was observed, indicating that
the possible hematopoietic toxicity associated wHKIT could be avoided. The current
FLT3-targeted drugs Quizartinib, Tandutinib, Cremib and Gilteritinib [32] have been
reported with different kinase selectivity profileShe analysis of the kinase selectivity
profile of compound6 in Figure 3 demonstrated that the selective inhibitory adgasitare

focused on the class of the tyrosine kinase family.

Cell Activity Evaluation of Compound 36

Since the FLT3 and FLT3(D835Y) inhibitory activéie@nd the binding affinity for FLT3-
ITD of compound36 were determined as sub-nanomolar range ¢f #3d Ky values (0.87
nM 0.32 nM and < 0.25 nM, respectively), the amblferative activities of compound 36
were assessed against several FLT3-ITD positiveahufML cell line including MOLM14
wild type, other clinically relevant mutant kinasgpressed MOLM14 FLT3-ITD-site direct
mutagenesis (MOLM14-ITD), MOLM14 FLT3-ITD- D835Y (®ILM14-ITD-D835Y) and
MOLM14 FLT3-ITD-F691L (MOLM14-ITD-F691L) cells thaare FLT3 growth dependent

(Figure 4).



Figure 4. Anti-proliferative activities of compound 36 agaihOLM14 mutant cells.

A MOLM14 wild type B MOLM14-ITD
= 36 120 - = 36
® Quizartinib e Quizartinib
120 A Gilteritinib A Gilteritinib
100 4
100
g 80 E 804
s 60 E 60
w (2]
R w0 2 40
20
20 M
0 x T > 4 =
T T T T 0 T T T T
0.1 1 10 100 0.4 1 10 100
Compound concentration (nM) Compound concentration (nM)
C MOLM14-ITD-D835Y D MOLM14-ITD-F691L
1204 = 36 = 36
e Quizartinib 1204 Quizartinib
A Gilteritinib Gilteritinib
100 4 o6
80 =
s g 804
2 z
E 60- S 6o
@ i
EPT = a0
20 20+
0 T T T T 0 T T T T T T
0.1 1 10 100 0.1 1 10 100
Compound concentration (nM) Compound concentration (nM)
E Glgp (NM)
Compound MOLM14 MOLM14 - ITD MOLM14 - ITD
wild type MCLM1A- TE D835Y F691L
36 4.88 + 0.67 1.85 + 0.06 1.87 + 0.36 3.27 + 0.99
Quizartinib 1.35 £+ 0.11 0.23 £ 0.07 6.72+ 2.28 13.58 + 1.97
Gilteritinib 4.94 + 0.65 3.29 £ 0.25 1.91 £ 0.07 5.24 + 0.23

(A) Anti-proliferative activities of compound 36 aigst MOLM14 wild type cell line. (B)
Anti-proliferative activities of compound 36 agaifdOLM14-1TD site direct mutagenesis
cell line. (C) Anti-proliferative activities of coppund 36 against MOLM14-ITD-D835Y cell

line. (D) Anti-proliferative activities of compourgb against MOLM14-ITD-F691L cell line.



(E) Glsp value of compound 36, Quizartinib and Gilteritigibainst tested cell lines. All data

ware obtained by triplet testing. For A-D, the efvar = SD.

In the same experiments, positive control drugsz&tinib and Gilteritinib which
are representative type | and Il inhibitor, respety[33] were also tested in parallel. As the
results, compound36 showed similar dose-dependent anti-proliferativéiveg against
MOLM14 wild type cell line with a G values of 4.88 nM compared to Gilteritinib ¢
4.94 nM) Figure 4A). In addition, compoun86 was more sensitive to MOLM14-ITD cells
(Glsp = 1.85 nM) than MOLM14 wild type with similar trdrof Gilteritinib (Figure 4B). In
the evaluation of the anti-proliferative effectsasgt ITD-TKD dual mutant cell lines,
MOLM14(FLT3-ITD, D835Y and F691L), compound6 and the representative type |
inhibitor, Gilteritinib, retained potent anti-prtérative effects against MOLM14 (FLT3-ITD,
D835Y) dual mutant cells (g = 1.87 nM and 1.91 nM, respectively) whereas tilpe
inhibitor, Quizartinib, showed decreased inhibitactivity (Gko = 6.72 nM) Figure 4C).
For MOLM14(FLT3-ITD, F691L) cell line, compound6 and Gilteritinib also exhibited
much higher anti-proliferative activities (§gF 3.27 nM and 5.24 nM, respectively) than that

of Quizartinib (Géo = 13.58 nM) Eigure 4D).

Selectivity Profiles of Compound 36 in Various Huma Cancer Cell Lines

To evaluate the selective anti-proliferative atidg of the representative compound
36 in the FLT3-ITD expressing AML cells, MV4-11, weanined WST assay to measure
the cytotoxicity of compoun®6 against several other cancer cell lines, includihgonic
myeloid leukemia (K562), lung cancer (A549), livaancer (HepG2), triple negative breast

cancer (MDA-MB-231), colon cancer (HCT-116), prastaancer (PC3) and ovarian cancer



(SK-OV-3) compared with the positive control dri&prafenib and Gilteritinib. Tiable 3) As
the results, compoun86 showed 430 times more sensitive against MV4-1k ¢&lso = 1
nM) than K562 cell line, which is insensitive to R inhibitors similar profile to Gilteritinib.

Furthermore, compound 36 displayed good safetylpsadigainst other cancer cell lines.

Table 3. Anti-proliferative Activities of Compound6 Sorafenib and Gilteritinib against

Various Cancer Cell Lines

Glso value (M) or % inhibition at 1uM?®
Cell line
36 Sorafenib Gilteritinib
MV4-11 0.001+ 0.0003 0.0009+ 0.0001 0.0002 0.000F
K562 0.437+ 0.038 0.612 0.076 1.006+ 0.263
A549 2.05 % 0% 4.05 %
HepG2 1.+ 0.2 2.5+ 0.5 2.2+ 0.6
MDA-MB-231 8.95 % 5.45 % 42.13 %
HCT-116 38.46 % 11.01 % 45.10 %
PC3 40.67 % 32.98 % 41.76 %
SK-OV-3 16.04 % 451 % 23.33 %

#Compound36, Sorafenib and Gilteritinib were tested at 8 coniggion to measure their
anti-proliferative effects on various human cancell lines using WST assay. The sl
values were obtained in triplicate and the erros bapresent the standard error of the m@an.

Reported G value of Gilteritinib is 0.92 nM [34]



Compound 36 and 41 Inhibits the Phosphorylation oProteins Downstream of FLT3

Compound36, 41 and positive control Gilteritinitwas further evaluated for its inhibitory
activity of the downstream signal transduction path of FLT3 activation in MV4-11 cells

at the concentrations of M, 100 nM and 10 nMKigure 5).

Figure 5. Inhibition of STAT5 and Erkl/2 phosphorylation bynspound 36, 41 and

Gilteritinib.
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MV4-11 cells were treated with 10 nM, 100 nM anqill of compound36 for 4 hours.

MV4-11 lysates were subjected to western blot aislyith indicated antibodies. Actin was

used to probe for equal protein loading.

Compound36 showed complete blockage of the phosphorylatiorS®ATS5 even at the

lowest test concentration, 10 nM, indicating thenparable functional activity resulted from



the FLT3 inhibition. Similarly, the phosphorylatiari Erk1/2 was also strongly suppressed
by compound36. Based on these results, the inhibition of dovaastr signal pathway of
FLT3 autophosphorylation, occurring in FLT3-ITD egpsing AML cell line, MV4-11, was
confirmed compared with Gilteritinib, of which adty was obtained as similar to the

reported data.[34]

Molecular Docking Study

To understand the binding mode of compo@6dn the kinase FLT3, we performed
homology modeling and molecular docking studiethatATP binding site of FLT3 using the
Discovery Studio 3.5 program. Since the ligand-labdL T3 cocrystal structures were
reported only for inactive conformations with th€®-out motif of the protein, current type
1 FLT3 inhibitors and compoun86 were not able to fit in the binding site. Therefor@
perform docking experiments for the type 1 inhitstdhomology protein models with DFG-
in motifs were constructed using a previously rggbrmethod by Yi-Yu Ke et al. [35]
Compound36 along with the known FLT3 inhibitors Crenolanibdailteritinib were
docked into the above FLT3 homology model using @BOCKER protocol in the

Discovery Studio 3.5 program.



