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As acontinuation to our previous research, a series of novel Ber-Ab inhibitors

with flexible linker were devel oped.
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As a continuation to our research, a series of IBgeAbl inhibitors incorporated
with 6-phenyliH-indazol-3-amine as hinge binding moiety (HBM) were
developed based on confirmation analysis. Bioldgieaults indicated that these
compounds exhibited an enhanced inhibition agatstAblY" and Bcr-Ab[®™!
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in kinases assays, along with improved anti-pradifige activities in K562 cell
assays. In particular, compoun® displayed comparable potency with that of
imatinib. It potently inhibited Bcr-AB{" and Bcr-Abl**® kinases with 1§ of
0.043uM and 0.17uM, respectively.Furthermore, compoun¥9 inhibited the
proliferation of K562 and K562R cells with §¢of 1.65uM and 5.42uM,
respectively. Therefore, 6-phenylH-indazol-3amine as HBM, combined with
flexible linker, is a successful strategy contréodb research on T315] mutant
resistance, and compoundd could be served as a starting point for further
optimization.

2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Chronic myeloid leukemia (CML), characterized by th
clonal
chromosome,
accounts for 15-20% of all leukemia diagnosed inltad
[1]. The t(9; 22) Philadelphia chromosome tranelati
fuses the BCR gene to the c-ABL proto-oncogeneltiegu
in a chimeric Bcr-Abl protein with constitutivelyc@vated
kinase activity [2]. By recruiting the adaptor mibis such
as Grb2, Bcr-Abl can activate several signalinghyalys,
including MAPK, PI3K-Akt, and STATS, leading to the
uncontrolled cell proliferation and CML pathogersef3].
Thus, Bcr-Abl represents potential therapeutic etrigpr
the development of small molecular inhibitors. Tirst
approved Bcr-Abl inhibitor is imatinib which sigi@antly

improves clinical responses and overall survivalCisL
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[4].

Despite the great success in clinical use of inigtaround

expansion of cells carrying the Philadelphial5% patients can develop resistance or tolerandéiso

to point mutations, BCR-ABL gene
amplification, and overexpression of efflux trangpo[5].
The second generation Bcr-Abl inhibitors, including
nilotinib, dasatinib and bosutinib, were then depeld
(Figure 1) [6-8]. They could inhibit various imatinib-
resistance Bcr-Abl mutants except T315] mutatiorictvh
accounts for approximately 20% acquired resistaases
[9]. Pantinib, the third generation inhibitor, heecently
achieved accelerated approval for the treatment3dbl
resistant CML, but side effects have limited itaickl
application [10, 11]. Therefore, developing novelrBbl
inhibitors on the T315| mutant is one of the toppties

in CML research.

CF3

\// ’\,OH

0 ?i*w

dasatinib

o ot

linifanib

panitinib

Figure 1. Development of Ber-Abl inhibitors and multi-targeteyrosine inhibitor linifanib.

As is known, the inhibitors reported above bindhie ATP
site of Bcr-Abl to prevent substrates phosphorgatnd
they belong to the type Il inhibitors which targle¢ DFG-
out confirmation of tyrosine kinases [12]. Accomlito the
analysis of the interaction between those inhibitand
Bcr-Abl kinase, the pharmacophore features of tyBer-
Abl inhibitors can be summarized as three parts,hinge
binding moiety (HBM), the linker, the selectivees{DFG-
out pocket) binding moiety (SBMJ-{gure 2) [13]. Among

gatekeeper residue, is very important for overcgmin
T315I steric hindrance. Therefore, our efforts wemused

on the modification of the HBM and linker to desigovel
Ber-Abl™* inhibitors.

In our previous work, based on six-atom regulation,
diacylethylenediamine  and

diacylpiperazine  were

introduced as flexible linker, affording potent Bl
inhibitors [13]. To improve the potency against Bcr

AbI™** 1H-indazol-3-amine, one fragment of Linifanib,

these three pharmacophores, HBM occupies the azleninonjugated with phenyl ring, was incorporated asv ne

pocket and reacts with hinge region through hydnogehinge binding moiety. Linfanib Higure 1) is a multi-

bonds, which is quite fatal for inhibitors’ affigit The
linker,

targeted ATP-competitive tyrosine kinase inhibitand

reacting with DFG motif and surrounded by 1H-indazol-3-amine has received much attention asvaln



fragment to interact with the hinge region of tynes

kinase [14]. Consequentl§H-indazol-3-amine conjugated

that hypothesis, the phenyl ring should be far afvagn

indazole, making the angle smaller and more adjlesta

with phenyl ring was validated as HBM of Bcr-Abl Therefore, in order to enhance the potency, 6-ghEHy

inhibitor (Figure 2), which enhanced the potency againstindazol-3-amine was introduced as new HBM, adapting

Ber-Abl™' for the inhibitors with diacylethylenediamine small spatial confirmation to enter into the ATPcket

or diacylpiperazine as flexible linker [15].

As a continuation to our previous research, westigate
the effect of phenylH-indazol-3-amine’s confirmation on
the affinity with Bcr-Abl. As shown inFigure 2, the
phenyl ring is on 4-position ofH-indazol-3-amine, and

the angle between them is almost 90 degree, mdkisg

HBM in large spatial conformation. Since the adenin of Bcr-Abl

more easily. Furthermore, we explore the effe¢eohinal
phenyl ring with various para-substituents esphcial
halogen substituents, as SBM, on inhibitors’ atytivi

In summary, Bcr-AP™' mutation is still a major
challenge for CML treatment. Herein, we describbd t
design, synthesis and biological evaluation of @ehclass

inhibitors bearing 6-phenyllH-indazol-3-

pocket of Bcr-Abl prone to be a little narrow, theamine as HBM and para-substituted phenyl ring as1.SB

inhibitors, with 4-phenyltH-indazol-3-amine as HBM,
may enter into the ATP pocket with high energy ieayr

which may affect the activity towards Bcr-Abl. Bdsen

Moreover, N,N-diacylpiperazine orN,N-diacylethylene-
diamine was still applied as flexible linker to vee steric
clash of Ber-Abl**!

N he® O
HN. A LN -
o Y R 0
N N (o] NH 2 I
N= ‘ N \ NH
. -R N
Previously reported compounds HN A N fuo
H H 0
N NH N_ N, Y Previously reported compounds
HNN =\ Il ‘ I wiht 4-phenyl-3-1H-indazol-3-amine as HBM o
! (0]
F I ¢
H N R
HBF of multi-targeted TK inhibitor _ > :> N i

Adjustable

Lower crash

HaN
Novel Ber-Abl inhibitors
with 6-phenyl-1H-indazole-3-amine as HBM

Confirmation Optimization

Figure 2. Design strategy and structure of novel Ber-Abl Iitairs as anti-leukemia agents.

