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Abstract: Phosphatidylinositol 3-kinase (PI3K) is a pivatdulator of intracellular signaling pathways and
considered as a promising target in the developwieatherapeutic treatment of cancer. Among tlffereint
PI3K subtypes, the PIK3CA gene encoding PI3K plisdrequently mutated and overexpressed in mgjorit
of human cancer3herefore, the inhibition of Pl13KKhas been considered to be an efficient approaddo
treatment of cancer. In this study, two series caumls containing hydrophilic group in
imidazo[1,2-a]pyridine and quinazolin-4(3H)-one waynthesized and their antiproliferative actigtagainst
five cancer cell lines, including HCT-116, SK-HEPMDA-MB-231, SNU638 and A549, were evaluated.
Compoundli with most potent antiproliferative activity wadessged for further biological evaluatioRI3K
kinase assay showed tHathas selectivity for PI3K distinguished from other isoforms. The western blo
assay indicated that is more effective than HS-17&) imidazopyridine-based PI3Ka inhibitor, in rechgri
the levels of phospho-Akt. All these results suggshatli is a potent PI3K inhibitor and could be

considered as a potential candidate for the dewsdop of anticancer agents.

Keywords. Phosphatidylinositol 3-kinase, imidazo [1, 2-gtidine, quinazolin-4(3H)-one, PIK3CA gene,

anticancer agents

Abbreviations: PI3K,Phosphatidylinositol 3-kinas®TK, Receptor tyrosine kinases;



1. Introduction

The phosphatidylinositol-3-kinase (PI3K) signalipathway is crucial to multiple cellular functions
including cell growth, cell cycle, cell survivalifi@érentiation and invasion. The PI3K pathway isquently
activated, amplified and mutated in human cancef.[Aberrant PI3K activity is often involved inatignant
transformation, suggesting that the inhibitionlegtpathway is a promising approach for novel
chemotherapeutic agents [5-8]. PI3K-AKT signaliagctivated in cancers by several different mecmasi
(Fig. 1). Receptor tyrosine kinase (RTKs) activatoy mutation, Ras mutation, PTEN loss and PIK3CA
mutation can lead to PI3K signaling activation. BG4, which encodes the p110 catalytic subunithésdnly
gene with somatic mutations aisdhe most frequently mutated gene in human car{®rin recent years, it is

evident that many human tumors carry somatic mgsemnutations in PIK3CA at high frequency [10-12].
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Fig.1l. RTK/PI3K/Akt signaling cascade in cancer.

Several inhibitors targeting PI3K have been dewatipand are being evaluated in preclinical stualies
early clinical trials [13-15]. These include parBRland isoform-specific PI3K inhibitors that blotie
catalyticsite of p110 isoforms. Among them, GSK2126458 heenhdentified as highly potent, orally
bioavailable inhibitor of PI3K with picomolar actiy and is currently under evaluation in clinicaats for



oncology applications [16-17] (Fig.2). In additidhere are a number of potential PI3K inhibitorséhbeen
developed and under preclinical tests [18-21]. HS;Exhibiting a potent and highly selective Pd3K
inhibitory activity with an 1Gyof 0.8 nM, showed remarkable antitumor activityitro andin vivo [18, 22-23]
(Fig.2).

Previous study indicates that difluorophenyl anté&hyloxy group of GSK2126458 are vital to its PI3K
inhibitory activity [16]. Hence we introduce theseo groups into HS-173. However, HS-173 is somewhat
unstable in an aqueous phosphate buffer with ptaedrthis instability is probably due to the hygsi of the
ester linkage [19]. It is known that amide is mstable than ester in the buffer solution havingdaranging
from 4.5 to 7.4. Therefore, the stability of HS-IMgyht be increased if the ester linkage is replaggh amide
group. In addition, we also tried to improve ity/pical and chemical properties via introducing bssituent on
amide nitrogen. Many drugs approved for marketsugh as Gefitinib [24], Lapatinib [25] and Bosultif26],
contain a hydrophilic group extending into the saltvregion, , to increase their water solubilitg an
bioavailability. Therefore, we proposed replacihg éster linkage with amide group containing hytiap
substituent, to eliminate the inherent hydrolysiesier as well as providing a potential meansitwaace the
solubility of the molecules. In addition, we als@d to replace the imidazopyridine moiety with ahelring,
however, this decreased the Pt3ikhibitory activity. Moreover, the removal of tlester linkage from C3
position to C2 position led to a decrease in RBi3#ibitory activity. Thus it suggested that théo8myl
imidazopyridine moiety is essential for its PiBKhibitory activity.

Separately, the design strategy of quinazolin-4{8kH derivative was derived from Gefitinib and saVve
other clinical EGFR-TKIs owing to their quinazoliseaffold, whose nitrogen atom in 1 position isp&milar
to the quinoline’s nitrogen atom of GSK21264B8.the quinoline nitrogen of GSK2126458 forms arogen
bond with the hinge of PI3K, we hypothesize thatogien atom in  position 1 of quinazoline ring nadso
form a hydrogen bond in the binding site of PI3ialldition, it just so happened that position3 of
guinazolin-4(3H)-one moiety can introduce an etigdtate group similar to that of HS-173to afft@d. 10a
showed modest specificity profiles against fiveaarcell lines. According to the above-mentionedlifngs,
we further introduced different hydrophilic groupduinazoline scaffold and compouri#-10g were
obtained. As expected, the activity was improveddime extent compared to thatloé.

In this study, we synthesized two series of compsuecontaining hydrophilic group at position 3 in
imidazo[1,2-a]pyridine and quinazolin-4(3H)-one dB), with the goal of developing some new PI3K
inhibitors. These compounds were prepared and atealufor their PI3K inhibitory activities and argicer

effectsin vitro.
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Fig.2. The structures of PI3K inhibitors.
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Fig.3. The design strategy based on HS-173 and GSK2126458
2. Resultsand discussion
2.1. Chemistry
The synthetic routes for the target compounds atigned in Schemes 1-2. Sulfonylationbfeacted with

two benzenesulfonyl chlorides to yie?d and2b, which were then subjected to Suzuki coupling with
bis(pinacolato)diborane to afford arylboronic eS&and3b. Coupling3a with three intermediates containing
five-membered rings of benzo derivatives via Suzakition to yield corresponding target compoutais.
Using the same synthetic method3asintermediaté was obtained by the reactiondfintermediatéd was
coupled with ethyl 6-bromoimidazo[1,2-a]pyridinez8rboxylate via Suzuki reaction to yi@ddSubsequently,
the nitro group was reduced to produce aniid8ulfonylation of7 with different sulfonyl chlorides gave the
title compounddd-e and the compountkt could also be obtained by this method. The comgderwas
refluxed in EtOH-HO-NaOH (1.5 mol/L), acidified by HCI (2 mol/L) tdfard 1f, which was condensed with
different amines to afford the target compouhgsn.

Thequinazolin-4(3H)-one derivativegere synthesized according to the Scheme 2. Commexgit3
reacted with different types of chlorinated compasito affordda-g, which were coupled witBb via Suzuki

reaction to gelOa-g.
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Scheme 1. (a) Benzenesulfonyl chloride, pyridine, rt, 24, Bis(pinacolato)diborane, Pd(dpst),, AcOK, DMF, 100 °C, 8 h;
(c) Pd(dppf)Cl,, CsCOs, DMF/ H,O, 90 °C, 8 h; (d) Bis(pinacolato)diborane, Pd(dsgif, AcOK, DMF, 100 °C, 8 h; (e)
Pd(dppf}Cl;, CsCOs, DMF, 90°C, 8h; (f) Fe, HCI/BD, 80 °C , 4 h; (g) Sulfonyl chloride, pyridine, 24 h; (h)
NaOH/Ethanol/ HO, 80 °C, 0.5 h, then HCI (2 mol/L); (i) DIPEA, HQEEDCI, THF,12 h, rt.
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Scheme 2. (a) Chlorinated compounds,®Os, DMF, 60 °C, 12 h; (b3b, Pd(dppf)Cl,, CsCOs, DMF/ H,O, 90°C, 8h.
2.2. Antiproliferative assays in vitro

All synthesized compounds were evaluated for tbgtiotoxicitiesin vitro against five human cancer cell
lines including HCT-116, A549, SK-HEP-1, SNU638 ad®A-MB-231. PI3K/AKT signaling is activated in
all these five cancer cell lines [27-31]. In aduliti we also examined the cytotoxicity of three ciele
compounds against HUVEC, which is a human normlal ce