Figure 6. Structural analysis of FLT3 inhibitors against DiEeG-in FLT3 homology model.
The compound86 and39 were protonated in docking study. (A) 2D diagrandacking

pose 0f36. Hydrogen bonds are indicated by red-hatched.lilo@sc interaction is indicated
by brown-hatched line. Residues incorporating hgtobic pocket in ATP binding site are
noted in green color. Residues incorporating pslaface are noted in brown color. (B) Best
docking pose of compour6 into the homology model of DFG-in conformationFfT3 (C)
Docking pose of compouri2B. (D) Docking pose of compour9. (E) Docking pose of
Crenolanib (E) Docking pose of Gilteritinib. In pamB to F, green and brown colors

represent classical hydrogen bonding and ionicacten respectively.
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The docking results showed that compow@tdsuccessfully docked into the ATP binding
pocket, which was incorporated with hinge regiod @hosphate binding site of the FLT3.
The detailed docking pose analysis of compo@6dusing a 2D diagram is displayed in
Figure 6A. There are two important hydrogen bonds formedéetn the backbone carbonyl
and amino groups of the Cys694 residue with thers#ary amine and carbonyl groups of
the indirubin core scaffold 086. In addition, the aromatic portions 86 were tightly
surrounded by hydrophobic pockets consisting ofréstdues Leu616, Leu818, Cys828, and
Tyr693. Interestingly, no interaction of compouBii with gatekeeper residue F691 was
observed, suggesting thaé might be free from the concern of a mutation 0@ E6Another
important pharmacophore, the piperazine moiety3&fmay play important binding roles
with the hydrophilic surface of phosphate bindirgghet consisting of residues Asn816 and
Asp829 of DFG motif. In particular, the tertiary sw@ of the piperazine moiety may form
ion-dipole or ionic interactions with the backbocerbonyl group of Asn816 and the side
chain of Asp698. In addition, the terminal aminmwgy of piperazine may serve as a
hydrogen bond donor to interact with the side chadiisn816 and side chain of Asp829.
(Figure 6B) In this binding model, the hydrogen bonding oricointeractions of the nitrogen
atoms in the piperazine of compouB@ with Asp698, Asn816 and Asp829 residue would
play the critical roles for inhibitory activitiesdm the analysis of the docking studies with
less active compound8 and39. In the case of compour88 (ICsp = 9.47 nM), the loss of
interaction with Asp698 while maintaining the hygem bonding and ionic interaction with
Asn816 and Asp829 residues, respectively, mighilres the decreased inhibitory activity
compared with compound6 (ICso = 0.87 nM). The docking analysis with much weaker
derivative compoun®9 (ICso = 142 nM) suggested that the ethyl piperidine tyodd 39
headed to only Asp698 residue and solvent expossad aithout the important interactions

with Asn816 and Asp 829 residuesigure 6D) Therefore, the prediction of important



binding mechanism in the regions accommodating Rgtes could be explained with the
distinguished docking modes of the derivativ@s, 38 and 39 with different biological
activities. The analysis and comparison of dioeking poses of CrenolaniBigure 6E) and
Gilteritinib (Figure 6F) with those of36 (Figure 6B) resulted in the conformational
similarities of occupying the binding pocket. Thipgrazine moiety of compour®b, the 4-
amino piperidine moiety of Crenolanib, and the pigiayl piperazine moiety of Gilteritinib
showed common interactions with the polar surfadetree FLT3 protein. Protein
conformations, including the polar surface in salather kinases, are critical structural
features for determining type 1 inhibitors and typmhibitors. It has been reported that the
ATP binding site containing the polar surface asezovered by the activation loop[35] in the
inactive kinase conformation. [36-38] Overall, camapd 36 turned out to fit well in our
homology model of the active DFG-in conformationFbfT3, adopting the known structural

features as a type 1 inhibitor similar to Crendbaamd Gilteritinib.

In vivo Anti-tumor Activity of Compounds 36 and 41

Figure 7. Anticancer efficacy in MV4-11 xenograft mouse modketompound6 and41. (n
=10 for control group, n = 6 for test group) BAIcBiude mice bearing MV4-11 tumor
xenograft were treated once daily with each comdair20 mg/kg or vehicle. (A) Relative
tumor size (B) Body weight measurement of MV4-1hograft mice after oral

administration of compoun86 and41. (***, p<0.001)
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An in vivo MV4-11 xenograft study was performeddetermine the efficacy of the
indirubin derivatives. MV4-11 cells were subcutangly injected into BALB/c nu/nu mice,
and tumors were allowed to grow to a size of apipnately 100 mm Compound$86 and41
were selected for in vivo testing because of tenificant FLT3 inhibitory activity and
MV4-11 antiproliferative activity. A single oral de of 20 mg/kg of compourb, 41 or the
PBS control was administered once daily for 21 dagsshown inFigure 7A, we found that
treatment with both compounds resulted in the rapid complete remission of tumors in all
mice compared with the PBS control group. Partityldhe tumor disappeared by day 14,
based on the measured tumor volume. There was ightdess or any other signs of toxicity
during the administration perioéFigure 7B). The highly potent in-vivo efficacy of the anti-
AML agents,36 and41, by oral administration should be noticeable inmi® of generally
poor PK profiles of indirubin analogues such as pheviously reported compour@] of
which in-vivo efficacy was similarly achieved with0 mg/kg dose by intravenous

administration only. [25]

Toxicological studies of compound 36



To determine the cardiotoxicity of compoud@ we performed the hERG potassium
channel ligand binding assay along with astemiasle positive controlSupporting Table
4). As the result, compouri8b showed 21.4% inhibition of hERG ligand bindingl&tuM
concentration, indicating there is no significalERG channel related cardiotoxicity. In
addition, single-dose toxicity animal experimentsvpgerformed to evaluate the lethal dose in
acute toxicity when the compour8b was administered orally to ICR mic&upporting
Table 5. During the experiment, one female mouse of i@ mg/kg group died at day 6
and the approximate lethal dose (ALD) is determiogdr 2,000 mg/kg in male mice and
2,000 mg/kg in female mice, respectively. Mediahdédose (L) value was calculated as

4,950 mg/kg in female mice.

Conclusions

In this study, starting from the CDK inhibitor cpound17, we discovered (2Z,3E)-
5'-fluoro-3-((2-(piperazin-1-yl)ethoxy)imino)-[2;Biindolinylidene]-2"-one 36), a FLT3
inhibitor with a subnanomolar range ofsfGralues that displayed potent inhibitory activity
against the FLT3/D835Y mutation. We optimized theliiubin skeleton through the
combination of the best substituents at each poswiith the aim of increasing the inhibitory
activity against FLT3 and the anti-proliferativdiedicy of MV4-11 cells. Compoun86 also
exhibited significant in vivo antitumor activity ihe MV4-11 xenograft animal model and an
improved PK profile for oral administration. Thassults suggest that indirubin-based FLT3
inhibitors could be successful drug candidates tha treatment of AML, which is an

important unmet medical need.

Experimental Section



General Methods for Chemistry

The NMR spectra at 400MHz folH spectra and 100 MHz fol’C spectra,
respectively, were recorded with a JEOL JNM-ECX BGpectrometer. The oth#i NMR
and ®)C NMR spectra were obtained on Agilent ProPulse0(30Hz and 125 MHz,
respectively) and Varian (600 MHz and 150 MHz, extpely) in Korea Basic Science
Institute (KBSI), Gwangju branch. All spectra wedeken in CDC, DMSO-d or DO .
solvent. Unless otherwise noted, chemical shifes expressed as ppm downfield from
internal tetramethylsilane (TMS), relative ppm frddMSO reference (2.5 ppm) or HOD
reference (4.8 ppm). To identify the solvent-ovepled peak, the NMR spectra of a
representative compoun@®6, was recorded using DMSQ-cand DO (See supporting
information). Mass spectroscopy was performed agctedspray method using Waters
Quattro micro API (column, Sunfire C18, 100 A, 3, 2.1 x 150 mm; solvent system,
0.1% formic acid in KHO/0.1% formic acid in CECN = 20:80) by all compounds. High-
resolution mass spectra (HRMS) (m/z) of selectedpmunds were recorded on a fast atom
bombardment (FAB) using a JEOL JMS-799 mass speetier. High-resolution mass
analysis was performed at the Korea Basic Sciensttute (Daegu). HPLC analysis were
carried out to determine the purity of all finalngpounds. All compounds showed an HPLC
purity of > 95%. The determination of purity washdacted using a Shimadzu SCL-10A VP
HPLC system with a Shimadzu Shim-pack C18 analyticeumn (250 x 4.6 mm, 5 mm, 100
A) in linear gradient solvent systems (solvent eystvas HO/CHsCN = 80:20 to 10:90 over
30 min at a flow of 1 mL min-1). Peaks were detedig UV absorption using a diode array
detector. The starting materials were purchasea ftommercial suppliers from Aldrich or

