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A series of compounds with an introduction of aniline group into 4-position to previous reported quinazoline derivatives
were synthesized and evaluated. These compounds showed good c-myc promoter G-quadruplex binding activity and
selectivity.
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Abstract

A series of 4-anilinoquinazoline derivatives weresigned and synthesized as noeeinyc promoter
G-quadruplex binding ligands. Subsequent biophysacal biochemical evaluation demonstrated that the
introduction of aniline group at 4-position of garoline ring and two side chains with terminal asngnoup
improved their binding affinity and stabilizing #ityi to G-quadruplex DNA. RT-PCR assay and West#at
showed that compounda could down-regulate transcription and expressibr-myc gene in Hela cells,
which was consistent with the behavior of an effecG-quadruplex ligand targetirgmyconcogene. More
importantly, RTCA and colony formation assays iatid thafZa obviously inhibited Hela cells proliferation,
without influence on normal primary cultured mousesangial cells. Flow cytometric assays suggestad t
7ainduced Hela cells to arrest in GO/G1 phase hothtime-dependent and dose-dependent manner.
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FRET, fluorescence resonance energy transfer;

Tm, Melting temperature;

SPR, surface plasmon resonance;

CD, circular dichroism;

MTT, methyl thiazolyl tetrazolium;
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RTCA, real time cell analysis.



1. Introduction

G-quadruplexes are nucleic acid secondary strucforened from guanine-rich sequences, and comprise
a planar arrangement of four guanines (G-quarigt, FA) stabilized by Hoogsteen hydrogen bondind an
monovalent cations [1]. Since G-quadruplex striesware widely located in plenty of important reguiga
regions including telomeric DNA, oncogene promofergh as-myc VEGF, bcl-2, k-RAS h-RAS c-kit, HIF
andHSP9(Q and 3-UTR, it is considered playing a significant roteregulating biological processes such as
replication, translation and splicing [2, 3]. Theegence of G-quadruplex structures in human cglisoiv
firmly established with antibody [4], which provii¢he basis for the elucidation of their functionnormal
and disease states.

c-MYC is a transcription factor whose expressioadsociated with cell proliferation. Increased le\a#
c-mycexpression are observed in 80% of human cances, @il its increase promotes tumorigenesis [5].
The nuclear hypersensitivity element;, I{NHE IlI;), a guanine-rich strand of the DNA containing ab2ge
pair sequence, which is upstreamceimyc promoter, controls 80—-90% of tleemyc transcription [6]. The
NHE Ill; can form intramolecular G-quadruplex structured amctions as a transcriptional repressor [7].
The transcription ofc-myc can be down-regulated through stabilization of @&uadruplexes by using
specific G-quadruplex binders [8]. A numbermmyc G-quadruplex ligands have been reported, including
phenanthroimidazole derivatives [9], acridine datives [10], prolinamide derivatives [11], platin(in
complex [12], and showed pronounced antitumor agtiv

Inspecting the structures of these G-quadruplelily, it is easy to find that most of them are thasea
planar aromatic system that interacts with the @rgu throught—n stacking interaction, with cationic side
chains that interact with the negatively chargedsphate backbones in G-quadruplex [13,14]. Forethes

molecules, optimal activity has been achieved thinosubstitution of side chains with terminal amgroup,
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especially with an amide bond conjugated with twretic ring system to maintain planarity on thgeof
the G-quartet [15]. Besides, intensive researchsou@gested that extended aromatic surface always fa
ligand-quadruplex binding interactions [16-18]. 8leiand co-workers have increased G-quadruplexrmnd
affinity and biological activity of 3,6-disubstied acridines by rationally adding an anilino susit at the
9-position to give 3,6,9-trisubstituted acridinelewules [19-21], one of which w&RACO-19 (Fig. 1B).
Quinazoline derivatives, which have a planar chrolnooe, may interact with G-quartet of G-quadruplex
DNA. In our recent study, a few 2,4-disubstitutedh@zoline derivatives have been synthesized amad®o
be telomeric G-quadruplex binders, one of whichdmpoundLZ-11c (Fig. 1C) [22]. Subsequently, a new
substituted benzene ring has been linked toattikeo-position of 2-phenyl group of original quinazoline
derivatives through amide bond, like compou@BB-15e (Fig. 1C), which have shown stronger binding
ability and better selectivity for telomeric G-quaplex [23]. In order to further develop neg¥myc
G-quadruplex binding ligands, we designed a seoesiew 4-anilinoquinazoline derivatives, in which
aromatic system of the quinazoline is expanded rtsoducing an anilino group into the 4-position of
quinazoline moiety for improving its G-quadruplexding activity and stability. Unlike rigid aromati
compounds, such unfused aromatic molecules witpta@astructural feature could prevent themselvemf
intercalating into the duplex DNAs [6]. Based omab consideration, two series of derivatives wasighed,
including series | and 1l (Fig. 1D). For seriesvk introduced an amide side chain with basic anenminal
at thepara-position of aniline grouplfa, 1b, 2a, and2b), which could be protonated at physiological pdi, t
establish additional electrostatic interaction wtitle target. Besides, we also replaced the amide hbath
ether bond for the derivatives to uncover theituiefice on the G-quadruplex recognitiagta @nd4b). For
Series Il, a phenyl group was added at the 2-positif 4-anilinoquinazoline ring3é~3b, 5a~5f, 6a~6d,

7a~7i, 8a, 8b, and9a) to further extend the planarity of unfused ardmaystem. In order to investigate the



importance of two side chains on ligand-quadrujiésraction, the second amide side chain was agobtad
ortho-position of 2-phenyl group6é~6d, 7a~7i, 8a, 8b, and 9a). Also it should be noted that the
intramolecular hydrogen bond is formed betweenNhkegroup at theortho-position of 2-phenyl group and
the lone pair electrons of nitrogen on pyrimidinggr Therefore, thirty one 4-anilinoquinazoline igdatives
were synthesized. The interactions of synthesimapounds witlc-mycG-quadruplex DNA were examined
through fluorescence resonance energy transfer TFR&rcular dichroism (CD) spectroscopy, surface
plasmon resonance (SPR), reverse transcriptiomymolyse chain reaction (RT-PCR), and Western hiot. |

addition, effects of these compounds on cell peadifion and cell cycle were also evaluated.

2. Chemistry

The synthetic routes for compountla~1b, 2a~2b, 3a~3c and 4a~4b were shown in Scheme 1. The
chlorination of H, 3H-quinazoline-2,4-dione with excess phosphorus okyitte was carried out to give
dichlorinated intermediat&0 [24]. Aniline substitution occurred selectively @4 position of10, yielding
4-aniline-2-chloroquinazolin&1 [25]. Reaction ofL1 with acylchloride gave intermediat&d8aand12b[21],
followed by treatment of2aor 12b with excess diethylamine, potassium iodide, andgsium carbonate to
give target compoundka and 1b, respectively. In comparisofiaor 12b was treated with diethylamine and
potassium carbonate to give target compa2endr 2b as major product. Compoung@a~3cwere prepared via
Suzuki coupling reaction &a or 2b with appropriate phenylboronic acid [26]. Interrizd 10 was reacted
with 4-methoxyaniline to form intermediate3, followed by demethylation reaction with BBto give
intermediatel4, and subsequently by substituting with dibromoaékdo give intermediaté5a or 15b.
Compoundsgta and4b were obtained through reactionifaor 15b with diethylamine, respectively.

The synthetic routes for compounsis~5f 6a~6d 7a~7i 8a, 8b, and9a were shown in Scheme 2. The



synthetic method started with the synthesis ofdidglide through the chlorination of 2-methoxybenzacid

or 2-nitrobenzoic acid, followed with its amidatiasing anthranilamide to give amide intermeditger 22,
and subsequently, intermedidtéor 23 was respectively prepared through the oxidating dlosure ofL6 or

22 under basic conditions [21]. The chlorination1afwith excess thionyl chloride was carried out taegi
intermediate 18 [24]. The chlorination of23 with excess phosphorus oxychloride and phosphorus
pentachloride was carried out to give intermedi2de Coupling of 4-methoxyaniline witii8 afforded
intermediate19, followed with demethylation to give intermedia®®. Compound20 was reacted with
1,2-dibromoethane to afford intermedi&te[27]. Coupling of24 with 4-nitroaniline afforded intermediaib.
The reduction of the nitro group with 80% hydrazingdrate in the presence of 10% Rany-Ni gave
amino-substituted intermediat@6. Reaction of 26 with acylchloride gave intermediate®7a~27d
Intermediate®1 or 27a~27dwere treated with differeraikylamines togive target compoundsa~5f 6a~6d

7a~7i 8a, 8b, and9a, respectively.

3. Results and Discussion

3.1 Studies on the stabilization and selectivitylefivatives on c-myc G-quadruplex DNA through

FRET

To investigate the stabilizing ability of 4-danbbquinazoline derivatives om-myc gene promoter
G-quadruplex DNA, FRET-melting experiment was empbtb with promoter G-quadruplesequence of
c-myccontaining fluorophores at both+é&nd and 3end (FPu22T) [28, 29]. An oligonucleotide thatnied
hairpin duplex DNA structure (F10T) was used asoa-quadruplex control [30]. Quinazoline derivatives
LZ-11c and QPB-15e(Fig. 1C)previously reported by us were used as referenogeconds [21, 22]. The

results of the FRET-melting experiment were showable 1 and Figure S1, which suggested that these
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compounds had a wide range of G-quadruplex stabiiz ability. A comparison of the FRET-melting uts
indicated that some of new synthetic compoundsh f187a, 7e~7i, showed better stabilizing ability than
reference compoundsz-11c and QPB-15e which indicated that the introduction of aniligopoup had a
significant effect on stabilizing G-quadruplex.

Among Series | compounds, it was found that amiba, (Lh 4a, 4b) substituent at 2-position of
guinazoline had obviously higher stabilizing alilior G-quadruplex thaohlorine substituena and2b). In
addition, theAT,, values ofla and1b for G-quadruplex stabilization were higher thant tbhi4a and 4b,
respectively, which revealed that amide bond atphe-position of anilino is better than ether bond to
enhance the interaction of ligand with G-quadru@®A. This result was consistent with that 8&~3c over
5a~5f for Series Il compounds, indicating the importan€eamide bond conjugated with aromatic ring. For
Series Il compounds, most of the compounds with seond amide side chain in tbetho-position of
2-phenyl group, such aBa~6c, 7a~7c, 7e~7i, 8a, 8b, and 9a, showed stronger stabilizing ability for
G-quadruplex, compared to compourBis-3c. These results indicated that the introductiorthef second
alkylamino side chain had a significant effect bae stabilizing ability of these compounds. Analysighe
AT, values of compoundda~6d 7a~7i 8a, 8b, and9a, gave the following conclusions: (1) Compounds with
polyamine side chains7f~7i) could raise the melting temperature of G-quadmpgreatly by about
18.0-26.6 °C. Meanwhil&,g and7i had higher activity thamif and7h. Both results indicated that the number
and distances apart of positive charges in polyarside chains could significantly influence thebility of
stabilizing G-quadruplex, just as that reportedSawino et al. [31, 32]. (2) With the same termibakes,
compounds/a~7d with longer side chains (n = 2, with two bondswestn carbonyl group and badic
terminus) showed stronger stabilizing ability te tB-quadruplex than compouné@ia~6d with shorter side

chains (n = 1), while no distinct effect ai,,, values was observed with further extension of amside chain,



as shown for compounds, 8b, and9a (n = 3 or 4). These results demonstrated the itapoe of the length
of amide side chain for their strong interactionthws-quadruplex. (3) Among the compounds with $hene
length of side chain and different basic termitia, least basic compounds (morpholino analo@aend7d)
had the weakest effect on stabilization of G-qupldny which indicated the importance of the bagiait
terminal. Besides, the flexibility of amino terminaf compounds might be another influencing facfor,
example, diethylamino analoguta with flexible amino terminal showed stronger slialvig activity for
G-quadruplex over pyrrolidino analogidb, N-methyl piperazino analogufe, and piperidino analogue.