2. Chemistry
The general synthetic procedure for the target camgs
was outlined inScheme 1. There were two types of key
intermediates employed to afford the title compaur@ne
was halogenated indazolamid8 &nd 4). Another was
diaryl ethylenediamine2@-2e) or diaryl piperazine Ga-
6e). The key

commercially available 2-fluoro-6-iodobenzonitriléy

intermediate3 was prepared from

using ten equiv of hydrazine monohydrate in refhgxi

ethanol in the presence of NaHgd16]. While

intermediate 4 was obtained from 4-bromo-2-
fluorobenzonitrile reacting with hydrazine monohsgy in
refluxing 1-butanol [17]. For the synthesis of imediates
(2a-2e) and Ga-6e), monoacylation of symmetric amines
was used as the key step. In our previous workzdien
acid was activated by CDI under solvent-free caonljt
followed by reaction with ethylenediamine or pipana to
generated monoacylated products [18]. This methad w
good for benzoic acid with low melting point. Whén

comes to benzoic acid with high melting point, eséy



benzoic acid with substituentsra position, this method presence of triethylamine. The anhydrides werehéurt
can’'t work very well or even had no product. Therefin  treated with piperazine in ethanol to provide mayteted
order to expand the benzoic acid diversity and Biynfhe  products $a-5€) [20]. Next, compoundslé-1e) or (5a-5€)
experiment operation when doing monoacylation ofeacted with 4-boronobenzoic acid, using PyBOP as
symmetric amines, new synthesis methods were deselo condensation reagents and DMF as solvents, tdhgektdy
with more stable and universal reaction conditlorterms  intermediates 4a-2e) and a-6e). Finally, aminoindazole

of monoacylation of ethylenediamine, CDI was camtid 3 or 4 was coupled with diaryl ethylenediamiriza{2e) or

to be used as activating reagents, but varioustiosac diaryl piperazine §a-6e), using classical Pd-catalyzed
conditions were explored with different solventstsias Suzuki coupling reaction [21], to afford the title
THF, DCM, ACN and so on. Consequently, acetonitrilecompoundsy 1-Y5, Y6-Y 10, Y11-Y15 andY 16-Y 20. All
was the best reaction solvents with high yield afdoict  the title compounds were characterized'ByNMR, **C
(la-1e) and minimal bisadduct [19]. For piperazine NMR, mass spectroscopy, melting point, MS, and HRMS
monoacylation, trimethylacetyl chloride was used aglata. Detailed synthetic procedures are describethe
activating reagent, to (generate trimethylacetidExperimental Section.

arylcarboxylic anhydride from various benzoic adiishe
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Scheme 1. Synthesis route of the title compound&l{Y20). Reagents and conditions. a. CDI, CHCN, r.t.; b. PyBOP, TEA, DMF; c.
NH,NH2*H,O, NaHCQ, EtOH, reflux; d. NHNH»*H,O, 1-butanol, reflux; e. BN, CH,Cl,, EtOH, r.t.; f. Pd(PPf,, CsCOs;, CH,CN/H,O
(V:V=3:2), 90°C.

3. Resultsand discussion In vitro kinase inhibition and antiproliferative potency of
All the title compounds were evaluated for theizynatic  all the title compounds were depictedTiable 1.

inhibition against both Ber-AB™ and Ber-Abl*™ as well  According to our previous research, with 4-phetiyi-
as K562 cellular activities. The tyrosine kinashilitory  indazol-3-amine as HBM, the- or p- substituents on the
potency was assayed by using the well-establishB®-A terminal phenyl ring was favorable for compounds’
Glo assays [22]. The antiproliferative potency wasactivity. Taken steric hindrance into consideratign
identified in vitro against Bcr-Abl positive K562 cells by substituents were further diversified and inveséday 1-

using MTT method with imatinib as positive contf@B]. Y5 andY11-Y15). As shown inTable 1, most of the title



compounds with 4-phenylH-indazol-3-amine as HBM | values confirmed an improved potency of most comgsu
could retain comparable potency against BcrAband ~ with respect to both Bcr-ABl and Bcr-Abl*™. In
Ber-Abl™™" when alkyl and halogen substituents wereparticular, compoundr9 displayed comparable potency
introduced to p- position on terminal phenyl ring. with that of imatinib. With ethylenediamine as lerk
Specially, compounds 3 andY 12 displayed good potency compoundsY6-Y10 had better inhibition potency than
against both WT and T315l1 Bcr-Abl kinases. For Bcr-other three series against Ber-Xb) with ICso value from
AbI"T inhibitory assays, compoundt andY 15 were the  0.043 to 3.45uM. Besides, compound’9 and Y10
most potent in each series withsjGralues of 0.11 and displayed excellent activity against Bcr-ABP!
4.28 uM, respectively. When it comes to Bcr-ABf'  comparable to that of imatinib. For compounts-Y 20,
assays, most compounds exhibited moderate to goaedth piperazine as linker, all compounds hadgl@alues
activity. In particular, compounds3, Y12 andY14 had under micromolar level in kinase inhibitory assagis;ept
good inhibition potency with I6 values under micromolar for compoundY 18 toward Bcr-Abl and compoundf 17
level. Overall, biological evaluation indicated thaith  against T315] mutant. Consequently, in comparisoril-
1H-indazol-3-amine as hinge binding fragment, theY5 and Y11-Y15, these title compounds with 6-phenyl-
activities of this chemotypes was durable to thelH-indazol-3-amine as HBM exhibited 10- to 100- fold
diversification ofp-substituents on terminal phenyl ring.  increase in potency against Ber-Abland Bcr-Abl**®
Importantly, the further modification was focus d¢me  kinases. In addition, halogen substituent 4-Cl-3-@fas
confirmation of phenyltH-indazol-3-amine as HBM, and the most beneficial group for enzymatic inhibitiagainst
the phenyl ring was changed from 4-position to 6{pen  WT and T315I Bcr-Abl kinases.

in indazole, with p-substituents invariantY@-Y10 and

Y16-Y20). As depicted inTable 1, the observed I

Table1l Structures and biological activities of title comoymds (1Go, pM).

T3151
Compd Linker Het R AbI™T | Ceo(uM) Abl K 562 | Cso(uM)
I Cso(uM)
Y1 K 4-F 1.35 38.53 9.49
\/\N""
Y2 H 4-Br 31.61 94.84 >150
N NH,
Y3 HN. 4-CH, 0.52 5.17 5.93
Y4 4-Cl-3-Ch 0.11 20.00 17.08
Y5 4-N(CHy), 5.75 76.76 >150
Y6 4-F 2.45 61.20 13.42
Y7 ’ 4-Br 2.16 2.68 14.04
N

Y8 NQ 4-CH, 0.38 4.30 1.45

HoN
Y9 4-Cl-3-CR 0.043 0.17 1.65
Y10 4-N(CHs), 3.45 0.29 7.52




Y11 4-F 17.56 20.86 101.83
Y12 4-Br 7.12 1.50 9.25
Y13 4-CHs 5.85 178.66 >150
Y14 4-Cl-3-CK 10.66 2.08 4.90
Y15 4-N(CHs), 4.28 86.06 >150
Y16 4-F 2.34 8.60 39.11
Y17 4-Br 6.28 31.90 11.30
Y18 4-CH, 32.25 3.72 59.3
Y19 4-CI-3-Ck 1.99 5.33 4.84
Y20 4-N(CHg), 2.54 6.23 61.16
imatinib 0.054 0.28 4.26

Furthermore, we investigated the kinase selectioftyhe

respectively.