The antiproliferative results of all the compouradle summarized in Table 1 and Table 2. The resilts
antiproliferative effect assay showed most of therivéitives exhibited stronger antiproliferative eeffs,
especially against HCT-116 and SNU638. Compolm{Cso = 0.64uM against HCT-116) was more potent
than compounda (ICso = 1.3uM against HCT-116) andlb (ICso >20 uM against HCT-116), suggesting that
imidazo[1,2-a]pyridine group, especially substibatat its position 3, can improve the antiprolifera activity.
Compoundlf (ICs5o = 0.09uM against HCT-116) was more potent tHam1d (0.32uM against HCT-116) and



le (4.94 uM against HCT-116), indicating that aromatic gratpposition of R is more beneficial to activity
than alkyl group. Moreover, compared to 4-fluorapyle 2,4-difluorophenyl at Rposition can improve
antiproliferative activity. To confirm our conjectuthat hydrophilic group atfposition can enhance activity,
we synthesized compoundh to 1m by changing substituent;RAs we had expected, almost all the activities
of compounddlh to 1m were improved and basically reached the nanomelesi.l Among them, compourid
showed the best anticancer activity with amgl@alue of 0.01uM against HCT-116 and SNU638. Besides,
compoundlj also showed significant antiproliferative effeatginst HCT-116. Previous studies have reported
that HCT116 cells contain a PIK3CA kinase domairtation and Met amplification has been reported in
SNUG638 cells [31-33]. Considering that both of PG#8 mutation and Met amplification could activate
PI3K/Akt pathway, it is speculated this contributethe stronger antiproliferative effects of oumgmunds
against HCT116 and SNU638. Moreover, compolinalso showed better antiproliferative effects id8%nd
MDA-MB-231 cells with Ras mutation [34-35] than 8®in SK-Hep-1 cells, which is a wild type for PIBA,
PTEN and Ras. All the results indicated that ounjgounds inhibit the cell growth more effective i8R
signal activated cells.

To develop more core structure, we synthesizechangeries of compound®fa to 10g with
guinazolin-4(3H)-one scaffold. However, the actestof this series were not as good as those of the
imidazo[1,2-a]pyridine derivatives. Thus we confathithe imidazopyridine moiety is essential to i3k
inhibitory activity. However, very similar tba-1m, the introduction of hydrophilic groups at positi® of
qguinazolin could also improve their biological aii. Nevertheless, the antiproliferation activaguld be
decreased by the increased length of alkyl gromporg10a to 10g, compoundLOb showed significant
antiproliferative effects against all these fivertan cancer cell lines.

Not only thatwe selected three representative compoudndg, 10b with better inhibitory activity to
investigate their cytotoxicity to normal cells. Aif the three compounds displayed much lower cyiotty in
HUVEC. 1i showed an Ig value of 2.93:M against HUVEC, which is at least 290 times highan that of
HCT-116 and MDA-MB-231 cells (Table 2). These irad&d that our compounds could inhibit the growth of

cancer cell in effective concentratiomvitro without damaging the normal cells.

Table 1 Cytotoxicityin vitro of target compounds against five cancer cell l{f€s, Value$ in uM).




Cells HCT-11¢€ SK-HEF-1 MDA-MB-231 SNUG63¢ A548

Comp R, R, R3 R4
la Oéj( E'b 1.3+0.2¢ 0.3+0.0: 0.15+0.0! 15.9+0.9: >2C
1b ) B >2C >2C >2( >2( >2C
h O
1c (F? BN 0.64+0.2¢ >2C 0.53+0.0¢ >2C 0.51+0.0!
1d " BN 0.32+0.0: 0.17+0.0: 0.19+0.0: 0.09+0.0:  0.23%0.0:
1le % BN 4.94+0.6! 0.83+0.0° 2.32+0.1. 0.51+0.0' 3.56%0.1!
1f F N 0.09+0.0: 0.3+0.0¢ 0.12+0.0: 0.36+0.0:« 0.3+0.0:
©\F
1g i H 1.31+0.1¢ 0.75+0.11 0.37+0.07 1.4€+0.2¢ 1.15+0.0¢
©\F
1h i SN— 0.14+0.0: >2C 1.8+0.5¢ 0.51+0.0:« 0.4+0.%
QF —NH
1i i (Oj 0.01+0.00: 0.11+0.0: 0.C4+0.C02 0.01+0.00! 0.04+0.C04
N
©\F
—NH
1 i @ 0.1+0.0¢ 0.4+0.0¢ 0.3+0.0° 0.3+0.0¢ 0.5+0.0¢
©\F
—NH
1k i P 1.23+0.2¢ 2.05+0.3: 1.45+0.2¢ 1.39+0.2¢ 1.62+0.3:
@F s
N
/
1l i OH 0.49+0.0: 0.79+0.0:« 0.63+0.0: 0.27+0.0.  0.48%0.0!
2, L O
/
1m i Q 0.31+0.0° 0.98+0.1: 0.42+0.0: 0.49+0.0t 0.5+0.0¢
@F /NH
10a o (|)/ 0.82+0.12 1.4+0.14 0.12+0.01 0.3+0.0¢< 0.1+0.0z
10b [O] 0.2+0.0: 0.6+0.0¢ 0.5+0.1: 0.28+0.0t 0.1+0.0z




10c C L 4.0:0.7¢ >20C >2C 0.3620.0:  0.2%0.0¢
10d Y] 08%0.0. >2C 11.740.8  0.25+0.0.  0.2+0.0
N
10e @ 1.360.1¢ _ 0.810.1 0.1520.0  2.26%0.2.  0.57+0.0(
'J)N (6]
10f o (7 LII0O 225:0.1 1.83%0.1, >2C 2.54%0.1.
10g [ 223000 1149312  215:0.8 10.72£17. 7.6:LI¢
f b
HS-172 054+0.1.  1.09+0.1f 0.76x0.1( _ 0.68+0.1.  0.26+0.0-

%Csp values are the mean of triplicate measurements.

Table 2 Cytotoxicity assay against HUVE cells (HUVEQ@35, Value$ in uM).

Compouni HUVE cells
1i 2.94+0.7
1 3.56+0.9!
10b 8.97+1.0.

%Csp values are the mean of triplicate measurements.

2.3. PI3K enzymatic activity assays

To elucidate the mechanism of antiproliferativé\éites of these active compounds, we selectedbst
potent compounddi, 1j and 10b according to the antiproliferative results for thether PI3K enzymatic
activity assays. HS-173 was selected as the pesititg. As shown in Table 3, kinase inhibition étyi assay
indicated that these three compounds above showadhdy potent inhibitory activity against PI3Kwhen
compared to that of other class | PI3Ks (PB3WRI3Ky and PI3K). Most important, the kinase inhibitory
activity of 1i is better than that of HS-173.

Table 3 Activities of 1i, 1j, 10b and HS-173 against Class | PI3K {®™alues in nM)

PI13Ka PI3KpB PI3Ky PI3Ks
1i 0.t 88 45 93
1 3.8 10¢€ 37 101
10b 6.5 108 11¢ 69

HS-17¢ 11 5¢ 104 87




2.4. Molecular docking

Molecular docking study was performed to elucidat binding model ofi in the binding site of P13
As showed in Fig.4, the amidogen of sulfonamideugrforms three hydrogen bond interaction with Val&b
the hinge binder region of PI3K In addition, the morpholinyl formed an additiorfaldrogen bond with
Lys802 and the nitrogen of pyridyl group formed teo hydrogen bond with the side chain of Ser854. A
these binding interaction were further stabilizedthe binding site via the hydrophobic interactiomih
residues including Lys802, Tyr836, 11e848, Val85l dle932 in the back pocket of the enzyme.

MET922

TYR836

~-GLN859

Fig.4. Docking mode ofli and HS-173 into protein crystal structure of Pd3KA) Key interactions of the crystal ligand in the
active site of PI3l (PDB: 4ZOP). (B) Key interactions of HS-173 in thetive site of PI3K. (C) Key interactions of
compoundli in the active site of PI3& (D) The binding pose dfi and HS-173 in the active site of PI8KLi was highlighted
with yellow. (E) Binding modes dfi and HS-173 in the binding pocket of PI8BKIhe ligands are shown in stick model, while
the proteins are shown in surface model for beitralization in the three dimensional combinatioodels.1i was highlighted

with yellow.
2.5. Western blot assay

Activation of the PI3K pathway leads to phosphaigia of Akt and subsequently regulated the
downstream targets. PI3K inhibitors show significamor growth inhibition via suppression of Akt
phosphorylation and then inhibit phosphorylatiorotifer proteins downstream of PI3K [24-26]. To Ifert
determine whether these compounds affect the PlBKSynaling pathway, we evaluated the effect$ian
the related protein levels including Akt and phasptkt (p-Akt, S473) in HCT-116 cells by Western tblas
shown in Fig.5compoundLi obviously decreased the phospho-Akt (S473) insedtependent manner,



indicating thatli might act as a potential PI3K inhibitor (Fig. 5A)Joreover, compoundi is more effective
than HS-173 in reducing the phospho-Akt (S473)lkaéethe concentration of O/ (Fig.5B).
A B
Comp. 1i (uM) Comp. 1i _ n _

01 05 25
HS-173 - — +

0
P-Akt " 0

(ser473) - - - - E ‘
Akt Al e D G ” -

Fig. 5. Effect of compoundi on PI3K pathway in HCT-116 cells. (A) Compoutiddecreased phospho-Akt (S473) in a
dose-dependent manner. (B) Compoliid more effective than HS-173 in reducing the Iswdlphospho-Akt (S473). Cells
were treated with 0.1% DMSO, @8 compoundli or HS-173 for 24 h.

