Accepted Manuscript =

Structure-based design and synthesis of 2,4-diaminopyrimidines as EGFR L858R/
T790M selective inhibitors for NSCLC A

Lingfeng Chen, Weitao Fu, Chen Feng, Rong Qu, Linjiang Tong, Lulu Zheng, Bo 7

Fang, Yinda Qiu, Jie Hu, Yuepiao Cai, Jianpeng Feng, Hua Xie, Jian Ding, Zhiguo
Liu, Guang Liang

PII: S0223-5234(17)30673-6
DOI: 10.1016/j.ejmech.2017.08.061
Reference: EJMECH 9705

To appearin:  European Journal of Medicinal Chemistry

Received Date: 6 July 2017
Revised Date: 25 August 2017
Accepted Date: 28 August 2017

Please cite this article as: L. Chen, W. Fu, C. Feng, R. Qu, L. Tong, L. Zheng, B. Fang, Y. Qiu, J.

Hu, Y. Cai, J. Feng, H. Xie, J. Ding, Z. Liu, G. Liang, Structure-based design and synthesis of 2,4-
diaminopyrimidines as EGFR L858R/T790M selective inhibitors for NSCLC, European Journal of
Medicinal Chemistry (2017), doi: 10.1016/j.ejmech.2017.08.061.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2017.08.061

Graphical Abstract

Structure-based design and synthesis of 2,4-diaminopyrimidines as EGFR
L858R/T790M selective inhibitors for NSCLC
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Abstract

Mutated epidermal growth factor receptor (EGFRa imajor driver of non-small
cell lung cancer (NSCLC). The EGFR™secondary mutation has become a leading
cause of clinically-acquired resistance to gefitinnd erlotinib. Herein, we present a
structure-based design approach to increase thengotand selectivity of the
previously reported reversible EGFR inhibitar at the kinase and cellular levels.
Three-step structure-activity relationship explmmated to promising compoundSe
and 19h with unique chemical structure and binding modemfrahe other
third-generation tyrosine kinase inhibitors. Inuanfan NSCLC xenograft model9e
and 19h exhibited dose-dependent tumor growth suppressitrout toxicity. These

selective inhibitors are promising drug candiddtes£GFR "**-driven NSCLC.

Keywords. epidermal growth factor receptor; tyrosine kinasabitors; non-small

cell lung cancer; T790M; mutant-selective.
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1. Introduction

Lung cancer remains one of the most common andlyleadcers worldwide,
with approximately 1.8 million new cases diagnosedually and a 5-year survival
rate less than 20% [1]. Almost 85% of all lung ascare identified as non-small cell
lung cancer (NSCLC) [2,3]. The epidermal growthidaceceptor (EGFR) protein has
been identified as a valuable therapeutic target NGCLC. EGFR plays an
indispensable role in cancer cell proliferationyvetal, migration, adhesion and
differentiation [4,5]. Hence, inhibition of actieat EGFR using small-molecule
kinase inhibitors can suppress the signaling paghvealuce the oncogenic drive, and
result in the inhibition of tumor growth.

The first generation of EGFR inhibitors (gefitindnd erlotinib) has achieved
remarkable benefits in patients carrying “sengitizmutations” such as L858R and
exon-19 deletions. However, efficacy of these iithils was limited because of the
acquired Thr790Met (T790M) point mutation in exdh& the “gatekeeper” position
of EGFR kinase domain [6,7]. The bulkier methioniasidue is thought to sterically
obstruct the binding of the reversible first getierainhibitors, thus disrupting the
formation of a crucial hydrogen bond between thehiior and the EGFR T790M site
[8-10]. In addition, the T790M mutation is believed to e&se the affinity of the
kinase for ATP [11]. Subsequently, a number of sdegeneration irreversible
inhibitors such as afatinib [12], neratinib [13hdadacomitinib [14] were developed,
based on the anilinoquinazoline scaffold of gefitinThese inhibitors contain an

electrophilic Michael addition receptor moiety tltain covalently bind the conserved
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cysteine residue (Cys797) of EGFR to facilitate tleeupation of the EGFR ATP
binding site and overcome the resistance causedhé&yT790M [15]. However,
second-generation inhibitors not only have incrdaseivity against the sensitizing
and resistant mutations, but also against wild-t{p&l) EGFR. Therefore, their
clinical efficacy has been limited due to doseding WT EGFR-driven toxicities
including skin rash and diarrhea [18herefore, it is highly desirable to develop
selective inhibitors targeting EGER,

With the aim to identify inhibitors selective fonet EGFR’®®™ while sparing
EGFR"T, Zhou and co-workers [17] discovered WZ40Q2 Figure 1) by. The
co-crystal structure of the EGFR kinase domain in complex withshowed that a
“U-shaped” configuration of a pyrimidine core inetlstructure ofl is favorable for
binding. Since that published report , a great nenrdd third generation inhibitors
were designed and synthesized as selective inhsbdb T790M-containing EGFR.
Compound (CO-1686/rociletinib) reached phase Il clinicahlsiin NSCLC patients
with EGFR T790M-positive mutation (NCT02147990) J18However, the
development o2 has been discontinued due to its inhibition ofitisailin-like growth
factor 1 receptor (IGF1R) and the insulin recefidSR) [19, 20]. Recently, the U. S.
Food and Drug Administration granted acceleratedpraml to 3
(AZD9291/osimertinib) for the treatment of patiefi@rboring EGFR*®™ mutation
[21, 22]. Michellys et al [23] reported the discovery &f (EGF816, nazartinib), a
potent covalent mutant-selective EGFR inhibitotwatunique structural motif, which

is currently being evaluated in a number of clihicals for the treatment of NSCLC
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(NCT02335944, NCT02323126). In addition, Diegal [24-26] and other groups
[27-28] explored the fusion of heterocycles ringoothe scaffold of WZ4002 and
designed numerous derivatives such Sasnd 6 as potential inhibitors through
conformational constraints strategies.

In this study, we describe the design and optironabf 2,4-diamino-pyrimidine
derivatives as novel EGERERTM inhibitors with improved selectivity profiles
over EGFR'™ based on the lead compoufidpreviously discovered by our group
[29]. A three-step structure-based modification stratiegyto two potent molecules,
19e and19h, representing promising candidates with a diffectremical scaffold and

binding mode that target EGEREYT*Mfor the treatment of NSCLC.

Please insert Figure 1 here

2. Resultsand Discussion
2.1. Chemistry

The synthetic route df4a-14h, 15a-15j is outlined in Scheme 1. Reaction of the
commercially available  2,4-dichloro-5-substituedipydines  8a-8g) or
4,6-dichloro-H-pyrazolo[3,4d]pyrimidine  @h) with indol-5-amine produced
intermediates10a-10h [18]. Commercially available 4-fluoronitrobenzeneacted
with 1-methylpiperazine in the presence ¢f00; to provide the intermediat®. The
catalytic hydrogenation of the nitro-group with €dsdrovided the desired aniliri

in high vyield [30]. Nucleophilic aromatic substiat of the 2-chloro position in
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10a-10g with 13 in 2-butanol catalyzed by trifluoroacetic acid H0°C yielded
compoundsl4a-14g, while intermediatelOh reacted with1l3 in 2-pentanol with
p-TSA yeilding 14h. Similarly, 5-bromo-2,4-dichloropyrimidine8g) reacted with
various amines 9-9j), vyielding intermediateslla-11j, and the subsequent
substitution byl3 provided target compound®a-15j. The preperation of aminésl
and9e is shown in Supporting Information.

The general strategy to install the Michael receptarhead in compoundiba,
15e and15f is shown in Scheme 2. For compounds whére R, commercial aniline
20a was used. Where*R= methoxy group, 4-fluoro-2-methoxy-5-nitroanilif20b)
was synthesized by nitration of 2-methoxy-4-fluaratine. Aniline addition oR0a or
20b to 2-chloropyrimidineslla, 11e and 11f was achieved by acid-catalyzegdA$
reaction in 2-pentanol with p-TSA, Vvyielding intermediates 16a-16f.
1-methylpiperazine orN*N' N*trimethylethane-1,2-diamine substitution of the
fluorine by QAr proceeded with excess of the two amines by hgatproviding
17a-17h in good yield [10]Subsequent reduction of the nitro group produced th
corresponding amine%8a-18h, which were reacted with acryloyl chloride under
carefully monitored conditions in the presence &?IPA to minimize bis-acryloylated
side products, yielding target compouri®a-19h. The details of a similar synthesis

of target compound9i (R'=H) is shown in Supporting Information.

Please insert Scheme 1 andScheme 2 here
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2.2. Binding mode analysis of lead compound 7

Based on the structure ofl, our group previously transferred its
phenylacrylamide moiety into a fused heterocydhg or replaced by aniline. Among
the intermediates generated, a representative aomigd(Figure 2A), containing an
indole headgroup, displays ansyCof 0.10 uM against the double mutant EGFR
(EGFRESERTTOM and about 5-fold higher selectivity over wild-eyfEGFR [29].
Therefore, we conducted molecular modeling studiag the crystal structure of
EGFR ™ and EGFR (3IKA [17] and 4WKQ) to guide the structural optiration
based orv. As shown in Figure 2B-C, the 2-aminopyrimidineecof 7 formed two
hydrogen bonds with the hinge residue Met793, wilubwed similar binding modes
with the crystal structure of compouidd The chlorine substituent at 5-position was
directed towards the methionine gatekeeper at 3.® fachieve van der Waals
interactions. However, in EGFR (Figure 2D), the bulkier methionine residue at
position 790 was replaced by a smaller and morargbteonine residue. Therefore,
hydrophobic interaction between the gatekeepeduesand the chlorine substituent
was reduced, leading to lower binding affinity. Thenethylpiperazin group af was
oriented towards the solvent region of the ATP bcknterestingly, the indole
substituent of7 entered the hydrophobic pocket close to the kim&sge and formed
a hydrogen bond with the Asn-842 residue. Giversgheesults, we extensively
modified the 2,4-diaminopyrimidine scaffold and ther explored a systematic

structure—activity relationship.
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Please insert Figure 2 here

2.3. Explore 5-position substitution directly towards the methionine at 790

Since our modeling predicted the 5-position/ofras adjacent to the gatekeeper
Met-790, we hypothesized that modification of ttpssition may bring about
interesting effects on the potency and selectivitycompounds. Thus, analogs of
14a-14h with chlorine replaced by different substitutions Rt were synthesized
(Table 1). When the chlorine group was removed frihi@ 5-position 14a), the
inhibitory effect against EGR&X M yas decreased by approximately 5-fold. On
the other hand, the potency against E&FRmproved by 10-fold, indicating the
importance of 5-position substitution to maintdie fpotency and selectivity against
EGFREERTIOM |ntroducing a strong electron-withdrawing groupcts as the
trifluoromethyl (@4b) and nitro {4c) groups decreased the potency against
EGFRE8RT90Mpy 5.90 fold. Analogs incorporating an electromating group such
as methoxy 14d) and methyl groupslfe) also showed slightly weaker binding
against double-mutant EGFR kinase. Among all offtalkgen substitution analogs,
including 7 (chlorine),14f (fluorine) andl14g (bromine),14g showed the most potent
inhibitory activity against EGFR°™ and EGFRE*RT®M(|C,, values of 53 and 35
nM, respectively). In additionl4g showed almost no inhibitory activity against
EGFR"T (ICso values >1000 nM). Likely, the bromine groupldfy yielded a suitable
size that could form strong van der Waals inteoactwith the thioether of the

methionine at position 790 of EGFR, leading to higgectivity. As the T790M
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mutation changes the amino acid residue from arpibleeonine to a nonpolar
methionine, we also designed a pyrazolo[@plrimidine core {4h) to increase the
hydrophobic interactions between the compound amel Met790 side chain.
Unfortunately, the inhibitory activity ot4h against EGFK' increased over 4-fold
compared to7 with ICso values of 127 nM, showing the opposite effect with
pyrrolo[2,3 1d]pyrimidin analogs (PF-06459988 [31] and PF-0674/[B2]) that was

recently reported by Pfizer.

Pleaseinsert Table 1 here

2.4. Maodifications of the right-hand side chain

Taking compoundl4g as our new lead compound, we further investigated
SAR of the R at the hydrophobic pocket of EGFR with other arteneterocycles
such as indazole, indolin, dihydro-indene, quingliand quinoxaline to determine the
inhibitory activity and selectivity against doubtaitant EGFR kinase. Replacement
of indol-5-yl (14g) with indol-6-yl (15a) and 1-methyl-indole-6-yl 16e) slightly

increased the activity against EGER~T9M

producing 1Gp values of 19 and 21
nM and more than 60-fold greater selectivity ovéddsype EGFR. The introduction
of indazol-5-yl (5b) and indazol-6-yl 15c) barely affected the inhibitory potency
against EGFR®8RT9M However, similar tol5a, the decreased selectivity @5b

suggested that 6-position substituted benzohetel®mapight be more favored than

the 5-position substituted groups to increase #eigc over wild-type EGFR.
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Although the substitution with bulkier 3-fluorobghzgroup @5d) decreased
selectivity, it maintained activity against EGERYTM further validating the
predicted binding mode and suggesting that large sioiety at Rwas tolerated at
this hydrophobic region. Interestingly, compouddf with 2,3-dihydro-inden
substitution maintained potency against double-mutGFR kinase, and showed
excellent selectivity for the double mutant ovetdatype compared td4g (194- vs
23-fold). Further modifications with acetyl indolifi5g-h) and the six-membered

heterocyclic grouplbi-j) led to complete loss in activity.

