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Abstract:

Third-generation epidermal growth factor receptBGER}8R/T79M

inhibitors are still the main drugs for the
treatment of advanced non-small cell lung canc&QNC), and these drugs have achieved remarkaliealliefficacy.
However, there are still many patients sufferirgrirdrug-resistant mutations and drug side effemtsed by NSCLAn
this study, guided by the molecular simulation,applied a structure-based drug design strategy (HBIDd optimized
the structure to obtain a series of potent andcete EGFRERT9M jnhipitors. The most potent compour@e
demonstrated excellent kinase inhibitory activibd aselectivity for EGFE®®RT79M double mutants and the 40value
reached nanomolar level. The selectivityl8&against wild-type EGFR was near to 200-fdfdaddition, compound8e

also inhibited H1975 cells proliferation at G2/Mgsle and induced apoptosis at a concentration &f (V2 which

makes it more valuable for potential lung canceeaech.
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1. Introduction

Nowadays, therioma is still one of the major caufesndangering human health. Of the 7 million pedbpat die of
cancer each year, lung cancer remains the most ocoramd deadly cancer around the world, accountn@$% of the
total number of cancer deatid!. Non-small cell lung cancer (NSCLC) is the mostvadent form of lung cancer, with
approximately 1.5 million patients and a 5-yearvial rate less than 20%°. Receptor tyrosine kinases (RTKs) are
extensively found on cell membranes of organismsaddition, recent studies have shown that the Hapiily plays a
key role in the regulation of the physiological leyof malignant tumor&”. Epidermal growth factor receptor (EGFR)
belongs to the RTKs, is considered one of the itambrtargets for the treatment of malignant tumarsich plays a
crucial role in the regulation of cancer cell grbwproliferation and differentiatiofi %

Up to now, EGFR inhibitors have been developechéothird generation. The first-generation of EGRRibitors
are represented by gefitinih, (Fig. 1) and erlotinib 2, Fig. 1), They are used to treat sensitive EGFR mutatiansed
by the L858R mutation in exon 21 and exon 19 dmiéti'?. In the early stage of clinical treatment, thesggd have
achieved remarkable therapeutic effect. Unfortugataore than 50% of patients treated with firshgeation EGFR
inhibitors developed resistance mutation (T790Mhini 1 yeaf™®. The T790M mutation is thought to be more bulk and
small-polar methionine that replaces threoninexone2@'. The steric hindrance of methionine hinders thelinig of
drugs (gefitinib and erlotinib) to target sitestie ATP hydrophobic pocket. What's more, study hakewn that the

T790M mutation also increases the affinity of EGiRase for AT
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Fig. 1. Chemical structures of the representative smalemde EGFR inhibitors.
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Fig. 2. Design strategy from chemical structures of presicompounds.

Consequently, many second-generation EGFR inhgbgach as afatinilB( Fig. 1), dacomitinib and neratinib were
designed for overcoming the resistance caused BpN7mutation$'”**. Many of these medicines share the common
quinazoline pharmacophore and acrylamide strucfidehael Addition Receptor). The acrylamide struetucan
covalently and irreversibly bind to the cysteinsidee (Cys797). So, the medicine can better octh@yATP-binding
pocket of the EGFR kinase domain, and overcomedhistance caused by the T790M mutaiBnUnexpectedly, the
second-generation EGFR inhibitors not only inhibbitautational EGFR receptor but also the wild-typ¢Tj EGFR
receptor. Therefore, most patients taking the dwithin a few months experienced serious side effescich as rash,
diarrhea and other side effebts

To overcome the drawbacks of acquired resistansmt¢ond-generation EGFR inhibitors, several thedegation
EGFR inhibitors have been developed. WZ4002(g. 1) is the first reported third-generation EGFR intiband the
selectivity of WZ4002 against T790M-EGFR to WT-EGRERnhear to 30-100 tim&!. CO1686 5, Fig. 1) has similar
chemical structure to WZ4002, and they all sharestdped” molecular structuf€!. The U. S. Food and Drug
Administration (FDA) was ended the Phase Il clihitial of CO1686, because it also inhibited ineuleceptor (INSR)
and insulin-like growth factor 1 receptor (IGF1Rusing serious side effects (especially hyperglyaghd. As the
first FDA-approved third-generation EGFR inhibitdkZD9291 6, Fig. 1) was marketed in the United States in
November 2015 for treatment of EGER™ “¥58fmutation in NSCLC patient&’. However, the selectivity of AZD9291
to mutant kinases has not achieved the desiredteffs binding to non-target EGFR receptors irovilas caused serious
side effects (diarrhea, rash and cardiotoxicityhjolv severely limits the clinical application of P8291. The most
serious adverse event is dose-dependent toxaityy as cardiotoxicity increased with escalatingegoof AZD929%¢!,
Thus, we urgently need to develop the novel EGHfbitors with high selectivity against WT-EGFR alog toxicity to
solve the problem of drug resistance and serialesedfects.

Herein, structure-based drug design (SBDD) wasieggh our compounds design stratedyig( 2). Docking
AZD9291 into T790M-EGFRKig. 3B) and WT-EGFR Kig. 3C) revealed that the N atom in the 1-position of the

pyrimidine ring points to the hinge region residvet793, and is adjacent to the residue Met790. dtwylamide



warhead interacts with mutation gatekeeper siteluesCys797 via a hydrogen bond. The indole ringhigoto the
Asp-Phe-Gly (DFG) motif. Furthermore, the entirading site Fig. 3D) is far away from the L858R mutant region so
that the L858R mutation does not affect the bindiitg. Based on previous reseadfcéf” we first introduced small
molecule substituents at the end of the acrylarside chain to change the reactivity of the acrytlamivarhead with
residue Cys797. According to previous researchiwioereported compounds have attracted our attenGompound 17
was reported by Finlay, Nf¥ and had good kinase inhibitory activity with and@alue of 0.9 nM for EGFRM/858R
kinase. Compound 23 was reported by Gad?flYand its 1G, value for H1975 cells was 15 nM. Therefore, onlihsis
of these two compounds, we designed the next twessef compounds. The second series of compouittistifferent
substituents at the 5-position or 6-position of theimidine ring was designed by the ring expanséoml splitting
principle based on reported compound 17. Finatiyview of the good enzymatic and cellular inhibjtaf published
compound 23, we introduced fluorine into the indatg, which presumably increases the polar intewsadetween the
ligand and the DFG motif residue. Moreover, thetdvacan weaken the demethylation ability of theoledring and
enhances the anti-metabolism ability of AZD9291ud hwe suspected that this design strategy mayusetp discover

novel inhibitors for overcoming EGER®™**double mutations.

2. Results and discussion

2.1 Chemistry
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Scheme 1Synthetic route of the compounti§a-h 17b-g 18a-e Reagents and conditions: (a) {LHNaH, THF, rt., 1.5
h; (b) AICl;, DME, 80, 3 h; (c) TsOH, 1,4-dioxane, 85, 3 h; (d) N,N,N-trimethylethylenediamine, DIPEAMBA,
110C, 2.5 h; (e) Zn, NKCI, C,HsOH, H,0, 105, 3 h; (f) NaHCQ, DCM, 0<C, 0.5-2 h.

The synthetic route of the target compoutéa-h, 17b-¢ 18a-ewas shown irscheme 1 Commercially available
starting material indol& reacted with methyl iodide to gét Commercially availablé1a11b and11cwere reacted with
8 to obtainl2a-c Next, 12a-cwere coupled with commercially availableo obtainl3a-c 15a-cwas obtained by the

reaction of amination and reduction frda-cwith 13a-cas raw material. Corresponding acid chlorides vedrtained



from different substituted acrylic acids by theasiation reaction, and finally reacted witba-cto provide the target
compoundsl6a-h, 17b-¢ 18a-e The synthetic route d23b-d, 24a-d 25a-d was outlined inScheme 2 which was
basically same as the route of compouffia-h 17b-e and 18a-¢ except that the 5-fluoroindole was used as the

starting material. Finally22a-creacted with corresponding acid chlorides yieldinghpound23b-d, 24a-dand25a-d
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Scheme 2Synthetic route of the compoun23b-d, 24a-d 25a-d Reagents and conditions: (a) {LHNaH, THF, rt., 1.5
h; (b) AICl;, DME, 80%C, 3 h; (c) TsOH, 1,4-dioxane, 85, 3 h; (d) N,N,N’-trimethylethylenediamine, DIPEBMA,

110C, 2.5 h; (€) Zn, NKCI, CHsOH, H,0, 105, 3 h; (f) NaHCQ@, DCM, 0<C, 0.5-2 h.