In comparison, it was quite evident that most sddigands could barely stabilize the hairpin e
formed by F10T, suggesting their poor binding te tluplex DNA. Only7g and7i showed weak effect on
hairpin structure wit\T, values of 3.6 and 3.7 °C. The selectivity of thdeavatives to G-quadruplex was
characterized by using a competitive FRET-meltingegiment, and the ability of the ligands to stabil
G-quadruplex was challenged with nonfluorescentl&upNA ds26 [30]. As shown in Figure 2, in the
presence of excess competitor ds26, the thermadiliztdion of FPu22T enhanced by some selected
compounds was slightly affected, which demonstrétet 4-anilinoquinazoline derivatives could speaily

stabilize G-quadruplex without significant effeot tluplex DNA.

3.2 Studies on the binding and selectivity of ggiwes on c-myc G-quadruplex DNA by using SPR

To investigate the binding affinity and selectivitfthe synthesized compounds éemycG-quadruplex,
SPR experiments were carried out quantitativelyubiyng biotinylatedc-myc G-quadruplex DNA Pu22 and
biotinylated duplex DNA attached to a streptavidoated sensor chip [33]. The binding constants were
determined through equilibrium analysis. As shownTable 2, theKp values for most of the derivatives

binding toc-mycG-quadruplex showed strong binding affinity, rashgeom 0.14 to 8.08iM except2a, 3c,
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and5a~5f. Most of the compounds with two alkylamino sideicls {a~7c, 7¢ 7f, 7h, 7i, 8a, 8b, and9a)
exhibited strong binding affinity foc-mycG-quadruplex among 4-anilinoquinazoline derivatjwggh their
Kp values lower than 1M, while weaker or no obvious binding was found fieese compounds to duplex
DNA. These results demonstrated that the introdoctf two alkylamino side chains onto the scaffofd
4-anilinoquinazoline derivatives had improved bigdability and selectivity for G-quadruplex. In &tluh, it
was found that amide bond at thara-position of anilino is better than ether bondrtgprove the interaction
of ligand with G-quadruplex structure, which was parallel with FRET-melting data. Moreover, SPR
experimental data also indicated that the amide siichins of the tested compounds with two bondsdet
carbonyl group and basht terminus were optimal for their interactions wishquadruplex. A comparison of
the SPR assay results for the reference compbirtiic (Ko™**= 0.49uM, Ko™ = 9.18uM) with some
of 4-anilinoquinazoline derivatives, such @a, Kp™'?? = 0.21 pM, Kp™"®* > 10 pM, revealed that the
introduction of substituted anilino at the 4-pasitiof quinazoline core had beneficial effect onrthending
ability and selectivity forc-myc G-quadruplex. The results from above FRET and ®Rperiments all
supported that these 4-anilinoquinazoline deriestigould selectively bind and stabilize G-quadixpBNA

over duplex DNA, which could act as a new claskighly selective G-quadruplex binding ligands.

3.3 Studies on the binding property of derivatioess-quadruplex by using CD

CD spectroscopy is an extremely sensitive methodlé&ermining the conformation of G-quadruplex
structures and the interaction between ligands dBdjuadruplex [33]. Oligonucleotide Pu22
(5-TGAGGGTGGGTAGGGTGGGTAA-3") was used as thmycsequence. The binding property of some
4-anilinoquinazoline derivative$lf, 7a, 7b, 7¢, 7¢ 7f, and7h) to c-mycG-quadruplex was further studied

with this method. As show in Figure 3A, in the mese of 100 mM KCI, Pu22 showed a positive sighal a
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about 262 nm and a negative signal at 242 nm, whigjgested a typical parallel G-quadruplex strectur
Upon addition of compounds to Pu22, no significziminge wasbserved while the peak height was slightly
decreased, which indicated that 4-anilinoquina®oliderivatives could still maintain paralle-myc
G-quadruplex conformation in the presence of paiasfon.
The CD spectra of Pu22 without any metal cation®ain temperature exhibited a negative peak at 240

nm and a positive peak at 260 nm. After the treatmath 4-anilinoquinazoline derivatives, the pogtpeak

at 260 nm and the negative peak at 240 nm werdlygirareased (Fig. 3B), which was similar with t6®
spectrum of Pu22 in the presence of KCI. The resdlicated that 4-anilinoquinazoline derivativesulcb
effectively induce the formation of paralleimycG-quadruplex conformation in the absence of nettibns

and further confirmed a strong interaction betw&eguadruplex DAN and our derivatives.

3.4 Studies of the derivatives on antitumor actilaly using MTT

To investigation the antitumor activity of the detives, MTT assay was employed to evaluate the
cytotoxicity of 4-anilinoquinazoline derivatives aigst cervical cancer cell line Hela, lung adencicama
cell line A549, lymphoma cell lines Raji and CA48&, well as primary cultured mouse mesangial agdl (in
which the proliferation does not dependmmycexpression [34]). In the assay, cell viability wetermined
through reduction of tetrazolium salt to blue fomma based on mitochondrial enzyme activity of suate
dehydrogenase in living cells. As shown in Tablal8jough compound8b, 7a, 7b, 7c, 7e 7f, 7h exhibited
strong stabilizing ability and affinity te-myc G-quadruplex, different cytotoxicity occurred argothese
compounds. Subsequently, we performed cell uptasayafor the compounds, and the result (Fig. S2)
showed that cellular uptake of compouts 7a, and7b were much higher than that of compouitiand7h,

which might explain the results that compounds bhadiously different cytotoxicity. Based on the abov
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results, we found thata stabilizedc-mycG-quadruplex with highAT,, value, bound the G-quadruplex with a
submicromolar binding constant, and exhibited gievninhibitory effects on the tumor cells while \ern
inhibitory effect on primary cultured mouse mesahgiells. Therefore, compounda may be a good

candidate for further cellular studies.

3.5 Down-regulation of c-myc transcription and exgsion by/a in Hela cells

RT-PCR was performed to determine the effect ofmaumd7a on the transcription af-mycgene. Hela
cells were incubated with compouiid at 0, 1.25, 2.5, 5, 7.5, 1M for 3 h. The total RNA was extracted
and reversely transcribed to cDNA. The cDNA wasithsed as a template for quantitative PCR amptifina
of thec-mycsequence. As shown in Figure 4A, derivaff@éeshowed inhibitory activity on the transcription of
c-mycin a concentration-dependent manner in Hela dalist, Western blot was performed to test the effec
of compound7a on expression of-myc As shown in Figure 4B, expression levelcamycalso decreased
upon treatment with compoungia. The above results suggested tat might target the G-quadruplex

structure in the promoter region @mycgene and hence down-regulated its expression.

3.6 Inhibition of cell proliferation by derivativéa

Since stabilization o€-mycG-quadruplex DNA could influence-myctranscription and inhibit cancer
cell growth, to further evaluate such inhibitoryfeet of compound7a, RTCA assays [35] and colony
formation assays were carried out. Hela cells (wierexpression of-mygQ and primary cultured mouse
mesangial cells (the proliferation does not dep@&md c-myc expression) were treated with various
concentrations of compouni¢h (0, 1.25, 2.5, 5, 7.5, 10M) in RTCA for 80 h, and the cell proliferation

results were shown in Figure 5. The compoidadhowed significant growth arrest on Hela cells, lgvinio
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such effect was found on primary cultured mouseamgisl cells.

Colony formation assays showed a more visualizedltrabout cell proliferation inhibition of compadin
7a. Hela cells and primary cultured mouse mesangids gvere treated with various concentrationgaf2, 1,
0.5, 0.25uM and DMSO control) for 8 days. As shown in Figére2 uM of 7a almost completely inhibited

Hela cell proliferation, without effect on primacultured mouse mesangial cells.

3.7 GO/G1 phase arrest of Hela cells by derivaiae

As shown in RTCA and colony formation assays, cammgo/a could obviously inhibit Hela cell
proliferation. To explore the mechanism of thisilrition, we performed cell cycle analysis to deteletla
cells treated witlTa at various concentrations and on different timerwals. Compound@a treatment gave an
increase in GO/G1 phase from 30.8% to 61.1% ima-tlependent manner (Figure 7A), and an increase fr
35.9% to 54.8% in a dose-dependent manner (FigfafB)8 h measured by using EPICS XL flow cytometer

These results indicated théd could arrest Hela cells in GO/G1 phases.

4. Conclusions

Some unfused aromatic ligands have been known fastigé and selective G-quadruplex binding
ligands. Based on previous reports for the usenitiha on G-quadruplex ligand design, in the préstady,
an aniline group was attached to the scaffold afgeviously reported quinazoline derivatives teegtwo
series of novel unfused aromatic quinazoline dériga, including 4-anilinoquinazoline derivativeefies I)
and 4-anilino-2-phenylquinazoline derivatives (8grll). Positively charged side chain has been shtow

play an important role in recognizing G-quadrupltherefore, various positively charged side chawase
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incoporated into the molecules. Our FRET and SRiem@xents suggested that two positively chargedlami
side chains showed strong affinity and selectivdyc-myc G-quadruplex against the duplex DNA. The
introduced two positively charged side chains cquadtticipate in electrostatic and H-bonding intéicats
with the grooves and loops of the G-quadruplex DIRArther cellular studies showed that compouad
significantly down-regulated-mycgene transcription and expression in Hela celissygmably through the
stabilization ofc-mycG-quadruplex structure. In addition, RTCA and agldormation assays indicated that
7a significantly inhibited Hela cell proliferation, ithout influence on normal primary cultured mouse
mesangial cells. From flow cytometric assays, wenébthat7a arrested Hela cell cycle in GO/G1 phase in
both a time-dependent and a dose-dependent marire=e results showed that the introduction of aiman
group to 2-position of quinazoline core is an et approach for obtaining promisirgmyc promoter
G-quadruplex binding ligands. Further studies areded to investigate the properties of compouiaie.g.
basic experimental ADME test and the inhibitoryeeffto tumor xenografts growih vivo, and based on

these data, more powerful analogs could be designed

5. Experimental Section

5.1. Synthesis and characterization

All commercial chemicals used as starting matemnase analytical grade and utilized without further
purification. 'H and **C NMR spectra were recorded using TMS as the iatestandard in DMS@ or
CDCl; with a Bruker BioSpin GmbH spectrometer at 400 Mirgl 100 MHz, respectively; Mass spectra (MS)
were recorded on a Shimadzu LCMS-2010A instrumethi an ESI or ACPI mass selective detector, and
high resolution mass spectra (HRMS) were recordeflomadzu LCMS-IT-TOF. Melting points (m.p.) were

12



determined by using capillary tubes with a MSRSHaelt automated melting point instrument without
correction. The purities of synthesized compoundseveonfirmed to be higher than 95% by using aizallyt

HPLC equipped with a dual pump Shimadzu LC-20ABeayswith an Ultimate XB-C18 column.

5.1.1 Synthesis of intermediates
The intermediate%0 ~ 27were preparefbllowing the process shown in Scheme 1 and 2,thedietail of

synthesis was described in Supporting Information.

5.1.2. General procedure A: preparationlafand 1b

To a stirred suspension &Pa or 12b (1 mmol), KCO; (2 mmol), KI (1 mmol) in DMF (10 mL) was
added diethylamine (20 mmol). The solution wasedirunder 130 °C for 12 h, cooled to room tempeeatu
and diluted with 25 mL water. The reaction mixturas extracted with ethyl acetate (50 mLx2), the lzioed
the organic layers washed six times with water dmneld over NgSO,, and then evaporated under vacuum.
The crude solid was purified by using chromatogyaphth CH,Cl,/MeOH/NH;- H,O elution to affordla and

1b.