Please insert Table 2 here

2.5. Sructure-based design targeting Cys-797
2.5.1. Binding mode study of new lead compounds 15a, 15e, 15f

Although these reversible inhibitord5g, 15e, 15f with ICso values of 19, 21,
and 35 nM, respectively) were promising in kinaseagys, we observed a 50-fold
drop-off in activity when tested in cellular assqgata not shown). This was likely
due to high ATP concentrations in the cellular emwnent [10,11]. However.
covalent kinase inhibitors for therapeutic treattaetan competely circumvent the
high cellular ATP levels and display prolonged arget residence times [19,33].
Hence, we converted these double-mutant selectbrapounds into irreversible
inhibitors to overcome the loss of activity whileamtaining their intrinsic selectivity

over the wild-type kinase. The predicted bindingde@f compound45a, 15e, 15f
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was further modeled (Figure 3). Based on their inpdmode, we designed
compounds incorporated with reactive substituenish sas acrylamide targeting
Cys-797 to form a covalent bond. We observed that meta-position of the the
pyrimidine 2-aniline might be the most ideal witlstdnces of 6.6, 6.4, and 6.1 A,

respectively.

Please insert Figure 3 here

2.5.2. Sructure-activity relationship studies of irreversible compounds 19a-19i
Compoundd9a-19i were synthesized and theirsfvalues determined (Table 3)
for validation studies. Additionally, the significee of the ortho-methoxy group at R
and the para-4-methylpiperazinyl group &t \Ras investigated. The corresponding
irreversible target compounds d%a, 15e and 15f were first synthesized and named
19b, 19d and19qg, respectively. As expected, all of the compourfasred improved
cellular activity in the NCI-H1975 cell line (hartiog EGFREERT9M with 1Cs
value of less than 0.pM; however, selectivity against the double-mutkimase
decreased by approximately 5-11 fold. When the-té¢dhylpiperazinyl) group of
19b and 19g was replaced byN,N,N'-trimethylethylenediamine 10a, 19f), the
potencies against EGFR and EGFRE*SRT*Minases both increased approximately
17-80 fold, but led to dramatic loss of selectiviymilar to the reported data [10,17],
the introduction of methoxy group af RL9c, 19e and 19h) based orl9b, 19d and

199 significantly enhanced the activity and selecyifir EGFR®8RT9M (1Cy0 =2.7,
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4.1 and 3.2 nM). Particularlyi9e and 19h exhibited 68- and 63-fold increase in
selectivity for EGFRE®ERT9Minase, which was similar to that 8fIn addition,19e
and19h displayed low inhibition of wild-type EGFR-exprass cell line A431 (I1Go

= 1.69 and 2.5&M) and relative high potency against H19755(€ 0.18 and 0.27
uM). Removal of the bromine i19e (19i) resulted in the significant decrease of
selectivity in the kinase assays (68- vs 3-foldhioh was similar to our previous
observations. The cLogP values of compounds werepaable according to Lipinsk's

"Rule of 5" for drug design.

Please insert Table 3 here

2.5.3. Covalent docking of active compounds 19e and 19h

To investigate whether the added acrylamide cam far covalent bond with
Cys-797, covalent molecular docking was conduateprédict the binding modes of
the representative compounti®e and19h. The covalent bond was expected to form
between the Cys-797 and the added acrylamide gasu@ spatial constraint in the
docking simulation. The results indicated tH& and 19h showed a U-shaped
conformation and formed two hydrogen-bonds with khet793 residue (Figure 4).
Similarly, the bromine contacted the mutant Met-f2iekeeper residue to enhance
the potency towards the drug-resistent mutant. Mkehoxy substituent at°Rn 19e
and 19h extended towards Leu-792 and Pro-794 in the hregeon, improving the

inhibitory effect. Interestingly, the methyl-indahd dihydro-inden groups at Riere

Page 12



L858R/T790M-selective EGFR inhibitors Chen et al

oriented to the hydrophobic pocket of EGFR kinasedntact with the hydrophobic
residues, including Leu-718, Phe-723 and Val-726.

To our knowledgel9e and 19h have a unique chemical structure and binding
mode compare to other third-generation tyrosineasgninhibitors reported in the
literature. Among these irreversible EGFR mutangke inhibitors, only compourd
incorporated with the electrophilic functionalitgsides at the same site Ifie and
19h on pyrimidine C-2 substituent ring. However, theimidine 4-substituent af9e
and1%h is N-linked and with a methyl-indol or dihydro-ie that can extend to the
hydrophobic pocket of the kinase domain, whereasrtiole group orientation &fis
adjacent to the gatekeeper residue [21]. Recediestishow that patients treated with
3 exhibit tumor progression and develop drug rescathrough mutation of the
reactive cysteine to a less nucleophilic serinee sidain (EGFR-C797S) [34,35].
Thus, the development of novel molecules with défee chemical skeletons lik9e
and 19h which can efficiently inhibit drug-resistant gateker EGFR mutation will

of high clinical value.

Please insert Figure 4 here

2.6. Inhibitory effects of 19e and 19h on EGFR activation and downstream signaling
transduction in cancer cells
Potential compound49e and 19h were selected for validation as well as for

evaluating the inhibition of EGFR phosphorylatiamdadownstream signal in H1975
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and A431 cells. Our results showed th®¢ and19h inhibited the phosphorylation of
of EGFRSS8RT®M At and extracellular signal-regulated kinasekjBignaling in a
dose-dependent manner (Figure 5). Both compountibiied EGFRESER/T79M
phosphorylation at 10 nM in EGF-stimulated H1978s¢esimilar to compound.
However,19e and19h did not inhibit the phosphorylation of EGER even at 100

nM in A431 cells. The results revealed tlhi8e and19h were at least 10-fold more

potent against EGFEER M compared to EGFY in the cell system.

Please insert Figure 5 here

2.7. Kinase selectivity profile of 19e and 19h

We next investigated the specificity t#e and19h by profiling their inhibitory
activities against a panel of 98 kinases distriduteross the whole kinome using the
DiscoverX’s KINOMEscan platform (Figure 6). The full selectivity profilef
compounds can be viewed in the Supporting InforomaTable S1). In this panel, the
competitive binding of compounds aulM was measured as a percentage of control
(POC). The results suggested that both compoursgéagied excellent selectivity, and
the specificity profile of compoun#i9e was greater than that @®h. 19e exhibited
binding to JAK3 (POC <1%), while compouid8h also showed strong binding with
INSR and JAK2. Other weak off-target binding1®e included ALK, ErbB4, INSR,
JAK2 and MKNK2 (POC <10%). Compouri®h also bound to BTK, FAK, IGF1R.

In particular, 19e did not exhibit apparent activity against IGF1R ®G35%).
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Studies have shown that inhibition of IGF1R and RNSignaling lead to
hyperglycemia and hyperinsulinemia, which may limiaximal tolerated doses in
NSCLC EGFR-sensitive patients [22,36[herefore, weak IGF1R and INSR
inhibition by 19e with a 1-methyl-indol group is of great intere@verall, the high
selectivity of 19e indicated less off-target effects and good safetiex for further

development.

Please insert Figure 6 here

2.8. In vivo pharmacokinetics properties

In view of promising enzymatic and cellular potes;i we performed
preliminary pharmacokinetic investigation of themmmoundsin vivo following
intravenous (iv) and oral administration. The phacokinetic parameters are
summarized in Table 4 and Figure S1. Following el dose of 10 mg/kdl9c, 19e
and 19h showed a reasonable AYC value of more than 1500 ng-h/mL, moderate
Ty from 3-5 h, and encouraging oral bioavailabilieyX 35%). While19i, with no
bromine substitution at’Rposition, was found to have low oral bioavailadgiliThese
results suggest that these compounds, espeéd|y19e and19h, would be suitable

for furtherin vivo antitumor studies.

Please insert Table 4 here
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2.9. In vivo antitumor efficacy study

We selected19e and 19h for study ofin vivo antitumor efficacy using a
xenograft mouse model with NCI-H1975 (EGERY T (Figure 7). BALB/c Nude
mice (n = 6/group) were administer&de and 19h at 15 and 30 mg/kg (po, once
daily) for 18 consecutive days. The tumor weightl @mowth inhibition (TGI, %)
were measured. The results indicated @&t and19h significantly inhibited tumor
growth at either dose as compared to the vehiadeim(Figure 7A-D). The TGI
values of19e were 62% and 86% at 15 and 30 mg/kg/day, respygtiwhereasoh
achieved61% and 77% at 15 and 30 mg/kg/day, respectivelgnifgantly, no
mortality or significant loss of body weight in any the treatment groups occurred
(Figure S3). Histopathological analyses of vitayas (heart, liver and kidney) also
revealed thal9e and19h treatment did not result in toxicity (Figure SE).addition,
19e and 19h significantly decreased the phosphorylated (p)-BGé&vel and tumor
cell proliferation as shown by reduced Ki-67 staghicompared to vehicle groups
(Figure 7E-G). The results point to an encouragmgvo antitumor selectivity o19e
and 19h. Hence, these compounds are promising candidatdsirther development

as selective EGPRERTMinhibitors.

Please insert Figure 7 here

3. Conclusions

We started with a previously reported reversibleFRGnhibitor compound,
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and designed and synthesized a series of novel irbayrimidine-based
EGFR®8RT9Mmytant selective inhibitors. The binding mode7ofiith the crystal
structure of EGFR M predicted that introduction of substituents at%hgosition of
the pyrimidine scaffold would lead to an increaséoth EGFRES®RTMinhibitory
activity and selectivity since this site contadrecdtly towards the gatekeeper Met790.
As expected, introduction of bromine at the 5-posit producingl4g, resulted in
increased EGFRPRT9M selectivity and inhibitory activity. Modificationsf the
pyrimidine 4-substituent ofl4g with aromatic heterocycles that extended into the
hydrophobic pocket of EGFR kinase further enhaneetlvity and selectivity.
Subsequently, to overcome the high ATP concentratbdd the cellular mileu,
representative compoundd5, 15e, and 15f) were then incorporated with the
electrophilic functionality residues at the metaigion of the pyrimidine 2-aniline,
resulting in promising candidatd®e and 19h. Both of these compounds displayed
strong anti-growth activities in H1975 cells, andsd-dependently inhibited the
phosphorylation of EGFRPRT®M and downstream signaling pathways. A431
harboring wild-type EGFR was only moderately afecby these compounds. Kinase
profiling indicated thatl9e had a good safety index and did not exhibit ai#isi
against IGF1R and INSR kinases. Furtimvivo antitumor evaluation af9e and19h
indicated significant inhibition of tumor growth ithe H1975 NSCLC xenograft
mouse model using 15 mg/kg/d. In addition, the coamals did not induced toxicity,
mortality, or significant body weight loss. With ethacceptable pharmacological

profile, encouraging selectivity amd vivo antitumor effects, compoundSe and19h
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are potential promising candidates for future depeient of EGFR mutant-sensitive

therapies for NSCLC.

4. Experimental section
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4.1. Chemistry

In general, commercial chemicals or solvents weragent grade and used
without further purification. Reagents for syntlsesvere obtained from Sigma
Aldrich and Energy Chemical, whereas Compo(glwere purchased from Selleck.
All reactions were monitored by thin-layer chrongaphy (250 silica gel 6025
glass plates). Melting points were determined &isher-Johns melting apparatus and
uncorrected®H NMR and**C NMR spectra were recorded on a Bruker 600 MHz
instrument, and the chemical shift§ (vere presented as parts per million with TMS
as the internal standard. Multiplicities are givas s (singlet), d (doublet), dd
(double-doublet), t (triplet), q (quartet), m (mplét). The spectra data of the target
compounds are shown in Supporting Information. tEbespray ionization mass
spectra in positive mode (ESI-MS) data were obthwéh a Bruker Esquire 3000t
spectrometer. Chromatographic purification was iedrrout on Silica Gel 60
(E.Merck, 70-230 mesh). Analytical HPLC analysesemgerformed on Agilent 1260
liquid chromatograph fitted with a Inertex-C18 awolo, with the purity of
compounds >95%.

4.1.1. General procedure for preparation of intermediates 10a-10i, 11a-11]

Five mmol 2,4-dichloro-5-substitued-pyrimidines  8a{8g) or
4,6-dichloro-H-pyrazolo[3,4d]pyrimidine @h) and DIPEA (1.2 mL, 7.5 mmol)
were dissolved in DMF (4 mL) and cooled to -60 f@lol-5-amine or amine8a-9i
(5 mmol) dissolved in DMF (2 mL) were added dromvi$he reaction mixture was

stirred at -60 °C for about 1 h. Next, the coolivgth was removed, the reaction
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mixture was stirred at room temperature for 2 rgveas poured to 10 mL cooled
water after the reaction was complete as monitbsedLC. The formed precipitate
was collected by filtration, washed with ethanoklging compoundslOa-10h,
11a-11j, which were dried and used in the next step wituher purification.

4.1.2. 4-(4-Methyl piperazin-1-yl)phenylamine (13) [30]

A solution of 4-fluoronitrobenzene (7.05 g, 50 mmand KCO; (6.91 g, 50
mmol) in DMSO (10 mL) was stirred at room temperattor 0.5 h. Subsequently,
1-methylpiperazine (8.3 mL, 75 mmol) was added diep, and stirred overnight.
The mixture was then poured into ice—water, andydlkw precipitate collected by
filtration to give 12 and dried. Compound2 (2.2 g, 10 mmol) was dissolved in
methanol (60 mL), 10% Pd/C (0.3 g) added, andestiat room temperature under an
atmosphere of Hovernight. After completion of the reaction, tresulting mixture
was filtered, and concentrated under vacuum talyeéelmpoundl3 as a purple solid.
ESI-MSm/z 192.3 (M + H)+, calcd for GH17/N3: 191.14.