TCI. The compounds 12-18 were synthesized accotditige previous reports. [23, 24]



tert-butyl (2-((((2Z,3E)-5-hydroxy-5'-nitro-2'-oxo- [2,3'-biindolinylidene]-3-

ylidene)amino)oxy)ethyl)carbamate(19)

To a solution of indirubin '3oxime compoundl7, (130 mg, 0.38 mmol) and 2-(boc-
amino)ethyl bromide (112 mg, 0.5 mmol) in DMF (2@ )was added KCOs; (138 mg, 1
mmol) and stirred overnight at room temperaturee Holvent of reaction mixture was
partially evaporated under reduced pressure. Thelue was diluted with saturated aq.
NH4CI (600 mL) and extracted with ethyl acetate (30xn3L). The combined extracts were
dried over NaSQ, filtered, and evaporated. The residue was pudrifizy silica gel
chromatography (ethyl acetate/n-hexane =1:2) te (113 mg, 61.8% yield)*H NMR
(CDCI3, 400 MHz)5 11.65 (s, 1H), 11.38 (s, 1H), 9.57, (s, 1H), A851H), 8.07 (dJ = 6
Hz, 1H), 7.64 (s, 1H), 7.29 (d,= 5.6 Hz, 1H), 7.05-7.01 (m, 2H), 6.89 (= 5.6 Hz, 1H),

4.69 (M, 2H), 3.55 (M, 2H), 1.31 (s, 9H). LC/MS (E8/z) 479.67 [M - H]

(2Z,3E)-3-((2-aminoethoxy)imino)-5-hydroxy-5'-nitro-[2,3'-biindolinylidene]-2'-one

hydrochloride (20)

To s solution of Boc-protected compoub® (40 mg, 0.08 mmol) in THF (2 mL) at
0 [ was slowly added 4 N HCI in 1,4-dioxane (4D, 0.16 mmol) and stirred for 30 min
under N atmosphere. The precipitate was collected, washgdDCM, and dried to obtain
20 (32.7 mg, 98% yield)*H NMR (400MHz, DMSO-¢) 5 11.66 (s, 1H), 11.47 (s, 1H), 9.51
(d,J = 2.4 Hz, 1H), 9.48 (s, 1H), 8.24 (s, 3H), 8.08,(@= 8.4, 2.4 Hz, 1H), 7.78 (d,= 2.4
Hz, 1H), 7.30 (dJ = 8.4 Hz, 1H), 7.07 (d] = 8.8 Hz, 1H), 6.95 (dd] = 8.4, 2.4 Hz, 1H),
4.87 (t,J = 4.4 Hz, 2H), 3.49 () = 4.4 Hz, 2H)**C NMR (100 MHz, DMSO-¢) § 171.39,
153.34, 153.37, 146.90, 143.96, 141.74, 138.52,1823122.37, 120.54, 118.41, 117.10,

116.41, 113.28, 109.12, 97.37, 73.62, 38.40.

(2Z,3E)-3-((2-bromoethoxy)imino)-5'-nitro-[2,3'-biindolinylidene]-2'-one (214



To a solution of indirubin '‘3oxime compoundl6a (100 mg, 0.31 mmol) and TEA
(94.1 mg, 0.93 mmol) in DMF (20 mL) was added 1Q2H)(225 mg, 1.2 mmol) and stirred
overnight at room temperature. The crude reactioxture was evaporated under reduced
pressure. The residue was diluted with saturatedNBigCl (30 mL) and extracted with ethyl
acetate (3 x 25 mL). The combined extracts werddsver NaSQ,, filtered, and evaporated.
The residue was purified by silica gel chromatobyafethyl acetate/n-hexane =1:2) to afford

compound2la

Yield: 81%.'H NMR(400MHz, DMSO-g) § 11.75 (s, 1H), 11.48 (s, 1H), 9.64 (= 2.4
Hz, 1H), 8.25 (m, 1H), 8.13 (dd,= 8.8, 2.4 Hz, 1H), 7.60 (m, 2H), 7.15-7.09 (m,)2H

4.99 (m, 2H), 4.05 (m, 2H). LC/MS (ESI, m/z) 429[R2+ H]*
Compound®1b-21ewere prepared following the synthetic procedurearhpoundla
(2Z,3E)-3-((2-bromoethoxy)imino)-5'-fluoro-[2,3'-biindolinylidene]-2'-one (21b)

Yield: 81%.'H NMR(400MHz, DMSO-@) 5 11.69 (m, 1H), 10.75 (s, 1H), 8.57-8.63
(m, 1H), 8.15 (d,) = 7.93 Hz, 1H), 7.40 (d] = 1.24 Hz, 1H), 7.17 (td] = 7.66, 1.22 Hz,
1H), 7.12-7.18 (m, 1H), 6.90-7.01 (m, 1H), 6.85%®@n, 1H), 4.69 (t] = 6.20 Hz, 1H),

2.81-2.96 (m, 2H). LC/MS (ESI, m/z) 402.22 [M +™H]
(2Z,3E)-3-((2-bromoethoxy)imino)-[2,3'-biindolinylidene]-2'-one (21c)

Yield: 80%.'H NMR(400MHz, DMSO-g) § 11.80 (m, 1H), 10.70 (s, 1H), 8.62 (4,
= 7.90 Hz, 1H), 8.15 (d) = 7.61 Hz, 1H), 7.36-7.47 (m, 2H), 7.13 (&= 7.64, 1.22 Hz,
1H), 7.07 (m, 1H), 6.90-6.96 (M, 1H), 6.89 {d= 7.67 Hz, 1H), 4.70 () = 5.85 Hz, 2H),

2.84 (t,J = 6.24 Hz, 2H) . LC/MS (ESI, m/z) 385.23 [M +H]

(2Z,3E)-3-((2-bromoethoxy)imino)-5'-methoxy-[2,3'-hindolinylidene]-2'-one (21d)



Yield: 77%.*H NMR(400MHz, DMSO-¢) 8 11.75 (s, 1H), 10.62 (s, 1H), 8.21 (m,
2H), 7.48-7.40 (m, 2H), 7.07-7.02 (m, 1H), 6.828(#, 1H), 6.77-6.73 (m, 1H), 4.88 {t=

5.48 Hz, 2H), 3.98 (] = 6.24 Hz, 2H), 3.78 (s, 3H). LC/MS (ESI, m/z) 403 [M + H]'

(2Z,3E)-3-((2-bromoethoxy)imino)-5'-(trifluoromethoxy)-[2,3'-biindolinylidene]-2'-one

(21e)

Yield: 80%.*H NMR(400MHz, DMSO-g) & 11.78 (s, 1 H), 10.99 (s, 1 H), 8.59 -
8.55 (m, 1 H), 8.22 (d] = 7.56 Hz, 1 H), 7.49 - 7.45 (m, 2 H), 7.14 @ 2.06 Hz, 1 H),
7.08 (M, 1 H), 6.96 (d] = 8.24 Hz, 1 H), 4.86 (1] = 5.72 Hz, 2 H), 3.98 (] = 5.72 Hz, 2

H). LC/MS (ESI, m/z) 468.01 [M + H]
(2Z,3E)-3-((2-bromoethoxy)imino)-5-hydroxy-5'-nitro-[2,3'-biindolinylidene]-2'-one (22)

Following the procedure for compouda 22 (72.7 mg) was obtained frofv (70
mg, 0.23 mmol). Yield: 60%H NMR (400 MHz, DMSO-g)  11.60 (s, 1 H), 11.37 (s, 1
H), 9.46 (m, 1 H), 9.42 (s, 1 H), 8.05-8.00 (m, )1 A61 (M, 1 H), 7.28-7.24 (d, J = 8.48 Hz,
1 H), 7.01-6.97 (d, J = 8.48 Hz, 1 H), 6.89-6.88, (@l = 8.72, 2.52 Hz, 1 H), 4.97-4.92 (t, J =
5.52 Hz, 1 H), 4.02-3.97 (t, J = 5.48 Hz, 1 L}C NMR (100 MHz, DMSO-g) & 171.41,
153.54, 152.91, 146.83, 143.90, 141.77, 138.65,1823122.34, 120.75, 118.40, 117.00,

115.63, 113.49, 108.97, 97.47, 76.70, 31.53. LC(HSI, m/z) 445.00 [M + H]
(2Z,3E)-3-((2-bromoethoxy)imino)-5-fluoro-5'-nitro-[2,3'-biindolinylidene]-2'-one (23a)

Following the procedure for compou2da 23a(33.8 mg) was obtained frodBa
(125 mg, 0.36 mmol). Yield: 21%H NMR(400MHz, DMSO-@) 5 11.75 (s, 1H), 11.29 (s,
1H), 9.53 (s, 1H), 8.11 (dd,= 8.4, 4.0 Hz, 1H), 7.97 (dd,=7.6, 2.0 Hz, 1H), 7.53 (m, 1H),
7.40 (m, 1H), 7.06 (d] = 9.6 Hz, 1H), 5.03 (m, 2H), 4.08 (m, 2H). LC/MSS|, m/z) 447.21

[M + H]".