5.1.2.1. 2-(diethylamino)-N-(4-((2-(diethylaminojgazolin-4-yl)amino)phenyl)acetamidela). Compound
12a was treated with excess diethylamine accordingygneral procedure A to affortla. After column
chromatography with C}l,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 71% yield. m.p. 131.1-133.1 °& NMR (400 MHz, CDCJ): 6 9.41 (s, 1H), 7.74 (dl = 8.9
Hz, 2H), 7.66 (dJ = 8.1 Hz, 1H), 7.59 (d] = 8.9 Hz, 2H), 7.56 — 7.47 (m, 2H), 7.34 (s, 1HP8 (t,J = 8.0
Hz, 1H), 3.71 (g = 7.0 Hz, 4H), 3.16 (s, 2H), 2.66 @= 7.1 Hz, 4H), 1.23 ( = 7.0 Hz, 6H), 1.11 () =
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7.1 Hz, 6H);"*C NMR (101 MHz, CDGCJ): § 170.1, 158.1, 157.3, 153.2, 135.5, 133.2, 1326,1] 121.4,
120.6, 120.5, 119.8, 110.1, 58.1, 48.9, 41.7, 2836, 12.5. HRMS (ESI): Calcd for [M-H{C,sH3:NsO)

requires m/z 419.2565, found 419.2550.

5.1.2.2. 3-(diethylamino)-N-(4-((2-(diethylaminojggazolin-4-yl)amino)phenyl)propanamidéd). Compound
12b was treated with excess diethylamine accordingigoeral procedure A to affortlb. After column
chromatography with C}l,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 62% yield. m.p. 135.3-137.4°& NMR (400 MHz, CDCJ): § 11.27 (s, 1H), 7.69 (d,= 8.9
Hz, 2H), 7.65 (d,J = 8.1 Hz, 1H), 7.53 (d] = 9.0 Hz, 3H), 7.51 — 7.49 (m, 1H), 7.33 (s, 1HR9 — 7.05 (M,
1H), 3.70 (qJ = 7.0 Hz, 4H), 2.81 — 2.77 (m, 2H), 2.69 Jc5 7.1 Hz, 4H), 2.55 — 2.49 (m, 2H), 1.22J&

7.0 Hz, 6H), 1.14 () = 7.1 Hz, 6H);*C NMR (101 MHz, CDGJ)): 6 171.0, 158.2, 157.4, 153.1, 135.0, 134.4,
132.5, 126.0, 121.6, 120.7, 120.5, 119.9, 110.9,48.0, 41.7, 33.1, 13.5, 11.5. HRMS (ESI): Cdind

[M-H] " (CzsH34N6O) requires m/z 433.2721, found 433.2704.

5.1.3. General procedure B: preparation2af and 2b

The mixture ofl2aor 12b (2 mmol), and KCO; (4 mmol) in 10 mL DMF was added diethylamine (10
mmol). The solution was stirred at 80 °C for 1Zdwled to room temperature, and diluted with 25waalter.
The resulting solution was extracted with £ (50 mLx2), the combined organic phase washedirsigst
with water and dried over NaQ,, and then evaporated under vacuum. The crude wabdpurified by using

chromatography with C}¥Cl,/MeOH/NH;- H,O elution to afforda and2b.

5.1.3.1. N-(4-((2-chloroquinazolin-4-yl)amino)ph&r3-(diethylamino)acetamide2d). Compoundl2a was
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treated with excess diethylamine according to gam@ocedure B to afforfa. After column chromatography
with CH,Cl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was oigdias a pale yellow solid in
58% yield. m.p. 213.0-215.4°&H NMR (400 MHz, CDCJ): 6 9.56 (s, 1H), 8.04 (dl = 7.9 Hz, 2H), 7.85 —
7.77 (m, 2H), 7.72 (d] = 8.9 Hz, 2H), 7.60 (d] = 8.9 Hz, 2H), 7.56 — 7.52 (m, 1H), 3.22 (s, 2MY0 (d,J =

6.8 Hz, 4H), 1.13 () = 7.1 Hz, 6H);*C NMR (101 MHz, CDGJ)): ¢ 158.8, 157.3, 151.4, 134.4, 133.8, 133.7,
128.0, 126.5, 122.9, 121.3, 120.4, 113.6, 58.09,482.4. HRMS (ESI): Calcd for [M+H](CyH3sN-O)

requires m/z 384.1586, found 384.1588.

5.1.3.2. N-(4-((2-chloroquinazolin-4-yl)amino)phenyl)-3-(thglamino)propanamide 2b). Compound 12b
was treated with excess diethylamine according ¢oecal procedure B to affor@b. After column
chromatography with C}l,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 40% yield. m.p. 171.0-172.3°&1 NMR (400 MHz, DMSO#): § 10.21 (s, 1H), 10.17 (s,
1H), 8.55 (dJ = 8.1 Hz, 1H), 7.91 — 7.84 (m, 1H), 7.73 — 7.67 {i), 7.65 (d,) = 5.9 Hz, 4H), 7.62 (s, 1H),
2.75 (t,J = 6.9 Hz, 2H), 2.55 — 2.50 (m, 4H), 2.43Xt 7.0 Hz, 2H), 0.99 (t] = 7.1 Hz, 6H)*C NMR (101
MHz, DMSO-): ¢ 170.4, 159.4, 156.4, 150.8, 136.2, 133.9, 13326,8, 126.5, 123.6, 123.4, 119.1, 113.7,
48.4, 46.1, 34.1, 11.8. HRMS (ESI): Calcd for [M¥HICx»H24Ns OCI) requires m/z 398.1742, found

398.1741.

5.1.4. General procedure C: preparation3af~ 3¢

A mixture of 2a or 2b (0.3 mmol), appropriate phenylboronic acid (0.4&al), NaCO; (0.9 mmol), and
Pd(PPh)4 (0.03 mmol) in 10 mL DMF and 2 mL & was purged with nitrogen, then was heated at° 000
for 12 h under nitrogen protection. The solutionsveaoled to room temperature, and diluted with 25 m

15



water. The resulting solution was extracted with,Cl(50 mLx2), the combined organic phase washed three
times with water and dried over p&0,, and then evaporated under vacuum. The crude wabdpurified by

using chromatography with GBI./MeOH/NH;- H,O elution to affordBa ~ 3c.

5.1.4.1. 2-(diethylamino)-N-(4-((2-(4-hydroxyphgguwinazolin-4-yl)amino)phenyl)acetamide  3aj.
Compound?a was treated with 4-hydroxyphenylboronic acid adouy to general procedure C to aff@d
After column chromatography with GBI,/MeOH/NH;-H,O (50:1:0.1) elution, the desired product was
obtained as a pale yellow solid in 45% yield. n2@5.8-207.4 °CH NMR (400 MHz, DMSOds): ¢ 9.88 (s,
1H), 9.76 (s, 1H), 9.70 (s, 1H), 8.52 (= 8.3 Hz, 1H), 8.28 (d] = 8.6 Hz, 2H), 7.90 (d] = 8.9 Hz, 2H),
7.84 — 7.76 (m, 2H), 7.73 (d,= 8.9 Hz, 2H), 7.54 (1) = 7.3 Hz, 1H), 6.87 (d] = 8.6 Hz, 2H), 3.19 (s, 2H),
2.64 (d,J = 6.2 Hz, 4H), 1.06 (t) = 7.1 Hz, 6H);*C NMR (101 MHz, DMSOd,): 5 170.1, 160.1, 159.7,
158.0, 151.1, 135.4, 134.6, 133.4, 130.1, 129.8,312125.6, 123.4, 122.9, 119.9, 115.6, 114.1, ,548HA,

12.5. HRMS (ESI): Calcd for [M+H](C,eH27:NsO5) requires m/z 442.2238, found 442.2221.

5.1.4.2. N-(4-((2-(2-aminophenyl)quinazolin-4-yljao)phenyl)-3-(diethylamino)propanamide  3bj.
Compound2b was treated with 2-aminophenylboronic acid aceaydb general procedure C to affat.
After column chromatography with GBI,/MeOH/NH;-H,O (50:1:0.1) elution, the desired product was
obtained as a pale yellow solid in 40% yield. m.p0.9-123.4 °C!H NMR (400 MHz, CDC}): ¢ 11.30 (s,
1H), 8.50 (d,J = 7.9 Hz, 1H), 7.94 — 7.86 (m, 2H), 7.77 (m, 3AB4 (d,J = 8.3 Hz, 2H), 7.54 — 7.47 (m, 2H),
7.22 (t,J = 7.5 Hz, 1H), 6.79 () = 7.5 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.543H), 2.85 (d.J = 5.3 Hz,
2H), 2.75 (ddJ = 13.8, 6.8 Hz, 4H), 2.59 (@,= 5.3 Hz, 2H), 1.20 (1) = 6.9 Hz, 6H)*C NMR (101 MHz,
DMSO-dg): 6 170.8, 161.8, 157.5, 150.5, 150.0, 136.0, 13438,6, 131.4, 131.0, 127.9, 125.9, 123.7, 123.4,
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119.5, 118.2, 116.9, 115.1, 113.6, 48.9, 46.6,,326. HRMS (ESI): Calcd for [M-H]C,;H30N¢O) requires

m/z 453.2408, found 453.2391.

5.1.4.3. 3-(diethylamino)-N-(4-((2-phenylquinazediyl)amino)phenyl)propanamid&d). Compound2b was
treated with phenylboronic acid according to gehpracedure C to affor@c. After column chromatography
with CH,Cl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was oig@dias a pale yellow solid in
50% yield. m.p. 152.5-154.7 °@4 NMR (400 MHz, CDCJ): 5 11.28 (s, 1H), 8.53 (d, = 7.0 Hz, 2H), 7.98
(d,J = 8.3 Hz, 1H), 7.92 (d] = 8.2 Hz, 1H), 7.83 (d] = 8.1 Hz, 2H), 7.78 (] = 7.7 Hz, 1H), 7.63 (d] = 8.1

Hz, 2H), 7.57 (s, 1H), 7.53 — 7.43 (m, 4H), 2.8B.79 (m, 2H), 2.72 (g] = 7.0 Hz, 4H), 2.60 — 2.51 (m, 2H),
1.17 (t,J = 7.1 Hz, 6H);"*C NMR (101 MHz, CDGJ): 6 171.1, 160.4, 157.5, 151.0, 138.8, 134.8, 134.5,
132.8, 130.2, 129.1, 128.5, 128.4, 125.9, 122.2,812120.2, 114.0, 77.4, 77.1, 76.8, 48.9, 46.01,38L.6.

HRMS (ESI): Calcd for [M+H] (C,sH,oNsO) requires m/z 440.2445, found 440.2428.

5.1.5. General procedure D: preparation4zf and4b

To a stirred suspension bba or 15b (0.55 mmol) and BCO; (1.1 mmol) in DMF (10 mL) was added
dropwise diethylamine (11 mmol). The mixture wagetl under 110 °C for 12 h, cooled to room tempees
and diluted with 25 mL water. The resulting solatiwas extracted with Gi&l, (50 mLx2), the combined
organic phase washed six times with water and dneat NaSQ,, and then evaporated under vacuum. The

crude solid was purified by using chromatographthgH,Cl./MeOH/NH;- H,O elution to affordda and4b.

5.1.5.1. N-(4-(2-(diethylamino)ethoxy)phenyl2N?-diethylquinazoline-2,4-diamine4q). Compound 15a
was treated with excess diethylamine according ¢oecal procedure D to afforda. After column
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chromatography with C}l,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 73% yield. m.p. 149.5-152.5 °t&{ NMR (400 MHz, CDCJ): 6 7.64 — 7.57 (m, 3H), 7.52 (m,
2H), 7.13 (s, 1H), 7.07 (dd,= 11.2, 5.0 Hz, 1H), 6.92 (d,= 9.0 Hz, 2H), 4.09 () = 6.3 Hz, 2H), 3.69 (]
= 7.0 Hz, 4H), 2.91 () = 6.2 Hz, 2H), 2.68 (q] = 7.1 Hz, 4H), 1.20 () = 7.0 Hz, 6H), 1.10 () = 7.1 Hz,
6H); *C NMR (101 MHz, CDGJ): 6 158.2, 157.6, 155.2, 153.1, 132.5, 132.2, 12622,9, 120.5, 120.4,
114.6, 110.0, 77.4, 77.0, 76.7, 66.9, 51.8, 471%,413.5, 11.8. HRMS (ESI): Calcd for [M-H[C4H33NsO)

requires m/z 406.2612, found 406.2597.

