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ABSTRACT

Recently, more and more concomitant EGFR mutatms$ ALK rearrangement are
observed from the clinic, which still lacks effeetisingle-agent therapy. Starting from
ALK inhibitor 14 (TAE684), we have developed a highly potent EGRR{Alual kinase
inhibitor compound18 (CHMFL-ALK/EGFR-050), which potently inhibited EGF
L858R, del 19 and T790M mutants as well as EML4-AIRKL275Q, L1196M, F1174L
and C1156Y mutants biochemically. Compourdd significantly inhibited the
proliferation of EGFR mutant and EML4-ALK driven IREC cell lines. In the cellular
context it strongly affected EGFR and ALK mediateignaling pathways, induced
apoptosis and arrested cell cycle at GO/G1 phasthelin vivo studies,18 significantly
suppressed the tumor growth in H1975 cell inocdlatenograft model (40 mg/kg/d,
TGl: 99%) and H3122 cell inoculated xenograft mo@é0d mg/kg/d, TGIl: 78%).
Compoundl8 might be a potential drug candidate for EGFR- aKAndividual as well

as concomitant EGFR/ALK NSCLC.
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Abbreviations used

NSCLC, non-small cell lung cell cancer; EGFR, epia& growth factor receptor; ALK,
anaplastic lymphoma kinase; EML4, echinoderm midrvate-associated protein like 4;
NPM, nucleophosmin; SAR, structure-activity relasbip; CHL, Chinese hamster Lung;
CHO, Chinese hamster ovary; elF4E, eukaryoticatidn factor 4E; 4EBP1, 4E-binding
protein 1; P70S6k, p70S6 kinase 1; STAT3, signanhdducer and activator of
transcription 3; ERK, extracellular regulated pimot&inases; PARP, poly ADP-ribose
polymerase; PK, pharmacokinetics; IHC, immunohisemistry; HE, hematoxylin-
eosin; TUNEL, terminal deoxynucleotidyl transferadedTP nick end labeling; TGI,

tumor growth inhibition.

1. INTRODUCTION

Lung cancer is the leading cause of cancer-reld¢aths worldwide. Non-small cell
lung cancer (NSCLC) accounts for approximately 8&%all lung cancers. Currently a
number of driving oncogenes are identified in NSCGur@ among them EGFR activating
mutations and ALK rearrangements are two prevabees. EGFR activating mutations
are found in approximately 10-30% of the patientt WSCLC [1-3]. Two frequent and
mutually exclusive primary mutations occur eitharthe activation loop as a point
mutation (EGFR L858R) or by short deletion in exidh(EGFR-del19), which together
account for approximately 85% of all cadeBirst generation EGFR tyrosine kinase

inhibitors (TKIs) such as compounds (Erlotinib) [1,5] and 2 (Gefitinib) [6] are now



established therapies for NSCLC patients with orocy EGFR primary mutations
(Figure 1). However, upon continuous treatment,iepéd become resistant and
approximate 60% cases will develop a secondary NWI7@tutation at the gatekeeper
position of EGFR [7-9]. To overcome the drug resise caused by T790M mutation,
several second generation irreversible EGFR indribisuch as compoun@s(Afatinib)
[10], 4 (Dacomitini [11] and more selective third generation inhikstosuch as
compounds5 (WZz4002) [12], 6 (Rociletinib) [13], 7 (Osimertiniy [14,15] and 8
(OImutinib) [16] have been developed.

Anaplastic lymphoma kinase (ALK) is a receptor sin@ kinase of the insulin
receptor superfamily. Various ALK-fused oncogenashsas echinoderm microtubule
associated protein like 4 (EML4)-ALK have been igked in 2-7% NSCLC [17].
Validation of ALK as an important therapeutic tarpes led to the development of ALK
inhibitors such as compoun8gCrizotinib) [18], 10 (Ceritinib) [19], 11 (Alectinib) [20], 12
(Brigatinib) [21] and13 (ASP3026) [22], which have been approved for chhiuse
exceptl3. It is noteworthy is that compourd® has been reported to be able to inhibit

both ALK and EGFR kinases [21].
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Figure 1. Chemical structures of representative EGFR and Kid&se inhibitors.

EGFR mutants and ALK rearrangements have beee considered as mutually
exclusive [23,24]. However, with the developmenthajh throughput sequencing and
deep sequencing technologies, more and more cotamunttGFR mutants and ALK
rearrangements are identified from the single oplohthe tumor tissue in patients [25-
30], in which case single EGFR or ALK inhibitor d¢dwnot display a good therapeutic
effect. In addition, in ALK driven NSCLC cells H322an EGFR reactivation adaptive
drug resistance mechanism has been identified Mflfjough theoretically combination
of EGFR and ALK inhibitors would enhance the amtitr efficacy against the

EGFR/ALK co-expression or co-activation, drug-dinteraction problems would make



the dual-target-single-agent strategy more prefeBased on this concept, via structure
based drug design approach, we have discoveredtemtpALK/EGFR dual kinase
inhibitor compound18 (CHMFL-ALK/EGFR-050), which displayed strong actiet
against EGFR mutants such as L858R, del 19, T79@MAd K mutants such as F1174L,
C1156Y, L1196M, etc (Figure 2). During the prepamatof this manuscript, Gray team
has also reported a similar compound developed ftompoundl10 (Ceritinib) which

could inhibit both ALK and EGFR T790M mutant [32].
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Figure 2. Schematic illustration of discovery of compoubh8 (CHMFL-ALK/EGFR-

050).
2. Results and discussion

2.1 Design and synthesis

In order to seek the proper core pharmacophorenéaticinal chemistry exploration,
we started from screening a panel of kinase intribithat are clinically approved or
under clinical investiation against H1975 cells. Yoand that compound4 (TAE-684)
[33], which was a well-established ALK inhibitorxhebited moderate antiproliferative
efficacy (Gko = 0.72uM). Further testing in EGFR transformed BaF3 csliswed that
14 could moderately inhibit the proliferation of BaFEL-EGFR (Gko: 0.56uM), BaF3-

TEL-EGFR-T790M (Gdo: 0.42 uM) and displayed proper selectivity window against



parental BaF3 cells (g¢ 1.1uM), which indicated that it did bear the on-targetivity

against EGFR. We then dockéd into the EGFR T790M X-ray structure (PDB ID:
3IKA) and found that the distance from Position to Cys797 is about 5 A and it would
be approachable for an electrophilic group. Theeefee postulated that this scaffold
might be amenable for developing an irreversibleibitor to enhance the inhibitory
effect (Figure 3A). In addition, installment of timeeversible warhead would probably
not affect the ALK kinase binding (PDB ID: 2XB7) ¢aise there is no amino acid
residue that can block the binding around thistposi(Figure 3B). On the basis of the
analysis, we decided to introduce an acrylamidbé@R position and explore the;RR;,

R4, Rs and R positions to obtain a highly potent ALK/EGFR duahase inhibitor

(Figure 3C).
B
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Figure 3. Design rationale based on compouds core pharmacophore. (A) Docking of
14 into EGFR T790M mutant protein (PDB ID: 3IKA). (B)ocking of 14's into ALK
kinase (PDB ID: 2XB7). (C) Schematic illustratioh®AR exploration starting frorh4's

core pharmacophore.

Compoundsl5-49were prepared according to the general synthetiterdepicted in
scheme 1. Substitution reaction between substitatethes and 2,4-dichloropyrimidine
analogues afforded intermediateésla-n Another substitution with 4-fluoro-3-
nitroaniline analogues under acidic condition pded corresponding producka-p.
Compounds 53a-I were generated by substitution with piperazine piperidine
derivatives, or morpholine. The nitgpoup was then reduced with Fe or Snfol yield
intermediates54a-i. Finally acylation reaction with acryloyl chloridiirnished the
desired compounds5-49 Compoundb0, which was compoundi8's reversible version,
was prepared following the same synthetic routeepixthat propionyl chloride was used

instead in the last acylation step to react witthpound54d (Scheme 2).

Scheme 1Synthesis of compound$-49
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51a, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H 52a, R,=OMe, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H
51b, R,=H, Rs=2-(isopropylsulfonyl)phenyl, Rg=H 52b, R,=OMe, Ry4=H, Rs=2-(isopropylsulfonyl)phenyl, Re=H
51¢, R4=CH3;, Rs=2-(isopropylsulfonyl)phenyl, Rg=H 52¢, R,=OMe, R4=CH3, Rs=2-(isopropylsulfonyl)phenyl, Rg=H
51d, R4=Cl, Rg=3-(trifluoromethyl)phenyl, Rs=H 52d, Ry=H,R,4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H
51e, R4=Cl, Rs=3-chloro-4-fluorophenyll, Rg=H 52e, R;=OCH(CHj3),, R4=CHj, Rs=2-(isopropylsulfonyl)phenyl, Rg=H
51f, R,=Cl, Rg=2,6-difluorophenyl, Rg=H 52f, R;=OMe, R4=Cl, Rs=3-(rifluoromethyl)phenyl, Rg=H
519, R4=Cl, Rs=thiophen-2-ylmethyl, Rg=H 52g, R,=OMe, R4=Cl, Rs=3-chloro-4-fluorophenyll, Rg=H
51h, R4=Cl, Rs=cyclopropyl, Rg=H 52h, R,=OMe, R,=Cl, R5=2,6-difluorophenyl, Rg=H
51i, R4,=Cl, Rs=2-pivalamidophenyl, Rg=H 52i, R,=OMe, R4=Cl, Rs=thiophen-2-ylmethyl, Rg=H
51j, R,=Cl, Rs=3-(trifluoromethyl)phenyl, Rg=CHj 52j, R;=OMe, R4=Cl, Rs=cyclopropyl, Rg=H
51k, R4=Cl, Rs=2-(N,N-dimethylsulfamoyl)phenyl, Rg=H 52k, R;=OMe, R4=Cl, Rs=2-pivalamidophenyl, Rs=H
511, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H 521, R;=OMe, R4=Cl, Rs=3-(trifluoromethyl)phenyl, Rs=CH3
51m, R,4=Cl, Rs=2-(methylcarbamoyl, Rg=H 52m, R,=OMe, R4=Cl, Rs=2-(N,N-dimethylsulfamoyl)phenyl, R¢=H
51n, R4,=Cl, Rg=2-cyanophenyl, Rg=H 52n, R;=OMe, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H

520, R,=OMe, R4=Cl, R5=2-(methylcarbamoyl, Rg=H
52p, R,=OMe, R4=Cl, Rs=2-cyanophenyl, Rg=H
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53a-54a,15; R,=OCHj, R3=4-(4-methylpiperazin-1-yl)piperidin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53b-54b,16; R,=OCHg;, R3=4-(methylsulfonyl)piperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53c-54¢,17; R,=OCHj3;, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53d-54d,18; R,=OCHg, R3=4-methyl-1,4-diazepan-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53e-54e,19; R,=OCHg, R3=4-isopropylpiperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53f-54f, 20; R,=OCH3;, R3=4-(2-methoxyethyl)piperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53g-549, 21; R,=OCHj3;, R3=4-cyclohexylpiperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53h-54h, 22; R,=OCHj3;, R3=4-morpholino, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;

53i-54i, 23; R,=OCHj3, R3=piperidin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;

53j-54j, 24; R,=H, R3=4-(4-methylpiperazin-1-yl)piperidin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53k-54k, 25; R,=OCH(CHj3),, R3=4-ethylpiperazin-1-yl, R4=Cl, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53I1-541, 26; R,=OCHj3, R3=4-(4-methylpiperazin-1-yl)piperidin-1-yl, R4=CHj, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53m-54m, 27; R,=0OCHs;, R3=4-ethylpiperazin-1-yl, R4=CH3, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;
53n-54n, 28; R,=OCHj3, R3=4-ethylpiperazin-1-yl, R4=H, Rs=2-(isopropylsulfonyl)phenyl, Rg=H;

530-540, 29; R,=OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=3-(trifluoromethyl)phenyl, Rg=H;

53p-54p, 30; R,=OCH3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=3-chloro-4-fluorophenyl, Rg=H;

53q-54q, 31; R 2=0OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=2,6-difluorophenyl, Rg=H;

53r-54r, 32; R,=0OCH3;, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=thiophen-2-yimethyl, Rg=H;

53s-54s, 33; R,=OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=cyclopropyl, Rg=H;

53t-54t, 34; R,=OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=2-pivalamidophenyl, Rg=H;

53u-54u, 35; R,=OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=3-(trifluoromethyl)phenyl, Rg=CHj;
53v-54v, 36; R,=OCHj3, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=2-(N,N-dimethylsulfamoyl)phenyl, Rg=H;
53w-54w, 37; R,=0OCHg, R3=4-ethylpiperazin-1-yl, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H;

53x-54x, 38; R,=OCHj3, R3=4-4-(dimethylamino)piperidin-1-yl, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H;
53y-54y, 39; R,=OCHj3;, R3=4-morpholino, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H;

53z-54z, 40; R,=OCHj3, R3=4-(methylsulfonyl)piperazin-1-yl, R4=Cl, Rs=2-(dimethylphosphoryl, Rg=H;
53a-54a', 41; R,=0CHj3, R3=1,4"-bipiperidin]-1-yl, R4=Cl, Rs=2-(dimethylphosphoryl, R¢=H;

53b’-54b’, 42; R,=OCHj;, R3=4-methylpiperazin-1-yl, R4=Cl, Rs=2-(methylcarbamoyl, Rg=H;

53c'-54c¢’, 43; R,=OCHg, R3=4-isopropylpiperazin-1-yl, R4=Cl, Rs=2-(methylcarbamoyl, Rg=H;

53d'-54d", 44; R,=OCHj, Ry=4-acetylpiperidin-1-yl, R,=Cl, Rs=2-(methylcarbamoyl, Rg=H;

53e'-54¢’, 45; R,=OCH3, R3=4-(1-methylpiperidin-4-yl)piperazin-1-yl, R4=Cl, Rs=2-(methylcarbamoyl Rg=H;
53f'-54f', 46; R,=OCH3, R3=4-ethylpiperazin-1-yl, R4=Cl, Rs=2-cyanophenyl, Rg=H;

53g'-549', 47; R,=OCHg, R3=4-isopropylpiperazin-1-yl, R4=Cl, Rs=2-cyanophenyl, Rg=H;

53h'-54h’, 48; R,=OCH3;, R3=4-morpholino, R4=Cl, Rs=2-cyanophenyl, Rg=H;

53i'-54i', 49; R,=OCHj3;, R3=4-(4-methylpiperazin-1-yl)piperidin-1-yl, R4=Cl, Rs=2-cyanophenyl, Rg=H;



®Reagents and conditions: (a) 6ta NaH, DMF, 0°C-rt, 12 h; for51b-n, DIPEA,
propan-2-ol, reflux, 12 h; (b) f@2a-cand52f-p, 4-fluoro-2-methoxy-5-nitroaniline; for
52d, 4-fluoro-3-nitroaniline; for52e 4-fluoro-2-isopropoxy-5-nitroaniline, PTSA, 2-
pentanol, 115C, 5 h; (c) for53a, 53i-j, 53I, 53x, 53a’, 53i', piperidine derivatives; for
53b-¢ 53e-g 53k, 53m-w, 53z 53b'-g’, piperazine derivatives; fd&3d, 1-methyl-1,4-
diazepane; fob3h, 53y, 53h', morpholine, DMF, 146C, 2 h; (d) for54a-v, Fe, NHCI,
EtOH/HO, reflux, 1 h; for54w-i', SnC}, EtOH, reflux, 2 h; (e) acryloyl chloride,

DIPEA, DMF, 0°C, 0.5 h.

Scheme 2Synthesis of compoursD®
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2.2 Biological evaluation

2.2.1 Structure-activity relationship (SAR) investgation

To test our design rationale, we first prepared mpaund 15 which bears an
acrylamide moiety at Ro explore the antiproliferative potency againstARGmutant
T790M driven H1975 cells. Compared with compoudd15 significantly increased the
activity against H1975 cells (&l = 0.023uM) (Table 1). Moreoverl5 retained the
activity against EML4-ALK rearrangement driven NSCktell line H3122 (G}, <0.0003
M), which indicated that the molecular scaffoldldfwas suitable for developing ALK/

EGFR dual targets inhibitor.



We then prepared a series of modifications at iffepositions of skeleton d# to
explore the SAR based on the anti-proliferativavdgtagainst EGFR and ALK driven
cell lines. We first focused on the Rz andR, moieties by fixing the Rand R moieties.
Inhibitory activities (Gdo) of these compounds against H1975 and H3122 eaie
shown in Table 1. The results indicated that wheepkng B as methoxy group and;R
as —Cl, variation of Rgroup as different piperazine-based derivatidgsZ]) all led to
potent inhibitory activities against H1975 ¢g10.015-0.077uM) and retained high
potency against H3122 cells @ <0.0003uM except 0.033uM for 17). In particular,
the methylated 1,4-diazepane at(R8) exhibited the best activity to H1975 and H3122
cells (Gky: 0.015 pM and <0.0003uM respectively). Interestingly, installment of
morpholine 22) or piperidine 23) at R;resulted in significant activity loss to H1975
cells. Keeping compounit4's Rz group and removing the methoxy group at(®) led
to significant activity loss against H3122 cellsl{§4.9 uM). Switching R to a much
larger group (isopropoxyl)26) also caused obvious activity loss to H19755(Gl 0.30
pM) although it retained the inhibitory activity agst H3122 (Gdy < 0.0003 uM).
Replacement of the -Cl atom with a methyl gro@p, 27) remained good inhibitory
activities to both H1975 (G = 0.027uM, 0.043uM) and H3122 (G < 0.0003uM,
0.002 uM). However, removal of the -Cl aton28) resulted in activity loss to both

H1975 (Gko = 0.19uM) and H3122 cells (Gb = 0.041uM).

Table 1. SAR Exploration Focused on the/Rs/R, Moieties'

Ry

Co = o
SCTHN— N HNJ<_
N—< =
HN R,
R;



H1975 H3122
Compd. R
P & i R Gl M) (Glss pM)
15 -OCH;, -§—NC>7N N— -Cl 0.023+0.0036 <0.0003
/
16 -OCH, 4N NSO,CHj, -Cl 0.040+0.0012 <0.0003
17 -OCH, N N— -Cl 0.043+0.0013  0.033%0.0052
18 -OCH, §-N -Cl 0.015+0.0004 <0.0003
NEPL I
19 -OCH; N N -Cl 0.025+0.0003 <0.0003
/
SNON | +
20 -OCH; ome -C 0.041+0.04 <0.0003
21 -OCH;, =N N -Cl 0.077+0.0047 <0.0003
s
22 -0C N 0 -Cl 1.2+0.03 <0.0003
& § —/
23 -OCHs N -Cl 0.24+0.0053 0.029-0.01
24 H -§—NC>7N N— Cl 7.140.63 4.9-0.072
1+0. .9t0.
25  -OCH(CHy) NN -Cl 0.30+0.011 <0.0003
2 _\ . U, .
26 -OCH;, -§—NC>7N N—  -CHs 0.027+0.0021 <0.0003
—/
27 OCH;, NN CH 0.043+0.0053  0.0026:0.0001
_\ 3 . . . .
- ->—N N -
28 OCH;, $ N H 0.19+0.0058 0.0410.0043




All Gl 5 values were obtained by triplet testing.

On the basis of these results, we decided to Keep:t(-CH30) and R (-Cl) moieties
and explore the R Rsand R moieties (Table 2). WhensRvas set as methyl piperazine
and R was the -H atom or -CHgroup, replacement of the isopropylsulfonyl bemzen
with other aromatic rings or cyclopropane whichklaéice hydrogen bond accept@9¢
35) all led to significant activity loss against batt1975 and H3122 cells. However,
when switching the Rmoiety back to isopropylsulfonyl benzen&o) started to gain
back the activity against H1975 #10.031uM) and H3122 cells (G§: 0.011puM),
although compared to compoundd, it still lost 30-fold activity to H3122 cells. T
indicated that the hydrogen bond acceptor apésition is required for the EGFR and
ALK kinase activity. We then replaced the isoprgoylonyl substituent with dimethyl
phosphine oxide and kept the —H atom att® explore the R moiety. The results
demonstrated that with ethyl piperazine at 7 exhibited good anti-proliferative effect
against H1975 (Gé 0.026uM) and H3122 (Gy: 0.037uM). However, switching this
moiety  to  N,N-dimethylpiperidin-4-amine  38), morpholine 89 or
methylsulfonylpiperazine4Q) all led to significant activity loss to both H1®7and
H3122 cells. Interestingly, with the 1,4'-bipipend at R, 41 started to gain back the
activity to H1975 (Go: 0.041pM) and H3122 (Gy: 0.078uM). We then changed the
isopropylsulfonyl substituent td-methylacetamide to further explore thgrRoiety. The
data demonstrated that methyl piperazidg) (@and isopropyl piperazinetd) exhibited
good activity to H1975 and H3122 cells. But acylpeyazine 44) and 1-(1-

methylpiperidin-4-yl)piperazine4f) both caused significant activity loss compared to



compoundl5. In addition, the efforts to switch the isopropyfenyl substituent to nitrile

group at R position @6-49) all resulted in obvious activity loss to bothldeles.

Table 2. SAR Exploration Focused on the/Rs/Rs Moieties

(¢]]
R5 — @]
N— N HN
Ry N4 J<:
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O
\
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Compd. R
P : y R (Gle M) (Glss uM)
an : CF
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\ : 4
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/~ N\ N
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/7 N\ S
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H
O N_
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H
O_N_
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H
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H
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\__/
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47 : N\_/N~< H 0.43+0.052 0.110.029
CN
/ \ .
SN O b 2+0. . .
48 N \© H 1.240.056 0.32-0.021
CN
/— \ .
49 -E-NC>7N N— P H 0.2040.0024  0.098 0.0004

2All Gl s values were obtained by triplet testing.