2.2 Binding site analysis of AZD9291
Before conducting the experiment, we analyzed thdibg site of AZD9291 with WT-EGFR (PDB code:4ZAU)
and T790M-EGFR (PDB code:3IKA), respectively. Theystal complex of AZD9291 binding to WT-EGFR was

available from the PDB library (http://www.rcsb.gpdb/home/home.do). As shownkig. 3C, bidentate hydrogen bond

was formed with the methionine residue Met793 betwihe polar hydrogen atom in the imine bridge tiedN atom in
the 1-position of the pyrimidine ring. In additiocysteine residue Cys797 also formed strong hydrdmeding force
with the oxygen atoms in the acrylamide side chéiomd length 2.5A). There is no crystal compleXA@D9291 binds
to T790M EGFR kinase domain in the PDB library, simulated the binding model of published T790M aiive (PDB
code: 3IKA) to AZD9291 by AutoDock 4.2 software @Bcripps Research Institute, USA). Freig. 3 BandFig. 3 D,

we can know that AZD9291 formed strong hydrogerinig force with T790M-EGFR kinase domain on thecowtdge
of the ATP hydrophobic pocket. Two hydrogen bondsesformed between hinge region residue Met793wdtlae in

theFig. 3 B) and the pyrimidine core. In addition, the L858Rtation site (show red in thHég. 3 B) was far away from
the small molecule ligand AZD9291 so that the §jesreration EGFR mutation would not affect the bigdsite.
Furthermore, in our expectation, the hydrogen Ilmigdiorce formed between the side chain containhey Nichael

Addition Receptor and the Cys797 residue (showrgie¢heFig. 3 B) is stronger than that of WT-EGFR (4ZAU).
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Fig. 3.Binding site of AZD9291. (A) Chemical structureAZD9291 and its depicted binding mode with T790/GR.
(B) The binding model of AZD9291 (green) bound t690M-EGFR (PDB code:3IKA). (C) The binding model of
AZD9291 (green) bound to WT-EGFR (PDB code:4ZAUD) (Overview of the binding site of AZD9291 with

T790M-EGFR (PDB code:3IKA).

2.3. Modification of acrylamide side chain

It can be seen from the results of molecular siteutbocking, acrylamide side chain containing Midhagdition
Receptors directly extend to the Cys797 residu¢hatedge of the ATP hydrophobic pocket and formednger
hydrogen binding forceMoreover, inspired by the research reported by Mafk”? and Xia G, the introduction of
small molecule alkyl side chains at the bottomlef acrylamide warhead regulates the reactivityhef dlefine with
residue Cys797 and impairs the irreversible bindifiglrug to non-targeting EGFR proteihereby reducing the side
effects of the drug. To conduct this strategy, wsighed and synthesized the first series of AZD9®&1vatives with
different sizes of substituents at the ortho posibf the acrylamide warhea@l§a-h) and evaluated them in enzymatic
inhibition and antiproliferation activity assays.

The enzymatic and cellular activities of compouth@a-hwere show irifable 1 As predicted, when we introduced
strong electron withdrawing groups (-F, -Cl) intbetacrylamide warheadl6a 16b, and 16c exhibited lower
antiproliferation activities against H1975 cellsydapartially lost kinase activity against both EGERY-858R gng
EGFR"". The most gratifying result is that the kinasees#Vity of all compounds against EGFR"'858 tg EGFR'
has been improved. The results are consistentowitlexpectations. We discovered compounds with BGRFR mutated
kinase selectivity by modifying the structure ofydamide. However, with the increasing of the sitbttd alkyl side

chain, the inhibitory activity of the compoundsks{, 16g and16h) on H1975 cells and the enzymatic inhibition again



EGFR kinase gradually increased, but it was sti#laleer than AZD9291. We will solve this problem e tnext
experiment. Accordingly, we concluded that changhmyacrylamide carbon chain length csan moduleetllular and
enzymatic activity of compounds. Only when the carigchain length of the acrylamide warhead is mbea tfour can

the cellular and enzymatic activity be improved.

Table 1

Invitro inhibitory activities of compoundsa-h.

16a-h

EGFR IG, (nM)*  Selectivity Cellular activity 1G, (uM)

Compd R LogD,
WT L WTML)  yig975  As49 HepG2
(¢]
16a \QK( 65 6 10.8 4229  2.462 3.794 2.9
F
[0}
16D W 257 33 7.8 1.289  7.524 1.391 3.4
Cl
o dcl
16¢ o >2000  >2000 . >50 >50 >50 4.1
Cl
(0]
16d M 395 52 7.6 4543  0.660 6.934 3.4
(e}
16e M 1282 209 6.1 5.606  4.096 5.663 3.6
(0]
16f M >2000 397 - 1.819  0.612 4.391 4.1
\gok/\/
16g P 1277 177 7.2 3.862  1.533 6.674 3.8
(0]
16h W\A 1502 203 7.4 1.219  0.808 0.431 4.2
(0]
AZD9291 K 16 8 2.0 0.073  0.615 1.605 3.0

®Enzymatic inhibitory activities assays were examibgdising the ELISA-based EGFR-tyrosine kinase (Zk9ay.
®LogD; , values calculated by the chemaxon website (www.chemeam).

2.4 Structure-based design of pyrimidine ring tingeMet793

From the results of our previous molecular dockijRgy. 3 B), we found that the pyrimidine ring of AZD9291
formed a bidentate hydrogen bond with hinge regiesidue Met793, with the bond lengths of 2.0A anfA2
respectively. The hydrogen bond interaction is matte Guided by the docking resuRid. 3), we hypothesized that
expanding the spatial structure of the pyrimidiivgg rwould result in a fully occupied hinge regiorofgin cavity.

Furthermore, the -CN at the 5-position of the pydime ring in compound 7 directly points to gatekeeper Met790, thus



increasing the binding capacity of protein withaligl. Consequently, based on the resultsl6&-h we retained the
alkyl-substituted acrylamide warhead and introdusmdll molecule substituents (-CN, -gjkhto the pyrimidine ring to

obtain compound7b-eand18a-e

Table 2

Invitro Enzymatic inhibitory activities of compountigb-eand18a-e

/
N R,
;?\E[/ HN
R;. ~ N Q/N\/\]\ll/
\Nﬂ\N
H ¢

R;
17b-e, 18a-e
, EGFR IG, (nM)®  Selectivity Cellular activitylG, (uM)
Compd R! R? R? - Y - LogD,
WT TL  (WT/TL) H1975 A549  HepG2
17 \;Q -H -CN 311 25 12.4 1.187 0.308 0.768 2.8
[e}
17b \)\( -H -CN 137 20 6.9 1.622 0.133 0.115 3.2
cl
17¢ \ﬁ/w -H -CN 387 16 24.2 1.151 0.162 1.359 3.7
o]
17d \)W -H -CN 985 219 4.5 1.107 1.101 1.811 3.9
17e \)OW -H -CN 377 37 10.2 0.823 0.166 1.685 4.1
o
18a \)v -CH; -H 1336 93 14.5 4.812 2.907 12.611 35
[e}
18b \)\( -CH; -H 83 10 8.3 2.231 1.731 3.641 35
cl
18c \ﬁ/w -CH; -H 1255 18 69.7 1.993 1.085 2.053 3.9
o]
18d M -CH; -H >2000 38 - 1.227 1.07 3.546 4.2
18e \)OW -CH; -H 1531 8 191.3 0.254 0.329 0.365 4.2
o
AZD9291 \)v -H -H 16 8 2.0 0.073 0.615 1.605 3.0

®Enzymatic inhibitory activities assays were examibgdising the ELISA-based EGFR-tyrosine kinase (&9ay.
®LogD; , values calculated by the chemaxon website (www.chemeam).

2.4.1 Structure-activity relationship studies afjet compound$7b-eand18a-e

The enzymatic and cellular inhibitory activities d7b-e and 18a-e were shown inTable 2 In general, the
introduction of -CN and -CHinto the pyrimidine ring notably increased theestlity for WT-EGFR against
double-mutant EGFR, with the selectivity from 5 200-fold. Moreover, the cellular anti-proliferativactivity of
compoundsl7b-e and 18a-eis more potent than that of compounti8a-h Particularly, compound48a-e, which

introduced the -Ckimoiety, dramatically changed both the double-muEB@BFR enzymatic inhibitory activity (the §&



values from 8 to 93 nM) and the selectivity of theuble-mutant EGFR against wild-type EGFR (the cdility from
8-fold to 200-fold). We conjectured that the elentdonating group -CHincreased the electron cloud density of the
pyrimidine ring. Hence, it enhanced the hydrogendceactivity between the adjacent N and the Met&&&lue. We
observed thal7b was obtained by introducing a chlorine atom atdtiko-position of acrylamide i17, similar to18a
and 18b. However, the enzymatic activity and selectivitfy bimth 17b and 18b for the double-mutant EGFR were
moderately decreased; theirs@alues were in the range of 10 to 20 nM, and #hecsivity for wild-type EGFR did not
exceed 10 times. Howevdr7b and18b also showed moderate cellular anti-proliferatieévity over H1975 cells, with
ICsovalues of 1.6221M and 2.231uM, respectively. As the acrylamide carbon chairgtenincreased, the enzymatic
activity and selectivity underwent tremendous cleani'hen the carbon chain length of the acrylamidehead was 5,
the 1G, values ofl7c and18c against wild-type EGFR were 387 nM and 1255 nMpeetively. When the carbon chain
length was 6, the enzymatic inhibitory activity @dmpoundl17d and 18d against the wild-type EGFR kinase was
decreased, but the inhibitory activity against dioeible-mutant EGFR was retained (withyd@alues of 219 nM and 38
nM, respectively) Therefore, we concluded that properly increasireydbrylamide side chain length can increase the
selectivity of compound to EGER* 38R mytant kinases and strengthen the inhibitory #gtisf compound to H1975
cells. In addition, by appropriately increasing th@ume of pyrimidine ring, the compounds fully aopéed the target

protein cavity of hinge region. Therefore, it canrease the affinity of compound with target pnotei