(2Z,3E)-3-((2-bromoethoxy)imino)-5,5'-difluoro-[2,3-biindolinylidene]-2'-one (23b)

Following the procedure for compouda 23b (72.7 mg) was obtained frodaBb
(70 mg, 0.23 mmol). Yield: 67%H NMR(400MHz, DMSO-¢) & 11.73 (s, 1H), 10.80 (s,
1H), 8.36 (ddJ = 11.2, 2.8 Hz, 1H), 7.99 (dd,= 8.8, 2.8 Hz, 1H), 7.50 (m, 1H), 7.39 (m,
1H), 6.99 (m, 1H), 6.88 (M, 1H), 4.71-4.68Jt 5.8 Hz, 2H), 2.87-2.84 (f, = 5.8 Hz, 2H)

LC/MS (ESI, m/z) 420.21 [M+H]

(2Z,3E)-5-hydroxy-5'-nitro-3-((2-(piperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-

2'-one hydrochloride (24)

To a solution oR2 (25 mg, 0.056 mmol) in dried DMF (2.5 mL) was adgéperazine (24.2
mg, 0.28 mmol). The reaction mixture was stirredraight at 50 1. The mixture was cooled
to 0[] before pouring water (2.5 mL) into the reactiasR. The resulting solid was filtered,
washed several times with cold water, and driggrdwide claret solid. Next, a solution of
this material in THF at 0], 2 equivalents of 4N HCI in 1,4-dioxane was addeu] the
reaction mixture was stirred for 30 min. The préefie was collected, washed with DCM,
and dried to obtai4 (7.75 mg). Yield: 31%'H NMR(400MHz, DMSO-g) 5 11.65 (s, 1H),
11.46 (s, 1H), 9.54 (d, = 2.4 Hz, 1H), 9.26 (brs, 2H), 8.11-8.08 (dd; 8.8, 2.4 Hz, 1H),
7.75 (s, 1H), 7.33-7.31 (d,= 8.8 Hz, 1H), 7.08-7.06 (d,= 8.4 Hz, 1H), 6.94-6.92 (dd,=
8.4, 2.4 Hz, 1H), 5.04 (brs, 2H), 3.69 (brs, 108ktially overlapped with waterjH
NMR(400MHz, D,O) § 8.27 (s, 1H), 7.44 (d = 8 Hz, 1H), 6.69 (s, 1H), 6.53-6.51 (b= 8
Hz, 1H), 6.40-6.38 (d] = 8 Hz, 1H), 6.32 (d] = 6.4 Hz, 1H), 4.47 (brs, 2H), 3.56-3.42 (m,
10H). *C NMR (D,O, 100 MHz)3 172.04, 146.12, 143.39, 141.90, 140.73, 137.50.923
125.30, 124.43, 121.87, 121.70, 117.90, 115.50,4P1408.27, 96.50, 71.60, 55.34, 49.30,
41.43.°C NMR (100 MHz, DMSO-¢) 6 171.38, 153.78, 146.77, 146.54, 144.00, 141.75,

138.72, 123.16, 122.47, 120.83, 118.38, 116.88,6r1313.63, 109.13, 97.57, 48.87, other



peaks are overlapped in solvent peak or undetéet®®SO-d; solvent system. LC/MS

(ESI, m/z) 451.17 [M - CI]
Compound®5-49were prepared following the synthetic procedurearhpound24

(2Z,3E)-5-hydroxy-3-((2-(4-methylpiperazin-1-yl)ettoxy)imino)-5'-nitro-[2,3'-

biindolinylidene]-2'-one hydrochloride (25)

Yield: 81%.H NMR (400 MHz, DMSO-g) 8 11.65 (s, 1 H), 11.45 (s, 1 H), 9.55-
9.48 (m, 2 H), 8.10-8.07 (dd, J =8.48, 2.32 HE{)17.74 (s, 1 H), 7.32-7.30 (d, J = 8.48 Hz,
1 H), 7.08-7.06 (d, J = 8.48 Hz, 1 H), 6.93-6.9d, (@ = 8.48, 2.52 Hz, 1 H), 5.00 (M, 2 H),
3.45-3.11 (m, 10 H, overlapped with water peakj94s, 3 H)*C NMR (100 MHz, DMSO-
ds) 171.39, 153.81, 153.78, 146.80, 144.12, 141.38,711, 123.18, 122.45, 120.80, 118.69,
116.90, 115.69, 113.60, 109.10, 97.56, other peaksoverlapped in solvent peak or

undetected in DMSOgtsolvent system. LC/MS (ESI, m/z) 465.19 [M -CI]

(2Z,3E)-5-hydroxy-3-((2-morpholinoethoxy)imino)-5"nitro-[2,3'-biindolinylidene]-2'-

one hydrochloride (26)

Yield: 50%.H NMR (400MHz, DMSO-d) & 11.66 (s, 1 H), 11.47 (s, 1 H), 10.90
(brs, 1 H), 9.53 (m, 2 H), 8.11-8.08 (dd, J =8.0, Bz, 1 H), 7.72 (d, J = 2 Hz, 1 H), 7.33-
7.31(d, J = 8.8 Hz, 1 H), 7.33.-7.31 (d, J = 88 HH), 6.95-6.92 (m, 1 H), 5.11 (m, 2 H),
4.01-3.77 (m, 5 H), 3.55-3.29 (m, 5 H, slightly dapped in water peak)*C NMR
(100MHz, DMSO-¢) 171.36, 153.72, 153.30, 146.80, 144.06, 141.&8.88, 123.20,
122.54, 120.89, 118.72, 116.94, 115.62, 113.70,18097.61, 70.31, 63.89, 54.83, 52.04.

LC/MS (ESI, m/z) 452.15 [M - CI]

(2Z,3E)-5-fluoro-5'-nitro-3-((2-(piperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-

one hydrochloride (27)



Yield: 43%.'H NMR(500MHz, D}0) & 8.14 (s, 1 H), 7.31 (d, J = 8 Hz, 1 H), 7.06
(d, J =8 Hz, 1 H), 6.77 (m, 1 H), 6.43 (m, 1 H)146(d, J = 8.5 Hz, 1 H), 4.41 (brs, 2 H),
3.52 — 3.44 (m, 10 H}*C NMR (125MHz, DO) & 170.81, 158.89, 156.98, 150.68, 145.41,
142.17, 140.68, 140.08, 122.36, 121.36, 120.189%]1.15.06, 112.89, 108.30, 97.55, 71.21,

55.19, 49.14, 41.13 LC/MS (ESI, m/z) 453.17 [M }'C

(2Z,3E)-5-fluoro-3-((2-(4-methylpiperazin-1-yl)ethoxy)imino)-5'-nitro-[2,3'-

biindolinylidene]-2'-one hydrochloride (28)

Yield: 52%."H NMR(400MHz, DMSO-g) 5 9.54 (d,J = 2.1 Hz, 1H), 8.09 (m, 1H),
7.95 (ddJ=8.9, 2.4 Hz, 1 H), 7.45 (m, 1 H), 7.31 (m, 1 A8 (d, J = 8.88 Hz, 1 H), 4.97
(brs, 2H), 3.40 (m, 10H, partially overlapped withter), 2.80 (s, 3HYH NMR(400MHz,
D,0) 58.28 (s, 1 H), 7.38-7.36 (d, J = 8.4 Hz, 1 H)176099 (d, J = 8.4 Hz, 1 H), 6.79 (m, 1
H), 6.48-6.45 (m, 1 H), 6.26-6.24 (d, J = 7.6 H#)14.27 (brs, 2H), 3.58-3.05 (m, 10 H),
2.80 (s, 3 H)*C NMR (100MHz, BO) & 170.35, 160.24, 155.90, 149.84, 145.89, 142.38,
141.69, 140.14, 123.24, 120.05, 118.26, 115.86,521412.18, 108.48, 97.46, 72.62, 54.81,