4.1.3. General procedure for synthesis of Compounds 14a-14h, 15a-15j
N*-(1H-indol-5-yl)-N*(4-(4-methylpiperazin-1-yl)phenyl)pyrimidine-2,4athine

(14a). CompoundlOa (171 mg, 0.7 mmol) anti3 (95 mg, 0.5 mmol) were dissolved
in 2-butanol (200 mL). TFA (0.06 mL) was added astured at 100 °C for 3 h.
Afterwards, the resulting mixture was extractedhwiitOAc (3 x 25 mL), washed
with brine, dried over anhydrous p&O, and concentrated. The resulting residue was
purified by flash chromatography to gitda (White powder, 87.5 mg, 44.5 % vyield).

m.p: 195.6-196.°C. 'H NMR (600 MHz, DMSOdg) § (ppm): 10.968 (s, 1H,
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indol-H1), 8.982 (s, 1H, -NH-), 8.749 (s, 1H, -NH8875 (s, 1H, Ar-H), 7.859 (d,

= 5.4 Hz, 1H, H-6), 7.555 (d] =9.0 Hz, 2H, Ar-H), 7.294-7.319 (m, 2H, Ar-H,
indol-H2), 7.145 (dJ = 7.2 Hz, 1H, Ar-H), 6.798 (d} = 9.0 Hz, 2H, Ar-H), 6.340 (d,
J =2.4 Hz, 1H, indol-H3), 6.052 (d, = 5.4 Hz, 1H, H-5), 3.045 (1 = 4.2 Hz, 4H,
piperazine-Hx4), 2.526 (f] = 4.2 Hz, 4H, piperazine-Hx4), 2.267 (s, 3H, N<L£H
¥C NMR (150 MHz, DMSOdg) ¢ 161.35, 160.13, 155.71, 145.74, 133.69, 132.78,
131.81, 129.564, 127.96, 125.92, 120.66x2, 11618%.14x2, 112.747, 111.41,
101.18, 54.73x2, 49.03x2, 45.63. ESI-Mfz: 400.2 (M + HJ, calcd for GaHasN7:
399.21.

4.13.1.

N*-(1H-indol-5-y1)-N?-(4-(4-methy! pi per azin-1-yl )pheny! )-5-(trifluoromethyl )pyrimidi
ne-2,4-diamine (14b). *H NMR (500 MHz, DMSOdg) 6 (ppm): 11.147 (s, 1H,
indol-H1), 9.339 (s, 1H, -NH-), 8.633 (s, 1H, -NH8)242 (s, 1H, H-6), 7.563 (s, 1H,
Ar-H), 7.412 (d,J =8.5 Hz, 1H, Ar-H), 7.386 (f] = 2.5 Hz, 1H, indol-H2), 7.244 (d,

= 8.5 Hz, 2H, Ar-H), 7.061 (d) = 7.5 Hz, 1H, Ar-H), 6.442 (d) = 2.0 Hz, 1H,
indol-H3), 6.374 (dJ = 8.5 Hz, 2H, Ar-H), 2.921 (] = 4.0 Hz, 4H, piperazine-Hx4),
2.426 (t,J = 4.0 Hz, 4H, piperazine-Hx4), 2.219 (s, 3H, N4LHC NMR (125 MHz,
DMSO-ds) 0160.52, 155.05, 146.02, 134.08, 131.87, 129.74,362827.65, 126.20,
125.70x2, 120.66, 120.42, 115.32%x2, 111.01, 109.28,74, 101.30, 98.42, 54.58x%2,
48.67x2, 45.69. ESI-M8Vz 448.5 (M + HJ, calcd for G4H,4FsN7: 467.20.

4.1.3.2.

N*-(1H-indol-5-y1)-N?-(4-(4-methyl pi per azin-1-yl )phenyl)-5-nitropyrimidine-2,4-diam
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ine (14c). Red powder, 53.5% yield. m.p: 233.4-2352 'H NMR (600 MHz,
DMSO-ds) § (ppm): 11.205 (s, 1H, indol-H1), 10.372 (s, IHHN 10.209 (s, 1H,
-NH-), 9.039 (s, 1H, H-6), 7.776 (s, 1H, Ar-H), 364(d,J =8.4 Hz, 1H, Ar-H), 7.417
(t, 3 =2.4 Hz, 1H, indol-H2), 7.345 (d,=9.0 Hz, 2H, Ar-H), 7.152 (d] =8.4 Hz, 1H,
Ar-H), 6.509 (d,J = 9.0 Hz, 2H, Ar-H), 6.442 (d] = 2.4 Hz, 1H, indol-H3), 2.993 (t,
J = 4.8 Hz, 4H, piperazine-Hx4), 2.457 {t= 4.8 Hz, 4H, piperazine-Hx4), 2.241 (s,
3H, N-CH). 3 NMR (150 MHz, DMSOds) ¢ 159.58, 158.08, 155.57, 147.71,
134.80, 130.94, 129.27, 128.27, 126.74, 122.082Q,5P, 119.86, 117.40, 115.70%2,
111.95, 102.01, 55.10%x2, 48.84x2, 46.27. ESI-M3 445.3 (M + HJ, calcd for
Ca3H24Ng0O2: 444.20.

4.1.3.3.
N*-(1H-indol-5-y1)-5-methoxy-N>- (4- (4-methyl piper azin-1-yl )phenyl)pyrimidine-2,4-d
iamine (14d). White powder, 42.0% vield. m.p: 233.4-238 'H NMR (600 MHz,
DMSO-<ds) 6 (ppm): 10.975 (s, 1H, indol-H1), 8.516 (s, 1H, -)HB.405 (s, 1H,
-NH-), 8.005 (s, 1H, Ar-H), 7.723 (s, 1H, H-6), IA(d,J =9.0 Hz, 2H, Ar-H),
7.311-7.355 (m, 3H, indol-H2, Ar-H), 6.727 @@= 9.0 Hz, 2H, Ar-H), 6.349 (d] =
2.4 Hz, 1H, indol-H3), 3.824 (s, 3H, -OGH 2.985 (t,J = 4.8 Hz, 4H,
piperazine-Hx4), 2.439 (f] = 4.8 Hz, 4H, piperazine-Hx4), 2.207 (s, 3H, N«£H
¥C NMR (150 MHz, DMSOdg) ¢ 154.51, 152.50, 145.32, 136.21, 134.40, 132.92,
131.34, 127.75, 125.78, 124.765, 119.62x2, 117HAH.20x2, 113.39, 111.04,
101.24, 57.06, 54.96x2, 49.39x2, 45.95. ESI-mM& 430.3 (M + HJ, calcd for

CosH>7N,O: 429.22.
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4.1.3.4.
N*-(1H-indol-5-y1)-5-methyl-N>-(4-(4-methyl pi per azin-1-yl )phenyl )pyrimidine-2,4-dia
mine (14€). White powder, 35.0% yield. m.p: 262.6.5-263@8 'H NMR (600 MHz,
DMSO-ds) 6 (ppm): 11.003 (s, 1H, indol-H1), 8.553(s, 1H, -NH8.099 (s, 1H,
-NH-), 7.820 (s, 1H, H-6), 7.759 (s, 1H, Ar-H), 24@,J =9.0 Hz, 2H, Ar-H), 7.351
(d,J=8.4 Hz, 1H, Ar-H), 7.328 (1] =2.4 Hz, 1H, indol-H2), 7.250 (d,= 9.0 Hz, 1H,
Ar-H), 6.651 (d,J = 8.4 Hz, 2H, Ar-H), 6.387 (dl =2.4 Hz, 1H, indol-H3), 2.971 (§,
= 4.2 Hz, 4H, piperazine-Hx4), 2.449 J}t= 4.2 Hz, 4H, piperazine-Hx4), 2.223 (s,
3H, -NCH), 2.089 (s, 3H, -Ch. **C NMR (150 MHz, DMSOdg) § 159.93, 158.53,
154.88, 145.10, 133.87, 132.98, 131.38, 127.52,412819.58x2, 118.65, 115.87x2,
114.79, 110.71, 104.26, 101.04, 54.70x2, 49.1182714 13.57. ESI-MSvz 414.1
(M + H)", calcd for G4H,/N7: 413.23.

4.1.35.
5-fluoro-N*-(1H-indol-5-y1)-N?-(4-(4-methyl pi per azin-1-yl )phenyl )pyrimidine-2,4-dia
mine (14f). White powder, 40.5% vyield. m.p: 216.8-218C 'H NMR (600 MHz,
DMSO-dg) 6 (ppm): 11.022 (s, 1H, indol-H1), 9.071 (s, 1H, 4\H8.804 (s, 1H,
-NH-), 7.966 (d,J =3.0 Hz, 1H, indol-H3), 7.942 (s, 1H, H-6), 7.4@D J = 8.4 Hz,
2H, Ar-H), 7.309-7.335 (m, 3H, indol-H2, Ar-H), 8Z (d,J =8.4 Hz, 2H, Ar-H),
6.382 (s, 1H, Ar-H), 3.020 ( = 4.2 Hz, 4H, piperazine-Hx4), 2.510 Jt= 4.2 Hz,
4H, piperazine-Hx4), 2.249 (s, 3H, N-@HC NMR (150 MHz, DMSOds) &
171.98, 155.94, 150.22, 145.53, 141.14, 139.64,183%, Jc.=277.8 Hz), 130.47,

127.51, 125.70, 120.00x2, 117.43, 115.84x2, 113864).91, 101.06, 54.60x2,
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48.90%2, 45.57. ESI-M8Vz 418.1 (M + HJ, calcd for GsHo4FN7: 417.20.

4.1.3.6.

5-bromo-N*-(1H-indol-5-y1)-N?-(4-(4-methyl pi per azin-1-yl )phenyl)pyrimidine-2,4-dia
mine (14g). White powder, 35.2% vyield. m.p: 204.6-2062 *H NMR (600 MHz,
DMSO-<ds) 6 (ppm): 11.079 (s, 1H, indol-H1), 8.924 (s, 1H, 4\HB8.393 (s, 1H,
-NH-), 8.063 (s, 1H, H-6), 7.683 (s, 1H, Ar-H), ZB7.368 (m, 4H, Ar-H, indol-H2),
7.147 (d,J =8.4 Hz, 1H, Ar-H), 6.572 (d] = 7.2 Hz, 2H, Ar-H), 6.391 (d] = 2.4 Hz
1H, indol-H3), 2.985 (t) = 4.2 Hz, 4H, piperazine-Hx4), 2.545 Jt= 4.2 Hz, 4H,
piperazine-Hx4), 2.290 (s, 3H, -NGHC NMR (150 MHz, DMSOdg) § 157.92,
156.60, 153.89, 144.66, 133.51, 130.07, 127.50,74825123.25, 120.16x2, 119.06,
116.15x2, 115.79, 110.90, 102.85, 101.16, 52.99%2]19%2, 44.12. ESI-M3$/z
478.1 (M + HJ, calcd for GaH,4BrN7: 477.12.

4.1.3.7.

N*-(1H-indol-5-y1)-N°-(4-(4-methyl pi per azin-1-yl )phenyl)-1H-pyrazol o 3,4-d] pyrimid
ine-4,6-diamine(14h). Compound
6-chloroN-(1H-indol-5-yl)-1H-pyrazolo[3,4d]pyrimidin-4-amine {Oh, 199 mg, 0.7
mmol) and 13 (95 mg, 0.5 mmol) were dissolved in 2-pentanol (BM).
Toluenesulfonic acid monohydrate (95mg, 0.5 mma}$wdded and stirred at 120 °C
for 5 h. The resulting mixture was extracted witt©Ec (3 x 25 mL), washed with
brine, dried over anhydrous P&0O, and concentrated. The resulting residue was
purified by flash chromatography to gitdh (Red powder, 125 mg, 57.3 % yield).

m.p: 247.5-249.0°C *H NMR (600 MHz, DMSOdg) & (ppm): 12.758 (s, 1H,
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pyrazolo-H1), 11.079 (s, 1H, indol-H1), 9.484 (&}, ENH-), 8.786 (s, 1H, -NH-),
8.031 (s, 1H, pyrazolo-H3), 7.629 (@= 7.2 Hz, 2H, Ar-H), 7.351-7.397 (m, 3H,
Ar-H, indol-H2), 7.352 (s, 1H, Ar-H), 6.83 (d,= 8.4Hz, 2H, Ar-H), 6.415 (d] = 2.4
Hz 1H, indol-H3), 3.135 (s, 4H, piperazine-Hx4)730 (s, 4H, piperazine-Hx4),
2.412 (s, 3H, -NCh). *C NMR (150 MHz, DMSOdg) J 158.79, 156.95, 145.18,
142.10, 139.79, 133.79, 133.21, 133.08, 132.68,0831129.45, 127.68, 125.82,
120.58%2, 116.02x2, 111.15, 101.20, 53.95%2, 482@%.47. ESI-MSwz 440.2
(M+H)+, calcd for G4H2sNg: 439.22.

4.1.3.8.
5-Bromo-N*-(1H-indol-6-y1)-N?-(4-(4-methyl pi per azin-1-yl )phenyl )pyrimidine-2,4-dia
mine (15a). White powder, 40.5% vyieldn.p: 178.7-180.2C. *H NMR (600 MHz,
DMSO-ds) § (ppm): 11.082 (s, 1H, indole-H-1), 8.964 (s, 1NH-), 8.512 (s, 1H,
-NH-), 8.104 (s, 1H, H-6), 7.517 (d,= 8.4 Hz, 2H, Ar-H), 7.374 (d] =8.4 Hz, 2H,
Ar-H), 7.332 (t,J = 3.0 Hz, 1H, indole-H-2), 7.125 (d,= 8.4 Hz, 1H, Ar-H), 6.575
(d, J = 5.4 Hz, 2H, Ar-H), 6.437-6.443 (m, 1H, indoled}-2.954 (tJ = 4.2 Hz, 4H,
piperazine-Hx4), 2.450 (f] = 4.2 Hz, 4H, piperazine-Hx4), 2.225 (s, 3H, N<{LH
¥C NMR (150 MHz, DMSOdg) ¢ 158.30, 157.39, 156.95, 145.64, 135.85, 132.76,
132.28, 125.34, 125.15, 120.06%x2, 119.41, 117.28,6Ix2, 108.07, 100.95, 91.82,
54.57x2, 48.79x2, 45.61. ESI-M8/z 478.1 (M + HJ, calcd for GsH»4BrN:
477.12.

