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Abstract: The overexpression of EGFR correlates with rappdbgressive disease, resistance to
chemotherapy and poor prognosis. In certain huraaners, PI3K works synergistically with EGFR to
promote proliferation, survival, invasion and mé&ass. Development of dual-target drugs againstiEGF
and PI3K has therapeutic advantage and was agtaterapproach against tumors. In this work, based
the molecular docking and previous studies, a s@fid-aminoquinazolines derivatives containing
6-sulfonamide substituted pyridyl group were ragibndesigned and identified as potent EGFR andPI3
dual inhibitors. The cytotoxicity experiment resudhowed that this series of compounds could eftdgt
inhibit cell growth. The kinase assay demonstr#tedéc and6i had high inhibition for EGFR and
selectivity for PI3K: distinguished from other isoforms. Further expemts showed th&c could induce
cell cycle arrest in G1 phase and apoptosis in BTélls. The western blot assay indicated @eanhibited
the proliferation of BT549 cell through EGFR an@Rd/Akt signaling pathway. Our study suggested that

compoundsc was a potential dual inhibitors of EGFR and Pd3K
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1. Introduction

The epidermal growth factor receptor (EGFR) beldnghe ErbB family of receptor tyrosine kinase,
which includes four members: ErbB-1/EGFR, ErbB-2R4#neu, ErbB-3/HER-3, and ErbB-4/HER-4 [1-2].
The overexpression of EGFR activates a serieswhsdweam signals via several pathways and leads to
tumor growth and progression, including prolifepati differentiation, angiogenesis, inhibition obgposis
and invasivenesd.he major pathways implicated in EGFR signalindude RAS/MAPK, PI3K/Akt, and
JAK/STAT [3-5]. A lot of inhibitors targeting EGFRave been successfully developed and contain six
launched drugs, Gefitinib [6], Lapatinib [7], Eiiloib [8], Vandetanib [9], Afatinib [10] and Icotihi[11]
(Fig.1).

The phosphatidylinositol 3-kinases (PI13Ks) are meralof a unique group of intracellular lipid kinase
[12]. The PI3K family is divided into four differéwlasses: Class I, Class IlI, Class 1l and Cla&ssThe
classifications are based on the primary structeguylation, andn vitro lipid substrate specificity. Of these,
the most commonly studied are the class | enzyhedsare activated directly by cell surface receptGtass
| PI3Ks are further divided into PI3K PI3KB, PI3KS and PI3lK [13-14]. The abnormal activation of PI3K
signaling pathway leads to the occurrence of variancers [15], suggesting that targeting inhibitod
PI3K may be a potential strategy agaist cancere@inhibitors targeting PI3K have been developed
are being evaluated in preclinical studies andyezdiriical trials [16-17]. Among them, Omipalisib
(GSK2126458) and Dactolisib (NVP-BEZ235) has betmiified as highly potent inhibitors of PI3K and
are currently under evaluation in clinical triads bncology applications [18-19] (Fig.2).

Quinazoline derivatives, especially 4-anilinoquiolazes, have attracted interests over the years for
their multiple biological activities, notably as E& inhibitors [20]. In recent years, 4-aminoquinam
derivatives also have been reported as PI3K imdhthi21-23]. We had a good understanding of thdibm
mode of Gefitinib and Omipalisib based on the reggmbcorresponding X-ray structure of kinase donia#)
24]. Gefitinib and Omipalisib all using the positid nitrogen as a hinge binder and all having ghgaoup
at the position-4, we hypothesized that we would daal target compoundby adjusting the substituent
groups of molecules. Coincidentally, we found tDattolisib could be cut off the N-methyl formamide
group to obtain a “transition state” (Fig.2), whicad structural similarity to Gefitinib and Omigsab. This
discovery further encourages the development ofsauk to design dual inhibitors. In this paper, as an
attempt to pursue new antitumor agents potentlypitthg both EGFR and PI3& we rationally designed
and synthesized a new series of 4-aminoquinazotiegsatives from Gefitinib, Omipalisib and Dactdtiis
(Fig.2). The biological activities evaluation suggthat compounéc and6i couldbe as dual inhibitors of
EGFR and PI3K.

(Fig. 1. is here)



(Fig. 2. is here)

2. Resultsand discussion
2.1. Chemistry

The synthetic routes for the target compounds atieed in Schemes 1. Sulfonylation bivith three
benzenesulfonyl chlorides to yiekd-c, which were then subjected to Suzuki coupling with
bis(pinacolato)diborane to afford arylboronic e§&ic. Intermediatel reacted with different substituted
anilines to abtai®a-p, which were coupled witBa-c via Suzuki reaction to afford the target compounds
Ga-r.

(Scheme 1. is here)
2.2. Antiproliferative assayis vitro

All synthesized compounds were evaluated for ttygwtoxicitiesin vitro against six human cancer
cell lines including A549, BT54%CT-116, MCF-7, SK-HEP-1 and SNU638 cells. The@woliferative
results of all the compounds were summarized ineTabAs shown in Table 1, the results showed riinagt
of the derivatives exhibited potent antiprolifevatieffects. The structure-activity relationshipsRSs)
suggested that all of compounds with methyl sulsstit on R position displayed better antiproliferative
activities than those substituted by N-butyl orpHeroup on the same position, includdem vs6n-p.
Especially from representative compousdso and6p, gave the hints that the larger the volume of
sulfonamide, the worse the activity. Compoufidsd and6f-l mainly showed better activities against six
cell lines than Gefitinib, but weaker than Dactiblidn order to let target compounds closer to GEXG458,
nitrogen atoms were introduced in the position{3he 4-anilinoquinazolines to get the compo®adcand
6r. Interestingly, the activity was not increased tetreased, includingp vs.6q and6f vs6r.

(Table 1 is here)
2.3. EGFR and PI3K enzymatic activity assays

To elucidate the mechanism of antiproliferativavaties of these active compounds, we selected the
most potent compounde and6i for the further EGFR and PI3K enzymatic activisgays. Gefitinib and
Dactolisib were selected as the positive drugsstasvn in Table 2, kinase inhibition activity assay
indicated that the activity &c and6i has reached the nanomolar level. Two compoundgeatimowed a
higher inhibitory activity against PI3kwhen compared to that of other class | PI3Ks (BIFX3Ky and

PI13K3). Coincidentally, the EGFR inhibitory activity 6€ was basically equal to Gefitinib.
(Table 2 is here)
Considering to the structure similarity to Gefibinithe antiproliferative results and the BT549 <ell

presenting more sensitive to this series of comgsuwe selected compoufd andBT549 cells for further

studies.



2.4. Effect oféc on the growth of BT549 cells

In order to further investigate the antiprolifecatiof 6c on BT549 cells, the colony formation assay
was used to measure the cell viability. As showrigp3, the cell proliferation was inhibited Ig in a
dose-dependent manner. Analyzing of the clonoggmigability, the colony formation rate of 24V was
55.6% more than 25.7% of 5.0M. Compared with control grouc almost completely inhibited colony
formation at a concertration of 5. The results of antiproliferative assay and cgldormation assay
suggested thdc can inhibit the proliferation of BT549 cells pramntly.

(Fig. 3. is here)
2.5. Apoptosis induced by compouéa

Though6c was proved antitumor effects, the mechanism waslear. Annexin V-PI double staining
assay was used to examine the effeddabn cells apoptosis. As shown in Fig.4 (A and &)can induce
apoptosis compared with control. The percentadatefapoptotic at 5.0M was more than at 140M, it is
indicated that6c induced the early apoptotic transform to late aptp following with the alterative
concentration.

In order to further evaluatéc-induced apoptosis in BT549 cells, cells were stgirwith DAPI and
analyzing by fluorescence microscope. As shownigdHC), treated with different concentrations6af
the brighter fluorescence was seen. Compared vaititral which had normal nuclear morphology after
DAPI staining, 6¢ treatment group marked with nuclear fragmentatma condensation of chromatin.
Moreover, this situation was more obvious with iereased concentration. These results indicataibth
was capable of inducing apoptosis in BT549 cells.

(Fig. 4. is here)
2.6. Effect of compoun@c on cell cycle

To determine whether inhibitory effect & on the cell survival was related to the cell cycle
propidium iodide(PI) staining assay was used. Aftestment witléc for 24 h, as shown in Fig.4 (D and E),
the percentage of G1 phase was increased obviandiyrad a dose-dependent manner. The arrested G1
phase ratio increased from 55.9% to 80.7% witheasingoc concentration from @M to 5.0uM. This
result showed thdic induce cell cycle arrest in G1 phase.

2.7. Western blot assay

To further determine whether the EGFR and PI3K aigg were affected by compourtd, Western
blot assay was used to evaluate the effecéc oih EGFR and phospho-EGFR and the PI3K relatediprote
levels including Akt and phospho-Akt (p-Akt, S478) BT549 cells. As shown in Fig.5 (A and B),
compoundec decreased the phosphorylation levels of EGFR didma dose-dependent manner. The rate

of p-EGFR/EGFR and p-Akt/Akt was down-regulated@ay Therefore, the data suggested tBaimight



inhibit the proliferation of BT549 cell though EGFRd Akt signaling pathway.