2.2.2 EGFR and ALK on-target activity examination ¢ compound 18

Since compound8 exhibited the best anti-proliferative effects agairl1975 and
H3122 cells, we then tested it in the enzymati@agssagainst purified proteins with
Invitrogen’s SelectScreen technology to confirnoitstarget effect (Table 3). The results
showed thafl8 was highly potent against EGFR drug resistant mat&790M (IGo: 3.9
nM) and L858R/T790M (Igy: 3.6 nM) meanwhile displayed 20-30 fold selecyivaver
EGFR gain-of-function mutant L858R (€ 82.5 nM) and EGFR wt (I§5: 108 nM). In
addition, it exhibited 16, values less than 1 nM against ALK mutants inclgdikLK
R1275Q, L1196M, F1174L and C1156Y and agl€f 9.8 nM against ALK wt. In order
to further confirm these on-target effects, we tiested18 in a panel of EGFR/ALK
transformed BaF3 cells which grow dependently oa BGFR or ALK mutants. It

showed thatll8 was highly potent to EGFR wt (61 0.016uM) and exhibited about 15-

fold selectivity against EGFR-wt-C797S ¢z10.23uM) (Table 4). Similar trends were
observed for EGFR L858R/L858R-T790M/L858R-T790M-C%9 and EGFR del19

transformed BaF3 cells. In addition, compous@in which the acrylamide at;Rwvas



replaced with propyl amide that lacks the covaleomd formation capability lost the
activities against EGFR wt, L858R and dell19 sigaifitty compared to compouri8.
These results indicated thE8 inhibited EGFR and mutants with an irreversibleding
mode through formation of a covalent bond with C7&3idue, like the canonical EGFR
irreversible inhibitor compound. Furthermore,18 could inhibit the proliferation of
EGFR T790M and L858R-T790M mutants transformed BadeHs, which further
confirmed its capability to overcome the drug-resis gatekeeper mutations as the
strong anti-proliferative efficacy observed in HB93ells. Compound8 also displayed
potent inhibitory activities against NPM and EMLdarranged ALK transformed BaF3
cells (Table 5). More importantly, it could overcentompound9's drug-resistant
mutants including ALK F1174L, C1156Y and L1196M. wkver, for the ALK G1202R

mutant, neithe8 nor9 exhibited good inhibitory activity.

Table 3. Compound18s Enzymatic Activity against EGFR/ALK and Assoadt

Mutant$

Target Compd18 (ICsp: NM)
EGFR wt 108+1.8

EGFR L858R 82.5+1.5

EGFR T790M 3.9+0.2

EGFR L858R/T790M 3.6+0.2

ALK wt 9.8+0.3

ALK R1275Q 0.82+0.04

ALKL 1196M 0.59+0.02

ALK F1174L 0.92+0.22




ALK C1156Y 1.0+0.04

All Gl 5o values were obtained by triple testing.

Table 4. Compound18s Antiproliferative Effect against a Panel of EGRRitants

Transformed BaF3 Cell Lin&s

Cell Line % IZ;:IOSIII\/II;3 % Ig:psl'\?;) % I:Z:pslﬁ)
Parental BaF3 1.2+0.056 7.10.077  2.2:0.047
BaF3-TEL-EGFR 0.016+0.0003  1.5-0.033  1.3:0.034
BaF3-TEL-EGFR-C797S 0.23+0.026 0.36:0.0057 0.89-0.032
BaF3-TEL-EGFR-T790M 0.0080+0.0004 0.86:0.049  0.002%0.0002
BaF3-FL-EGFR-del19 0.0085+0.0005 0.270.0042 <<0.0003
BaF3-FL-EGFR-L858R <0.0003 0.320.04  <0.0003
BaF3-FL-EGFR-L858R-T790M <0.0003 0.29-0.042 <0.0003
BaF3-FL-EGFR-L858R-T790M-C797S 1.1+0.048 1.70.12 2.2£0.12

All Gl s values were obtained by triple testing.

Table 5. Compound18s Antiproliferative Effect against a Panel of Alkitants

Transformed BaF3 Cell Lings

Cell Line E:C?I[-,::losll'\/ll;3 E:ég:psl'\/lg)
Parental BaF3 1.24+0.056 1.1#0.05
BaF3-NPM-ALK 0.001+0.0001 <0.0003
BaF3-EML4-ALK <0.0003 <0.0003




BaF3-TEL-ALK <<0.0003 <0.0003
BaF3-FL-ALK-F1174L 0.029+0.0031 0.32:0.026
BaF3-TEL-ALK-C1156Y 0.0069+0.0009 0.153-0.0086
BaF3-TEL-ALK-L1196M <<0.0003 0.59+0.042
BaF3-TEL-ALK-G1202R 0.46+0.04 0.43-0.03

8All Gl s values were obtained by triple testing.

2.2.3 Compound 18’s binding mode examination

In order to better understand compout®s binding mechanism we then docked it
into EGFR T790M (PDB ID: 3IKA) and ALK (PDB ID: 2XB). The modeling results
showed that in EGFR kinas&8 formed two hydrogen bonds in the hinge bindingaare
with Met793 (Figure 4A). The acrylamide at Brmed a covalent bond with Cys797
residue, and the diazepane atf&med a hydrogen bond with Asp800 residue adjacen
to the hinge binding area. Meanwhile, the —CI gfoRmed a halogen bond with Met790,
which strengthened the binding. This could expthat18 was much more potent against
EGFR T790M mutant than EGFR wt and EGFR L858R & ltffochemical enzymatic
examination (IGy) because the latter two kinases lacked this haldgend. This is
similar to the canonical EGFR T790M mutant seleztimhibitor 7.*? In addition, the
isopropylsulfonyl group formed a hydrogen bond wiifs745, which could explain why
compounds29-35 lost activities significantly and the hydrogen Hoacceptor at this
position was required. Similarly, in ALK kinasi8 formed two hydrogen bonds with
Met1199 in the hinge binding area (Figure 4B). &heylamide at Rformed a hydrogen

bond with Asp1203, which further strengthened timgling. Also, the isopropylsulfonyl



group formed a hydrogen bond with Lys1150, whicplaxed why compound29-35
lost activities to ALK.

In addition, we performed the washing out experimerH1975 and H3122 cells to
examine the phosphorylation of EGFR and ALK kinasHse results showed thas
exhibited time- and dose-dependent inhibition & pEGFR Y1068 site (Figure 4C). At
the concentration of 300 nM, even after 24 h waghout the inhibitor, the
phosphorylation level still remained inhibited, whiindicated thatl8 indeed worked
with irreversible binding mode in the cellular cextt However, in H3122 cell, after the
washing out, pALK Y1604 recovered immediately, whimdicated that it adopted a
reversible binding mode (Figure 4D). This is cotesis with the structure analysis

because there is no approachable cysteine resydile lacrylamide.
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Figure 4. Binding mode characterization of compout®on EGFR and ALK kinases.

(A) Docking of 18 into X-ray crystal structure of EGFR T790M (PDB IBIKA). (B)



Docking of18into X-ray crystal structure of ALK kinase (PDB:I2XB7). (C) Washing
out experiment o8 in H1975 cell for the phosphorylation of EGFR lgeaat different
concentrations and time points. (D) Washing outeexpent of18 in H3122 cell for the

phosphorylation of ALK kinase at different concesitvns and time points.

2.2.4 Compound 18'’s antiproliferative effects on @anel of EGFR and ALK driven
NSCLC cell lines

We next evaluated compouri@s anti-proliferative effects in the EGFR and ALK
driven NSCLC cell lines (Table 6). The data showveat besides H1975 cell (EGFR
L858R/T790M) and H3122 cell (EML4-ALK),18 also potently inhibited the
proliferation of PC-9 (EGFR del 19) (61 0.015 puM), HCC827 (EGFR del 19) (G
0.0062pM), H3255 (EGFR L858R) (G#: 0.031pM) as well as H2228 (EML4-ALK)
cells (Gky: 0.028 puM). It displayed much less anti-proliferative inhdry activities
against EGFR wt expressing cells including A5491222 and H1355 cells. In addition,
18 exhibited good selectivity against Chinese hanstarian cells CHO (G§: 1.8 uM)
and CHL (Géo: 3.5 puM), which indicated no apparent general cytotoyiCEGFR
inhibitor compound5 and ALK inhibitor compound® displayed similar trends in the
EGFR driven and ALK driven cell lines respectiveRurthermore 18 exhibited better
antiproliferative efficacy thad in the EGFR mutant driven cell lines a@idn the ALK
rearrangement driven cell lines. Meanwhile, in B&6FR mutant driven cell lines,
compound18 was much more potent than its reversible versimmpound50, which

further confirmed that the irreversible bindingesff of 18 was biologically relevant.

Table 6. Compound18s Antiproliferative Effects against a Panel of HEALK

mutants Driven Cell Linés



Cell Line Compd.18 Compd.50 Compd.5 Compd.9
(Glsg: pM) (Glsg: pM)  (Glso: UM) (Glsg: M)

H1975

(EGFR L858R/T790M) 0.015+0.0003  0.7+0.0055 0.056+0.003 /

PC-9 (EGFR dell19) 0.015+0.003 0.34+0.042  0.027+D.0¢/

HCC827 (EGFR del19)

0.0062+0.0002.6+0.51

0.0074+0.002/

H3255 (EGFR L858R)

0.031+0.0059

0.83+0.00239+0.034

/

A549 (EGFR wt) 5.6+0.59 1.2+0.024 >10 /

H2122 (EGFR wt) 1.8+0.02 3.3+0.28 5.7+0.35 /

H1355 (EGFR wt) 1.4+0.035 2.2+0.0064 5.3+0.19 /
H3122(EML4-ALK varianl) <<0.0003 <<0.0003 / 0.037+0.003
H2228 (EML4-ALK varian3) 0.028+0.005 0.1+0.0065 / .003+0.002
CHO 1.8+0.032 3.620.19 3.9+0.0041 3.2+0.065
CHL 3.5+0.41 1.3+0.1 4.4+0.0046 0.45+0.01

All Gl s values were obtained by triple testing.

2.2.5 Compound 18’s cellular effects on the EGFR/AK mutants driven NSCLC cell
lines

We next examined the effects of compol®bn the EGFR/ALK mediated signaling
pathways. In H1975 and PC9 cells, at the concentratf 30 nM compound.8 could
completely inhibit the phosphorylation of EGFR Y80&nd subsequently block the
downstream mediator ERK Thr202/204 phosphorylatiigure 5A). As expected, in the
EGFR wt expressing NSCLC cell line A549, only pEGSiarted to be affected at the
concentration of 300 nM and none of the downstresdiators was inhibited. In EML4-

ALK rearranged H3122 cell48 almost completely blocked the phosphorylation KA



Y1064 at the concentration of 100 nM, and also cé@ the phosphorylation of
downstream mediators such as AKT and ERK. In amditicompoundl18 could
effectively arrest H1975, PC9 and H3122 cell cyote GO/G1 phase at 24 h but did not
affect A549 cell cycle progression (Figure 5B). H1975, PC9 and H3122 cells,
compoundl18 could start to induce the apoptosis by examinimg dleaved PARP and
Caspase-3 from 300 nM concentration upon 24 hriresatt. But in A549 cells, it did not
exhibited apoptosis induction effect up tu¥ concentration (Figure 5C). These results

indicated thafl8's biological effect was indeed from EGFR/ALK orrdat inhibition.
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Figure 5. Compound18s effects in the cellular context in the EGFR/ALdiven
NSCLC cell lines. (A)18s effects on the EGFR and ALK mediated signaliaghprays
in H1975, PC9, A549 and H3122 cells. (Bys effects on cell cycle progression in
H1975, PC9, A549 and H3122 cells. ({§s effects on apoptosis in H1975, PC9, A549

and H3122 cells.

2.2.6In vivo pharmacokinetic properties of compound 18

We then evaluated compouriBs PK properties in rats following intravenous
injection (I.V.) and oral administration (P.O.) @la 7). The half-life ofL8 was about 1 h
through I.V. and 1.75 h through P.O.. The AJJ@as about 1140 ng/mL*h via P.O..

These data indicated thE8 was acceptable for oral treatment in the animalehstudy.

Table 7.In Vivo PK Parameters of Compout8

Parameter I.V. (1 mg/kg) P.O. (10 mg/kg)
AUC.: (ng/mL*h) 707.336+49.93 1141.84+146.199
AUCo., (ng/mL*h) 720.424+42.218 1296.403+223.56
MRT 0.y (h) 0.947+0.143 4.118+0.33
Crmax(Ng/mL) 1488.219+377.84 282.805+28.356
Tmax(h) 0.017+0 410

T12(h) 0.991+0.14 1.747+0.211

F (%) — 16.14%

2.2.71n vivo antitumor efficacy of compound 18




We next tested compouriB's antitumor efficacy in EGFR mutant driven H1975
cell inoculated mouse xenograft model. The resalswed that at dosages of 10
mg/kg/day, 20 mg/kg/day and 40 mg/kg/dag, did not affect the body weights which
indicated that it has no obvious cytotoxicity (FigueA). 18 could dose dependently
suppress tumor progression and almost completgdgregs tumor growth at 20 mg/kg
QD oral dosage with the tumor growth inhibition (®&f 96% (Figure 6B-D). At 40
mg/kg/day dosage a TGl of 99% was achieved. Immistmthemistry (IHC) stain
showed thatl8 could dose dependently inhibit the proliferatidntemor cells Ki-67
stain) and induce tumor cell apoptosis (TUNEL gtam tumor tissues (Figure 6E).
Similarly, in the ALK rearrangement driven H3122llcga@oculated mouse xenograft
model,18 did not affect the animal body weights and it coddde dependently suppress
tumor progression (Figure 7A-D). At 40 mg/kg/dawnlodosagel8 achieved the TGI of
78.4%. IHC stain also demonstrated the dose depémai-proliferation and apoptosis

induction in tumor tissues (Figure 7E).
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Figure 6. Compoundl8s antitumor efficacy in H1975 xenograft mouse mo@&emale
nu/nu mice bearing established H1975 tumor xentgnaére treated witi8 at 10.0,
20.0 and 40.0 mg/kg/d dosage or vehicle. Daily adthinistration was initiated when
H1975 tumors had reached a size of 200 to 400°.nffach group contained seven

animals. Data, meah SEM. (A) Body weight and (B) Tumor size measurements from



H1975 xenograft mice after 21 dal8 administration. Initial body weight and tumor size
were set as 100%. (Representative photographs of tumors in each gafuep 0, 10.0,
20.0, 40.0 mg/kg/d 8 or vehicle treatment. (D) Comparison of the finahor weights in
each group after 21-day treatment period. & Numbers in columns indicate the mean
tumor weight in each group. ns, p>0.05) p<0.05, ¢+) p<0.01. (E) Representative
micrographs of hematoxylin and eosin (HE}67, and TUNEL staining of tumor tissues
with 18 treatment groups in comparison with the vehickatiment group. Note the
specific nuclear staining of cells with morphologgnsistent with proliferation and

apoptosis (E, red arrows).
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Figure 7. Compoundl8s antitumor efficacy in H3122 xenograft mouse mo#emale
nu/nu mice bearing established H3122 tumor xentgnaére treated witi8 at 10.0,
20.0 and 40.0 mg/kg/d dosage or vehicle. Daily adxhinistration was initiated when

H3122 tumors had reached a size of 200 to 400°.nffach group contained seven



animals. Data, meat SEM. (A) Body weights and (B) Tumor size measurements from
H3122 xenograft mice after 21 dal8 administration. Initial body weight and tumor size
were set as 100%. (Bepresentative photographs of tumors in each gedigo 10.0,
20.0 and 40.0 mg/kg/d8 or vehicle treatment. (D) Comparison of the fitamor
weights in each group after 21-day treatment peoifob8. Numbers in columns indicate
the mean tumor weight in each group. ns, p>0.8%, p<0.05, ¢*x) p<0.01. (E)
Representative micrographs of hematoxylin and e@4k), Ki-67, and TUNEL staining

of tumor tissues witli8 treatment groups in comparison with the vehicatiment group.
Note the specific nuclear staining of cells withrptwlogy consistent with proliferation

and apoptosis (E, red arrows).

3. Conclusions

Rational design of multi-target inhibitor is chalfgng because multiple factors need
to be considered at one time for different targ8tsrting from an inhibitor with well-
defined target and selectively incorporating anotaeget’s binding element would be an
efficient approach to achieve the multi-target lothon rationally. Based upon the
analysis of EGFR and ALK kinase structures, weizedlthat the cysteine residue 797 in
EGFR kinase would be a good selective elementherrational design of EGFR/ALK
dual inhibitors. Not only due to more and more amiant EGFR mutant and ALK
rearrangement being observed in clinic, but alevipusly identified EGFR reactivation-
mediated drug resistance in ALK rearrangement driM&CLC, the single-agent-dual-
targets inhibitor is highly desired. Therefore, sexek to apply this multi-target inhibitor

rational design approach to develop EGFR/ALK dudtibitor. Starting from well-



established ALK inhibitod4, which showed moderate activity to EGFR kinase haee
developed a highly potent EGFR/ALK dual kinase ltor compound18, which
displayed potent antitumor efficacy bdthvitro andin vivo in the EGFR mutants and
ALK rearrangement driven NSCLC models. In additioagnpound18 exhibited potent
inhibitory activities against a variety of EGFR/AL#fain-of-function and drug-resistant
mutants. With an acceptable PK profile and potenitiamor efficacy at well-tolerated
dosages, compounti8 might be a good drug candidate for contaminant EBEK

NSCLC as well as EGFR reactivation-mediated ALKiltor resistant NSCLC.

4. Experimental section

4.1 Chemistry.

All solvents and reagents were used as obtaitdd\NMR spectra and®C NMR
spectra were recorded with a Bruker 400 MHz NMRctpeneter and referenced to
deuterium dimethyl sulfoxide (DMS@) or deuterium chloroform (CDgl Chemical
shifts are expressed in ppm. In the NMR tabulat®nndicates singlet; d, doublet; t,
triplet; g, quartet; m, multiplet; and br, broacakeLC/MS experiments were performed
on an Agilent 6224 TOF using an ESI source coupdean Agilent 1260 Infinity HPLC
system operating in reverse mode with an Agileripge Plus C18 1.8m, 3.0 mm x 50
mm column. Flash column chromatography was conduagng silica gel (Silicycle
40-64 um). The purities of all final compounds were deteed to be above 95% by
HPLC.

4.1.1 Compounds5lac were prepared following the synthetic procedure 54&

Compound$1d-n were prepared following the synthetic procedurdXf



4.1.1.1 2,5-Dichloro-N-(2-(isopropylsulfonyl)phenyl)pyrinind4-amine $1g. To a
suspension of NaH (1.0 g, 25 mmol) in a mixturd©MF (30 mL) was added dropwise
2-(isopropylsulfonyl)benzenamine (1.99 g, 10 mmial)DMF (10 mL) at 0 °C. The
solution was stirred for 30 min, and then 2,4,6Hioropyrimidine (1.82 g, 10 mmol) in
DMF (10 mL) was added slowly. The solution was wednto room temperature and
stirred for 12 h. Water was added and the mixtuees wxtracted with CiLl,. The
combined organic extracts were washed with brineddver anhydrous sodium sulfate,
filtered, and concentrated. The residue was pdribg column chromatography (20%
EtOAc in petroleum ether) to afford compoubitia (1.38 g, 40%) as a white solitH
NMR (400 MHz, DMSO€g) 6 9.82 (s, 1H), 8.55 (s, 1H), 8.32 (= 7.2 Hz, 1H), 7.90-
7.85 (m, 2H), 7.47 (d] = 6.4 Hz, 1H), 3.50-3.30 (m, 1H), 1.16 (= 6.4 Hz, 6H)°C
NMR (100 MHz, DMSO¢) 6 157.15, 157.09, 156.34, , 156.34, 137.14, 135.86,6D,
126.63, 125.60, 124.75, 115.29, 55.11, 15.27; HRMESI, m/z) [M+H] calcd for
C13H14CIN30,S: 346.0184, found: 346.0186.
4.1.1.22-Chloro-N-(2-(isopropylsulfonyl)phenyl)pyrimidinramine 61b). Yield = 60%.
H NMR (400 MHz, DMSOsg) § 9.52 (s, 1H), 8.21 (s, 1H), 7.92 (s, 1H), 7.822(4),
7.53 (s, 1H), 6.85 (s, 1H), 3.41 (s, 1H), 1.126(4); **C NMR (100 MHz, DMSOdg) &
162.92, 159.84, 158.54, 137.36, 135.53, 131.52,583028.33, 126.71, 106.38, 54.53,
15.24. HRMS (ESI, m/z) [M+H]calcd for GaH1sCIN:O,S: 312.0574, found: 312.0577.
4.1.1.3 2-Chloro-N-(2-(isopropylsulfonyl)phenyl)-5-methyiipyidin-4-amine  §10).
Yield = 65%.*H NMR (400 MHz, DMSO¢s) 6 9.29 (s, 1H), 8.40 (d] = 6.8 Hz, 1H),
8.23 (s, 1H), 7.87-7.83 (m, 2H), 7.42 {d 6.4 Hz, 1H), , 3.50 (s, 1H), 2.17 (s, 3H), 1.15

(d,J = 6.4 Hz, 6H)*C NMR (100 MHz, DMSOdg) 6 160.10, 157.47, 157.11, 138.31,



135.64, 131.59, 125.59, 124.60, 124.15, 115.7804.5.26, 13.16. HRMS (ESI, m/z)
[M+H] ™ calcd for G4H17CIN3O,S: 326.0730, found: 326.0729.
4.1.1.42,5-Dichloro-N-(3-(trifluoromethyl)phenyl) pyrimidid-amine §1d). Yield = 70%.
'H NMR (400 MHz, DMSO#g) 6 9.76 (s, 1H), 8.46 (s, 1H), 8.06 (s, 1H), 7.96)(d,5.6
Hz, 1H), 7.64 (s, 1H), 7.53 (s, 1HC NMR (100 MHz, DMSOQsds) § 157.52, 157.14,
156.39, 138.90, 130.17, 129.90, 129.58, 127.13,5021119.88, 114.43. HRMS (ESI,
m/z) [M+H]" calcd for GiH,Cl.FsNs: 307.9969, found: 307.9968.
4.1.1.52,5-Dichloro-N-(3-chloro-4-fluorophenyl)pyrimidin-dmine 618 . Yield = 65%.

H NMR (400 MHz, DMSO#€g) 5 9.76 (s, 1H), 8.43 (s, 1H), 7.86 (s, 1H), 7.611¢d),
7.46 (s, 1H)*C NMR (100 MHz, DMSQdg) J 157.59, 157.20, 156.18, 135.14, 125.63,
124.46, 124.40, 119.42 (@~ 8.0 Hz), 117.14 (d] = 11.0 Hz), 114.21. HRMS (ESI, m/z)
[M+H] ™ calcd for GgHgClsFN3: 291.9611, found: 291.9614.

4.1.1.6 2,5-Dichloro-N-(2,6-difluorophenyl)pyrimidin-4-amén(1f). Yield = 63%.'H
NMR (400 MHz, DMSO#) 6 9.61 (s, 1H), 8.45 (s, 1H), 7.46 (= 6.0 Hz, 1H), 7.27 (s,
2H); *C NMR (100 MHz, DMSQds) ¢ 160.03, 158.72, 157.70, 156.32, 129.71, 114.51,
113.75, 112.71, 112.48, 99.99. HRMS (ESI, m/z) [Ni*+Halcd for GoHesCloFoN3:
275.9907, found: 275.9911.
4.1.1.72,5-Dichloro-N-(thiophen-2-ylmethyl)pyrimidin-4-amei 61g). Yield = 40%.'H
NMR (400 MHz, DMSO€s) ¢ 8.60 (d,J = 7.2 Hz, 1H), 8.23 (s, 1H), 7.38 (s, 1H), 7.04 (d
J = 6.4 Hz, 1H), 6.97 (s, 1H), 4.72 (s, 2K NMR (100 MHz, DMSQds) 6 158.82,
157.72, 154.61, 141.42, 127.11, 126.71, 125.85,401339.35. HRMS (ESI, m/z)

[M+H] " calcd for GHgCIoNsS: 259.9816, found: 259.9820.