4.1.3.9.

5-Bromo-N*-(1H-indazol -5-yl)-N*-(4-(4-methyl pi perazin-1-yl)phenyl )pyrimidine-2,4-
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diamine(15b). White powder, 36.8 % vyield, m.p: 219.4-218F *H NMR (600 MHz,
DMSO-dg) 6 (ppm): 13.049 (s, 1H, indazol-H-1), 8.987 (s, 1NH-), 8.568 (s, 1H,
-NH-), 8.116 (s, 1H, H-6), 8.014 (s, 1H, indazoB)-7.941 (s, 1H, Ar-H), 7.523 (d,
= 8.4 Hz, 1H, Ar-H), 7.452 (d) = 8.4 Hz, 1H, Ar-H) , 7.325 (d] = 7.8 Hz, 2H,
Ar-H), 6.599 (d,J = 5.4 Hz, 2H, Ar-H), 2.965 (1) = 4.2 Hz, 4H, piperazine-Hx4),
2.425 (t,J = 4.2 Hz, 4H, piperazine-Hx4), 2.208 (s, 3H, NLHC NMR (150
MHz, DMSO-dg) ¢ 158.37, 157.22, 157.09, 145.95, 137.59, 133.40,5032.31.50,
124.71, 122.80, 120.52%x2, 115.56x%2, 115.20, 109¥®7, 54.67x2, 48.84%2, 45.76.
ESI-MSm/z 479.2 (M + H)+, calcd for £H23BrNg: 478.12.

4.1.3.10.

5-bromo-N*-(1H-indazol -6-y1)-N-(4-(4-methyl piperazin-1-yl )phenyl )pyrimidine-2,4-d
iamine(15c). White powder, 63.5% yield, m.p: 221.2-223G. 'H NMR (600 MHz,
DMSO-ds) 6 (ppm): 12.951 (s, 1H, indazol-H-1), 9.063 (s, NH-), 8.645 (s, 1H,
-NH-), 8.163 (s, 1H, H-6), 8.033 (s, 1H, indazoB)-7.706 (d,J = 8.4 Hz, 1H,
Ar-H), 7.695 (s, 1H, Ar-H), 7.384 (d,= 9.0 Hz, 2H, Ar-H) , 7.313 (d, = 8.4 Hz, 1H,
Ar-H), 6.645 (d,J = 7.8 Hz, 2H, Ar-H), 2.971 (1) = 4.2 Hz, 4H, piperazine-Hx4),
2.428 (t,J = 4.2 Hz, 4H, piperazine-Hx4), 2.210 (s, 3H, N<LHC NMR (150
MHz, DMSO-dg) 6 158.28, 157.46, 156.95, 145.96, 140.15, 136.84,3033.32.45,
120.29x2, 119.92, 118.42, 117.82, 115.65x2, 108333, 54.64x2, 48.81x2, 45.73.
ESI-MSm/z 479.1 (M + H)+, calcd for £H23BrNg: 478.12.

41311

5-bromo-N*-(1-(3-fluorobenzyl)-1H-indol -5-yl)-N*-(4-(4-methyl pi perazin-1-yl )phenyl )
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pyrimidine-2,4-diamine (15d). Yellow powder, 60.9 % yield, m.p: 188.7-188G3 'H
NMR (600 MHz, DMSO#g) 6 (ppm): 8.959 (s, 1H, -NH-), 8.420 (s, 1H, -NH-)081
(s, 1H, H-6), 7.767 (s, 1H, Ar-H), 7.539 @@= 3.0 Hz, 1H, indole-H-2), 7.438 (d,
=9.0 Hz, 1H, Ar-H), 7.320-7.383 (m, 3H, Ar-H), 722t, J = 9.0 Hz, 1H, Ar-H),
6.992-7.090 (m, 3H, Ar-H), 6.599 (d~ 6.6 Hz, 2H, Ar-H), 6.495 (dl = 3.0 Hz, 1H,
indole-H-3), 5.469 (s, 2H, -CHPh), 2.941 (tJ = 4.2 Hz, 4H, piperazine-Hx4), 2.422
(t, J = 4.2 Hz, 4H, piperazine-Hx4), 2.212 (s, 3H, N{LH’C NMR (150 MHz,
DMSO-0g) 0 163.03, 161.41, 157.76 (d¢.~=198.0 Hz), 156.84, 145.76, 141.35 (d,
Jc-F=22.8 Hz), 133.41, 132.63, 130.71, 130.49 Jels=31.8 Hz), 129.55, 128.17,
122.84, 120.29%x2, 119.36, 116.39, 115.62x%2, 114d09c.~=84.0 Hz), 113.60 (d,
Jc-r=90.0 Hz), 109.61, 101.40, 91.73, 54.61x2, 48.7%8&56, 45.68. ESI-MBVz
586.2 (M + H)+, calcd for ¢gH29BrFN7: 585.16.

4.1.3.12.

5-bromo-N*-(1-methyl-1H-indol -6-yl)-N*-(4-(4-methyl pi per azin-1-yl )phenyl )pyrimidi
ne-2,4-diamine (15€). White powder, 53.4 % yieldn.p: 176.5-177.2C. 'H NMR
(600 MHz, DMSO#g) 6 (ppm): 8.999 (s, 1H, -NH-), 8.508 (s, 1H, -NH-)120 (s,
1H, H-6), 7.642 (s, 1H, Ar-H), 7.510 (d,=8.4 Hz, 1H, Ar-H), 7.361 (d] = 8.4 Hz,
2H, Ar-H), 7.304 (dJ = 3.0 Hz, 1H, indole-H-2), 7.171 (d,= 8.4 Hz, 1H, Ar-H),
6.555 (d,J = 6.0 Hz, 2H), 6.422 (dJ = 2.4 Hz, 1H, indole-H-3), 3.676 (s, 3H,
indole-N-CH), 2.954 (t,J = 4.2 Hz, 4H, piperazine-Hx4), 2.436 Jt= 4.2 Hz, 4H,
piperazine-Hx4), 2.217 (s, 3H, N-GHC NMR (150 MHz, DMSOdg) 5 158.27,

157.12, 156.99, 145.77, 136.34, 132.63, 129.59,2B25125.20, 120.22x2, 119.78,
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116.83, 115.52x2, 105.65, 100.25, 91.79, 54.628822, 45.69, 32.46. ESI-MS
m'z. 492.2 (M + HJ, calcd for G4H26BrN7: 491.14.

4.1.3.13.

5-bromo-N*-(2,3-dihydro-1H-inden-5-yl)-N-(4-(4-methyl pi perazin-1-yl )phenyl )pyrim
idine-2,4-diamine (15f). White powder, 50.9 % vyield, m.p: 179.2-186& 'H NMR
(600 MHz, DMSO#g) 6 (ppm): 9.042 (s, 1H, -NH-), 8.342 (s, 1H, -NH-)186 (s,
1H, H-6), 7.494 (s, 1H, Ar-H), 7.394 (d= 9.0 Hz, 2H, Ar-H), 7.278 (d] = 7.2 Hz,
1H, Ar-H) , 7.175 (dJ = 8.4 Hz, 1H, Ar-H), 6.735 (dl = 9.0 Hz, 2H, Ar-H), 3.016 (t,
J=4.8 Hz, 4H, piperazine-Hx4), 2.850 = 7.8 Hz, 2Hdihydro-inden-CH), 2.835
(t, J = 7.8 Hz, 2H, dihydro-inden-Gij 2.432 (t,J = 4.8 Hz, 4H, piperazine-Hx4),
2.205 (s, 3H, N-Ch), 2.013-2.062 (m, 2H, dihydro-inden-gH"C NMR (150 MHz,
DMSO-dg) 6 158.37, 157.19, 156.64, 146.05, 143.75, 139.20,8134.32.44, 123.79,
121.43, 120.65%2, 119.62, 115.63%2, 91.83, 54.698X%7x2, 45.76, 32.56, 31.88,
25.33. ESI-MS1nz 480.5 (M + H)+, calcd for &H27BrNe: 479.42.

4.1.3.14.

1-(5-((5-bromo-2-((4-(4-methyl pi per azin-1-yl ) phenyl )amino) pyrimidin-4-yl Jamino)in
dolin-1-yl)ethan-1-one (15g). White powder, 25.7 % yield, m.p: 220.5-222@. *H
NMR (600 MHz, DMSO#g) 6 (ppm): 9.026 (s, 1H, -NH-), 8.401 (s, 1H, -NH-)180
(s, 1H, H-6), 7.991 (dJ = 9.0 Hz, 1H, Ar-H), 7.513 (s, 1H, Ar-H), 7.380, (ti= 8.4
Hz, 2H, Ar-H), 7.324 (dJ = 7.2 Hz, 1H, Ar-H), 6.751 (dJ = 9.0 Hz, 2H, Ar-H),
4.110 (t,J = 8.4 Hz, 2H, indolin-Ch), 3.108 (t,J = 8.4 Hz, 2H, indolin-Ch), 3.030

(t, J= 4.2 Hz, 4H, piperazine-Hx4), 2.462 {t= 4.2 Hz, 4H, piperazine-Hx4), 2.229
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(s, 3H, N-CH), 2.160 (s, 3H, -COC#). *C NMR (150 MHz, DMSOdg) & 168.08,
158.34, 157.21, 156.56, 146.08, 139.24, 134.04,363231.74, 122.12, 120.71x%2,
120.17, 115.56x2, 115.38, 91.74, 54.70x2, 48.79%232, 45.77, 27.53, 23.83.
ESI-MSm/z 522.0 (M + H)+, calcd for &H2sBrN;O: 521.15.

4.1.3.15.

1-(6-((5-bromo-2-((4-(4-methyl pi perazin-1-yl ) phenyl)amino)pyrimidin-4-yl Jamino)in
dolin-1-ylJethan-1-one (15h). White powder, 38.6 % yield, m.p: 201.3-202@&. 'H
NMR (600 MHz, DMSO#g) 6 (ppm): 8.984 (s, 1H, -NH-), 8.544 (s, 1H, -NH-)1.B2
(s, 1H, H-6), 8.098 (s, 1H, Ar-H), 7.380 @@= 8.4 Hz, 2H, Ar-H), 7.182-7.224 (m,
2H, Ar-H) , 6.683 (dJ = 8.4 Hz, 2H, Ar-H), 4.139 (§ = 9.0 Hz, 2H, indolin-Ch),
3.149 (t,J = 8.4 Hz, 2H, indolin-CH), 3.004 (t,J = 4.8 Hz, 4H, piperazine-Hx4),
2.438 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.210 (s, 3H, N{LH.157 (s, 3H,
-COCH). ¥C NMR (150 MHz, DMSOdg) ¢ 168.31, 158.25, 157.28, 157.06, 145.94,
142.94, 137.45, 132.47, 127.70, 124.04, 120.39%9,3¥7, 115.55%2, 112.56, 91.82,
54.68x2, 48.91x2, 48.80, 45.73, 27.09, 23.97. ESIAVEz 522.1 (M + H)+, calcd for
CosH28BrN7O: 521.15.

4.1.3.16.

5-bromo-N>-(4-(4-methyl piper azin-1-yl ) phenyl )-N*-(quinolin-6-yl )pyrimidine-2,4-dia
mine (15i). Yellow powder, 57.3 % yield, m.p: 214.2-214@. *H NMR (600 MHz,
DMSO-ds) 0 (ppm): 9.148 (s, 1H -NH-), 8.807 (d,= 3.0 Hz, 1H, quinolin-H-2),
8.767 (s, 1H -NH-), 8.370 (s, 1H, Ar-H), 8.219 {#, H-6), 8.151 (s, 1H, Ar-H),

7.919-7.994 (m, 2H, quinolin-H-4, Ar-H) , 7.463-84(m, 1H, quinolin-H-3), 7.384
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(d, J = 7.2 Hz, 2H, Ar-H), 6.710 (d] = 6.6 Hz, 2H, Ar-H), 3.004 (] = 4.8 Hz, 4H,
piperazine-Hx4), 2.444 (f] = 4.8 Hz, 4H, piperazine-Hx4), 2.219 (s, 3H, N«{£H
¥C NMR (150 MHz, DMSOdg) ¢ 158.53, 157.81, 156.42, 149.10, 146.39, 144.90,
136.93, 135.47, 132.03, 128.78, 128.02, 126.55,4B21121.36%2, 118.66, 115.62x2,
92.05, 54.66x2, 48.72x2, 45.75. ESI-Mfz: 490.1 (M + H)+, calcd for &H24BrNz:
489.12.
4.1.3.17.
5-bromo-N>-(4-(4-methyl piper azin-1-yl ) phenyl)-N*-(quinoxalin-6-yl pyrimidine-2,4-di
amine (15)). Yellow powder, 42.1 % yield, m.p: 193.6-198G *H NMR (600 MHz,
DMSO-ds) § (ppm): 9.233 (s, 1H, -NH-), 8.959 (s, 1H, -NH-)889 (d,J =1.8 Hz,
1H, quinoxalin-H), 8.836 (d] =1.8 Hz, 1H, quinoxalin-H), 8.445 (s, 1H, Ar-H)285
(s, 1H, H-6), 8.206 (d] =8.4 Hz, 1H, Ar-H), 8.016 (d] =9.0 Hz, 1H, Ar-H), 7.430
(d, J =8.4 Hz, 2H, Ar-H), 6.755 (d] = 8.4 Hz, 2H, Ar-H), 3.013 () = 4.2 Hz, 4H,
piperazine-Hx4), 2.452 (] = 4.2 Hz, 4H, piperazine-Hx4), 2.224 (s, 3H, N<LH
¥C NMR (150 MHz, DMSOdg) ¢ 158.39, 158.16, 156.26, 146.29, 145.64, 143.96,
142.85, 140.44, 139.30, 132.01, 128.65, 126.94,761820.99%x2, 115.76x2, 92.43,
54.62x2, 48.74x2, 45.70. ESI-M&/z 491.1 (M + H)+, calcd for &H23BrNg:
490.12.
4.1.4. General procedure for the preparation of the intermediates 16a-16f
2-chloropyrimidines (114, 1le, 11f) (2 mmol),
4-fluoro-2-substitued-5-nitroaniline2@a, 20b) (2 mmol), and p-toluenesulfonic acid

monohydrate (380 mg, 2 mmol) were heated at 12ih Zpentanol (40 mL) for 8 h,
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and the resultant mixture was cooled and filtefidee solid was filtered and washed
with EtOH, then dried to give yellow crude internmegds16a-16f.
4.1.5. General procedure for the preparation of the intermediates 17a-17i

