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ABSTRACT:

The chalcone motif can be found in many moleculest tcontribute to essential biological
processes, and many chalcone-containing compouxitibitepotent anti-cancer activity. Here, we
synthesized two series of chalcone analogBass(and 6a—s) based on substituting the chalcone
B-ring or A-ring with a 4-oxoquinazolin-2-yl groupnd then evaluated them for cytotoxic activity in
human colorectal HCT-116 and breast cancer MCF4¥ lzees. Compounds3a—-s (in which a
4-oxoquinazolin-2-yl group functioned as the B-)imgere markedly more cytotoxic than compounds
6a-s (in which 4-oxoquinazolin-2-yl group functioned #s A-ring), based on their {gvalues to
inhibit proliferation. Compound3f was found as the most potent among 38 analogudsttam
mechanism of its cytotoxicity was investigated.loytometry indicated that HCT-116 cells treated
with compound3f resulted in a dose-dependent accumulation of geltke sub-G1 phase, which is
representative of apoptotic cells. Subsequent asg&cluding Annexin V-FITC/PI, AO-EB,
MitoSOX™ Red and JC-1 staining) confirmed ttitexposure induced apoptosis in HCT-116 cells.
Immunoblotting analysis indicated that cellular espre to3f increased the cleavage of PARP1 and
caspases 3, 7, and 9. Taken together, this noadtaie analogue has a cytotoxic effect on cultured
cancer cell-lines that is likely mediated by indigcapoptosisia the mitochondrial death pathway.
Keywords Quinazolin-4(3)-one; chalcone analogue; cytotoxicity; apoptosistochondrial death

pathway

1. Introduction

Chalcones (1,3-diaryl-2-propen-1-ones) are nataraimatic ketones predominantly found in
plants and are essential precursors for flavonai iaoflavonoid biosynthesis. Chalcones consist of
two aromatic rings (A and B rings) joineih a three-carbon (G),p-unsaturated carbonyl system (Fig.
1); the A-ring lies adjacent to the carbonyl graum the B-ring lies adjacent to the C=C double bond
[1-3]. Chalcones and their synthetic analogues fmfracted much attention due to their anti-cancer,
anti-malarial, anti-microbial, anti-viral, and amiflammatory activities [3,4], and have guided the
design and discovery of many anti-cancer agen®.[5-

Recent attempts to develop anti-cancer chalcon@umes have been based on the addition of

various substituents to the A-ring and/or B-ring,te replacement of these rings with heteroaryl



groups [3-9]. Introducing an imidazolone group otiite A-ring produced a chalcone analogue (Fig. 1,
I; R = 3,4,5-triOCH, R' = Phenyl) with anti-proliferative activity towardsiltured MCF-7, HT-29 and
HCT-116 cancer-cell lines (k= 0.31, 0.66 and 0.38M, respectively) [8]. Exposure of MCF-7 cells
to a high concentration (30M) of this compound arrested the cell cycle in GZiNase. Replacing the
B-ring with an indole ring also generated a chagcamalogue with potent anti-proliferative activity
against cultured cancer cell lines (Figll%,ICso = 3-9 nM) [9]. Further investigation revealed thas
compound inhibited tubulin polymerization to arréke cell cycle at G2/M phase, thus inducing
apoptosis together with a decrease in mitochondreahbrane potential.

Quinazoline is an important heterocycle, and compsuwerived from its C5 or C6 position have
been the main source of antifolates used in camdeemotherapy [10,11]. Raltitrexed, a
2-methylquinazolin-4(Bl)-one analogue of folate, has been available inraber of countries for the
first-line treatment of colorectal cancer [12]. A&3is a 2-aminoquinazolin-4¢B-one derivative
bearing a lipophilic side chain at the C5 positiasfiich had entered phase I/l trial in patientghwy
advanced hepatocellular carcinoma [13]. Derivednfriitne C6 position of 2,4-diaminoquinazoline,
trimetrexate have been reached clinical trialstfeatment of solid tumors such as colorectal cancer
gastric cancer and osteosarcoma [14,15]. Many qalima4(3H)-ones with substituents at the
C2-position also exhibit anti-cancer activity [18].1lspinesib is a quinazoline-based drug thathitbi
the kinesin spindle protein and prevents spindéebly and mitosis. This inhibitor reached phase I
clinical trials in patients with metastatic hepatibaar carcinoma, but despite being well-tolerated
conclusive benefit to ispinesib monotherapy wasorieg [18,19]. Another study synthesized 30
derivatives of 2-phenylquinazolin-443-one and upon testing for cytotoxic activity innan cancer
cell lines found that one (Fig. lll ) could induce GO/G1 phase arrest in HeLa cell§. [Récently, we
incorporated dithiocarbamate into the 2-positionqafazolin-4(31)-one and found that one of the
derivatives (Fig. 1JVc) inhibited HT29 cell proliferation and arrestec tbell cycle at G2/M phase
[20]. Cellular exposure to this compound promotgloutin polymerization and subsequent activation
of the spindle assembly checkpoint [20].