4.1.1.8 2,5-Dichloro-N-cyclopropylpyrimidin-4-amine5{h). Yield = 45%.'H NMR
(400 MHz, DMSO€) 5 8.16 (s, 1H), 7.95 (s, 1H), 2.85 (s, 1H), 0.75Xd, 2.4 Hz, 2H),
0.66 (s, 2H);**C NMR(100 MHz, DMSOds) § 160.45, 157.89, 154.13, 113.38, 24.71,
6.54. HRMS (ESI, m/z) [M+H]calcd for GHgCI,N3: 204.0095, found: 204.0097.
4.1.1.9N-(2-((2,5-dichloropyrimidin-4-yl)amino)phenyl)pikanide 61i). Yield = 50%.
H NMR (400 MHz, DMSO#€g) 5 9.41 (s, 1H), 8.88 (s, 1H), 8.39 (s, 1H), 7.641¢d),
7.37 (s, 1H), 7.30 (s, 2H), 1.21 (s, 9HJC NMR (100 MHz, DMSOds) 6 178.10,
157.59, 155.63, 132.43, 131.44, 126.99, 126.70,4826126.20, 114.14, 38.17, 27.69.
HRMS (ESI, m/z) [M+H] calcd for GsH17Cl.N4O: 339.0779, found: 339.0783.

4.1.1.10 2,5-Dichloro-N-methyl-N-(3-(trifluoromethyl)phengi)rimidin-4-amine %1j).
Yield = 35%.*H NMR (400 MHz, DMSOe) 6 8.34 (s, 1H), 7.75 (s, 1H), 7.64 (s, 3H),
3.48 (s, 3H);*C NMR (100 MHz, DMSQdg) J 159.56, 159.06, 157.29, 145.52, 130.91,
130.64, 129.98, 123.64, 122.76, 116.04, 41.84. HRESI, m/z) [M+H] calcd for
C12HoCloF3N3: 322.0126, found: 322.0125.
4.1.1.112-((2,5-Dichloropyrimidin-4-yl)amino)-N,N-dimethy@hzenesulfonamide& 1k).
Yield = 64%.'H NMR (400 MHz, DMSOds) & 9.67 (s, 1H), 8.56 (s, 1H), 8.28 (@l=
5.2 Hz, 1H), 7.86 (s, 1H), 7.82 (@= 7.6 Hz, 1H), 7.46 (s, 1H), 2.64 (s, 6K}C NMR
(100 MHz, DMSO#€e) 0 157.26, 157.06, 156.41, 135.81, 134.66, 130.71,5128.25.83,
125.32, 114.95, 37.57. HRMS (ESI, m/z) [M¥Hjalcd for GoH13sClLN4O,S: 347.0136,
found: 347.0133.
4.1.1.12(2-((2,5-Dichloropyrimidin-4-yl)amino)phenyl)dintgtiphosphine oxides(l). A
solution of 2,4,5-trichloropyrimidine (1.82 g, 10  mml), (2-

aminophenyl)dimethylphosphine  oxide (.69 g, 10 Mmoand N,N-



diisopropylethylamine (1.94 g, 15 mmol) in propald25 mL) was heated under reflux
for 12 hours. The solvent was removed by evaparatitd the residue was dissolved in
CH.Cl, (100 mL). The solution was washed with water aatirsted sodium chloride
solution and dried, filtered and concentrated. Tiesidue was purified by flash
chromatography on silica gel (0-2% MeOH in DCM)afkford compoundbll (1.60 g,
50%).'H NMR (400 MHz, DMSO#€g) 6 11.84 (s, 1H), 8.43 (s, 2H), 7.62 (s, 2H), 7.25 (s,
1H), 1.83 (s, 3H), 1.80 (s, 3H}*C NMR (100 MHz, DMSOds) 6 157.01, 155.99,
142.48, 132.73, 131.47 (d~= 10 Hz), 124.17 (dJ = 6.0 Hz), 122.64, 122.06 (d,= 3.0
Hz), 121.73, 115.30, 18.98, 18.28. HRMS (ESI, rfi#t}H] * calcd for GoH1aCl,NzOP:
316.0173, found: 316.0175.
4.1.1.132-((2,5-Dichloropyrimidin-4-yl)amino)-N-methylbemmale 61m). Yield = 75%.
'H NMR (400 MHz, CDC}) 6 11.68 (s, 1H), 8.69 (s, 1H), 8.21 (s, 1H), 7.55.4), 7.50
(s, 1H), 7.14 (s, 1H), 6.30 (s, 1H), 3.03 (s, 3HE NMR (100 MHz, DMSOdg) §
157.06, 156.38, 135.78, 134.66, 130.70, 126.52,862925.33, 114.94, 37.56. HRMS
(ESI, m/z) [M+H] calcd for G2H11CIaN4O: 297.0310, found: 297.0315.

4.1.1.14 2-((2,5-Dichloropyrimidin-4-yl)amino)benzonitrile5{n). Yield = 60%. *H
NMR (400 MHz, DMSO€g) 5 10.07 (s, 1H), 8.48 (s, 1H), 7.93 (s, 1H), 7.79.), 7.58
(s, 1H), 7.50 (s, 1H)}**C NMR (100 MHz, DMSOdg) 6 158.43, 157.40, 156.54, 140.19,
134.52, 133.74, 128.45, 127.75, 117.24, 114.01L,7BLHIRMS (ESI, m/z) [M+H] calcd
for C;1H7Cl,N4: 265.0048, found: 265.0050.

4.1.2Compound$2ap were prepared following the synthetic procedurd2d

4121 5-Chloro-N-(4-fluoro-2-methoxy-5-nitrophenyl)*N2-

(isopropylsulfonyl)phenyl)pyrimidine-2,4-diamin&2@). 4-Methylbenzenesulfonic acid



hydrate (77.4 mg, 0.45 mmol) was added to comp&iaq103.5 mg, 0.3 mmol) and 4-
fluoro-2-methoxy-5-nitroaniline (67.0 mg, 0.36 mimah 2-pentanol (3 mL). The
resulting mixture was stirred at 115 °C for 5 heTkaction was quenched with saturated
agueous NaHC®and extracted with Cil,. The combined organic extracts were
washed with brine, dried over anhydrous sodiumaselffiltered, and concentrated. The
residue was purified by column chromatography5@ MeOH in DCM) to afford
compounds2a (74 mg, 50%) as a yellow solitH NMR (400 MHz, DMSOs) 6 9.54 (s,
1H), 8.73 (s, 1H), 8.56 (s, 1 H), 8.45 (s, 1H),38(8, 1 H), 7.82 (d] = 6.8 Hz, 1H), 7.59
(s, 1H), 7.35 (s, 1H), 7.34 (s, 1H), 3.95 (s, 38150-3.33 (m, 1H), 1.16 (d,= 5.2 Hz,
6H); *C NMR (100 MHz, DMSQOdg) 6 157.90, 157.19, 155.68, 155.31, 154.36, 138.14,
135.23, 131.39, 129.09, 125.41, 124.66, 124.15,812318.88, 106.33, 101.85 @~

13 Hz), 57.79, 55.39, 15.30. HRMS (ESI, m/z) [M¥Hialcd for GoH2CIFNsOsS:
496.0858, found: 496.0854.

41.2.2 N2-(4-Fluoro-2-methoxy-5-nitrophenyl)*N2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diaming2p). Yield = 73%.'H NMR (400
MHz, DMSO-ds) 6 9.01 (s, 1H), 8.75 (s, 1H), 8.16 (s, 1 H), 8.131¢d), 8.00 (s, 1 H),
7.84 (s, 1H), 7.62 (s, 1H), 7.37-7.29 (m, 2H), 6(&11H), 3.97 (s, 3H), 3.51 (s, 1H), 1.13
(s, 6H); °C NMR (100 MHz, DMSOds) § 160.89, 159.31, 157.81, 155.51, 153.41,
150.83, 138.66, 135.10, 131.25, 127.32, 126.15,962824.72, 116.37, 101.44 @~

26 Hz), 100.46, 57.82, 54.82, 15.22. HRMS (ESI,)rfVi-H] " calcd for GoHp1FNsOsS:
462.1247, found: 462.1252.

41.2.3 N2-(4-Fluoro-2-methoxy-5-nitrophenyl)*N2-(isopropylsulfonyl)phenyl)-5-

methylpyrimidine-2,4-diamine520). Yield = 66%.'H NMR (400 MHz, DMSOds) ¢



9.05 (s, 1H), 8.81 (s, 1H), 8.56 (s, 1H), 8.191¢3), 8.10 (s, 1 H), 7.80 (s, 1H), 7.62 (s,
1H), 7.33 (s, 1H), 7.30 (s, 1H), 3.98 (s, 3H), 3(d51H), 2.12 (s, 3H), 1.16 (s, 6HYC
NMR (100 MHz, DMSOsds) 6 158.58, 157.86, 156.78, 155.62, 150.83, 139.23,3435
131.34, 129.01, 126.25, 123.87, 123.83, 123.39 {d22 Hz), 116.19, 108.16, 101.45 (d,
J = 26 Hz), 57.79, 55.36, 15.27, 13.10. HRMS (ESlz)mM+H]* calcd for
C21H23FNsO0sS: 476.1404, found: 476.1407.

4.1.2.4 5-Chloro-N-(4-fluoro-3-nitrophenyl)-K-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diaming2¢l) . Yield = 60%. 'H NMR (400
MHz, DMSO-dg) § 9.99 (s, 1H), 9.47 (s, 1H), 8.47 (s, 2H), 8.371¢d), 7.86 (s, 2H),
7.74 (s, 1H), 7.48 (s, 1H), 7.41 (s, 1H), 3.45148), 1.16 (s, 6H)**C NMR (100 MHz,
DMSO-dg) 0 157.41, 155.52, 151.00, 148.45, 138.07, 137.53,8P36135.37, 131.43,
126.71, 126.63, 125.40, 124.58, 118.79)¢; 22.0 Hz), 115.35, 106.51, 55.35, 15.27.
HRMS (ESI, m/z) [M+H] calcd for GgH1gCIFN5O,S: 466.0752, found: 466.0751.
41.25 5-Chloro-N-(4-fluoro-2-isopropoxy-5-nitrophenyl)4N2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diaming26. Yield = 63%. 'H NMR (400
MHz, DMSO-ds) § 9.52 (s, 1H), 8.55 (s, 1H), 8.52 (s, 1H), 8.381(4), 8.34 (s, 1H),
7.83 (s, 1H), 7.57 (s, 1H), 7.38 (s, 1H), 7.351¢d), 4.86 (s, 1H), 3.44 (s, 1H), 1.29 (s,
6H), 1.17 (s, 6H)*C NMR(100 MHz, DMSOds) 5 157.96, 155.83, 155.53, 155.34,
151.87, 138.11, 135.17, 131.43, 128.74, 125.85,882424.27, 123.88, 119.06, 106.13,
102.78 (d,J = 13 Hz), 73.06, 55.35, 21.80, 15.30. HRMS (ESk)nfiv+H]"* calcd for
C22H24CIFNsOsS: 524.1171, found: 524.1174.

41.2.6 5-Chloro-N-(4-fluoro-2-methoxy-5-nitrophenyl)*N3-

(trifluoromethyl)phenyl)pyrimidine-2,4-diamir(82f). Yield = 50%."H NMR (400 MHz,



DMSO-ds) 6 9.18 (s, 1H), 8.53 (s, 1H), 8.40 (s, 1H), 8.251¢d), 7.99 (s, 1H), 7.93 (s,
1H), 7.46 (s, 1H), 7.39 (s, 1H), 7.31 M= 12.8 Hz, 1H), 3.94 (s, 3H}*C NMR (100
MHz, DMSO-) ¢ 6 157.80, 156.75 (d] = 9.0 Hz), 156.08, 155.61 , 154.19, 151.61,
139.69, 129.76, 129.39, 129.05 {d+ 3.5 Hz), 126.26, 125.54, 120.34, 118.97, 118.27,
105.74, 101.73 (dJ = 13 Hz), 57.77. ESI-HRMS (m/z) exact mass calealator
C1gH13CIFNsO3[M + H]+: 458.0643, found: 458.0648.

4.1.2.7 5-Chloro-N4-(3-chloro-4-fluorophenyl)-N2-(4-fluo®methoxy-5-
nitrophenyl)pyrimidine-2,4-diamin&2g). Yield = 53%."H NMR (400 MHz, DMSOdg)

5 9.06 (s, 1H), 8.51 (s, 1H), 8.41 (s, 1H), 8.211(8), 7.81 (s, 1 H), 7.59 (d,= 6.4 Hz,
1H), 7.33 (dJ = 8.0 Hz, 1H), 7.30 (s, 1H), 3.95 (s, 3HC NMR (100 MHz, DMSO-
ds) 0 157.74, 156.61, 156.04, 155.40, 152.88, 151.53,9835129.12, 125.57, 124.47,
123.37 (d,J = 3.0 Hz), 119.29 (d) = 9.0 Hz), 117.98, 116.68 (d,= 22 Hz), 105.47,
101.72 (d,J = 13 Hz), 57.77. HRMS (ESI, m/z) [M+H]calcd for G7H1,CloFNsOs:
442.0285, found: 442.0290.

4.1.2.8 5-Chloro-N4-(2,6-difluorophenyl)-N2-(4-fluoro-2-nhetxy-5-
nitrophenyl)pyrimidine-2,4-diaminé2h). Yield = 50%.'H NMR (400 MHz, DMSOsdg)
§8.95 (s, 1H), 8.33 (s, 1H), 8.21 (s, 1 H), 8.08l{), 7.35 (s, 1 H), 7.22 (d,= 10.0 Hz,
1H), 7.12 (s, 2H), 3.91 (s, 3H¥*C NMR (100 MHz, DMSQdg) 6 160.20, 157.85,
157.74 (dJ = 2.5 Hz), 157.53, 155.87 (d= 5.0 Hz), 155.24, 153.52, 150.96, 128.97 (d,
J = 5.0 Hz), 128.90 (dJ = 7.0 Hz), 125.53, 116.85, 115.33, 112.23 Jd; 12 Hz),
105.29, 101.43 (dJ = 13 Hz), 57.70. HRMS (ESI, m/z) [M+H]calcd for

C17H12C|F3N503: 426.0581, found: 426.0586.



41.2.9 5-Chloro-N2-(4-fluoro-2-methoxy-5-nitrophenyl)-N#hiophen-2-
ylmethyl)pyrimidine-2,4-diaminésgi). Yield = 61%.'"H NMR (400 MHz, DMSO¢dg) ¢
9.14 (s, 1H), 8.05 (s, 2H), 7.98 (s, 1 H), 7.322(3), 6.98 (s, 1H), 6.91 (s, 1H), 4.80 (s,
2H), 4.00 (s, 3H)C NMR (100 MHz, CDGJ) § $157.42, 157.12, 153.36, 152.94,
152.76 (d,J = 4.0 Hz), 140.38, 129.62, 126.97, 126.28, 12512%,.34, 114.29, 105.82
99.56 (d,J = 13 Hz), 56.78, 40.15. HRMS (ESI, m/z) [M+Hjalcd for GeH14CIFNsOsS:
410.0490, found: 410.0493.

4.1.2.10 5-Chloro-N4-cyclopropyl-N2-(4-fluoro-2-methoxy-3rophenyl)pyrimidine-
2,4-diamine(52)). Yield = 48%.'H NMR (400 MHz, DMSOsg) 6 9.36 (s, 1H), 7.99 (s,
1H), 7.85 (s, 1H), 7.49 (s, 1H), 7.30 {d= 12 Hz, 1H), 4.02 (s, 3H), 2.90 (s, 1H), 0.80 (s,
2H), 0.65 (s, 2H)**C NMR (100 MHz, DMSOdg) 6 159.32, 157.44, 153.51, 150.47,
129.10, 126.35, 114.20, 105.27, 101.25)(¢, 14 Hz), 57.94, 24.69, 6.65. HRMS (ESI,
m/z) [M+H]" calcd for G4H14CIFNsOs: 354.0769, found: 354.0765.

41.2.11 N-(2-((5-chloro-2-((4-fluoro-2-methoxy-5-nitrophdyamino)pyrimidin-4-
yl)amino)phenyl)pivalamidés2K). Yield = 50%.'"H NMR (400 MHz, DMSOs) J 9.36
(s, 1H), 8.52 (s, 1H), 8.38 (s, 1H), 8.20 Jd= 4.8 Hz, 2H), 7.68 (s, 1H), 7.27 (s, 2H),
7.16 (s, 2H), 3.94 (s, 3H), 1.20 (s, 9HYC NMR (100 MHz, DMSOds) § 178.11,
157.85, 156.12, 154.79, 153.81, 151.24, 132.57,5831129.10, 126.51, 126.21, 125.97,
125.63, 117.72, 105.72, 101.57 = 13 Hz), 57.76, 55.33, 27.70. HRMS (ESI, m/z)
[M+H] " calcd for GoH23CIFNgO,4: 489.1453, found: 489.1455.

4.1.2.12 5-Chloro-N-(4-fluoro-2-methoxy-5-nitrophenyl)*Nnethyl-N-(3-
(trifluoromethyl)phenyl)pyrimidine-2,4-diaming3). Yield = 40%."H NMR (400 MHz,

DMSO-de) 5 9.06 (d,J = 7.6 Hz, 1H), 8.46 (s, 1H), 8.18 (s, 1H), 7.5947(m, 4H), 7.34



(d,J = 8.8 Hz, 1H), 4.01 (s, 3H), 3.53 (s, 3K} NMR (100 MHz, DMSOde) 6 158.81,
158.16, 157.51, 155.34, 153.64, 151.06, 146.52,813.30.44 (dJ = 16 Hz), 129.20,
128.92, 125.76, 122.49, 121.82, 115.90, 108.29,5000,J = 14 Hz), 57.90, 41.50. ESI-
HRMS (ESI, m/z) [M+H] calcd for GoH15CIFsN50s: 472.0800, found: 472.0805.
4.1.2.13 2-((5-Chloro-2-((4-fluoro-2-methoxy-5-nitrophenyi@o) pyrimidin-4-
yl)amino)-N,N-dimethylbenzenesulfonamider(). Yield = 60%.'H NMR (400 MHz,
DMSO-dg) 6 9.37 (s, 1H), 8.74 (s, 1H), 8.55 (s, 1H), 8.42-§1881H), 8.33 (s, 1H), 7.79
(d, J = 4.8 Hz, 1H), 7.53 (d] = 7.2 Hz, 1H), 7.37-7.29 (m, 2H), 3.95 (s, 3HBL (s,
6H); 1°C NMR (100 MHz, DMSOds) 5 157.99, 157.35, 157.26, 155.73, 155.28, 151.81,
136.77, 134.21, 130.49, 129.07, 125.42, 124.25,001906.03, 101.88 (d, = 13 Hz),
57.79, 37.61. HRMS (ESI, m/z) [M+H]calcd for GgH19CIFNsOsS: 497.0810, found:
497.0811.

4.1.2.14 (2-((5-Chloro-2-((4-fluoro-2-methoxy-5-nitrophergthino) pyrimidin-4-
yl)amino)phenyl)dimethylphosphine oxidg2if). Yield = 70%.'H NMR (400 MHz,
DMSO-dg) § (ppm) 11.31 (s, 1H), 8.60 (s, 1H), 8.49 (s, 1HA58(s, 1H), 8.21 (s, 1H),
7.57 (s, 1H), 7.34 (dl = 7.2 Hz, 2H), 7.13 (s, 1H), 3.96 (s, 3H), 1.808(d), 1.78 (S, 3H);
3C NMR (100 MHz, DMSOds) § 157.86, 157.00, 155.84, 155.15, 143.29, 132.35,
131.21, 129.11, 125.70, 125.67, 123.13, 122.07,6B18.06.66, 101.72 (d, = 12 Hz),
57.78, 18.96, 18.26. HRMS (ESI, m/z) [M+Halcd for GgH1sCIFNsO4P: 466.0847.,
found: 466.0850.

4.1.2.15 2-((5-Chloro-2-((4-fluoro-2-methoxy-5-nitrophenyi@o) pyrimidin-4-
yl)amino)-N-methylbenzamid&20). Yield = 43%.'H NMR (400 MHz, DMSO#ds) ¢

11.74 (s, 1H), 8.79 (s, 1H), 8.63 (s, 2H), 8.571), 8.26 (s, 1H), 7.74 (s, 1H), 7.39-7.30



(m, 2H), 7.09 (dJ = 9.6 Hz, 1H),3.96 (s, 3H), 2.80 (s, 3HFC NMR (100 MHz,
DMSO-ds) § 169.36, 157.86, 156.94, 156.84, 155.46, 154.88,5639131.89, 128.39,
125.63, 122.42, 121.23, 120.95, 118.46, 106.75,6800d,J = 26 Hz), 57.77, 26.76.
HRMS (ESI, m/z) [M+H] calcd for GoH1/CIFNeOy4: 447.0984, found: 447.0980.
4.1.2.16 2-((5-Chloro-2-((4-fluoro-2-methoxy-5-nitrophenyi@o) pyrimidin-4-
yl)amino)benzonitrile2p). Yield = 62%."H NMR (400 MHz, DMSOsg) 6 9.40 (s, 1H),
8.37 (d,J = 7.6 Hz, 1H), 8.26 (s, 2H), 7.75 (s, 1H), 7.651(d), 7.58 (d,) = 10.0 Hz, 1H),
7.36 (s, 1H), 7.26 (d] = 9.6 Hz, 1H), 3.91 (s, 3H}*C NMR (100 MHz, DMSOdg) &
157.64, 156.96, 156.22, 155.65, 141.08, 134.12,363329.05, 128.98, 127.82, 126.72,
125.53, 117.54, 117.37, 110.19, 105.53, 101.59 €13 Hz), 57.77. HRMS (ESI, m/z)
[M+H] " calcd for GgH13CIFNgOs: 415.0722, found: 415.0725.

4.1.3Compound$3ai’ were prepared following the synthetic proceduré3ud.