5.1.5.2. N-(4-(3-(diethylamino)propoxy)phenyl2NP-diethylquinazoline-2,4-diamineslf). Compound15b
was treated with excess diethylamine according @oetpl procedure D to affordb. After column
chromatography with C}l,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 70% yield. m.p. 133.0-134.9 °& NMR (400 MHz, CDCJ): 6 7.64 — 7.57 (m, 3H), 7.55 —
7.50 (m, 1H), 7.47 (d] = 8.2 Hz, 1H), 7.10 (s, 1H), 7.09 — 7.04 (m, 16181 (d,J = 8.9 Hz, 2H), 4.03 (1 =
6.3 Hz, 2H), 3.68 (q] = 7.0 Hz, 4H), 2.67 — 2.61 (m, 2H), 2.57 J 7.1 Hz, 4H), 2.00 — 1.90 (m, 2H), 1.20
(t, J= 7.0 Hz, 6H), 1.05 (1] = 7.1 Hz, 6H)*C NMR (101 MHz, CDGJ): ¢ 158.3, 157.5, 155.4, 153.2, 132.5,
132.1, 126.2, 122.8, 120.4, 120.3, 114.5, 110.07,68®.4, 47.0, 41.6, 27.1, 13.6, 11.8. HRMS (ESBlcd

for [M-H] ™ (CzsH3sNsO) requires m/z 420.2769, found 420.2752.

5.1.6. General procedure E: preparationaaf~ 5f

To a stirred suspension 21 (0.3 mmol) and KCO; (0.6 mmol) in DMF (10 mL) was added dropwise
appropriate amine (3 mmol). The mixture was stiader 100 °C for 12 h, cooled to room temperatamne,
diluted with 25 mL water. The resulting solutionsaextracted with CkCl, (50 mLx2), the combined organic
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phase washed six times with water and dried oveBS8a and then evaporated under vacuum. The crude

solid was purified by using chromatography with CH/MeOH/NH;- H,O elution to afforcba ~ 5f

5.1.6.1. 2-(4-((4-(2-(diethylamino)ethoxy)phenylyamquinazolin-2-yl)phenol 5a). Compound 21 was
treated with excess diethylamine according to gdrocedure E to afforfia. After column chromatography
with CH,Cl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was oig@dias a pale yellow solid in
40% yield. m.p. 139.7-141.1 °&4 NMR (400 MHz, CDCJ): § 14.53 (s, 1H), 8.39 (dd,= 7.9, 1.5 Hz, 1H),
7.87 (d,J = 8.1 Hz, 1H), 7.83 (d] = 8.3 Hz, 1H), 7.80 — 7.75 (m, 1H), 7.64 Jck 8.8 Hz, 2H), 7.54 (s, 1H),
7.52 — 7.47 (m, 1H), 7.38 — 7.31 (m, 1H), 7.02976m, 3H), 6.94 — 6.88 (m, 1H), 4.13.Jt= 6.2 Hz, 2H),
2.94 (t,J = 6.1 Hz, 2H), 2.71 (q] = 7.1 Hz, 4H), 1.12 () = 7.1 Hz, 6H):*C NMR (101 MHz, CDGJ): 6
161.5, 161.3, 157.2, 156.3, 148.0, 133.4, 132.6,71.3.29.5, 127.5, 126.1, 124.2, 120.6, 119.6,61118.7.6,
114.9, 113.3, 66.8, 51.8, 47.9, 11.8. HRMS (ESBIc€ for [M-H] (CxH2sN40,) requires m/z 427.2139,

found 427.2127.

5.1.6.2. 2-(4-((4-(2-(pyrrolidin-1-yl)ethoxy)phepaino)quinazolin-2-yl)phenol 56). Compound 21 was
treated with excess pyrrolidine according to gelngracedure E to affor@b. After column chromatography
with CH,Cl,/MeOH/NH;- H;O (50:1:0.1) elution, the desired product was oigdias a pale yellow solid in
60% yield. m.p. 183.4-186.6 °G4 NMR (400 MHz, CDCJ): § 14.52 (s, 1H), 8.39 (dd,= 7.9, 1.6 Hz, 1H),
7.89 (d,J = 8.1 Hz, 1H), 7.84 (d] = 7.5 Hz, 1H), 7.81 — 7.75 (m, 1H), 7.65 Jck 8.9 Hz, 2H), 7.56 (s, 1H),
7.51-7.49 (m, 1H), 7.35-7.32 (m, 1H), 7.06 — 61883H), 6.94 — 6.88 (M, 1H), 4.20 Jt= 5.8 Hz, 2H), 2.99
(t, J = 5.8 Hz, 2H), 2.73 (s, 4H), 1.88-1.84 (m, 4H¢ NMR (101 MHz, CDCJ): § 161.5, 161.3, 157.2,
156.3, 148.0, 133.4, 132.6, 130.8, 129.5, 127.6,112124.2, 120.6, 119.6, 118.6, 117.6, 115.0,3116% .4,
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55.2, 54.8, 23.5. HRMS (ESI): Calcd for [M-HT,sH26N.0>) requires miz 425.1983, found 425.1969.

5.1.6.3. 2-(4-((4-(2-(4-methylpiperazin-1-yl)ethjptyenyl)amino)quinazolin-2-yl)phendbd). Compound21
was treated with excesémethyl piperazine according to general procedur® BGfford 5¢. After column
chromatography with C}l,/MeOH/NH;- H,O (25:1:0.1) elution, the desired product was olgdias a pale
yellow solid in 64% yield. m.p. 142.3-143.3 °& NMR (400 MHz, CDCJ): 6 14.53 (s, 1H), 8.39 (dd,=
7.9, 1.5 Hz, 1H), 7.88 (d} = 8.1 Hz, 1H), 7.83 (d] = 8.3 Hz, 1H), 7.79- 7.75 (m, 1H), 7.65 {d= 8.9 Hz,
2H), 7.57 (s, 1H), 7.53 — 7.47 (m, 1H), 7.38 — 7(B2 1H), 7.00 (d,) = 8.9 Hz, 3H), 6.94 — 6.88 (m, 1H),
4.16 (t,J = 5.8 Hz, 2H), 2.86 (1] = 5.8 Hz, 2H), 2.69 (s, 4H), 2.55 (s, 4H), 2.3431d); °C NMR (101 MHz,
CDCly): ¢ 161.4, 161.2, 157.2, 156.1, 147.9, 133.3, 13233, 129.5, 127.3, 126.1, 124.2, 120.8, 119.6,
118.6, 117.6, 114.9, 113.4, 66.2, 57.2, 55.0, 58%). HRMS (ESI): Calcd for [M+H](C,7H20NsO>) requires

m/z 456.2394, found 456.2398.

5.1.6.4. 2-(4-((4-(2-morpholinoethoxy)phenyl)am@qmohazolin-2-yl)phenol 5d). Compound21 was treated
with excess morpholine according to general proeediito afford5d. After column chromatography with
CH,Cl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was oletdias a pale yellow solid in 70%
yield. m.p. 162.5-164.1 °CH NMR (400 MHz, CDCJ): § 14.55 (s, 1H), 8.39 (d, = 6.9 Hz, 1H), 7.85 (d]

= 8.3 Hz, 1H), 7.82 (d] = 8.3 Hz, 1H), 7.77 (] = 7.5 Hz, 1H), 7.65 (d] = 8.7 Hz, 2H), 7.54 (s, 1H), 7.49 (t,
J=7.4 Hz, 1H), 7.38 — 7.32 (m, 1H), 7.00 {d= 8.8 Hz, 3H), 6.91 () = 7.5 Hz, 1H), 4.17 () = 5.6 Hz,
2H), 3.82 — 3.73 (m, 4H), 2.85 (= 5.6 Hz, 2H), 2.63 (d] = 4.2 Hz, 4H)*C NMR (101 MHz, CDG)): &
161.4, 161.2, 157.1, 156.0, 147.9, 133.4, 132.6,93.29.5, 127.4, 126.1, 124.1, 120.6, 119.5,61118.7.6,
114.9, 113.3, 66.9, 66.0, 57.7, 54.1. HRMS (ESBlc@ for [M+H]" (CxH2eN4Os) requires m/z 443.2078,
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found 443.2080.

5.1.6.5. 2-(4-((4-(2-(piperidin-1-yl)ethoxy)pheryhino)quinazolin-2-yl)phenol 5¢). Compound 21 was
treated with excess piperidine according to genamatedure E to affor8e After column chromatography
with CH,Cl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was oigdias a pale yellow solid in
55% yield. m.p. 131.2-134.0 °@4 NMR (400 MHz, CDCJ): § 14.56 (s, 1H), 8.40 (d, = 7.9 Hz, 1H), 7.89
(d, J = 8.1 Hz, 1H), 7.85 (d] = 8.3 Hz, 1H), 7.79 (t] = 7.6 Hz, 1H), 7.66 (d] = 8.4 Hz, 2H), 7.57 (s, 1H),
7.51 (t,J = 7.5 Hz, 1H), 7.35 (] = 7.6 Hz, 1H), 7.01 (d] = 8.2 Hz, 3H), 6.92 (f] = 7.5 Hz, 1H), 4.20 (] =

5.7 Hz, 2H), 2.87 (tJ = 6.1 Hz, 2H), 2.61 (s, 4H), 1.72 — 1.62 (m, 4H}9 (s, 2H)*C NMR (101 MHz,
CDCly): ¢ 161.3, 161.2, 157.2, 156.0, 147.9, 133.3, 1323B.8, 129.5, 127.3, 126.1, 124.2, 120.8, 119.6,
118.6, 117.5, 114.8, 113.4, 66.0, 57.9, 55.1, Z% 0. HRMS (ESI): Calcd for [M+H](C,7H»eN,4O>) requires

m/z 441.2285, found 441.2275.

5.1.6.6. 2-(4-((4-(2-((2-(diethylamino)ethyl)yamiatijoxy)phenyl)amino)quinazolin-2-yl)phenol  5f)(
Compound21 was treated with excedsN-diethylethylenediamine according to general procedE to afford
5f. After column chromatography with GEI,/MeOH/NH;-H,O (25:1:0.1) elution, the desired product was
obtained as a pale yellow solid in 40% yield. m.p2.9-124.8 °CIH NMR (400 MHz, CDC}): 6 14.60 (s,
1H), 8.39 (d,J = 7.7 Hz, 1H), 7.93 (d = 8.1 Hz, 1H), 7.85 — 7.73 (m, 3H), 7.64 Jds 8.4 Hz, 2H), 7.49 (t]
= 7.4 Hz, 1H), 7.34 () = 7.5 Hz, 1H), 6.99 () = 9.0 Hz, 3H), 6.91 (1) = 7.5 Hz, 1H), 4.12 () = 4.8 Hz,
2H), 3.06 (tJ = 4.9 Hz, 2H), 2.81 (1] = 6.1 Hz, 2H), 2.64 (t] = 6.1 Hz, 2H), 2.57 (m, 4H), 2.42 (s, 1H), 1.05
(t, J = 7.1 Hz, 6H);"*C NMR (101 MHz, CDGJ)): ¢ 161.4, 161.2, 157.3, 156.2, 148.0, 133.3, 13285,9,
129.5, 127.3, 126.1, 124.3, 121.0, 119.6, 118.%,611114.7, 113.5, 67.5, 52.6, 49.0, 47.5, 47.0].HRMS
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(ESI): Calcd for [M+H] (CxgH33Ns0,) requires m/z 472.2707, found 472.2690.