Apoptosis is a cell death process accompanied &yathivation of caspase proteases [21]. The
mitochondrial (the intrinsic) pathway and the deegheptor (DR) (the extrinsic) pathway are two

major mechanisms triggering apoptotic cell deatlr-iBduced apoptosis requires an interaction



between a classical ligand (e.g., tumor necrosi®fa TNF)) and its cell surface receptor (e.g.,FTN
receptor (TNFR)) and is essential for immune systenttion and homeostasis. On the other hand,
both excessive environmental stress (e.g., indudbip genotoxic agents) and endogenous cellular
stress (e.g., induction by reactive oxygen spe¢(iR®S) and unfolded proteins) actively engage
apoptosis. The mitochondrial death pathway to agmgtis a major channel of physiological cell death
and a promising therapeutic target for human def22]. Chalcone analogues exert cytotoxic agtivit
through different molecular mechanisms, of whicho@psis induction is a major mechanism
underlying cytotoxicity in various cancer-cell Im¢s-7]. Notably, quinazoline has been recognized a
a privileged structure for the development of aatitcer agents [23]. In the present study, we thegef
substituted either the A-ring or B-ring of chalcami¢h a 4-oxoquinazolin-2-yl group to generate avne
set of chalcone analoguBs—s and6a-s (Schemes 1 and 2), and evaluated their cytotmtigity in
cultured human cancer-cell lines.
< Figure 1 >

2. Results and discussion
2.1. Synthesis

Scheme 1 outlines the synthetic pathway to dertadcone analogue8#-s) in which the B-ring
was substituted with a 4-oxoquinazolin-2-yl grolip.step 1, reacting methyl 2-aminobenzoate with
triethyl orthoacetate and ammonium acetate undlixréor 30 h gave 2-methylquinazolin-4i3-one
(intermediate 1). In step 2, this product was oxidized with sealemi dioxide to vyield the
2-formyl-quinazoline-4(Bl)-one (intermediat@), as previously described [24]. It is interestihgt use
of 1,4-dioxane as a solvent instead of ethanotéperted in the literature [24]) shortened the tieac
time from 12-15 h to 2 h, and attenuated the deyfatbn side reaction that otherwise occurs under
prolonged periods of heating. Finally, condensatirihis intermediatevith various acetophenones
under alkaline conditions generated 19 chalcone lognas (compounds 3a-s) with
guinazolin-4(3)-one as the B-ring.

< Scheme 1 >

Scheme 2 outlines the synthetic pathway to deradcone analogue$4-s) in which the A-ring

was substituted with quinazolin-443-one. In step 1, reaction of methyl 2-aminobenzath triethyl

orthopropionate and ammonium acetate generatethylgatnazolin-4(3)-one (intermediatet). In



step 2, this product was oxidized by selenium diexio generate the 2-acetylquinazolinH)®ne
(intermediate 5). Finally, condensation of intermediate with different aromatic aldehydes or
heteroaromatic aldehydes, under alkaline conditigiedded 19 chalcone analogue8afs) with
quinazolin-4(3)-one as the A-ring.