4.1.3.1 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N(2-methoxy-4-(4-(4-
methylpiperazin-1-yl)piperidin-1-yl)-5-nitrophengi)rimidine-2,4-diamine 533). Yield

= 40%.*H NMR (400 MHz, DMSO¢s) J 9.53 (s, 1H), 8.59 (s, 1H), 8.46 (s, 1H), 8.27 (s,
1H), 8.24 (s, 1H), 7.82 (s, 1H), 7.54 (s, 1H), 7(821H), 6.78 (s, 1H), 3.91 (s, 3H), 3.50-
2.31 (m, 17H), 1.86 (s, 2H), 1.54 (s, 2H), 1.166(3); **C NMR (100 MHz, DMSOds) &
158.49, 156.45, 155.76, 155.22, 145.37, 138.33,1533.34.00, 131.38, 124.38, 123.93,
123.58, 122.22, 121.52, 105.50, 103.53, 60.92,156&8.39, 54.87, 51.63, 48.25, 45.25,
28.45, 15.31. HRMS (ESI, m/z) [M+H]calcd for GoHoCINgOsS: 659.2531, found:
659.2535.

41.3.2 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N(2-methoxy-4-(4-

(methylsulfonyl)piperazin-1-yl)-5-nitrophenyl)pyitime-2,4-diamine %3b). Yield =



55%. 'H NMR (400 MHz, CDCJ) 6 9.56 (s, 1H), 8.91 (s, 1H), 8.39 (s, 1H), 8.22(),
7.96 (s, 1H), 7.61 (s, 1H), 7.52 (s, 1H), 7.2814d), 6.65 (s, 1H), 4.02 (s, 3H), 3.43 (s,
4H), 3.25 (s, 5H), 2.86 (s, 3H), 1.33 (s, 6k NMR (100 MHz, DMSOdg) § 158.30,
156.08, 155.74, 155.28, 144.25, 138.26, 135.37,2033.31.36, 124.54, 124.06, 123.74,
123.65, 120.73, 105.72, 104.74, 57.00, 55.37, 54846, 34.55, 15.30. HRMS (ESI,
m/z) [M+H]" calcd for GsH31CIN;,O;S;: 640.1415, found: 640.1411.

4.1.3.3 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N2-methoxy-4-(4-methylpiperazin-
1-yl)-5-nitrophenyl)pyrimidine-2,4-diamine(methyfemyl)piperazin-1-yl)-5-
nitrophenyl)pyrimidine-2,4-diaminé8q). Yield = 85%. NMR (400 MHz, DMSOdg)
§9.53 (s, 1H), 8.59 (s, 1H), 8.46 (s, 1H), 8.28), 7.81 (s, 1H), 7.55 (s, 1H), 7.32 (s,
1H), 6.80 (s, 1H), 3.92 (s, 3H), 3.45 (s, 1H), I&24H), 2.64 (s, 4H), 2.37 (s, 3H), 1.16
(s, 6H);**C NMR (100 MHz, CDGJ) § 156.93, 155.51, 155.25, 151.91, 141.68, 137.83,
136.92, 134.74, 131.34, 125.05, 124.48, 123.86,582315.88, 107.03, 102.56, , 56.34,
55.65, 54.78, 51.37, 45.30, 15.33. HRMS (ESI, rf¥#}H] " calcd for GsH3;CIN,OsS:
576.1796, found: 576.1800.

41.3.4 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N\(2-methoxy-4-(4-methyl-1,4-
diazepan-1-yl)-5-nitrophenyl)pyrimidine-2,4-diamifx3d.Compoundb2a (49.5 mg, 0.1
mmol), 1-methyl-1,4-diazepane (13.7 mg, 0.12 mraal) KC0O;(28.0 mg, 0.2 mmol) in
DMF (2 mL) were stirred for 2 h at 14C. The mixture was diluted with water, and then
extracted with CHCl,. The combined organic extracts were washed witheprdried
over anhydrous sodium sulfate, filtered, and cotreéed. The residue was purified by
column chromatography {00% MeOH in DCM) to afford compoun83d (47.0 mg,

80%).'H NMR (400 MHz, DMSO€e) 8 9.57 (s, 1H), 8.65 (s, 1H), 8.30 (s, 1H), 8.19 (s,



1 H), 7.80 (s, 1H), 7.66 (s, 1H), 7.30 (s, 1H),%(8, 1H), 6.75 (s, 1H), 3.66 (s, 3H),
3.48-3.30 (m, 9H), 2.75 (s, 3H), 2.08 (s, 2H), 1(4,66H);**C NMR(100 MHz, DMSO-
ds) 0 158.95, 156.98, 155.81, 155.14, 145.34, 138.46,1935131.39, 130.52, 124.08,
123.71, 123.26, 122.85, 119.45, 105.10, 100.8853%&6.49, 56.39, 55.41, 52.42, 52.30,
46.37, 27.39, 15.31. HRMS (ESI, m/z) [M+Hgalcd for GeH3sCIN,OsS: 590.1952,
found: 590.1954.

41.35 5-Chloro-N-(4-(4-isopropylpiperazin-1-yl)-2-methoxy-5-nitragaty!)-N-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diaming3@. Yield = 65%. 'H NMR (400
MHz, DMSO-ds) § 9.53 (s, 1H), 8.64 (s, 1H), 8.47 (s, 1H), 8.282(), 7.81 (dJ = 5.2
Hz, 1H), 7.56 (s, 1H), 7.33 (s, 1H), 6.82 (s, 18P3 (s, 3H), 3.52-2.50 (m, 9H), 1.37-
1.00 (m, 12H); **C NMR(100 MHz, DMSOds) 6 156.88 , 155.45, 155.20, 151.93,
141.36, 137.81, 137.18, 134.73, 131.32, 125.02,82423.82, 123.55, 115.65, 107.08,
102.91, 56.43, 55.64, 50.92, 48.50, 17.65, 15.RMB (ESI, m/z) [M+H] calcd for
C,7H35CIN7OsS: 604.2109, found: 604.2107.

4.1.3.6 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N(2-methoxy-4-(4-(2-
methoxyethyl)piperazin-1-yl)-5-nitrophenyl)pyrinmdi2,4-diamine 33f). Yield = 70%.
H NMR (400 MHz, DMSO#€g) § 9.53 (s, 1H), 8.60 (s, 1H), 8.47 (s, 1H), 8.282(d),
7.80 (s, 1H), 7.55 (s, 1H), 7.32 (s, 1H), 6.811¢d), 3.91 (s, 3H), 3.48 (s, 4H), 3.26 (s,
4H), 3.07 (s, 4H), 2.59 (s, 4H), 1.16 (s, 6k NMR (100 MHz, DMSOdg) § 158.43,
156.36, 155.74, 155.21, 144.96, 138.30, 135.15,413431.36, 124.39, 123.93, 123.58,
122.56, 121.35, 105.54, 103.64, 70.21, 58.48, 5568484, 55.37, 53.45, 51.74, 15.31.

HRMS (ESI, m/z) [M+H] calcd for GsH3sCIN;OeS: 620.2058, found: 620.2058.



4.1.3.7  5-Chloro-N-(4-(4-cyclohexylpiperazin-1-yl)-2-methoxy-5-nithemy!)-N-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diaming3¢). Yield = 82%.'H NMR (400
MHz, DMSO-dg) § 9.53 (s, 1H), 8.64 (s, 1H), 8.47 (s, 1H), 8.331¢d), 8.29 (s, 1H),
7.81 (s, 1H), 7.56 (s, 1H), 6.81 (s, 1H), 3.933(d), 3.34-2.50 (m, 10H), 2.00-1.16 (m,
16H). 3C NMR (101 MHz, CDGCJ) § 156.88, 155.49, 155.22, 151.92, 141.28, 137.83,
137.28, 134.73, 131.33, 125.00, 124.96, 123.83,572315.61, 107.12, 102.94, , 65.02,
56.45, 55.64, 50.85, 48.90, 27.70 25.54, 25.4B213HRMS (ESI, m/z) [M+H] calcd
for C3oH39CIN;OsS: 644.2422, found: 644.2418.

4.1.3.8 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N(2-methoxy-4-morpholino-5-
nitrophenyl)pyrimidine-2,4-diamin&gh). Yield = 55%.'H NMR (400 MHz, DMSOd)

0 9.53 (s, 1H), 8.60 (s, 1H), 8.47 (s, 1H), 8.28¢1), 7.82 (s, 1H), 7.55 (s, 1H), 7.32 (s,
1H), 6.84 (s, 1H), 3.92 (s, 3H), 3.74 (s, 4H), 3(841H), 3.06 (s, 4H}’C NMR (100
MHz, DMSO-ds) ¢ 158.40, 156.33, 155.75, 155.26, 144.78, 138.29,1635134.68,
131.37, 124.48, 124.00, 123.66, 122.93, 121.19,6B)5103.76, 66.65, 56.90, 55.37,
52.34, 15.31. HRMS (ESI, m/z) [M+H]calcd for G4H.sCINgOsS: 563.1480, found:
563.1483.

4.1.3.9 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N2-methoxy-5-nitro-4-(piperidin-1-
yl)phenyl)pyrimidine-2,4-diaminés8i). Yield = 83%.*H NMR (400 MHz, DMSO#) ¢
9.52 (s, 1H), 8.56 (s, 1H), 8.47 (s, 1H), 8.271(4), 8.23(s, 1H), 7.81 (s, 1H), 7.53 (1,
= 7.2Hz, 1H), 7.32 (dJ = 6.0Hz, 1H), 6.77 (s, 1H), 3.90 (s, 3H), 3.451(), 3.02 (s,
4H), 1.66 (s, 4H), 1.57 (s, 2H), 1.16(s, 6Hjc NMR (100 MHz, CDGJ) § 158.53,

156.46, 155.77, 155.23, 146.04, 138.35, 135.14,183431.36, 124.40, 123.92, 123.57,



122.08, 121.56, 121.52, 103.54, 56.77, 55.37, 5328106, 24.05, 15.31. HRMS (ESI,
m/z) [M+H]" calcd for GsH3oCINgOsS: 561.1687, found: 561.1682

4.1.3.10 5-Chloro-N-(2-(isopropylsulfonyl)phenyl)-(4-(4-(4-methylpiperazin-1-
yl)piperidin-1-yl)-3-nitrophenyl)pyrimidine-2,4-diaine 63j). Yield = 40%.'"H NMR
(400 MHz, DMSO#€) J 9.81 (s, 1H), 9.44 (s, 1H), 8.46 (s, 1H), 8.341(8), 8.14(s, 1H),
7.85 (d,J = 4.8 Hz, 1H), 7.70 (s, 2H), 7.40 (s, 1H), 7.27X¢ 7.2 Hz, 1H), 3.23-2.27 (m,
17H), 1.81 (s, 2H), 1.48 (s, 2H), 1.15 (s, 6HE NMR (100 MHz, DMSOdg) & 157.68,
155.62, 155.46, 144.27, 140.26, 138.21, 135.62,2833.31.41, 125. 27, 124.74, 124.45,
122.72, 115.06, 105.85, 60.87, 55.35, 54.96, 524882, 45.39, 28.63, 15.29. HRMS
(ESI, m/z) [M+H] calcd for GgH3sCINgO,4S: 629.2425, found: 629.2421.

4.1.3.11 5-Chloro-N-(4-(4-ethylpiperazin-1-yl)-2-isopropoxy-5-nitrophg)-N*-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diamin&3§). Yield = 60%.'H NMR (400
MHz, DMSO-dg) 6 9.51 (s, 1H), 8.43 (s, 2H), 8.30 (s, 2H), 7.81)d, 6.0 Hz, 1H), 7.54
(s, 1H), 7.33 (s, 1H), 6.82 (s, 2H), 4.89 (s, 11)45-2.50 (m, 11H), 1.36-1.07 (s, 15H);
3C NMR (100 MHz, DMSOds) § 158.32, 155.82, 155.30, 154.33, 144.15, 138.25,
135.08, 134.58, 131.40, 124.69, 124.13, 123.86,762320.90, 105.56, 105.36, 71.90,
55.37, 52.02, 51.64, 50.73, 21.99, 15.30, 11.08M8RESI, m/z) [M+H] calcd for
CugH37CIN;OsS: 618.2265, found: 618.2263.

4.1.3.12 N’-(2-(isopropylsulfonyl)phenyl)-\N2-methoxy-4-(4-(4-methylpiperazin-1-
yl)piperidin-1-yl)-5-nitrophenyl)-5-methylpyrimidin2,4-diamine 53I). Yield = 45%.'H
NMR (400 MHz, DMSOdg) 6 9.03 (s, 1H), 8.57 (s, 1H), 8.49 (s, 1H), 8.032H),
7.79(s, 1H), 7.56 (s, 1H), 7.27 (s, 1H), 6.78 {8),1.93 (s, 3H), 3.42-3.36 (m, 5H), 2.83-

2.35 (m, 12H), 2.10 (s, 3H), 1.86 (s, 2H), 1.59), 1.15(s, 6H)*C NMR (100 MHz,



DMSO-ds) 0 158.58, 157.65, 156.71, 151.74, 142.04, 139.02,3136134.86, 131.18,
124.11, 123.75, 123.32, 122.94, 115.67, 107.51,210261.63, 56.12, 55.71, 54.58,
52.17, 48.01, 45.15, 28.33, 15.32, 13.29. HRMS (ESIz) [M+H]" calcd for
Cs1H43Ng0sS: 639.3077, found: 639.3078.

4.1.3.13 N?-(4-(4-ethylpiperazin-1-yl)-2-methoxy-5-nitrophery’-(2-
(isopropylsulfonyl)phenyl)-5-methylpyrimidine-2, #uthine  63m). Yield = 80%. *H
NMR (400 MHz, DMSOdg) 5 9.04 (s, 1H), 8.56 (s, 2H), 8.06 (s, 2H), 7.79)(d,4.8 Hz,
1H), 7.57 (s, 1H), 7.27 (d,= 6.8 Hz, 1H), 6.82 (s, 1H), 3.95 (s, 3H), 3.48B(m, 1H),
3.18-2.35 (m, 10H), 2.10 (s, 3H), 1.56 (s, 6H),0L(s, 3H);3C NMR (100 MHz,
DMSO-ds) 6 158.58, 158.33, 156.93, 154.69, 143.22, 139.36,2435135.05, 131.32,
124.09, 123.76, 123.45, 123.16, 118.54, 107.44,70036.94, 55.35, 52.32, 51.79,
51.19, 15.29, 13.10, 11.55. HRMS (ESI, m/z) [M¥idhlcd for GH3eN;OsS: 570.2499,
found: 570.2502.

4.1.3.14 N?-(4-(4-ethylpiperazin-1-yl)-2-methoxy-5-nitropheri-(2-
(isopropylsulfonyl)phenyl)pyrimidine-2,4-diamin&3¢). Yield = 78%."H NMR (400
MHz, DMSO-dg) § 8.97 (s, 1H), 8.45 (s, 1H), 8.11 (s, 1H), 8.031¢d), 7.99 (s, 1H),
7.82 (d,J = 6.8 Hz, 1H), 7.61 (d] = 5.6 Hz, 1H), 7.34 (s, 1H), 6.80 (s, 1H), 6.441(4),
3.94 (s, 3H), 3.35 (s, 1H), 3.06 (s, 5H), 2.64-21B0 5H), 1.13 (s, 6H), 1.06 (s, 3HfC
NMR (100 MHz, DMSOsdg) 6 160.83, 159.69, 157.87, 154.34, 143.28, 138.82,1835
135.04, 131.22, 127.04, 125.97, 124.54, 123.65,3¥18103.62, 99.86, 56.94, 54.85,
52.57, 51.92, 51.61, 15.22, 12.00. HRMS (ESI, nii¢}H]* calcd for GgHzuN;OsS:
556.2342, found: 556.2341.

4.1.3.15 5-Chloro-N-(2-methoxy-4-(4-methylpiperazin-1-yl)-5-nitrophBy*-(3-



(trifluoromethyl)phenyl)pyrimidine-2,4-diamin&30). Yield = 82%.'H NMR (400 MHz,
DMSO-dg) § 9.12 (s, 1H), 8.28 (s, 2H), 8.20 (s, 1H), 8.051(8]), 7.93 (s, 1H), 7.42 (s,
1H), 7.38 (s, 1H), 6.78 (s, 1H), 3.91 (s, 3H), 3(894H), 2.61 (s, 4H), 2.34 (s, 3HYC
NMR (100 MHz, DMSOsdg) 6 158.24, 156.05, 155.71, 155.59, 144.35, 139.88,6034
129.66, 126.09 122.97, 120.31, 120.16, 118.81,1405103.67, 56.89, 54.75, 51.31,
45.62. HRMS (ESI, m/z) [M+H] calcd for GsH24CIFN;Os: 538.1581, found:
538.15782.

4.1.3.16 5-Chloro-N-(3-chloro-4-fluorophenyl)-R(2-methoxy-4-(4-methylpiperazin-1-
yl)-5-nitrophenyl)pyrimidine-2,4-diamine58p). Yield = 80%.'H NMR (400 MHz,
DMSO-dg) 6 8.99 (s, 1H), 8.28 (s, 1H), 8.24 (s, 1H), 8.16L(8l), 7.82 (s, 1H), 7.58 (d,

= 7.2 Hz, 1H), 7.25 (dJ = 5.6 Hz, 1H), 6.78 (s, 1H), 3.91 (s, 3H), 3.074H), 2.50 (s,
4H), 2.31 (s, 3H)C NMR (100 MHz, DMSOdg) 6 158.26, 156.07, 155.70, 155.44,
144 .40, 136.14, 134.57, 124.39, 123.26, 122.92,262019.20, 116.71, 116.49, 104.78,
103.68, 56.88, 54.86, 51.46, 45.82. HRMS (ESI, ivzH] " calcd for GoHp3CFN;Ox3:
522.1223, found: 522.1220.

4.1.3.17 5-Chloro-N-(2,6-difluorophenyl)-R-(2-methoxy-4-(4-methylpiperazin-1-yl)-5-
nitrophenyl)pyrimidine-2,4-diamine58g). Yield = 75%.*H NMR (400 MHz, DMSO#d)
§8.90 (s, 1H), 8.16 (s, 1H), 8.07 (s, 1H), 7.921(8]), 7.34 (s, 1H), 7.11 (s, 2H), 6.72 (s,
1H), 3.89 (s, 3H), 3.02 (s, 4H), 2.58 (s, 4H), 2(803H);**C NMR (100 MHz, DMSO-
ds) 6 160.17, 158.10, 157.71, 157.51, 155.26, 154.27,1143135.38, 128.95, 123.36,
118.06, 115.40, 112.29, 112.06, 104.69, 103.7B%&4.79, 51.43, 45.64. HRMS (ESI,
m/z) [M+H]" calcd for G,H,3CIFN;O3: 506.1519, found: 506.1522.

4.1.3.18 5-Chloro-N-(2-methoxy-4-(4-methylpiperazin-1-yl)-5-nitrophB#y*-



(thiophen-3-ylmethyl)pyrimidine-2,4-diaming3f). Yield = 60%.'H NMR (400 MHz,
DMSO-dg) J 8.90 (s, 1H), 8.00 (s, 2H), 7.98 (s, 1H), 7.831($]), 6.94 (s, 1H), 6.90 (s,
1H), 6.80 (s, 1H), 4.77 (s, 2H), 3.97 (s, 3H), 3(664H), 2.56 (s, 4H), 2.31 (s, 3HTC
NMR (100 MHz, DMSOsdg) 6 157.88, 157.62, 153.93, 153.83, 143.51, 142.71,6534
126.92, 126.06, 125.40, 123.71, 117.55, 104.86,44037.03, 54.91, 51.60, 45.86, 39.08.
HRMS (ESI, m/z) [M+H] calcd for GiH2sCIN;O3S: 490.1428, found: 490.1423.
4.1.3.19 5-Chloro-N-cyclopropyl-N-(2-methoxy-4-(4-methylpiperazin-1-yl)-5-
nitrophenyl)pyrimidine-2,4-diaminé8s. Yield = 50%.'H NMR (400 MHz, DMSO¢)
§9.13 (s, 1H), 7.96 (s, 1H), 7.74 (s, 1H), 7.451(8]), 6.82 (s, 1H), 4.00 (s, 3H), 3.07 (s,
4H), 2.86 (s, 1H), 2.61 (s, 4H) , 2.33 (s, 3H)7680(s, 2H) , 0.63 (s, 2H}*C NMR (100
MHz, DMSO-ds) ¢ 159.30, 157.69, 153.50, 152.94, 142.77, 135.17,1824116.02,
104.74, 103.48, 57.08, 54.91, 51.59, 45.79, 2465. HRMS (ESI, m/z) [M+H]calcd
for CigH2sCIN7O3: 434.1707, found: 434.1709.

4.1.3.20 N-(2-((5-chloro-2-((2-methoxy-4-(4-methylpiperadisy)-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)phenyl)pieahide 631). Yield = 70%H NMR
(400 MHz, DMSO#) 5 9.37 (s, 1H), 8.31 (s, 1H), 8.25 (s, 1H), 8.141(#), 8.10 (s, 1
H), 7.67 (s, 1 H), 7.25 (s, 1 H), 7.14 (s, 2HY®(s, 1H), 3.90 (s, 3H), 3.04 (s, 4H), 2.55
(s, 4H), 2.31 (s, 3H) , 1.20 (s, 9HFC NMR (100 MHz, DMSOds) § 178.11, 158.25,
156.08, 155.07, 154.90, 143.82, 135.08, 132.69,4B3126.52, 126.14, 125.97, 125.53,
123.17, 119.46, 105.01, 103.69, 56.87, 54.90, 54586, 39.25, 27.71. HRMS (ESI,
m/z) [M+H]" calcd for G7H34CINgO;4: 569.2392, found: 569.2395.

4.1.3.21 5-Chloro-N-(2-methoxy-4-(4-methylpiperazin-1-yl)-5-nitrophB#y*-methyl-

N4-(3-(trifluoromethyl)phenyl)pyrimidine-2,4-diareinG3u) . Yield = 50%.'H NMR



(400 MHz, DMSO#€) 6 8.84 (s, 1H), 8.27 (s, 1H), 8.14 (s, 1H), 7.563{d), 7.52 (s, 1
H), 6.82 (s, 1 H), 4.00 (s, 3H), 3.12 (s, 5H), 2(663H), 2.37 (s, 3H)**C NMR (100
MHz, DMSO-s) o 158.88, 158.17, 157.85, 154.40, 146.53, 143.78,4P34130.78,
130.25, 129.02, 125.70, 123.35, 122.34, 121.60,1018.07.85, 103.52, 57.06, 54.66,
51.23, 45.43, 41.37. HRMS (ESI, m/z) [M+¥Hgalcd for GaHaCIFsN;Os: 552.1738,
found: 552.1738.
4.1.3.225-Chloro-N-(2-(isopropylsulfonyl)phenyl)-N2-methoxy-4-(4-methylpiperazin-
1-yl)-5-nitrophenyl)pyrimidine-2,4-diamine53y) . Yield = 60%.'H NMR (400 MHz,
DMSO-dg) 6 9.37 (s, 1H), 8.57 (s, 1H), 8.44 (s, 1H), 8.272(), 7.78 (s, 1 H), 7.50 (s, 1
H), 7.30 (s, 1 H), 6.80 (s, 1H), 3.93 (s, 3H),13(4, 5H), 2.64 (s, 9H), 2.29 (s, 3HjC
NMR (100 MHz, CDC}) ¢ 157.01, 155.56, 155.19, 151.87, 142.01, 136.69,.4173
133.68, 130.48, 124.89, 124.26, 124.11, 123.90,9719.06.72, 102.28 , 56.24, 54.94,
51.81, 45.72, 37.62. HRMS (ESI, m/z) [M+Hgalcd for G4H3oCINgOsS: 577.1748,
found: 577.1749.