Crude intermediated6a-16f (1 mmol) and amines (1-Methylpiperazine or
N N* N*trimethylethane-1,2-diamine, 3 mmol) were dissdhin 2-pentanol (50
mL), and the reaction was stirred at 120 °C for.3The reaction mixture was
evaporated to dryness, extracted with EtOAc, wastiddsaturated brine, dried over
anhydrous Nz50O, and concentrated. The crude product was purifiedash silica
chromatography, with an elution gradient of 5% Me®HEtOAc to give red solid
17a-17i. For example:
5-bromoN?(4-((2-(dimethylamino)ethyl)(methyl)amino)-3-niphenyl)N*(1H-indo
l-6-yl)pyrimidine-2,4-diamine 17a). Red powder, 70.4 % yieltH NMR (600 MHz,
DMSO-ds) § (ppm): 11.060 (s, 1H, indole-H-1), 9.361 (s, 1NH-), 8.658 (s, 1H,
-NH-), 8.177 (s, 1H, H-6), 7.864 (s, 1H, Ar-H), 38(d,J = 9.0 Hz, 1H, Ar-H), 7.494
(d, = 7.8 Hz, 1H, Ar-H), 7.453 (s, 1H, Ar-H), 7.325 Jt= 2.4 Hz, 1H, indole-H-2),
7.105 (d,J = 8.4 Hz, 1H, Ar-H), 6.874 (s, 1H, Ar-H), 6.421489 (m, 1H,
indole-H-3), 2.971 (tJ = 7.2 Hz, 2H, -CHCH,-N(CHs),), 2.634 (s, 3H, N-CbJ,
2.971 (t,J = 7.2 Hz, 2H, -CHHCH,-N(CHs),), 2.082 (s, 6H, -N(CH)»). *C NMR
(150 MHz, DMSOe€g) 0 157.89, 157.53, 156.92, 142.61, 138.88, 135.74,3B3
131.98, 125.44, 125.31, 123.81, 121.47, 119.44,30]17113.83, 108.07, 100.98,
93.11, 56.55, 53.37, 45.38x2, 41.25. ESI-M#& 525.0 (M + H)+, calcd for

Cy3H2>5BrNgO,: 524.12.
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4.1.6. General procedure for the preparation of the intermediates 18a-18i
Intermediatesl7a-17i (1.5 mmol), iron (15.0 mmol), and ammonium chloride
(2.5 mmol) were mixed in EtOH (30 mL) and water (bQ) at reflux for 2 h. The
mixture was filtered and concentrated. The cruaelypect was purified by flash silica
chromatography, eluting with 5% MeOH in ethyl atetand the pure fractions were
evaporated to yield amind8a-18i.
4.16.1.
N*-(4-((1H-indol-6-yl)amino)-5-bromopyrimidin-2-yl)-N*-(2-(dimethylamino)ethyl)-N
L methylbenzene-1,2,4-triamine (18a). White powder, 72.5 % yieldH NMR (600
MHz, DMSO-g) ¢ (ppm): 11.084 (s, 1H, indole-H-1), 8.848 (s, 1NH-), 8.468 (s,
1H, -NH-), 8.098 (s, 1H, H-6), 7.592 (s, 1H, Ar-H)510 (d,J = 8.4 Hz, 1H, Ar-H),
7.315 (t,J = 3.0 Hz, 1H, indole-H-2), 7.318 (d,= 8.4 Hz, 1H, Ar-H), 6.877 (s, 1H,
Ar-H), 6.673 (d,J = 8.4 Hz, 1H, Ar-H), 6.626 (dl = 8.4 Hz, 1H, Ar-H), 6.416 (t,J =
2.4 Hz,H, indole-H-3), 4.476 (s, 2H, -MH 2.770 (t, J = 7.2 Hz, 2H,
-CH,-CHx-N(CHs),), 2.480 (s, 3H, N-Ch, 2.254 (t, J = 7.2 Hz, 2H,
-CHp-CH>-N(CHa)), 2.128 (s, 6H, -N(CH,). *C NMR (150 MHz, DMSOds) &
158.39, 157.19, 156.88, 142.65, 136.62, 135.76,0833132.37, 125.34, 124.88,
119.96, 119.36, 117.15, 108.36, 107.72, 105.78,910@1.82, 57.30, 54.17, 45.66x%2,
41.65. ESI-MSWz 495.0 (M + H)+, calcd for &H27BrNg: 494.15.
4.16.2.
N?-(3-amino-4-(4-methyl piper azin-1-yl ) phenyl )-5-bromo-N*-(1H-indol -6-yl )pyrimidin

e-2,4-diamine (18b). White powder, 67.5 % yieldH NMR (600 MHz, DMSO¢) &
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(ppm): 11.079 (s, 1H, indole-H-1), 8.866 (s, IHHN 8.479 (s, 1H, -NH-), 8.097 (s,
1H, H-6), 7.568 (s, 1H, Ar-H), 7.512 (d,= 8.4 Hz, 1H, Ar-H), 7.325 (1] = 2.4 Hz,
1H, indole-H-2), 7.132 (d] = 8.4 Hz, 1H, Ar-H), 6.889 (s, 1H, Ar-H), 6.725, (=
8.4 Hz, 1H, Ar-H), 6.567 (dJ = 8.4 Hz, 1H, Ar-H), 6.429 (tJ = 2.4 Hz,1H,
indole-H-3), 4.240 (s, 2H, -Np, 2.665 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.431 (t,
J = 4.8 Hz, 4H, piperazine-Hx4), 2.208 (s, 3H, N<{LH*C NMR (150 MHz,
DMSO-dg) 6 158.36, 157.21, 156.87, 141.68, 136.72, 135.78,743 132.33, 125.37,
124.92, 119.37, 118.89, 117.18, 108.57, 107.79,7705100.96, 91.87, 55.32x2,
50.72x2, 45.86. ESI-M8Vz 493.2 (M + H)+, calcd for §H2sBrNg: 492.13.

4.1.6.3.

N?-(5-amino-2-methoxy-4-(4-methyl pi per azin-1-yl)phenyl )-5-bromo-N*-(1H-indol -6-y
pyrimidine-2,4-diamine (18c). White powder, 83.2 % vieldH NMR (500 MHz,
DMSO-dg) 6 (ppm): 11.143 (s, 1H, indole-H-1), 8.529 (s, 1NH-), 8.115 (s, 1H,
H-6), 7.660 (s, 1H, -NH-), 7.510 (d= 6.0 Hz, 1H, Ar-H), 7.502 (s, 1H, Ar-H), 7.326
(t, J = 2.0 Hz, 1H, indole-H-2), 7.276 (s, 1H, Ar-H)130 (d,J = 7.0 Hz, 1H, Ar-H),
6.623 (s, 1H, Ar-H), 6.421 (8 = 2.0 Hz,1H, indole-H-3), 3.878 (s, 2H, -BH3.699
(s, 3H, -OCH), 2.758 (t,J = 4.0 Hz, 4H, piperazine-Hx4), 2.511 Jt= 4.0 Hz, 4H,
piperazine-Hx4), 2.266 (s, 3H, N-GHC NMR (125 MHz, DMSOdg) § 161.30,
158.26, 157.11, 156.93, 148.86, 143.58, 135.70,08B35134.98, 132.33, 125.39,
124.87, 121.14, 119.39, 116.81, 107.18, 101.0159&3.56.42, 55.16x2, 50.34x2,
45.70. ESI-MSwz 523.1 (M + H)+, calcd for &H27BrNgO: 522.14.

4.1.6.4.
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N?-(3-amino-4-(4-methyl piper azin-1-yl ) phenyl )-5-bromo-N*-(1-methyl-1H-indol -6-y1)
pyrimidine-2,4-diamine (18d). White powder, 80.2 % yieltH NMR (600 MHz,
DMSO-ds) 6 (ppm): 8.915 (s, 1H, -NH-), 8.489 (s, 1H, -NH-)183 (s, 1H, H-6),
7.677 (s, 1H, Ar-H), 7.516 (d] = 8.4 Hz, 1H, Ar-H), 7.305 (tJ = 3.0 Hz, 1H,
indole-H-2), 7.196 (dJ = 9.0 Hz, 1H, Ar-H), 6.840 (s, 1H, Ar-H), 6.794, (= 9.0
Hz, 1H, Ar-H), 6.518 (dJ = 8.4 Hz, 1H, Ar-H), 6.418 (1] = 3.0 Hz,1H, indole-H-3),
4.279 (s, 2H, -Nk), 3.703 (s, 3H, indole-N-C§}, 2.672 (t,J = 4.2 Hz, 4H,
piperazine-Hx4), 2.436 (§,= 4.2 Hz, 4H, piperazine-Hx4), 2.211 (s, 3H, N<{LH#°C
NMR (150 MHz, DMSOds) ¢ 157.31, 156.02, 155.89, 140.87, 140.13, 135.76,
135.30, 131.68, 128.68, 126.10, 124.13, 118.77,78]17115.83, 107.35, 104.52,
99.24, 90.95, 54.31%2, 49.69%2, 44.85, 31.46. ESIAv: 507.1 (M + H)+, calcd for
Co4H27BrNg: 506.15.

4.1.65.

N?-(5-amino-2-methoxy-4-(4-methy! pi per azin-1-yl )phenyl )-5-bromo-N*-(1-methyl - 1H
-indol-6-yl )pyrimidine-2,4-diamine (18¢). White powder, 65.3 % yieldH NMR (600
MHz, DMSO-<ds) & (ppm): 8.553 (s, 1H, -NH-), 8.111 (s, 1H, -NH-)6%2 (s, 1H,
H-6), 7.542 (s, 1H, Ar-H), 7.513 (d,= 8.4 Hz, 1H, Ar-H), 7.295 (] = 3.0 Hz, 1H,
indole-H-2), 7.207 (dJ = 8.4 Hz, 1H, Ar-H), 7.198 (s, 1H, Ar-H), 6.602, (&H,
Ar-H), 6.405 (t,J = 3.0 Hz,1H, indole-H-3), 3.728 (s, 2H, -NH3.700 (s, 3H,
-OCHg), 3.676 (s, 3H, indole-N-C§), 2.744 (t,J = 4.2 Hz, 4H, piperazine-Hx4),
2.449 (t,J = 4.2 Hz, 4H, piperazine-Hx4), 2.220 (s, 3H, N<LHC NMR (150

MHz, DMSO-ts) ¢ 158.28, 157.12, 156.93, 141.26, 136.23, 135.94,2B33.32.68,
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129.79, 125.06, 124.82, 119.78, 116.87, 107.92,2103.04.14, 100.23, 92.43, 56.45,
55.28x2, 50.39x2, 45.88, 32.38. ESI-M@&/z 537.2 (M + H)+, calcd for
CasH29BrNgO: 536.16.

4.1.6.6.

N*-(5-bromo-4-((2,3-dihydro-1H-inden-5-yl )amino)pyrimidin-2-y1)-N*-(2-(dimethyla
mino)ethyl)-N*-methylbenzene-1,2,4-triamine (18f). White powder, 83.6 % yieldH
NMR (600 MHz, DMSO#g) 6 (ppm): 8.912 (s, 1H, -NH-), 8.328 (s, 1H, -NH-)189
(s, 1H, H-6), 7.511 (s, 1H, Ar-H), 7.311 @ = 8.4 Hz, 1H, Ar-H), 7.183 (d] = 8.4
Hz, 1H, Ar-H), 6.791 (s, 1H, Ar-H), 6.784 (d= 9.0 Hz, 1H, Ar-H), 6.713 (dl = 8.4
Hz, 1H, Ar-H), 4.718 (s, 2H, -Ng), 2.853 (t,J = 7.2 Hz, 2H, -CH+CH,-N(CHa),),
2.841 (t,J = 7.2 Hz, 2H, 2,3-dihydro-indene-GH 2.775 (t,J = 7.2 Hz, 2H,
2,3-dihydro-indene-CpJ, 2.532 (s, 3H, N-CpJ, 2.301 (t,J = 7.2 Hz, 2H,
-CHp-CH»-N(CHs),), 2.148 (s, 6H, -N(CH.), 2.009-2.058 (m, 2H,
2,3-dihydro-indene-Ch. 3C NMR (150 MHz, DMSOds) 5 158.37, 157.11, 156.60,
143.81, 142.94, 139.14, 136.88, 136.49, 133.20,8023121.51, 119.84, 119.65,
108.39, 105.93, 91.89, 57.29, 54.11, 45.65%2, 4132149, 31.84, 25.29. ESI-MS
m/z: 496.3 (M + H)+, calcd for &H3oBrN7: 495.17.

4.16.7.