51.96, 49.61, 42.80. LC/MS (ESI, m/z) 468.18 [MI}'C

(2Z,3E)-5"-nitro-3-((2-(piperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (29)

Yield: 39%.*H NMR & (400 MHz, 0O) 88.22 (s, 1 H), 7.38 (d, J = 7.32 Hz, 1 H),
7.30-7.27 (dd, J = 8.32, 1.48 Hz, 1 H), 7.09-7108 £ 7.80 Hz, 1 H), 6.77-6.73 (t, J = 7.32
Hz, 1 H), 6.49-6.47 (d, J = 7.80 Hz, 1 H), 6.17&; 8.32 Hz, 1 H), 4.33 (m, 2 H), 3.47-3.36
(m, 10 H).*C NMR (100 MHz, RO0) 5 171.12, 151.31, 145.72, 143.89, 142.27, 140.76,
133.41, 128.11, 122.87, 122.25, 121.70, 118.27,9914.11.24, 108.42, 97.31, 71.46,

55.41, 49.27, 41.35. LC/MS (ESI, m/z) 435.19 [MI}'C



(2Z,3E)-5,5'-difluoro-3-((2-(piperazin-1-yl)ethoxyjmino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (30)

Yield: 49%.'H NMR (400MHz, [0) & 7.31 (d, J = 9.6 Hz, 1 H), 7.02 (d, J = 6.4
Hz, 1 H), 6.77 (t, J = 6.8 Hz, 1 H), 6.48 — 6.42 @H), 6.22 — 6.19 (m, 1 H), 4.50 (m, 2 H),
3.46 — 3.43 (m, 10 Hf*C NMR (100 MHz, BO) & 171.09, 158.70, 156.97, 144.98, 140.54,
133.19, 122.94, 119.57, 119.07, 116.65, 114.45,35]12111.04, 109.63, 109.35, 101.27,

68.68, 55.46, 49.15, 41.10. LC/MS (ESI, m/z) 42N17 CI]*

(2Z,3E)-5,5'-difluoro-3-((2-(4-methylpiperazin-1-y)ethoxy)imino)-[2,3'-

biindolinylidene]-2'-one hydrochloride (31)

Yield: 69%.*H NMR(500 MHz, DMSO-g) & 11.75 (s, 1 H), 10.85 (s, 1 H), 8.33 (d,
J =11 Hz, 1 H), 8.06 (m, 1 H), 7.46 (m, 1 H), 7(86 1 H), 7.00 (m, 1 H), 6.89 (m, 1 H),
4.97 (m, 2 H), 3.54 — 3.10 (m, 10 H, partially dapped with water), 2.80 (s, 3 HfC NMR
(125 MHz, DMSO-¢) 171.17, 158.79, 156.91, 152.34, 145.05, 142.735.5D, 123.68,
120.72, 116.68, 115.14, 113.60, 112.98, 110.67,8409.00.46, other peaks are overlapped
in solvent peak or undetected in DMS@ablvent system. LC/MS (ESI, m/z) 440.19 [M -

cll*.

(2Z,3E)-5,5'-difluoro-3-((2-(piperidin-4-ylamino)ethoxy)imino)-[2,3'-biindolinylidene]-

2'-one hydrochloride (32)

Yield: 54%.'H NMR(500 MHz, BO) & 7.27-7.25 (d, J = 10.5 Hz, 1 H), 6.98-6.97
(d, J =7 Hz, 1 H), 6.65-6.62 (t, J = 6.5 Hz, 1 Bl§4-6.42 (tJ = 7.5 Hz, 1 H), 6.3 — 6.32
(dd, J = 8, 3.5 Hz, 1 H), 6.18 — 6.15 (dd, J = 8.5{z, 1 H), 4.43 (m, 2 H), 3.62 — 3.29 (m, 5
H), 3.01-2.96 (t, J = 13 Hz, 2 H), 2.32 — 2. 29J¢ 13.5 Hz, 1 H), 1.86 — 1.79 (dd, J = 13, 3

Hz, 2 H).*C NMR (125 MHz, BO) & 170.71, 158.72, 156.88, 156.48, 151.24, 144.84,



140.17, 132.87, 122.25, 119.47, 115.22, 114.65,181210.98, 109.46, 99.27, 71.33, 52.73,

43.28, 42.21, 24.97. LC/MS (ESI, m/z) 439.18 [MI}'C

(2Z,3E)-5,5'-difluoro-3-((2-morpholinoethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (33)

Yield: 43%.'H NMR(400MHz, DMSO-@) 5 11.70 (s, 1 H), 11.20 (brs, 1 H), 10.81
(s, 1 H), 8.29 — 8.26 (dd, J = 11.6, 2.8 Hz, 18402 — 7.99 (dd, J = 8.4, 2.4 Hz, 1 H), 7.45-
7.42 (dd, J = 8.4, 4.4 Hz, 1 H), 7.35-7.32 (td, 9.2 2.8 Hz, 1 H), 6.96-6.93 (td, J = 8.8, 2.8
Hz, 1 H), 6.85-6.82 (dd, J = 8, 4.8 Hz, 1 H), 5.q01, 2 H), 3.95-3.92 (m, 2 H), 3.79-3.76
(m, 3 H), 3.51-3.49 (m, 2 H), 3.24-3.22 (m, 3 Hrtjadly overlapped with water):*C NMR
(100MHz, DMSO-@) 5 171.22, 159.00, 156.74, 152.48, 145.01, 142.86,673 123.69,
120.88, 116.65, 115.83, 113.69, 113.05, 110.82,91094.01.13, 71.51, 63.83, 54.76, 51.99.

LC/MS (ESI, m/z) 427.18 [M - CI]

(2Z,3E)-5,5'-difluoro-3-((2-(piperidin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (34)

Yield: 20%.'H NMR(500MHz, DMSO-¢) & 11.74 (s, 1 H), 10.84 (s, 1 H), 10.21
(brs, 1 H), 8.33-8.30 (dd, J = 11, 2.5 Hz, 1 HP383.00 (dd, J = 8.5, 2.5 Hz, 1 H), 7.49-7.46
(dd, J =9, 4.5 Hz, 1 H), 7.38-7.35 (td, J = 9,854 1 H), 7.01-6.97 (td, J = 8.5, 3 Hz, 1 H),
6.89-6.86 (dd, J = 8.5, 4.5 Hz, 1 H), 5.02-4.99 &,4.5 Hz, 2 H), 3.70 (m, 2 H), 3.60-3.58 (t,
J = 6.5 Hz, 1 H), 3.56-3.52 (m, 2 H), 3.07-3.44)(t 12.5 Hz, 2 H), 1.76-1.65 (m, 5 HjC
NMR (125MHz, DMSO-@) & 170.68, 158.22, 156.41, 152.00, 144.45, 142.3%,.153
123.15, 123.07, 120.36, 116.14, 114.93, 113.22,271209.33, 100.60, 71.09, 54.16, 52.53,

22.48, 21.06. LC/MS (ESI, m/z) 425.17 [M - Cl]



(2Z,3E)-5,5'-difluoro-3-((2-(pyrrolidin-1-yl)ethoxy )imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (35)

Yield: 75%.'H NMR (600MHz, DMSO-¢) 5 11.76 (s, 1 H), 10.85 (s, 1 H), 10.25
(brs, 1 H), 8.34-8.32 (dd, J = 11.4, 2.4 Hz, 1 8i6-8.04 (dd, J = 8.4, 2.4 Hz, 1 H), 7.50-
7.48 (q, J = 4.2 Hz, 1 H), 7.40-7.36 (td, J = 4, Hz, 1 H), 7.03-6.98 (td, J = 9, 3 Hz, 1 H),
6.90-6.87 (q, J = 4.2 Hz, 1 H), 4.95 (t, J = 4.8 BiH), 3.82 (q, J = 5.04 Hz, 2 H), 3.69-3.58
(m, 2 H), 3.17-3.11 (m, 2 H), 2.03-1.99 (m, 2 HP®1.86 (M, 2 H)**C NMR (150MHz,
DMSO-d;) & 170.70, 158.09, 156.55, 152.06, 144.49, 142.3%.183 123.16, 120.37,
116.27, 115.20, 113.16, 112.70, 101.17, 109.10,620071.72, 53.57, 52.26, 22.56. LC/MS