4.1.3.23 (2-((5-Chloro-2-((4-(4-ethylpiperazin-1-yl)-2-metho5-
nitrophenyl)amino)pyrimidin-4-yl)amino)phenyl)dirhglphosphine oxide5@w). Yield =
75%.'H NMR (400 MHz, DMSOsg) 6 11.26 (s, 1H), 8.41 (s, 2H), 8.32 (s, 1H), 8.19 (s,
1 H), 7.56 (s, 1H), 7.32 (s, 1H), 7.12 (s, 1H),46(8, 1H), 3.94 (s, 3H), 3.17-2.72 (m,
10H), 1.80 (s, 3H), 1.76 (s, 3H), 1.12 (s, 3HE NMR (100 MHz, DMSOdg) & 158.43,
156.42, 155.79, 155.29, 144.45, 143.43, 134.60,2632131.20, 131.10, 122.90,123.26,
121.98, 121.28, 105.90, 103.80, 56.92, 52.15, 550®2, , 19.00, 18.30, 11.35. HRMS

(ESI, m/z) [M+HT calcd for GsHz,CIN;O4P: 560.1942, found: 560.19309.



4.1.3.24 (2-((5-Chloro-2-((4-(4-(dimethylamino)piperidin-132-methoxy-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)phenyl)dirglphosphine oxide5@x). Yield =
40%. *H NMR (400 MHz, DMSO#g) 5 11.26 (s, 1H), 8.43 (s, 1H), 8.40 (s, 1H), 8.32 (s,
1 H), 8.17 (s, 1 H), 7.56 (s, 1H), 7.32 (s, 1HL27(s, 1H), 6.83 (s, 1H), 3.94 (s, 3H),
3.34-2.90 (m, 5H), 2.63 (s, 6H), 2.07 (s, 2H), 1(F4H), 1.76 (s, 4H)*C NMR (100
MHz, DMSO-s) 0 158.46, 156.41, 155.80, 155.29, 144.77, 143.48,5634132.25,
131.22, 123.12, 122.98, 12.1.94 , 121.31, 120.85,87, 104.07, 62.18, 56.89, 51.05,
27.10 (s, 2H), 19.04, 18.33. HRMS (ESI, m/z) [M¥Hjalcd for GeHz4CIN;O4P:
574.2098, found: 574.2103.

4.1.3.25 (2-((5-Chloro-2-((2-methoxy-4-morpholino-5-nitroptyd)amino)pyrimidin-4-
yl)amino)phenyl)dimethylphosphine oxidg3y). Yield = 60%.'H NMR (400 MHz,
DMSO-dg) § 11.26 (s, 1H), 8.43 (s, 2H), 8.31 (s, 1 H), 8.181(#), 7.56 (m, 1H), 7.33
(s, 1H), 7.12 (s, 1H), 6.86 (s, 1H), 3.94 (s, 3BY5 (s, 4H), 3.07 (s, 4H), 1.80 (s, 3H),
1.76 (s, 3H)*C NMR (100 MHz, DMSOds) 6 158.47, 158.45, 156.42, 155.81, 155.31,
144.73, 143.46, 134.82, 131.20, 123.25, 123.00,0B2221.27, 120.85, 105.88, 103.80,
66.67, 56.90, 52.38, 19.02, 18.32. HRMS (ESI, riiVyH] " calcd for G3H27CINOsP:
533.1469, found: 533.1465.

4.1.3.26 (2-((5-Chloro-2-((2-methoxy-4-(4-(methylsulfonyperazin-1-yl)-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)phenyl)dirglphosphine oxide5@2. Yield =
52%.H NMR (400 MHz, DMSOds) § 11.26 (s, 1H), 8.44 (s, 1H), 8.40 (s, 1H), 8.32 (s,
1H), 8.18 (s, 1 H), 7.56 (s, 1H), 7.32 (s, 1H)27(4, 1H), 6.83 (s, 1H), 3.94 (s, 3H), 2.91
(s, 4H), 2.12 (s, 2H), 1.79 (s, 8H), 1.76 (s, 3HE NMR (100 MHz, DMSOdg) ¢

162.54, 156.79, 156.09, 154.78, 151.68, 143.24,994037.90, 132.70, 129.79, 125.59,



123.14, 122.66, 115.43, 107.69, 102.93, 56.29,0648.17, 34.37, 18.86, 18.15. HRMS
(ESI, m/z) [M+H] calcd for G4H3oCIN;OsPS: 610.1404, found: 610.1408.

4.1.3.27 (2-((2-((4-(J1,4'-bipiperidin]-1'-yl)-2-methoxy-5#rophenyl)amino)-5-
chloropyrimidin-4-yl)amino)phenyl)dimethylphosphiogide 63a). Yield = 45%. *H
NMR (400 MHz, DMSO€) 6 11.27 (s, 1H), 8.43 (s, 2H), 8.32 (s, 1H), 8.171(),
7.58-7.54 (M, 1 H), 7.32 (s, 1H), 7.13 (s, 1H),%(8, 1H), 3.93 (s, 3H), 3.46-2.85 (m,
9H), 2.17-1.44 (m, 16H)**C NMR(100 MHz, DMSOds) & 158.44, 156.42, 155.80,
155.29, 144.68, 143.45, 134.50, 132.26, 131.11,162321.96, 121.74, 121.30, 120.83,
105.88, 104.05, 62.60, 56.89, 51.17, 49.55, 2628%0, 22.48, 19.01, 18.31. HRMS
(ESI, m/z) [M+H] calcd for GgH3sCIN;O4P: 614.2411, found: 614.2413.

4.1.3.28 2-((5-Chloro-2-((2-methoxy-4-(4-methylpiperazin{)}-f-
nitrophenyl)amino)pyrimidin-4-yl)amino)-N-methyllzamide $3b’) . Yield = 65%.H
NMR (400 MHz, DMSO#dg) 6 11.67 (s, 1H), 8.75 (s, 1H), 8.55 (s, 1H), 8.431(%),
8.32 (s, 1 H), 8.20 (s, 1H), 7.73 (s, 1H), 7.301¢4), 7.10 (s, 1H), 6.82 (s, 1H), 3.94 (s,
3H), 3.10 (s, 4H), 2.80 (s, 3H), 2.51 (s, 4H), 2813H);*C NMR (100 MHz, DMSOds)
0169.39, 158.58, 156.45, 155.46, 155.10, 144.93,703934.37, 131.82, 128.42, 122.78,
122.31, 121.45, 121.20, 120.89, 105.87, 103.598%654.99, 51.65, 46.08, 26.77.
HRMS (ESI, m/z) [M+H] calcd for G4H2sCINgO4: 527.1922, found: 527.1922.

4.1.3.29 2-((5-Chloro-2-((4-(4-isopropylpiperazin-1-yl)-2-iin@xy-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)-N-methylzamide $3c). Yield = 60%.'H
NMR (400 MHz, DMSOdg) 6 11.69 (s, 1H), 8.75 (s, 1H), 8.56 (s, 1H), 8.461(d),
8.36-8.28 (m, 1 H), 8.20 (s, 1 H), 7.74 (s, 1HR17(s, 1H), 7.10 (s, 1H), 6.84 (s, 1H),

3.94 (s, 3H), 3.33-2.50 (m, 12H), 1.20-0.98 (m, :6¢ NMR (100 MHz, DMSOdg)



169.38, 158.55, 156.42, 155.47, 155.09, 144.74,703934.54, 131.82, 128.42, 122.99,
122.32, 121.36, 121.22, 120.90, 105.91, 103.68666:4.77, 51.72, 48.46, 26.77, 18.35.
HRMS (ESI, m/z) [M+HJ calcd for GgH3,CINgO4: 555.2235, found: 555.2234

4.1.3.30 2-((2-((4-(4-Acetylpiperazin-1-yl)-2-methoxy-5-oiphenyl)amino)-5-
chloropyrimidin-4-yl)amino)-N-methylbenzamidg3¢). Yield = 43%.'H NMR (400
MHz, DMSO-ds) § 11.69 (s, 1H), 8.75 (s, 1H), 8.55 (s, 1H), 8.441(%]), 8.37 (s, 1 H),
8.21 (s, 1 H), 7.74 (s, 1H), 7.32 (s, 1H), 7.101¢3), 6.89 (s, 1H), 3.94 (s, 3H), 3.61 (s,
4H), 3.09 (s, 2H), 3.05 (s, 2H), 2.80 (s, 3H), 2(863H);°C NMR (100 MHz, DMSO-
ds) 0 169.38 168.90, 158.44, 156.16, 155,4355.09, 144.53 139.66, 135.12, 131.86,

128.41, 123.57, 122.37, 121.25, 120.94, 118.266.03, 104.32, 56.92, 52.44, 51.87,

46.29, 41.46, 26.77, 21.69. HRMS (ESI, m/z) [M*Hjalcd for GsH2gCINgOs:
555.1871, found: 555.1874.

4.1.3.31 2-((5-Chloro-2-((2-methoxy-4-(4-(1-methylpiperidinyl)piperazin-1-yl)-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)-N-methylzemide $3e). Yield = 40%.'H
NMR (400 MHz, DMSO¢g) 5 11.68 (s, 1H), 8.76 (s, 1H), 8.55 (s, 1H), 8.43L{), 8.30
(s, 1 H), 8.20 (s, 1H), 7.72 (s, 1H), 7.31 (s, 1HYO (s, 1H), 6.83 (s, 1H), 3.93 (s, 3H),
3.08 (s, 4H), 3.00-2.35 (m, 15H), 1.84 (s, 2H),31(5, 2H);*C NMR (100 MHz,
DMSO-ds) 0 169.38, 158.56, 156.46, 155.46, 155.08, 144.92,683934.49, 131.82,
128.44, 122.84, 122.33, 121.44, 121.20, 120.87,815103.58, 56.84, 54.10, 53.95,
53.41, 52.18, 49.18, 26.99, 26.76. HRMS (ESI, ni¥#)H]" calcd for GoHz7CINgOy:
610.2657, found: 610.2659.

4.1.3.32 2-((5-Chloro-2-((4-(4-ethylpiperazin-1-yl)-2-methoek-

nitrophenyl)amino)pyrimidin-4-yl)amino)benzonitrig3f"). Yield = 70%.H NMR (400



MHz, DMSO-ds) 6 9.30 (s, 1H), 8.21 (s, 1H), 8.14 (s, 1H), 8.041($), 7.75 (s, 1 H),
7.67-7.59 (m, 2H), 7.36 (s, 1H), 6.75 (s, 1H), 3(893H), 3.03 (s, 4H), 2.56-2.37 (m,
6H), 1.08 (s, 3H):C NMR (100 MHz, DMSOdg) ¢ 157.92, 156.90, 155.65, 154.59,
143.50, 141.17, 135.16, 134.04, 133.30, 127.65,6124.23.15, 118.69, 117.54, 110.03,
104.93, 103.63, 56.86, 52.59, 51.94, 51.63, 12HF8MS (ESI, m/z) [M+H] calcd for
C24H26CINgO5: 509.1816, found: 509.1818.

4.1.3.33 2-((5-Chloro-2-((4-(4-isopropylpiperazin-1-yl)-2-iine@xy-5-
nitrophenyl)amino)pyrimidin-4-yl)amino)benzonitri&3g) . Yield = 61%'H NMR (400
MHz, DMSO-ds) 6 9.29 (s, 1H), 8.21 (s, 1H), 8.12 (s, 1H), 8.031(#{), 7.74 (s, 1 H),
7.63 (s, 1H), 7.60 (s, 1H), 7.36 (s, 1H), 6.751(8), 3.89 (s, 3H), 3.01 (s, 4H), 2.74-2.50
(m, 5H), 1.04 (s, 6H)**C NMR (100 MHz, DMSOdg) 6 157.92, 156.90, 155.65, 154.54,
143.65, 141.16, 135.18, 134.04, 133.28, 127.63,62223.02, 118.65, 117.55, 110.02,
104.89, 103.57, 56.83, 54.21, 52.24, 48.49, 1&B8MS (ESI, m/z) [M+H] calcd for
CosH28CINgO3: 523.1973, found: 523.1975.

4.1.3.34 2-((5-Chloro-2-((2-methoxy-4-morpholino-5-nitroply@amino) pyrimidin-4-
yl)amino)benzonitrile §3h"). Yield = 50%."H NMR (400 MHz, DMSOds) 6 9.30 (s,
1H), 8.22 (s, 1H), 8.14 (s, 1H), 8.04 (s, 1 H)57(3, 1H), 7.63 (s, 1H), 7.60 (s, 1H), 7.36
(s, 1H), 6.78 (s, 1H), 3.90 (s, 3H), 3.71 (S, 4RPI (s, 4H);**C NMR (100 MHz,
DMSO-ds) 0 157.87, 156.92, 155.66, 154.53, 143.37, 141.17,4435134.05, 133.30,
127.68, 126.65, 123.45, 118.50, 117.55, 110.07,91M04103.75, 66.67, 56.90, 52.41.
HRMS (ESI, m/z) [M+H] calcd for GoH21CIN;O4: 482.1344, found: 482.1340.

4.1.3.35 2-((5-Chloro-2-((2-methoxy-4-(4-(1-methylpiperidiayl)piperazin-1-yl)-5-

nitrophenyl)amino)pyrimidin-4-yl)amino)benzonitrig3i'). Yield = 45%.'H NMR (400



MHz, DMSO-ds) 6 9.28 (s, 1H), 8.21 (s, 1H), 8.12 (s, 1H), 8.011($), 7.74 (s, 1 H),
7.63 (s, 1H), 7.60 (s, 1H), 7.36 (s, 1H), 6.711¢d), 3.88 (s, 3H), 3.18-2.29 (m, 16H),
1.82 (s, 2H), 1.56 (s, 2H}’C NMR (100 MHz, DMSOdg) § 157.96, 156.88, 155.65,
154.66, 144.07, 141.17, 134.75, 134.04, 133.30,6222126.59, 122.76, 118.87, 117.55,
110.01, 104.87, 103.50, 60.93, 56.80, 54.94, 5148531, 45.36, 28.46. HRMS (ESI,
m/z) [M+H]" calcd for GgH33CINgOs: 578.2395, found: 578.2395.

4.1.4 The target compounds5—-36were prepared following the synthetic procedure of
18. The target compound@®¥-50were prepared following the synthetic procedur8f
4.1.4.1 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-(4-(4-methylpiperazin-1-yl)piperidin-3pHlenyl)acrylamide 15). Yield =
48%.*"H NMR (400 MHz, DMSO#dg) 6 9.53 (s, 1 H), 8.97 (s, 1 H), 8.52 (s, 1H ), &9

1 H), 8.23(s, 1H), 8.13 (s, 1 H), 7.78 (d= 8.0 Hz, 1H), 7.53 (s, 1H), 7.26 {= 8.0 Hz,
1H), 6.84 (s, 1H), 6.67-6.63 (m, 1H), 6.16 J& 16.0 Hz, 1H), 5.71 (d} = 12.0 Hz, 1H),
3.77 (s, 3H), 3.43 (heptel,= 4.0 Hz, 1H), 3.07 (d] = 8.0 Hz,, 2H), 3.08-2.41 (m, 14H),
1.87 (s, 2H), 1.76 (s, 2H), 1.17 @z 4.0 Hz, 6H);"*C NMR (100 MHz, DMSOds) &
163.27, 159.00, 155.85, 155.02, 149.58, 141.96,4838.35.20, 132.76, 131.25, 126.57,
124.88, 123.80, 123.48, 123.34, 123.24, 119.80,6P04103.99, 61.29, 56.18, 55.42,
54.73, 51.80, 48.22, 45.13, 28.59, 15.34. HRMS (E@lz) [M+H]' calcd for
C33H44CINgO4S: 683.2895, found: 683.2897.

4.1.4.2 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-(4-(methylsulfonyl)piperazin-1-yl)pheagtylamide 16). Yield = 46%. *H
NMR (400 MHz, DMSOée) 5 9.53 (s, 1H), 9.03 (s, 1H), 8.52 (s, 2H), 8.22Jd; 8.0

Hz, 2H), 7.78 (dyJ = 8.0 Hz, 1H), 7.54 (] = 8.0 Hz, 1H), 7.27 (dd] = 8.0, 4.0 Hz, 1H),



6.94 (s, 1H), 6.70-6.63 (m, 1H), 6.17 (M= 16.0 Hz, 1H), 5.77-5.71 (m, 1H), 3.79 (s,
3H), 3.46-3.30 (m, 6H), 2.98 (s, 6H), 1.17 (d= 4.0 Hz, 6H);*C NMR (100 MHz,
DMSO-ds) 0 163.29, 158.91, 155.84, 155.03, 149.52, 140.59,48638135.20, 132.72,
131.24, 126.75, 125.29, 124.14, 123.88, 123.53,2823119.48, 104.79, 56.29, 55.43,
51.37, 46.12, , 34.68, 15.33. HRMS (ESI, m/z) [M¥Halcd for GgHasCIN;OpSy:
664.1779, found: 664.1776.

4.1.4.3 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl) phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam(ti@. Yield = 43%."H NMR (400
MHz, DMSO-ds) J 9.53 (s, 1H), 8.97 (s, 1H), 8.53-8.47 (m, 2H), &&31H), 8.11 (s, 1
H), 7.77 (d,J = 7.6 Hz, 1H), 7.56-7.54 (m, 1H), 7.26 Jt= 7.6 Hz, 1H), 6.86 (s, 1 H),
6.63-6.58 (M, 1H), 6.16 (d,= 14.6 Hz, 1H), 5.72 (d} = 10.0 Hz, 1H), 3.79 (s, 3H), 3.46
(heptet,J = 6.0 Hz, 1H), 2.90 (s, 3H), 3.18-2.60 (m, 8HX7L(d,J = 6.0 Hz, 6H);"*C
NMR (100 MHz, DMSOsdg) 6 163.34, 158.90, 155.83, 155.03, 149.53 , 140.78,483
135.24, 132.73, 131.24, 126.59, 125.03, 123.86,582323.27, 119.81, 104.73, 104.17,
56.27, 55.43, 54.29, 50.32, 44.68, 15.33. HRMS (E@Iz) [M+H]" calcd for
CagH35CIN704S: 600.2160, found: 600.2156.

4.1.4.4 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-(4-methyl-1,4-diazepan-1-yl)phenyl)acnytie (8). Compound53d (29.5
mg, 0.05 mmol), iron (28.0 mg, 0.5 mmol) and amraanchloride (16.0 mg, 0.3 mmol)
were heated in ethanol (3 mL) and water (1 mL)ediux for 1 h. The reaction was
guenched with saturated aqueous NaH@@d extracted with Ci€l,. The combined
organic extracts were washed with brine, dried o&ehydrous sodium sulfate and

filtered. The solvents were removed to afford thede compound4d, which was used



in the next step without further purification. Atwyl chloride (2.0 mg, 0.02 mmol) in
CH.Cl, (0.2 mL) was added dropwise to a solution of conmabb4d (11.0 mg, 0.02
mmol) and DIPEA (5.2 mg, 0.04 mmol) in @B, (1 mL) in an ice/water bath. The
mixture was stirred for 30 min, then diluted wittH&l, and washed with saturated
aqueous NaHC®solution. The organic layer were dried over MgS@ltered, and
concentrated. The residue was purified by colummroatography (©10% MeOH in
DCM) to afford the desired produt8 (8.5 mg, 28%) as a pale yellow solfti NMR
(400 MHz, DMSO#€) 6 9.53 (s, 1H), 9.12 (s, 1H), 8.53 (s, 1H), 8.461(d), 8.21 (s,
1H), 7.94 (s, 1H), 7.77 (s, 1H), 7.55 (s, 1H), 7(&61H), 6.84 (s, 1H), 6.56 (s, 1H), 6.15
(d, J = 16.0 Hz, 1H), 5.70 (s, 1H), 3.76 (s, 3H), 3.44, (tH), 3.15 (s, 4H), 2.68 (s, 4H),
2.33 (s, 3H), 1.87 (s, 2H), 1.16 (s, 6EAC NMR (100 MHz, DMSOds) J 163.37, 159.02,
155.83, 154.99, 149.82, 144.24, 138.51, 135.25,6B3231.26, 126.49, 123.85, 123.73,
123.44, 123.19, 122.50, 120.93, 104.86, 104.5315&7.28, 56.08, 55.37, 54.28, 53.53,
47.08, 28.17, 15.33; HRMS (ESI, m/z) [M+Htalcd for GgH3/CIN;O,S: 614.2316,
found: 614.2317.

4.1.4.5 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo) pyrimidin-2-yl)amino)-2-
(4-isopropylpiperazin-1-yl)-4-methoxyphenyl)acrylde (19). Yield = 45%. *H NMR
(400 MHz, DMSO€) 5 9.54 (s, 1H), 9.30 (s, 1H), 8.55-8.51 (m, 2H), &&3LH), 7.78-
7.27 (m, 3H), 6.94-6.87 (m, 1H), 6.80 (s, 1H), 66638 (m, 1H), 6.16 (d) = 16.0 Hz,
1H), 5.70 (dJ = 10.0 Hz, 1H), 3.79 (s, 3H), 3.43-2.74 (m, 10HR6-1.17 (m, 12H)**C
NMR (100 MHz, DMSOsdg) 6 163.38, 158.91, 155.84, 155.02, 149.51, 140.03,4538

135.20, 132.74, 131.24, 126.73, 125.11, 124.07,682319.78, 104.75, 103.99, 56.73,



56.25, 55.44, 49.36, 48.01, 17.29, 15.33. HRMS (E®Iz) [M+H]" calcd for
C3oH39CIN7O,S: 628.2473, found: 628.2471.

4.1.4.6 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-(4-(2-methoxyethyl)piperazin-1-yl)pheagylamide 20). Yield = 49%.'H
NMR (400 MHz, DMSOdg) 5 9.53 (s, 1H), 8.98 (s, 1H), 8.52-8.47 (m, 2H), §221H),
8.11 (s, 1H), 7.77 (s, 1H), 7.54 (s, 1H), 7.261(8), 6.88 (s, 1H), 6.60 (s, 1H), 6.15 (,
= 16.0 Hz, 1H), 5.70 (s, 1H), 3.78 (s, 3H), 3.4972(m, 16H), 1.17 (s, 6H)C
NMR(100 MHz, DMSOsg) ¢ 163.27, 158.98, 155.85, 155.02, 149.70, 141.72,4938
135.22, 132.72, 131.25, 126.54, 124.84, 123.79,4892323.24, 119.94, 104.55, 104.13,
70.51, 58.50, 57.57, 56.20, 55.41, 53.77, 51.863LHRMS (ESI, m/z) [M+H] calcd
for C3oH3zgCIN7OsS: 644.2422, found: 644.2420.