3. Conclusion

In summary, two series of compounds containing dglilic group in imidazo[1,2-a]pyridine and
qguinazolin-4(3H)-one were designed and synthesikkdir PI3Ka inhibitory activities and antiproliferative
activities against various cancer cell lines werg@atedn vitro. CompoundLi as a potential PI3&inhibitor
significantly inhibited the PI3K/Akt/mTOR pathwaynd could be considered as a potential candidatbéo
development of anticancer agemscording to these results, it can be concludetidbavatization at the C-3
position of the imidazo[1,2-a]pyridine core via augla hydrophilic group is a feasible way to enteatie
enzymatic and anti-proliferative activities.
4. Experimental section
4.1 Chemistry and chemical methods

All reagents and solvents were commercially avéglawthout further purification'H NMR spectra and
13C NMR spectra were recorded on a 400 Bruker NMRtspmeter with tetramethylsilane (TMS) as an
internal standard. All chemical shifts are repoitedpm ¢) and coupling constantd)(are in hertz (Hz). All
the melting points were determined on a Beijingrontelting-point apparatus and thermometer was
uncorrected. High-resolution exact mass measuramesre performed using electrospray ionizationifjves
mode) on a quadrupole time-of-flight (QTOF) masscsppmeter (microTOF-Q, Bruker Inc.).
4.1.1. N-(5-bromo-2-methoxypyridin-3-yl)-4-fluor obenzenesulfonamide (2a)

To a solution of 5-bromo-2-methoxypyridin-3-amirig (2.01 g, 10 mmol) in pyridine (50 ml) at 0 °C,
4-fluorophenylsulfonyl chloride (2.14 g, 11 mmolasvadded. Then the mixture was stirred at room

temperature for 24 h. Pyridine was removed undsuaed pressure and adding water (100 ml), extraeitd



ethyl acetate (3 x 100 ml), the organic layer washed with water (50 ml), dried with p&0, and evaporated
to give compoun@a as a white solid (3.22 g, 89.4% yield). mp152-264'H NMR (400 MHz, DMSO)»
10.22 (s, 1H, NH), 8.08 (d,= 2.2 Hz, 1H, Ar-H), 7.83 (dd} = 8.8, 5.2 Hz, 2H, Ar-H), 7.72 (d,= 2.2 Hz, 1H,
Ar-H), 7.43 (t,J = 8.8 Hz, 2H, Ar-H), 3.64 (s, 3H, OGH ESI-MS: m/z 385.1 [M+H+N4]

4.1.2. N-(5-bromo-2-methoxypyridin-3-yl)-2,4-difl uor obenzenesul fonamide (2b)

This compound was synthesized according to theepiire described i2a.

85.6% vyield. mp 163-165 °¢H NMR (400 MHz, DMSO) 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: m/z 376.9 [M-H]

4.1.3. 4-fluoro-N-(2-methoxy-5-(4,4,5,5-tetramethyl - 1,3,2-di oxabor olan-2-yl ) pyridin-3-yl ) benzenesul fonamide
(3a)

A solution of the2a (1.80 g, 5 mmol), bis(pinacolato)diborane (1.2% gamol), Pd(dppfCl. (0.18 g, 0.25
mmol) and KOAc (1.47 g, 15 mmol) in anhydrous D\MBB fnl) under Nwas stirred at 100 °C for 8 h. DMF
was removed under reduced pressure and add waten(l), extracted with ethyl acetate (3 x 100 g
organic layer was washed with water (20 ml), dreith Na,SO, and evaporated to give compowBalas a
white solid (1.52 g, 74.5% yield). mp 149-151 88.NMR (400 MHz, DMSO) 9.92 (s, 1H, NH), 8.18 (s, 1H,
Ar-H), 7.73 (m, 3H, Ar-H), 7.40 (t) = 8.7 Hz, 2H, Ar-H), 3.62 (s, 3H, OGH 1.29 (s, 12H, Ch). ESI-MS:
m/z 409.3 [M+H].

4.14.
2,4-difluor o-N-(2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-di oxabor ol an-2-yl) pyridin-3-yl )benzenesul fonamide
(3b)

This compound was synthesized according to thesdure described iBa.

78.8% vyield. mp 171-173 °GH NMR (400 MHz, DMSO) 10.19 (s, 1H, NH), 8.21 (d,= 1.5 Hz, 1H,
Ar-H), 7.72 (dJ = 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, OC#| 1.30 (s, 12H, Ch). ESI-MS: m/z 427.3 [M+H]

4.1.5. 2-methoxy-3-nitro-5-(4,4,5,5-tetramethyl-1,3,2-dioxabor olan-2-yl)pyridine (5)

This compound was synthesized according to thesgiure described i8a.

72.4% yield, mp107-109 °GH NMR (400 MHz, DMSOY 8.64 (d,J = 1.6 Hz, 1H, Ar-H), 8.45 (d] =
1.6 Hz, 1H, Ar-H), 4.07 (s, 3H, OGH 1.33 (s, 12H, Ch. ESI-MS: m/z 281.3 [M+H]

4.1.6. ethyl 6-(6-methoxy-5-nitropyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylate (6)

A solution of the5 (1.40 g, 5 mmol), ethyl 6-bromoimidazo[1,2-a]pynie- 3-carboxylate (1.34 g, 5 mmol),
Pd(dppf}Cl,(0.18 g, 0.25 mmol) andg80; (3.26 g, 10 mmol) in DMF (30 ml) under an atmoseha N
was stirred at 90 °C for 8 h. DMF was removed umeéuced pressure and the residue was purifiedghra
column chromatography on silica with chloroform/heetol (V:V 50:1) as a white solid (3.06 g, 89.5%lg).
mp 217-219 °CH NMR (400 MHz, CDCI3)5 9.60 (s, 1H, Ar-H), 8.68 (dl = 2.4 Hz, 1H, Ar-H), 8.52 (d] =



2.4 Hz, 1H, Ar-H), 8.37 (s, 1H, Ar-H), 7.92 @= 9.3 Hz, 1H, Ar-H), 7.64 (ddl = 9.3, 1.8 Hz, 1H, Ar-H),
4.46 (q,d = 7.1 Hz, 2H, CH), 4.20 (s, 3H, Ch), 1.45 (t,J = 7.1 Hz, 3H, CH). ESI-MS: m/z 343.2 [M+H]
4.1.7. ethyl 6-(5-amino-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylate (7)

A solution of the6 (2.57 g, 7.5 mmol), iron dust (4.2 g, 75 mmol) &@l/H,O (50 ml, V:V 1:5) was
stirred at 80 °C for 4 h. Add water (100 ml), thé @f the mixture was adjusted to 8 using saturatpteous
NaHCG;. Extracted with ethyl acetate (3 x 200 ml), thegamric layer was washed with water (50 ml), dried
with NaSO, and evaporated to give compound 2 as a white €blfd g, 75.4% vyield). mp 113-115 8.
NMR (400 MHz, DMSO 9.36 (s, 1H, Ar-H), 8.31 (s, 1H, Ar-H), 7.88 (t= 9.3 Hz, 1H, Ar-H), 7.83 (ddl =
9.3, 1.6 Hz, 1H, Ar-H), 7.72 (d,= 2.1 Hz, 1H, Ar-H), 7.20 (d] = 2.2 Hz, 1H, Ar-H), 5.25 (s, 2H, Ni 4.38
(9,J = 7.1 Hz, 2H, CH), 3.93 (s, 3H, Ch), 1.36 (tJ = 7.1 Hz, 3H, Ch). ESI-MS: m/z 313.3 [M+H]

4.1.8. ethyl 2-(6-bromo-4-oxoquinazolin-3(4H)-yl)acetate (9a)

A solution of the 6-bromoquinazolin-4(3H)-one (0g42 mmol), ethyl chloroacetate (0.147 g, 2.4 mmol
K,C05(0.28 g, 4 mmol) and DMF(10 ml) was stirred at 88€12 h. DMF was removed under reduced
pressure and the residue was purified throughwmmolchromatography on silica with chloroform/metblan
(V:V 50:1) as a white solid (0.59 g, 95.2% yieldjp 137-139°CH NMR (400 MHz, DMSO) 8.43 (s, 1H,
Ar-H), 8.24 (d,J = 2.3 Hz, 1H, Ar-H), 8.03 (dd] = 8.7, 2.3 Hz, 1H, Ar-H), 7.68 (d,= 8.7 Hz, 1H, Ar-H), 4.84
(s, 2H, CH), 4.18 (qJ = 7.1 Hz, 2H, CH)), 1.22 (t,J = 7.1 Hz, 3H, CH). ESI-MS: m/z 308.9 [M-H]

Compound®b-g were synthesized according to the procedure destin9a.