5.1.7. General procedure F: preparation@s~6d, 7a~7i

To a stirred suspension of the chloride compaziraor 27b (1 mmol) and KCOs; (2 mmol) in DMF (10
mL) was added dropwise appropriate amine (20 mnidig mixture was stirred under 80-100 °C for 12 h,
cooled to room temperature, and diluted with 25water. The resulting solution was extracted with,Cl
(50 mLx2), the combined organic phase washed smediwith water and dried over )£, and then
evaporated under vacuum. The crude solid was pdrifiby using chromatography with

CH,CIl,/MeOH/NH;- H,O elution to affordba ~ 6d 7a ~ 7i

5.1.7.1. 2-(diethylamino)-N-(2-(4-((4-(2-(diethylemm)acetamido)phenyl)amino)quinazolin-2-yl)phenyl)-
acetamide §a). Compound27a was treated with excess diethylamine accordingetoeral procedure F to
afford 6a. After column chromatography with GEl./MeOH/NH;- H,O (50:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 60% yieldh.r202.7-204.4 °C'H NMR (400 MHz, CDCJ): § 13.29
(s, 1H), 9.40 (s, 1H), 8.71 (d= 8.2 Hz, 1H), 8.37 (ddl = 7.9, 1.3 Hz, 1H), 8.13 (s, 1H), 8.03 {d; 8.2 Hz,
1H), 7.90 (d,J = 8.3 Hz, 1H), 7.77 (d] = 8.8 Hz, 2H), 7.68 (] = 7.6 Hz, 1H), 7.55 (d] = 8.5 Hz, 2H), 7.40
(t, J=7.1 Hz, 1H), 7.34 () = 7.7 Hz, 1H), 7.09 () = 7.5 Hz, 1H), 3.18 (s, 2H), 3.11 (s, 2H), 2.58 8H),
1.03 (t,J = 7.0 Hz, 6H), 0.88 (t) = 7.0 Hz, 6H);*C NMR (101 MHz, CDG)): 6 172.0, 170.4, 160.7, 157.5,
149.6, 138.8, 135.2, 133.7, 132.6, 131.0, 130.8,3,226.2, 126.0, 123.1, 122.6, 121.6, 121.4,11200.3.7,
58.7, 58.1, 49.1, 48.9, 12.5, 11.7. HRMS (ESI):c8dbr [M-H] (Cs,H3eN;0,) requires m/z 552.3092, found

552.3079.
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5.1.7.2. 2-(pyrrolidin-1-yl)-N-(2-(4-((4-(2-(pyrralin-1-yl)acetamido)phenyl)amino)quinazolin-2-ylgstyl)-
acetamide gb). Compound®27awas treated with excess pyrrolidine accordingetoegal procedure F to afford
6b. After column chromatography with GEIl,/MeOH/NH;-H,O (50:1:0.1) elution, the desired product was
obtained as a pale yellow solid in 70% yield. n248.4-251.1 °CIH NMR (400 MHz, CDC}): 6 13.43 (s,
1H), 9.19 (s, 1H), 8.71 (d,= 8.0 Hz, 1H), 8.42 (dd] = 8.0, 1.5 Hz, 1H), 7.96 (d,= 8.1 Hz, 1H), 7.90 (d]

= 8.2 Hz, 1H), 7.73 (dd] = 12.3, 5.3 Hz, 3H), 7.65 (s, 1H), 7.61 Jd; 8.9 Hz, 2H), 7.48 (1) = 7.6 Hz, 1H),
7.40 — 7.35 (m, 1H), 7.11 @&,= 7.1 Hz, 1H), 3.32 (s, 2H), 3.27 (s, 2H), 2.7359 (m, 8H), 1.83 (s, 4H), 1.66
(s, 4H);*C NMR (101 MHz, DMSQOd,): 6 169.6, 168.6, 159.9, 157.6, 148.8, 139.0, 1343¢,2] 133.0,
130.6, 130.4, 127.4, 126.4, 124.6, 122.9, 122.6,31219.5, 113.3, 61.7, 59.5, 54.0, 53.7, 23.%4.23RMS

(ESI): Calcd for [M-H] (Cs2H3sN7O,) requires m/z 548.2779, found 548.2782.

5.1.7.3. 2-(4-methylpiperazin-1-yl)-N-(2-(4-((4{(@-methylpiperazin-1-yl)acetamido)phenyl)amino)-
guinazolin-2-yl)phenyl)acetamide6d). Compound 27a was treated with excesbl-methyl piperazine
according to general procedure F to afféd After column chromatography with GEl,/MeOH/NH;- H,O
(25:1:0.1) elution, the desired product was obthiag a pale yellow solid in 68% yield. m.p. 23748-® °C;
'H NMR (400 MHz, CDCJ): 6 13.09 (s, 1H), 9.23 (s, 1H), 8.77 (= 8.3 Hz, 1H), 8.43 (dd] = 7.9, 1.5 Hz,
1H), 8.09 (dJ = 8.3 Hz, 1H), 8.06 (d] = 8.2 Hz, 1H), 7.90 (s, 1H), 7.85 {t= 8.3 Hz, 3H), 7.67 (d] = 8.8
Hz, 2H), 7.59 (t) = 7.6 Hz, 1H), 7.50 — 7.43 (m, 1H), 7.24 — 7.17 {id), 3.24 (s, 2H), 3.20 (s, 2H), 2.71 (s,
4H), 2.58 (s, 8H), 2.37 (s, 3H), 2.32 (s, 4H), A4,33H);**C NMR (101 MHz, CDGJ): 6 169.2, 168.5, 160.8,
157.2, 149.5, 138.8, 134.8, 133.9, 133.0, 130.0,8.329.1, 126.5, 125.4, 123.1, 122.4, 121.1,A21120.2,
113.5, 64.0, 61.9, 55.2, 54.2, 53.5, 53.3, 46.(8.43RMS (ESI): Calcd for [M-H](CssHa:NeO>) requires m/z
606.3310, found 606.3290.
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5.1.7.4. 2-morpholino-N-(2-(4-((4-(2-morpholinoaaetido)phenyl)amino)quinazolin-2-yl)phenyl)acetamide
(6d). Compound27awas treated with excess morpholine according teigeé procedure F to affo@t. After
column chromatography with GBl,/MeOH/NH;- H,O (50:1:0.1) elution, the desired product was olgdias

a pale yellow solid in 70% yield. m.p. 273.5-275C7 *H NMR (400 MHz, DMSO#): § 13.15 (s, 1H), 10.03
(s, 1H), 9.79 (s, 1H), 8.66 (d,= 8.2 Hz, 1H), 8.62 (d] = 8.2 Hz, 1H), 8.34 (d] = 7.8 Hz, 1H), 8.03 (d] =

8.2 Hz, 1H), 7.98 — 7.92 (m, 1H), 7.85 {5 8.8 Hz, 2H), 7.73 (d] = 8.8 Hz, 2H), 7.71 — 7.66 (m, 1H), 7.46
(t, J= 7.8 Hz, 1H), 7.19 () = 7.4 Hz, 1H), 3.71 — 3.62 (m, 4H), 3.41 (s, 4Bi},8 (s, 2H), 3.16 (s, 2H), 2.54
(s, 4H), 2.41 (s, 4H)C NMR (101 MHz, DMSOdq): 6 168.5, 167.9, 159.9, 157.6, 148.8, 138.6, 134.8,
134.3, 133.3, 130.6, 130.4, 127.9, 126.5, 124.9,a14122.9, 122.7, 120.2, 119.6, 113.4, 66.1, 6813), 62.0,

53.2. HRMS (ESI): Calcd for [M-H]Cs,H35N;O,) requires m/z 580.2678, found 580.2656.

5.1.7.5. 3-(diethylamino)-N-(2-(4-((4-(3-(diethylam)propanamido)phenyl)amino)quinazolin-2-yl)phényl
propanamide {a). Compound27b was treated with excess diethylamine accordingetweral procedure F to
afford 7a. After column chromatography with GEl./MeOH/NH;- H,O (15:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 58% yielh.r50.3-152.7 °C'H NMR (400 MHz, CDC}J): § 13.60
(s, 1H), 11.39 (s, 1H), 8.70 (@= 7.7 Hz, 1H), 8.56 (ddl = 8.0, 1.6 Hz, 1H), 8.05 (d,= 8.0 Hz, 1H), 7.96 (s,
1H), 7.86 (dJ = 7.6 Hz, 1H), 7.82 — 7.76 (m, 1H), 7.74 Jc& 8.9 Hz, 2H), 7.59 (d] = 8.9 Hz, 2H), 7.55 —
7.49 (m, 1H), 7.45 — 7.38 (m, 1H), 7.17 — 7.09 (i), 3.02 — 2.95 (m, 2H), 2.83 — 2.77 (m, 2H), AGQ =
7.1 Hz, 4H), 2.64 — 2.57 (m, 6H), 2.56 — 2.52 (iiH),21.16 (t,J = 7.1 Hz, 6H), 1.05 (fJ = 7.2 Hz, 6H)°C
NMR (101 MHz, CDC}): 6 171.3, 171.0, 160.9, 157.2, 148.9, 140.0, 13%0,3, 133.1, 131.1, 130.1, 127.7,
126.3, 123.6, 122.9, 122.7, 121.8, 120.5, 120.3,61148.9, 48.9, 46.9, 46.0, 36.3, 33.1, 11.7, .1HRMS
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(ESI): Calcd for [M-H] (Cz4H43N-O,) requires m/z 580.3405, found 580.3386.

5.1.7.6. 3-(pyrrolidin-1-yl)-N-(2-(4-((4-(3-(pyrralin-1-yl)propanamido)phenyl)amino)quinazolin-2-yl)
phenyl)propanamiderb). Compound27b was treated with excess pyrrolidine accordingenegal procedure
F to afford7b. After column chromatography with GEI,/MeOH/NH;-H,O (15:1:0.1) elution, the desired
product was obtained as a pale yellow solid in 64ékd. m.p. 198.6-202.3 °CH NMR (400 MHz, CDC)):

§ 13.60 (s, 1H), 11.30 (s, 1H), 8.74 — 8.68 (m, 18854 (dd,J = 8.0, 1.6 Hz, 1H), 8.09 (s, 1H), 8.07 (=
8.1 Hz, 1H), 7.86 — 7.81 (m, 1H), 7.79 — 7.74 (iM),17.73 (d,J = 8.9 Hz, 2H), 7.53 (d] = 8.9 Hz, 2H), 7.51

— 7.47 (m, 1H), 7.43 — 7.38 (m, 1H), 7.15 — 7.10 i), 2.94 (dd,) = 9.4, 5.7 Hz, 2H), 2.90 — 2.84 (m, 2H),
2.68 (dd,J = 10.4, 4.6 Hz, 6H), 2.57 (§,= 5.9 Hz, 6H), 1.91 (s, 4H), 1.79 — 1.71 (m, 4K% NMR (101
MHz, CDCk): ¢ 171.2, 170.6, 160.8, 157.2, 148.9, 140.0, 1353%,41 133.1, 131.1, 130.8, 127.7, 126.3,
123.6, 122.9, 122.7, 121.73, 120.5, 120.4, 11314,,53.2, 52.1, 51.4, 38.2, 34.7, 23.7, 23.5. HRESI):

Calcd for [M+H] (CzH39N;O5) requires m/z 578.3238, found 578.3265.

5.1.7.7. 3-(4-methylpiperazin-1-yl)-N-(2-(4-((4{&-methylpiperazin-1-yl)propanamido)phenyl)amino)-
guinazolin-2-yl)phenyl)propanamiderd). Compound27b was treated with exceds-methyl piperazine
according to general procedure F to aff@d After column chromatography with GEl,/MeOH/NH;- H,O
(15:1:0.1) elution, the desired product was obthiag a pale yellow solid in 63% yield. m.p. 2101®3 °C;

'H NMR (400 MHz, CDCY): 6 13.47 (s, 1H), 11.08 (s, 1H), 8.70 ¢k 8.3 Hz, 1H), 8.56 (ddl = 8.0, 1.5 Hz,
1H), 8.02 (d,) = 8.2 Hz, 1H), 7.89 — 7.84 (m, 1H), 7.83X& 7.0 Hz, 2H), 7.75 (d] = 8.9 Hz, 2H), 7.63 (d]

= 8.9 Hz, 2H), 7.59 — 7.54 (m, 1H), 7.46 — 7.41 (i), 7.18 — 7.12 (m, 1H), 2.88 (t= 7.4 Hz, 2H), 2.79 —
2.75 (M, 2H), 2.72 — 2.51 (m, 16H), 2.45 (s, 4HR72(s, 3H), 2.27 (s, 3H}’C NMR (101 MHz, CDGJ): 6
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170.8, 170.6, 160.8, 157.2, 149.0, 139.9, 135.8,4,333.2, 131.1, 130.8, 127.7, 126.3, 123.7,A2AR2.7,
121.7, 120.6, 120.3, 113.6, 55.3, 54.9, 54.2, &, 52.3, 46.0, 45.9, 36.2, 32.6. HRMS (ESl)icGdor

[M-H] ™ (C36H4sNoO,) requires m/z 634.3623, found 634.3594.