4.1.4.7 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo) pyrimidin-2-yl)amino)-2-
(4-cyclohexylpiperazin-1-yl)-4-methoxyphenyl)acryide @1). Yield = 47%.'H NMR
(400 MHz, DMSOsdg) ¢ 9.53 (s, 1H), 9.02 (s, 1H), 8.50 (s, 2H), 8.231(d), 8.14 (s,
1H), 7.77 (dJ = 7.6 Hz, 1H), 7.56-7.54 (m, 1H), 7.26 Jt= 7.6 Hz, 1H), 6.85 (s, 1H),
6.66-6.60 (M, 1H), 6.15 (d,= 16.0 Hz, 1H), 5.71 (dl = 9.6 Hz, 1H), 3.79 (s, 3H), 3.44-
1.17 (m, 26H);**C NMR (100 MHz, DMSOds) 6 163.35, 158.91, 155.82, 155.02,
149.51, 140.28, 138.46, 135.21, 132.75, 131.23,6826.25.02, 123.96, 123.84, 123.53,
123.26, 119.78, 104.72, 103.93, 64.10, 56.24, 5514480, 48.52, 27.38, 25.60, 25.26,
15.33. HRMS (ESI, m/z) [M+H]calcd for GaH43sCIN,O,S: 668.2786, found: 668.2783.
4.1.4.8 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl) phenyl)ama) pyrimidin-2-yl)amino)-4-
methoxy-2-morpholinophenyl)acrylamid@2). Yield = 45%. 'H NMR (400 MHz,

DMSO-ds) 6 9.52 (s, 1H), 9.07 (s, 1H), 8.49 (s, 2H ), 8.221¢d), 8.14 (s, 1H), 7.77 (s,



1H), 7.54 (s, 1H), 7.26 (s, 1H), 6.87 (s, 1H), 6(631H), 6.15(d)J = 16.0 Hz, 1H), 5.71
(s, 1H), 3.80 (s, 7 H), 3.43 (s, 1H), 2.86 (s, 4H)}L7 (s, 6H);"*C NMR (100 MHz,
DMSO-ds) 6 163.31, 158.95, 155.85, 155.03, 149.69, 141.39,4738135.21, 132.70,
131.25, 126.63, 125.00, 123.84, 123.74, 123.51,262319.96, 104.68, 104.24, 66.78,
56.24, 55.41, 52.26, 15.33. HRMS (ESI, m/z) [M¥Hjalcd for G:H3;CINgOsS:

587.1843, found: 587.1848.

4.1.4.9 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo)pyrimidin-2-yl)amino)-4-
methoxy-2-(piperidin-1-yl)phenyl)acrylamid&3j. Yield = 48%.'H NMR (400 MHz,
DMSO-dg) § 9.53 (s, 1H), 8.96 (s, 1H), 8.54 (s, 1H ), 8.491¢d), 8.21 (s, 1H), 8.14 (s,
1H), 7.77 (dJ = 8.0 Hz, 1H), 7.53 (s, 1H), 7.25 &= 8.0 Hz, 1H), 6.84 (s, 1H), 6.64-
6.59 (m, 1H), 6.15 (d] = 20 Hz, 1H), 5.71 (d] = 8.0 Hz, 1H), 3.78 (s, 3H), 3.44 (heptet,
J = 8.0 Hz, 1H), 2.82 (s, 4H), 1.73 (s, 4H), 1.5628), 1.17 (d,J = 8.0 Hz, 6H);*°C
NMR (100 MHz, CDCY) ¢ 162.33, 157.53, 155.31, 145.34, 138.23, 137.7@.3%3
132.09, 130.92, 126.44, 126.23, 125.24, 124.66,962323.06, 112.25, 106.12, 103.32,
55.99, 55.62, 53.97, 27.00, 24.01, 15.33. HRMS (E@Iz) [M+H]" calcd for
CugH34CINGO4S: 585.2051, found: 585.2051.

4.1.4.10 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo)pyrimidin-2-yl)amino)-
2-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)phergtyylamide 24). Yield = 56%. *H
NMR (400 MHz, DMSO#€e) 6 10.23 (s, 1H), 9.57 (s, 1H), 8.55 (s, 1H), 8.322(4,),
8.26 (s, 1H), 7.81(s, 1H,), 7.57 (s, 1H), 7.37148), 7.32 (s, 1H), 7.09 (s, 1H), 6.51 (s,
1H), 6.19 (d,J = 16.0 Hz, 1H), 5.72 (s, 1H), 3.45-2.44 (m, 17HB5 (s, 1H), 1.54 (s,
1H), 1.19 (s, 6H)*C NMR(100 MHz, DMSOds) 6 163.28, 157.94, 155.72, 155.28,

139.35, 138.32, 135.47, 135.07, 133.90, 132.55,3631126.75, 124.55, 123.97, 123.78,



120.37, 115.09, 113.10, 105.80, 60.87, 55.45, 5461F0, 47.45, 44.40, 28.82, 15.33.
HRMS (ESI, m/z) [M+H] calcd for GoH4,CINgOsS: 653.2789, found: 653.2785.
4.1.4.11 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo) pyrimidin-2-yl)amino)-
2-(4-ethylpiperazin-1-yl)-4-isopropoxyphenyl)acnylale @5). Yield = 65%.'H NMR
(400 MHz, DMSO#g) 5 9.51 (s, 1H), 9.06 (s, 1H), 8.47 (s, 1H), 8.321¢d,), 8.23 (s,
2H), 7.76 (s, 1H), 7.52 (s, 1H), 7.24 (s, 1H), 38 1H), 6.68 (s, 1H), 6.14 (d,= 16.0
Hz, 1H), 5.71 (s, 1H), 4.58 (s, 1H), 3.50-2.80 (rhH), 1.40-1.10 (m, 15H)C NMR
(100 MHz, DMSO#€g) 0 163.33, 158.79, 155.88, 155.04, 147.18, 140.19,3r3835.11,
132.72, 131.24, 130.02, 126.68, 125.50, 123.99,662323.44, 119.39, 107.17, 104.72,
71.47, 55.44, 51.66, 51.42, 49.79, 22.34, 15.3243LHRMS (ESI, m/z) [M+H] calcd
for C31H41CIN,O,S: 642.2629, found: 642.2630

4.1.4.12 N-(5-((4-((2-(1sopropylsulfonyl)phenyl)amino)-5-mgtpyrimidin-2-yl)amino)-
4-methoxy-2-(4-(4-methylpiperazin-1-yl)piperidinflphenyl)acrylamide 46). Yield =
46%."H NMR (400 MHz, DMSO#dg) § 9.03 (s, 1H), 8.97 (s, 1H), 8.62 (s, 1H), 8.32 (s,
1H ), 8.00 (s, 1H), 7.88 (s, 1H), 7.75 (s, 1H)57(5, 1H), 7.20 (s, 1H), 6.81 (s, 1H), 6.65
(s, 1H), 6.14 (dJ = 16.0 Hz, 1H), 5.71 (s, 1H), 3.80 (s, 3H), 3.6812(m, 14H), 2.09 (s,
3H), 1.92-1.70 (m, 4H), 1.16 (s, 6HFC NMR (100 MHz, DMSOds) 6 163.23, 159.07,
158.39, 157.19, 148.20, 140.66, 139.57, 135.25,8P32131.20, 126.46, 124.90, 124.41,
123.06, 122.63, 118.21, 106.33, 61.28, 56.27, 5538722, 51.80, 47.73, 44.55, 28.50,
15.33, 13.09. HRMS (ESI, m/z) [M+H]calcd for GsHs/NgO4S: 663.3441, found:
663.3443

41.4.13 N-(2-(4-Ethylpiperazin-1-yl)-5-((4-((2-(isopropyléonyl)phenyl)amino)-5-

methylpyrimidin-2-yl)Jamino)-4-methoxyphenyl)acrylden27). Yield = 60%.'"H NMR



(400 MHz, DMSO#g) § 9.04 (s, 1H), 9.00 (s, 1H), 8.63 (s, 1H), 8.321(4,), 8.00 (s,
1H), 7.92 (s, 1H), 7.76 (s, 1H), 7.56 (s, 1H), 7(01H), 6.85 (s, 1H), 6.61 (s, 1H), 6.14
(d, J = 16.0 Hz, 1H), 5.71 (s, 1H), 3.81 (s, 3H), 3.6062(m, 11H), 2.09 (s, 3H), 1.20-
1.00 (m, 9H);**C NMR (100 MHz, CDGJ) 6 162.73, 158.53, 157.64, 155.85, 145.50,
139.22, 134.82, 134.56, 131.82, 130.91, 126.84,0026.23.44, 122.43, 112.66, 107.21,
103.45, 56.13, 55.74, 52.44, 52.28, 50.19, 15.3®0, 10.10. HRMS (ESI, m/z) [M+H]
calcd for GoH4oN704S: 594.2862, found: 594.2863.

4.1.4.14 N-(2-(4-Ethylpiperazin-1-yl)-5-((4-((2-
(isopropylsulfonyl)phenyl)amino)pyrimidin-2-yl)amijr4-methoxyphenyl)acrylamide
(29). Yield = 50%.2H NMR (400 MHz, CDC}) ¢ 9.07 (s, 1H), 8.89 (s, 1H), 8.37 (s, 1H),
8.11 (s, 1H), 7.80 (s, 1H), 7.60 (s, 1H), 7.531¢d), 7.14 (s, 1H), 6.74 (s, 1H), 6.42 (s,
1H), 6.29 (d,J = 16.0 Hz, 1H), 6.20 (s, 1H), 5.67 (s, 1H), 3.84 H), 3.75-3.00 (m,
11H), 1.43 (s, 3H), 1.28(s, 6H)}*C NMR (100 MHz, CDGCJ) 6 163.00, 159.93, 158.96,
156.60, 145.93, 138.88, 134.70, 131.72, 131.15,0B27126.41, 125.86, 124.32, 123.31,
122.95, 113.59, 103.47, 99.34, 56.21, 55.69, 52528)0, 49.37, 15.30, 9.45. HRMS
(ESI, m/z) [M+H] calcd for GgHsgN-O4S: 580.2706, found: 580.2707.

4.1.4.15 N-(5-((5-Chloro-4-((3-(trifluoromethyl)phenyl)amijmyrimidin-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam{@g). Yield = 42%."H NMR (400
MHz, DMSO-dg) § 9.00 (s, 2H), 8.18 (s, 2H), 8.14 (s, 2H), 7.931¢d), 7.40 (s, 1H),
7.30 (s, 1H), 6.82 (s, 1H), 6.65 (s, 1H), 6.16)(d,16 Hz, 1H), 5.71 (s, 1H), 3.78 (s, 3H),
3.00-2.50 (m, 11H)**C NMR (100 MHz, DMSOsds) 6 163.32, 158.83, 155.86, 155.61,

149.17, 140.48, 140.09, 132.74, 129.65, 126.55,6823925.08, 124.19, 119.67, 119.35,



118.36, 104.27, 104.18, 56.32, 54.35, 50.34, 444RMS (ESI, m/z) [M+H] calcd for
CaoeH2sCIFsN7O,: 562.1945, found: 562.1948.

4.1.4.16 N-(5-((5-Chloro-4-((3-chloro-4-fluorophenyl)amingypmidin-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam{@@). Yield = 51%."H NMR (400
MHz, DMSO-dg) § 8.95 (s, 1H), 8.84 (s, 1H), 8.21 (s, 1H), 8.151¢d), 8.10 (s, 1H),
7.84 (s, 1H), 7.68 (s, 1H), 7.20 (s, 1H), 6.83L(8), 6.63 (s, 1H), 6.16 (d,= 16 Hz, 1H),
5.71 (s, 1H), 3.79 (s, 3H), 3.00-2.40 (m, 115 NMR (100 MHz, DMSOdg) 5 163.29,
158.88, 155.77, 155.48, 152.38, 149.19, 140.47,4834.32.67, 126.51, 125.11, 124.12,
123.58, 122.56, 119.32, 119.03, 116.63, 104.32,040456.31, 54.44, 50.47, 44.83.
HRMS (ESI, m/z) [M+H] calcd for GsH,/Cl,FN;O,: 546.1587, found: 546.1587
4.1.4.17 N-(5-((5-Chloro-4-((2,6-difluorophenyl)amino)pyridin-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam{@#). Yield = 58%.'"H NMR (400
MHz, DMSO-ds) & 8.86 (s, 1H), 8.78 (s, 1H), 8.09 (s, 1H), 7.901(d), 7.67 (s, 1H),
7.32-7.08 (m, 3H), 6.71 (s, 1H), 6.66-6.59 (M, 161p2 (d,J = 20 Hz, 1H), 5.75 (d] =
8.0 Hz, 1H), 3.77 (s, 3H), 2.94-2.30 (m, 11 NMR (100 MHz, DMSOdg) 5 163.40,
160.25, 158.49, 157.81, 157.41, 155.11, 147.93,164A32.87, 128.68, 126.45, 124.32,
118.48, 115.57, 112.34, 112.09, 107.62, 104.12,610356.31, 54.23, 50.07, 44.39.
HRMS (ESI, m/z) [M+HT] calcd for GsH,-CIF,N-O»: 530.1883, found: 530.1884.
4.1.4.18 N-(5-((5-Chloro-4-((thiophen-2-ylmethyl)amino)pyidm-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam{@8). Yield = 66%."H NMR (400
MHz, DMSO-dg) § 9.06 (s, 1H), 8.84 (s, 1H), 7.94 (s, 1H), 7.821¢d), 7.66 (s, 1H),
7.27 (s, 1H), 6.89 (s, 2H), 6.81 (s, 1H), 6.731(8), 6.21 (dJ = 16.0 Hz, 1H), 5.71 (s,

1H), 4.81 (s, 2H), 3.86 (s, 3H), 3.30-2.70 (m, 11¥¢ NMR (100 MHz, DMSOds) d



163.38, 158.23, 157.63, 153.81, 146.40, 143.13,58321.32.85, 126.84, 126.58, 125.93,
125.43, 125.20, 115.78, 104.20, 103.89, 56.60,45318.09, 43.09, 38.97. HRMS (ESI,
m/z) [M+H]" calcd for G4H2¢CIN,O,S: 514.1792, found: 514.1794.

4.1.4.19 N-(5-((5-Chloro-4-(cyclopropylamino)pyrimidin-2-ginino)-4-methoxy-2-(4-
methylpiperazin-1-yl)phenyl)acrylamide83). Yield = 13%. 'H NMR (400 MHz,
DMSO-dg) § 9.12 (s, 1H), 8.94 (s, 1H), 7.91 (s, 1H), 7.581¢d), 7.26 (s, 1H), 6.79 (s,
1H), 6.73 (s, 1H), 6.16 (dl = 16.0 Hz, 1H), 5.70 (s, 1H), 3.89 (s, 3H), 3.30€2(m,
12H), 0.61 (s, 4H)**C NMR (100 MHz, DMSOdg) 6 163.47, 159.22, 158.00, 153.48,
145.85, 137.68, 132.72, 126.38, 125.66, 125.09,7615104.13, 103.54, 56.65, 53.31,
48.90, 42.99, 24.83, 6.53. HRMS (ESI, m/z) [M+ldhlcd for GoH.oCIN,O,: 458.2071,
found: 458.2075.

4.1.4.20 N-(5-((5-Chloro-4-((2-pivalamidophenyl)amino)pyrihm-2-yl)amino)-4-
methoxy-2-(4-methylpiperazin-1-yl)phenyl)acrylam{@4). Yield = 54%.'"H NMR (400
MHz, DMSO-ds) 6 9.36 (s, 1H), 8.97 (s, 1H), 8.22 (s, 1H), 8.11-809 2H), 7.98 (s,
1H), 7.75 (dJ = 8.0 Hz, 1H), 7.24-7.09(m, 3H), 6.79 (s, 1H),B&60 (M, 1H), 6.20 (d,
J=16.0 Hz, 1H), 5.74 (dl = 8.0 Hz, 1H), 3.78 (s, 3H), 2.89-2.36 (m, 11HR1Ls, 9H);
3C NMR (100 MHz, DMSOds) § 178.07, 163.45, 158.72, 155.92, 154.89, 148.63,
140.28, 132.89, 132.81, 131.16, 126.59, 126.16,9029.25.09, 124.87, 124.29, 118.94,
104.33, 103.96, 99.99, 56.32, 54.29, 50.26, 4438024, 27.75. HRMS (ESI, m/z)
[M+H] " calcd for GoHzgCINgOs: 593.2755, found: 593.2753.

41421 N-(5-((5-Chloro-4-(methyl(3-(trifluoromethyl)phegimino)pyrimidin-2-
yl)amino)-4-methoxy-2-(4-methylpiperazin-1-yl)phagrylamide @85). Yield = 43%.'H

NMR (400 MHz, DMSO#g) ¢ 8.99 (s, 1H), 8.60 (s, 1H), 8.07 (s, 2H), 7.60-{d64H),



6.84 (s, 1H), 6.62 (s, 1H), 6.19 @@= 16.0 Hz, 1H), 5.70 (s, 1H), 3.87 (s, 3H), 3.48 (s
3H), 3.00-2.30 (m, 11H)**C NMR (100 MHz, DMSQdg) § 163.30, 158.93, 158.40,
158.17, 147.33, 146.82, 139.63, 132.79, 130.72,2830.28.68, 126.46, 125.07, 124.39,
121.96, 121.21, 116.80, 107.36, 103.91, 56.50,4548.06, 45.47, 41.29. HRMS (ESI,
m/z) [M+H]" calcd for G7H3oCIFsN;O,: 576.2102, found: 576.2098.

4.1.4.22 N-(5-((5-Chloro-4-((2-(N,N-dimethylsulfamoyl)pheyayhino)pyrimidin-2-
yl)amino)-4-methoxy-2-(4-methylpiperazin-1-yl)phagrylamide @86). Yield = 64%.'H
NMR (400 MHz, DMSOdg) 5 9.38 (s, 1H), 8.96 (s, 1H), 8.50-8.44 (m, 2H), §231H),
8.12 (s, 1H), 7.74 (d] = 8.0 Hz, 1H),7.49 (s, 1H), 7.24 (s, 1H), 6.861(d), 6.64-6.57
(m, 1H), 6.15 (dJ = 16.0 Hz, 1H), 5.71 (d) = 12 Hz, 1H), 3.79 (s, 3H), 2.89 (s, 4H),
2.66-2.61 (m, 10H), 2.31 (s, 3HY*C NMR (100 MHz, DMSOdg) & 163.28, 158.95,
155.85, 154.98, 149.59, 141.68, 137.14, 134.23,723230.34, 126.53, 124.77, 123.57,
123.53, 123.51, 123.25, 119.94, 104.41, 104.00215655.28, 51.67, 46.27, 37.62.
HRMS (ESI, m/z) [M+H] calcd for G;H34CINgO,S: 601.2112, found: 601.2110.
4.1.4.23 N-(5-((5-chloro-4-((2-(dimethylphosphoryl)phenyl)am)pyrimidin-2-
yl)amino)-2-(4-ethylpiperazin-1-yl)-4-methoxyphgagtylamide 87). Compound 53w
(56 mg, 0.1 mmol) and SnE2H,O (226.0 mg, 1.0 mmol) were heated in ethanol (5 mL
at reflux for 2 h. The reaction was quenched wiusated aqueous NaHGOand
extracted with CHCl,. The combined organic extracts were washed witheprdried
over anhydrous sodium sulfate and filtered. Thevesds were removed to afford the
crude compoundb4w, which was used in the next step without furthariffcation.
Acryloyl chloride (8.0 mg, 0.08 mmol) in GBI, (0.1 mL) was added dropwise to a

solution of crude compoun84w (42.0 mg, 0.08 mmol) and DIPEA (20.8 mg, 0.16



mmol) in DMF (5.0 mL) in an ice/water bath. The mise was stirred for 30 min, then
diluted with CHCI, and washed with saturated aqueous Naki€gution. The organic
layer were dried over MgSQfiltered, and concentrated. The residue was igdriby
column chromatography (0-10% MeOH in DCM) to affahé desired produ@?7 as a
pale yellow solid. Yield = 60%H NMR (400 MHz, DMSOdg) 6 11.22 (s, 1H), 9.01 (s,
1H), 8.47 (s, 1H), 8.28 (s, 1H), 8.12 (s, 2H), 7(§21H), 7.33 (s, 1H), 7.07 (s, 1H), 6.87
(s, 1H), 6.63 (s, 1H), 6.19 (d,= 17.2 Hz, 1H), 5.73 (s, 1H), 3.80 (s, 3H), 2.932(m,
10H), 1.79 (s, 3H), 1.76 (s, 3H), 1.02 (m, 3HE NMR (100 MHz, DMSQsds) J 163.43,
158.99, 155.70, 155.35, 149.68, 143.66, 132.74,343231.04, 126.67, 125.05, 124.27,
122.65, 122.02, 121.35, 120.49, 120.02, 105.00,140456.27, 51.88, 51.57, 50.09,
19.06, 18.36, 10.84. HRMS (ESI, m/z) [M+Hgalcd for GgHzsCIN;OsP: 584.2306,
found: 584.2304.

4.1.4.24 N-(5-((5-Chloro-4-((2-(dimethylphosphoryl)phenyl)am) pyrimidin-2-
yl)amino)-2-(4-(dimethylamino)piperidin-1-yl)-4-rhetxyphenyl)acrylamide 36). Yield

= 55%.'H NMR (400 MHz, DMSO#dg) 6 11.21 (s, 1 H), 9.08 (s, 1 H), 8.46 (s, 1 H), 8.30
(s, 1 H), 8.15 (s, 1 H), 8.11 (s, 1 H), 7.52 ($§)17.31 (s, 1 H), 7.05 (s, 1 H), 6.85 (s, 1
H), 6.71 (s, 1 H), 6.20 (d} = 16.0 Hz, 1 H), 5.73 (s, 1 H), 3.78 (s, 3 H),83(%, 3 H),
2.70 (s, 8 H), 2.10-1.75 (m, 10 HYC NMR (100 MHz, DMSOds) § 163.38, 159.03,
155.69, 155.36, 149.66, 143.66, 141.24, 136.13,7432 132.30, 131.07, 126.71, 124.97,
124.00, 121.95, 119.99, 111.63, 104.98, 104.2882%6.24, 50.86, 50.01, 26.72, 19.07,
18.37. HRMS (ESI, m/z) [M+H]calcd for GgH3sCIN,O3sP: 598.2462, found: 598.2458.
4.1.4.25 N-(5-((5-Chloro-4-((2-(dimethylphosphoryl)phenyl)am)pyrimidin-2-

yl)amino)-4-methoxy-2-morpholinophenyl)acrylami@8)( Yield = 60%.*H NMR (400



MHz, DMSO-s) 6 11.21 (s, 1H), 9.10 (s, 1H), 8.46 (s, 1H), 8.291¢8), 8.14 (s, 1H),
8.11 (s, 1H), 7.52 (s, 1H), 7.33 (s, 1H), 7.061(8), 6.88 (s, 1H), 6.65 (s, 1H), 6.18 (d,
= 16.0 Hz, 1H ), 5.72 (s, 1H), 3.81 (s, 7H), 2.874H), 1.80 (s, 3H), 1.77 (s, 3HJC
NMR (100 MHz, DMSOsdg) ¢ 163.42, 159.03, 155.70, 155.37, 149.78, 143.68,3B41
132.72, 132.35, 131.06, 126.65 , 125.01, 124.0Z,622 121.99, 120.42, 120.14, 104.96,
104.20, 66.80, 56.24, 52.29, 19.06, 18.36. HRMSI,(Ef/z) [M+H]" calcd for
Co6H31CINgO4P: 557.1833, found: 557.1834.