4.1.9. 6-bromo-3-(3-mor pholinopropyl)quinazolin-4(3H)-one (9b)

92.4% yield, mp 84-86 °CH NMR (400 MHz, DMSO) 8.44 (s, 1H, Ar-H), 8.23 (dl = 2.3 Hz, 1H,
Ar-H), 7.97 (ddJ = 8.7, 2.3 Hz, 1H, Ar-H), 7.64 (d,= 8.7 Hz, 1H, Ar-H), 4.03 (t] = 6.8 Hz, 2H, Ch)), 3.45
(s, 4H, CH), 2.32 (t,J = 6.6 Hz, 2H, CH), 2.27 (s, 4H, Ch), 1.87 (pJ = 6.6 Hz, 2H, CH). ESI-MS: m/z
352.2 [M+HT".

4.1.10. 3-(3-(1H-pyrazol-1-yl)propyl)-6-bromoquinazolin-4(3H)-one (9c)

83.6% vyield, mp 181-183°CH NMR (400 MHz, DMSO) 8.40 (s, 1H, Ar-H), 8.22 (d) = 2.3 Hz, 1H,
Ar-H), 7.97 (ddJ = 8.7, 2.4 Hz, 1H, Ar-H), 7.75 (d,= 2.0 Hz, 1H, Ar-H), 7.69 (d] = 2.0 Hz, 1H, Ar-H), 7.63
(d,J = 8.7 Hz, 1H, Ar-H), 7.43 (ddl = 3.9, 1.4 Hz, 2H, Ar-H), 6.22 (di,= 4.0, 2.0 Hz, 2H, Ar-H), 4.20 (§,=
7.3 Hz, 2H, CH), 3.99 (t,J = 7.0 Hz, 2H, CH), 2.23 (pJ = 6.9 Hz, 2H, CH). ESI-MS: m/z 355.2 [M+Nd]
4.1.11. 3-(3-(1H-imidazol-1-yl)propyl)-6-bromoquinazolin-4(3H)-one (9d)

78.8% yield, mp 151-153 °&H NMR (400 MHz, DMSOY 8.39 (s, 1H, Ar-H), 8.23 (d| = 2.2 Hz, 1H,
Ar-H), 7.98 (ddJ = 8.7, 2.3 Hz, 1H, Ar-H), 7.70 (s, 1H, Ar-H), 7.6d J = 8.7 Hz, 1H, Ar-H), 7.23 (s, 1H,
Ar-H), 6.90 (s, 1H, Ar-H), 4.06 (] = 7.2 Hz, 2H, Ar-H), 4.00 (dd} = 13.4, 6.4 Hz, 2H, C}), 2.18 (pJ = 7.1
Hz, 2H, CH). ESI-MS: m/z 333.1 [M+H]

4.1.12. 6-bromo-3-(4-mor pholino-4-oxobutyl)quinazolin-4(3H)-one (9¢)
91.8% yield, mp 50-52 °GH NMR (400 MHz, DMSO) 8.40 (s, 1H, Ar-H), 8.23 (dl = 2.2 Hz, 1H,



Ar-H), 7.97 (ddJ = 8.7, 2.3 Hz, 1H, Ar-H), 7.63 (d,= 8.7 Hz, 1H, Ar-H), 4.01 (] = 6.8 Hz, 2H, Ar-H), 3.55
(dd,J=12.7, 8.3 Hz, 4H, C}§), 3.40 (ddJ = 10.3, 5.0 Hz, 4H, C}), 2.39 (m, 2H, Ch), 1.95 (t,J = 6.8 Hz, 2H,
CHy). ESI-MS: m/z 380.2 [M+H]

4.1.13. 6-bromo-3-(5-mor pholino-5-oxopentyl )quinazolin-4(3H)-one (9f)

90.3% vyield, mp 52-54 °CH NMR (400 MHz, DMSO) 8.46 (s, 1H, Ar-H), 8.23 (d} = 2.3 Hz, 1H,
Ar-H), 7.97 (ddJ = 8.7, 2.3 Hz, 1H, Ar-H), 7.64 (d,= 8.7 Hz, 1H, Ar-H), 4.00 (t] = 7.1 Hz, 2H, Ar-H), 3.52
(dd,J=9.4, 4.8 Hz, 4H, C}), 3.42 (brs, 4H, Ch), 2.35 (t,J = 7.4 Hz, 2H, CH), 1.81 — 1.65 (m, 2H, CHji
1.52 (dd,J = 15.0, 7.5 Hz, 2H, C}). ESI-MS: m/z 394.2 [M+H]

4.1.14. 6-bromo-3-(3-(2-oxopyridin-1(2H)-yl)propyl)quinazolin-4(3H)-one (9g)

82.5% vyield, mp148-150 °CH NMR (400 MHz, DMSOY 8.47 (s, 1H, Ar-H), 8.23 (d} = 1.5 Hz, 1H,
Ar-H), 7.99 - 7.97 (m, 1H, Ar-H), 7.70 (d,= 5.5 Hz, 1H, Ar-H), 7.64 (d] = 8.6 Hz, 1H, Ar-H), 7.41-7.37 (m,
1H, Ar-H), 6.36 (d, J = 9.0 Hz, 1H, Ar-H), 6.21 Jt= 6.3 Hz, 1H, Ar-H), 4.02 (§= 6.7 Hz, 2H, CH), 3.95 (t,
J=6.9 Hz, 2H, Ch), 2.11- 2.04 (m, 2H, C}). ESI-MS: m/z 382.1 [M+Nd]

4.1.15. ethyl 5-(5-(4-fluor ophenyl sulfonami do)-6-methoxypyridin-3-yl)-1H-indol e-2-car boxyl ate (1a)

A solution of the3a (0.204 g, 0.5 mmol), ethyl 5-bromo-1H-indole-2tmaxylate (0.134 g, 0.5 mmaol),
Pd(dppfCl, (0.018 g, 0.025 mmol) and §€20; (0.33 g, 0.56 mmol) in DMF (10 ml) under an atmuee of
N, was stirred at 90 °C for 4 h. DMF was removed une@uced pressure and the residue was purified ¢
a column chromatography on silica with chloroforrafhranol (V:V 20:1) as a white solid (0.12 g, 51.¢1#d).
mp 108-110 °C*H NMR (400 MHz, DMSO 12.00 (s, 1H, NH), 10.02 (s, 1H, NH), 8.27 J& 2.2 Hz, 1H,
Ar-H), 7.87 — 7.80 (m, 4H, Ar-H), 7.55 (d= 8.6 Hz, 1H, Ar-H), 7.49 (dd} = 8.6, 1.4 Hz, 1H, Ar-H), 7.43 (t,
J=8.8 Hz, 2H, Ar-H), 7.22 (dl = 1.5 Hz, 1H, Ar-H), 4.36 (q] = 7.1 Hz, 2H, CH), 3.66 (s, 3H, Ch), 1.36 (t,
J=7.1Hz, 3H, CH)."*C NMR (100 MHz, DMSO} 164.8 ( = 249.7 Hz), 161.7, 156.4, 141.6, 137.4, 137.1,
137.0, 132.3,131.1, 130.3 @ 9.6 Hz), 129.2, 128.7, 127.8, 124.2, 120.6,22016.7 (dJ = 22.8 Hz),
113.8, 108.5, 61.0, 53.8, 14.8. HRMS: m/z 470.1[A84H] ",

Compounddb-f was synthesized according to the procedure desiciilia.

4.1.16. ethyl 6-(5-(4-fluor ophenylsulfonamido)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-2-carboxylate
(1b)

72.6% vyield, mp 222-224 °&4 NMR (400 MHz, DMSOY 10.11 (s, 1H, NH), 8.90 (s, 1H, Ar-H), 8.57 (s,
1H, Ar-H), 8.32 (dJ = 2.1 Hz, 1H, Ar-H), 7.94 (dl = 2.1 Hz, 1H, Ar-H), 7.85 (dd} =5.2, 8.7 Hz, 2H, Ar-H),
7.73 (d,J=9.5 Hz, 1H, Ar-H), 7.65 (ddl = 1.3, 9.5Hz, 1H, Ar-H), 7.43 (§,= 8.8 Hz, 2H, Ar-H), 4.34 (4] =
7.1 Hz, 2H, CH), 3.66 (s, 3H, Ch), 1.34 (tJ = 7.1 Hz, 3H, Ch). **C NMR (100 MHz, DMSO} 164.8 (d,J
= 249.6 Hz), 163.0, 157.2, 144.2, 141.8, 137.1,9,3632.0, 130.3 (dl = 9.7 Hz), 126.7, 126.3, 124.9, 123.3,
121.1, 118.9, 118.6, 116.7 @5 22.7 Hz), 60.75, 53.94, 14.71. HRMS: m/z 47161 0a+H]".