(Fig. 5. is here)
2.8. Molecular docking
Molecular docking study was performed to eluciddite binding model obc in the binding site of

EGFR and PI3K. As showed in Fig.6 (A), the nitrogémuinazolyl group formed a hydrogen bond wité th
side chain of Met793 in the hinge binder regionE@FR. Besides, the amidogen of sulfonamide group
forms extra two hydrogen bond interaction with A4@8nd Leu799 compare to Gefitinib. By Fig.6 (B w
know that the folded form of compour@t in the protein pocket was very similar to that@éfitinib.
Compoundéc was also docked onto the PI3K-binding domain. $tnecture of PI3K kinase was obtained
from protein data bank (PDB entry 3L08). The Fi¢® showed that the liganéc formed three strong
hydrogen bonds. The nitrogen of quinazolyl groupnied a hydrogen bond with the side chain of Val882
the hinge binder region of PI3K. Another two hydeagbonds were the oxygen of sulfonamide group
interaction with Lys833 and nitrogen of pyridyl gmformed a hydrogen bond with the conserved water
molecule. As showed in Fig.6 (D), the folded forfrtompoundéc in the protein pocket was very similar to
that of Omipalisib.

The docking analysis indicated that compo6oaould fit into the binding site of EGFR and PI3K
kinases, which also indicated that this compoung beaa potent EGFR and PI3K inhibitor.

(Fig. 6. is here)

3. Conclusion

In summary, a series of compounds containing 4-aquimazolines were designed and synthesized.
Their antiproliferative activities against six cancell lines showed that the BT549 cells presentete
sensitive to these compounds. Eventually, comp@erahd BT549 cells were selected for further research
Thereatfter, in order to identify the antiprolifecat of 6¢c on BT549 cells, the colony formation assay and
apoptosis were evaluatedvitro. The results suggested tléatcould inhibit the proliferation of BT549 cells
prominently and induce the early apoptotic transfto late apoptotic following with the alterative
concentration. In order to verify the further memisans oféc, the propidium iodide (PI) staining assay was
developed and the results showed titatirrested G1 phase of cell cycle. we also conduskestern-blot
experiment and the results showed @i@inhhibited the proliferation of BT549 cell thougiGER and
P13Ka/Akt signaling pathway. According to these resuttampoundsc could be as a potential
EGFR/PI3Ku dual target inhibitor and could be considered pstantial candidate for anticancer drug
development.
4. Experimental section

4.1. Chemistry and chemical methods



All reagents and solvents were.commercially avéglatithout further purification'H NMR spectra
and™*C NMR spectra were recorded on 400 and 600 BrukéRpectrometer with tetramethylsilane
(TMS) as an internal standard. All chemical shefts reported in ppnd) and coupling constants (J) are in
hertz (Hz). All the melting points were determir@da Beijing micromelting-point apparatus and
thermometer was uncorrected. High-resolution exsgs measurements were performed using electrospray
ionization (positive mode) on a quadrupole timdhght (QTOF) mass spectrometer (microTOF-Q, Bruker
Inc.).

4.1.1. N-(5-bromo-2-methoxypyridin-3-yl)butane-1-sulfonamide (2a)

To a solution of 5-bromo-2-methoxypyridin-3-amirg22Ql g, 10 mmol) in pyridine (50 ml) at O
°C was added methanesulfonyl chloride (1.72 g, Mo Then the mixture was stirred at room
temperature 24 h. Pyridine was removed at reduoeskpre and add water (100 ml), extracted with
ethyl acetate (3 x 100 ml), the organic layer washed with water (50 ml), dried with p&O, and
evaporated to give compourd as a white solid. Yield 83.6%, mp 150-151 ¢E. NMR (400
DMSO-d) & 9.49 (s,1H, NH), 8.09 (dl = 2.4 Hz, 1H, Ar-H), 7.79 (d] = 2.0 Hz, 1H, Ar-H), 3.91
(s, 3H, OCH), 3.11(s, 3H, Ch). ESI-MS:m/z281.1 [M+H[".

Compound£b-c was synthesized according to the procedure destmi®a.

4.1.2. N-(5-bromo-2-methoxypyridin-3-yl) butane-1-sulfonamide (2b)

78.4% yield. mp 150-151 °¢H NMR (400 MHz, DMSO-g) § 9.51 (s, 1H, NH), 8.09 (d,= 2.4 Hz,
1H, Ar-H), 7.77 (dJ = 2.4Hz, 1H, Ar-H), 3.91 (s, 3H, OGH 3.16 (t,J = 7.6Hz, 2H, CH), 1.73 - 1.65 (m,
2H, CH), 1.42 - 1.33 (m, 2H, CH, 0.87 (tJ = 7.2 Hz, 3H, Ch). ESI-MS:m/z 323.1 [M+H[".

4.1.3. N-(5-bromo-2-methoxypyridin-3-yl)-2,4-difluor obenzenesulfonamide (2c)

85.6% yield. mp 163-165 °GH NMR (400 MHz, DMSOY 10.46 (s, 1H, NH), 8.13 (d,= 2.2 Hz, 1H,
Ar-H), 7.83-7.74 (m, 2H, Ar-H), 7.62-7.52 (m, 1Hr-N), 7.24 (tdJ = 2.0, 8.5 Hz, 1H, Ar-H), 3.62 (s, 3H,
OCHg). ESI-MS:mVz 376.9 [M-H]".

4.1.4. N-(2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)pyridin-3-yl ) methanesul fonamide (3a)

A solution of the2a (2.80 g, 10 mmol), bis(pinacolato)diborane (1.2% gamol), Pd(dppfCl. (0.18 g,
0.25 mmol) and KOAc (1.47 g, 15 mmol) in anhydr@MF (30 ml) under Mwas stirred at 100 °C for 8 h.
DMF was removed under reduced pressure and add (@8@ ml), extracted with ethyl acetate (3 x 10 m
the organic layer was washed with water (20 migdlwith NaSO, and evaporated to give compowalas
a white solid (1.98 g, 60.4% vield). mp 90-92 % NMR (400 MHz, DMSO) 9.25 (s, 1H, NH), 8.21 (d,
= 1.6 Hz, 1H, Ar-H), 7.78 (d] = 1.6 Hz, 1H, Ar-H), 3.94 (s, 3H, OGH 3.01 (s, 3H, Ch), 1.30 (s, 12H,
CHa). ESI-MS:m/z 329.1 [M+HT.

Compounds3b-c were synthesized according to the procedure destin3a.



4.1.5. N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-dioxabor ol an-2-yl ) pyridin-3-yl ) butane-1-sul fonamide (3b)

64.3% yield. mp 91-93 °6H NMR (400 MHz, DMSO) 9.26 (s, 1H, NH), 8.21 (d,= 1.4 Hz, 1H,
Ar-H), 7.79 (d,J = 1.3 Hz, 1H, Ar-H), 3.94 (s, 3H, OGH 3.10 - 3.01 (m, 2H, C}, 1.76 - 1.63 (m, 2H,
CH,), 1.38 (dtJ = 7.4, 14.8Hz, 2H, C§), 1.30 (s, 12H, Ch), 0.86 (tJ = 7.3 Hz, 3H, Ch). ESI-MS:m/z
371.2 [M+HT.

4.1.6.
2,4-difluoro-N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-di oxabor ol an-2-yl ) pyridin-3-yl ) benzenesul fonamide
(3¢)

78.8% yield. mp 171-173 °H NMR (400 MHz, DMSOY 10.19 (s, 1H, NH), 8.21 (d,= 1.5 Hz, 1H,
Ar-H), 7.72 (d,J = 1.5 Hz, 1H, Ar-H), 7.71-7.67 (m, 1H, Ar-H), 7-59%4 (m, 1H, Ar-H), 7.20 (td] = 2.0,
8.6 Hz, 1H, Ar-H), 3.62 (s, 3H, OGH 1.30 (s, 12H, Ch). ESI-MS:mVz427.3 [M+H]'

4.1.7. 6-bromo-N-(3-fluorophenyl)quinazolin-4-amine (5a)

A solution of the4 (0.48 g, 2 mmol), 3-fluoroaniline (0.24g, 2.2 mmiol)sopropanol (30 ml) were
stirred at 90 °C for 4 h. Isopropanol was remowveden reduced pressure and the residue was purified
through a column chromatography on silica with obflorm/methanol (V:V 50:1) as a white solid (0.58 g
91.8% yield). mp 167-169 °3H NMR (400 MHz, DMSO) 12.05 (s, 1H, NH), 9.45 (s, 1H, Ar-H), 9.03 (s,
1H, Ar-H), 8.26 (d,J = 8.9 Hz, 1H, Ar-H), 8.02 (d] = 8.9 Hz, 1H, Ar-H), 7.78 (dl = 10.9 Hz, 1H, Ar-H),
7.67 (d,J=8.1 Hz, 1H, Ar-H), 7.53 (dd = 15.1, 8.0 Hz, 1H, Ar-H), 7.18 (td,= 8.4, 1.8 Hz, 1H, Ar-H).
ESI-MS:m/z 315.9 [M-HT".