It was demonstrated that this inhibit

most potent compoundY @) against other three kinases exhibited a good selectivity for Bcr-Abl relative bther
including Src, Hck and p38for its selective profile. The three kinases. In addition, because of the inhibtotency
results were summarized kigure 3. The results revealed of compoundY 9 against p38, especially Src kinases, we

that compoundr'9 showed less potency against Hck, whilespeculated that it may cause some inconsistendcof

it exhibited some inhibitory activity against pd&nd Src
kinases with 1G value of 34.5uM and 15.1 uM,

Abl inhibition and CML cells growth inhibition inhe

following anti-proliferation assays.

compY9 [Log(nM)]

Src p38 alpha
Kinases Comp Y9 100 100
75 75
Sre 15.1 o p
g 50 g 50
g 3
Hck >100 < <
% ICs0= 15.1 uM % ICs0= 34.5 uM
0+ T T T T T 1 0+ T T T T T 1
p38a 345 o 1 2 3 4 5 & o 1 2 3 4 5 6

comp Y9 [Log(nM)]

Figure 3. Kinases selectivity profile of compouY® (ICs, uM).

Next, we investigated the growth inhibition of thettle
compounds against Bcr-Abl positive K562 cells, dhd
results were also presented Table 1. The majority of
them displayed moderate
activities. Specially, compoundg8 and Y9 were more
potent than imatinib with 16 values of 1.45 and 1.8\,

respectively. Meanwhile, the activities of composivd4

and Y19 were comparable to that of imatinib, withs§C
values of 4.9QuM and 4.84uM. In accordance with the

kinase inhibitory results against Bcr-Abl, composirvdth

phenyl ring on 6-position of indazole exhibited tbet
antiproliferative activities than that of those remponding

compounds with phenyl ring on 4-position. Intensgly, it

to high antiproliferativewas found that compounds bearing NgBHsubstituent

(Y5, Y15 and Y20) displayed little inhibitory activities
toward K562 cells, although they had good potemyairest
Bcr-Abl kinases. We presumed that the NgzHjroup had
been protonated in buffer, resulting in poor membra
permeability for in cell

these compounds assays.

Consequently, their poor permeability lead toditéffect



on K562 cells proliferation. Above all, phenyl rirtn 6-

position

Having demonstrated the potent inhibition of Abhdses

and anti-proliferative activity, compound9 was further

of

antiproliferative activities than 4-position.

indazole was more favorable for
A K562R, 48h, MTT B Hek293, MTT, 48h
60+ o 120+
-# |matinib — compound Y9
504 -e- compound Y9 100‘% — Imatinib
g g 80
c
g 304 § 404
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Figure 4. Anti-proliferative activity of 160
) 140 -e- compound Y9
compound Y9 against K562R cells (A) 120 = Imatinib
. . - S
expressing T3151 mutation, and cytotoxicity | % 1:2
of compoundy 9 toward two normal human § 60
40
cells, including Hek293 cells (B) and 20
0
EA.hy926 cells C). 0o 1 2 3 4 5 6
log [compound], nM

evaluated for its activity toward K562R cells exgsiag
T315I mutation [24], with Imatinib as positive caoit The

results was displayed Figure 4A, and compoun®'9 was
found to potently inhibit the growth of K562R cellgth
ICso value of 5.421M, while Imatinib has an 163 value of
90.00uM toward K562R cells. In addition, we identified

the cytotoxicity of compound¥9 on two normal cells,

findings suggested that the influence of compoM®don

cell viability of K562 might be attributed to theown
regulation of Bcr-Abl phosphorylation. In addition,
although compound’9 exhibit potent inhibitory activity
against K562 cells compared with imatinib, it jlsad a
modest decrement of Bcr-Abl phosphorylated levethis
assay. This finding suggested that compound Y9 inigh
take effect through other signal pathway besidegetang

Bcr-Abl, which need to be further explored in our

including Hek293 (human embryonic kidney 293 cells)Jundergoing work.

and EA.hy 926 (human vascular endothelial cellsghw

Imatinib as control. As shown ifrigure 4B and 4C,

compoundy 9 exhibited less toxicity toward these two cell ...,

lines when its concentration increased up to B0 In

summary, compoundY9 displayed selectivity growth

inhibitory activity against Bcr-Abl positive K562 nd

K562R cells compared to normal human cell lines.

We further evaluated the effect of compouviél on the

expression level and phosphorylation of Bcr-Ablkis62

cells using western blot assay. The results wasvishn

Figure 5.

It was found that compound9 does-

dependently decreased the phosphorylation of BériAb
H WT
K562 cells compared with the negative control group!nC- St- Louis, MO) [25]. Crystal structures of B&bl

while the expression level of Bcr-Abl was unchangedr

K562 Imatinib Compound YO

0 10 1 0.1 5 1 05 0.1 (uM)

inhibition (%)

Ber-Abl

S S » S
N ¥ X X
Actin o o° N o

concentration

Figure 5. The effect of compoun®9 on the phosphorylated level of
Bcr-Abl in K562 cells.

To gain a better understanding of the interactietwben
compoundY9 and kinases protein, molecular docking

studies was conducted using Sybyl-X (Version 21@06

(PDB IP: 1IEP) and Ber-ABf** (PDB IP: 3QRJ) [26, 27],



obtained from Protein Data Bank, were applied totlt | depicted irFigure 6.

docking as target protein. The docking results were

Figure 6. The binding mode of compount® with Ber-Abl'™ (A) and Ber-Abl**® (B), imatinib (A, cyan) and panitinib (B, cyan) warsed
as control molecule for Ber-ABT and Ber-Abl® docking, respectively.

As shown inFigure 6A, compoundY9 bound across the and panitinib to Ber-ABP™ respectively. The terminal
ATP-binding site of Bcr-Abl" through five hydrogen amide group could generated hydrogen bonds with
bonds. The N-H of 1H-indazol-3-amine, as hydrogen conserved Glu286 and Asp38l. Moreover, the indazole
bond donor, formed three hydrogen bonds with hingéormed hydrogen bond network with hinge regiondaes.
region residues. One N-H formed two hydrogen bond¥hat may explain the potent activities of compoun@
with Thr319 and Met318 with length of 2.70A and349 toward Abl kinases.

respectively. The other N-H formed one hydrogendbonFor compoundswith piperazine as linker, we also didl
with Thr319 with distance of 2.74A. The conversedsilico docking to rationalize its lower potency against A
Asp381 of DGF motif generated one hydrogen bondh witkinases compared with those compounds with ethylene
the terminal carbonyl oxygen in linker part wittetlength  diamine as linker. The most potent compoitd was

of 2.09A. Furthermore, Glu286 af-helix, as receptor, used to do this study. For Ber-Afl docking, the results
formed one hydrogen bond with the N-H of terminaide  was depicted ifFigure 7A, and there were two hydrogen
group, and the distance was 1.76A. As for BcrlABl  bonds between them. The hydrogen atom of amine in
binding, the results was displayedhigure 6B. The two indazole ring formed one hydrogen bond with Thr34ré]
hydrogen atom of amine in indazole interacted withithe other one with Met318, for the bond length Gf2&
Thr319 to generate two hydrogen bonds, and the borahd 1.92A, respectively. For Bcr-ABt®, the binding
length was 2.27A and 2.36A, respectively. Other twdnteractions of compoun¥19 was shown irFigure 7B,
hydrogen bonds were same as that of its bindingild  with two hydrogen bonds as follows: 1) the firstrfing
type. One hydrogen bond was generated between thetween N atom of indazole ring and Nigroup of
carbonyl group of Glu286 and the N-H of terminaliden Met318, the distance was 1.78A, 2) the second faymi
in linker part, and its distance was 1.63A. Theeoth between N-H inside indazole ring and carbonyl graup
hydrogen bond was formed between the N-H in baakborbackbone of Glu316 with length of 2.18A. Overaligt

of Asp381 and the carbonyl of terminal amide gratighh  binding mode of compound 19 were similar as imatinib
bond length of 2.07A. Based on above docking aiglits with Bcr-Abl"" and panitinb  with  Ber-ABE™,

was found that the binding mode of compour@ with  respectively. However, compared witt® docking results,