(ESI, m/z) 411.16 [M - CI}

(2Z,3E)-5'-fluoro-3-((2-(piperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (36)

Yield: 77%.H NMR (400 MHz, DMSO-g) 11.74 (s, 1 H), 10.90 (s, 1 H), 10.17 (m,
2 H), 8.34-8.31 (dd, J = 11.2, 2.96 Hz, 1 H), 8@ = 7.80 Hz, 1 H), 7.45-7.43 (m, 2 H),
7.04 (t, J = 7.32 Hz, 1 H), 7.01-6.95 (m, 1 H),16687 (m, 1 H), 5.04 (m, 2 H), 3.85 (m, 2
H, overlapped in solvent peak), 3.78-3.52 (m, 43#8 (m, 4 H)>*C NMR (100 MHz,
DMSO-ds) 6 171.26, 153.06, 146.26, 144.97, 135.64, 133.88,582 123.68, 122.54,
116.38, 113.18, 112.93, 112.55, 110.59, 109.93,8800'1.34, 54.48, 48.70, the other peak
is overlapped in solvent pedkC NMR (100 MHz, BO) 170.99, 158.83, 156.54, 151.77,
144.66, 144.13, 132.99, 128.21, 122.46, 122.04,2¥1311.94, 111.67, 110.66, 109.33,
99.31, 69.79, 55.55, 49.17, 40.78. LC/MS (ESI, m(8.18 [M - CIf. HRMS (FAB) m/z

calculated for GH»3FNsOs [M-CI] * 408.1836, found 408.1834.



(2Z,3E)-5'-fluoro-3-((2-(4-methylpiperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-

one hydrochloride (37)

Yield: 64%.'H NMR (400 MHz, RO) & 7.21-7.18 (d, 7.32, 1 H), 7.05-7.02 (dd,
11.6, 2.44, 1 H) 6.95-6.92 (t, J = 7.32, 1 H), 66585 (t, J = 7.32 Hz, 1 H), 6.36-6.34 (d, J =
7.84 Hz, 1 H), 6.21-6.16 (m, 1 H), 5.92-5.88 (m{}l 4.20 (m, 2 H), 3.60-3.41 (m, 8 H),
3.35 (m, 2 H), 2.92 (s, 3 H}*C NMR (100 MHz, BO) & 170.79, 156.43, 151.40, 144.48,
143.98, 132.89, 132.80, 132.73, 128.06, 128.03,8727121.94, 115.18, 110.59, 109.26,

99.20, 70.25, 55.18, 50.62, 49.49, 42.95. LC/MSI(Efz) 422.19 [M - CI].

(2Z,3E)-5'-fluoro-3-((2-(piperidin-4-ylamino)ethoxy)imino)-[2,3'-biindolinylidene]-2'-

one hydrochloride (38)

Yield: 57%.'H NMR (500MHz, DO) & 7.48-7.46 (d, J = 8 Hz, 1 H), 7.42-7.39 (d, J
=12 Hz, 1 H), 7.05-7.01 (t, J = 7.5 Hz, 1 H), 6&67 (t, J = 7.5 Hz, 1 H), 6.51-6.48 (d, J =
7.5 Hz, 1 H), 6.47-6.43 (m, 1 H), 6.23-6.20 (d&; 8, 5 Hz, 1 H), 4.41 (m, 2 H), 3.51-3.40
(M, 4 H), 2.98-2.89 (t, J = 13 Hz, 1 H), 2.28-2(85J = 13.5 Hz, 1 H), 1.83-1.74 (m, 3 H).
13C NMR (125 MHz, RO) 8 170.12, 157.01, 152.94, 145.17, 144.17, 136.53,043 130.94,
128.96, 128.54, 126.43, 122.07, 115.43, 110.63,62099.25, 71.08, 52.63, 43.36, 42.23,

25.00. LC/MS (ESI, m/z) 421.19 [M - CI]

(2Z,3E)-5'-fluoro-3-((2-(piperidin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (39)

Yield: 85%.'H NMR(400MHz, DMSO-@) & 11.76 (s, 1 H), 10.86 (s, 1 H), 10.64
(brs, 1 H), 8.37-8.34 (d, J = 11.2 Hz, 1 H), 8.2B18(d, J = 7.2 Hz, 1 H), 7.46 (m, 2 H), 7.08-
6.97 (M, 2 H), 6.90-6.86 (m, 1 H), 5.03 (brs, 2 B9 (m, 2 H), 3.54-3.52 (d, J = 11.6 Hz, 2

H), 3.06 (m, 2 H), 1.79-1.67 (m, 5 H), 1.38 (m, 1. HC NMR (100 MHz, DMSO-g) &



171.38, 152.92, 146.30, 144.93, 135.62, 133.92,2429122.44, 116.41, 113.21, 112.69,
112.53, 110.77, 109.92, 109.82, 100.83, 71.46,%43.03, 22.99, 21.60. LC/MS (ESI, m/z)

407.19 [M - CI[.

(2Z,3E)-5'-fluoro-3-((2-(pyrrolidin-1-yl)ethoxy)imi no)-[2,3'-biindolinylidene]-2'-one

hydrochloride (40)

Yield: 63%.'H NMR(400MHz, DMSO-¢) 5 11.73 (s, 1 H), 10.82 (s, 1 H), 10.59
(brs, 1 H), 8.35-8.32 (d, J = 10.4 Hz, 1 H), 8.2298(d, J = 7.2 Hz, 1 H), 7.43 (m, 2 H), 7.03-
6.94 (m, 2 H), 6.85 (m, 1 H), 4.92 (m, 2 H), 3.7, @ H), 3.60-3.56 (m, 2 H), 3.09 (m, 2 H),
1.97-1.72 (m, 4 H)}*C NMR (100 MHz, DMSO-¢) & 171.39, 156.70, 153.01, 146.30,
144.95, 135.62, 133.94, 129.41, 123.80, 123.69,4R22116.46, 112.70, 110.80, 110.57,

109.91, 100.84, 72.54, 54.32, 52.76, 23.10. LC/ESI{m/z) 393.17 [M - Cl]

(2Z,3E)-3-((2-(piperazin-1-yl)ethoxy)imino)-[2,3'-hindolinylidene]-2'-one hydrochloride

(41)

Yield: 72%.*H NMR(400MHz, DMSO-g) § 11.65 (s, 1H), 10.78 (s, 1H), 8.56 (d,
= 7.8 Hz, 1H), 8.17 (m, 1 H), 7.42 (m, 2 H), 7.13)(= 7.6, 1 H), 6.99 (m, 2 H), 6.88 (d, J =
7.84 Hz, 1 H), 4.8 (m, 2 H), 3.20-2.60 (m, 10 Hedapped in water peakyC NMR (100
MHz, DMSO-g&) 6 170.83, 152.00, 145.66, 143.69, 138.79, 133.08,58 126.52, 123.35,
122.25, 121.49, 120.71, 116.09, 11.83, 109.05,4B)319.05, 42.72 ethyl linker peaks are
undetected in DMSO-d6 solvent system. LC/MS (ESE)r890.19 [M - CI]. HRMS (FAB)

m/z calculated for &H24Ns0s [M-CI]* 390.1930, found 390.1932.

(2Z,3E)-3-((2-(4-methylpiperazin-1-yl)ethoxy)imino}[2,3'-biindolinylidene]-2'-one

hydrochloride (42)



Yield: 56%.*H NMR (400 MHz, RO) 8 7.73 (d, J = 7.80 Hz, 1 H), 7.44 (d, J = 7.80
Hz, 1 H), 7.04 (t, J = 8.24 Hz, 6.85 (t, J = 7.32 H H), 6.71-6.64 (m, 2 H), 6.52-6.46 (m, 2
H), 4.33 (m, 2 H), 3.48-3.37 (m, 10 H), 2.84 (HB**C NMR (100 MHz, BO) & 171.27,
144.58, 144.50, 137.11, 132.86, 128.31, 126.20,1923121.94, 121.85, 121.78, 121.19,
115.34, 110.65, 109.37, 99.69, 70.04, 55.29, 5049133, 42.82. LC/MS (ESI, m/z) 404.21

[M-CI]*.