Compound®$b-p were synthesized according to the procedure destriiba.

4.1.8. 6-bromo-N-(4-fluor ophenyl)quinazolin-4-amine (5b)

90.6% yield. mp 228-230 °éH NMR (400 MHz, DMSO) 11.01 (s, 1H, NH), 9.15 (d,= 1.5 Hz, 1H,
Ar-H), 8.77 (s, 1H, Ar-H), 8.10 (dd,= 8.9, 1.7 Hz, 1H, Ar-H), 7.84 (dd,= 8.7, 6.1 Hz, 3H, Ar-H), 7.29 (t,
J=8.8 Hz, 2H, Ar-H). ESI-MSm/z 315.9 [M-HT".

4.1.9. 6-bromo-N-(2,4-difluorophenyl)quinazolin-4-amine (5¢)

88.9% yield. mp 197-199 °éH NMR (400 MHz, DMSO) 10.55 (s, 1H, NH), 8.89 (d,= 1.8 Hz, 1H,
Ar-H), 8.64 (s, 1H, Ar-H), 8.09 (dd,= 8.9, 2.0 Hz, 1H, Ar-H), 7.80 (d,= 8.9 Hz, 1H, Ar-H), 7.58 (td] =
8.8, 6.3 Hz, 1H, Ar-H), 7.46 - 7.41(m, 1H, Ar-H)23 - 7.15 (m, 1H, Ar-H). ESI-MSn/z 333.9 [M+H] .
4.1.10. 6-bromo-N-(3-chloro-4-fluorophenyl)quinazolin-4-amine (5d)

94.4% yield. mp 229-231 °éH NMR (400 MHz, DMSO) 11.92 (s, 1H, NH), 9.34 (d,= 1.1 Hz, 1H,
Ar-H), 9.34 (d,J = 1.1 Hz, 1H, Ar-H), 9.00 (s, 1H, Ar-H), 8.25 (db 8.8, 1.4 Hz, 1H, Ar-H), 8.09 (dd,=
6.7, 2.3 Hz, 1H, Ar-H), 7.97 (d,= 8.9 Hz, 1H, Ar-H), 7.80 (ddd,= 8.6, 4.0, 2.7 Hz, 1H, Ar-H), 7.56 @,
= 9.0 Hz, 1H, Ar-H). ESI-MSm/z 351.9 [M+H]".



4.1.11. 6-bromo-N-(4-(trifluoromethoxy)phenyl )quinazolin-4-amine (5e)

96.1% yield. mp 178-180 °éH NMR (400 MHz, DMSO) 11.90 (s, 1H, NH), 9.34 (d,= 1.7 Hz, 1H,
Ar-H), 8.97 (s, 1H, Ar-H), 8.26 (dd,= 8.9, 1.8 Hz, 1H, Ar-H), 7.97 (d,= 8.9 Hz, 1H, Ar-H), 7.90 (d] =
9.0 Hz, 2H, Ar-H), 7.51 (d] = 8.5 Hz, 2H, Ar-H). ESI-MSm/z 381.8 [M-HJ".

4.1.12. 6-bromo-N-(4-methoxyphenyl )quinazolin-4-amine (5f)

86.2% yield. mp 195-197 °&4 NMR (400 MHz, DMSOY 11.72 (s, 1H, NH), 9.27 (s, 1H, Ar-H),
8.89 (s, 1H, Ar-H), 8.22 (dl = 8.8 Hz, 1H, Ar-H), 7.95 (d] = 8.9 Hz, 1H, Ar-H), 7.65 (d] = 8.8 Hz, 2H,
Ar-H), 7.05 (d,J = 8.9 Hz, 2H, Ar-H), 3.81 (s, 3H, OGH ESI-MS:m/z 330.1 [M+H[".

4.1.13. 6-bromo-N-(3,4-dimethoxyphenyl)quinazolin-4-amine (59)

87.5% yield. mp 183-185 °¢éH NMR (400 MHz, DMSO) 11.67 (s, 1H, NH), 9.26 (d,= 1.3 Hz, 1H,
Ar-H), 8.92 (s, 1H, Ar-H), 8.23 (dd,= 8.8, 1.7 Hz, 1H, Ar-H), 7.94 (d,= 8.9 Hz, 1H, Ar-H), 7.40 (d] =
2.2 Hz, 1H, Ar-H), 7.33 (dd] = 8.6, 2.2 Hz, 1H, Ar-H), 7.06 (d,= 8.7 Hz, 1H, Ar-H), 3.81 (s, 3H, OGH
3.78 (s, 3H, OCh). ESI-MS:m/z 360.1 [M+HT.

4.1.14. 6-bromo-N-(3-chlor o-4-methoxyphenyl )quinazolin-4-amine (5h)

91.4% vyield. mp 260-262 °¢éH NMR (400 MHz, DMSOY 10.13 (s, 1H, NH), 8.91 (d,= 1.7 Hz, 1H,
Ar-H), 8.66 (s, 1H, Ar-H), 8.00 (dd,= 5.7, 2.2 Hz, 2H, Ar-H), 7.77 - 7.73 (m, 2H, A}H.21 (dJ = 9.0
Hz, 1H, Ar-H), 3.88 (s, 3H, OCHL ESI-MS:nVz 361.8 [M+HT.

4.1.15. 6-bromo-N-(6-fluoropyridin-3-yl)quinazolin-4-amine (5i)

85.2% yield. mp 197-199 °¢éH NMR (400 MHz, DMSO) 10.65 (s, 1H, NH), 9.07 (dd,= 7.8, 1.9
Hz, 1H, Ar-H), 8.69 (s, 2H, Ar-H), 8.48 - 8.44 (iH, Ar-H), 8.05 (dd,) = 8.8, 1.8 Hz, 1H, Ar-H), 7.79 (d,
J=8.9 Hz, 1H, Ar-H), 7.27 (dd| = 8.7, 3.1 Hz, 1H, Ar-H). ESI-MS1/z 316.8 [M-HT".

4.1.16. 6-bromo-N-(6-methoxypyridin-3-yl)quinazolin-4-amine (5j)

87.3% vyield. mp 180-182 °¢H NMR (400 MHz, DMSOY 11.61 (s, 1H, NH), 9.19 (s, 1H, Ar-H),
8.89 (s, 1H, Ar-H), 8.50 (dl = 2.5 Hz, 1H, Ar-H), 8.22 (dd} = 8.9, 1.7 Hz, 1H, Ar-H), 8.05 (dd,= 8.8, 2.6
Hz, 1H, Ar-H), 7.91 (d,) = 8.9 Hz, 1H, Ar-H), 6.96 (d] = 8.9 Hz, 1H, Ar-H), 3.90 (s, 3H, OGH ESI-MS:
m/z 331.1 [M+HT.

4.1.17. methyl 3-((6-bromoquinazolin-4-yl)amino)benzoate (5k)

95.6% yield. mp 218-220 °&4 NMR (400 MHz, DMSOY 11.40 (s, 1H, NH), 9.19 (s, 1H, Ar-H),
8.93 (s, 1H, Ar-H), 8.39 (s, 1H, Ar-H), 8.21 (dbs 8.9, 1.7 Hz, 1H, Ar-H), 8.15 (dd,= 8.0, 0.9 Hz, 1H,
Ar-H), 7.91 (d,J = 8.9 Hz, 1H, Ar-H), 7.87 (d] = 7.8 Hz, 1H, Ar-H), 7.64 (t = 7.9 Hz, 1H, Ar-H), 3.90 (s,
3H, OCH). ESI-MS:nmvz 358.1 [M+HT.

4.1.18. ethyl 3-((6-bromoquinazolin-4-yl)amino)benzoate (5l)



94.7% yield. mp-196-198 °¢H NMR (400-MHz, DMSO)%.12.04 (s, 1H, NH), 9.39 (d,= 1.8 Hz, 1H,
Ar-H), 9.01 (s, 1H, Ar-H), 8.34 (s, 1H, Ar-H), 8.26d,J = 8.9, 1.9 Hz, 1H, Ar-H), 8.10 (dd,= 8.1, 0.9 Hz,
1H, Ar-H), 8.02 (d,J = 8.9 Hz, 1H, Ar-H), 7.89 (d] = 7.9 Hz, 1H, Ar-H), 7.64 (t] = 7.9 Hz, 1H, Ar-H),
4.36 (q,J = 7.1 Hz, 2H, Ch)), 1.35 (t,J = 7.1 Hz, 3H, Ch). ESI-MS:m/z372.1 [M+H]".