5.1.7.8. 3-morpholino-N-(2-(4-((4-(3-morpholinopesgmido)phenyl)amino)quinazolin-2-yl)phenyl)-
propanamide 7d). Compound27b was treated with excess morpholine according teegd procedure F to
afford 7d. After column chromatography with GEl,/MeOH/NHs- H,O (15:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 62% yieldp.n239.0-242.0 °C*H NMR (400 MHz, DMSOd): §
13.22 (s, 1H), 10.09 (s, 1H), 10.06 (s, 1H), 88 E 8.1 Hz, 1H), 8.54 (ddl = 8.3, 0.9 Hz, 1H), 8.44 (dd,

= 8.0, 1.6 Hz, 1H), 7.96 — 7.86 (m, 2H), 7.76 J&; 9.0 Hz, 2H), 7.72 — 7.64 (m, 3H), 7.48 — 7.41 {iH),
7.20 — 7.14 (m, 1H), 3.63 — 3.57 (m, 4H), 3.46403m, 4H), 2.68 — 2.59 (m, 4H), 2.53 — 2.50 (M), 28443

(s, 6H), 2.36 — 2.30 (m, 4H}*C NMR (101 MHz, DMSQde): § 169.9, 169.9, 160.0, 157.4, 148.5, 139.5,
135.8, 133.6, 133.6, 130.8, 130.4, 127.2, 126.3,512123.4, 123.1, 122.4, 120.1, 119.2, 113.4, 6862,
54.2, 53.1, 53.0, 35.4, 33.9. HRMS (ESI): Calcd drH] (CaHsoN-Os) requires m/z 608.2991, found

608.2967.

5.1.7.9. 3-(piperidin-1-yl)-N-(2-(4-((4-(3-(pipeli 1-yl)propanamido)phenyl)amino)quinazolin-2-ylgstyl)-
propanamide {€). Compound27b was treated with excess piperidine according toeggd procedure F to
afford 7e After column chromatography with GEl,/MeOH/NH;- H,O (15:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 60% yieldh.r811.9-214.3 °C'H NMR (400 MHz, CDCJ): ¢ 13.53
(s, 1H), 11.48 (s, 1H), 8.71 (d= 8.0 Hz, 1H), 8.56 (d] = 7.9 Hz, 1H), 8.02 (d] = 8.1 Hz, 1H), 7.88 (d] =
8.4 Hz, 1H), 7.85 (s, 1H), 7.84 — 7.78 (m, 1H),37(@,J = 8.2 Hz, 2H), 7.62 (d] = 8.1 Hz, 2H), 7.54 (] =
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7.3 Hz, 1H), 7.43 (t) = 7.6 Hz, 1H), 7.15 (t) = 7.4 Hz, 1H), 2.83 () = 7.2 Hz, 2H), 2.73 — 2.67 (m, 2H),
2.67 — 2.62 (M, 2H), 2.56 (d,= 5.2 Hz, 6H), 2.44 (s, 4H), 1.72 @= 4.3 Hz, 4H), 1.60 — 1.50 (m, 6H), 1.40
(s, 2H);*C NMR (101 MHz, CDGJ): ¢ 171.0, 170.8, 161.0, 157.1, 149.0, 140.1, 1358,9, 133.2, 131.3,
130.9, 128.1, 126.4, 123.6, 122.9, 122.7, 121.2,612120.2, 113.5, 55.0, 54.4, 54.3, 53.7, 36.35,326.3,

25.9, 24.3, 24.2. HRMS (ESI): Calcd for [M-HTssHsN70,) requires m/z 604.3405, found 604.3388.

5.1.7.10.
3-((2-(diethylamino)ethyl)amino)-N-(2-(4-((4-(3-{(&iethylamino)ethyl)amino)propanamido)-phenyl)-
amino)quinazolin-2-yl)phenyl)propanamide 7f Compound 27b was treated with excess
N,N-diethylethylenediamine according to general praced- to afford7f. After column chromatography with
CH.Cl,/MeOH/NH;- H,O (5:1:0.1) elution, the desired product was olgdias a yellow solid in 30% yield.
m.p. 140.0-143.0 °C*H NMR (400 MHz, CDCJ): 6 13.52 (s, 1H), 11.01 (s, 1H), 8.66 (d= 8.1 Hz, 1H),
8.55 (d,J = 7.9 Hz, 1H), 8.07 (s, 1H), 8.03 @z 8.1 Hz, 1H), 7.82 (d] = 7.8 Hz, 1H), 7.79 — 7.73 (m, 1H),
7.70 (d,J = 8.8 Hz, 2H), 7.61 (d] = 8.8 Hz, 2H), 7.49 (1] = 7.3 Hz, 1H), 7.41 () = 7.1 Hz, 1H), 7.13 (§ =
7.2 Hz, 1H), 3.02 (t) = 6.0 Hz, 4H), 2.82 — 2.71 (m, 4H), 2.66 — 2.47 {8H), 1.04 (tJ = 7.1 Hz, 6H), 0.98
(t, J = 7.1 Hz, 6H);"*C NMR (101 MHz, CDGJ): 6 171.4, 170.6, 160.6, 157.1, 149.0, 139.9, 13533,2,
133.1, 131.1, 130.8, 127.8, 126.3, 123.6, 123.,712421.6, 120.7, 120.5, 113.5, 52.3, 47.3, 41710, 46.7,
45.7, 45.3, 37.9, 36.0, 11.7, 11.5. HRMS (ESI):c8dbr [M-H] (CssHssNqO,) requires m/z 666.4249, found

666.4273.

5.1.7.11.  3-((3-(diethylamino)propyl)amino)-N-(2{(4-(3-((3-(diethylamino)propyl)amino)propanamieo)
phenyl)amino)quinazolin-2-yl)phenyl)propanamiderg)( Compound 27b was treated with excess
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N,N-diethyl-1,3-propanediamine according to generatedure F to affordg. After column chromatography
with CH,Cl,/MeOH/NH;- H,O (5:1:0.1) elution, the desired product was oledias a yellow solid in 35%
yield. m.p. 143.5-146.2 °CH NMR (400 MHz, CDCJ): 6 13.53 (s, 1H), 10.96 (s, 1H), 8.67 (= 8.3 Hz,
1H), 8.56 (dd,) = 8.0, 1.5 Hz, 1H), 8.04 (d,= 8.2 Hz, 1H), 8.00 (s, 1H), 7.86 — 7.82 (m, 1H)7 (tJ= 7.6

Hz, 1H), 7.71 (dJ = 8.9 Hz, 2H), 7.62 (d] = 8.9 Hz, 2H), 7.54 — 7.49 (m, 1H), 7.45 — 7.39 {iH), 7.16 —
7.12 (m, 1H), 2.99 (ddl = 8.0, 4.7 Hz, 4H), 2.78 (8,= 6.7 Hz, 2H), 2.69 () = 6.9 Hz, 2H), 2.61 — 2.42 (m,
16H), 1.79 — 1.71 (m, 2H), 1.65 (m, 2H), 1.07 -01(§J = 7.1 Hz, 6H), 0.98 () = 7.1 Hz, 6H);*C NMR
(101 MHz, CDC}): 6 171.4, 170.7, 160.6, 157.2, 148.9, 139.8, 13%4,3] 133.1, 131.0, 130.8, 127.7, 126.3,
123.6, 123.0, 122.7, 121.8, 120.5, 120.5, 113.%,51.0, 48.6, 48.3, 46.8, 46.7, 45.7, 45.4, 33690, 27.2,

26.8, 11.5, 11.4. HRMS (ESI): Calcd for [M-HT.HsNsO,) requires m/z 694.4562, found 694.4581.

5.1.7.12. 3-((2-(dimethylamino)ethyl)amino)-N-(2¢(4-(3-((2-(dimethylamino)ethyl)amino)propanamieo)
phenyl)amino)quinazolin-2-yl)phenyl)propanamide’h){ Compound 27b was treated with excess
N,N-dimethylethylenediamine according to general pdoce F to afford7h. After column chromatography
with CH,Cl,/MeOH/NH;- H,O (5:1:0.1) elution, the desired product was olgdias a yellow solid in 32%
yield. m.p. 140.1-143.2 °CGH NMR (400 MHz, CDCJ): 6 13.40 (s, 1H), 10.76 (s, 1H), 8.55 (i 7.8 Hz,
1H), 8.45 (dd,) = 8.0, 1.5 Hz, 1H), 8.24 (s, 1H), 8.03 Jcs 8.2 Hz, 1H), 7.70 (dl = 7.4 Hz, 1H), 7.67 — 7.62
(m, 1H), 7.60 (dJ = 8.8 Hz, 2H), 7.50 (d] = 8.8 Hz, 2H), 7.41 — 7.36 (m, 1H), 7.34 — 7.29 (), 7.07 —
7.01 (m, 1H), 2.94 (t] = 6.2 Hz, 4H), 2.70 (m, 4H), 2.52 — 2.47 (m, 2P{%6 — 2.40 (m, 4H), 2.35 (3,= 6.2
Hz, 2H), 2.19 (s, 6H), 2.13 (s, 6HfC NMR (101 MHz, CDGJ): 5 171.3, 170.5, 160.4, 157.2, 148.9, 139.7,
135.0, 134.4, 133.0, 131.0, 130.8, 127.6, 126.3,71223.1, 122.7, 122.0, 120.7, 120.4, 113.5, 5536,
47.0, 46.4, 45.6, 45.4, 45.4, 453, 37.5, 36.0. KR(ESI): Calcd for [M-H] (CsHasNsO) requires m/z
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610.3623, found 610.3637.

5.1.7.13.
3-((3-(dimethylamino)propyl)amino)-N-(2-(4-((4-(&{(dimethylamino)propyl)amino)propan-amido)-
phenyl)amino)quinazolin-2-yl)phenyl)propanamideri).( Compound 27b was treated with excess
N,N-dimethyl-1,3-propanediamine according to generabcedure F to afford7i. After column
chromatography with C}l,/MeOH/NH;- H,O (5:1:0.1) elution, the desired product was oletaias a yellow
solid in 36% yield. m.p. 143.5-146.7 °& NMR (400 MHz, CDCJ): 5 13.49 (s, 1H), 10.80 (s, 1H), 8.59 (d,
J = 7.9 Hz, 1H), 8.46 (dd] = 8.0, 1.5 Hz, 1H), 8.21 (s, 1H), 8.01 (d= 8.2 Hz, 1H), 7.72 — 7.68 (m, 1H),
7.66 (d,J = 7.0 Hz, 1H), 7.62 (d] = 8.8 Hz, 2H), 7.50 (d] = 8.8 Hz, 2H), 7.40 — 7.35 (m, 1H), 7.35 — 7.30
(m, 1H), 7.06 — 7.01 (m, 1H), 2.91 (db= 10.0, 5.6 Hz, 4H), 2.69 (,= 6.8 Hz, 2H), 2.60 (] = 7.1 Hz, 2H),
2.48 (m, 4H), 2.31 (t) = 7.0 Hz, 2H), 2.22 — 2.18 (m, 2H), 2.15 (s, 6BIN9 (s, 6H), 1.71 — 1.63 (M, 2H),
1.56 (m, 2H);"*C NMR (101 MHz, CDGJ): § 171.3, 170.7, 160.5, 157.2, 148.8, 139.8, 13534,4] 133.0,
131.0, 130.7, 127.5, 126.2, 123.6, 123.1, 122.2,0,.220.5, 120.4, 113.5, 57.9, 57.8, 48.2, 47/57],445 4,
45.3, 37.9, 36.0, 29.6, 27.7, 27.6. HRMS (ESI):c@dbr [M-H] (CsgHsNsO5) requires m/z 638.3936, found

638.3940.