(2Z,3E)-3-((2-(piperidin-4-ylamino)ethoxy)imino)-[2 3'-biindolinylidene]-2'-one

hydrochloride (43)

Yield: 81%.'"H NMR (400 MHz, DMSO-g) 5 11.64 (s, 1 H), 10.81 (s, 1 H), 8.50 (d, J = 4.12
Hz, 1 H), 8.45 (m, 2 H), 8.18 (d, J = 7.76 Hz, 1 A¥2-7.34 (m, 2 H), 7.14-7.11 (t, J = 7.80
Hz, 1 H), 7.01-6.97 (m, 1 H), 5.14 (m, 2 H), 3.7@B(m, 7 H, partially overlapped with
water), 2.12-1.99 (m, 4 H}*C NMR (100 MHz, DMSO-g) & 171.34, 152.87, 146.36,
144.01, 139.39, 133.76, 129.31, 127.15, 124.15,6122122.16, 121.43, 116.49, 112.38,

109.61, 101.30, 71.22, 54.83, 50.82, 45.48, 21.68MS (ESI, m/z) 403.20 [M - CI]

(2Z,3E)-3-((2-(piperidin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one hydrochloride

(44)

Yield: 86%."H NMR (400 MHz, DMSO-g) 5 11.65 (s, 1 H), 10.79-10.76 (m, 2 H),
8.53 (d, J = 7.80 Hz, 1 H), 8.17 (d, J = 7.80 H#{)17.44-7.37 (m, 2 H), 7.15-7.11 (td, J =
8.24, 0.92 Hz, 1 H), 7.02-6.97 (m, 2 H), 6.88 (& 3.76 Hz, 1 H), 5.01 (t, J = 5.04, 2 H),
3.63-3.59 (g, J = 5.04 Hz, 2 H),. 3.52-3.45 (m,)2 305-2.98 (m, 2 H), 1.79-1.61 (m, 5 H),
1.39-1.28 (m, 1 H)}*C NMR (100 MHz, DMSO-¢) & 171.35, 152.83, 146.39, 144.01,
139.40, 133.77, 129.21, 127.17, 124.05, 123.53,6822122.04, 121.39, 112.44, 109.57,

101.31, 71.34, 54.91, 53.03, 22.95, 21.61. LC/MSI(E/z) 389.19 [M - CI].



(2Z,3E)-3-((2-(pyrrolidin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-2'-one

hydrochloride (45)

Yield: 67%.'H NMR(400MHz, DMSO-@) 5 11.66 (s, 1 H), 10.79 (brs, 2 H), 8.52
(d, J=7.6 Hz, 1 H), 8.20 (d, J = 7.6 Hz, 7.4587(®, 2 H), 7.16-7.11 (t, J = 8 Hz, 1 H),
7.03-6.97 (M, 2 H), 6.89-6.87 (d, J = 8 Hz, 1 HY44(m, 2 H), 3.73-3.71 (m, 2 H), 3.60-3.53
(m, 2 H), 3.09-3.05 (t, J = 8 Hz, 2 H), 2.05-1.71Q @ H).**C NMR (100 MHz, DMSO-¢)
& 171.35, 152.90, 146.39, 144.02, 139.39, 133.78382427.17, 124.05, 122.70, 122.03,
121.39, 116.54, 112.43, 109.58, 101.30, 72.36,542.86, 23.12.C/MS (ESI, m/z)

375.18 [M - CI[.

(2Z,3E)-5'-methoxy-3-((2-(piperazin-1-yl)ethoxy)imno)-[2,3'-biindolinylidene]-2'-one

hydrochloride (46)

Yield: 48%."H NMR (400 MHz, DMSO-¢) 5 11.73 (s, 1 H), 10.61 (s, 1 H), 8.25 (d,
J =7.32 Hz, 1 H), 8.20 (m, 1 H), 7.43-7.37 (m, 2 6198 (t, J = 6.36 Hz, 1 H), 6.78 (d, J =
8.80 Hz, 1 H), 6.73 (dd, J = 8.28, 2.44 Hz, 1 H04m, 2 H), 3.60-3.37 (m, 10 H), 2.77 (s,
3 H). **C NMR (100 MHz, RO) & 170.84, 152.96, 151.58, 143.97, 132.79, 128.12,3®
121.61, 120.96, 113.56, 112.01, 110.49, 109.07,9508407.52, 100.15, 69.97, 55.59, 54.90,

48.87, 40.81. LC/MS (ESI, m/z) 420.21 [M - CI]

(2Z,3E)-5-methoxy-3-((2-(4-methylpiperazin-1-yl)ethoxy)imino)-[2,3'-biindolinylidene]-

2'-one hydrochloride (47)

Yield: 43%.'H NMR (400 MHz, DMSO-¢) 11.72 (s, 1 H), 10.61 (s, 1 H), 9.69 (m,
2 H), 8.24 (d, J = 7.32 Hz, 1 H), 8.19 (d, 2.92 &), 7.44-7.36 (m, 2 H), 6.99 (t, J = 7.32
Hz, 1 H), 6.79-6.77 (d, J = 8.76 Hz, 1 H), 6.7416(@d, J = 8.80, 2.92 Hz, 1 H), 4.98 (m, 2

H), 3.76-3.55 (m, 13 H, partially overlapped witlater).*C NMR (100 MHz, DMSO-g) &



171.48, 154.87, 153.09, 146.32, 144.04, 133.79,2B33129.59, 123.32, 122.11, 116.51,
113.74, 112.39, 109.94, 109.28, 102.00, 71.69, %65%4.64, 48.88, the other peak is

overlapped with solvent peak. LC/MS (ESI, m/z) £34M - CIJ".

(2Z,3E)-3-((2-(piperazin-1-yl)ethoxy)imino)-5'-(trifluoromethoxy)-[2,3'-

biindolinylidene]-2'-one hydrochloride (48)

Yield: 55%.'"H NMR(400MHz, DO) & 7.53 (m, 2H), 7.03-7.00 (t, J = 7.2 Hz, 1H),
6.76-6.72 (t, J = 7.2 Hz, 1H), 6.60-6.58 (d, J 4 @z , 1H), 6.38-6.36 (d, J = 7.6 Hz , 1H),
6.26-6.24 (d, J = 8.4, 1H), 4.34 (brs, 2H), 3.7853(m, 10H).”*C NMR (100MHz, DO) §
171.43, 151.95, 148.02, 145.23, 145.15, 142.00,3P35133.07, 128.16, 122.36, 122.02,
118.76, 115.70, 115.31, 112.15, 109.50, 98.81,37%3.48, 49.03, 41.06. LC/MS (ESI, m/z)

474.18 [M - CIT.

(2Z,3E)-3-((2-(4-methylpiperazin-1-yl)ethoxy)imino}5'-(trifluoromethoxy)-[2,3'-

biindolinylidene]-2'-one hydrochloride (49)

Yield: 62%.'H NMR(400MHz, DMSO-¢) 5 11.75 (s, 1 H), 10.99 (s, 1 H), 9.62 (m,
2 H), 8.50 (s, 1 H), 8.24 (d, J = 7.80, 1 H), 77441 (m, 2 H), 7.13-7.10 (m, 1 H), 7.43-7.00
(m, 1 H), 6.94 (d, J =8.28 Hz, 1 H), 4.92 (m, 2 8159-3.37 (m, 13 H, overlapped in solvent
peak).l3C NMR (100 MHz, DMSO-g) 6 171.35, 153.09, 146.23, 145.32, 142.98, 138.08,
133.92, 129.55, 123.67, 122.64, 119.88, 119.71,551416.46, 112.72, 110.01, 100.20,
54.72, 48.89, other peaks are overlapped in sojwegit or undetected in DMSQ-sblvent

system. LC/MS (ESI, m/z) 488.20 [M - Cl]
In vitro FLT3 kinase assay

The inhibition of the FLT3 kinase activity was measd with homogeneous, time-

resolved fluorescence (HTRF) assays. Recombinarteips containing the FLT3 kinase



domain were purchased from Carna biosciences (Jagptimal enzyme, ATP, and
substrate concentrations were established withHh&F KinEASE kit (Cisbio, France)
according to the manufacturer’s instructions. Thd ¥ enzymes were mixed with serially
diluted compounds and peptide substrates in a &in@action buffer (50 mM HEPES (pH
7.0), 500uM ATP, 0.1 mM sodium orthovanadate, 5 mM Mgdl mM DTT, 0.01% bovine
serum albumin (BSA), and 0.02% NgNAfter the addition of the reagents for detectitire
TR-FRET signal was measured with a Victor multilaieader (Perkin Elmer, Waltham, MA,
USA). The IGo value was calculated with nonlinear regressiomgig?rism version 5.01
(GraphPad). Ten microliters of the total volumetloé kinase reaction were added to the
wells of a 96-well assay plate. The kinase reastwwere incubated for 90 min. at 25°C and
stopped by the addition of 10 mM EDTA. For the d&ta of the phospho-substrate, the Eu-
anti-phosphop70S6K (Thr389) antibody diluted inedébn buffer was added to a final
concentration of 2 nM, and the reactions were theabated for 1 h at 25°C. The signal was

measured on an EnVision multi-label reader.