2.5 Structural modification based on the molecsiamlation
2.5.1 Binding mode study of potential compoufd@s and18e

To further investigate the binding mode of compaundth EGFR, we conducted a molecular simulation of
EGFR M with representative compound3c and18e (Fig. 4). The binding models of compoundZc and 18e with
EGFR protein were the same as that of our previggmthesis. Compoundl7c formed three hydrogen bonds with
EGFR protein (The bule dashed), wherein the pyiimaiding formed a bidentate hydrogen bond with bhimgsidue
Met793. In addition, the -CN group at the 5-positiof the pyrimidine ring directly pointed to thetgeeeper residue
Met790 and adjoined the residue Thr854 with a lerajt2.5A (The red dashed). The entire conformasiofiiciently
occupied the protein hydrophobic cavity. The bigdinode ofl8ewas the same as thatbifc The 6-methyl-substituted
pyrimidine ring was connected to the hinge residdet793 via a bidentate hydrogen bond. In addition, the
alkyl-substituted acrylamide side chain was adjat¢erresidue Cys797(with the hydrogen bond lendti2.6A). The

hydrogen binding forces df7cand18ewith hinge region residue Met793 are stronger thase of AZD9291.



Fig. 4. Docking mode ol7cand18e
(A) Binding mode of compounii7cbind to T790M-EGFR. (B) Overview of the bindingesof compound.7cwith
T790M-EGFR. (C) Overview of the binding site of qggaund18ewith T790M-EGFR (D) Binding model of compound

18ebind to T790M-EGFR.

2.5.2 Explore 5-position fluorin substitution oflivle ring extend to ATP hydrophobic pocket

Since AZD9291 was approved by the FDA, many re$eaiscare devoted to studying the in vivo metaboksd
metabolites of AZD9291 to gain inspiration for gteidy of more potent EGFR inhibitofsinlay MR and his co-worker
were the first reported the major metabolic proessnd metabolites of AZD929 in the bdtH N-demethylation is the
main metabolism way of AZD9291 in the body, produt®o metabolites AZ5104 and AZ7550. Moreover, dasgon
the docking results of compourddc and18ewith T790M active domain, indole ring burried in&d P-binding pocket
and was close to DFG motif. Consequently, on the ftand, we introduced F-atom into the indole rind amplify the
volume of the indole ring to enhance the bindingraction and selectivity of the inhibitors with GUM-EGFR. On the
other hand, the introduction of F-atom can weakem demethylation ability of the indole ring and anbes the
anti-metabolism ability of AZD9291c derivatives. Mover, the strategy of introducing fluorine at@ommonly used

in the development of new drugs, and compoundsa@ung fluorine account for a significant proportiof the drugs



used for clinical treatmef>". According to the metabolites of AZD9291 in vivéao H. and co-workef&! also
designed and synthesized a series of derivativész®0291, and conducted a detailed analysis ofrdiselts of in vivo
experiments. According to their experimental resudbmpoun®3 contained a fluorine-substituted indole ring stauet
exhibited EGFR M58 nhibitory activity.

In order to implement our design strategy, we nedi—CH and —CN on the pyrimidine ring and designed three
series of fluorine-substituted derivatives at thpoSition of the indole ring2@b-d, 24a-d and25a-d). As shown in
Table 3, all compounds with fluorine substituted at th@dsition of the indole ring showed obvious decreaise
enzymatic activity. Accordingly, the cellular amptieliferative activity of compound23b-d, 24a-d and 25a-d also
moderately changed compared to compountise In particular, compound5a-d showed the highest decrease in both
enzymatic activity and cellular activity, with d¢values of H1975 cells ranging from 3.8 to 12M. On the one hand,
the introduction of the strong electron-withdrawign@up fluorine moiety into the indole ring thatsvauried in the DFG
motif may greatly reduce the hydrophobic interatti@tween the indole and the residues of the DF@.nam the other
hand, based on the research of Gaé®H.the introduction of fluorine reduced both thectlen cloud density of the
indole ring and the dealkylation ability of N-metligdole. Thus, it can change the stability of daigucture and caused
toxicity of the drug. In addition, it is also pasts that the introduction of F-atom causes the camp to miss the target,
and we will conduct in-depth research in futureeskpents. LogR, values were predicted to explain the results,thad
logD7.4 values of fluorinated substitutes were 1@.2.5 higher than compounds without fluorinatetssitution. Most
fluorinated substitutes have logPvalues greater than 4.0. These results indicdtatithe poor solubility caused the
decrease in the inhibitory activity, because thelenately lipid-soluble permeability of moleculedfasorable for drugs

to penetrate cell membranes.

Table 3

Invitro Enzymatic inhibitory activities of compoung@8b-d, 24a-dand25a-d

N/
R'
F R
7 HN |
NN
RyNTN
0

23b-d, 24a-d, 25a-d

v 5 5 EGFR IG, (nM) Selectivity ~ Cellular activity 1G, (uM) )
Compd R R R LogD; 4
WT TL (WT/TL)  H1975  A549 HepG2

23 W -H -H 8.7 0.07 124 0.254 0.329 0.429 3.1

23b M -H -H 684 388 1.8 2.596 3.602 5.285 3.9



23c \)ov\( -H -H 977 >2000 / 7.359 6.144 3.923 4.2
23d \;W -H -H 12 7.5 1.6 2.734 1.034 3.399 4.4
24a \).Q -H -CN  >2000 >2000 / 11.404  9.703 17.549 3.0
24b J/W -H -CN  >2000 >2000 / 10.209 4.725 5.881 3.8
24c M -H -CN 415 360 1.2 1.127 0.185 2.837 4.1
24d \;W -H -CN 1064 201 5.3 2421 0.741 2.014 4.2
25a \JQ -CH; -H 1094 591 1.9 3.833 1.489 4.281 3.6
25b \)OW -CH; -H >2000 998 / 10.440 9.152 10.984 4.1
25¢c M -CH; -H >2000 892 / 8.520 9.083 13.998 4.4
25d \;W -CH; -H >2000 923 / 12.232 13.258 12.116 4.5
AZD9291 \JQ -H -H 16 8 2.0 0.073 0.615 1.605 3.0

®Enzymatic inhibitory activities assays were examibgdising the ELISA-based EGFR-tyrosine kinase (@k9ay.
®LogD; 4, values calculated by the chemaxon website (www.chemeam).

To further investigate whether the introductionaofluorine atom can increase the hydrogen bondapacity, we
performed molecular docking to predict the bindingdes of compound&4d and25h. The docking results in Figure 5
show that compound®4d (Fig. 5 A) and25b (Fig.5 B) all formed weak hydrogen bond with the Cys797dues @4d
and25b with length of 2.3A and 2.2A, respectively). Inditibn, we can see that the -CN group of the compd#d
lost hydrogen binding force with the residue Thr884éither24d nor 25b engaged in hydrogen binding interactions with
the residues in the DFG motif. We speculated thatR-atom is a strong electron-withdrawing groupiclv has a large
influence on the electron cloud density of therentnolecular skeleton, and even changes the efectoaid distribution
of the entire molecule. At the same time, from tlegD7.4 values, we can see that the polarity of geries of
compounds does increases, which is not conducimeotecular transmembrane absorption, resulting@atgchanges in

their activity and selectivityWe will conductced another in-depth study on F-tlied compounds.



Fig. 5. Docking mode oP4d and25b.

(A) The binding model of representative compoudd bound to T790M-EGFR (PDB code:3IKA). (B) The bingli
model of representative compourih bound to T790M-EGFR (PDB code:3I1KA).

2.6 Fluorescent staining is used to analyze cetphmogical changes of the H1975 cells.

Fluorescence staining experiments were selectedlitate and evaluate the antiproliferationt8eon H1975 cells.
The results were shown Irig. 6. AO staining fluorescence analysis results shoat tompared to the control group,
compoundl8e significantly inhibited H1975 cells proliferatiomd induced apoptosis at the concentration of @25
Moreover, after treated with compoubfle the chromatin of H1975 cells obviously shrinkddhe cell edge were sharp.
Nextly, we conducted H33342 fluorescence stainisggg to further verify that compourid8e induced H1975 cell
apoptosisAs illustrated inFig. 6, the control group cells structures were completdy a small amount of dyes into cells
and the nucleus showed weak blue fluorescence umeented fluorescence microscope. While, afteattrent with 0.25
uM compoundl8e H1975 cells structures were destroyed, chromatis steiunk, and a large amount of the dye entered
cells. Hence, the dense staining was observed wardarverted fluorescence microscope and the fhaenece intensity
were significantly enhanced. Those phenomenonsestigg that 18e induced apoptosis. Therefore, barsele results
of AO staining and H33342 staining, we can drawictusion that compouriBeinhibited H1975 cell proliferation and

induced apoptosis at lower concentration.