4.1.17. ethyl 6-(5-(4-fluor ophenyl sulfonami do)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylate
(1c)



83.1% vyield, mp168-170 °GH NMR (400 MHz, DMSO) 10.17 (s, 1H, NH), 9.34 (s, 1H, Ar-H), 8.33 (d,
J=2.3 Hz, 1H, Ar-H), 8.32 (s, 1H, Ar-H), 7.93 -83.(m, 5H, Ar-H), 7.44 (t) = 8.8 Hz, 2H, Ar-H), 4.41 (q]
=7.1Hz, 2H, CH), 3.72 (s, 3H, CH), 1.39 (t,J= 7.1 Hz, 3H, CH). 3¢ NMR (100 MHz, DMSOP 164.9 (d,
J=250.1 Hz), 160.4, 157.1, 147.5, 141.9, 141.%,93131.2, 130.3 (d,= 9.6 Hz), 128.0, 126.3, 124.7, 124.6,
121.3, 118.3, 116.8( d,= 22.7 Hz), 116.2, 60.80, 54.04, 14.75. HRMS: #471.1131 [M+H].

4.1.18. ethyl 6-(6-methoxy-5-(methyl sulfonamido)pyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylate (1d)

65.9% vield, mp 208-210 °H NMR (400 MHz, DMSO) 9.45 (s, 1H, NH), 9.38 (s, 1H, Ar-H), 8.36 (d,
J=2.2 Hz, 1H, Ar-H), 8.33 (s, 1H, Ar-H), 7.94 @z 2.3 Hz, 1H, Ar-H), 7.91 (s, 1H, Ar-H), 7.90 @z 1.6
Hz, 1H, Ar-H), 4.39 (gJ = 7.1 Hz, 2H, Ch), 4.00 (s, 3H, Ch), 3.12 (s, 3H, Ch), 1.37 (t,J = 7.1 Hz, 3H,

CHs). °C NMR (100 MHz, DMSOY¥ 160.3, 156.9, 147.5, 142.0, 141.1, 130.6, 12&8,5, 125.0, 124.7,
122.2,118.2, 116.2, 60.8, 54.4, 41.2, 14.7. HRM&:391.1066 [M+H].
4.1.19. ethyl 6-(5-(butylsulfonamido)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylate (1€)

78.4% vyield, mp 147-149 °@H NMR (400 MHz, DMSO) 9.48 (s, 1H, NH), 9.36 (s, 1H, Ar-H), 8.35 (s,
1H, Ar-H), 8.31 (s, 1H, Ar-H), 7.94 (s, 1H, Ar-H},88 (q,J = 9.5 Hz, 2H, Ar-H), 4.39 (q] = 7.0 Hz, 2H, CH),
4.00 (s, 3H, CH), 3.25—-3.11 (m, 2H, CHi 1.83 — 1.68 (m, 2H, CH| 1.46 — 1.36 (m, 5H, CHand CH), 0.89
(t, J= 7.3 Hz, 3H, CH). *C NMR (100 MHz, DMSO} 160.3 , 156.9, 147.4, 141.9, 141.1, 130.9, 1264,
124.9, 124.5, 122.1, 118.2, 116.2, 60.8, 54.3,, 5%, 21.3, 14.7, 14.0. HRMS: m/z 433.1560 [M*H]

4.1.20 ethyl 6-(5-(2,4-difluor ophenyl sulfonamido)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxyl ate
(1f)

76.3% vyield, mp 159-161 °éH NMR (400 MHz, DMSO) 10.43 (s, 1H, NH), 9.35 (s, 1H, Ar-H), 8.38 (d,
J= 2.3 Hz, 1H, Ar-H), 8.32 (s, 1H, Ar-H), 7.97 — 4.{m, 4H, Ar-H), 7.65 — 7.54 (m, 1H, Ar-H), 7.241(0 =
1.9, 8.5 Hz, 1H, Ar-H), 4.40 (d,= 7.1 Hz, 2H, CH), 3.70 (s, 3H, Ch), 1.38 (tJ = 7.1 Hz, 3H, CH). **C
NMR (100 MHz, DMSQO) 165.6 (dd,J=12.2, 252.9 Hz), 160.3, 159.8 (dds 13.3, 256.1 Hz), 158.1, 147.4,
142.7,141.9, 133.7, 132.3 (#= 10.6 Hz), 128.0, 126.4, 125.4 (dds 3.5, 14.2 Hz), 124.6, 124.5, 120.5,
118.2,116.2, 112.4 (dd,= 22.4, 3.5 Hz), 106.3 (#,= 26.1 Hz), 60.8, 54.0, 14.7. HRMS: m/z 489.1022
[M+H] ™.

4.1.21. 6-(5-(2,4-difluor ophenyl sulfonamido)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carboxylic acid
(19)

1f was dissolved in EtOH-#D-NaOH (1.5 mol/L) and refluxed for 0.5 h, thendafoed to pH 4-5 with
HCI (2 mol/L) to afford white solid precipitate,lfowing by wash and dry, to affortyy. 94.0% yield, mp
217-219 °C*H NMR (400 MHz, DMSOY 13.20 (s, 1H), 10.42 (s, 1H, NH), 9.42 (s, 1H,H-8.38 (s, 1H,
Ar-H), 8.29 (s, 1H, Ar-H), 7.91-7.69 (m, 4H, Ar-H},59 (t,J = 9.2 Hz, 1H, Ar-H), 7.23 (t] = 8.4 Hz, 1H,
Ar-H), 3.69 (s, 3H, Ch).**C NMR (100 MHz, DMSO} 167.4, 165.6 (dd, J = 11.6, 252.5 Hz), 159.9 {dd,
13.4,270.9 Hz), 158.1, 147.4, 142.7, 141.9, 13832,4 (dJ = 10.8 Hz), 127.8, 126.6, 125.4 (dds 3.5, 14.2
Hz), 124.7, 124.3, 120.5, 118.2, 116.9, 112.4 Jdd3.5, 22.4 Hz), 106.3(t, J = 25.8 Hz), 54.0. HRM®z



461.0727 [M+H].
4.1.22.6-(5-(2,4-difl uor ophenyl sulfonami do)-6-methoxypyridin-3-yl)-N-(2-(dimethylamino)ethyl )imidazo[ 1,2-a]
pyridine-3-carboxamide (1h)

A solution of thelf (0.23 g, 0.5 mmol), N,N-dimethylethane-1,2-diam{@®44 g, 0.5 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydhdoride (EDCI, 0.14 g, 0.75mmol),
N-hydroxybenzotrizole (HOBt, 0.21 g, 0.5 mmol), axddliisopropylethylamine (DIPEA, 0.26ml, 1.5 mmaot)
anhydrous THF (10 ml) was stirred for 24 h. THF wamoved under reduced pressure and the residue was
purified through a column chromatography on siligtn chloroform/methanol (V:V 20:1) as a white sbli
78.9% vyield, mp 256-258 °GH NMR (400 MHz, DMSO) 9.62 (s, 1H, NH), 8.60 (8 = 5.3 Hz, 1H, Ar-H),
8.36 (s, 1H, Ar-H), 8.11 (s, 1H, Ar-H), 7.86 (dbs 8.3, 15.1 Hz, 1H, Ar-H), 7.79 (d,= 9.3 Hz, 1H, Ar-H),
7.77 —7.66 (m, 2H, Ar-H), 7.46 @,= 9.0 Hz, 1H, Ar-H), 7.21 (1 = 7.7 Hz, 1H, Ar-H), 3.72 (s, 3H, GH
3.52 (ddJ=5.9, 11.9 Hz, 2H, CH, 2.75 (t,J = 6.3 Hz, 2H, Ch)), 2.44 (s, 6H, Ckk2). °*C NMR (100 MHz,
DMSO) 4 165.6 (ddJ = 12.0, 252.8 Hz), 160.8, 159.7 (dds 12.7, 269.2 Hz), 158.2, 145.2, 142.8, 135.8,
133.7,132.3(d) = 10.7 Hz), 128.4, 126.3 , 125.4 (dd; 13.5, 4.4 Hz), 125.0, 124.5, 120.5, 119.0, 117.1
112.5 (ddJ = 3.7, 21.7 Hz), 106.4 (8,= 25.7 Hz), 56.4, 54.0, 43.0, 34.4. HRMS: m/z 3831 [M+HT .