IWT

Abl kinases were similar as imatinib binding to Bdy there was no hydrogen bonds between terminal aofide



compoundY19 and DFG motif or conserved Glu286, as linker had lower kinase activities.

which may explain why these compounds with pipemzi

Figure 7. The binding mode of compountll9 with Ber-AbIT (A) and Ber-Abl?*®! (B), imatinib (A, cyan) and panitinib (B, cyan) warsed
as control molecule for Ber-ABT and Ber-Abl® docking, respectively.

Furthermore, in order to investigate the effectpbknyl kinase protein, Glide docking module of Schrodingess
position on the binding ofH-indazol-3-amine with hinge applied to do the analysis [28]. As depicted~igure 8B,
region, compound¥'4 and Y9 were performed docking 4-phenyliH-indazol-3-amine in compound4 had a
using Surflex-dock module of Sybyl-X 2.0, with Bcr- certain degree of steric crashes with surroundésidues
Abl"T as target protein. As shown Figure 8A, both including Leu248, Tyr253 and Met318. As for compdun
compounds applied similar mode to bind with Bcr-AblY9, from Figure 8C, 6-phenyliH-indazol-3-amine have
kinase, andlH-indazol-3-amine in both core structureslittle crash with Leu248, even no crash with Tyr253
generated hydrogen bonds with hinge region residueespecially Met318 in hinge region. Through the
However, the pyrazoles’ direction differed betweencomparison between two energy situations of comgsun
compoundsY4 and Y9 under the effect of phenyl ring Y4 and Y9 in the hinge region, 6-phen§H-indazol-3-
position. We speculated that this may lead to difie amine was more favorable structure as HBM for these
binding situations from perspective of energy crabb  chemotype inhibitors with flexible linker.

visualize the energy situation between moleculed an
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Figure 8. The docking results of compouivd andY9 with Ber-Abl (A), and the visualized energy sitwatiof compound¥ 4 (B) andY9 (C)

with surrounding residues. The orange dash borpissent bad crash, and the red dash bonds corcespagly crash.

4. Conclusion of Ber-AblY™ and Ber-Abl***' with five or four hydrogen
Herein, we described the continuous optimization obonds, respectively. Furthermore, visualized energy
previously disclosed Bcr-Abl inhibitors bearing Bgmyl-  situations analysis between phefid-indazol-3-amines
1H-indazol-3-amine as HBM. The effort was focus onand hinge region residues indicated that phenyg &h6-
confirmation optimization of phenylH-indazol-3-amine position led to lower crash with surroundings, more
interacting with the hinge region. The strategy was favorable for binding in ATP pocket. Besides, asatibed
transfer phenyl ring from 4-position to 6-positiasf  previously, diacylpiperazine especially diacyleedine
indazole, far away from pyrazole, resulting in gteicture reduce the steric clash with gatekeeper residueBcof
more adjustable to generate favorable binding meide  AbI™".  Therefore, 6-phenylH-indazol-3-amine as
lower energy barrier. Finally, a series of compaumith HBM, combined with flexible linker, is a successful
6-phenyliH-indazol-3-amine as HBM, and correspondingstrategy contribute to the research on T315] mutant
compounds with previous reported indazol-3-amingesistance. Finally, compound9, displaying promising
structure used as comparison, were synthesized aedzymatic inhibition as well as antiproliferativetency,
evaluated. The biological results indicated thatsimo could be considered as valuable starting pointflicther
designed compounds had an enhanced effect in karabe effort.

cell assays, especially that compouf@l displayed potent 5. Experimental section

inhibition against both Bcr-ABl" and Bcr-Abl**®  5.1. Chemistry: General procedure

comparable to that of imatinib. Meanwhile, it extéd the Reagents and solvents were purified according ® th
excellent antiproliferative activity toward Bcr-Abbsitive  standard procedure. The reactions except thosgquecas
K562 and K562R cells, better than imatinib. Morapve were performed by standard techniques for the siariuof
using molecular modeling, it was rationalized thatmoisture. Reactions were monitored by thin layer
modification of phenyltH-indazol-3-amine confirmation chromatography (TLC) on 0.25-mm silica gel plates
could improve the affinity of Ber-Abl inhibitors Wi hinge (GFys4) and visualized with UV light. Melting points were

region. In particular, compound9 fit well to ATP pocket determined on electrothermal melting point apparatud
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were uncorrectedH NMR spectra was measured at 400boronic acid 8a)

MHz on a Bruker Advance AC 400 instrument with TMS4-carboxyphenylboronic acid (0.996 g, 6 mmol), PO
as an internal standard. Mass spectra was meagsiegl (3.43 g, 6.6 mmol) were dissolved in 10 mL anhydrou
gas or liquid chromatography mass spectrometry (GE/ DMF, and anhydrous triethylamine (1.8 mL, 12 mnved)s
MS) with electrospray ionization (ESI). HRMS wasadded dropwise to the solution. After stirring abm
measured using AXIMA-CFR' MALDI-TOF-MS or temperature for 20 minN-(2-aminoethyl)-4-fluorobenz-
micrOTOF-Q 1. All compounds were purified by flash amide ga) was added and the reaction mixture was stirred
chromatography with silica gel. overnight at room temperature. The mixture wasoties!
5.1.1. 4-iodo-1H-indazol-3-amin&)( in 100 mL HO and then extracted with EtOAc (50 mLx3).
2-fluoro-6-iodobenzonitrile (5.0 g, 10.1 mmol), N@B; The combined organic layer was washed with watér (2
(2.6 g, 31 mmol) and hydrazine monohydrate (5.0939 mLx3) and brine (30 mL), dried over p&O, for
mmol) were dissolved in ethanol 60 mL. The resgltin overnight, filtered, and concentratéd vacuo The crude
mixture was heated to reflux for 8 h. After coolimgroom  product was purified by flash chromatography with
temperature, 50 mL water was added and the reactid?E/EtOAc (v/v = 1:5) as eluent to affor@aj as white
mixture was allowed to stir for another 2 h at roomsolid (1.1 g, 55%). Mp 326:327°C, EIl -MS (m/z): 329.00
temperature. The product was collected by filtratemd [M-H]".

dried under vacuum to givd)(as slight yellow solid (4.8 The intermediate compoundb-3e were prepared using
g, 92%). the same procedure as described above.