0.25 pM 18e
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FIGURE 6. 18esuppressed cell proliferation (acridine orange, A6J induced apoptosis (Hoechst 33342) in H1975

cells.
2.7 Effect on cell cycle progression.

To investigate the mode of cell proliferation intdm by compoundl8e cell cycle distribution analysis was
performed on A549 cells. The obtained results vpeesented iifrig. 7, which shown that8einduced apoptosis in A549
cells at low concentration. As the concentrationcofmpoundl8e increasing,18e significantly depressed the G0/G1
phase population from 56.78% to 39.55%. The nunabeapoptotic cells gradually increased, and thé cgile was
blocked in G2/M phase, while no significant charigeS phase was observed. These findings indicdiat 18e

successfully inhibited cell proliferation in a dedependent manner.
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FIGURE 7. Flow cytometry analysis of A549 cells treatea wmmpouﬁ&ncigew'r“g'rmﬂk(w)
3. Conclusions

In summary, based on potent inhibitdr and 23, three series of EGFR*%8R jnhibitors were designed and
synthesized. The changes in reactivity of the acnylle warhead reduced the affinity of the medidimenon-target
proteins. With the help of computer-aided drug giesie increased the spatial volume of the pyrin@ding to enhance
the selectivity of compounds for EGERM8R Fyrthermore, based on the metabolites of AZD9284 introduced
fluorine atom into indole ring, which resulted ihet compound losing its kinase selectivity. Finalye replaced
acrylamide with hexenamide and introduced methglgrat the 6-position of pyrimidine ring to obtadive optimized
compound18e without fluorine substitution, whose physiologiaadtivity suggested thélt8e can be used as a potent

EGFRT *M858R nhibitor for further study.

4. Experimental section
4.1 Chemistry

Unless otherwise required, all reagents used ireperiments were purchased from commercial awalytrade
and used without further purification. Frequentlged solvents (Ethanol, petroleum ether, ethyl &eetnd
dichloromethane, etc.) were absolutely anhydrodisa&tions were monitored through gjfrthin-layer chromatography
plate and spots were visualized with iodine ortlifh 254 nm or 365 nm). The structure of the thigmmpound was

confirmed by*H NMR and**C NMR spectra at room temperature on Bruker 400 MHz speetter (Bruker Bioscience,



Billerica, MA, USA) with tetramethylsilane (TMS) a internal standard. Mass spectrometry (MS) veafopmed on
Waters High Resolution Quadrupole Time of Flighhdem Mass Spectrometry (QTOF). The purity of theyeound
was determined by Agilent 1260 liquid chromatogrdipied with an Inertex-C18 column. All target cooynds had

purity of >95%.

4.1.1 General procedure for the synthesit6#-h

We used indol& as starting material to synthesize interedidfes-c by the method reported in the literattife
Different substituted acrylic acids were chlorimatey POCJ to obtain the corresponding acyl chloride at®80Under
an ice bath, differently substituted acryl chlongas dissolved in dichloromethane and stirred%tfor 10-30 min.
Another intermediated5a-c were added to the above acryl chloride solutiord then added NaHGGOsolid
powder, stirred at 0 °C for 0.5-3 h. After the teatwas completed, the reaction mixture was fiteand solvent
was distilled off under reduced pressure. The crpoeuct was purified using flash chromatographyhwi

dichloromethane/methanol (v/v, from 50:1 to 20:4 ehuents.

4.1.1.1 N-(2-((2-(dimethylamino)ethyl)(methyl)arojd-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pyrimidi2-yl)amin
amino)phenyl)-2-fluoroacrylamidlL6a)

Light yellow solid. 37.9% yield, m.p: 190.7-192@.H NMR (400 MHz, DMSOsdg) 5 10.04 (s, 1H), 8.92 (s, 1H),
8.54 (s, 1H), 8.31 (dd, J = 17.9, 6.6 Hz, 2H), 196LH), 7.53 (d, J = 8.1 Hz, 1H), 7.29-7.20 (iM),Z.17 (t, J = 7.4 Hz,
1H), 7.07 (s, 1H), 5.46-5.41 (m, 1H), 5.08 (d, 134 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.27-322 2H), 2.87 (s,
2H), 2.65 (s, 3H), 2.58 (s, 6H}’C NMR (400 MHz, DMSQd,) 5 169.87, 164.85, 161.25, 158.98, 157.65, 144.25,
136.88, 134.21, 129.45, 128.96, 122.54, 122.21,812119.98, 114.12, 111.53, 110.11, 109.86, 10409982, 95.02,
59.23, 58.45, 56.88, 47.25x2, 42.23, 34.58. TOF B&S- (m/z): (M + HJ, calcd for GgHa,FN;O,: 517.2602, found,

518.2680.

4.1.1.2 2-chloro-N-(2-((2-(dimethylamino)ethyl)(thgl)amino)-4-methoxy-5-((4-(1-methyl-1H-indol-3)ylpyrimidin
-2-yl)amino)phenyl)acrylamidelgb)

Light yellow solid. 32.1% yield, m.p: 191.3-192@.9H NMR (400 MHz, DMSOsdg) 5 10.25 (s, 1H), 9.40 (s, 1H),
8.90 (s, 1H), 8.66 (t, J = 7.7 Hz, 2H), 8.33 (s),IH86 (d, J = 8.2 Hz, 1H), 7.55 (tt, J = 15.8 Az, 3H), 7.37 (s, 1H),
6.22 (s, 1H), 5.99 (s, 1H), 4.23 (s, 3H), 4.18@), 3.23 (t, J = 4.8 Hz, 4H), 3.06 (s, 3H), 2.69(= 5.1 Hz, 2H), 2.59 (s,

6H). TOF MS ES+ (m/z): (M + H) calcd for GgH3,CIN;O,: 533.2306, found, 534.2384.

4.1.1.3 2,3,3-Trichloro-N-(2-((2-(dimethylaminojgt)(methyl)amino)-4-methoxy-5-((4-(1-methyl-1H-iold3-yl)
pyrimidin-2-yl)amino)phenyl)acrylamidel 6¢

Light yellow solid. 36.8% yield, m.p: 287.7-288@.%H NMR (400 MHz, DMSOsdg) & 11.36 (s, 1H), 9.07 (d, J =



7.3 Hz, 1H), 8.96 (s, 1H), 8.18 (s, 1H), 7.85 (& 2.4 Hz, 1H), 7.56 (d, J = 8.2 Hz, 1H), 7.351(d), 7.25 (dd, J = 15.6,
8.0 Hz, 3H), 6.92 (s, 1H), 3.90 (s, 3H), 3.67 (4),38.20-3.02 (M, 2H), 2.89 (s, 3H), 2.26 (s, 6FAPF MS ES+ (m/z):

(M + H)", calcd for GgH3oCizsN,O,: 601.1527, found, 602.1605.

4.1.1.4  (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pymidin-2-yl)
amino)phenyl)but-2-enamidé §d)

White solid. 33.2% vyield, m.p: 159.7-161.2 46.NMR (400 MHz, DMSOsdg) § 9.93 (s, 1H), 9.06 (s, 1H), 8.65 (s,
1H), 8.32 (d, J = 5.3 Hz, 1H), 8.25 (d, J = 7.9 BH), 8.19 (s, 1H), 7.90 (s, 1H), 7.52 (d, J =82 1H), 7.23 (dd, J =
12.1, 6.3 Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 7.821(H), 6.81 (dq, J = 13.8, 6.9 Hz, 1H), 3.91 {3$),3.85 (s, 3H), 2.94 (d,
J = 5.2 Hz, 2H), 2.69 (s, 3H), 2.46 (d, J = 5.3 BH), 2.31 (s, 6H), 1.90 (d, J = 6.6 Hz, 3H}C NMR (400 MHz,
DMSO-ds) 6 163.48, 162.12, 160.39, 158.12, 139.49, 138.18,483 133.29, 129.87, 128.24, 125.82, 122.46, B21.8
121.35, 119.45, 112.91, 110.97, 108.79, 108.65,4008.02.59, 59.71, 56.51, 55.87, 45.05x2, 43.3244 18.04. TOF

MS ES+ (m/z): (M + H), calcd for GgH3sN;O,: 513.2852, found, 514.2925.

4115 N-(2-((2-(dimethylamino)ethyl)(methyl)aroi4-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pyrimidi2-yl)
amino)phenyl)-3-methylbut-2-enamide6@

Light yellow solid. 40.2% yield, m.p: 178.2-179@.*H NMR (400 MHz, DMSOdj) 5 9.88 (s, 1H), 9.03 (s, 1H),
8.53 (s, 1H), 8.29 (t, J = 7.7 Hz, 2H), 7.96 (s),IH49 (d, J = 8.2 Hz, 1H), 7.18 (tt, J = 15.8 Az, 3H), 7.00 (s, 1H),
5.85 (s, 1H), 5.62 (s, 1H), 3.86 (s, 3H), 3.823@), 2.86 (s, 2H), 2.69 (s, 3H), 2.32 (t, J = 54, BH), 2.22 (s, 6H), 2.13

(s, 3H), 1.87 (s, 3H). TOF MS ES+ (m/z): (M +'H3alcd for GoH3/N,O,: 527.3009, found, 528.3087.