4.1.19. methyl 5-((6-bromoquinazolin-4-yl)amino)-2-fluorobenzoate (5m)

81.6% yield. mp 178-180 °éH NMR (400 MHz, DMSO) 11.23 (s, 1H, NH), 9.11 (d,= 1.6 Hz, 1H,
Ar-H), 8.89 (s, 1H, Ar-H), 8.30 (dd,= 6.5, 2.7 Hz, 1H, Ar-H), 8.17 (ddd= 8.8, 7.9, 2.8 Hz, 2H, Ar-H),
7.87 (d,J=8.9 Hz, 1H, Ar-H), 7.54 - 7.44 (m, 1H, Ar-H) 93 (d,J = 8.0 Hz, 3H, OCk). ESI-MS:m/z
376.1 [M+HT.

4.1.20. methyl 5-((6-bromoquinazolin-4-yl)amino)-2-chlorobenzoate (5n)

84.3% vyield. mp 185-187 °éH NMR (400 MHz, DMSOY 11.70 (s, 1H, NH), 9.25 (s, 1H, Ar-H),
9.00 (s, 1H, Ar-H), 8.32-8.24 (m, 2H, Ar-H), 8.08 § = 8.8 Hz, 1H, Ar-H), 7.95 (dl = 7.8 Hz, 1H, Ar-H),
7.72 (d,J = 8.3 Hz, 1H, Ar-H), 3.91 (s, 3H, OGH ESI-MS:m/z 392.1 [M+H] .

4.1.21. methyl 4-((6-bromoquinazolin-4-yl)amino)-2-methoxybenzoate (50)

93.5% vyield. mp 165-167 °¢H NMR (400 MHz, DMSOY 11.63 (s, 1H, NH), 9.31 (s, 1H, Ar-H),
9.03 (s, 1H, Ar-H), 8.25 (dd,= 8.9, 1.9 Hz, 1H, Ar-H), 7.97 (d,= 8.9 Hz, 1H, Ar-H), 7.79 (d] = 8.5 Hz,
1H, Ar-H), 7.73 (dJ = 1.6 Hz, 1H, Ar-H), 7.61 (dd] = 8.5, 1.8 Hz, 1H, Ar-H), 3.87 (s, 3H, OQH3.81 (s,
3H, OCHy). ESI-MS:m/z 388.1 [M+HT.

4.1.22. 6-bromo-N-(3-chloro-4-((4-fluor obenzyl ) oxy)phenyl)quinazolin-4-amine (5p)

90.7% yield. mp 224-226 °&4 NMR (400 MHz, DMSOY 11.53 (s, 1H, NH), 9.23 (s, 1H, Ar-H),
8.91 (s, 1H, Ar-H), 8.20 (dd,= 8.9, 1.7 Hz, 1H, Ar-H), 7.95 (d,= 2.4 Hz, 1H, Ar-H), 7.91 (d] = 8.9 Hz,
1H, Ar-H), 7.70 (dd,J = 8.9, 2.4 Hz, 1H, Ar-H), 7.55 (dd,= 8.3, 5.7 Hz, 2H, Ar-H), 7.35 (d,= 9.0 Hz,
1H, Ar-H), 7.26 (tJ = 8.8 Hz, 2H, Ar-H), 5.25 (s, 2H, GH ESI-MS:m/z 458.0 [M+HT".

4.1.23.  N-(5-(4-((6-fluoropyridin-3-yl)amino)quinazolin-6-yl)-2-methoxypyridin-3-yl )methanesul fonamide
(6a)

A solution of the3a (0.164 g, 0.5 mmolka (0.158 g, 0.5 mmol), Pd(dpp@l. (0.018 g, 0.025 mmol)
and CsCQO; (0.33 g, 0.56 mmol) in DMF (10 ml) under an atnieesie of N was stirred at 90 °C for 4 h.
DMF was removed under reduced pressure and traueesias purified through a column chromatography
on silica with chloroform/methanol (V:V 50:1) asvhite solid (0.12 g, 68.2% yieldhp 152-154 °C'H
NMR (400 MHz, DMSO) 10.02 (s, 1H, NH), 9.53 (s, 1H, NH), 8.83 (s, BirtH), 8.68 (s, 1H, Ar-H),
8.53 (s, 1H, Ar-H), 8.18 (dl = 8.4 Hz, 1H, Ar-H), 8.09 (s, 1H, Ar-H), 7.95 @+ 11.9 Hz, 1H, Ar-H), 7.90
(d, J = 8.6 Hz, 1H, Ar-H), 7.69 (d] = 7.8 Hz, 1H, Ar-H), 7.52 - 7.36 (m, 1H, Ar-H)98. (t,J = 7.2 Hz, 1H,
Ar-H), 4.01 (s, 3H, OCH), 3.11 (s, 3H, CH.2*C NMR (100 MHz, DMSOY 162.5 (dJ = 239.4 Hz), 158.0,



157.3,-154.8,149.6, 141.6, 141.44c 5.6 Hz),-135.3, 1322, 1320, 130.54& 9.1 Hz), 129.4,.129.2,
122.3, 120.7, 118.3 (d,= 2.3 Hz), 115.9, 110.5 (d,= 20.6 Hz), 109,4 (d] = 25.8 Hz), 54.3, 41.3. HRMS
(ESL) mz calcd for GiH16FNsOsS [M+H]", 440.1187; found, 440.1191.

Compound$b-r was synthesized according to the procedure desciiia.
4.1.24. N-(5-(4-((4-fluorophenyl yamino)quinazolin-6-yl )-2-methoxypyridin-3-yl ) methanesul fonamide (6b)
64.3% yield, mp 157-159 °GH NMR (400 MHz, DMSO) 9.98 (s, 1H, NH), 9.46 (s, 1H, NH), 8.81

(s, 1H, Ar-H), 8.59 (s, 1H, Ar-H), 8.55 (d= 2.1 Hz, 1H, Ar-H), 8.17 (d] = 8.7 Hz, 1H, Ar-H), 8.11 (d]
= 2.1 Hz, 1H, Ar-H), 7.95 - 7.80 (m, 3H, Ar-H), 7.2t,J = 8.7 Hz, 2H, Ar-H), 4.02 (s, 3H, OGH 3.13 (s,
3H, CH). 3¢ NMR (100 MHz, DMSOp 159.1 (dJ = 238.8 Hz), 158.3, 157.3, 155.0, 149.4, 142.6,1,3
135.0, 132.3, 131.9, 129.4, 129.0, 125.19@,7.9 Hz, 2C), 121.7, 120.7, 115.7, 115.6)(¢,22.2 Hz, 2C),
54.3, 41.3.HRMS: m/z 440.1177 [M+H] HRMS (ES!) m/z calcd for GiH1oFNsOsS [M+H]", 440.1187;
found, 440.1177.
4.1.25.
N-(5-(4-((3-chloro-4-fluorophenyl )amino)quinazolin-6-yl )-2-methoxypyridin-3-yl )methanesul fonamide (6¢)
61.2% yield, mp 257-259 °¢H NMR (400 MHz, DMSO) 10.02 (s, 1H, NH), 9.45 (s, 1H, NH), 8.79
(s, 1H, Ar-H), 8.65 (s, 1H, Ar-H), 8.54 (d= 2.2 Hz, 1H, Ar-H), 8.21 - 8.17 (m, 2H, Ar-H)18.(d,J = 2.2
Hz, 1H, Ar-H), 7.89 (dJ = 8.7 Hz, 1H, Ar-H), 7.85 (ddd,= 8.9, 4.2, 2.9 Hz, 1H, Ar-H), 7.48 = 9.1 Hz,
1H, Ar-H), 4.02 (s, 3H, OC#}, 3.12 (s, 3H, Ch). **C NMR (100 MHz, DMSOY¥ 158.0, 157.3, 154.8,
154.0 (dJ = 241.7 Hz), 149.5, 142.0, 136.8 {ds 2.6 Hz), 135.2, 132.3,132.1, 129.4, 129.1, 12128.2
(d,J = 6.8 Hz), 121.8, 120.6, 119.4 (ts 18.3 Hz), 117.1 (d] = 21.8 Hz), 115.7, 54.3, 41.4. HRMS (ESI
m/z calcd for G1H1sCIFNsO3S [M+H]", 474.0797; found, 474.0799.
4.1.26. N-(5-(4-((2,4-difluor ophenyl Jamino)quinazolin-6-yl)-2-methoxypyridin-3-yl )methanesulfonamide
(6d)
67.4% yield, mp 148-150 °&H NMR (400 MHz, DMSO 10.00 (s, 1H, NH), 9.46 (s, 1H, NH), 8.79
(s, 1H, Ar-H), 8.61 - 8.48 (m, 2H, Ar-H), 8.22 (= 8.6 Hz, 1H, Ar-H), 8.14 (s, 1H, Ar-H), 7.90 (= 8.7
Hz, 1H, Ar-H), 7.63 (ddJ = 15.0, 8.6 Hz, 1H, Ar-H), 7.43 (dd= 13.8, 5.6 Hz, 1H, Ar-H), 7.20 4,= 7.7
Hz, 1H, Ar-H), 4.02 (s, 3H, OC#}} 3.12 (s, 3H, Ch). *C NMR (150 MHz, DMSOY 160.6 (dd,) = 11.6,
243.6 Hz), 159.3, 157.6 (dd = 8.6, 248.4 Hz), 157.4, 155.3, 149.4, 142.0,9,3432.5, 132.0, 130.2 (dd,
=2.1,9.8 Hz), 129.3, 129.0, 123.1 (dd; 3.5, 12.5 Hz), 121.7, 120.7, 115.4, 111.9 (dd 3.2, 21.9 Hz),
105.2 (t,J = 26.0 Hz), 54.4, 41.31RMS (ES\) m/z calcd for GiH1gFoNsOsS [M+H]", 458.1093; found,
458.1080.