5.1.2. N-(2-aminoethyl)-4-fluorobenzamida)( 5.1.4. (4-((2-(4-bromobenzamido)ethyl)carbamoyljpiie
4-fluorobenzoic acid (15 mmol), carbonyldiimidazole boronic acid 8b)

(2.92 g, 18 mmol) were dissolved in 60 mL anhydrousN-(2-aminoethyl)-4-bromobenzamide?b) was used as
ACN, and was stirred for 1 h at room temperatuneal starting material to obtain3b (2.0 g, 86%). Mp
separate dry 50 mL round bottom flask, fitted wgh  3187320°C, EI-MS (m/z): 389.05 [M-H]

addition funnel, was placed 10 mL (150 mmol) of5.1.5. (4-((2-(4-methylbenzamido)ethyl)carbamoyd)pH)
ethylenediamine. The activated 4-fluorobenzoic agas  boronic acid 8c)

transferred to the addition funnel and added drepwd  N-(2-aminoethyl)-4-methylbenzamide2dj was used as
the ethylenediamine. The reaction was stirred aimro starting material to obtain3c (1.69 g, 87%). Mp
temperature for 3h. Then GEIN was evaporated, and 40 33011331°C, EI-MS (m/z): 325.05 [M-H]

mL HCI solution (6 mol/L) was added to the residlibe  5.1.6. (4-((2-(4-chloro-3-(trifluoromethyl)benzaro)dthyl)
mixture was extracted with GBI, (10 mL) to remove carbamoyl)phenyl)boronic acicd)

diacylated product. The aqueous layer was adjus®Ho N-(2-aminoethyl)-4-chloro-3-(trifluoromethyl)benzadei
8~9 with 10 g NaOH, and extracted with €H, (30 (2d) was used as starting material to obtaéh (2.18 g,
mLx3). Then the organic solution was combined, dirie 88%). Mp 1251127°C, EI-MS (m/z): 415.05 [M+H]

over NaSQ, overnight, concentrated by rotary evaporatiorb.1.7. (4-((2-(4-(dimethylamino)benzamido)ethyljzamoyl)
to afford the crude product which can be direcgdiin  phenyl)boronic acid3e)

the next step. EI-MS (m/z) 183[M+H] N-(2-aminoethyl)-4-(dimethylamino)benzamid®e) was
The intermediate2b-2e were prepared by ethylenediamineused as starting material to obtd&a (1.48 g, 69%). Mp
and commercially benzoic acids with different sitbehts  18071182°C, EI-MS (m/z): 356.05 [M+H] 354.10 [M-H].
using the same procedure as described above. 5.1.8. 4-(3-amino-1H-indazol-4-yl)-N-(2-(4-fluorateamido)
5.1.3. (4-((2-(4-fluorobenzamido)ethyl)carbamoybpil)  ethyl)benzamideY()
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In a 100 mL round bottom flask with an a condenabe,
4-jodo-1H-indazol-3-amine X) (0.39 g, 1.5 mmol), (4-((2-
(4-fluorobenzamido)ethyl)carbamoyl)phenyl)boronicida
(3a) (1.8 mmol), C&LO; (1.46 g, 4.5 mmol), Pd(PBh
(0.09 g, 0.075 mmol) was dissolved in 50 mL ACKH
(v/v = 3: 2). Then the reaction mixture was degddse 3

times, heated at 90 °C in an oil bath and stirradeu

Yield 0.43 g, 69%. Mp 232234°C, EI-MS (m/z): 414.15
[M+H] ¥, 412.15 [M-H]. *H NMR (400 MHz, DMSOdg) 5
11.83 (s, 1H), 7.99 (dl = 8.1 Hz, 2H), 7.77 (d] = 8.0 Hz,
2H), 7.57 (d,J = 8.0 Hz, 2H), 7.30 (dd] = 17.4, 6.6 Hz,
4H), 6.85 (ddJ = 5.2, 2.1 Hz, 1H), 4.32 (s, 2H), 3.47 (s,
4H), 2.36 (s, 3H)*C NMR (101 MHz, DMSOds) &
166.89, 166.70, 148.41, 142.50, 142.38, 141.44,2035

nitrogen for 24 h. The mixture was cooled to rooml133.96, 132.19, 129.25, 127.79, 127.70, 126.71,8619

temperature, filtered, and evaporated to remove AUl
residue was diluted with 30 mL,B and then extracted
with ethyl acetate (30 mLx3). The combined orgdayjer
was washed with brine, dried over JS&, for overnight,
fitered, and concentrateth vacuo to give the crude
product, which was isolated by flash chromatography
silica gel (EtOAc) to obtain the title compound1®.q,
19%). Mp 2911292°C, EI-MS (m/z): 418.15 [M+H]
416.10 [M-H]. *H NMR (400 MHz, DMSOd) & 11.83 (s,

1H), 7.99 (d,J = 8.2 Hz, 2H), 7.96 - 7.92 (m, 2H), 7.58 (d,

J=8.2 Hz, 2H), 7.35 - 7.28 (m, 4H), 6.85 (dds 5.4, 2.4
Hz, 1H), 4.32 (s, 2H), 3.47 (s, 4HYC NMR (101 MHz,

110.69, 109.86, 21.42.

5.1.11. N-(2-(4-(3-amino-1H-indazol-4-yl)benzamidt)yl)-
4-chloro-3(trifluoromethyl)benzamid&4)

Yield 0.61 g, 81%. Mp 284286°C, EI-MS (m/z): 502.10
[M+H]*, 500.10 [M-H]. *H NMR (400 MHz, DMSOd) &
11.83 (s, 1H), 8.31 (s, 1H), 8.16 (= 8.4 Hz, 1H), 7.98
(d, J = 8.3 Hz, 2H), 7.89 (d) = 8.4 Hz, 1H), 7.57 (d] =
8.3 Hz, 2H), 7.36 - 7.28 (m, 2H), 6.85 (dds 5.4, 2.4 Hz,
1H), 4.32 (s, 2H), 3.49 (s, 4H°C NMR (101 MHz,
DMSO-s) 6 166.73, 164.68, 148.43, 142.49, 142.42,
135.19, 134.32, 133.94, 133.40, 132.37, 129.24,7927
126.88, 126.71, 124.51, 121.79, 119.85, 110.69,8¥09

DMSO-ds) & 166.71, 165.92, 163.05, 148.44, 142.4922.98.

142.39, 135.20, 133.97, 131.48, 130.36, 130.27,2529
127.79, 126.70, 119.85, 115.76, 115.54, 110.69.8609

5.1.12. 4-(3-amino-1H-indazol-4-yl)-N-(2-(4-(dimgkhmino)
benzamido)ethyl)benzamidés)

The compoundsY2-Y5 were prepared using the sameYield 0.18 g, 27%. Mp 279281°C, EI-MS (m/z): 443.15

procedure as described above, with 4-idétbindazol-3-
amine () (1.5 mmol) and various boronic acigb¢3e) (1.8
mmol) as starting materials.