N?-(3-amino-4-(4-methyl piper azin-1-yl ) phenyl )-5-bromo-N*-(2,3-dihydro-1H-inden-5
-yl)pyrimidine-2,4-diamine (18g). White powder, 77.3 % yieldH NMR (600 MHz,
DMSO-ds) & (ppm): 8.931 (s, 1H, -NH-), 8.335 (s, 1H, -NH-)180 (s, 1H, H-6),

7.501 (s, 1H, Ar-H), 7.306 (d,= 7.8 Hz, 1H, Ar-H), 7.185 (d} = 7.8 Hz, 1H, Ar-H),
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6.839-6.822 (m, 2H, Ar-H), 6.680 (d,= 8.4 Hz, 1H, Ar-H), 4.486 (s, 2H, -NH
2.851 (t,J = 7.2 Hz, 4H, 2,3-dihydro-indene-G¥R), 2.727 (t,J = 4.2 Hz, 4H,
piperazine-Hx4), 2.456 (f] = 4.2 Hz, 4H, piperazine-Hx4), 2.217 (s, 3H, N<{£H
2.016-2.064 (m, 2H, 2,3-dihydro-indene-§HC NMR (150 MHz, DMSO)é
158.35, 157.09, 156.61, 143.81, 142.01, 139.20,88636136.57, 132.91, 123.80,
121.51, 119.68, 118.74, 108.65, 106.00, 91.953&350.73x%2, 45.87, 32.49, 31.86,
25.31. ESI-MSnz 494.2 (M + H)+, calcd for &H2sBrN7: 493.15.

4.1.6.8.

N?-(5-amino-2-methoxy-4-(4-methyl pi per azin-1-yl )phenyl )-5-bromo-N*-(2,3-dihydro-
1H-inden-5-yl)pyrimidine-2,4-diamine (18h). White powder, 66.5 % yieldH NMR
(600 MHz, DMSO#g) 6 (ppm): 8.335 (s, 1H, -NH-), 8.095 (s, 1H, -NH-)675 (s,
1H, H-6), 7.427 (s, 1H, Ar-H), 7.311 (d= 8.4 Hz, 1H, Ar-H), 7.157 (dl = 7.8 Hz,
1H, Ar-H), 7.125 (s, 1H, Ar-H), 6.630 (s, 1H, Ar-H}.061 (s, 2H, -Nb), 3.682 (s,
3H, -OCH), 2.819 (t,J = 7.2 Hz, 4H, 2,3-dihydro-indene-G¥R), 2.797 (tJ = 4.2
Hz, 4H, piperazine-Hx4), 2.473 @,= 4.2 Hz, 4H, piperazine-Hx4), 2.228 (s, 3H,
N-CHa), 1.983-2.033 (m, 2H, 2,3-dihydro-indene-gH3C NMR (150 MHz, DMSO)

0 158.61, 157.11, 156.60, 143.86, 142.15, 139.08,8436135.33, 133.40, 124.49,
123.78, 121.33, 119.20, 109.33, 104.13, 92.31,5&3.29%x2, 50.38x2, 45.91, 32.45,
31.80, 25.17. ESI-M&vVz 524.2 (M + H)+, calcd for &gH30BrN;O: 523.16.

4.1.6.9.

N-(5-amino-2-methoxy-4-(4-methyl pi per azin-1-yl)phenyl )-N*-(1-methyl-1H-indol -6-y

pyrimidine-2,4-diamine (18i). White powder, 72.9 % yieldH NMR (600 MHz,
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DMSO-d) § (ppm): 9.222 (s, 1H, -NH-), 7.925 @@= 6.0 Hz, 1H, H-6), 7.797 (s, 1H,
-NH-), 7.586 (s, 1H, Ar-H), 7.467 (d, = 8.4 Hz, 1H, Ar-H), 7.403 (s, 1H, Ar-H),
7.232 (t,J = 3.0 Hz, 1H, indole-H-2), 7.107 (d,= 8.4 Hz, 1H, Ar-H), 6.655 (s, 1H,
Ar-H), 6.356 (d,J = 2.4 Hz, 1H, indole-H-3), 6.184 (d= 6.0 Hz, 1H, H-5), 4.146 (s,
2H, -NH), 3.736 (s, 3H, -OCH), 3.684 (s, 3H, indole-N-C§), 2.798 (t,J = 4.2 Hz,
4H, piperazine-Hx4), 2.476 ({] = 4.2 Hz, 4H, piperazine-Hx4), 2.233 (s, 3H,
N-CHa). ¥C NMR (150 MHz, DMSO)s 160.98, 159.67, 155.75, 140.98, 136.55,
135.56, 134.01, 132.29, 129.16, 125.50, 123.96,2P20114.14, 107.96, 104.16,
101.83, 100.20, 97.86, 56.56, 55.34x2, 50.49xH14R2.26. ESI-MIz 461.2 (M

+ H)+, calcd for GsH3oNgO: 458.25.

4.1.7. General procedure for the preparation of target compounds 19a-19i

Acryloyl chloride (0.2 mmol in THF) was added drape/ to the solution 018a-18i
(200 mg, 0.2 mmol) and DIPEA (0.04 mL, 0.2 mmol)idF (10 mL) at -60 °C under
nitrogen. The resulting suspension was stirred@t°C for 1 h, then warm to room
temperature for 3h, dissolved in ethyl acetate 20, and washed with water and
saturated brine. The organic layer was evaporatedl gurified by flash silica
chromatography with an elution gradient of 5% MeOEA in ethyl acetate. Pure
fractions were evaporated and dried to give targetpounds.

41.7.1.

N-(5-((4-((1H-indol-6-yl)amino)-5-bromopyrimidin-2-yl Jamino)-2-((2-(dimethylamin
o)ethyl)(methyl)amino)phenyl)acrylamide (19a). White powder, 44.5 % vyield. m.p:

190.1-192.6C. *H NMR (600 MHz, DMSO€g) § (ppm): 11.027 (s, 1H, indole-H-1),
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10.129 (s, 1H, -NH-), 9.132 (s, 1H, -NH-), 8.510 18!, -NH-), 8.232 (s, 1H, Ar-H),
8.232 (s, 1H, H-6), 7.516 (s, 1H, Ar-H), 7.470J¢ 8.4 Hz, 1H, Ar-H), 7.414 (d] =
9.0 Hz, 1H, Ar-H), 7.309 (1) = 3.0 Hz, 1H, indole-H-2), 7.181 (d,= 8.4 Hz, 1H,
Ar-H), 6.826 (d,J = 7.8 Hz, 1H, Ar-H), 6.400 (t,d = 2.4 Hz,1H, indole-H-3), 6.353
(dd, J 1= 17.0 Hz,J 2= 10.2 Hz, 1H, -CH=C}), 6.226 (d,J = 16.8 Hz, 1H,
-CH=CH,), 5.950 (d,J = 12.0 Hz, 1H, -CH=C}), 2.720 (t,J = 7.2 Hz, 2H,
-CH,-CHx-N(CHa),), 2.569 (s, 3H, N-Ch, 2.207 (t, J = 7.2 Hz, 2H,
-CHp-CH>-N(CHa)), 2.171 (s, 6H, -N(CH,). *C NMR (150 MHz, DMSOds) &
162.57, 158.32, 157.22, 156.91, 136.99, 136.52,7835134.34, 132.23, 132.14,
126.45, 125.30, 125.00, 121.49, 119.28, 117.08,65%]15111.87, 107.60, 100.86,
92.56, 56.83, 56.01, 45.17x2, 42.61. ESI-M#% 549.2 (M + H)+, calcd for
Co6H29BIrNgO: 548.16.

4.1.7.2.

N-(5-((4-((1H-indol-6-yl)amino)-5-bromopyrimidin-2-yl Jamino)-2-(4-methyl piperazin
-1-yl)phenyl)acrylamide (19b). White powder, 56.8 % yield. m.p: 145.2-148Q. 'H
NMR (600 MHz, DMSOdg) 6 (ppm): 11.054 (s, 1H, indole-H-1), 9.150 (s, 1H,
-NH-), 8.954 (s, 1H, -NH-), 8.532 (s, 1H, -NH-)187 (s, 1H, H-6), 7.984 (s, 1H,
Ar-H), 7.533 (s, 1H, Ar-H), 7.502 (d,= 8.4 Hz, 1H, Ar-H), 7.478 (d} = 9.0 Hz, 1H,
Ar-H), 7.329 (t,J = 2.4 Hz, 1H, indole-H-2), 7.169 (d,= 8.4 Hz, 1H), 6.689 (d] =
5.4 Hz, 1H, Ar-H), 6.571 (dd] 1= 17.0 HzJ 2= 10.2 Hz, 1H, -CH=C}), 6.432 (t,J

= 2.4 Hz,1H, indole-H-3), 6.209 (d,= 17.4 Hz, 1H, -CH=C}J, 5.734 (d,J = 10.2

Hz, 1H, -CH=CH), 2.694 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.510 Jt= 4.8 Hz,
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4H, piperazine-Hx4), 2.246 (s, 3H, N-@H'C NMR (150 MHz, DMSOds) &
162.83, 158.27, 157.28, 156.89, 137.34, 136.50,8035132.31, 132.23, 131.81,
126.37, 125.33, 125.07, 119.45, 119.39, 117.09,9815113.43, 107.75, 100.93,
92.55, 54.88x2, 51.51x2, 45.73. ESI-M@&z 547.0 (M + H)+, calcd for
Co6H27BrNgO: 546.14.

4.1.7.3.

N-(5-((4-((1H-indol-6-yl)amino)-5-bromopyrimidin-2-yl Jamino)-4-methoxy-2-(4-meth
ylpiperazin-1-yl)phenyl)acrylamide (19c). White powder, 68.5 % vyield. m.p:
158.9-160.2C. *H NMR (600 MHz, DMSO#dg) 6 (ppm): 10.958 (s, 1H, indole-H-1),
8.948 (s, 1H, -NH-), 8.396 (s, 1H, -NH-), 8.240 {#J, -NH-), 8.113 (s, 1H, H-6),
7.730 (s, 1H, Ar-H), 7.524 (s, 1H, Ar-H), 7.398 {ds 8.4 Hz, 1H, Ar-H), 7.276 (i =
2.4 Hz, 1H, indole-H-2), 7.208 (d,= 8.4 Hz, 1H, Ar-H), 6.779 (s, 1H, Ar-H), 6.779
(dd,J 1=16.8 HzJ 2= 10.2 Hz, 1H, -CH=C}J, 6.352 (tJ = 2.4 Hz,1H, indole-H-3),
6.188 (d,J = 16.8 Hz, 1H, -CH=C}J, 5.714 (dJ = 10.2 Hz, 1H, -CH=C}), 3.778
(s, 3H, -OCH), 2.888 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.505 Jt= 4.8 Hz, 4H,
piperazine-Hx4), 2.399 (s, 3H, N-GHC NMR (150 MHz, DMSOdg) §162.96,
160.60, 158.63, 156.77, 137.99, 136.97, 135.65,2832125.98, 125.17, 124.56,
119.26, 118.13, 116.08, 113.04, 111.16, 107.11,0404.03.49, 100.91, 98.37, 55.86,
54.24x2, 48.56x2, 45.52. ESI-M&z 577.1 (M + H)+, calcd for &H29BrNgO,:
576.16.

4.1.7.4.

N-(5-((5-bromo-4-((1-methyl-1H-indol-6-yl)amino)pyrimidin-2-yl Jamino)-2-(4-methyl
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piperazin-1-yl)phenyl)acrylamide (19d). White powder, 72.8 % vyield. m.p:
133.1-137.4C. 'H NMR (500 MHz, DMSOdg) J (ppm): 9.203 (s, 1H, -NH-), 8.957
(s, 1H, -NH-), 8.544 (s, 1H, -NH-), 8.151 (s, 1H6} 7.984 (s, 1H, Ar-H), 7.651 (s,
1H, Ar-H), 7.494 (dJ = 8.5 Hz, 1H, Ar-H), 7.466 (dl = 9.0 Hz, 1H, Ar-H), 7.309 (d,
J = 2.5 Hz, 1H, indole-H-2), 7.207 (d,= 8.5 Hz, 1H, Ar-H), 6.651 (s, 1H, Ar-H),
6.568 (dd,J 1= 17.0 Hz,J 2= 10.5 Hz, 1H, -CH=C}}, 6.414 (d,J = 3.0 Hz, 1H,
indole-H-3), 6.199 (dJ = 17.0 Hz, 1H, -CH=C}}, 5.734 (d,J = 10.5 Hz, 1H,
-CH=CH,), 3.702 (s, 3H, indole-N-C§}l 2.689 (t,J = 4.0 Hz, 4H, piperazine-Hx4),
2.510 (t,J = 4.0 Hz, 4H, piperazine-Hx4), 2.234 (s, 3H, NLHC NMR (125
MHz, DMSO-dg) 6 162.83, 158.24, 157.06, 156.94, 137.42, 136.46,3B3 132.57,
132.29, 131.86, 129.61, 126.38, 125.21, 119.77,2¥19116.70, 115.93, 113.57,
105.48, 100.24, 92.59, 54.88x2, 51.54x2, 45.764732. ESI-MSm/z. 561.3 (M +
H)+, calcd for G/H,9BrNgO: 560.16.

4.1.7.5.