4116  (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pymidin-2-yl)
amino)phenyl)-4-methylpent-2-enamidis()

White solid. 35.7% yield, m.p: 208.2-209.6 ¢8.NMR (400 MHz, DMSO#dg) & 10.04 (s, 1H), 9.13 (s, 1H), 8.67 (s,
1H), 8.32 (d, J = 5.2 Hz, 1H), 8.23 (d, J = 7.8 H4), 7.92 (d, J = 24.3 Hz, 1H), 7.53 (d, J = 82, BH), 7.23 (t, J = 6.5
Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.02 (s, 1HB®(d, J = 6.5 Hz, 1H), 6.09 (d, J = 14.9 Hz, 1391 (s, 3H), 3.85 (s,
3H), 2.89 (s, 2H), 2.71 (d, J = 9.7 Hz, 3H), 2.4d,(J = 17.0, 10.3 Hz, 3H), 2.26 (s, 6H), 1.07X&; 6.7 Hz, 5H)=C
NMR (400 MHz, DMSO€) 6 168.74, 166.08, 159.98, 157.21, 151.27, 142.86,243 134.05, 129.87, 128.45, 123.21,
122.23, 121.98, 120.87, 119.82, 113.52, 111.25,81M909.42, 104.71, 98.87, 59.78, 56.82, 55.40%42, 42.08,

33.89, 25.09, 20.92x2. TOF MS ES+ (m/z): (M + Halcd for GiHaoN;O,: 541.3165, found, 542.3242.

4.1.1.7  (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pymidin-2-yl)
amino)phenyl)pent-2-enamid&gg)

Light yellow solid. 37.4% yield, m.p: 245.6-24PQ.'"H NMR (400 MHz, DMSOdq) & 10.72 (s, 1H), 9.73 (s, 1H),



8.70 (s, 1H), 8.26 (s, 2H), 7.54 (s, 1H), 7.36—7A1¥ 4H), 7.03-6.75 (m, 3H), 3.91 (s, 3H), 3.853), 2.73 (s, 6H),
2.62 (s, 3H), 2.20 (s, 2H), 1.35-1.20 (m, 4H), 1(643H). TOF MS ES+ (m/z): (M + H)calcd for GoH3N;O,:

527.3009, found, 528.3087.

4.1.1.8 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-(1-methyl-1H-indol-3-yl)pymidin-2-yl)
amino)phenyl)hex-2-enamidégh)

White solid. 34.1% yield, m.p: 185.2-186.7 %8.NMR (400 MHz, DMSO¢)  10.02 (s, 1H), 9.13 (s, 1H), 8.68 (s,
1H), 8.32 (d, J = 5.3 Hz, 1H), 8.24 (d, J = 7.8 H&), 7.90 (s, 1H), 7.53 (d, J = 8.2 Hz, 1H), 7(4) = 6.7 Hz, 2H),
7.15 (t, J = 7.4 Hz, 1H), 7.03 (s, 1H), 6.81 (dtd; 11.0, 6.9, 3.8 Hz, 2H), 6.11 (d, J = 15.3 H2),55.80-5.72 (m, 1H),
3.92 (s, 3H), 3.85 (s, 3H), 2.90 (s, 2H), 2.713@), 2.36 (s, 2H), 2.24 (d, J = 7.5 Hz, 6H), 2.dd,(J = 13.7, 6.5 Hz, 2H),
1.50-1.42 (m, 2H), 0.93 (dd, J = 13.5, 6.2 Hz, 3f0; NMR (400 MHz, DMSOd,) & 167.72, 163.33, 160.35, 158.17,
148.83, 146.23, 144.00, 138.18, 134.35, 128.31,91R825.81, 125.77, 122.78, 122.42, 121.78, 121.8%.94, 110.97,
107.59, 105.68, 57.16, 56.50, 55.89, 45.51x2, 48883, 21.66, 21.30, 13.96. TOF MS ES+ (m/z):{M)", calcd for

C31H3gN;0O,: 541.3165, found, 543.3245.

4.1.2 General procedure for the synthesi$tf-e
The synthetic method of compountigb-e are similarly tol6a-h The difference is that we need to replace the

pyrimidine with cyan-substituted pyrimidine and tlest of the synthesis conditions are the same.

4121 2-chloro-N-(5-((5-cyano-4-(1-methyl-1H-oieB-yl)pyrimidin-2-yl)amino)-2-((2-(dimethylamine}hyl)
(methyl)amino)-4-methoxyphenyl)acrylamidk7)

Pure white solid. 38.9% vyield, m.p: 152.3-153.1 %€ NMR (400 MHz, DMSOdg) & 10.03 (s, 1H), 9.45 (s, 1H),
8.69 (s, 1H), 8.50 (s, 1H), 8.24 (s, 1H), 7.53X@; 7.6 Hz, 1H), 7.33-7.20 (m, 1H), 7.14 (s, 1H476(s, 1H), 6.29 (s,
1H), 6.07 (s, 1H), 5.86 (s, 1H), 3.92 (s, 3H), F83H), 3.26-3.19 (M, 2H), 2.76 (s, 2H), 2.723(4), 2.47 (s, 6H)**C
NMR (400 MHz, DMSOsdg) 6 173.87, 165.21, 164.87, 163.52, 143.78, 137.86,583 133.89, 130.08, 129.32, 123.54,
122.32, 121.38, 121.05, 119.87, 113.92, 113.27,28]11109.88, 109.26, 98.53, 96.73, 59.81, 58.087&§46.18x2,

41.25, 35.09. TOF MS ES+ (m/z): (M + Hyalcd for GgHa;CINgO,: 558.2259, found, 559.2337.

4.1.2.2 (2)-N-(5-((5-cyano-4-(1-methyl-1H-indoly8)pyrimidin-2-yl)amino)-2-((2-(dimethylamino)eth){imethyl)
amino)-4-methoxyphenyl)pent-2-enamide’ ¢

Pure white solid. 44.1% yield, m.p: 128.5-130.1 %CNMR (400 MHz, DMSO¢d) 6 9.92 (s, 1H), 9.41 (d, J = 9.0
Hz, 1H), 8.67 (s, 1H), 8.48 (s, 1H), 8.38 (s, 1HR1 (d, J = 7.5 Hz, 1H), 7.23 (s, 1H), 7.06 (s),16491-6.73 (m, 2H),
6.05 (d, J = 15.4 Hz, 1H), 5.74 (d, J = 15.6 Hz),1391 (s, 3H), 3.72 (s, 3H), 2.91 (s, 2H), 2.@4J = 10.9 Hz, 3H),

2.39 (s, 2H), 2.23 (d, J = 5.8 Hz, 6H), 2.20-2:14 2H), 1.02 (dd, J = 9.8, 7.5 Hz, 3H). TOF MS E8¥z): (M + HY,



calcd for GiH3zeNgO, :552.6830, found, 553.3048.

4.1.2.3 (2)-N-(5-((5-cyano-4-(1-methyl-1H-indoly8)pyrimidin-2-yl)amino)-2-((2-(dimethylamino)eth){imethyl)
amino)-4-methoxyphenyl)-4-methylpent-2-enamitiéd)

Pure white solid. 41.2% yield, m.p: 160.3-162.19CNMR (400 MHz, CDC}) § 9.35 (s, 1H), 9.26 (s, 1H), 8.65 (s,
1H), 8.49 (s, 2H), 7.78 (s, 1H), 7.36 (d, J = 73 BH), 7.33-7.27 (m, 2H), 6.92 (d, J = 16.8 Hz),2472 (s, 1H), 3.91
(d, J = 6.6 Hz, 6H), 3.29 (s, 2H), 3.01 (s, 2HY4(d, J = 11.2 Hz, 9H), 2.53 (d, J = 6.8 Hz, 1H)0 (d, J = 6.8 Hz, 6H);
*C NMR (400 MHz, DMSOds) § 174.31, 166.25, 164.28, 162.87, 151.82, 142.98,583 133.52, 129.85, 128.32,
122.53, 121.38, 121.07, 119.88, 119.05, 114.08,8¥13111.84, 109.86, 109.43, 98.72, 96.02, 59.879& 57.03,
47.86x2, 41.05, 34.08, 24.87, 22.23x2. TOF MS EBvz) (M + H), calcd for G,HssNgO,: 566.3118, found,

567.3203 .