4.1.4.26 N-(5-((5-Chloro-4-((2-(dimethylphosphoryl)phenyl)am)pyrimidin-2-
yl)amino)-4-methoxy-2-(4-(methylsulfonyl)piperaziyt)phenyl)acrylamide 40). Yield

= 50%.*H NMR (400 MHz, DMSO€g) 6 11.20 (s, 1H), 9.06 (s, 1H), 8.45 (s, 1H), 8.31
(s, 1H), 8.20 (s, 1H), 8.11 (s, 1H), 7.53 (s, 1HB2 (s, 1H), 7.06 (s, 1H), 6.94 (s, 1H),
6.67 (s, 1H), 6.20 (d] = 16 Hz, 1H), 5.74 (s, 1H), 3.79 (s, 3H), 3.172d), 2.97 (s, 9H),
1.78 (s, 3H), 1.75 (s, 3H}’C NMR (100 MHz, DMSOdg) § 163.37, 158.99, 155.69,
155.37, 149.68, 143.64, 140.65, 132.71, 132.32,0P31126.80, 125.24, 124.43, 122.64,
121.95, 121.35, 119.75, 104.99, 104.75, 56.28,85148.13, 34.65, 19.05, 18.35. HRMS
(ESI, m/z) [M+H] calcd for G/H34CIN;OsPS: 634.1768, found: 634.1767.

4.1.4.27 N-(2-([1,4'-Bipiperidin]-1'-yl)-5-((5-chloro-4-((2-
(dimethylphosphoryl)phenyl)amino)pyrimidin-2-yl)am)-4-methoxyphenyl)acrylamide
(41). Yield = 60%.*H NMR (400 MHz, DMSOe€g) J 11.22 (s, 1H), 10.00 (s, 1H), 9.03
(s, 1H), 8.48 (s, 1H), 8.27 (s, 1H), 8.15 (s, 18),2 (s, 1H), 7.53 (s, 1H), 7.33 (s, 1H),
7.07 (s, 1H), 6.85 (s, 1H), 6.68 (s, 1H), 6.21J¢& 15.6 Hz, 1H), 5.74 (s, 1H), 3.80 (s,
3H), 3.44-2.76 (m, 8H), 2.15-1.25 (m, 17HJC NMR (100 MHz, DMSO) 163.39,

159.01, 155.69, 155.36, 149.64, 143.67, 141.17,713232.32, 131.07, 126.75, 124.90,



123.99, 122.64, 121.97, 121.36, 119.99, 104.95,200463.07, 56.21, 50.99, 49.44,
26.44, 23.20, 22.33, 19.06, 18.36. HRMS (ESI, rfi¥H]* calcd for G,H4,CIN;O3P:
638.2775, found: 638.2780.

4.1.4.28 2-((2-((5-Acrylamido-2-methoxy-4-(4-methylpiperaziyl)phenyl)amino)-5-
chloropyrimidin-4-yl)amino)-N-methylbenzamidd2), Yield = 55%. 'H NMR (400
MHz, DMSO-<ds) 6 11.66 (s, 1H), 9.02 (s, 1H), 8.73 (s, 1H), 8.591¢8), 8.33 (s, 1H),
8.15 (s, 2H), 7.72 (s, 1H), 7.32 (s, 1H), 7.041@3), 6.86 (s, 1H), 6.63 (s, 1H), 6.18 (d,
= 16 Hz, 1H), 5.73 (s, 1H), 3.80 (s, 3H), 3.00-2(8@ 14H); °C NMR (100 MHz,
DMSO) ¢ 169.42, 163.37, 159.07, 155.41, 155.14, 149.69,.5K4 139.90, 132.70,
131.97, 128.30, 126.56, 124.78 123.84, 121.99.,212120.61, 120.11, 105.02, 104.00,
56.22, 55.15, 51.48, 46.02, 26.76. HRMS (ESI, n¥#)H]" calcd for G/H3,CINgOs:
551.2286, found: 551.2282.

4.1.4.29 2-((2-((5-Acrylamido-4-(4-isopropylpiperazin-1-y@-methoxyphenyl)amino)-5-
chloropyrimidin-4-yl)amino)-N-methylbenzamidi). Yield = 50%.

H NMR (400 MHz, DMSOsg) 6 11.68 (s, 1H), 9.13 (s, 1H), 8.78 (s, 1H), 8.591(3),
8.35 (s, 1H), 8.23 (s, 1H), 8.14 (s, 1H), 7.741¢d), 7.32 (s, 1H), 7.03 (s, 1H), 6.83 (s,
1H), 6.74 (s, 1H), 6.18 (d,= 20 Hz, 1H), 5.72 (s, 1H), 3.79 (s, 3H), 3.302(81, 12H),
1.23 (s, 6H); LC/MS (ESIn/2 551.2 [M + HI. 3C NMR (100 MHz, DMSO) 169.41,
163.45, 159.08, 155.42, 155.14, 149.64, 139.91,743231.94, 128.33, 126.77, 125.06,
124.29, 122.03, 121.28, 120.58, 120.02, 105.08,940356.24, 49.64, 48.08, 26.76,
17.43. HRMS (ESI, m/z) [M+H]calcd for GgH36CINgOs: 579.2599, found: 579.2597.
41430  2-((2-((4-(4-Acetylpiperazin-1-yl)-5-acrylamido-2ethoxyphenyl)amino)-5-

chloropyrimidin-4-yl)amino)-N-methylbenzamidd4), Yield = 65%. 'H NMR (400



MHz, DMSO<s) 6 11.67 (s, 1H), 9.14 (s, 1H), 8.73 (s, 1H), 8.591(4), 8.35 (s, 1H),
8.23 (s, 1H), 8.16 (s, 1H), 7.71 (s, 1H), 7.311¢d), 7.06 (s, 1H), 6.90 (s, 1H), 6.68 (s,
1H), 6.20 (dJ = 20 Hz, 1H), 5.73 (s, 1H), 3.79 (s, 3H), 3.674d), 2.86-2.74 (m, 7H),
2.07 (s, 3H)C NMR (100 MHz, DMSOdg) 6 169.42, 168.76, 163.41, 161.58, 159.05,
155.42, 155.14, 149.56, 140.93, 139.90, 132.72,9431126.69, 125.25, 124.28, 122.02,
121.30, 120.62, 119.70, 105.08, 104.58, 56.22,45%3.75, 46.50, 41.58, 26.76, 21.71.
HRMS (ESI, m/z) [M+H] calcd for GgH3,CINgO4: 579.2235, found: 579.2236

41431 2-((2-((5-Acrylamido-2-methoxy-4-(4-(4-methylpiparal-yl)piperidin-1-
yl)phenyl)amino)-5-chloropyrimidin-4-yl)amino)-N-thglbenzamide4®). Yield = 60%.
H NMR (400 MHz, DMSOsg) 6 11.67 (s, 1H), 9.01 (s, 1H), 8.75 (s, 1H), 8.591(3),
8.32 (s, 1H), 8.15 (s, 2H), 7.71 (s, 1H), 7.311¢d), 7.05 (s, 1H), 6.83 (s, 1H), 6.67 (s,
1H), 6.18 (d,J = 16 Hz, 1H), 5.72 (s, 1H), 3.79 (s, 3H), 3.10-2(80Q 19H), 1.92-1.73
(m, 4H); **C NMR (100 MHz, DMSOdg) 6 169.41, 163.33, 159.11, 155.40, 155.14,
149.65, 141.87, 139.92, 132.74, 131.93, 128.32,602824.84, 123.65, 121.98, 121.25,
120.55, 119.97, 104.96, 103.95, 61.25, 56.18, 5463178, 47.71, 29.49, 28.50, 26.76.
HRMS (ESI, m/z) [M+H] calcd for G;H41CINOs: 634.3021, found: 634.3018.

4.1.4.32 N-(5-((5-Chloro-4-((2-cyanophenyl)amino)pyrimidiryBamino)-2-(4-
ethylpiperazin-1-yl)-4-methoxyphenyl)acrylamidé6)( Yield = 70%. *H NMR (400
MHz, DMSO-dg) § 9.10 (s, 1H), 8.90 (s, 1H), 8.17 (s, 1H), 8.011¢d), 7.91 (s, 1H),
7.76 (s, 1H), 7.69 (s, 1H), 7.61 (s, 1H), 7.311@), 6.78 (s, 1H), 6.60 (s, 1H), 6.20 (d,
= 16.0 Hz, 1H), 5.74 (s, 1H), 3.78 (s, 3H), 3.352(m, 10H), 1.06 (s, 3H)*C NMR
(100 MHz, DMSO)s 163.37, 158.39, 156.64, 155.61, 148.25, 141.20,1B4 133.88,

133.29, 132.80, 127.07, 126.55, 126.03, 124.79,302418.62, 117.54, 109.23, 104.36,



103.83, 56.36, 51.93, 51.57, 50.09, 10.76. HRMSI,(E&/z) [M+H]" calcd for
Co7H30CINgO,: 533.2180, found: 533.2182.

4.1.4.33 N-(5-((5-Chloro-4-((2-cyanophenyl)amino)pyrimidiryBamino)-2-(4-
isopropylpiperazin-1-yl)-4-methoxyphenyl)acrylami@&). Yield = 65%."H NMR (400
MHz, DMSO-ds) 6 9.08 (s, 1H), 8.91 (s, 1H), 8.17 (s, 1 H), 8.031¢d), 7.91 (s, 1H),
7.76 (s, 1H), 7.69 (s, 1H), 7.61 (s, 1H), 7.318),5.77 (s, 1H), 6.63 (s, 1H), 6.21 (d,

= 16.0 Hz, 1H), 5.76 (s, 1H), 3.78 (s, 3H), 3.082(m, 9H), 1.04 (s, 6H):°*C NMR
(100 MHz, DMSO)s 163.38, 158.41, 156.54, 155.62, 148.28, 141.29,613 133.87,
133.29, 132.82, 127.09, 126.65, 126.05, 124.82,312418.67, 117.54, 109.23, 104.35,
103.67, 56.52, 56.34, 49.40, 48.04, 17.30. HRMSI,(E&/z) [M+H]" calcd for
CogH32CINgO,: 547.2337, found: 547.2339.

4.1.4.34 N-(5-((5-Chloro-4-((2-cyanophenyl)amino)pyrimidiryhamino)-4-methoxy-2-
morpholinophenyl)acrylamidetg). Yield = 60%.*H NMR (400 MHz, DMSOds) 6 9.09
(s, 1H), 8.98 (s, 1H), 8.16 (s, 1H), 8.03 (s, 1HYO (s, 1H), 7.74 (s, 1H), 7.68 (s, 1H),
7.59 (s, 1H), 7.29 (s, 1H), 6.78 (s, 1H), 6.641(3), 6.20 (dJ = 20 Hz, 1H), 5.74 (s, 1H),
3.78 (s, 7H), 2.81 (s, 4H);"*C NMR (100 MHz, DMSO)s 163.37, 158.39, 156.55,

155.62, 148.30, 141.22, 140.89, 133.87, 133.29,8032127.04, 126.46, 126.03, 124.75,

124.12, 118.70, 117.53, 109.17, 104.32, 103.88166:6.34, 52.25. HRMS (ESI, m/z)
[M+H] ™ calcd for GsH,sCIN;Os: 506.1707, found: 506.1708.

4.1.4.35 N-(5-((5-Chloro-4-((2-cyanophenyl)amino)pyrimidiryBamino)-4-methoxy-2-
(4-(4-methylpiperazin-1-yl)piperidin-1-yl)phenyl)gtamide @9). Yield =50%.'H NMR
(400 MHz, DMSO#) 6 9.09 (s, 1H), 8.88 (s, 1H), 8.17 (s, 1H), 8.031(d), 7.89 (s,

1H), 7.76 (s, 1H), 7.69 (s, 1H), 7.60 (s, 1H), Ts31H), 6.75 (s, 1H), 6.65 (s, 1H), 6.21



(d, J = 12.0 Hz, 1H), 5.74 (s, 1H), 3.77 (s, 3H), 3.33@(m, 16H), 1.85-1.60 (m, 4H);
13C NMR (100 MHz, DMSOY 163.31, 158.42, 156.53, 155.61, 148.18, 141.30,2P4
133.87, 133.29, 132.82, 127.03, 126.49, 126.03,612423.75, 118.61, 117.53, 109.17,
104.26, 103.67, 61.22, 56.29, 53.49, 51.55, 4743168, 28.30. HRMS (ESI, m/z)
[M+H] " calcd for GiH37CINgO,: 602.2759, found: 602.2758.

4.1.4.36 N-(5-((5-Chloro-4-((2-(isopropylsulfonyl)phenyl)amo) pyrimidin-2-yl)amino)-
4-methoxy-2-(4-methyl-1,4-diazepan-1-yl)phenyl)oamide §0). Yield = 65%. 'H
NMR (400 MHz, DMSOd) 5 9.55 (s, 1H), 9.10 (s, 1H), 8.53 (s, 1H), 8.481(8), 8.22
(s, 1H), 7.93 (s, 1H), 7.79 (d,= 6.4 Hz, 1 H), 7.62 (s, 1H), 7.28 (s, 1H), 6.861(H),
3.77 (s, 3H), 3.61-2.85 (m, 9H), 2.50-1.97 (m, 5HP6-1.00 (m, 11H)**C NMR (100
MHz, DMSO)¢ 172.27, 158.95, 155.84, 154.98, 149.33, 143.16,583835.43, 131.26,
125.23, 123.68, 123.45, 123.12, 120.95 , 105.464,68, 56.73, 56.23, 55.43, 54.81,
54.62, 50.56, 44.67, 29.57, 25.75, 15.33, 10.22MBRESI, m/z) [M+H[ calcd for

Co9H39CIN;O4S: 616.2473, found: 616.2478.
4.2 Biology

4.2.1 Cell Lines, Antibodies and ChemicalsThe human cancer cell lines H1975,
HCC827, NCI-H2122, H1355, H3122, H2228, CHO, and_Gi#re purchased from the
American Type Culture Collection (ATCC) (Manass¥g,, USA). PC9 was purchased
from Sigma-Aldrich (St. Louis, MO, USA). A549, H32%vere purchased from Cobioer
Biosciences CO., LTD (Nanjing, China). H1975, HCZ8PC9, NCI-H2122, H1355,

H3122, H2228, CHL, and EGFR mutant isogenic BaH3 taees were cultured in RPMI

1640 media (Corning, USA) with 10% fetal bovinewar(FBS) and supplemented with

2% L-glutamine and 1% penicillin/streptomycin. CH@s cultured in DMEM media



(Corning, USA) with 10% fetal bovine serum (FBS)dasupplemented with 2% L-
glutamine and 1% penicillin/streptomycin. A549 veasdtured in F-12K nutrient mixture
(kaighn's modification) (Gibco, USA), and H3255 wasltured in BEGM media
(LONZA, USA) with 10% FBS and supplemented with 2%glutamine and 1%
pen/strep. All cell lines were maintained in cudtinedia at 37 °C with 5% GO

The following antibodies were purchased from C&jn&ling Technology (Danvers,
MA): ALK (C26G7) rabbit mAb (#3333), phospho-ALK ¥i1604) (#3341), Akt (pan)
(C67E7) rabbit mAb (#4691), phospho-Akt (Serd73PRH)Y XP rabbit mAb (#4060),
phospho-Akt (Thr308) (D25E6) XP rabbit mAb (#1303%hospho-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204) (D13.14.4E) XP rabbit mA#¥@70), GAPDH (D16H11)
XP rabbit mAb, PARP (46D11) rabbit mAb (#9532), mase-3 (8G10) rabbit mAb
(#9665),4E-BP1 (#9644), 4E-BP1 (53H11) rabbit mAb (#9641F4E (C46H6) rabbit
mAbv (#2067), phospho-elF4E (Ser209) (#9741), E&feptor (D38B1) XP rabbit mAb
(#4267), phospho-EGF receptor (Tyrl068) (D7A5) X¥bPhit mAb (#3777),
Stat3 (#9132), phospho-Stat3 (Tyr705) (D3A7) XR®hit mAb (#9145). Antibodies
were used at 1:100@-Tublin (Santa Cruz Biotechnology -Aldrich) servasl a loading
control.

WZ4002 and Crizotinib were purchased from Shangteyuan Chemexpress Inc.
(Shanghai, China).
4.2.2 Antiproliferation Assays. Cells were grown in 96-well culture plates (2500-
3000/well). The compounds of various concentrativese added into the plates. Cell
proliferation was determined after treatment witmpounds for 72 h. Cell viability was

measured using the CellTiter-Glo assay (Promeg#)@8cording to the manufacturer’s



instructions, and luminescence was measured in dilabel reader (Envision,
PerkinElmer, USA). Data were normalized to congr@ups (DMSO) and represented by
the mean of three independent measurements witlkdasta error of < 20%. G values
were calculated using Prism 5.0 (GraphPad Softv&ae,Diego, CA).

4.2.3 TEL-Isogenic Cell Generation.Retroviral constructs for Ba/F3-TEL-EGFR and
Ba/F3-EGFR mutants were made based on the pMSCV{Ziantech) backbone as
described in the literaturé.For TEL-fusion vectors, the first 1 kb of humanlTgene
with an artificial myristoylation sequence (MGCGGHEDD) was cloned into
pMSCVpuro retroviral vector, followed by a 3xFLA@d sequence and a stop codon.
Then the kinase domain coding sequences of EGFRntarwere inserted in-frame
between TEL and 3XFLAG sequences. For full-lengtpression vectors, the coding
sequences of EGFR variants were directly clonggM&CVpuro vector with a 3xFLAG
tag at the C-terminal end. All mutations were perfed using the QuikChange Site-
Directed Mutagenesis Kit (Stratagene) following tmeanufacturer’s instructions.
Retrovirus was made using the same method descabede and was used to infect
Ba/F3 cells. After puromycin selection, the IL-3ncentration in the medium was
gradually withdrawn until cells were able to grawthe absence of IL-3.

4.2.4 Signaling Pathway StudyH1975, PC9 and A549 cells were treated with dgrial
diluted compound8, 1 uM Wz4002 for 4 h. Cells were then washed in PBS lgsdd

in cell lysis buffer. Phospho-EGF receptor, phospgl&F receptor (Tyrl068), Stat3,
phospho-Stat3 (Tyr705), AKT, phospho-AKT (Ser4§#)pspho-AKT (Thr308), p44/42

MAPK (Erk1/2), phospho-p44/42 MAPK (Erk1/2) (Thr202yr204), p70 S6 kinase



phospho-p70 S6 kinase (Thr389), elF4E, phosphoke(54r209), 4E-BP1, phospho-4E-
BP1 (Thr37/46) antibody (Cell signaling Technologgre used for immunoblotting.
H3122 cells were treated with serially diluted campd18, 1 uM crizotinib for 2 h.
Cells were then washed in PBS and lysed in ceis lpsiffer. Phospho-ALK receptor,
phospho-ALK receptor (Tyrl604)Stat3, phospho-Stat3 (Tyr705), AKT, phospho-AKT
(Serd73), p44/42 MAPK (Erkl/2), phospho-p44/42 MARKrk1/2) (Thr202/ Tyr204)
antibody (Cell signaling Technology) were usedifomunoblotting.
4.2.5 Apoptosis Effect ExaminationH1975, PC9, A549 cells were treated with serially
diluted compound.8 and 1uM WZ4002 for 24 h. H3122 cells were treated withiadly
diluted compound.8 and UM crizotinib for 24 h. Cells were then washed in$?Bnd
lysed in cell lysis buffer. PARP, caspase-3, GAPDQitibody (Cell signaling
Technology) were used for immunoblotting.
4.2.6 Cell Cycle AnalysisH1975, PC9, A549 cells were treated with DMSO, courl
18 (0.03 uM, 0.1 pM, 0.3 uM, 1 uM), WZ4002 (1 uM) for 24 h before cells were
harvested by trypsin and washed with cold PBS. R3ddls were treated with DMSO,
compoundl8 (0.01 uM, 0.03uM, 0.1 uM, 0.3 uM), crizotinib (1 uM) for 24 h before
cells were harvested by trypsin and washed witd &BS. The cells were fixed in 70%
cold ethanol and incubated at —20 °C overnight te&ined with PI/RNase staining
buffer (BD Pharmingen). Flow cytometry was perfodnesing a FACS Calibur (BD),
and results were analyzed by ModFit software.
4.2.7 In Vivo Pharmacokinetics Study.Compound18 was dissolved in 55% saline
containing 5% DMSO and 40% PEG400 by vortex. Thalfconcentration of the stock

solution was 1 mg/mL for administration. Six 8-weekl male Sprague-Dawely rats



were fasted overnight before starting drug treatmeia intravenous and oral
administration. Animal blood collection time pointgere as follows: for groups 1, 3, 5
(intravenous): 1 min, 5 min, 15 min, 30 min, 1 hh24 h, 6 h, 8 h before and after
administration was selected; for groups 2, 4, @ljob min, 15 min, 30 min, 1 h, 2 h, 4 h,
6 h, 8 h and 24 h before and after dosing. Eack about 0.3 mL blood was collected
through the jugular vein adding heparin for antgudation and kept on ice. Then plasma
was separated by centrifugation at 8000 rpm foriButes at 2-8 °C. The obtained
plasma was stored at -80 °C before analysis. Aifteshing the test, all surviving animals
will be transferred to the repository or euthané€i@, asphyxiation).