Compounddi-m were synthesized according to the procedure destiitilh.
4.1.23.6-(5-(2,4-difl uor ophenyl sulfonami do)-6-methoxypyridin-3-yl)-N-(2-mor pholinoethyl )imidazo[ 1,2-a] pyri
dine-3-carboxamide (1i)

74.5% vyield, mp 114-116 °&4 NMR (400 MHz, DMSO) 9.67 (s, 1H, NH), 8.56 (s, 1H, Ar-H), 8.37 (s,
1H, Ar-H), 8.32 (s, 1H, Ar-H), 7.86 (s, 1H, Ar-H},85 — 7.79 (m, 2H, Ar-H), 7.75 (d,= 9.3 Hz, 1H, Ar-H),
7.57 (t,J=9.1 Hz, 1H, Ar-H), 7.24 (1 = 7.9 Hz, 1H, Ar-H), 3.70 (s, 3H, GH 3.61 (s, 4H, Ckk2), 3.48 (dJ
= 6.1 Hz, 2H, CH), 2.51 (s, 4H, Ckk2).*C NMR (100 MHz, DMSOP 165.5 (dd,) = 11.3, 252.0 Hz), 160.6,
159.8 (ddJ = 13.3, 255.6 Hz), 157.9, 146.4, 142.0, 137.6,0,3832.4 (d,) = 10.6 Hz), 126.7(2C), 125.7(dd,
=3.4,14.7 Hz), 124.8,123.7, 121.1, 119.1, 11712,.4 (ddJ = 3.3, 22.0 Hz), 106.3 (#,= 26.1 Hz), 66.5,
57.9, 53.9, 53.7, 36.2. HRMS: m/z 573.1727 [M*H]

4.1.24.
6-(5-(2,4-difluor ophenyl sulfonami do)-6-methoxypyr i din-3-yl)-N-(3-mor pholinopropyl)imidazo[ 1,2-a] pyridine-3
-carboxamide (1j)

76.0% vyield, mp 100-102 °@H NMR (400 MHz, DMSO) 9.67 (s, 1H, NH), 8.58 (= 5.2 Hz, 1H,
Ar-H), 8.35 (d,J = 8.2 Hz, 1H, Ar-H), 8.31 (dl = 1.9 Hz, 1H, Ar-H), 7.88 — 7.79 (m, 2H, Ar-H),77.—-7.68 (m,
1H, Ar-H), 7.62 — 7.52 (m, 1H, Ar-H), 7.28 — 7.20,(1H, Ar-H), 3.69 (s, 3H, C#), 3.60 (s, 4H, Ckk2), 3.35
(dt,J = 6.5, 15.4 Hz, 4H, Cpk2), 2.44 (d,J = 6.4 Hz, 4H, Chix2), 1.83 - 1.68 (m, 2H, CH *C NMR (100
MHz, DMSO)$ 165.4 (ddJ = 11.9, 252.1 Hz), 160.6, 159.8 (dd; 12.9, 255.3 Hz), 157.9, 146.3, 141.7,
137.5,132.7,132.4 (d,= 10.6 Hz), 126.7, 126.6, 125.8 (dds 4.1, 15.1 Hz), 124.7, 123.7, 121.5, 119.1,



117.9,112.3 (dd, J = 3.3, 22.2 Hz), 106.3 &,26.2 Hz), 66.4, 56.2, 53.9, 53.6, 37.3, 26.4AMERm/z
587.1865 [M+H].

4.1.25.1-(6-(5-(2,4-difluor ophenyl sulfonami do)-6-methoxypyridin-3-yl )imidazo[ 1,2-a] pyridine-3-carbonyl)pipe
ridin-4-yl benzoate (1k)

67.2% vyield, mp 129-131 °@4 NMR (400 MHz, DMSO) 10.42 (s, 1H, NH), 9.06 (s, 1H, Ar-H), 8.37
(d,J=2.3 Hz, 1H, Ar-H), 8.09 (s, 1H, Ar-H), 8.05 (i, Ar-H), 8.03 (dJ = 1.2 Hz, 1H, Ar-H), 7.91 (d] =
2.3 Hz, 1H, Ar-H), 7.82 (dt) = 6.9, 14.8 Hz, 2H, Ar-H), 7.75 (dd= 1.7, 9.4 Hz, 1H, Ar-H), 7.68 §,=7.4
Hz, 1H, Ar-H), 7.58 (dtJ = 5.0, 15.3 Hz, 3H, Ar-H), 7.24 (td,= 2.1, 8.5 Hz, 1H, Ar-H), 5.38 — 5.24 (m, 1H,
CH), 4.12 - 3.98 (m, 2H, G 3.87 — 3.73 (m, 2H, CHl 3.69 (s, 3H, Ch), 2.20 — 2.06 (m, 2H, Chi 1.88
(ddd,J = 5.2, 8.7, 11.4 Hz, 2H, GH **C NMR (100 MHz, DMSOP 165.6 (dd,J) = 11.5, 252.6 Hz), 165.5,
160.5, 159.8 (dd] = 12.9, 255.9 Hz), 158.1, 146.1, 142.7, 137.6,0,3433.8, 132.4 (d] = 10.5 Hz), 130.4,
129.7,129.2,126.8, 125.5 (dtF 14.2, 3.4 Hz), 125.3, 123.1, 120.4, 118.5, 11712.4 (dd)J = 3.2, 22.2 Hz),
106.32 (tJ = 25.8 Hz), 70.3, 53.9, 30.9, 25.4. HRMS: m/z 682 [M+H[J".

4.1.26.
1-(6-(5-(2,4-difluor ophenyl sulfonamido)-6-methoxypyridin-3-yl)imidazo[ 1,2-a] pyridine-3-carbonyl)piperidin-4
-yl benzoate (1)

73.2% yield, mp 89-91 °CH NMR (400 MHz, DMSO) 10.39 (s, 1H, NH), 9.02 (s, 1H, Ar-H), 8.36 {d,
= 2.3 Hz, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.89 (@= 2.3 Hz, 1H, Ar-H), 7.84 — 7.76 (m, 2H, Ar-H),73.(dd,J
=1.7,9.4 Hz, 1H, Ar-H), 7.63 — 7.54 (m, 1H, Ar;A)23 (tdJ = 2.1, 8.5 Hz, 1H, Ar-H), 4.85 (d,= 3.5 Hz,
1H, Ar-H), 4.08 (dtJ = 3.9, 9.1 Hz, 2H, C}), 3.82 (dJ = 3.5 Hz, 1H, CH), 3.67 (s, 3H, GK3.52 — 3.37 (m,
2H, CHy), 1.91 — 1.80 (m, 2H, CH 1.57 — 1.42 (m, 2H, CH *C NMR (100 MHz, DMSO$165.6 (dd,J =
11.2, 252.2 Hz), 160.2, 159.8 (dds 13.3, 256.0 Hz), 158.0, 146.0, 143.3, 137.4,03432.4 (dJ = 10.4 Hz),
126.8, 126.7, 125.5 (dd,= 3.9, 14.6 Hz), 125.2, 123.0, 120.4, 118.6, 11712.4 (dd,J = 2.9, 22.2 Hz),
106.32 (tJ = 26.3 Hz), 66.0, 53.9, 34.7. HRMS: m/z 544.149#H]".

4.1.27.
6-(5-(2,4-difluor ophenyl sulfonami do)-6-methoxypyridin-3-yl)-N-(pyridin-4-ylmethyl )imidazo[ 1,2-a] pyridine-3-
carboxamide (1m)

69.5% vyield, mp 91-93 °CH NMR (400 MHz, DMSO) 10.43 (s, 1H, NH), 9.64 (s, 1H, Ar-H), 9.54Jt,
= 5.8 Hz, 1H, Ar-H), 8.84 (d] = 6.1 Hz, 2H, Ar-H), 8.60 (s, 1H, Ar-H), 8.36 = 2.3 Hz, 1H, Ar-H), 7.93 (td,
J=3.9, 11.5 Hz, 4H, Ar-H), 7.87 (d,= 2.3 Hz, 1H, Ar-H), 7.79 (di] = 7.5, 14.9 Hz, 1H, Ar-H), 7.64 — 7.53
(m, 1H, Ar-H), 7.19 (ddJ = 5.3, 11.6 Hz, 1H, Ar-H), 4.81 (d,= 5.6 Hz, 2H, CH2), 3.68 (s, 3H, GH'C
NMR (100 MHz, DMSO) 165.6 (ddJ = 11.3, 252.0 Hz), 160.6, 159.8 (dds 13.8, 255.6 Hz), 158.1, 144.8,
143.1 (2C), 142.7, 135.1, 133.5, 132.4J¢,10.8 Hz), 129.2, 126.1, 125.4 (= 3.7 Hz), 125.3, 125.1 (2C),
124.9, 120.5, 118.8, 116.7, 112.4 (dd; 22.3, 3.2 Hz), 106.6, 106.3 Jtz= 25.7 Hz), 54.0, 42.2. HRMS: m/z
551.1317 [M+H].



Compoundd0a-g were synthesized according to the procedure destiiiila.