4.1.27.

N-(2-methoxy-5-(4-((4-(trifluor omethoxy)phenyl Jamino)quinazolin-6-yl ) pyridin-3-yl )methanesulfonamide

(6e)

65.8% vyield, mp 156-158 °éH NMR (400 MHz, DMSO)5 10.06 (s, 1H, NH), 9.45 (s, 1H, NH), 8.82 (s,
1H, Ar-H), 8.63 (s, 1H, Ar-H), 8.55 (d,= 2.1 Hz, 1H, Ar-H), 8.19 (d] = 8.6 Hz, 1H, Ar-H), 8.11 (d] =
2.1 Hz, 1H, Ar-H), 7.99 (dJ = 9.0 Hz, 2H, Ar-H), 7.90 (d] = 8.6 Hz, 1H, Ar-H), 7.44 (d] = 8.7 Hz, 2H,
Ar-H), 4.02 (s, 3H, OCH), 3.12 (s, 3H, Ch). **C NMR (150 MHz, DMS0)»162.8, 158.1, 157.3, 154.9,
149.5, 142.0, 138.7, 135.1, 132.4, 132.1, 129.8,112124.3(2C), 121.8(2C), 121.7, 120.7, 120.6(¢;
169.3 Hz ), 115.8, 54.3, 41.3. HRMS (EShvz calcd for G;H1oFsNsOsS [M+H]", 506.1104; found,
506.1127.

4.1.28. N-(2-methoxy-5-(4-((4-methoxyphenyl )amino)quinazolin-6-yl ) pyridin-3-yl )methanesul fonamide (6f)
54.9% yield, mp 141-143 °H NMR (400 MHz, DMSO) 9.93 (s, 1H, NH), 9.45 (s, 1H, NH), 8.81 (s, 1H,
Ar-H), 8.60 - 8.50 (m, 2H, Ar-H), 8.15 (d,= 8.7 Hz, 1H, Ar-H), 8.11 (d] = 2.0 Hz, 1H, Ar-H), 7.85 (d]

= 8.6 Hz, 1H, Ar-H), 7.69 (d] = 8.9 Hz, 2H, Ar-H), 7.01 (d] = 8.9 Hz, 2H, Ar-H), 4.01 (s, 3H, OGH

3.79 (s, 3H, OC#h), 3.12 (s, 3H, Ch). *C NMR (100 MHz, DMSO} 158.4, 157.3, 156.5, 155.2, 149.2,
142.0, 134.8, 132.4, 132.2, 131.8, 129.4, 128.8,11221.7, 120.7, 115.8, 114.2, 55.7, 54.3, ARMS

(ESL) mvz calcd for GoH2oNs504S [M+H], 452.1387; found, 452.1379.
4.1.29. N-(5-(4-((3,4-dimethoxyphenyl Jami no)quinazolin-6-yl)-2-methoxypyridin-3-yl )methanesul fonamide
(69)

60.1% yield, mp 151-153 °¢H NMR (400 MHz, DMSO 9.90 (s, 1H, NH), 9.47 (s, 1H, NH), 8.84

(s, 1H, Ar-H), 8.57 (dJ = 2.1 Hz, 2H, Ar-H), 8.15 (d] = 8.7 Hz, 1H, Ar-H), 8.12 (d] = 2.1 Hz, 1H, Ar-H),
7.85 (d,J = 8.5 Hz, 1H, Ar-H), 7.46 (d] = 1.9 Hz, 1H, Ar-H), 7.44 - 7.35 (m, 1H, Ar-H) 01 (d,J = 8.7
Hz, 1H, Ar-H), 4.02 (s, 3H, OC#), 3.81 (s, 3H, OCH), 3.79 (s, 3H, OCH), 3.12 (s, 3H, Ch). **C NMR
(100 MHz, DMSOY 158.4, 157.3, 155.2, 149.5, 148.9, 146.1, 1420,8, 132.7, 132.4, 131.7, 129.5,
129.0, 121.8, 120.7, 115.9, 115.7, 112.2, 108.8, 5.1, 54.3, 41.4. HRMS (E$hvz calcd for
CoaH24N50sS [M+H]*, 482.1493; found, 482.1488.
4.1.30.
N-(5-(4-((3-chloro-4-methoxyphenyl )Jamino)quinazolin-6-yl)-2-methoxypyridin-3-yl )methanesul fonamide
(6h)

61.7% yield, mp 146-148 °¢H NMR (400 MHz, DMSO) 9.90 (s, 1H, NH), 9.46 (s, 1H, NH), 8.78
(s, 1H, Ar-H), 8.67 - 8.51 (m, 2H, Ar-H), 8.16 (#i= 8.5 Hz, 1H, Ar-H), 8.11 (d] = 1.8 Hz, 1H, Ar-H),
8.00 (d,J = 2.1 Hz, 1H, Ar-H), 7.86 (d] = 8.6 Hz, 1H, Ar-H), 7.76 (dd} = 8.8, 2.1 Hz, 1H, Ar-H), 7.22 (d,
J=9.0 Hz, 1H, Ar-H), 4.02 (s, 3H, OGH 3.89 (s, 3H, OCH}, 3.13 (s, 3H, Ch). *C NMR (100 MHz,



DMSO)6 158.1, 157.3, 155.0, 151.6, 149.4, 142.0, 1349,0, 132.3, 131.9, 129.4, 129.0, 124.7, 123.0,
121.7, 120.8, 120.6, 115.7, 113.1, 56.7, 54.3,.44R8MS (ESI}) m/z calcd for GoH21CINsO4S [M+H]",
486.0997; found, 486.0992.
4.1.31. methyl 3-((6-(6-methoxy-5-(methyl sulfonamido)pyridin-3-yl)quinazolin-4-yl Jamino)benzoate
(6i)

58.4% yield, mp 240-242 °GH NMR (400 MHz, DMSO) 10.09 (s, 1H, NH), 9.46 (s, 1H, NH), 8.85
(s, 1H, Ar-H), 8.66 (s, 1H, Ar-H), 8.57 (s, 1H, A}, 8.45 (s, 1H, Ar-H), 8.32 (d,= 7.8 Hz, 1H, Ar-H),
8.19 (d,J = 8.6 Hz, 1H, Ar-H), 8.12 (s, 1H, Ar-H), 7.90 @@= 8.6 Hz, 1H, Ar-H), 7.75 (d] = 7.6 Hz, 1H,
Ar-H), 7.58 (t,J = 7.9 Hz, 1H, Ar-H), 4.02 (s, 3H, OGH 3.90 (s, 3H, OCH}, 3.13 (s, 3H, Ch). *C NMR
(100 MHz, DMSO) 166.6, 158.1, 157.3, 154.9, 149.6, 142.0, 14(88,2, 132.4, 132.1, 130.4, 129.4,
129.1, 127.3, 124.7, 123.1, 121.8, 120.7, 115.8,%2.7, 41.3.HRMS (ESI) m/z calcd for GsH2:Ns505S
[M+H]*, 480.1336; found, 480.1323.
4.1.32. methyl
2-fluoro-5-((6-(6-methoxy-5-(methyl sulfonamido) pyridin-3-yl )quinazolin-4-yl )amino)benzoate

(6))

63.6% yield, mp 246-248 °¢H NMR (400 MHz, DMSO) 10.09 (s, 1H, NH), 9.45 (s, 1H, NH), 8.82
(s, 1H, Ar-H), 8.63 (s, 1H, Ar-H), 8.55 (d= 2.1 Hz, 1H, Ar-H), 8.34 (ddl = 6.4, 2.7 Hz, 1H, Ar-H), 8.31
- 8.24 (m, 1H, Ar-H), 8.19 (d] = 8.6 Hz, 1H, Ar-H), 8.10 (d] = 2.1 Hz, 1H, Ar-H), 7.90 (d] = 8.7 Hz, 1H,
Ar-H), 7.48 - 7.39 (m, 1H, Ar-H), 4.02 (s, 3H, OQH3.90 (s, 3H, OCH}, 3.12 (s, 3H, OCH. *C NMR
(100 MHz, DMSO) 164.4 (dJ = 3.7Hz), 158.8, 157.6 (d,= 253.4Hz) , 157.3, 154.9, 149.5, 142.0, 135.9
(d,J=2.9 Hz), 135.2, 132.2, 132.1, 129.4, 129.3(d 8.4Hz), 129.1, 125.3, 121.8, 120.7, 118.2)(d,
11.2 Hz), 117.6 (dJ = 23.3Hz), 115.7, 54.3, 52.9, 41MRMS (ES}) m/z calcd for GaHa1FNsOsS [M+H]*,
498.1242; found, 498.1245.
4.1.33. methyl
2-chloro-5-((6-(6-methoxy-5-(methyl sulfonami do) pyridin-3-yl )quinazolin-4-yl Jamino)benzoate (6k)