4124 (2)-N-(5-((5-cyano-4-(1-methyl-1H-indoly8pyrimidin-2-yl)amino)-2-((2-(dimethylamino)ethyl (methyl)
amino)-4-methoxyphenyl)hex-2-enamider §

Pure white solid. 39.1% yield, m.p: 158.1-160.6 %&€.NMR (400 MHz, DMSOsdg) & 9.92 (s, 1H), 9.40 (s, 1H),
8.66 (s, 1H), 8.47 (s, 1H), 8.37 (s, 1H), 7.51X¢; 8.2 Hz, 1H), 7.23 (s, 1H), 7.05 (s, 1H), 6.8896m, 2H), 6.07 (d, J
= 15.3 Hz, 1H), 5.75 (d, J = 15.5 Hz, 1H), 3.903(4), 3.72 (s, 3H), 2.91 (s, 2H), 2.74 (s, 3H),12(d, J = 5.8 Hz, 2H),
2.23 (s, 6H), 2.17-2.13 (m, 2H), 1.45-1.41 (m, 26{89-0.87 (m, 3H). TOF MS ES+ (m/z): (M + Hxalcd for

CaH3gNgO,: 556.3118, found, 567.3192.

4.1.3 General procedure for the synthesi&g&z-e.
The synthetic method of compounti8a-e are similarly tol6a-h The difference is that we need to replace the

pyrimidine with methyl-substituted pyrimidine arftketrest of the synthesis conditions are the same.

4.1.3.1 N-(2-((2-(dimethylamino)ethyl)(methyl)arm4-methoxy-5-((4-methyl-6-(1-methyl-1H-indol-3)ypyrimidin
-2-yl) amino)phenyl)acrylamidel8a)

Light yellow solid. 31.9% yield, m.p: 292.7-293@.%H NMR (400 MHz, DMSOsdg) 5 10.90 (s, 1H), 9.89 (s, 1H),
9.05 (s, 1H), 8.64 (s, 1H), 8.22 (s, 1H), 7.52Xd; 7.0 Hz, 1H), 7.35 (d, J = 10.9 Hz, 1H), 7.2747(m, 3H), 6.95 (s,
1H), 6.24 (d, J = 18.6 Hz, 1H), 5.68 (d, J = 102 #H), 3.90 (d, J = 3.3 Hz, 3H), 3.89 (s, 3H),3(&, 3H), 3.15 (s, 2H),

2.73 (s, 6H), 2.59 (s, 2H), 2.49 (s, 3H). TOF MS+E®/z): (M + HY', calcd for GgH3sN;0, :513.2852, found, 514.2931.

4132 2-chloro-N-(2-((2-(dimethylamino)ethyl)(thgl)amino)-4-methoxy-5-((4-methyl-6-(1-methyl-1iHdol-3-yl)
pyrimidin-2-yl)amino)phenyl)acrylamidei 8b)

Light yellow solid. 31.5% vyield, m.p: 164.5-165@.%H NMR (400 MHz, DMSOdg) § 9.94 (s, 1H), 9.12 (s, 1H),



8.53 (s, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.69 (s),IH43 (d, J = 8.1 Hz, 1H), 7.15 (t, J = 7.6 H&),17.09 (t, J = 7.8 Hz,
2H), 6.99 (s, 1H), 6.49 (d, J = 2.1 Hz, 1H), 6.63J = 2.1 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H)83(1. J = 7.0 Hz, 2H),
2.82 (t, 2H), 2.57 (s, 3H), 2.40 (s, 6H), 2.293). TOF MS ES+ (m/z): (M + H) calcd for GeHs,CIN,O,: 547.2463,

found, 548.2544.

4.1.3.3 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-methyl-6-(1-methyl-1H-ind&lyl)
pyrimidin-2-yl)amino)phenyl)pent-2-enamid&gg

Light yellow solid. 34.4% vyield, m.p: 189.7-191@2.%H NMR (400 MHz, DMSOdg) & 9.83 (s, 1H), 9.15 (s, 1H),
8.57 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.54 (s),1H33 (d, J = 8.1 Hz, 1H), 7.09-7.01 (m, 1H),76(8 J = 7.2, 5.5 Hz,
2H), 6.82 (s, 1H), 6.69 (ddt, J = 21.8, 15.5, 624 BH), 3.73 (s, 3H), 3.67 (s, 3H), 2.70 (t, 2HBE-2.28 (m, 3H), 2.19
(s, 3H), 2.16 (t, J = 6.2 Hz, 2H), 2.06 (s, 6H0121.95 (m, 2H), 0.88 (t, J = 7.4 Hz, 3HJC NMR (400 MHz,
DMSO-ds) & 168.72, 168.06, 165.84, 160.89, 145.03, 142.56,5P3 133.24, 129.55, 128.31, 123.08, 121.85, R20.6
119.51, 119.75, 113.82, 111.21, 109.58, 109.01,5B048.27, 58.86, 58.32, 56.81, 47.23%x2, 41.487835.24, 19.85,

14.68. TOF MS ES+ (m/z): (M + H)calcd for G;H3gN;O,: 576.2854, found, 577.2935.

4134 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-methyl-6-(1-methyl-1H-ind&lyl)
pyrimidin-2-yl)amino)phenyl)-4-methylpent-2-enamiie3d)

Light yellow solid. 38.2% vyield, m.p: 172.3-1736.%H NMR (400 MHz, DMSOdg) & 9.86 (s, 1H), 9.20 (s, 1H),
8.58 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.53 (s),1H33 (d, J = 8.2 Hz, 1H), 7.04 (t, J = 7.7 HH) 16.98 (d, J = 4.6 Hz,
2H), 6.82 (s, 1H), 6.63 (ddd, J = 6.5, 15.5, 304 BH), 3.74 (s, 3H), 3.68 (s, 3H), 2.69 (t, J #Bz, 2H), 2.34 (t, J =
11.4, 13.2 Hz, 3H), 2.17 (d, J = 22.2 Hz, 6H), A866H), 0.89 (d, J = 6.7 Hz, 6H). TOF MS ES+ (m(M + H)", calcd

for C;.Ha1N;0O,: 555.3322, found, 556.3405.

4.1.35 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-4-methoxy-5-((4-methyl-6-(1-methyl-1H-ind&lyl)
pyrimidin-2-yl)amino)phenyl)hex-2-enamid&8e

Light yellow solid. 39.4% vyield, m.p: 129.4-131@.*H NMR (400 MHz, DMSOdg) & 9.80 (s, 1H), 9.15 (s, 1H),
8.57 (s, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.54 (s),IH33 (d, J = 8.1 Hz, 1H), 7.04 (t, J = 7.4 HH) 17.00-6.94 (m, 2H),
6.83 (s, 1H), 6.66—6.56 (m, 2H), 3.74 (s, 3H), I€83H), 2.72 (t, I = 5.7 Hz, 2H), 2.31 (t, J 9 Hz, 3H), 2.20 (d, J =
4.5 Hz, 5H), 2.09 (s, 6H), 2.05-2.01 (m, 2H), 1(§1J = 7.4 Hz, 2H), 0.75 (t, J = 7.4 Hz, 3fC NMR (400 MHz,
DMSO-ds) & 167.89, 166.97, 165.84, 160.25, 143.84, 139.58,253 133.34, 129.28, 128.65, 122.87, 122.23, 720.8
120.08, 119.25, 113.87, 111.08, 109.87, 109.23,81048.27, 59.21, 57.53, 55.82, 46.25%2, 41.8QBAL8.27, 24.32,

21.89, 16.78. TOF MS ES+ (m/z): (M + Hyalcd for GHaiN;0,: 555.3322, found, 556.3400.

4.1.4 General procedure for the synthesig3if-d



The synthetic method of compoun@3b-d are similarly tol6a-h The difference is that we need to replace the

indole with fluorine-substituted indole and thetrekthe synthesis conditions are the same.

4111 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl) pyriitin-2-yI)
amino)-4-methoxyphenyl)pent-2-enami@3k)

White solid. 35.1% vield, m.p: 194.6-195.7 48.NMR (400 MHz, DMSOsdg) § 9.87 (s, 1H), 8.71 (s, 1H), 8.61 (s,
1H), 8.29 (d, J = 4.7 Hz, 1H), 8.05 (d, 1H), 7.54%H), 7.23 (d, J = 5.7 Hz, 1H), 7.09 (d, J =Hz 3H), 6.58 (s, 1H),
6.09 (s, 1H), 3.91-3.87 (m, 7H), 3.18-3.13 (m, 2HJ3 (s, 9H), 2.66 (s, 2HYC NMR (400 MHz, DMSOds) 6 170.82,
166.45, 160.21, 157.01, 156.87, 144.89, 143.21,7¥3332.12, 129.88, 128.96, 122.53, 122.31, 113.03.26, 112.87,
112.43, 111.12, 108.98, 104.53, 98.23, 58.67, 5&3®6, 47.18x2, 41.25, 33.68, 20.05, 13.89. TGF-BE+ (M/z): (M

+ H)", calcd for GoH3sFN,O,: 545.2915, found, 546.2995.