5.1.8. General procedure G: preparation8a 8b and9a

To a stirred suspension of the chloride compowittsor 27d (1 mmol), KCGO; (2 mmol) and KI (1
mmol) in DMF (10 mL) was added dropwise appropriateine (20 mmol). The mixture was stirred under
110-130 °C for 12 h, cooled to room temperaturel, dituted with 25 mL water. The resulting solutisas
extracted with CECl, (50 mLx2), the combined organic phase washedisi@st with water and dried over
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N&SQO,, and then evaporated under vacuum. The crude wsa@i&l purified by using chromatography with

CH,CIl,/MeOH/NH;- H,O elution to affordBa, 8b and9a

5.1.8.1.  4-(diethylamino)-N-(2-(4-((4-(4-(diethylam)butanamido)phenyl)amino)quinazolin-2-yl)phenyl)
butanamide &a). Compound27c was treated with excess diethylamine accordingetaoeral procedure G to
afford 8a. After column chromatography with GEl./MeOH/NH;- H,O (10:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 32% yieldh.r161.7-163.9 °C'H NMR (400 MHz, CDCJ): § 13.44
(s, 1H), 10.32 (s, 1H), 8.70 (d= 8.3 Hz, 1H), 8.56 (dd] = 8.0, 1.5 Hz, 1H), 8.05 (d,= 8.3 Hz, 1H), 7.95 (s,
1H), 7.88 (d,J = 8.2 Hz, 1H), 7.84 — 7.78 (m, 1H), 7.71 Jc 8.8 Hz, 2H), 7.59 (d] = 8.8 Hz, 2H), 7.55 (4]

= 7.6 Hz, 1H), 7.46 — 7.39 (m, 1H), 7.12Jt 7.6 Hz, 1H), 2.66 (dd] = 14.4, 7.2 Hz, 4H), 2.63 — 2.59 (m,
2H), 2.58 — 2.52 (m, 8H), 2.35 (t,= 7.3 Hz, 2H), 1.94 — 1.87 (m, 4H), 1.09J& 7.1 Hz, 6H), 1.01 () =
7.1 Hz, 6H);"*C NMR (101 MHz, CDG)): § 172.3, 171.9, 160.7, 157.2, 149.1, 140.0, 1353%,4] 133.2,
131.1, 130.8, 127.8, 126.4, 123.7, 123.1, 122.6,9.2121.1, 120.5, 113.6, 52.8, 52.2, 46.7, 37/603,322.8,

11.5, 11.1. HRMS (ESI): Calcd for [M-H|CseH4:N-O,) requires m/z 608.3718, found 608.3694.

5.1.8.2. 4-(pyrrolidin-1-yl)-N-(2-(4-((4-(4-(pyrrain-1-yl)butanamido)phenyl)amino)quinazolin-2-yigmyl)-
butanamide &b). Compound27c was treated with excess pyrrolidine according éoagal procedure G to
afford 8b. After column chromatography with GEl,/MeOH/NH;- H,O (10:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 42% vyieldp.n211.9-212.3 °C*H NMR (400 MHz, DMSO#d): §
13.30 (s, 1H), 10.07 (s, 1H), 9.98 (s, 1H), 8.6855 (m, 2H), 8.46 (dd] = 8.0, 1.6 Hz, 1H), 7.95 — 7.90 (m,
1H), 7.90 — 7.85 (m, 1H), 7.75 — 7.64 (m, 5H), 7=4B41 (m, 1H), 7.19 — 7.12 (m, 1H), 2.43 (d¢; 9.8, 4.3
Hz, 6H), 2.40 — 2.31 (m, 8H), 2.27 {t= 7.2 Hz, 2H), 1.81 — 1.74 (m, 4H), 1.71 — 1.63 4M), 1.61 — 1.53
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(m, 4H); °C NMR (101 MHz, DMSOde): 6 171.6, 171.5, 160.5, 157.9, 149.1, 140.2, 13638,11 133.9,
131.4, 130.9, 127.7, 127.0, 124.0, 123.7, 123.8,7.220.4, 119.6, 113.8, 55.6, 55.3, 54.0, 5359,334.9,

25.0, 24.9, 23.6, 23.5. HRMS (ESI): Calcd for [M-KJ36H43N7O,) requires m/z 604.3405, found 604.3406.

5.1.8.3. 5-(diethylamino)-N-(2-(4-((4-(5-(diethylmm)pentanamido)phenyl)amino)quinazolin-2-yl)phényl
pentanamide9a). Compound27d was treated with excess diethylamine accordingetteral procedure G to
afford 9a. After column chromatography with GEl./MeOH/NH;- H,O (10:1:0.1) elution, the desired product
was obtained as a pale yellow solid in 34% yieldh.r809.6-211.3 °C'H NMR (400 MHz, CDCJ): ¢ 13.32
(s, 1H), 8.68 (dJ = 8.3 Hz, 1H), 8.52 (d] = 8.0 Hz, 1H), 8.16 (s, 1H), 8.00 @= 8.2 Hz, 1H), 7.90 (s, 1H),
7.81 (q,J = 8.2 Hz, 2H), 7.69 (d] = 8.2 Hz, 2H), 7.58 (d] = 8.4 Hz, 2H), 7.52 (] = 7.2 Hz, 1H), 7.41 (4]

= 7.7 Hz, 1H), 7.11 (t) = 7.6 Hz, 1H), 2.58 — 2.42 (m, 14H), 2.31J& 7.3 Hz, 2H), 1.81 — 1.70 (m, 4H),
1.60 — 1.49(m, 4H), 1.08 — 0.96 (m, 12MC NMR (101 MHz, CDG)): 6 172.1, 171.9, 160.7, 157.0, 149.2,
139.8, 134.7, 134.4, 133.2, 131.1, 130.8, 127.8,41223.8, 122.9, 122.7, 121.5, 121.1, 120.6,4115®.7,
52.3, 46.7, 46.7, 38.3, 37.2, 26.7, 26.5, 23.98,281.3. HRMS (ESI): Calcd for [M-H]CzgHs:N-O,) requires

m/z 636.4031, found 636.4005.

5.2. Materials
All oligomers/primers used in this study were pasdd from Invitrogen (China). Stock solutions of al
the derivatives (10 mM) were made using DMSO. Rarrttilutions to working concentrations were made

with double-distilled deionized water.

5.3. FRET assay
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FRET assay was carried out on a real-time PCR apmafollowing previously published procedures. The
fluorescently labeled oligonucleotides FPu22T:FAM-TGAGGGTGGGTAGGGTGGGTAA-TAMRA-3
and F10T: 5FAM-dTATAGCTATA-HEG-TATAGCTATA-TAMRA-3' (donor fluorophore FAM is
6-carboxyfluorescein; acceptor fluorophore TAMRA @scarboxytetramethylrhodamine; HEG linker is
[(-CH,-CH,-O-)¢]) were used as the FRET probes. Fluorescencengeitirves were determined with a Roche
LightCycler 2 realtime PCR machine, using a towdation volume of 2QuL, with 0.4 uM of labeled
oligonucleotide in Tris-HCI buffer (10 mM, pH 7.dpntaining 10 mM or 60 mM KCI. Fluorescence reading
with excitation at 470 nm and detection at 530 nememaken at intervals of 1 °C over the range 3789
with a constant temperature being maintained fois 3f¥ior to each reading to ensure a stable vdalbe.
melting of the G-quadruplex was monitored alonéndhe presence of various concentrations of comgsu
and/or double-stranded competitor ds26. Final aimlyf the data was carried out using Origin9.0d@Lab

Corp.).

5.4. Surface plasmon resonance

SPR measurements were performed on a ProteOn XPRR&6in Interaction Array system (Bio-Rad
Laboratories, Hercules, CA) using a NeutravidintedaGLH sensor chip. In a typical experiment,
biotinylated duplex DNA and biotinylated Pu22-85AGGGTGGGTAGGGTGGGTAA-3 were folded in
filtered and degassed running buffer (50 mM TrisktHIE0 mM KCI, pH 7.4, 0.005% Tween20). The DNA
samples were then captured (~1000 RU) in flow celid 2, leaving the third flow cell as a blanigdnd
solutions (at 0.0625, 0.125, 0.25, 0.3125, 0.529.6, 1.25, 2, 2.5, 5, and M) were prepared with running
buffer by serial dilutions from stock solutionsxS&oncentrations were injected simultaneously #b\wa rate
of 25 mL mini‘for 240 s of association phase, followed with 24ff gissociation phase at 25 °C. The GLH
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sensor chip was regenerated with short injectiobBl@mM NaOH between consecutive measurements. The
final graphs were obtained by subtracting blankssegrams from the duplex or quadruplex sensorgrams.

Data were analyzed with ProteOn manager softwaiaguhe Langmuir model for fitting kinetic data.

5.5. CD measurements

The oligomer Pu22 (5TGAGGGTGGGTAGGGTGGGTAA-3 at a final concentration of M was
resuspended in Tris-HCI buffer (10 mM, pH 7.2) eomihg the derivatives to be tested. The samplag we
heated to 95 °C for 5 min, then gradually cooledomm temperature, and incubated for at leastThl.CD
spectra were recorded on Chirascan (AppliedPho®gdlyspectrophotometer. A quartz cuvette with 1 mm
path length was used for the spectra recorded aveavelength range of 230-330 at 1 nm bandwidttiml
step size, and 0.5 s per point. The CD spectra wiet@ned by taking the average of two scans meata f

230 to 330 nm. Final analysis of the data was edrmut using Origin 9.0 (OriginLab Corp.).

5.6. Cell culture

The human cervical cancer cell line Hela, humaig ladenocarcinoma cell line A549, human lymphoma
cell lines Raji and CA46 were purchased from Ch@enter for Type Culture Collection in Wuhan. The
primary cultured mouse mesangial cell line was sdpd and purified from the laboratory of Pei-Qlrig.
The cell lines were maintained in RPMI-1640 or DMEMdium supplemented with 10% fetal calf serum at

37 °C in a humidified atmosphere with 5% £0

5.7. MTT assay
Hela cervical cancer cell line, A549 lung adenoremma cell line, Raji and CA46 lymphoma cell lines
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and primary cultured mouse mesangial cell line veeeded on 96-well plates (5.0 >*/4@ll) and exposed to
various concentrations of compounds. After 48 tredtment at 37 °C in a humidified atmosphere ofGs,
and 20 mL of 2.5 mg/mL methyl thiazolyl tetrazoliMTT) solution was added to each well and further
incubated for 4 h. The cells in each well were tlreated with dimethyl sulfoxide (DMSO) (200 mL feach
well) and the optical density (OD) was recorde® & nm. All drug doses were parallel tested inlitgbe,
and the cytotoxicity was evaluated based on theepg¢sige of cell survival in a dose-dependent maregard

to the negative control. The finaldg/alues were calculated by using the Graph PadFsis

5.8. Uptake Assay

Hela cervical cancer cells were plated in 6hwyetate (1 x 18 cells/well) and 10uM of different
compounds were added. After 48 h of treatment iCG3ih a humidified atmosphere of 5% &@ells were
collected and counted for every well and then detkevith ultraviolet absorption at 340 nm. The Upta

results were calculated by using the Graph PadnPsis

5.9. RNA extraction and RT-PCR

Hela cervical cancer cells were plated in 6-wedtgl(2 x 10 cells/well) and7a was added at final
concentration of 10, 7.5, 5, 2.5, 1.4M or with DMSO as control. After incubation for 3 bells were
harvested, and the RNA was extracted accordingeartanufacturer’s instructions. Total RNA was uas@
template for reverse transcription using the follayprotocol: each 2L reaction contained hL 5 x
M-MLV buffer, 1.25uL 2.5mM dNTP, 1uL 100 pM oligo dT18 primer, LiL M-MLV reverse transcriptase,
0.625puL 40U/uL RNase inhibitor, DEPC treated water (DEPEON and 2ug of total RNA. Briefly, RNA
and oligo dT18 primer were incubated at 70 °C fornlin, and then immediately placed on ice. Nex&, th
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other components were added, and incubated at 4@r°C h, and then at 70 °C for 15 min. Finallye th
reacted solution was stored at -20 °C. Botimycand S-actin were amplified by using a real-time PCR
apparatus (Roche Light Cycler 2), and the PCR mizdwere analyzed with electrophoresis on 1.5%csgar

gel at 120 V for 40 min.