4.2.8 H1975 and H3122 Xenograft Modeld-our-week old female nu/nu mice were
purchased from the Shanghai Experimental CenténeSa Science Academy (Shanghai,
China). All animals were housed in a specific pgmefree facility and used according
to the animal care regulations of Hefei Institubé$?hysical Science, Chinese Academy
of Sciences. Prior to implantation, cells were lkated during exponential growth. Five
million H1975 or H3122 cells in PBS were formulatesl a 1:1 mixture with Matrigel
(BD Biosciences) and injected into the subcutanespae on the right flank of nu/nu
mice. Daily oral administration was initiated whidta975 or H3122 tumors had reached
a size of 200 to 400 miinAnimals were then randomized into treatment gsofis or 6-

7 mice each for efficacy study. Compoub®was delivered daily in a HKI solution by
orally gavage. A range of doses of compou®or its vehicle was administered, as
indicated in figure legends. Body weights and turgmwth was measured daily after

compound18 treatment. Tumor volumes were calculated as fdlotumor volume



(mm®) = [(W?x L)/2] in which width (W) is defined as the smallef the two

measurements and length (L) is defined as therlafgbe two measurements.

4.2.9 HE Staining.HE staining was carried out according to previoulsligation? First,
the sections were hydrated and then the slide wased into a Coplin jar containing
Mayer's hematoxylin and agitated for 30 s. Aftesimng the slide in O for 1 min, it was
stained with 1% eosin Y solution for 10-30 s witfitation. Subsequently, the sections
were dehydrated with two changes of 95% alcoholtarmdchanges of 100% alcohol for
30 s each, and then the alcohol was extractedtwitichanges of xylene. Finally, one or
two drops of mounting medium was added and cowerttda coverslip.

4.2.10K;-67 Staining. For IHC demonstration df-67, tissue sections were quenched
for endogenous peroxides and placed in an antigeteval solution (0.01 M citrate
buffer, PH 6.0) for 15 min in a microwave oven @02C at 600 W. After incubation in
the casein block, mouse mAb aKi67 (ZSGB-BIO, China) was applied to the sections
at dilutions of 1:50. Incubations with primary dmdies lasted overnight at°€. The
secondary detection system was used to visualizdoaly binding. Staining was
developed with DAB, and the slides were countemsthiwith hematoxylin, dehydrated,
and mounted.

4.2.11 TUNEL Staining. TUNEL staining was performed using the POD in sl
death detection kit (Roche, USA). Briefly, sectiomgre deparaffinized in xylene,
rehydrated in decreasing concentration of ethaaotl then treated by nuclease free
proteinase K for 15 min at room temperature beém@ogenous peroxidase was blocked
in 3% HO, in methanol. Terminal deoxynucleotidyl transfer@BeT) in reaction buffer

was applied to sections for 1 h at 37 °C. Follommashes, the slides were covered by



converter-POD solution for 30 min at 37 °C. Apoptotells were detected after
incubation in 3,3'-diaminobenzidine (DAB) chromogé€Beyotime Biotechnology,

China) for approximately 8 min, and the slides wayenterstained with hematoxylin.

4.3 Molecular Modeling. All calculations were performed using the SchrgdmSuite.
ALK and EGFR(T790M) crystal structures (PDB: 2XBi@da3IKA, respectively) were
used for docking studies. The crystal structuresewprepared using the Protein
Preparation Wizard (Protein Preparation Wizard,r&dimger, LLC, New York, NY);
protonation states were assigned using PROPKAe optimized model structures were
minimized until the average RMSD of the non-hydmgegoms reached 0.18 A. The
ligand structures were built in Maestro and prepai@ docking using LigPrep 3.4
(LigPrep, Schrodinger, LLC, New York, NY). The emtled sampling IFD protocol
(Induced Fit Docking protocol, Schrodinger, LLC, Wé/ork, NY) was used for the
docking process of compourtBTAE-684 to ALK and EGFR(T790M) with default
settings. The CovDock moddfewas used to perform covalent docking on the reacti
residue Cys797 of EGFR(T790M) to the ligand compbil® with default settings. The
top 10 docking poses were visually inspected ardt#st results were further optimized

by MacroModel with backbone constraint refinement.

ACKNOWLEDGMENTS

This work was supported by the National Naturak8ce Foundation of China (nos.
U1432250, 21402207, 81402797), the “Personalizedliditees-Molecular Signature-
Based Drug Discovery and Development”, StrategiorRy Research Program of the
Chinese Academy of Sciences (no. XDA12020308),Nhaural Science Foundation of

Anhui province (nos. 1508085MB23, 1608085QH180, 8DBH5MH208), the



Postdoctoral Innovative Talents Support Progfam BX201600169), the CAS/SAFEA
international partnership program for creative aesle teams, the Hefei Science Center of
CAS (2016HSC-IU 007) and the Presidential FoundadioHefei Institutes of Physical
Science of CAS (no. YZJJ201517). We are also grhfef the National Program for
Support of Top-Notch Young Professionals for Jid ¢he “Hundred Talents Program”

of CAS support.

REFERENCES

[1] Lynch, T. J.; Bell, D. W.; Sordella, R.; Gurumavatula, S., Okimoto, R. A.,
Brannigan, B. W.; Harris, P. L.; Haserlat, S. Mupgo, J. G.; Haluska, F. G.; Louis, D. N.;
Christiani, D. C.; Settleman, J.; Haber, D. A.. idating mutations in the epidermal
growth factor receptor underlying responsivenessnofh-small-cell lung cancer to
gefitinib. N. Engl. J. Med.350 (2004) 2129-2139.

[2] Paez, J.; Janne, P.; Lee, J.; Tracy, S.; GreuH.; Gabriel, S.; Herman, P.; Kaye, F. J.;
Lindeman, N.; Boggon, T. J.; Naoki, K.; Sasaki, RJjii, Y.; Eck, M. J.; Sellers, W. R.;
Johnson, B. E.; Meyerson, M. EGFR mutations in laagcer: correlation with clinical
response to gefitinib therapy. Scien8@4 (2004) 1497-1500.

[3] Pao, W.; Miller, V.; Zakowski, M.; Doherty, JPoliti, K.; Sarkaria, I.; Singh,
B.; Heelan, R.;Rusch, V., Fulton, L.; Mardis, Eupfer, D.;Wilson, R.;Kiris,
M.; Varmus, H. EGF receptor gene mutations are comin lung cancers from “never
smokers” and are associated with sensitivity ofdrgrto gefitinib and erlotinib. Proc.
Natl. Acad. Sci. U S A. 101 (2004,) 13306-13311.

[4] Ohashi, K.; Maruvka, Y. E.; Michor, F.; Pao, \Epidermal growth factor receptor

tyrosine kinase inhibitor-resistant diseakeClin. Oncol.2013 31, 1070-1080.



[5] Pao, W.; Chmielecki, J. Rational, biologicabgsed treatment of EGFR-mutant non-
small-cell lung cancer. Nat. Rev. Cancer, 10 (20BD)-774.

[6] Moasser, M. M.; Basso, A.; Averbuch, S. D.; BosN. The tyrosine kinase inhibitor
ZD1839 ("Iressa") inhibits HER2-driven signalingdasuppresses the growth of HER2-
overexpressing tumor cells. Cancer Res., 61(200B4-7188.

[7] Carmi, C.; Lodola, A.; Rivara, S.; Vacondio,; FCavazzoni, A.; Alfieri, R. R,;
Ardizzoni, A.; Petronini, P. G.; Mor, M. Epidermgftowth factor receptor irreversible
inhibitors: Chemical exploration of the cysteinagrportion. Mini-Rev. Med. Chem. 11
(2011) 1019-1030.

[8] Ercan, D.; Zejnullahu, K.; Yonesaka, K.; Xiao,, Capelletti, M.; Rogers, A.; Lifshits,
E.; Brown, A.; Lee, C.; Christensen, J. G.; Kwiatlski, D. J.; Engelman, J. A.; Janne, P.
A. Amplification of EGFR T790M causes resistanceatoirreversible EGFR inhibitor.
Oncogene, 29 (2010) 2346-2356.

[9] Gazdar, A. F. Activating and resistance mutagiof EGFR in non-small-cell lung
cancer: Role in clinical response to EGFR tyroginase inhibitors. Oncogene, 28 (2009)
S24-S31.

[10] Miller, V. A.; Hirsh, V.; Cadranel, J.; CheN,-M.; Park, K.; Kim, S.-W.; Zhou, C.;
Su, W.-C.; Wang, M.; Sun, Y.; Heo, D. S.; Crino;Tan, E.-H.; Chao, T.-Y.; Shahidi,
M.; Cong, X. J.; Lorence, R. M.; Yang, J. C.-H. ffigb versus placebo for patients with
advanced, metastatic non-small-cell lung cancer &ilure of erlotinib, gefitinib,or both,
and one or two lines of chemotherapy (LUX-Lung &)phase 2b/3 randomised trial.
Lancet Oncol. 13 (2012) 52838.

[11] Engelman, J. A.; Zejnullahu, K.; Gale, C.M.jfdhits, E.; Gonzales, A. J.;



Shimamura, T.; Zhao, F.; Vincent, P. W.; NaumovNG.Bradner, J. E.; Althaus, |. W.;
Gandhi, L.; Shapiro, G. I.; Nelson, J. M.; Heymagdhy.; Meyerson, M.; Wong, K.K;

Jaenne, P. A. PF00299804, an irreversible Pan-ERBibitor, is effective in lung

cancer models with EGFR and ERBB2 mutations thatresistant to Gefitinib. Cancer
Res. 67 (2007) 11924-11932.

[12] Zhou, W.; Ercan, D.; Chen, L.; Yun, C.H.; ID.; Capelletti, M.; Cortot, A. B.;

Chirieac, L.; lacob, R. E.; Padera, R.; Engen,.JWng, K.K.; Eck, M. J.; Gray, N. S.;
Janne, P. A. Novel mutantselective EGFR kinasebitdrs against EGFR T790M.
Nature, 462 (2009) 1070-1074.

[13] Walter, A. O.; Sjin, R. T. T.; Haringsma, H.; Dhashi, K.; Sun, J.; Lee, K
Dubrovskiy, A.; Labenski, M.; Zhu, Z.; Wang, Z.; &s, M.; St. Martin, T.; Karp, R.;
van Kalken, D.; Chaturvedi, P.; Niu, D.; Nacht, NMetter, R. C.; Westlin, W.; Lin, K;
Jaw-Tsai, S.; Raponi, M.; Van Dyke, T.; Etter, Weaver, Z.; Pao, W.; Singh, J.;
Simmons, A. D.; Harding, T. C.; Allen, A. Discovenf a mutant-selective covalent
inhibitor of EGFR that overcomes T790M-mediatedistasice in NSCLC. Cancer
Discov. 3 (2013) 1404-1415.

[14] Cross, D. A. E.; Ashton, S. E.; Ghiorghiu, Eherlein, C.; Nebhan, C. A.; Spitzler,
P. J.; Orme, J. P.; Finlay, M. R. V.; Ward, R. Mellor, M. J.; Hughes, G.; Rahi, A,;
Jacobs, V. N.; Brewer, M. R.; Ichihara, E.; SunJi, H.; Ballard, P.; Al-Kadhimi, K.;

Rowlinson, R.; Klinowska, T.; Richmond, G. H. Par@arini, M.; Kim, D.-W.; Ranson,

M. R.; Pao, W. AZD9291, an Irreversible EGFR TKlygbcomes T790M-Mediated
Resistance to EGFR Inhibitors in Lung Cancer. CabBégcov. 4 (2014) 1046-1061.

[15] Finlay, M. R. V.; Anderton, M.; Ashton, S.; Bard, P.; Bethel, P.A.; Box, M. R;;



Bradbury, R. H.; Brown, S. J.; Butterworth, S.; Gdoall, A.; Chorley, C.; Colclough, N.;
Cross, D. A. E.; Currie, G. S.; Grist, M.; Hassall, Hill, G. B.; James, D.; James, M.;
Kemmitt, P.; Klinowska, T.; Lamont, G.; Lamont, S.; Martin, N.; McFarland, H.L.;
Mellor, M. J.; Orme, J. P.; Perkins, D.; Perkins,®ichmond, G.; Smith, P.; Ward, R. A,;
Waring, M. J.; Whittaker, D.; Wells, S.; Wrigley,.&. Discovery of a Potent and
Selective EGFR Inhibitor (AZD9291) of Both Sensiig and T790M Resistance
Mutations That Spares the Wild Type Form of thedpear.J. Med. Chem. 57 (2014)
8249-8267.

[16] Wang, S.; Cang, S.; Liu, D. Third-generatigrhibitors targeting EGFR T790M
mutation in advanced non-small cell lung candeklematol. Oncold (2016) 34.

[17] Soda, M.; Choi, Y. L.; Enomoto, M.; Takada, Samashita, Y.; Ishikawa, S.;
Fujiwara, S.; Watanabe, H.; Kurashina, K.; Hatan&kaBando, M.; Ohno, S.; Ishikawa,
Y.; Aburatani, H.; Niki, T.; Sohara, Y.; Sugiyam4,; Mano, H. Identification of the
transforming EML4ALK fusion gene in nossmall-cell lung cancer. Nature, 448 (2007)
561-566.

[18] Cui, J. J.; Tran-Dube, M.; Shen, H.; Nambu; Mung, P.-P.; Pairish, M.; Jia, L.;
Meng, J.; Funk, L.; Botrous, I.; McTigue, M.; GragsN.; Ryan, K.; Padrique, E.; Alton,
G.; Timofeevski, S.; Yamazaki, S.; Li, Q.; Zou, HKhristensen, J.; Mroczkowski, B.;
Bender, S.; Kania, R. S.; Edwards, M. P. Struchased drug design of crizotinib (PF-
02341066), a potent and selective dual inhibitomasenchymal-epithelial transition
factor (c-MET) kinase and anaplastic lymphoma kings_K). J. Med. Chem. 54 (2011)
6342-6363.

[19] Marsilje, T. H,.; Pei, W.; Chen, B.; Lu, W.;nd, T.; Jin, Y.; Jiang, T.; Kim, S.; Li,



N.; Warmuth, M.; Sarkisova, Y.; Sun, F.; Steffy, ; Rferdekamper, A. C.;Li, A.
G.; Joseph, S. B.; Kim, Y.; Liu, B.; Tuntland, Tuyi, X.; Gray, N. S.; Steensma, R.; Wan,
Y.; Jiang, J.; Chopiuk, G.;Li, J.; Gordon, W. Richmond, W.; Johnson, K.; Chang,
J.; Groessl, T.;He, Y. Q.; Phimister, A.; AycieenA.;Lee, C. C.;Bursulaya,
B.; Karanewsky, D. S.; Seidel, H. M.; Harris, J, Michellys, P. Y. Synthesis, structure—
activity relationships, anth vivo efficacy of the novel potent and selective andjas
lymphoma kinase (ALK) inhibitor 5-chlorb-(2-isopropoxy-5-methyl-4-(piperidin-4-
yl)phenyl)-N*-(2-(isopropylsulfonyl)phenyl)pyrimidine-2,4-diangn(LDK378) currently
in phase 1 and phase 2 clinical trials. J. Med.n€Hs6 ( 2013) 5675-5690.

[20] Sakamoto, H.; Tsukaguchi, T.; Hiroshima, Sodiéma, T.; Kobayashi, T.; Fukami, T.
A.; Oikawa, N.; Tsukuda, T.; Ishii, N.; Aoki, Y. 33424802, a Selective ALK Inhibitor
Capable of Blocking the Resistant Gatekeeper Mut@amcer Cell, 19 (2011) 679-690.
[21] zZhang, S,; Anjum, R.; Squillace, R.; Nadwaqrn$.; Zhou, T.; Keats J.; Ning
Y.; Wardwell S. D.; Miller D.; Song Y.; Eichinger .LMoran L.; Huang, W. S.; Liu,
S.; Zou, D.; Wang, Y.; Mohemmad, Q.;Jang H. G, E.; Narasimhan, N.; Wang,
F.; Miret, J.; Zhu, X.; Clackson, T.; Dalgarno, Bhakespeare, W. C.; Rivera, V. M.
The potent ALK inhibitor Brigatinib (AP26113) ovenmes mechanisms of resistance to f
irst- and second-generation ALK inhibitors in preidal models. Clin. Cancer Res., 22
(2016) 5527-5538.

[22] Li, T.; LoRusso, P.; Maitland, M. L.; Ou, S.;HBahceci, E.; Ball, H. A.; Park, J. W,;
Yuen, G.; Tolcher, A. First-in-human, open-labelseleescalation and dose-expansion
study of the safety, pharmacokinetics, and antitueftects of an oral ALK inhibitor

ASP3026 in patients with advanced solid tumorsethitol Oncol9 (2016) 1-9.



[23] Wong, D. W.; Leung, E. L.; So, K. K.; Tam, Y., Sihoe, A. D.; Cheng, L. C.; Ho, K.
K.; Au, J. S.; Chung, L. P.; Pik, W. M. et al. TE®L4-ALK fusion gene is involved in
various histologic types of lung cancers from nookens with wild-type EGFR and
KRAS. Cancer2009 115 1723-1733.

[24] Wu, S. G.; Kuo, Y. W.; Chang, Y. L.; Shih,¥Yl; Chen, Y. H.; Tsai, M. F.; Yu, C.
J.;Yang, C. H.;Yang, P, C. EML4-ALK translocatiqoredicts better outcome in
lungadenocarcinoma patients with wild-type EGBRThorac. Oncolr (2012) 98-104.
[25] Pilotto, S.; Bria, E.; Peretti, U.; Massari, Garassino, M.; Pelosi, G.; Tortora, G.
Lung adenocarcinoma patient refractory to gefitiaifd responsive to crizotinib, with
concurrent rare mutation of the epidermal growttidareceptor (L861Q) and increased
ALK/MET/ROS1 gene copy numbet. Thorac. Oncol. 8 (2013)105-106.

[26] Miyanaga, A.; Shimizu, K.; Noro, R.; Seike, ;Mitamura, K.; Kosaihira,
S.; Minegishi, Y.; Shukuya, T.; Yoshimura, A.; Kawato, M.; Tsuchiya, S.; Hagiwara,
K.; Soda, M.; Takeuchi, K.; Yamamoto, N.; Mano, KBhikawa, Y.; Gemma, A. Activity
of EGFR-tyrosine kinase and ALK inhibitors foEML4—ALK-rearranged non-small—
cell lung cancer harbored coexisting EGFR mutatBMC Cancer. 13 (2013) 1-5.

[27] Popat, S.; Vieira, A. A.; Min, T.; Swansbudy; Dainton, M.; Wotherspoon, A.; Lim,
E.; Nicholson, A. G.; O'Brien, M. E. Lung adenagaoma with concurrent exon 19
EGFR mutation and ALK rearrangement respondingrtotieib. J. Thorac. Oncol. 6
(2011) 1962-1963.

[28] Tiseo, M.; Gelsomino, F.; Boggiani, D.; Baige B.; Bartolotti, M.; Bozzetti,
C.; Sammarelli, G,; Thai, E.; Ardizzoni, A. EGFRdaEML4-ALK gene mutations in

NSCLC: a case report of erlotinib-resistant patiefith both concomitant mutations.



Lung Cancer, 71 (2011) 241-243.

[29] Sasaki, T.; Koivunen, J.; Ogino, A.; Yanagitd, Nikiforow, S.; Zheng, W.; Lathan,
C.; Marcoux, J. P.;Du, J.;Okuda, K.; CapellettiM.; Shimamura, T.; Ercan,
D.; Stumpfova, M.; Xiao, Y.; Weremowicz, S.; Butgne M.; Heon, S.; Wilner,
K.; Christensen, J. G,; Eck, M. J.; Wong, K. K.ntleman, N.; Gray, N. S.; Rodig, S.
J.; Janne, P. A. A novel ALK secondary mutation BGFR signaling cause resistance to
ALK kinase inhibitors. Cancer Res. 71 (2011) 6096®

[30] Lee, J. K.; Kim, T. M.; Koh, Y.; Lee, S. KKim, D. W.; Jeon, Y. K.; Chung, D.
H.; Yang, S. C.; Kim, Y. T.; Kim, Y. W.; Heo, D. ;8Bang, Y. J. Differential sensitivities
to tyrosine kinase inhibitors in NSCLC harboring EGFR mutation and ALK
translocation. Lung Cancer, 77 (2012) 460-463.

[31] Yamaguchi, N.; Lucena-Araujo, A. R.; Nakayanth; de Figueiredo-Pontes, L.
L.; Gonzalez, D. A.; Yasuda, H.; Kobayashi, S.;@pD. B. Dual ALK and EGFR
inhibition targets a mechanism of acquired rest#ato the tyrosine kinase inhibitor
crizotinib in ALK rearranged lung cancémung Cancer, 83 (2014) 37-43.

[32] Jang, J.; Son J. B.; To, C.; Bahcall, M.; Kii§, Y.; Kang, S. Y.; Mushajiang,
M.; Lee, Y.;Janne, P. A, Choi, H. G.;Gray, N.. Discovery of a
potent dual ALK and EGFR T790M inhibitor. Eur. Je Chem. 136 (2017) 497-510.
[33] Galkin, A. V.; Melnick, J. S.; Kim, S.; Hood, L.; Li, N.; Li, L.; Xia, G.; Steensma,
R.; Chopiuk, G,; Jiang, J.; Wan, Y.; Ding, P.; L, Sun, F.; Schultz, P. G.; Gray, N.
S.; Warmuth, M.ldentification of NVP-TAE684, a potent, selectivand efficacious
inhibitor of NPM-ALK. Proc. Natl. Acad. Sci. U S A04 (2007) 270-275.

[34] Melnick, J. S.; Janes, J.; Kim, S.; Changy.JSipes, D. G..; Gunderson, D.; Jarnes,



L.; Matzen, J. T.; Garcia, M. E.; Hood, T. L.; BeiR.; Xia, G.; Harig, R. A.; Asatryan,
H.; Yan, S. F.; Zhou, Y.; Gu, X. J.; Saadat, A.pdhV.; King, F. J.; Shaw, C. M.; Su, A.
I.; Downs, R.;Gray, N. S.;Schultz, P. G.;WarmuthM.; Caldwell, J. S.
An efficient rapid system for profiling the cellulactivities of molecular libraries.Proc.
Natl. Acad. Sci. U S A. 103 (2006) 3153-3158.

[35] Olsson, M. H.; Sgndergaard, C. R.; Rostkow$ki; Jensen, J. H. PROPKAZ:
consistent treatment of internal and surface residn empirical pKa predictions. J.
Chem. Theory Comput. 7 (2011) 525-537.

[36] Zhu, K.; Borrelli K. W.; Greenwood, J. R.; Dal; Abel, R.; Farid, R. S.; Harder, E.
Docking covalent inhibitors: a parameter free apploto pose prediction and scoring. J.

Chem. Inf. Model, 54 (2014) 1932-1940.



Highlights

A highly potent EGFR/ALK dual kinase inhibitor compound 18.
Potently inhibited EGFR L858R, del 19 and T790M mutants.
Potently inhibited EML4-ALK, R1275Q, L1196M, F1174L and C1156Y mutants.
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Suppressed the tumor growth in H1975 and H3122 cell inoculated xenograft

models