Cell Culture

MV4-11 human acute myeloid leukemia cells were pased from the American
Type culture collection (ATCC). The cells were ntained in DMEM medium (Sigma Co.,
St. Louis, MO, USA) with 10% Fetal bovine serum atfdb pencillin/streptomycin in a
humidified incubator at 37°C with 5% GOK562 chronic myeloid leukemia cells were
purchased from the ATCC. The cells were maintainddMEM medium (Hyclone) with 10%
Fetal bovine serum (Gibco). MOLM14(ITD, ITD-D835W,D-F691L) were purchased from
the ATCC and the cells were maintained in RPMI naed{Hyclone) with 10% Fetal bovine

serum (Gibco).

Cytotoxicity assay protocol of MV4-11 cells



10,000 Cells were plated in 96-well plates in 100 fresh medium (DMEM
containing 10% FBS) and serial dilutions of compisiwere added. Test 96-well plates were
incubated at 37°C with 5% GQ@or 72 h. After 72 h incubation, 2j0L of the EZ-Cytox kit
reagent from EZ-cytox Cell viability assay kit (Dihab, Korea) were added to each well of
the 96-well plate and then incubated at 37°C wih 60, for 3 h. After 3h incubation,
metabolically active cells were measured spectrighetrically at a wavelength of 450 nm
with a Victor multilabel reader (Perkin Elmer, Wrdim, MA, USA). The IC50 values were
calculated with nonlinear regression analysis usbrginPro 9.1 software (OriginLab,

Northampton, MA).

Site-directed mutagenesis and viral infection.

Mutagenesis is performed in FLT3-ITD plasmid usi@$ site-directed mutagenesis kit
(E0554S). D835Y, F691L mutations were introducet IBLT3-ITD plasmid according to
the manufacturer’s protocol. HEK293T cells werensfacted with plasmid DNA using
Polyplus Reagent (114-07) according to manufactirarstructions. Experiments were
performed 24-48 hr after transfection. Lentivirarixles were produced by transiently
transfecting HEK293T cells with lentiviral vectdisgether with packaging vectors, pMD2.G
and psPAX2. 48h after transfection, media contginiral particles were collected and
filtered for infection. Viral particles were infext to MOLM14 cells and 48 h after infection,

infected cells were selected with puromycipgimL).

Cell proliferation assay

Cell proliferation was assessed by MTT assay agawsous MOLM14 cells according to

the manufacturer’s recommendations (1146500700dhdjo

Molecular Docking



The X-ray crystal structure of FLT3 was obtaineshirProtein data bank (PDB code:
1RJB) as the template. In order to replace the DBEGmotif with a DFG-in motif from
structural template, cFMS X-ray structure (PDB co8eCD) was chosen as a second
template structure. On the basis of above-mentidnedtemplates, the DFG-in model of
FLT3 was constructed by Discovery Studio 3.5/MODERL&gorithm with a maxim level of
loop optimization. After construction, the protewas prepared using Prepare protein

protocol and a radius of 13 A around the ATP bigdiocket was set as a binding site.
In vivo pharmacokinetic study

Five-week-old adult male ICR mice were used in phesent study. Animals were
housed four per cage and kept in a vivarium maiethithe temperature at 23 £ 2°C and the
humidity at 50 + 10% with a 12 h: 12 h alternatligit/dark cycle. All mice were provided
food and water ad libitum and were maintain foreelvof adaption. On the morning of the
test, the mice were anesthetized with Zoletil 5Quait of Rompun, and the selected
compounds were administered via the jugular veth@mally at a dose of 10 mg/kg. Animal
blood samples were collected using (RaturnTM, BASest Lafayette, IN, USA) and the
time point were as follows: for intravenous admtirason groups (iv), 1, 5, 15, 30, 60, 90,
120, 180, 240, 360, 480, 600, 720, 840 and 1440 afier administration; for oral
administration (po), 5, 15, 30, 60, 90, 120, 184),2360, 480, 600, 720, 840 and 1440 min
after administration. The collected blood samplesrewvcentrifuged at 12,000 rpm and
separated plasma was stored at -80°C before amalyample analysis was conducted by
validated LC-MS/MS method. The liquid chromatograpBystem was Ultimate® 3000
HPLC unit (Dionex, Sunnyvale, CA, USA) which contestto AB SCIEX API 3200 triple

guadrupole mass spectrometer (Applied BiosystenesxS¢oronto, Ontario, Canada) with



an electrospray ionization (ESI). All experimenpaibcedures were approved by Dankook

University's Institutional Animal Care and Use Coittee (DUIACUC).

Western blot analysis

MV4-11 Cells were lysed in SDS Lysis buffer (12 mivis-Cl, pH 6.8, 5% glycerol, and 0.4%
SDS), and the protein concentrations were measauitrdthe SMART BCA Protein Assay
kit (INtRON Biotechnology, Korea). The proteins weresolved with SDS-polyacrylamide
gel electrophoresis followed by transfer to PVDFRmbeanes (Millipore, Billerica, MA, USA)
and incubated overnight with the appropriate amtié® The antibodies used were as follows:
STATS (#sc-835; 1:1,000) from Santa Cruz (SantazC@A, USA), phospho-STATS (p-
STATS5; #9351, 1:1,000) from cell signaling (Celg8aling Technology, MA, USA), Erk1/2
(#sc-135900; 1:1,000) from Santa Cruz, phospho+/Rrip-Erk1/2; #4370; 1:1,000) from
Cell Signaling Technology angactin (#A5441, 1:5,000) from Sigma-Aldrich. Goattia
rabbit IgG (#111-035-003; 1:5,000) and anti-moug® (#115-035-033; 1:5,000) secondary
antibodies were obtained from Jackson ImmunoReldarisoratories, Inc. (West Grove, PA,

USA).
Mouse tumor xenograft

MV-4-11 cells were inoculated subcutaneously inftaek of female BALB/c nu/nu
(athymic nude) mice (5 x 106 cells per mouse). Wihentumor reached a mean volume of
100 mni (approximately 14 days after inoculation), the enigere randomly divided into
three groups (n = 10 for the control group andéfer the compoun86 and41 test groups)
and 10 ml/kg of compoun8@6, 41 in PBS, or pure PBS (control) were orally admiaitad.
The drug or the control PBS was administered daitya duration of 21 days. Tumor sizes
were measured twice a week for 21 days, and thernwmumes were calculated with the

following formula: V (volume) = X (length) x D (witl)¥/2. After 21 days, the mice were



sacrificed, and the tumor weights were measuret.eperiments were approved by the
Institutional Animal Care and Use Committee of Kaiastitute of Toxicology (KIT) and
conducted according to the guidelines of Assoamfmr Assessment and Accreditation of

Laboratory Animal Care International.

FLT3-ITD binding affinity assay

FLT-ITD binding affinity assay was processed by tte$creen EU kinase binding assay

service (Thermofisher scientific)
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ATP, adenosin-Btriphosphate; Boc,tert-butylcarnobyl; CDK, cyclin-dependent
kinase; 1,2-DCE, 1,2-dichloroethane; DCM, dichloethane; DMEM, Dulbecco's Modified

Eagle Medium; DMF, dimethylformamide; DMSO, dimdthysulfoxide; EDTA,
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time-resolved fluorescence energy transfer;
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Highlights

1. We discovered an ordly active, potent and novel FLT3 and FLT3/D835Y inhibitor,
compound 36, with ICs, value of 0.87 and 0.32 nM, respectively, through the optimization of

the kinase inhibitory activities and PK profiles.

2. In the molecular docking studies, the inhibitors were interacted and bound into the ATP
binding pocket as Type 1 kinase inhibitors and the detailed analysis of the mode of binding

was discussed.

3. Thekinase selectivity profile was analyzed with an oncol ogy kinase pandl.

4. The novel inhibitor aso showed potent anti-AML efficacy at FLT3-1TD expressed MV4;11
AML cdls, FLT3/D835Y and FLT3/F69L expressed MOLM 14 cells with ICs values of 1.0,

1.87 and 3.27 nM, respectively.

5. In the xenograft animal models with MV 4;11 cell transplantation, the inhibitor completely
suppressed the tumor progression by oral administration of 20 mg/kg once daily dosing

schedule for 21 days.
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