49.7% yield, mp 247-249 °GH NMR (400 MHz, DMSOY 10.11 (s, 1H, NH), 9.46 (s, 1H, NH), 8.82
(s, 1H, Ar-H), 8.67 (s, 1H, Ar-H), 8.55 (d= 1.6 Hz, 1H, Ar-H), 8.35 (d] = 2.2 Hz, 1H, Ar-H), 8.26 (dd)},
= 8.8, 2.3 Hz, 1H, Ar-H), 8.19 (d,= 8.5 Hz, 1H, Ar-H), 8.10 (d] = 1.6 Hz, 1H, Ar-H), 7.90 (d] = 8.6 Hz,
1H, Ar-H), 7.63 (dJ = 8.8 Hz, 1H, Ar-H), 4.02 (s, 3H, OGH 3.91 (s, 3H, OCH), 3.12 (s, 3H, ChH). *°C
NMR (100 MHz, DMSO) 165.8, 157.9, 157.3, 154.7, 149.6, 142.0, 1388,3], 132.3, 132.2, 131.4,
130.1, 129.4, 129.2, 126.8, 126.3, 124.5, 121.8,71215.8, 54.4, 53.1, 41.HRMS (ES\) m/z calcd for
C23H21CINsOsS [M+H], 514.0946; found, 514.0947.
4.1.34. methyl



2-methoxy-4-((6-(6-methoxy-5-(methyl sulfonami do)pyridin-3-yl )quinazolin-4-yl Jamino)benzoate
(61)

48.5% yield, mp 155-157 °H NMR (400 MHz, DMSO) 10.07 (s, 1H, NH), 9.47 (s, 1H, NH), 8.84
(s, 1H, Ar-H), 8.73 (s, 1H, Ar-H), 8.57 (s, 1H, A}, 8.20 (d,J = 8.7 Hz, 1H, Ar-H), 8.11 (s, 1H, Ar-H),
7.93 (d,J=8.7 Hz, 1H, Ar-H), 7.84 (s, 1H, Ar-H), 7.79 @+ 8.5 Hz, 1H, Ar-H), 7.72 (d] = 8.5 Hz, 1H,
Ar-H), 4.02 (s, 3H, OCH), 3.89 (s, 3H, OCH), 3.79 (s, 3H, OCH), 3.12 (s, 3H, Ch). **C NMR (100 MHz,
DMSO0)6 166.0, 159.8, 158.0, 157.3, 154.7, 149.7, 1449,11 135.3, 132.4, 132.3, 132.2, 129.4, 129.2,
121.8,120.8, 116.0, 114.4, 113.4, 105.8, 56.3,%2.1, 41.4. HRMS (EQInvVz calcd for G4H24N506S
[M+H] *, 510.1442; found, 510.1417.
4.1.35.
N-(5-(4-((3-chloro-4-((4-fluorobenzyl )oxy) phenyl )amino)quinazolin-6-yl)-2-methoxypyridin-3-yl ) methanesul
fonamide (6m)

60.9% yield, mp 168-170 °&H NMR (400 MHz, DMSOY 9.91 (s, 1H, NH), 9.45 (s, 1H, NH), 8.78
(s, 1H, Ar-H), 8.60 (s, 1H, Ar-H), 8.54 (s, 1H, A}, 8.17 (dJ = 8.7 Hz, 1H, Ar-H), 8.10 (d] = 1.7 Hz, 1H,
Ar-H), 8.01 (d,J = 1.9 Hz, 1H, Ar-H), 7.87 (d] = 8.7 Hz, 1H, Ar-H), 7.74 (dd] = 8.9, 2.0 Hz, 1H, Ar-H),
7.56 (d,J = 6.0 Hz, 1H, Ar-H), 7.54 (d] = 5.7 Hz, 1H, Ar-H), 7.32 - 7.24 (m, 3H, Ar-H) 22 (s, 2H, CH),
4.01 (s, 3H, OCH), 3.11 (s, 3H, Ch). **C NMR (100 MHz, DMSOY 162.3 (dJ = 242.0 Hz), 158.1, 157.3,
155.0, 150.4, 149.6, 142.0, 135.0, 133.4, 133.3,31331.9, 130.3 (d,= 8.4 Hz, 2C), 129.4, 129.1, 124.7,
122.9, 121.8, 121.6, 120.6, 115.8d; 21.3 Hz, 2C), 115.7, 114.9, 70.1, 54.3, 41.3MERESI) m/'z
calcd for GgH24CIFNsO4S [M+H]", 580.1216; found, 580.1222.
4.1.36.
N-(5-(4-((3-chloro-4-fluor ophenyl yamino)quinazolin-6-yl)-2-methoxypyridin-3-yl ) butane-1-sulfonamide
(6n)

65.8% yield, mp 255-257 °¢H NMR (400 MHz, DMSO) 10.02 (s, 1H, NH), 9.51 (s, 1H, NH), 8.80
(s, 1H, Ar-H), 8.68 (s, 1H, Ar-H), 8.56 (d= 1.8 Hz, 1H, Ar-H), 8.22 (d] = 2.3 Hz, 1H, Ar-H), 8.19 (d]
= 9.2 Hz, 1H, Ar-H), 8.14 (d] = 1.9 Hz, 1H, Ar-H), 7.91 (d] = 8.7 Hz, 1H, Ar-H), 7.90 - 7.83 (m, 1H,
Ar-H), 7.50 (t,J = 9.1 Hz, 1H, Ar-H), 4.04 (s, 3H, OGH 3.26 - 3.15 (m, 2H, CH, 1.79 (dtJ = 15.2, 7.7
Hz, 2H, CH), 1.53 - 1.36 (m, 2H, C#), 0.93 (t,J = 7.3 Hz, 3H, CH). *C NMR (100 MHz, DMSO}p
158.0, 157.3, 154.8, 153.9 @+ 241.9 Hz), 149.5, 142.0, 136.8 {5 2.8 Hz), 135.1, 132.7, 132.1, 129.3,
129.1, 124.3, 123.1 (d,= 6.5 Hz), 121.7, 120.6, 119.4 (b5 18.5 Hz), 117.1(d] = 21.8 Hz), 115.7, 54.3,
52.6, 25.7, 21.3, 14.0dRMS (ES}) mVz calcd for G4H24CIFNsO3S [M+H]", 516.1267; found, 516.1283.
4.1.37. ethyl 3-((6-(5-(butyl sulfonamido)-6-methoxypyridin-3-yl)quinazolin-4-yl)Jamino)benzoate (60)



67.0% yield, mp 116-118 °GH NMR (400-MHz, DMSO%.10.11 (s, 1H, NH), 9.48 (s, 1H, NH), 8.86
(s, 1H, Ar-H), 8.65 (s, 1H, Ar-H), 8.56 (s, 1H, A}, 8.42 (s, 1H, Ar-H), 8.33 (d,= 5.6 Hz, 1H, Ar-H),
8.18 (d,J = 7.5 Hz, 1H, Ar-H), 8.13 (s, 1H, Ar-H), 7.90 @ 6.9 Hz, 1H, Ar-H), 7.75 (d] = 5.4 Hz, 1H,
Ar-H), 7.58 (s, 1H, Ar-H), 4.37 (dl = 5.2 Hz, 2H, Ch)), 4.02 (s, 3H, OCH), 3.17 (s, 2H, Ch), 1.77 (s, 2H,
CH,), 1.41 (s, 2H, Ch), 1.36 (s, 3H, Ch), 0.90 (s, 3H, Ch). *C NMR (100 MHz, DMSOY¥ 166.1, 158.1,
157.3, 154.9, 149.6, 142.1, 134.0, 135.1, 132.2,a01330.7, 129.4, 129.3, 129.1, 127.3, 124.7,1,A21.7,
120.7, 115.9, 61.3, 54.3, 52.6, 25.7, 21.3, 140.JHRMS (ES}) m/z calcd for G7HaoNsOsS [M+H]",
536.1962; found, 536.1966.
4.1.38. methyl
3-((6-(5-(2,4-difluorophenyl sulfonami do)-6-methoxypyridin-3-yl )quinazolin-4-yl yamino)benzoate (6p)