N-(5-((5-bromo-4-((1-methyl-1H-indol-6-yl )Jamino)pyrimidin-2-yl Jamino)-4-methoxy-
2-(4-methyl pi perazin-1-yl)phenyl)acrylamide (19e). White powder, 47.3 % yield. m.p:
202.2-204.°C. *H NMR (600 MHz, DMSOds) § (ppm): 8.880 (s, 1H, -NH-), 8.391
(s, 1H, -NH-), 8.180 (s, 1H, -NH-), 8.121 (s, 1H6} 7.864 (s, 1H, Ar-H), 7.646 (s,
1H, Ar-H), 7.409 (dJ = 8.4 Hz, 1H, Ar-H), 7.273 (dl = 8.4 Hz, 1H, Ar-H), 7.251 (d,
J = 3.0 Hz, 1H, indole-H-2), 6.778 (s, 1H, Ar-H)581 (dd,J 1= 16.8 HzJ 2= 10.2
Hz, 1H, -CH=CH), 6.344 (dJ = 3.0 Hz, 1H, indole-H-3), 6.172 (d,= 17.4 Hz, 1H,

-CH=CH), 5.706 (d,J = 10.8 Hz, 1H, -CH=CB), 3.758 (s, 3H, -OCH), 3.690 (s,
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3H, indole-N-CH), 2.822 (t,J = 4.2 Hz, 4H, piperazine-Hx4), 2.514 Jt= 4.2 Hz,
4H, piperazine-Hx4), 2.252 (s, 3H, N-@H'C NMR (150 MHz, DMSOds) &
162.85, 158.80, 156.85, 156.59, 148.34, 140.55,2136132.67, 132.25, 129.45,
125.92, 124.73, 124.28, 123.64, 119.66, 118.66,8015103.94, 103.45, 100.17,
92.94, 55.80, 54.83%2, 51.19%2, 45.80, 32.37. ESInvVz 591.0 (M + H)+, calcd for
CogH31BrNgO2: 590.18.

4.1.7.6.

N-(5-((5-bromo-4-((2,3-dihydro-1H-inden-5-yl )amino)pyrimidin-2-yl )Jamino)-2-((2-(d
imethylamino)ethyl) (methyl)amino)phenyl)acrylamide (19f). m.p: 148.7-150.2°C.
White powder, 62.6 % yieldH NMR (600 MHz, DMSO€g) § (ppm): 10.149 (s, 1H,
-NH-), 9.214 (s, 1H, -NH-), 8.352 (s, 1H, -NH-)285 (s, 1H, Ar-H), 8.149 (s, 1H,
H-6), 7.505 (s, 1H, Ar-H), 7.415 (d,= 8.4 Hz, 1H, Ar-H), 7.333 (d] = 8.4 Hz, 1H,
Ar-H), 7.135 (d,J = 8.4 Hz, 1H, Ar-H), 7.059 (dl = 9.0 Hz, 1H, Ar-H), 6.372 (dd),
1= 16.8 Hz,J 2= 9.6 Hz, 1H, -CH=C}), 6.227 (d,J = 17.4 Hz, 1H, -CH=C}),
5.759(d,J = 10.2 Hz, 1H, -CH=C}), 2.822 (t,J = 7.2 Hz, 2H, -CkHCH,-N(CHs),),
2.819 (t,J = 7.2 Hz, 2H, 2,3-dihydro-indene-GH 2.779 (t,J = 7.2 Hz, 2H,
2,3-dihydro-indene-C}J, 2.628 (s, 3H, N-ChJ, 2.250 (t,J = 7.2 Hz, 2H,
-CHp-CH»-N(CHs),), 2.186 (s, 6H, -N(CH.), 1.986-2.045 (m, 2H,
2,3-dihydro-indene-Ch. *C NMR (150 MHz, DMSOdg) § 162.64, 158.31, 157.19,
156.56, 143.70, 139.10, 136.89, 136.78, 136.72,4834132.13, 126.54, 123.71,
121.55, 121.30, 119.40, 115.84, 112.28, 92.60,%68.01, 45.21x2, 42.58, 32.49,

31.84, 25.29. ESI-M&vVz 550.1 (M + H)+, calcd for £H3,BrN;O: 549.18.
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4.1.7.7.

N-(5-((5-bromo-4-((2,3-dihydro-1H-inden-5-yl )amino) pyrimidin-2-yl Jamino)-2-(4-me
thylpiperazin-1-yl)phenyl)acrylamide (19g). White powder, 41.5% yield, m.p:
215.7-217.6C. *H NMR (600 MHz, DMSOds) 5 (ppm): 9.218 (s, 1H, -NH-), 8.994
(s, 1H, -NH-), 8.369 (s, 1H, -NH-), 8.147 (s, 1H6} 8.033 (s, 1H, Ar-H), 7.491 (s,
1H, Ar-H), 7.470 (dJ = 8.4 Hz, 1H, Ar-H) , 7.320 (dl = 7.8 Hz, 1H, Ar-H), 7.160
(d,J = 7.8 Hz, 1H, Ar-H), 6.926 (d = 8.4 Hz, 1H, Ar-H), 6.588 (dd), 1= 16.2 Hz,J
2=10.8 Hz, 1H, -CH=C}}, 6.207 (dJ = 16.8 Hz, 1H, -CH=C}J, 5.743 (dJ = 10.2
Hz, 1H, -CH=CH), 2.844 (tJ = 7.2 Hz, 2H, 2,3-dihydro-indene-G}12.832 (t,J =
7.2 Hz, 2H, 2,3-dihydro-indene-GH 2.747 (t,J = 4.8 Hz, 4H, piperazine-Hx4),
2.502 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.238 (s, 3H, N452.013-2.062 (m, 2H,
2,3-dihydro-indene-Ch. *C NMR (150 MHz, DMSOdg) § 162.85, 158.24, 157.16,
156.61, 143.70, 139.19, 137.58, 136.72, 136.37,3032131.97, 126.42, 123.80,
121.36, 119.52, 119.45, 116.15, 113.82, 92.58, B2 851.59%2, 45.77, 32.51, 31.87,
25.32. ESI-MSnz 548.2 (M + H)+, calcd for &H30BrN;O: 547.17.

4.1.7.8.

N-(5-((5-bromo-4-((2,3-dihydro-1H-inden-5-yl Jamino) pyrimidin-2-yl Jamino)-4-metho
Xy-2-(4-methyl piperazin-1-yl)phenyl)acrylamide (19h). White powder, 65.0% yield,
m.p: 156.7-157.8C. *H NMR (600 MHz, DMSOds) & (ppm): 8.903 (s, 1H, -NH-),
8.218 (s, 1H, -NH-), 8.125 (s, 1H, -NH-), 8.105 {#], H-6), 7.964 (s, 1H, Ar-H),
7.409 (s, 1H, Ar-H), 7.338 (d,= 7.8 Hz, 1H, Ar-H), 7.055 (dl = 7.8 Hz, 1H, Ar-H),

6.804 (s, 1H, Ar-H), 6.583 (dd,1= 16.8 Hz,J 2= 10.2 Hz, 1H, -CH=C}}, 6.163 (d,
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J = 16.8 Hz, 1H, -CH=C}), 5.702 (d,J = 10.2 Hz, 1H, -CH=C}J, 3.769 (s, 3H,
-OCHg), 2.835 (t,J = 4.8 Hz, 4H, piperazine-Hx4), 2.775 @,= 7.2 Hz, 2H,
2,3-dihydro-indene-C}J, 2.763 (tJ = 7.2 Hz, 2H, 2,3-dihydro-indene-G}12.521 (t,

J = 4.8 Hz, 4H, piperazine-Hx4), 2.246 (s, 3H, N4{H1.953-2.001 (m, 2H,
2,3-dihydro-indene-Ch. *C NMR (150 MHz, DMSOdg) § 162.85, 158.92, 157.16,
156.28, 148.68, 143.63, 140.70, 138.64, 136.73,2832125.99, 124.34, 123.69,
123.50, 120.38, 118.95, 118.26, 103.49, 92.70,6654.84x2, 51.23x2, 45.81, 32.51,
31.79, 25.13. ESI-M&Vz 578.1 (M + H)+, calcd for §gH3,BrN;O,: 577.18.

4.1.7.9.

N-(4-methoxy-5-((4-((1-methyl-1H-indol-6-yl )Jamino)pyrimidin-2-yl Jamino)-2-(4-meth
ylpiperazin-1-yl)phenyl)acrylamide (19i). White powder, 41.5% vyield, m.p:
104.1-106.2C. *H NMR (500 MHz, DMSO#dg) 6 (ppm): 9.236 (s, 1H, -NH-), 8.955
(s, 1H, -NH-), 8.433 (s, 1H, -NH-), 7.916 (@,= 5.5 Hz, 1H, H-6), 7.740 (s, 1H,
Ar-H), 7.628 (s, 1H, Ar-H), 7.422 (d,= 8.5 Hz, 1H, Ar-H), 7.212 (dl = 2.0 Hz, 1H,
indole-H-2), 7.180 (dJ = 9.0 Hz, 1H, Ar-H), 6.816 (s, 1H, Ar-H), 6.579d(d) 1=
17.0 Hz,J 2= 10.5 Hz, 1H), 6.324 (d] = 2.5 Hz, 1H, indole-H-3), 6.192 (s, 1H,
Ar-H), 6.163 (d,J = 17.5 Hz, 1H, -CH=C}), 5.694 (dJ = 10.0 Hz, 1H, -CH=C}),
3.829 (s, 3H, -OCH), 3.681 (s, 3H, indole-N-C§), 2.843 (t,J = 4.0 Hz, 4H,
piperazine-Hx4), 2.546 (f] = 4.0 Hz, 4H, piperazine-Hx4), 2.267 (s, 3H, N<LH
¥C NMR (125 MHz, DMSOdg) 6 162.86, 160.93, 159.831, 155.57, 147.33, 139.646,
136.53, 134.15, 132.26, 129.01, 125.92, 124.466,382 123.785, 120.19, 117.60,

113.79, 103.32, 101.248, 100.17, 98.365, 55.968452, 51.19x2, 45.72, 32.31.
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ESI-MSm/z 513.3 (M + H)+, calcd for §H32NgO,: 512.26.
4.1.8. Synthesis of 4-fluoro-2-methoxy-5-nitroaniline (20b)
4-Fluoro-2-methoxyaniline (1.4 g, 10 mmol) was atldportion-wise to

concentrated Oy (10 mL) in ice-water bath. After the solid dissady concentrated
nitric acid (10 mmol) was added portion-wise, stirrovernight and poured into
cooled water. The mixture was basified by J&Hi, the solid was filtered off and
dissolved in ethyl acetate, washed with water amifipd by silica chromatography
to afford 20b (1.3 g, 70%) as a yellow crystalline solitH NMR (600 MHz,
DMSO-ds) 6 (ppm): 7.337 (dJ = 7.8 Hz, 1H, Ar-H), 7.028 (d) = 13.8 Hz, 1H,
Ar-H), 5.233 (s, 2H, -Nk), 3.902 (s, 3H, -OCh). ESI-MSm/z 187.3 (M + H)+,
calcd for GH/FN,O3: 186.04.
4.2 Molecular docking study

The binding pose of compounds in the ATP-bindirtg sf EGFR was predicted
by the Glide [37] module in Schrodinger (Schrodimdpec.). The crystal structures of
EGFR ™ and EGFR'™ were downloaded from the Protein Data Bank (PD8eco
3IKA and 4WKQ, respectively) and prepared by ugimg Protein Preparation Wizard
in Maestro (Schrédinger, Inc.), including removialtynon-bonded hetero-atoms and
water molecules, adding missing hydrogen atoms, @timizing the structure to
relieve steric clashes using the OPLS2005 forde.fiehe scoring grid for docking
was generated by enclosing the residues 25 A arthwdATP-binding site using
Receptor Grid Generation (Schrodinger, Inc.) wita tefault settings. The prepared

compounds were then docked using the Glide exaeigon (XP) scoring mode.
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4.3 Covalent docking study

The binding pose of 19e and 19h in the ATP-bindiite of EGFR"®™ was
predicted by the CovDock algorithm [38] (Schrddindac.), which uses both Glide
and Prime. The CovDock algorithm is developed taonimithe covalent ligand
binding by first positioning the pre-reaction foroh the ligand in the binding site
close to the receptor reactive residue using Glioeking with positional constraints
and only then, generating the covalent attachnianthe pre-reaction docking step,
the crystal structures of EGER®™ were downloaded from the Protein Data Bank
(PDB code: 3IKA) and prepared by using the ProRieparation Wizard in Maestro
(Schrdodinger, Inc.), including removing all non-bled hetero-atoms and water
molecules, adding missing hydrogen atoms, and dagptigh the structure to relieve
steric clashes using the OPLS2005 force field. siétladdition was used as reaction
type and Cys797 was defined as the reactive residuthe docking step, a large
number of potential poses were generated. The aptpose, based on its Prime
energy property was selected for further analysis.
4.4 In vitro enzymatic activity assay [28]
Kinases domains of wild-type EGFR (EGFR and dual-mutant EGFR
(EGFRESERTIOM \yare expressed using the Bac-to-Bac baculoviprsssion system
(Invitrogen, Carlsbad, CA, USA) and purified in NiFA columns (QIAGEN Inc.,
Valencia, CA, USA). The kinase activity was detered with enzyme-linked
immunosorbent assay (ELISA).

4.5 Inhibition of cell proliferation assay
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NCI-H1975 and A431 cells were obtained from the Aps Type Culture
Collection. Cells were seeded in 96-well platesOB@ells per well) and grown
overnight. The cells were treated with differenhcentrations of the compounds for
72 h. Following treatment, cells were fixed with%(recooled trichloroacetic acid
(TCA) for 2 h at 4 °C and stained for 15 min atmotemperature with 100L of 4
mg/mL sulforhodamine B (SRB, Sigma) solution in &2etic acid. After washing the
plates three times, the SRB solution was dissoirvekb0uL of 10 mmol/L Tris base
for 5 min. Absorbance was measured at 515 nm wsimgiltiwell spectrophotometer
(VERSAmax, Molecular Devices). The percent inhiitirate was calculated as [1
—(A515 treated/A515 control)] x 100. ThesiOvalue was obtained using the Logit
method.