4.1.28. ethyl 2-(6-(5-(2,4-difluor ophenyl sulfonamido)-6-methoxypyridin-3-yl)-4-oxoquinazolin-3(4H)-yl)acetate
(10a)

81.2% yield, mp 208-210 °&H NMR (400 MHz, DMSO 10.37 (s, 1H, H), 8.45 (d,= 1.8 Hz, 1H,
Ar-H), 8.42 (s, 1H, Ar-H), 8.28 (s, 1H, Ar-H), 8.18d,J = 8.4, 1.4 Hz, 1H, Ar-H), 7.98 (d,= 1.7 Hz, 1H,
Ar-H), 7.82 (d,J = 8.5 Hz, 1H, Ar-H), 7.79 — 7.75 (m, 1H, Ar-H)58.(m, 1H, Ar-H), 7.22 (m, 1H, Ar-H), 4.87
(s, 2H, CH), 4.20 (qJ = 7.0 Hz, 2H, CH), 3.68 (s, 3H, Ch), 1.24 (tJ = 7.1 Hz, 3H, CH). **C NMR (100
MHz, DMSO0)5 168.36, 165.6 (ddl = 11.6, 252.6 Hz), 160.5, 159.8 (dds 13.5, 256.0 Hz), 158.1, 148.6,
147.8, 143.0, 135.6, 134.3, 133.3, 132.31d,10.8 Hz), 128.8, 125.5 (dd= 3.8, 14.3 Hz), 123.5, 122.2,
120.3, 112.4 (dd] = 3.2, 22.3 Hz), 106.3 (8,= 25.9 Hz), 61.8, 54.0, 47.8, 14.5. HRMS: m/z 3359
[M+H] ™.
4.1.29.2,4-difluor o-N-(2-methoxy-5-(3-(3-mor pholinopr opyl )-4-oxo- 3,4-di hydr oquinazolin-6-yl)pyridin-3-yl ) be
nzenesulfonamide (10b)

77.8% vyield, mp 179-181 °@H NMR (400 MHz, DMSO) 10.37(s, 1H, NH), 8.55 (s, 1H, Ar-H), 8.52 —
8.37 (m, 2H, Ar-H), 8.09 (d] = 2.1 Hz, 1H, Ar-H), 8.06 (d] = 8.7 Hz, 1H, Ar-H), 7.83 — 7.68 (m, 2H, Ar-H),
7.64 —7.50 (m, 1H, Ar-H), 7.20 (dd= 5.2, 11.9 Hz, 1H, Ar-H), 3.63 (s, 3H, @H3.62 — 3.53 (m, 6H,
CH,x3), 2.48 — 2.32 (m, 6H, GM3), 1.86 (p,) = 6.8Hz, 2H, CH). **C NMR (100 MHz, DMSO165.4 (dd,J
=11.8, 252.2 Hz), 159.9, 159.8 (dds 13.3, 255.9 Hz), 158.3, 155.8, 148.9, 142.9,23633.8, 132.3 (d =
10.1 Hz), 131.1, 129.4, 128.8, 125.8 (dd; 3.1, 14.5 Hz), 120.5 (2C), 115.7, 112.4 (#d,3.0, 22.0 Hz),
106.2 (t,J = 25.7 Hz), 66.5, 56.4, 53.8, 53.7, 26.8, 25.8MBRm/z 571.1905 [M].
4.1.30.N-(5-(3-(3-(1H-pyrazol -1-yl) propyl)-4-oxo- 3,4-di hydr oqui nazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-diflu
orobenzenesulfonamide (10c)

80.2% yield, mp 182-184 °GH NMR (400 MHz, DMSOY 10.37 (s, 1H, H), 8.43 (d,= 2.2 Hz, 1H,
Ar-H), 8.39 (s, 1H, Ar-H), 8.28 (d] = 2.0 Hz, 1H, Ar-H), 8.10 (ddl = 2.1, 8.5 Hz, 1H, Ar-H), 7.97 (d,= 2.2
Hz, 1H, Ar-H), 7.84 — 7.74 (m, 3H, Ar-H), 7.64 -54.(m, 1H, Ar-H), 7.45 (d]) = 1.3 Hz, 1H, Ar-H), 7.23 (td,
J=2.0,8.5Hz, 1H, Ar-H), 6.24 (8,= 1.9 Hz, 1H, Ar-H), 4.22 (i} = 6.9 Hz, 2H, CH), 4.03 (t,J = 6.9 Hz, 2H,
CH,), 3.68 (s, 3H, CH), 2.26 (pJ = 6.9 Hz, 2H, CH). *C NMR (100 MHz, DMSO¥165.6 (ddJ = 11.1,
252.3 Hz), 160.7, 159.8 (dd~= 13.4, 256.0 Hz), 158.0, 148.7, 147.8, 142.8,1,3835.2, 134.2, 132.8, 132.3
(d,J=11.4 Hz), 130.3, 128.9, 128.6, 125.5 (@4, 3.5, 14.4 Hz), 123.5, 122.5, 120.3, 112.4 (dd 3.3, 21.9
Hz), 106.3 (d,) = 26.2 Hz), 105.6, 54.0, 49.0, 44.4, 30.0. HRM% §53.1464 [M+H].
4.1.31.N-(5-(3-(3-(1H-imidazol - 1-yl) propyl )-4-oxo- 3,4-di hydr oqui nazolin-6-yl)-2-methoxypyridin-3-yl)-2,4-difl
uor obenzenesulfonamide (10d)

75.8% vyield, mp 191-193 °@H NMR (400 MHz, DMSO) 8.40 (d,J = 2.3 Hz, 1H, Ar-H), 8.38 (s, 1H,
Ar-H), 8.28 (d,J = 2.1 Hz, 1H, Ar-H), 8.10 (dd} = 8.5, 2.2 Hz, 1H, Ar-H), 7.95 (d,= 2.3 Hz, 1H, Ar-H), 7.83
—7.71 (m, 3H, Ar-H), 7.61 — 7.52 (m, 1H, Ar-H)28.(s, 1H, Ar-H), 7.22 (td] = 2.2, 8.6 Hz, 1H, Ar-H), 6.93



(s, 1H, Ar-H), 4.08 (tJ = 7.1 Hz, 2H, Ch), 4.02 (t,J = 6.9 Hz, 2H, CH), 3.68 (s, 3H, Ch), 2.30 — 2.13 (m,
2H, CHp). 3C NMR (100 MHz, DMSO¥$165.4 (dd,) = 10.9, 251.7 Hz), 160.7, 159.8 (s 10.5, 253.5 Hz),
158.0, 148.5, 147.8, 142.3, 137.6, 135.4, 133.8,8,332.3 (dJ = 11.2 Hz), 128.9, 128.6, 128.5, 125.7 (did,
=2.9,14.6 Hz), 123.5, 122.5, 121.0, 119.8, 11@d3J = 3.3, 21.9 Hz), 106.3 ({,= 26.5 Hz), 53.9, 44.2, 44.1,
30.6. HRMS: m/z 553.1474 [M+H]

4.1.32.2,4-difluor o-N-(2-methoxy-5-(4-oxo-3-(3-(2-oxopyridin-1(2H)-yl) propyl)-3,4-di hydr oquinazolin-6-yl ) pyr
idin-3-yl)benzenesulfonamide (10e)

74.2% yield, mp 118-120 °¢H NMR (400 MHz, DMSO) 10.39 (s, 1H, NH), 8.46 (s, 1H, Ar-H), 8.42
(d,J = 2.2 Hz, 1H, Ar-H), 8.28 (d] = 1.9 Hz, 1H, Ar-H), 8.10 (dd} = 8.5, 2.1 Hz, 1H, Ar-H), 7.96 (d,= 2.2
Hz, 1H, Ar-H), 7.83 — 7.75 (m, 2H, Ar-H), 7.73 (db 1.5, 6.7 Hz, 1H, Ar-H), 7.63 — 7.54 (m, 1H, A);H
7.40 (dddJ=1.9, 6.6, 8.8 Hz, 1H, Ar-H), 7.22 (td= 1.9, 8.6 Hz, 1H, Ar-H), 6.38 (d,= 9.0 Hz, 1H, Ar-H),
6.22 (t,J= 6.2 Hz, 1H, Ar-H), 4.06 (1 = 6.8 Hz, 2H, CH), 3.98 (t,J = 7.1 Hz, 2H, CH), 3.68 (s, 3H, Ch),
2.19 — 2.05 (m, 2H, CHI **C NMR (100 MHz, DMSOJ 165.6 (dd,) = 11.8, 252.6 Hz), 162.8, 161.9, 160.6,
159.8 (dJ = 13.9, 252.3 Hz), 158.0, 148.6, 147.8, 142.7,34189.4, 135.2, 134.1, 132.7, 132.3J¢,11.0
Hz), 128.9, 128.6, 125.5 (dd~ 3.7, 14.1 Hz), 123.5, 122.5, 120.3, 120.1, 11@d3J = 3.5, 22.2 Hz), 106.3 (t,
J=26.1Hz), 105.9, 53.9, 46.5, 44.3, 29.1. HRM% §80.1477 [M+H].