66.1% yield, mp 244-246 °¢H NMR (400 MHz, DMSO) 10.40 (s, 1H, NH), 10.09 (s, 1H, NH),
8.85 (s, 1H, Ar-H), 8.66 (s, 1H, Ar-H), 8.58 (= 2.2 Hz, 1H, Ar-H), 8.46 (s, 1H, Ar-H), 8.33 (@l= 8.1
Hz, 1H, Ar-H), 8.20 (ddJ = 0.8, 9.2 Hz, 1H, Ar-H), 8.18 (s, 1H, Ar-H), 7.@@ J = 8.7 Hz, 1H, Ar-H), 7.80
- 7.74 (m, 2H, Ar-H), 7.63 - 7.57(m, 2H, Ar-H), 7.2td,J = 8.6, 1.9 Hz, 1H, Ar-H), 3.91 (s, 3H, OgH
3.66 (s, 3H, OCh). *C NMR (150 MHz, DMSOY¥ 166.6, 165.5 (dd] = 12.0, 253.1Hz), 162.8, 159.9 (dd,
J=13.1, 255.9Hz),158.5, 158.1, 154.9, 149.6, 14136.0, 135.6, 134.7, 132.3 (s 16.1 Hz), 131.9,
130.4, 129.5, 129.3, 129.2, 127.7, 125.6 (dd 3.0, 21.5 Hz), 124.7, 123.1, 120.7, 120.0, 11512.2 (dJ
= 33.2 Hz), 106.2 () = 38.9 Hz), 53.9, 52.7. HRMS (E$hvz calcd for GoHFoNsOsS [M+H]",
578.1304; found, 578.1310.

4.1.39. N-(5-(4-((6-fluoropyridin-3-yl )amino)quinazolin-6-yl )-2-methoxypyridin-3-yl )methanesul fonamide
(60)

63.7% yield, mp 172-174 °GH NMR (400 MHz, DMSO) 10.13 (s, 1H, NH), 9.46 (s, 1H, NH), 8.79
(s, 1H, Ar-H), 8.64 (s, 1H, Ar-H), 8.62 (s, 1H, Af), 8.54 (dJ = 1.9 Hz, 1H, Ar-H), 8.45 (dd} = 11.1, 4.7
Hz, 1H, Ar-H), 8.20 (d,J = 8.5 Hz, 1H, Ar-H), 8.10 (dl = 1.9 Hz, 1H, Ar-H), 7.90 (d] = 8.6 Hz, 1H,
Ar-H), 7.28 (dd,J = 8.7, 2.9 Hz, 1H, Ar-H), 4.02 (s, 3H, OgH3.12 (s, 3H, Ch). *C NMR (101 MHz,
DMSO)6 159.5 (dJ = 241.7 Hz), 158.3, 157.3, 154.9, 149.5, 142.0,84d,J = 15.6 Hz), 136.9 (d] =
8.1 Hz), 135.2, 134.5 (d,= 4.1 Hz), 132.3, 132.2, 129.3, 129.1, 121.8, 12015.7, 109.5 (d] = 39.1 Hz),
54.4, 41.3. HRMS (ES) m/z calcd for GoH1gFNsOsS [M+H]", 441.1140; found, 441.1145.
4.1.40. N-(2-methoxy-5-(4-((6-methoxypyridin-3-yl)amino)quinazolin-6-yl)pyridin-3-yl ) methanesul fonamid
(6r)

63.7% yield, mp 143-145 °¢H NMR (400 MHz, DMSO) 10.00 (s, 1H, NH), 9.47 (s, 1H, NH), 8.78
(s, 1H, Ar-H), 8.55 (s, 2H, Ar-H), 8.51 (s, 1H, A}, 8.17 (d,J = 8.6 Hz, 1H, Ar-H), 8.10 (d] = 7.6 Hz, 2H,
Ar-H), 7.86 (d,J = 8.6 Hz, 1H, Ar-H), 6.92 (d] = 8.8 Hz, 1H, Ar-H), 4.02 (s, 3H, OGH 3.89 (s, 3H,



OCH); 3:12 (s, 3H, Ch). - *C NMR (100.-MHz, DMSO¥ 160.8, 158.7, 157.3, 155.1, 149.4, 142.0, 141.8,
135.8, 134.9, 132.4, 131.9, 130.1, 129.4, 129.0,71220.7, 115.7, 110.4, 54.3, 53.7, 41.3. HRMSI(E
mvz calcd for G1H21NgO4S [M+H]", 453.1340; found, 453.1355.
4.2. Biological assay methods
4.2.1. Cdl culture

A549, BT549, HCT-116, MCF-7, SK-HEP-1 and SNU638scavere purchased from the American
Type Culture Collection (Manassas, VA, USA). Cellsre grown in DMEM (SNU-638, BT549, MCF-7 and
SK-HEP-1) or RPMI1640 (HCT-116 and A549 cells) deppented with 10% FBS and
antibiotics-antimycotics (PSF; 100 units/mL penigilG sodium, 10Qug/mL streptomycin and 250 ng/mL
amphotericin B) in a humidified incubator contami? CQ at 37 °C.
4.2.2. Antiproliferative activity

The cell viability was evaluated using the sulfatamine B (SRB) cellular protein-staining method
with minor modifications. Briefly, cells were treat with various concentrations of compounds in @i-w
plates and incubated at 37 °C in a humidified apheege with 5% C@for 72 h. After treatment, the cells
were fixed with 10% TCA solution, and cell viabjlivas determined with SRB assay. The percentage of
cell-growth inhibition was calculated using thenfmiae below. The I§ values were calculated using a
non-linear regression analysis (percent growthuger®ncentration). Percent growth inhibition = 1QDO
X (ODsample~ ODpay0) / (ODneg controi- ODbayo)-
4.2.3. EGFRand PI3K enzymatic activity assay

A mobility shift assay was used to measure themmtef title compounds against EGFR. The kinase
base buffer was consist of 50 mM HEPES (pH 7.5mM MgCl,, 2 mM DTT and 0.0015% Brij35, while
the stop buffer contained a mixture of 100 mM HER@S 7.5), 50 mM EDTA, 0.015% Brij-35 and 0.2%
Coating Reagent #3. Dilute the tested compouné€+mId of the final desired highest inhibitor
concentration in reaction by 100% DMSO. Subseqyediiute the compounds by transferring @d0to 60
uL of 100% DMSO in the next well and so forth fotosal of 10 concentrations. Add 100 of 100%
DMSO to two empty wells for no compound control amdenzyme control in the same 96-well plate. Mark
the plate as source plate. TransfeplLG®f compound from source plate to a new 96-wdltelas the
intermediate plate. Add 9. of 1-fold kinase buffer to each well of the intezdiate plate. Mix the
compound in intermediate plate for 10 min on thaksin. The assay plate was prepared after transjesri
uL of each well from the 96-well intermediate platea 384-well plate in duplicates. The prepared/erez
solution was added to the assay plate, which wes iticubated at room temperature for 10 min, foddw
by the addition 1@L of 2.5-fold peptide solution (FAM-labeled peptided ATP in kinase base buffer).

The mixture was incubated at 28 °C for anotherthén add 2%L of stop buffer to stop the reaction. The



convertion data was copied from Caliper progrand, the values were converted to inhibition values.
Percent inhibition = (max - conversion)/(max - min}00. Fit the data in XLFit excel add-in versi.1
to obtain 1G values. Equation used is: Y = Bottom + (Top - Bot)/(1 + (IGy/X)"HillSlope)

The PI3K kinase assay was measured by PI3 Kinaseitinhibitor Assay Kit (EMD Millipore,
#17-493) following the manufacturer’s protocols.
4.2.4. Colony formation assay

BT549 cells were seeded in a 6-well plates witteasity of 3x18cells/well and then were cultured
with different concentrations (0, 1.0, 2.5, ) of 6¢c about 2 weeks. Cells were fixed by ethanol and
stained with crystal violet.
4.2.5. Annexin V-FITC and propidiumiodide (PI) double staining assay

BT549 cells were seeded in a 6-well plates (2xHls/well) and treated witbc mentioned above. At
the end of treatments, the cells were harvestedvaistied by cold PBS. Then the resuspended cel{)Lx
were incubated with Annexin VFITC (4.) and PI (5uL) at room temperature for 5 min in the dark and
examined with flow cytometry.
4.2.6. DAPI staining assay

Apoptotic feature of BT549 cells was assessed byADBdhdensation using DAPI
(4',6-diamidino-2-phenylindole). 2xf®BT549 cells were seeded in a 6-well plates anddatad withéc
for 24 h. Then, cells were stained with DAPI forrhth and observed under a fluorescence microscope.
4.2.7. Cdl cycleanalysis

Cell cycle was determined by the staining of DNAhwiropidium iodide (P1). 2 x 2BT549 cells
were incubated witlbc for 24 h and fixed in 70% ethanol overnight. Theglls were washed with PBS and
treated with RNase and PI for 1 h. The percentageslls in different phase of cell cycle were meas by
flow cytometer.
4.2.8. Western blot analysis

Total cell lysates were prepared in RIPA buffer (80 Tris-HCI, pH 8.0, 150 mM NacCl, 1% NP-40,
0.5% sodium deoxycholate, 0.1% SDS). The proteircentration was determined, and equal amounts of
protein samples were subjected to 10% SDS-PAGEVeltl by transferring to PVDF membranes, and
probed with were subsequently analyzed with EGFRGHFR, AKT and p-AKT antibodies. Exposures were
obtained using ImageQuant LAS 4000 biomoleculagengGE Healthcare).
4.2.9. Molecular docking studies

The crystal structure of EGFR (PDB entry code: 4WK@Qcomplex with Gefitinib and the PI3K (PDB
entry code: 3L08) in complex with Omipalisib wereed for molecular modeling. The AutoDock 4.2 was

used to perform docking calculations. Polar hydnsgend partial charges were added by Sybyl 6.9d., a



energy minimization was made employing both steedescent and conjugate gradients protocols. The
optimized AutoDocking parameters are as followse thaximum number of energy evaluations was
increased to 25,000,000 per run; the iterationSSalifs & Wets local search was 3000; the number of
individuals in population was 300 and the numbergeherations was 100. Accelrys Discovery Studio

Visualizer 4.0 was used for graphic display.
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Table(s)

Table 1 Cytotoxicityin vitro of target compounds against five cancer cell l{{}€g, Value$ in pM).