4.6 Western blot analysis

Cells or tumor tissues were homogenized in prdiais buffer. Cellublar debris was
removed by centrifugation of samples at 12,0000eg10 min at 4 °C. The sample
protein concentrations were determined by using Bnadford protein assay kit
(Bio-Rad, Hercules, CA). Equivalent amounts of pino$ were loaded and separated
by 8% SDS-PAGE followed by transfer to nitroceledomembranes. Western blot
analysis was subsequently performed using stanufaakdures. Antibodies used for
detection of proteins were p-EGFR (Y1068; Cell &igrg Technology), EGFR (Cell
Signaling Technology), p-ERK (T202/Y204; Cell Siting Technology), ERK (no.
Cell Signaling), tubulin (Cell Signaling), Anti-GAM antibody (Cell Signaling).

4.7 Determination of pharmacokinetic parametersin rats
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The pharmacokinetic parameters of the compound wereducted at Shanghai
Medicilon, Inc. The compound was dissolved in aielehof 5% DMSO and 95%
hydroxypropyl-beta-cyclodextrin aqueous solution PHCD, 20%). Male
Sprague—Dawley rats (190-220 g) were given thedastpounds intravenously (iv)
at 1 mg/kg and by oral gavage (po) at 10 mg/kgtiAe points ranging from 0.083,
0.25,0.5,1, 2, 4, 8, and 24 h (iv) or 0.25, @%, 2 h, 4 h, 6 h, 8 h and 24 h (po)
post-treatment, blood samples were collected fraacherat and separated by
centrifugation (8000 xg, 6 min). The plasma supmasamples were analyzed by
LC-MS/MS (SIMADZULC system;), and the acquired datere analyzed with
WinNonlin Professional v 5.2 (Pharsight, USA).

4.8 Xenograft models

The mouse studies were conducted in compliance with Wenzhou Medical
University’s Policy on the Care and Use of Labonatdnimals. Protocols for the
mouse studies were approved by the Wenzhou Me@iolége Animal Policy and
Welfare Committee (Approved documents: 2012/ APWI216). Five-week-old
athymic BALB/cA nu/nu female mice (18-20 g) purcbdsfrom Vital River
Laboratories (Beijing, China) were used for thevivo experiments. The mice were
housed at a constant room temperature with a 1&/1Rht/dark cycle and fed a
standard rodent diet and given wagdrlib. H1975 NSCLC cells (1x£p suspended
in 0.1 mL PBS were injected subcutaneously intoritjiet flank of each mouse. Upon
attaining an average tumor volume of 100 fnrfapproximately 18 days

post-implantation), the mice were randomized inteatiment groups (n = 6 per
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group), and injected intraperitoneally (ip) withwater-soluble preparation of the
compound in PBS at either 15 or 30 mg/kg. Contrmemeceived liposome vehicle
in PBS. The tumor volumes were determined by méaglength (L) and width (W)
and calculating volume (V = 0.5 x L x3)vat the indicated time points. At the end of
study, the mice were sacrificed, and tumors haedesind weighed for used for
histological and protein expression analyses.

4.9 Immunohistochemical (IHC) assays and hematoxylin-eosin (H&E) staining
Harvested H1975 tumor tissues were fixed in 10%né&din at room temperature, and
processed and embedded in paraffin. Parraffin-eddzbdssues were sectioned at 5
um thickness, deparaffinized, rehydrated, and inmdbavith the primary antibody
(ABCAM) at room temperature. Immunoreactivoty waseteadted by
3,3-diaminobenzidine (DAB). For routine histolodi@malysis, the harvested heart,
kidney and liver tissues were processed and stawidd hematoxylin and eosin
(H&E). Each image of the sections was capturedgusirNikon microscope (200x
amplification, Nikon, Japan).

4.10 Kinase Sdlectivity Profile [39]

The kinase selectivity profile was performed on thescoveRx KINOMEscan

platform (http://www.kinomescan.com/). The composingere screened at 1000 nM.

Results of the primary screen are reported as Wo(@ercent of control), where lower
numbers indicate stronger hits. “% control” wascatdted as follows: % control =
[(test compound signal — positive control signakfative control signal — positive

control signal)] x 100. Negative control = DMSO Q®20Ctrl). Positive control =
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control compound (0%Citrl).
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Figure 1. Chemical structures of the representativgant-selective EGFR kinase

inhibitors

Figure 2. Modeling studies af

(A) Chemical structure of compound and its depicted binding mode with
EGFR M (B) 2D interaction diagram af with EGFR ™ (PDB code 3IKA). (C)
The binding model of compound (purple) bound to EGFR*. (D) The binding

model of compound (purple) bound to EGF{R (PDB code 4G5J).

Figure 3. Structure-based design targeting Cys-797

(A) Compoundl5a (cyan),15e (dark blue), and5f (purple) in the ATP-binding site
(PDB: 3IKA). (B) Chemical structure of compourida, 15e, 15f. (C) Distance
measurement from the meta-position of the pyrir@daniline toward the reactive

cysteine.

Figure 4. Covalent binding mode e and19h

Panels A and C show the acrylamide groupl@ and 19h irreversibly bound to
EGFR*via Cys797. The pyrimidine core forming two hydrogeonds to the
hinge region (Met793), the bromine substituent eelja to the gatekeeper residue.
Panels B and D show the interactions of the mettsmbstituent and the pyrimidine

4-substituent with the surrounding hydrophobic aracid residues.
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Figure 5. Effects ofl9e and19h on EGFR signaling in H1975 cells and A431 cells
Cells were treated with the indicated concentratioh19e and19h or compound3
for 2 h and stimulated by EGF for 15 min. Cell kgsawere harvested for Western

blot analysis of EGFR and phosphorylated downstreigmaling proteins.

Figure 6. Kinase selectivity profile

The kinase selectivity profile of compouri®e and 19h against 98 kinases is
illustrated with DiscoveRx KINOMEscan profiling ptarm. The compounds were
screened at 1000 nM, and results for primary scbéaing interactions are reported

as '% Ctrl', where lower numbers indicate strormjest

Figure 7. Antitumor efficacy o19e and 19h in the H1975 xenograft mouse model
Female BALB/cA nu/nu mice (n = 6) were treated wlifle (A) and19h (B) at 15 and
30 mg/kg/day or vehicle. Tumor volumes were recdravery 2-3 days. (C)
Representative photographs of tumors in each gedtgy 19e and 19h or vehicle
treatment. (D) Comparison of the final tumor wegght each group after the 18-day
treatment ofl9e and 19h. Numbers in columns indicate the mean tumor weight
each group. **p < 0.01, ***p < 0.001. (E) Westerlotbanalysis of tumor lysates for
phosphorylated EGFR (pEGFR). (F) QuantificationppBfGFR levels. Data plotted as
mean + SEM. **p < 0.01, **p < 0.001 compared to hide control. (G)
Representative images of immunohistochemical stgifor Ki-67 in tumor tissues.

Immunoreactivity shown by DAB, brown color.
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Table 1.Invitro EGFR inhibitory activities of compoundda-14h.?
®inase activity assays were examined by using théS&-based EGFR-tyrosine
kinase (TK) assay. Data are averages of at leeest thdependent determinations and

reported as the mean + SD.

Table 2.In vitro EGFR inhibitory activities of compound$a-15j. Data are averages
of at least three independent determinations goortred as the mean + SD.

3Selectivity ratio = EGFE" ICsy EGFRBRTM |

Table 3.In vitro EGFR inhibition and anti-proliferative activitiesf compounds
19a-19i.°

®The anti-proliferative activities of the compoundsere assessed by the
sulforhodamine B (SRB) colorimetric assay. Data awerages of at least three

independent determinations and reported as the m&&n

Table 4. Pharmacokinetic parameters for the reptaee compounds.

®The compound was dissolved in a vehicle of 5% DMSMd 95%
hydroxypropyl-beta-cyclodextrin aqueous solution PHCD, 20%). Male
Sprague—Dawley rats were administered the test oangs intravenously (iv) at 1
mg/kg and by oral gavage (po) at 10 mg/kg. Thempdasupernatant samples were

analyzed by LC-MS/MS (SIMADZULC system;), and theqaired data were
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analyzed with WinNonlin Professional v 5.2 (PhansigJSA).

Scheme 1. Synthesis of Compourida-14h, 15a-15;.

®Reagents and conditions: (a) DIPEA (1.5 equiv), DMI® °C to room temperature,
overnight, 60-85%; (b) 1-methylpiperazine (1.5 euk,COs; (1.0 equiv), DMSO, rt,
overnight, 90%; (c) Bl 10% Pd/C, MeOH, rt, overnight, 75%; (d) Trifluas®tic
acid, 2-butanol, 106C, 3 h; (d) 4,6-dichloro-1H-pyrazolo[3,4-d]pyrimidi, DIPEA

(1.5 equiv), DMF; (f) p-TSA, 2-pentanol, 120, 5 h.

Scheme 2. Synthesis of Compouri@a-19i.

®Reagents and conditions: (a) p-TSA (1.0 equiv)e@tanol, 120°C, overnight; (b)
120°C, 2-pentanol, 2 h; (c) iron (10.0 equiv), MH (1.0 equiv), EtOH, water, ST,
3h; (d) acryloyl chloride (1.0 equiv), DIPEA Qlequiv), THF, -60C to rt, 4 h;
(e) 2,4-dichloropyrimidine (1.0 equiv), DIPEA (1&quiv), DMF, -60°C to rt,

overnight.
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Table4

Compound | route w2 cmax | AUCw ¢l Vs F
(h) | (ng/mL) | (h*ng/mL) | (mL/kg) | (mL/kg) | (%)

19¢ \Y 2.88 182 348 2914 7969
po 4.46 258 1870 - - 53.67

196 iv 3.47 235 515 1954 6558
po 3.25 636 2691 - - 52.30

19N iv 5.17 407 1052 953 4826
po 3.54 452 3742 - - 35.58

10i iv 5.86 456 449 2281 8973
po 5.31 45 389 - # 8.68




Tablel

S

14a-14h

o R ¥
QLU0
H H

EGFR 1Go (uM)
Comp R WT T790M | L858R/T790M
7 Cl 0.557 + 0.120 0.105+ 0.06 0.046 + 0.011
14a H 0.049 + 0.013 0.100 +0.040  0.220 * 0.083
14b CRy >1.0 0102 +0.057 0.121 + 0.041
14¢ "NO, >1.0 >1.0 0.906 + 0.546
14d “OCHs >1.0 0.224+0034 0.155 + 0.055
14e “CH, >1.0 0.197 +0.087 0.171 = 0.090
14f F >1.0 0.232+0.037 0.181 = 0.084
149 Br >1.0 0.053+0.018 0.035+0.016
HN-N
14h ‘Jﬁ) 0.127 + 0.050 0.105+0.033 0.140 + 0.077
N




Table?2

\N/\
O
|
N)\N/ N
H H
15a-15]
EGFR I1Go (uM)
ﬁ ..
Comp WT L858R/T700M | Serectivity
Ratio
N
149 0.846 + 0.094 0.037 +0.019 23
— NH
N
15a 14+0.27 0.019 + 0.012 74
HN—/
N
15b 0.393 + 0.025 0.039 + 0.020 10
— /NH
N
- §
15¢ @L\N 11+0.27 0.043 + 0.010 26
/)
\,SS
15d & ”b 0.325 + 0.20 0.049 + 0.028 7
F
- /
15e CE\}) 1.3 +0.369 0.021 + 0.005 62
5
15¢ 6.8+25 0.035 + 0.018 194
o
159 ;\ 143 +4.4 6.0 +0.62 2
(@)
O>/
15h \f@ 57+4.3 8.6 +3.2 /




\,SS AN
15i @\/j >10.0 7.8+35
N

< N
15i C[\ ] 0.408 + 0.405 0.236 +0.174

BIBW2992 0.006 + 0.005 0.001 + 0.001

1 (WZ4002) 0.250 + 0.020 0.007 +0.001




Table3

HN™ "N” "NH
R3 R?
NH
RAOM
192a-19i
Cellular antiproliferative activity
EGFR 1Go (nM)
(ICs0, uM)
Comp R R? R® R cLogP
L858R/ Selectivity
WT A431 H1975
T790M Ratio
i !
19a -Br QNH -H %{N\ﬂ,‘( 8.7+8.2 0.2+0.1 43 0.143 + 0.09¢ 0.111 + 0.069 4.57
o K\N/
19b -Br q -H N 233.8+40.1 16.4 +11.4 14 0.108 + 0.065 0.451269 4.32
N ES
o K\N/
19c -Br q -OCH; N 92.1+284 27+21 34 0.695 +0.399 0.132+6.07 4.73
N ES
N/
19d -Br F'\%N/ -H %,\Q 4141 +286.1 27.8+24.3 15 0.200 +0.203 0.190028 4.81
N/
19 -Br F'\%N/ -OCH; %,\Q 280.4 +£279.9 41+24 68 1.693 £ 0.413 0.184168. 4.86
\
19f -Br X% -H %{N\ﬂ,‘( 26.2+24.6 0.6+£0.6 43 0.256 +0.353 0.106 +B5.06 4.90
-
199 -Br X% -H ;{@ 465.7 +378.4 27.7+26.4 17 0.135 +0.249 0.306263 4.97
-
19h -Br )J\% -OCH; %,@l 202.5+1124 32+18 63 2.595 +1.847 0.276266. 5.23
;; — N
19i -H _N -OCHs %,\Q 26.9 £26.4 84+7.1 3 2.091 £ 0.54p 0.259 +0.1B2 4.24
BIBW2009 3.7+0.6 9.3+19 / <0.001 0.495+0.371 5.43
1(WZ4002) 223.9+90.6 10.9+3.9 20 1.300 £ 0.218 0.12804 0. 4.54
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Highlights:

» Three-step SAR explorations were performed based on the binding mode of lead
compound.

» Active compounds showed good pharmacokinetics properties.

> 19e and 19h exhibited great potency and selectivity against EGFR -8%8R/T790M
Kinase.

» 19e and 19h significantly inhibited tumor growth in H1975 xenograft mouse
model.