4.1.33. 4-difluoro-N-(2-methoxy-5-(3-(4-mor pholino-4-oxobutyl )-4-oxo-3,4-dihydroquinazolin-6-yl ) pyridin-3-yl)
benzenesulfonamide (10f)

80.1% yield, mp 113-115 °¢H NMR (400 MHz, DMSOY 10.36 (s, 1H, NH), 8.43 (d,= 2.3 Hz, 1H,
Ar-H), 8.39 (s, 1H, Ar-H), 8.28 (dl = 2.1 Hz, 1H, Ar-H), 8.10 (ddl = 2.2, 8.5 Hz, 1H, Ar-H), 7.96 (d,= 2.3
Hz, 1H, Ar-H), 7.83 = 7.73 (m, 2H, Ar-H), 7.64 -54.(m, 1H, Ar-H), 7.22 (td] = 2.0, 8.4 Hz, 1H, Ar-H), 4.04
(t, J=6.8 Hz, 2H, Ch), 3.68 (s, 3H, Ch), 3.60 — 3.53 (m, 2H, Ci) 3.53 — 3.48 (m, 2H, Ci 3.41 (ddJ =
4.9,11.4 Hz, 4H, Cbx2), 2.41 (tJ = 7.2 Hz, 2H, Ch)), 1.98 (pJ = 7.0 Hz, 2H, CH). *C NMR (100 MHz,
DMSO)6 170.4, 165.6 (dd] = 11.5, 252.4 Hz), 160.6, 159.8 (dds 13.6, 256.3 Hz), 158.0, 148.7, 147.8,
142.8, 135.2, 134.1, 132.7, 132.34¢; 11.0 Hz), 128.9, 128.6, 125.4 (dds 3.4, 14.6 Hz), 123.6, 122.5,
120.3, 112.3 (dd] = 3.2, 22.3 Hz), 106.3 (§,= 25.8 Hz), 55.4, 53.9, 46.3, 45.8, 41.9, 29.5MERm/z
600.1741 [M+H].
4.1.34.4-difluor o-N-(2-methoxy-5-(3-(5-mor pholino-5-oxopentyl )-4-oxo-3,4-di hydr oquinazol in-6-yl ) pyridin-3-y
I) benzenesulfonamide (10g)

72.7% yield, mp 136-138 °H NMR (400 MHz, DMSO) 10.36 (s, 1H, NH), 8.44 (s, 1H, Ar-H), 8.43
(d,J = 2.2 Hz, 1H, Ar-H), 8.28 (d] = 1.8 Hz, 1H, Ar-H), 8.10 (dd] = 2.0, 8.5 Hz, 1H, Ar-H), 7.97 (d,= 2.1
Hz, 1H, Ar-H), 7.85 — 7.73 (m, 2H, Ar-H), 7.65 -52.(m, 1H, Ar-H), 7.31 — 7.15 (m, 1H, Ar-H), 4.03J=
6.8 Hz, 2H, CH), 3.68 (s, 3H, Ch), 3.52 (m, 4H, Cki2), 3.42 (m, 4H, Ckk2), 2.36 (tJ = 7.3 Hz, 2H, CH),
1.81 —1.66 (m, 2H, CH, 1.54 (ddJ = 7.5, 14.7 Hz, 2H, C. **C NMR (100 MHz, DMSO} 171.0, 165.6
(dd,J =12.5, 252.6 Hz), 160.5, 159.8 (dds 14.6, 255.9 Hz), 158.0, 148.7, 147.8, 142.8,3,3634.1, 132.8,



132.3 (d,J = 10.6 Hz), 128.9, 128.6, 125.4 (dds 3.8, 14.4 Hz), 123.5, 122.4, 120.3, 112.3 (dd 3.3, 22.1
Hz), 106.2 (tJ = 26.0 Hz), 53.9, 46.3, 45.8, 41.9, 31.9, 28.812BRMS: m/z 614.1896 [M+H]

4.2 Biological assay methods
421 Cdl culture

HCT-116, A549, SK-HEP-1, SNU638, MDA-MB-231 cells\ca HUVEC were purchased from the
American Type Culture Collection (Manassas, VA, JS2ells were grown in DMEM (SNU-638, HUVEC and
SK-HEP-1) or RPMI1640 (HCT-116, A549 and MDA-MB-23%lls) supplemented with 10% FBS and
antibiotics-antimycotics (PSF; 100 units/mL penicilG sodium, 100ug/mL streptomycin, and 250 ng/mL
amphotericin B) in a humidified incubator contami®o CQ at 37 °C.
4.2.2. Antiproliferative activity

The cell viability was evaluated using the sulfatamine B (SRB) cellular protein-staining methodhwit
minor modifications. Briefly, cells were treatedthwivarious concentrations of compounds in 96-wisltgs and
incubated at 37 °C in a humidified atmosphere W CQ for 72 h. After treatment, the cells were fixedhwi
10% TCA solution, and cell viability was determinedh a sulforhodamine B (SRB) assay. The percentdg
cell-growth inhibition was calculated using the mfodae below. The 16 values were calculated using a

non-linear regression analysis (percent growthugec®ncentration).

% growth inhibition=100-100X (OD, - ODp,y0) /' C(OD 6 control = ODpayo

sample

4.2.3. PI3K enzymatic activity assay

The PI3K kinase assay was measured by PI3 Kinas&itiinhibitor Assay Kit (EMD Millipore,
#17-493) following the manufacturer’s protocols.
4.24. Molecular docking studies

The crystal structure of PI3K(PDB entry code: 4ZOP) in complex with 4Q2 wasdusar molecular
modeling. The AutoDock 4.2 was used to perform duaglcalculations. Polar hydrogens and partial cbsirg
were added for PI3K protein using the Kollman United Atom charges whybyl 6.9.1, and energy
minimization was made employing both steepest desmed conjugate gradients protocols. Atomic sabvat
parameters and fragmental volumes for the proteare assigned using the addsol utility in the Awiok4.2
program. A 60x60x60 A grid box with a grid spacinigd.375 A was generated for the receptor. Affirgtyd
fields were generated using the auxiliary programo&rid 4.0. The Lamarckian genetic algorithm (LGags
used to find the appropriate binding positionsemtations, and conformations of the ligands. Thenmoped
AutoDocking parameters are as follows: the maximoumber of energy evaluations was increased to
25,000,000 per run; the iterations of Solis & Weisal search was 3000; the number of individuals in
population was 300 and the number of generatiorss M. Results differing by less than 2 A in a posal

root mean square deviation (RMSD) were clusteregketteer. In each group, the lowest binding energy



configuration with the highest % frequency was celé as the group representative. All other pararsatere
maintained as default. Accelrys Discovery Studisudlizer 4.0 was used for graphic display.
4.2.5. Western blot analysis

Preparation of whole-cell protein lysates and west#ot analysis were described previously [36]talTo
cell lysates were prepared in RIPA buffer (50 mNs-HCI, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS). The protein concentratvas determined, and equal amounts of protein sample
were subjected to 10% SDSPAGE. Separated protegre Wwansferred to PVDF membranes (Millipore,
Bedford, MA, USA) and probed with the indicated ibatlies. Exposures were obtained
using ImageQuant LAS 4000 biomolecular imager (@&althcare).
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Figurelegends

Fig.1. RTK/PI3K/Akt signaling cascade in cancer.

Fig.2. The structures of PI3K inhibitors.

Fig.3. The design strategy based on HS-173 and GSK2126458

Fig.4. Docking mode ofli and HS-173 into protein crystal structure of Pd3KA) Key interactions of HS-173 in the active site
of PI3Ka. (B) Key interactions of compourtd in the active site of PI3& (C) The binding pose dfii and HS-173 in the active
site of PI3ku. 1i was highlighted with yellow. (D) Binding modes &f and HS-173 in the binding pocket of PI8KThe
ligands are shown in stick model, while the prateine shown in surface model for better visualizain the three dimensional

combination modelsli was highlighted with yellow.

Fig.b. Effect of compoundi on PI3K pathway in HCT-116 cells. (A) Compoutidlecreased phospho-Akt (S473) in a
dose-dependent manner. (B) Compotinid more effective than HS-173 in reducing the Iswélphospho-Akt (S473). Cells
were treated with 0.1% DMSO, @8 compoundli or HS-173 for 24 h.

Scheme 1. (a) benzenesulfonyl chloride, pyridine, rt, 24ih); bis(pinacolato)diborane, Pd(dpsi),, AcOK, DMF, 100 °C, 8 h;
(c) Pd(dppf)Cl,, CsCOs, DMF/ H,0, 90 °C, 8 h; (d) bis(pinacolato)diborane, Pd(3hap, AcOK, DMF, 100 °C, 8 h; (e)
Pd(dppf}Cl,, CsCOs, DMF, 90°C, 8h; (f) Fe, HCI/FD, 80 °C , 4 h; (g) sulfonyl chloride, pyridine, 24 h; (h) NaOH/Ethanol/
H,0, 80 °C, 0.5 h, then HCI (2 mol/L); (i) DIPEA, HQEEDCI, THF,12 h, rt.

Scheme 2. (a) chlorinated compounds 8Os, DMF, 60 °C, 12 h; (b3b, Pd(dppf)Cl,, CsCOs;, DMF/ H,O, 90°C, 8h.



Highlights

Imidazo [1, 2-a] pyridine and quinazolin-4(3H)-one derivatives were synthesized.
Their antiproliferative activities against cancer cell lines were evaluated.

1i exhibited an ICsy value of 10nM against HCT116 and SNUG638 cells.

The compounds 1b, 1i and 10b were evaluated for their PI3K inhibitory activity
and selectivity.

Compound 1i is considered as a potent PI3K o inhibitor with 1Cso of 0.5nM.