5.1.9. 4-(3-amino-1H-indazol-4-yl)-N-(2-(4-bromolzeamido)
ethyl)benzamideYR)

Yield 0.20 g, 28%. Mp 300~302°C; EI-MS (m/z)
476.05[M-HJ. *H NMR (400 MHz, DMSO#dg) & 11.83 (s,
1H), 7.98 (d,J = 8.2 Hz, 2H), 7.81 (d) = 8.5 Hz, 2H),
7.70 (d,J = 8.5 Hz, 2H), 7.57 (dJ = 8.2 Hz, 2H), 7.35 -
7.27 (m, 2H), 6.85 (dd] = 5.4, 2.4 Hz, 1H), 4.32 (s, 2H),
3.47 (s, 4H).®C NMR (101 MHz, DMSOQde) 5 166.71,
166.05, 148.42, 142.50, 142.39, 135.21, 134.13,9733
131.77, 129.84, 129.25, 127.80, 126.71, 125.34,8519
110.69, 109.86.

5.1.10. 4-(3-amino-1H-indazol-4-yl)-N-(2-(4-methgtizamido)
ethyl)benzamideY)
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[M+H]", 441.10 [M-H]. HRMS (ESI): calcd for [M+H]
CosHo7NeO,: 443.2195, found 443.0052H NMR (400
MHz, DMSO-d6) § 11.84 (s, 1H), 7.99 (d,= 8.0 Hz, 2H),
7.74 (d,J = 8.8 Hz, 3H), 7.57 (d] = 8.1 Hz, 2H), 7.32 (d,

J =5.2 Hz, 2H), 6.88 - 6.83 (m, 1H), 6.71 (d+ 8.8 Hz,
2H), 4.33 (s, 2H), 3.44 (s, 4H), 2.96 (s, 6H).

5.1.13. 6-bromo-1H-indazol-3-amind) (
4-bromo-2-fluorobenzonitrile (5.0 g, 25.1 mmol) was
dissolved in 1-butanol (20 mL), then followed byeth
addition of hydrazine monohydrate (1.0 mL, 50.3 )mo
The reaction mixture was heated to reflux for 4Then
cooled to room temperture, filtered, washed withexane
and dried to givé as white solid (4.77 g, 85%).

The compoundsy6-Y10 were prepared using the same
procedure as compoundl, with 6-bromoiH-indazol-3-

amine @) (1.5 mmol) and various boronic acid3a{3e)



(1.8 mmol) as starting materials.

5.1.14. 4-(3-amino-1H-indazol-6-yl)-N-(2-(4-fluoretizamido)
ethyl)benzamideY)

Yield 0.24 g, 38%. Mp 277279°C, HRMS (ESI): calcd
for [M+H]" CpsH,1FNsO,: 418.1679, found 418.1668H
NMR (400 MHz, DMSOdg) 6 11.52 (s, 1H), 8.68 (dl =
3.6 Hz, 2H), 7.93 - 7.97 (m, 4H), 7.83 - 7.75 (H) 27.50
(s, 1H), 7.38 - 7.20 (m, 3H), 5.43 (s, 2H), 3.4743).
5.1.15. 4-(3-amino-1H-indazol-6-yl)-N-(2-(4-bromeozamido)
ethyl)benzamideY()

Yield 0.20 g, 29%. Mp 239241°C, HRMS (ESI): calcd
for [M-H]™ Cy3H16BrNsO,: 476.0722, found 476.978°H
NMR (400 MHz, DMSOdg) 5 9.96 (s, 1H), 8.69 (s, 1H),
8.36 (s, 1H), 7.81 (s, 1H), 7.78 (s, 1H), 7.73143), 7.70
(d,J=2.8 Hz, 2H), 7.68 (s, 1H), 6.80 (s, 1H), 6.781¢4),
3.42 - 3.39 (m, 4H).

5.1.16. 4-(3-amino-1H-indazol-6-yl)-N-(2-(4-methgizamido)
ethyl)benzamideY@g)

Yield 0.14 g, 22%. Mp 172174°C, HRMS (ESI): calcd
for [M+H]" CoH»aNsO,: 414.1930, found 414.192%
NMR (400 MHz, DMSO¢) & 8.54 (d,J = 5.5 Hz, 1H),
8.22 (s, 1H), 7.83 (dd] = 21.8, 8.1 Hz, 2H), 7.71 - 7.76
(m, 4H), 7.27 (dJ = 8.0 Hz, 2H), 6.79 (d] = 8.7 Hz, 1H),
3.40 - 3.44 (m, 4H), 2.35 (s, 3H).

5.1.17. N-(2-(4-(3-amino-1H-indazol-6-yl)benzamidt)yl)-
4-chloro-3(trifluoromethyl)benzamid&'9)

Yield 0.29 g, 38%. Mp 256258°C, HRMS (ESI): calcd
for [M+H]" CoH2oCIFsNsO,: 502.1258, found 502.1285.
'H NMR (400 MHz, DMSOsdg) § 11.52 (s, 1H), 8.99 (s,
1H), 8.70 (s, 1H), 8.31 (s, 1H), 8.16 M= 7.3 Hz, 1H),
7.95 (d,J = 7.0 Hz, 2H), 7.89 (d] = 7.8 Hz, 1H), 7.80 (d,
J=6.2 Hz, 3H), 7.50 (s, 1H), 7.27 @ 8.2 Hz, 1H), 5.43
(s, 2H), 3.49 (s, 4H).

5.1.18. 4-(3-amino-1H-indazol-6-yl)-N-(2-(4-(dimgkamino)
benzamido)ethyl)benzamidélQ)

Yield 0.26 g, 40%. Mp 271273°C, HRMS (ESI): calcd
for [M+H]* CosH,NgO,: 443.2195, found 443.2189H
NMR (400 MHz, DMSO¢g) & 7.96 (d,J = 8.4 Hz, 2H),
7.78 - 7.81 (m, 3H), 7.74 (d,= 9.0 Hz, 2H), 7.50 (s, 1H),
7.27 (dd,J = 8.4, 1.4 Hz, 1H), 6.71 (d, = 9.0 Hz, 2H),
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5.43 (s, 2H), 3.44 (s, 4H), 2.97 (s, 6H).

5.1.19. (4-fluorophenyl)(piperazin-1-yl)methanoBa)(
Trimethylacetyl chloride (2.42 mL, 20 mmol) andsl¥t
(4.60 mL, 30 mmol) were added to a mixture of 4-
fluorobenzoic acid (20 mmol) in dry G8l, (80 mL). The
resulting mixture was stirred at room temperatore0f5-1

h until a clear solution was observed. A solutioh o
piperazine (3.44 g, 40 mmol) in EtOH (80 mL) wasledl
and the mixture was further stirred for 3 h. Thée t
reaction solution was evaporated to remove solvdrtie
residue was dissolved in 20 mL,®, and concd HCI (4
mL) was added. The resulting mixture was extragtet
CH.Cl, (5 mL) to remove bisadduct. NaOH (8 g) was
added to the aqueous solution and then extractéid wi
CH.CIl, (30 mL x 3). The organic extract was further
washed with HO (30 mL) and then dried over p&O,.
Evaporation of the solvent at reduced pressuregtethe
residue which was further used in next step. El{vi%z)
208[M]".

The intermediatesb-5e were prepared by commercially
benzoic acids bearing different substituents apeérpizine
using the same method as described above.

The intermediateba-6e was obtained using the same
method as described for the preparation of comp@and
with  4-carboxyphenylboronic acid (6 mmol) and
corresponding monoacylated piperazifa-5e (7.2 mmol)
as starting materials.