4142 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl) pyriidin-2-yI)
amino)-4-methoxyphenyl)-4-methylpent-2-enamidadj

White solid. 34.3% yield, m.p: 123.7-125.1 48.NMR (400 MHz, DMSOds) & 9.83 (s, 1H), 8.57 (s, 1H), 8.03 (d,
J =8.0 Hz, 1H), 7.54 (s, 1H), 7.33 (d, J = 8.1 H4), 7.07-7.01 (m, 1H), 6.97 (q, J = 7.2, 5.5 BH), 6.82 (s, 1H), 6.68
(tt, J = 15.5, 6.5 Hz, 2H), 3.73 (s, 3H), 3.673Hl), 2.73-2.68 (m, 2H), 2.35-2.29 (m, 3H), 2.152(d), 2.06 (s, 6H),
2.01-1.95 (m, 2H), 0.80 (t, J = 7.4 Hz, 3H). TOF BS+ (m/z): (M + H), calcd for G;H3sFN;O, :559.3071, found,

560.3161.

4.1.4.3 (2)-N-(2-((2-(dimethylamino)ethyl)(methghino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl) pyriidin-2-yI)
amino)-4-methoxyphenyl)hex-2-enamid3()

White solid. 36.2% vyield, m.p: 211.9-213.4 46.NMR (400 MHz, DMSOsdg) 5 9.93 (s, 1H), 8.92 (s, 1H), 8.62 (s,
1H), 8.28 (d, J = 5.3 Hz, 1H), 8.09 (s, 1H), 8.62J = 10.7 Hz, 1H), 7.53 (dd, J = 9.0, 4.5 Hz,,TH}7 (d, J = 5.3 Hz,
1H), 7.12-7.04 (m, 1H), 7.01 (s, 1H), 6.78 (dd, 155, 6.1 Hz, 1H), 6.11 (d, J = 15.4 Hz, 1H), 2852H), 2.69 (s, 3H),
2.53 (s, 3H), 2.35 (s, 6H), 1.07 (s, 3H), 1.053(8); °C NMR (400 MHz, DMSOd,) 5 169.71, 166.58, 159.83, 157.98,
157.56, 143.96, 139.84, 133.54, 132.02, 130.25,812822.53,122.05, 114.93, 113.81, 112.59, 11281,23, 109.25,
104.36, 98.63, 59.27, 58.63, 56.87, 48.03x2, 4B825, 28.76, 22.56, 15.28. TOF MS ES+ (m/z): (M)+, calcd for

CaiHasFN,O, :559.3071, found, 560.3150.

4.1.5 General procedure for the synthesig4#-d
The synthetic method of compoun@4a-d are similarly tol6a-h The difference is that we need to replace the
indole and pyrimidine with fluorine-substituted old and cyan-substituted pyrimidine, respectivélige rest of the

synthesis conditions are the same.



4151 N-(5-((5-cyano-4-(5-fluoro-1-methyl-1H-iole3-yl)pyrimidin-2-yl)amino)-2-((2-(dimethylamine}thyl)
(methyl)amino)-4-methoxyphenyl)acrylamid24g)

White solid. 39.3% yield, m.p: 155.8-159.3 46.NMR (400 MHz, DMSO¢) & 10.70 (s, 1H), 9.97 (s, 1H), 8.78 (s,
1H), 8.25 (s, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.d87J = 6.6 Hz, 1H), 7.27 (d, J = 6.3 Hz, 2H), 7(§11H), 6.20 (d, J =
17.0 Hz, 1H), 5.69 (d, J = 10.3 Hz, 1H), 3.92 (4),3.85 (s, 3H), 3.34 (s, 2H), 2.75 (s, 3H), 2(642H), 2.50 (s, 6H).

TOF MS ES+ (m/z): (M + H) calcd for GgH3:FNgO,: 542.2554, found, 543.2632.

4,152 (2)-N-(5-((5-cyano-4-(5-fluoro-1-methyl-liHdol-3-yl)pyrimidin-2-yl)amino)-2-((2-(dimethylamo)ethyl)
(methyl)amino)-4-methoxyphenyl)pent-2-enamidék)

White solid. 40.8% vield, m.p: 135.1-136.7 %8.NMR (400 MHz, DMSOdg) § 9.66 (s, 1H), 9.42 (s, 1H), 8.51 (s,
1H), 8.35 (s, 1H), 8.05 (s, 1H), 7.35 (s, 1H), 6(842H), 6.32 (s, 1H), 6.09 (s, 1H), 5.87 (s, 1BY2 (s, 3H), 3.63 (s,
3H), 3.19 (t, J = 7.0 Hz, 2H), 2.88 (t, J = 7.3 BH), 2.54 (d, J = 14.9 Hz, 3H), 2.50 (s, 6H), 2A832H), 1.02 (t, J = 9.3
Hz, 3H);13C NMR (400 MHz, DMSOdg) 6 164.40, 163.70, 162.53, 161.39, 158.87, 151.59,984 137.07, 135.81,
134.14, 133.23, 123.40, 122.12, 120.36, 119.71,1212112.02, 111.62, 111.36, 111.05, 106.33, 105887, 54.66,
50.43, 43.82, 43.08x2, 34.14, 29.47, 14.37. TOFBES (m/z): (M + HJ, calcd for G;H3sFN;O,: 570.2867, found,

571.2950.

4,153 (2)-N-(5-((5-cyano-4-(5-fluoro-1-methyl-iiHdol-3-yl)pyrimidin-2-yl)amino)-2-((2-(dimethylamo)ethyl)
(methyl)amino)-4-methoxyphenyl)-4-methylpent-2-emden240)

White solid. 44.1% vyield, m.p: 179.8-181.2 %8.NMR (400 MHz, DMSOsdg) § 9.66 (s, 1H), 9.42 (s, 1H), 8.51 (s,
1H), 8.35 (s, 1H), 8.05 (s, 1H), 7.35 (s, 1H), 6(842H), 6.32 (s, 1H), 6.09 (s, 1H), 5.87 (s, 1HH2 (s, 1H), 3.72 (s,
3H), 3.63 (s, 3H), 3.19 (d, J = 7.1 Hz, 2H), 2.88 = 7.2 Hz, 2H), 2.52 (s, 3H), 2.50 (s, 6H)3X8, 2H), 1.01 (s, 3H);
¥C NMR (400 MHz, DMSOdg) 6 164.23, 163.75, 162.64, 161.66, 155.15, 150.8Q,564 135.85, 134.26, 127.12,
123.03, 122.84, 120.95, 120.02, 119.90, 112.21,111211.72, 111.45, 111.23, 109.05, 106.29, 5663082, 44.39,
42.56, 34.25, 30.63, 29.58, 22.02x2, 21.67. TOF B&S (m/z): (M + H), calcd for G,H3/FNgO,: 584.3204, found,

585.3102.

4154 (2)-N-(5-((5-cyano-4-(5-fluoro-1-methyl-liHdol-3-yl)pyrimidin-2-yl)amino)-2-((2-(dimethylamo)ethyl)
(methyl)amino)-4-methoxyphenyl)hex-2-enami@d d)

White solid. 43.2% vield, m.p: 141.7-142.5 %8.NMR (400 MHz, DMSOsdg) § 9.71 (s, 1H), 9.57 (s, 1H), 8.66 (s,
1H), 8.53 (s, 1H), 8.25 (s, 1H), 7.53 (s, 1H), 7(@5J = 25.2 Hz, 2H), 6.75 (ddd, J = 31.4, 15.8,Hz, 2H), 6.34 (d, J =
15.9 Hz, 1H), 3.90 (s, 3H), 3.74 (s, 3H), 3.102(4), 2.86 (s, 2H), 2.68 (s, 3H), 2.50 (s, 6H), 2240 (m, 1H), 1.20 (s,

6H); **C NMR (400 MHz, DMSGdg) 5 163.75, 163.19, 162.02, 160.98, 159.63, 157.29,88; 144.29, 142.14, 135.28,



133.67, 126.59, 126.48, 124.70, 122.55, 119.26,6911111.60, 111.14, 110.88, 110.53, 105.56, 6658876, 54.25,
42.84, 42.44, 33.68, 33.38, 28.96, 21.08, 13.55 M3 ES+ (m/z): (M + H), calcd for GoHFNsO,: 584.3204, found,

585.3107.

4.1.6 General procedure for the synthesigs#-d
The synthetic methods of compouB8a-d are similarly tol6a-h The difference is that we need to replace the
indole and pyrimidine with fluorine-substituted oid and methyl-substituted pyrimidine, respectivélige rest of the

synthesis conditions are the same.

4.1.6.1 N-(2-((2-(dimethylamino)ethyl)(methyl)arjr5-((4-(5-fluoro-1-methyl-1H-indol-3-yl)-6-methgirimidin-2-
yl)amino)-4-methoxyphenyl)acrylamid2%a)

Light yellow solid. 50.3% vyield, m.p: 245.1-2463.*H NMR (400 MHz, DMSOdg) & 9.32 (s, 1H), 8.73 (s, 1H),
7.86 (s, 1H), 7.50-7.43 (m, 2H), 7.42 (s, 1H), (@8, J = 7.5, 4.9 Hz, 1H), 7.03 (td, J = 7.8, HA 1H), 6.38 (s, 1H),
6.31 (t, J = 13.4 Hz, 1H), 5.90 (dd, J = 13.6, 1321 1H), 5.83 (dd, J = 13.4, 3.1 Hz, 1H), 3.843(d), 3.77 (s, 3H), 3.69
(t, J = 7.1 Hz, 2H), 3.00 (s, 3H), 2.74 (t, J = A4, 2H), 2.42 (s, 3H), 2.33 (s, 6HJC NMR (400 MHz, DMSOds) &
170.02, 169.32, 168.72, 162.03, 158.4, 144.21,6634.32.52, 131.45, 131.23, 129.87, 126.98, 122.83,54, 113.98,
112.98, 112.65, 111.53, 110.23, 104.97, 98.98,66&9.25, 56.38, 45.85%2, 42.08, 34.85, 25.35. MI-ES+ (m/z):

(M + H)*, calcd for GgH34FN;O,: 531.2758, found, 532.2836.