5.10. Western blot

Hela cells harvested from each well of the culfplieges were lysed in 106 of extraction buffer. The
suspension was centrifuged at 12,000 rpm at 4 ¥Cl@omin, and then quantitated by using BCA. Total
protein lysates (2Qug) were electrophoresed on 12% SDS-PAGE and tmaadfgo a nitrocellulose
membrane at 100 V for 1.5 h. The membrane was btbtbdr 1 h with 5% solution Bovine Serum Albumin in
TBS, 0.05% Tween at room temperature. Westernimdptivas performed using argimyc anti-GAPDH
primary antibody and horseradish-peroxidase-con@gbanti-mouse or anti-rabbit secondary antibodye T

protein bands were visualized using chemilumineseaubstrate.

5.11. RTCA

Hela cervical cancer cells and primary cultured ssomesangial cells were seeded on E-Plate 16 PET
culturing about 20 h before compound treatmentsGskre treated with various concentrations7afor
DMSO control. The cells were sampled every minotels min. The data were obtained by using the Brap

Pad Prism 5.

5.12. Colony formation assay
Hela cervical cancer cells and primary cultured ssomesangial cells were seeded on 6-well plates
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(500/well) and exposed toa at final concentrations of 2, 1, 0.5, 0.@81 and DMSO control treatment at
37 °C in a humidified atmosphere of 5% COMEM was replaced and different concentrationgafvere
added every 4 days. Cells were fixed with methgblabl and dyed with crystal violet after culturedi®ys.

The pictures were taken by using cell imager.

5.13. Cell cycle arrest assay

The Hela cells were incubated in 10% FBS-suppleatkotilture medium with compounth at 1.25,
2.5, 5uM for 48 h at 37 °C and 5% GOAfter treatment, cells were collected and fixeithwice-cold 70%
ethanol at -20 °C overnight. Fixed cells were repanded in 0.5 mL of PBS containing g@mL propidium
iodide and 10Qug/mL RNase A. The cell cycle distribution was azaly by using EPICS XL flow cytometer

and calculated by using EXPO 32 software.
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Figure and Scheme Captions

Figure 1. Structures of (A) G-quartet, (B) 3,6-disubstitutectidine andBRACO-19, (C) 2,4-disubstituted

guinazoline derivativesZ-11c andQPB-15¢ and (D) new 4-anilinoquinazoline derivatives {get and ).

Figure 2. Competitive FRET results for 4-anilinoquinazoliderivatives without and with 10-fold (M),
50-fold (20uM) or 100-fold (40uM) excess of duplex DNA competitor (ds26). The @ntcation of FPu22T

was 0.4uM.

Figure 3. CD spectra of Pu22 (@V) in 10 mM Tris-HCI buffer, pH 7.4. CD spectraBti22 (black line), and
Pu22 in the presence of 2 equiv.6lf, 7a, 7b, 7¢, 7e 7f, and7h, respectively. (A) with 100 mM KCI; (B)

without KCI.

Figure 4. (A) RT-PCR was used to determine the transcriptbe-mycin Hela cells treated with various
concentrations ofa (0, 1.25, 2.5, 5, 7.5 and 1) for 3 h. g-actin gene was used as internal control. (B)
Western blot was used to determine the expresswal lof c-mycin Hela cells treated with various
concentrations ofa (0, 1.25, 2.5, 5, 7.5, and 1M) for 6 h. GAPDH protein was used as intracellular

house-keeping protein.

Figure 5. The effect of compounda on cell proliferation. (A) Hela cells and (B) prmy cultured mouse

mesangial cells were measured by using RTCA assay.

Figure 6. The difference inhibition effect of cell prolitsron between (A) Hela cells and (B) primary cudar

mouse mesangial cells after treatment with compdiaray using Colony Formation assays.

Figure 7. The induction of GO/G1 phase arrest in Hela dejilscompound/a was measured by using cell

cycle analysis in time-dependent (A) and dose-deégein(B) mode.
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Scheme 1Synthetic routes of Series14, 1b, 2a, 2b, 4a, and4b) and Il @a~3c) compounds. Reagents and

conditions: (i) POG| N,N-dimethylaniline, 110 °C, 24 h, 56%; (p}phenylenediamine, AcONa, THRH@E, rt,

70 min, 80%; (iii) CI(CH),COCI, K,COs, CH,Cl,, 1t, 12 h; (iv) diethylamine, }COs, KI, DMF, 130 °C, 12 h,

62-71%; (v) diethylamine, $CO;, DMF, 80 °C, 12 h, 40-58%; (vi) phenylboronic gdrt(PPh)4, NaCOs;,

DMF/H,0, 100 °C, 16 h, 40-50%; (vii) 4-methoxyaniline, Q¥ac, THF/HO, 65 °C, 1 h, 95%; (viii) BBy

CH,Cl,, -40 °C, 30min, rt, 2.5h, 99%; (ix) Br(GHBr, CsCQ, CHCN, reflux, 12 h, 55-60%; (x)

diethylamine, KCO;, DMF, 110 °C, 12 h, 70-80%.

Scheme 2.Synthetic routes of Series Ib&-5f, 6a~6d, 7a~7i, 8a 8b, 9a) compounds. Reagents and

conditions: (i) E{N, CH,Cl,, room temperature, 5-12 h, 85%; (ii) 10% aqueo@HK EtOH, reflux, 2 h,

90-95%; (iii) SOC), DMF, reflux, 4 h, 78%; (iv) 4-methoxyaniline ,&€0s, DMF, 90 °C, 5 h, 60%; (v) 33%

HBr/AcOH, reflux, 10 h, 80%; (vi) Br(Ck.Br, tetrabutylammonium bromide, NaOH, 2-butanon&H

reflux, 10 h, 60%; (vii) alkylamines, &0, DMF, 100 °C, 12 h, 40-70%; (viii) POGIPCE, reflux, 24 h,

80%; (ix) 4-nitroaniline, KCO;, DMF, 130°C, 12 h, 85%; (x) Raney-NiM,-H,O, THF, room temperature,

20 h, 90%; (xi) CI(CH),COCI, K,COs, CH,CI,, room temperature, 12 h, 85%.
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Table 1. Stabilization temperatureaT,) obtained from FRET-melting as$ay

ATy (°C) ATy (°C)
Compd. Compd.

FPu22T F10T FPu22T F10T
la 10.0+0.4 04+0.1 6c 125+0.9 0.1+0.0
1b 122+1.0 0.2+0.2 6d 0.2+0.2 0.2+0.1
2a 0.1+0.1 0.1+0.0 7a 19.6 £0.6 0.8+0.2
2b 1.0+0.3 0.1+0.1 7o 14.2+0.2 09+0.1
3a 7.2+0.5 0.7+0.2 7c 13.2+0.2 0.3+0.2
3b 5.3+0.2 0.1+0.1 7d 48+0.6 0.3+0.2
3c 46+0.7 0.2+0.1 7e 17.9+0.7 14+0.2
da 7.1+0.6 04+0.1 7t 18.0+1.1 0.6 +0.2
4b 82+04 0.2+0.1 79 26.6 £0.2 3.6+04
5a 04+0.1 0.1+0.0 7h 19.4+0.2 0.8+0.2
5b 1.6+04 0.2+0.1 7i 21.8+0.9 3.7+0.3
5¢c 04+0.3 0.1+0.1 8a 13.6+1.0 09+0.1
5d 0.7+0.5 0.1+0.0 8b 126+1.0 0.8+0.2
5e 1.4+0.6 0.2+0.1 %9a 13.1+0.1 04+0.1
5f 04+0.1 0.2+0.0 LZ-11c 11.4+0.7 3.7+0.3
6a 8.8+1.0 0.3+0.1 QPB-15e 16.6£1.0 0.6+0.3
6b 13.3+0.8 0.6+0.2

& ATy = Ty (DNA + ligand) —T,,(DNA). The concentrations of FPu22T and F10T wedeu®, and the concentrations of compounds

were 2.0uM.



Table 2. Equilibrium binding constants (Kp) determined with SPR assay

Ko (uM) Ko (uM)
Compd. Compd.

Pu22 Duplex KpP P K o™ Pu22 Duplex  KpP®®/Kp™M%
la 3.34 >10° >3.0 6b 016  >10° >62.5
1b 1.64 >10° >6.1 6c 0.61 2 NA
2a _a _a NA 6d 8.08 -4 NA
2b 5.52 —2 NA 7a 021  >10° > 47.6
3a 6.30 _— NA 7b 020  >10" > 50
3b 4.68 —a NA 7c 0.40 —a NA
3c >10° -2 NA 7d 1.33 -2 NA
4a 2.89 -2 NA 7e 022  >10° > 45.4
4b 2.46 -~ NA 7* 0.21 —a NA
5a >10° -2 A 79 1.60 6.21 3.9
5b _a _a ™ 7h 0.14 —a NA
5¢ >10° -2 NA 7i 0.57 5.89 10.3
5d -8 a2 NA 8a 054  >10° >185
5e >10° » NA 8b 055  >10° >18.2
5f >10° -2 NA %a 052  >10° >19.2
6a 3.94 _ NA LZ-11c  0.49 .18 18.7

#No significant binding was found for addition of up to 10 uM ligand.
®The compounds showed weak binding ability to the DNA.

NA, Not available.



Table 3. ICs, valué' (uM) of compounds against tumor cells and the printatjured mouse mesangial cell

compouds Hela (UM) A549 M) Raji (UM) CA46 (uM) mesangial cells (uUM)
la 21.00 20.81 13.54 4.22 10.22
1b 6.33 6.08 5.06 10.31 6.41
2a >50 >50 >50 33.23 >50
2b >50 45.25 >50 31.34 >50
3b 21.03 27 12.94 13.28 12.88
3c 7.17 9.07 14.48 3.29 571
3a 8.25 17.56 8.45 3.62 6.2
4a 17.36 5 20.32 20.45 9.83
4b 2.3 4.84 5.74 12.2 8.08
6a 29.78 >50 6.49 3.14 2.72
6b 2.87 18.73 1.86 1.76 16.52
6c 28.67 21.64 17.92 12.31 38.218
6d >50 >50 12.01 2.14 >50
7a 4.44 5.88 3.1 6.48 13.11
7b 6.97 26.63 4 7.24 23.33
7c 20.09 >50 27.84 19.52 >50
7d >50 >50 >50 >50 >50
7e 7.37 7.54 1.26 4.54 6.25
7f >50 >50 >50 >50 >50
79 >50 >50 >50 >50 >50
7h >50 >50 >50 28.2 >50
7 >50 >50 >50 >50 >50
8a 32.48 2451 27.3 20.95 >50
8b 22.44 27.24 31.6 13.69 >50
%9a 12.71 >50 12.61 5.69 >50

& MTT assay was carried out (see Experimental SectiGg,, the tested compounds’ concentration resultirgQivh

mortality of cells.
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Resear ch highlights

» 31 new 4-anilinoquinazoline derivatives were synthesized as G-quadruplex binding ligands.
» Some of compounds showed aimproved interacting ability to c-myc G-quadruplex DNA.
» 7a was the best compound as out of the synthesized compounds.

» 7a significantly down-regulated c-myc gene transcription and expression in Hela cells.