5.1.20. (4-(4-(4-fluorobenzoyl)piperazine-1-carbbhphenyl)
boronic acid 6a)
(4-fluorophenyl)(piperazin-1-yl)methanongaj as starting
materials. Yield 1.28 g, 60%. Mp 22226°C, EI-MS
(m/z): 357.15 [M+H], 355.10 [M-H].

5.1.21. (4-(4-(4-bromobenzoyl)piperazine-1-carbplyenyl)
boronic acid 6b)
(4-bromophenyl)(piperazin-1-yl)methanone 5b)Y as
starting materials. Yield 2.04 g, 82%. Mp 22222°C, El-
MS (m/z): 415.05 [M-H],

5.1.22. (4-(4-(4-methylbenzoyl)piperazine-1-carbjptyenyl)
boronic acid 6c)

piperazin-1-ylp-tolyl)methanoneXc) as starting materials.



Yield 2.0 g, 80%. Mp 209211°C, EI-MS (m/z): 351.15
[M-H]".

5.1.23. (4-(4-(4-chloro-3-(trifluoromethyl)benzopiperazine-1-
carbonyl)phenyl)boronic acidb()
(4-chloro-3-(trifluoromethyl)phenyl)(piperazin-1)ymeth-

3.51 (m, 8H), 2.35 (s, 3H)*C NMR (101 MHz, DMSO-

de) & 171.94, 169.84, 169.53, 148.38, 142.54, 140.86,
139.88, 135.24, 135.06, 133.13, 129.40, 127.66,7P26
119.89, 110.65, 109.79, 28.47, 22.98, 21.38.

5.1.28. (4-(4-(3-amino-1H-indazol-4-yl)benzoyl)pigmEn-

aneone %d) as starting materials. Yield 2.19 g, 83%. Mp1-yl)(4-chloro-3-(trifluoromethyl)phenyl)Methano(é14)

1561158°C, EI-MS (m/z): 441.10 [M+H]

5.1.24. (4-(4-(4-(dimethylamino)benzoyl)piperazirearbonyl)
phenyl)boronic acidge)
(4-(dimethylamino)phenyl)(piperazin-1-yl)methano(&s)
as starting materials. Yield 1.48 g, 65%. Mp 2@&0°C,
EI-MS (m/z): 382.10 [M+H], 380.05 [M-H].

Yield 0.30 g, 38%. Mp 253255°C, EI-MS (m/z): 528.10
[M+H] ", 526.15 [M-H]. *H NMR (400 MHz, DMSO#d) &
11.83 (s, 1H), 7.92 (s, 1H), 7.85 - 7.77 (m, 2HK67(S,
4H), 7.32 (s, 1H), 7.31 (d = 2.2 Hz, 1H), 6.85 (s, 1H),
4.35 (s, 2H), 3.90 - 3.39 (m, 8HJC NMR (101 MHz,
DMSO-dg) & 169.57, 167.28, 148.45, 142.54, 140.97,

The compounds/11-Y15 were prepared using the same135.71, 135.19, 135.01, 133.17, 132.38, 129.41,6¥27

procedure as compoundl, with 4-iododH-indazol-3-
amine @) (1.5 mmol) and various boronic acifla{6e)
(1.8 mmol) as starting materials.

5.1.25. (4-(4-(3-amino-1H-indazol-4-yl)benzoyl)pgeEn-
1-yh)(4-fluorophenyl)methanon&'11)

Yield 0.31 g, 47%. Mp 283285°C, EI-MS (m/z): 444.02
[M+H]*, 442.15 [M-H]. *H NMR (400 MHz, DMSOd) &
11.83 (s, 1H), 7.56 (s, 4H), 7.54 - 7.51 (m, 2HRB27(s,
1H), 7.32 - 7.30 (m, 2H), 7.29 (d,= 3.1 Hz, 1H), 6.88 -
6.82 (m, 1H), 4.36 (s, 2H), 3.68 - 3.49 (m, 8K NMR
(101 MHz, DMSO+dg) & 169.55, 168.83, 164.32, 161.87,
148.45, 142.55, 140.95, 135.24, 135.04, 132.45,2130
130.13, 129.41, 127.73, 126.72, 119.90, 116.03,8115
110.65, 109.80, 60.37, 28.54, 21.53, 14.53.

5.1.26. (4-(4-(3-amino-1H-indazol-4-yl)benzoyl)pigmEn-
1-yl)(4-bromophenyl)methanon¥12)

Yield 0.18 g, 24%. Mp 277279°C, EI-MS (m/z): 504.10
[M+H]*, 502.15 [M-H]. *H NMR (400 MHz, DMSOd) &
11.83 (s, 1H), 7.72 - 7.63 (m, 2H), 7.56 (s, 4H$17(d,J
= 7.7 Hz, 2H), 7.32 (d) = 2.2 Hz, 2H), 6.87 - 6.83 (m,
1H), 4.36 (s, 2H), 3.65 - 3.49 (m, 8H).

5.1.27. (4-(4-(3-amino-1H-indazol-4-yl)benzoyl)pigmEn-
1-yl)(p-tolyl)methanoneY(13)

Yield 0.57 g, 86%. Mp 259261°C, EI-MS (m/z): 440.20
[M+H]", 438.20 [M-H]. *H NMR (400 MHz, DMSO#d) &
11.82 (s, 1H), 7.56 (s, 4H), 7.38 - 7.30 (m, 4H277(d,J
= 7.7 Hz, 2H), 6.87 - 6.82 (m, 1H), 4.35 (s, 2H)%33-
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127.17, 126.72, 124.38, 121.67, 119.89, 110.65,8D09
60.30, 28.47, 21.24, 14.55, 12.93.

5.1.29. (4-(4-(3-amino-1H-indazol-4-yl)benzoyl)pgeEn-
1-yl)(4-(dimethylamino)phenyl)methanoné%)

Yield 0.20 g, 28%. Mp 282284°C, EI-MS (m/z): 469.29
[M+H]", 467.15 [M-H]. HRMS (ESI): calcd for [M+H]
CoHaoNGO,: 469.2352, found 469.0079H NMR (400
MHz, DMSO-6) § 11.83 (s, 1H), 7.56 (s, 4H), 7.33 (s
7.4 Hz, 4H), 6.85 (s, 1H), 6.72 (@= 8.2 Hz, 2H), 4.36 (s,
2H), 3.59 (s, 8H), 2.96 (s, 6H).

The compounds/16-Y20 were prepared using the same
procedure as compoundl, with 6-bromoiH-indazol-3-
amine @) (1.5 mmol) and various boronic acigh{6e) (1.8
mmol) as starting materials.

5.1.30. (4-(4-(3-amino-1H-indazol-6-yl)benzoyl)pigmEn-
1-yl)(4-fluorophenyl)methanon&'16)

Yield 0.24 g, 36%. Mp 257259°C, HRMS (ESI): calcd
for [M+H]" CpsH,3FNsO,: 444.1836, found 444.1833H
NMR (400 MHz, DMSOdg) 6 11.52 (s, 1H), 7.78 (dl =
8.2 Hz, 3H), 7.63 - 7.42 (m, 5H), 7.36 - 7.16 (1H)35.42
(s, 2H), 3.49 - 3.67 (m, 8H).