4.1.6.2 (2)-N-(2-((2-(dimethylamino)ethyl)(methgtino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl)-6-rtieylpyrimidin
-2-yl)amino)-4-methoxyphenyl)pent-2-enami@k)

Light yellow solid. 52.5% vyield, m.p: 239.7-240@.*H NMR (400 MHz, DMSOdg) & 9.24 (s, 1H), 8.73 (s, 1H),
7.86 (s, 1H), 7.51-7.40 (m, 3H), 7.34 (dd, J = #.8,Hz, 1H), 7.04 (td, J = 7.7, 1.5 Hz, 1H), 6(881H), 6.22—6.15 (m,
2H), 3.84 (s, 3H), 3.77 (s, 3H), 3.69 (t, J = 74, BH), 3.00 (s, 3H), 2.74 (t, J = 7.1 Hz, 2H),52.2.36 (m, 5H), 2.33 (s,

6H), 1.08(m, 3H). TOF MS ES+ (m/z): (M + H)calcd for GiHagFN;O, :559.3071, found, 560.3145.

4.1.6.3 (2)-N-(2-((2-(dimethylamino)ethyl)(methgtino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl)-6-ntteylpyrimidin
-2-yl)amino)-4-methoxyphenyl)-4-methylpent-2-enami{@s¢c

Light yellow solid. 46.3% yield, m.p: 208.5-209@.*H NMR (400 MHz, DMSOdj) 5 9.35 (s, 1H), 8.70 (s, 1H),
7.86 (s, 1H), 7.52 (s, 1H), 7.48 (m, 2H), 7.35 (@d; 7.5, 5.0 Hz, 1H), 7.04 (id, J = 7.8, 1.5 H4),16.38 (s, 1H), 6.22
(dd, J =11.0, 0.9 Hz, 1H), 6.02 (m, 1H), 3.843(d), 3.77 (s, 3H), 3.69 (t, J = 7.1 Hz, 2H), 3.803H), 2.74 (,J=7.1
Hz, 2H), 2.66 (m, 1H), 2.42 (s, 3H), 2.34 (s, 6H))4 (dd, J = 6.8, 1.1 Hz, 6HYC NMR (400 MHz, DMSOdg) &
170.21, 169.53, 167.24, 161.56, 157.98, 151.93,9p4333.98, 132.57, 130.81, 129.39, 122.86, 119.84.53, 113.88,

112.98, 112.57, 111.53, 109.88, 105.23, 99.02,%%2.69, 56.89, 46.92x2, 42.12, 35.08, 24.98,2422.46x2. TOF



MS ES+ (m/z): (M + H), calcd for G,H4FN;O,: 573.3228, found, 574.3306.

4.1.6.4 (2)-N-(2-((2-(dimethylamino)ethyl)(methgtino)-5-((4-(5-fluoro-1-methyl-1H-indol-3-yl)-6-ntteylpyrimidin
-2-yl)amino)-4-methoxyphenyl)hex-2-enamid@5()

Light yellow solid. 58.7% yield, m.p: 195.7-1966.*H NMR (400 MHz, DMSOdj) 5 9.21 (s, 1H), 8.70 (s, 1H),
7.86 (s, 1H), 7.52 (s, 1H), 7.48 — 7.40 (m, 2H3}57(dd, J = 7.5, 5.0 Hz, 1H), 7.04 (td, J = 7.8,Hz, 1H), 6.38 (s, 1H),
6.28 (dt, J = 10.8, 6.1 Hz, 1H), 6.20-6.14 (m, 184 (s, 3H), 3.77 (s, 3H), 3.69 (t, J = 7.1 H4),23.00 (s, 3H), 2.74 (t,
J = 7.1 Hz, 2H), 2.42 (s, 3H), 2.35-2.27 (m, 8H¥91(m, 2H), 0.89 (t, J = 8.0 Hz, 3H). TOF MS E$#/4): (M + HY',

calcd for G,H4oFN;O,: 573.3228, found, 574.3312.

4.2 Molecular docking study

All the molecular docking simulation were carriedt doy the AutoDock 4.2 software (The Scripps Redear
Institute, USA).The docking tutorial we used and the detailed AutDbasic operation methods can be found at:
http://autodock.scripps.edu/fags-help/tutorigthe protein preparation process of flexible dockimginly includes fixing
the exact residues, adding hydrogen atoms, remadwuekpvant water molecules and adding charges, ®ie crystal
structure (PDB: 4ZAU, http://www.pdb.org/) of WT-EER bind to inhibitor6é and the crystal structure (PDB: 3IKA,
http://www.pdb.org/) of T790M-EGFR bind to inhibitd were used in the docking studi®¥e first removed inhibitorg
and 6 from their crystal structure, then put target compds in the binding site. Finally, we used genetgorithm to
optimize energy. Only the best-scoring ligand-protomplexe was used for the binding site analysisthe docking

results were processed and modified in PyMOL 1s8fiware (https://pymol.org).

4.3 In vitro enzymatic activity assay

All compounds we designed and synthesized wereddst their activity against EGPR and EGFR’®V/858Rpy
mobility shift assay with ATP concentration at K@ompounds were diluted with 100% DMSO to requireximam
inhibitory concentration, and then transfer 100 of the compound dilution to a well in a 96-wellafe. For all
compounds, they were tested from 1uM, 3-fold dilatfor 5 points. The kinase reaction contained G@iL EGFR'"
or 0.02 ngiL EGFR7®M8%R o 5,M substrate-biotin, 1@M ATP, 1 mM DTT, 1 mM MnC} and 5 mM MgGJ. Kinase
react and stop incubate at®8for specified period of time. Add 24_ stop buffer to stop reaction, then collect data o
Caliper and copy conversion data from Caliper progrPercent inhibition = (max-conversion)/(max-n100.“max”

stands for DMSO control; “min” stands for low caoitr

4.4 In vitro anti-proliferative activity assay
H1975, HepG2 and A549 cell were obtained from tledl Cultures Collection of Chinese Academy of Scies

(Shanghai Institutes for Biological Sciences, Chécademy of Sciences). We tested the anti-pratifee effect of all



compounds against above cancer cell lines by thedard MTT assay in vitro, with EGFR inhibitor AZP®1 as
positive control.All cells were maintained and propagated as momwlay 37 °C for 24 h in 5% GOncubator in
DMEM or RPMI1640 containing 10% fetalbovine seruincertain concentration of test compounds were dddehe

culture medium for further 72 hours and fresh ME&agent (Thiazolyl blue tetrazolium bromide) waseatitb each well

at a concentration of gg/mL and incubated with cells for 4 hours at 37 P@e formazan crystals were dissolved in 100

uL DMSO each well. The absorbency at 492 nm (forodhence of MTT formazan) and 630 nm (for the refeee
wavelength) was measured with the ELISA readeroflfompounds were tested three times in each Ibfices. The
results expressed as inhibition rates orglChalf-maximal inhibitory concentration) were theesages of two

determinations and calculated by using the Bacb®tadories Incorporated Slide Scanner (Bliss) smfew

4.5 Cell cycle progression assay

A549 cells were seeded in a 6-well plate at >xcHlis per well and incubated for 24 h. Then cef#se treated with
vehicle (0.1% DMSO) or different concentrationsl@e for 24 h. Cells were harvested and fixed with ioédc70%
ethanol at 4°C for 12 h. Ethanol was removed aac¢éis were washed with cold PBS. Then cells werebated in 0.5
mL of PBS containing 1 mg/mL Rnase for 30 min &t@7Then the cells were stained with propidiumded{PI) in the

dark for 30 min. The DNA contents was then measbsefiow cytometer.
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Based on the structure-activity relationship of A1, three series of AZ9291 derivatives bearing
Pyrimidine phenyl acrylamide structure were designsynthesized. Moreover, antitumour activity,
enzyme-based selectivity, AO staining, H33342 stgincell cycle progression and docking study were

carried out.



Research Highlights

® Three series of potent and selective EGFR-2¥T79M

inhibitors were designed and characterized.

® Most of the synthesized compounds showed moderate to significant antitumor activity.

® The sdectivity of 18e against wild-type EGFR was near to 200-fold. 18e arrest efficiently the cell cycle
progression in G2/ M phase of A549 célls.

® Docking study was investigated to explore the binding modes of compounds with EGFR™"M.