Cells A549 BT549 HCT-116 MCF-7 SK-HEP-1 SNU638
Comp. R R, X
6a 3-F =~  CH  9.94+0.23 2.76+0.07 3.94+0.08 8.02+0.26 1.85&0.(.76+0.08
6b 4-F ~  CH 7.62+0.27 3.12#0.09 3.16+0.09 6.51+0.11 1.47#0.@.40+0.09
6c 3-Cl-4-F ~  CH 8.23+0.34 1.0240.08 5.60+0.24 5.59+0.21 6.1060.2.10+0.13
6d 2,4-diF ~  CH 4.71#0.17 2.4810.14 4.01+0.15 1.61+0.07 2.4920.12.05+0.08
6e 4-0OCR ~ CH 25.36+0.51 8.24+0.16 16.59+0.25 23.68+0.38 6013t 22.4+0.21
6f 4-OCH; ~~ CH 3.58+0.16 1.884+0.10 3.49+0.09 1.79+0.09 1.6160.(88.97+0.15
69 3,4dioCH =~~~ CH 5.82+0.34 2.59+0.22 4.36£0.22 2.43+0.15 2.84%0.11.68+0.06
6h 3-Cl-4-oCH =~~~ CH 5.2440.33 2.47+0.14 5.62+0.22 3.32+0.12 2.81#0.13.62+0.10
6i 3-cooCH -~ CH 1.10+0.05 1.08+0.09 0.40+0.02 10.1+0.09 2.4020.0L.12+0.03
6j 3-COOCH-4 ~~ CH  3.42+0.13 2.74+0.25 2.36+0.12 1.15+0.09 5.1860.12.54+0.08
-F
6k 3-COOCH-4 ~~ CH  2.13+0.07 2.36+0.21 3.13#0.19 1.43+0.11 7.0620.2.20+0.12
-Cl
6l 3-OCH-4-C =~ CH 3.35%0.08 3.76+0.11 1.69+0.16 10.94+0.14 0.8330. 3.44+0.16
OOCH;
6m 3-Cl-4-(4flu -~ CH 31.3+0.44 14.6+0.23 5.41+0.31 28.3610.54 1.95%#0. 2.36+0.14
orobenzyl)ox
y
6n 3-Cl-4-F ) CH 77.1#2.23 56.8+1.13 9.99+0.87 65.8+1.82 53.830.4.35+0.21
60 3-COOCHC ) CH 42.3#1.26 37.2+0.97 26.7+0.45 36.4+0.68 21.640.25.2+0.44

Hs




6p 3-COOCH <F?L CH 10.51+0.08 12.7+0.20 1.50+0.06 22.38+0.17 2.8040 0.4+0.02
6q 6-F =~ N 6.72+0.21 4.78+0.16  7.62+0.34 5.39+0.22 5.24+0.16.52+0.26
6r 6-OCH; ~ N 5.56+0.23  3.49+0.18 6.91+0.23  3.77+0.13 3.44+0.14.28+0.18
Gefitini 8.27+0.42  6.56+0.35 5.98+0.72 26.7+1.02 10.120.37.56+0.24
b
Dactolis 0.62+0.07  0.74+0.08 0.84+0.12  1.33+0.14 1.8230.21.24+0.13
ib

%Cs values are the mean of triplicate measurements.



Table 2 Activities of 6¢, 6i and Gefitinib, Dactolisib againEEGFRand Class | PI3K (1§ Values in nM)

EGFR P13kt PI3Kp PI3Ky PI3Ks
6c 2.4 317 9412 3560 8672
6i 409 165 4936 1783 4364
Gefitinib 2.3 ND ND ND ND
Dactolisib ND 16.4 35.9 23.6 78.4

ND: Not determined



Figurelegends

Fig.1. The structures of some EGFR inhibitors.

Fig.2. The design strategy based on Dactolisib, Gefitamt Omipalisib

Fig.3. The colony formation assay of compowa(A) treatment with compoungk, representative photographs of
colony formation are shown. (Bar graphs showed the quantitative results of deneity. Data are presented as
the mean for three independent experiments. **(0F0&, ***P < 0.001compared with control.

Fig.4. Apoptosis and the effect of compoudeion cell cycle. (A) AV-PI staining show early andelapoptosis of
BT549 cells induced by compou#d. (B) Quantification of early and late apoptos{3) Hoechst 33342 staining
and compounéc induced morphological changes. (D) Cell cycle clesngfter compounéc treatment. (E)
Quantification of the percentages of cells in déf& phase.

Fig.5. Western blot analysis @c. (A) The inhibition effects of compour@t (0.1 M, 0.5uM and 2.5uM) on the
expression of p-EGFR, EGFR in BT549 cells are degdi@-Actin was used as internal contr@®) The inhibition
effects of compounéc (5 uM, 10 uM and 20uM) on the expression of p-Akt, Akt in BT549 celiealepicted.
B-Actin was used as internal control.

Fig.6. Docking mode obc with protein crystal structure of EGFR and PI3K) ¢fey interactions of compourtit

in the active site of EGFR (PDB: 4WKQ). (B) The diimy pose ofc and Gefitinib in the active site of EGFR.
Gefitinib was highlighted with yellow. (C) Key intactions of compoun€c in the active site of PI3K (PDB: 3L08).
(D) The binding pose dic and Omipalisib in the active site of PI3K. Omip#digvas highlighted with yellow.
Scheme 1. (a) benzenesulfonyl chloride, pyridine, rt, 24); bis(pinacolato)diborane, Pd(dpj&f),, AcOK, DMF,

100 °C, 8 h; (c) amines, isopropanol, 90 °C, 4nhP@(dppHCl,, C$COs, DMF/ H,0, 90 °C, 8 h.
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Scheme 1

oR O‘R
2 O’ 3a: R, =methyl; 60.4%
’/S‘NH o 3b: R, =N-butyl; 64.3% ~
3¢: R, = 2,4-difluorophenyl;78.8%
- = O
O
1 2a-c 3a-c R;
O.. R,
2a: R, =methyl; 83.6% )S‘ =
2b: R, =N-butyl;78.4% NH /@
2¢: R, =2 4-difluorophenyl;78.8% 5a: X=CH, Ry=3-F; 91.8% > d O~ HNTS X
5b: X=CH, Ry=4-F; 90.6% N
5¢: X=CH, Ry=2,4-diF; 88.9% X SN
ﬁf 5d: X=CH, R4=3-Cl-4-F; 94.4% /)
/E/ 5e: X=CH, Ry=4-OCF3; 96.1% N
5f: X=CH, R4=4-OCHg; 86.2% 48 BY AR D0
HN 5g: X=CH, Ry=3,4-diOCHj; 87.5% Ba-r; 48.5%~68.2%
> Br. 5h: X=CH, Ry=3-Cl-4-OCHj; 91.4%
J 5i: X=N, R1=6-F; 85.2%

5j: X=N, R4=6-OCHj3; 87.3% J
5k: X=CH, Ry=3-COOCHj3; 95.6%

51: X=CH, Ry=3-COOCH,CHg; 94.7%

5m: X=CH, Ry=3-COOCH3-4-F; 81.6%

5n: X=CH, R4=3-COOCH3-4-Cl; 84.3%

50: X=CH, R4=3-OCH3-4-COOCH3;93.5%

5p: X=CH, R4=3-Cl-4-(4-fluorobenzyljoxy;90.7 %



A series of 4-aminoquinazolines derivatives containing 6-sulfonamide substituted

pyridyl group were synthesized.

4-Aminoquinazolines derivatives acted as potent EGFR and PI3Ka dual inhibitors.

Compound 6¢ and 6i could be as potential dual inhibitors of EGFR and PI3K .

Compound 6¢ could induce cell cycle arrest in G1 phase and apoptosisin BT549
cells.