5.1.31. (4-(4-(3-amino-1H-indazol-6-yl)benzoyl)pigmEn-
1-yl)(4-bromophenyl)methanon¥l(7)

Yield 0.30 g, 40%. Mp 134136°C, HRMS (ESI): calcd
for [M+H]" CpsH.3BrNsO,: 504.1035, found 504.1028
NMR (400 MHz, DMSOedg) & 7.78 (d,J = 7.1 Hz, 3H),
7.68 (d,J = 5.9 Hz, 3H), 7.53 (d] = 8.5 Hz, 2H), 7.47 (s,



1H), 7.41 (dJ = 6.4 Hz, 2H), 5.41 (s, 2H), 3.68 - 3.44 (m, this step, the plate was incubated at room temjperdor
8H). 30 min, and the luminescence was measured by VICTOX
5.1.32. (4-(4-(3-amino-1H-indazol-6-yl)benzoyl)pgmn- X multiple plate reader. The Iluminescence signal is
1-yl)(p-tolyl)methanoneY(18) proportional to the amount of ATP present and isglr
Yield 0.21 g, 32%. Mp 244246°C, HRMS (ESI): calcd correlated to kinase activity.

for [M+H]" CygH2eNsO,: 440.2087, found 440.2083H 5.3 Cell growth inhibition assays

NMR (400 MHz, DMSOsdg) 6 11.52 (s, 1H), 7.78 (dl= The MTT assays were performed to evaluate the
8.2 Hz, 3H), 7.53 (d) = 8.0 Hz, 2H), 7.47 (s, 1H), 7.34 (d, antiproliferative activity and identify the cytoticky of the
J=7.8 Hz, 2H), 7.30 - 7.22 (m, 3H), 5.42 (s, 2B)K0 - title compoundsn vitro. Imatinib was used as the positive
3.65 (m, 8H), 2.35 (s, 3H). control. The K562R cells expressing T315] mutatiess
5.1.33. (4-(4-(3-amino-1H-indazol-6-yl)benzoyl)pgEn-  kindly provided by Professor Libo Yao (Fourth Malily
1-yl)(4-chloro-3-(trifluoromethyl)phenyl)methano(¢19) Medical University, Xi'an, China). The Hek293 cellms
Yield 0.16 g, 20%. Mp 224226°C, HRMS (ESI): calcd provided by Dr. Tao Zhang (Xi'an Jiaotong Univeysit
for [M]" CogH2:.CIFaNsO,: 527.1336, found 527.0687H Xi'an, China). The EA.hy926 cells was provided by. D
NMR (400 MHz, DMSO+dg) 6 8.45 (s, 1H), 8.30 (s, 1H), Wen Lu (Xi'an Jiaotong University, Xi'an, China).h&
8.18 (d,J = 8.2 Hz, 1H), 7.90 - 7.75 (m, 5H), 7.37 (&  cancer cell lines (K562 and K562R cells) were geliuin

8.0 Hz, 2H), 3.61 - 3.37 (m, 8H). RPMI 1640 medium with 10% fetal bovine serum (FBS).
5.1.34. (4-(4-(3-amino-1H-indazol-6-yl)benzoyl)pgn-  The two normal human cells (Hek293 and EA.hy92&kel
1-yl)(4-(dimethylamino)phenyl)methanorn2Q) were cultured in DMEM medium with 10% FBS.

Yield 0.29 g, 41%. Mp 200203°C, HRMS (ESI): calcd The cells were seeded into 96-well microtiter a{2500
for [M+H]" CyHdNO,: 469.2352, found 469.2342H cells in 180ul of nutrient medium per well), and incubated
NMR (400 MHz, DMSOdg) 6 7.78 (d,J = 8.2 Hz, 3H), in 5% CQ at 37 °C for 12 h. The tested compoundsy20
7.53 (d,J = 8.3 Hz, 2H), 7.47 (s, 1H), 7.32 (@= 8.8 Hz, at the indicated final concentrations were addedh®
2H), 7.24 (ddJ = 8.4, 1.3 Hz, 1H), 6.72 (d, = 8.9 Hz, culture medium and incubated for 48 h. Fresh MT® wa
2H), 5.42 (s, 2H), 3.575 - 3.59 (m, 8H), 2.96 (4).6 added to each well at the final concentration Bfrig/mL,

5.2 In vitro kinase assays and incubated with cells at 37°C for 4 h. Then r@dpithe
Kinase inhibition assays were performed using ADB™  supernatant, and add 130 DMSO to each well. The
kinase assay kit from Promega (Madison, WI) aceqydd  absorbance values were determined by a microptaiger
the manufacturer's instructions, with Imatinib alset (Bio-Rad, Hercules, CA, USA) at 490 nm. Thed@alues
positive control. General procedures were as faligw  were calculated according to inhibition ratios.

Kinase was incubated with the corresponding suiestra5.4 Western blot assay

[ATP mixture and inhibitors in a final buffer @fis 40 K562 cells were treated with vehicle (DMSO) or draig
mM (pH 7.4), MgC} 10 mM, BSA 0.1mg/mL, DTT 1mM desired concentration for 4 h. The cells were lyise8DS
with a total volume of JuL in a 384-well plate, and the sample buffer, collected, and normalized using BCA
kinase reaction proceeded at'8@or 60 min. Then SuL  protein assay kit before being diluted in SDS Iogdi
ADP-Glo™ reagent was added and incubated at roorbuffer. Then the samples containing equal amoufits o
temperature for 40 min, in order to terminate thieagke protein were separated by SDS-PAGE. After
reaction and consume the remaining ATP. Next,ulO electrophoresis, proteins were transferred to PVDF
kinase detection reagent was added to convert ADP membranes and blocked with 5% nonfat milk in Tris-

ATP, and introduced luciferase/luciferin to detAdiP. At buffered saline with 0.1% Tween-20. Membranes were
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incubated with antibodies Bcr-Abl, p-Bcr-Abl, anctia at

411 overnight. The membranes were washed with PBS
three times, and incubated with the appropriatéHRP
secondary antibodies for 2 h at room temperaturallf,
immunoreactive proteins were visualized using the

enhanced chemiluminescence system from Pierce
Chemical.

5.5 Molecular docking study

In order to investigate the binding mode of thdetit 2.
compounds with both Bcr-ABl and Bcr-Abl**!
molecule docking was performed using Surflex-Dock
Module of Sybyl-X 2.0. The molecules were drawnhwit
Sketch and minimized by Powell's method for 10008.
iterations under Tripos Force field with Gasteigferckel
charge. Crystal structures of Ber-ABl (PDB ID: 1IEP)

and Bcr-Abl**® (PDB ID: 3QRJ) were imported, and 4.
corresponding ligand was used to define the bindangty

and generate the promotal. The ligands and water
molecules were removed and hydrogen was added and
minimized using Tripos force field and Pullman des. 5.
The residues in a radius 5.0A around ligands welected

as active site. The other docking parameters wepg &t
default. The inhibitors were docked into the actsite
using ligand-based mode.
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Highlights

Nove Bcer-Abl inhibitors with flexible linker to reduce steric clash with 11€315 in

Ber-Abl ™! kinase.
6-phenyl-1H-indazol-3-amine is a promising hinge binding moiety.

Compound Y 9 exhibited potent activity comparable to that of imatinib.