< Scheme 2 >

The final reactions producing compoun@s—s and 6a—s were monitored by thin-layer
chromatograph (TLC) or high performance liquid ahedography (HPLC); only one spot or peak
corresponding to the product was observed. MoredieNMR spectral analysis da—s and 6a-s
indicated that each proton on carbon atoms of th€ Gouble bond existed as a single doublet, with a
coupling constant of 15.6 or 16.2 Hz. All synthetiempounds 3a—s and 6a—s) contained a C=C
double bond in the three-carbon chain that cant éssaZ-isomer and/ofE-isomer. The chemical
analyses oBa—s and6a—s, howeversuggest that they exist as geometrieéomers.

2.2. Cytotoxic activity

The cytotoxic activity of compound3a—s and 6a—s towards human colorectal HCT-116 and
breast cancer MCF-7 cells was evaluated by MTS pelliferation assay. Inhibition of cell
proliferation was determined 72 h after exposur@quM of each compound. The compounds that
induced250% inhibition compared to vehicle were considefactive”. The effects of these active
compounds were further analyzed across a rangerafettrations to determine thesjGralues for
50% inhibition of cellular proliferation (Tables 2, and 3). 5-Fluorouracil (5-FU) was used as a
positive control.

Compounds3a—s have a 4-oxoquinazolin-2-yl group to serve as &nB; and a phenyl or
substituted phenyl group as an A-ring. Sixte8a-f, 3j—q) of nineteen final compounds exhibited a
cytotoxic effect on cultured HCT-116 and MCF-7 s€liCso < 20 uM); seven compounds3k, 3e 3f,
3j, 3l, 3n and30) were the most potent (< 5uM). Among seven active compounds six contained
electron-donating group(s) (methoxy, hydroxyl anetimyl groups) on the benzene ring, and only one
compound 30) had a weak electron-withdrawing group' €R4'-Br) on the benzene ring. Furthermore,
compounds with a strong electron-withdrawing grawamely,3r (R* = 4'-F) or3s (R* = 4'-CR), were
inactive (IGo > 20 uM). These results suggest that electron-donatigg at the benzene ring in

chalcone analogues are more favourable for cytotasiivity than electron-withdrawing groups. When



comparing the cytotoxic activity of closely relatesimpounds in HCT-116 and MCF-7 cells, we found
that 3b (R* = 2'-OCH,) was more potent thadc (R* = 3-OCH,) and3d (R' = 4-OCHy); 3e (R =
2'4'-diOCH), 3f (R* = 2',5'-diOCH) and3g (R* = 2',4',6'-triOCH) were more potent thash (R' =
3',4',5'-triOCH). These results imply that the presence of a mgtlggoup at the 2-position of the
benzene ring is critical for cytotoxic activity. A1 example, compour@f (R* = 2',5'-diOCH) had
relatively low 1Gg values of 3.56 and 4.8V in HCT-116 and MCF-7 cells, respectively. In molc
chalcone analogues synthesized by Hawashal [25], three 2,5-dimethoxyphenyl-containing
analogues were very active against cancer celisddgsiuh-7, MCF-7 and HCT-116), which is similar
to our results in this study.
< Table 1 >

We also synthesized chalcone analogheess, in which the 4-oxoquinazolin-2-yl group serves as
the A-ring, and a benzene ring or a heterocycleeseias the B-ring. Only six of the nineteen
compounds with a quinazolin-443-one ring as the A-ring6€, 6g, and 6k—-n) exhibited weak
cytotoxicity in HCT-116 cells, and two of thesgc(6g) also exhibited weak cytotoxicity in MCF-7
cells (IGg, 13.26-19.77uM). All these active compounds contained a sultstitbbenzene ring as the
B-ring. Compounds containing a heterocycle (sucthaphene, furan or pyridine) as the B-ring were
inactive in the cancer-cell lines tested. The a&ctbtompounds were more active in HCT-116 than
MCEF-7 cells, as determined by MTS assay, but wrkess potent than th8a—s series in terms of
their IG;,. It had been disclosed in a review article thaetwaryl moieties either as the A-ring or
B-ring appear to enhance the cytotoxic activitychflcones against many types of cancer cells [6].
Nevertheless, our results clearly indicate that4fexoquinazolin-2-yl group as a B-ring substitige
critical for cytotoxic activity.

<Table 2 >

Furthermore, the cytotoxicity of selective poteatmpounds3b, 3¢ 3f, 3j, 3l, 3n and30 (IC5o < 5
UM in both HCT-116 and MCF-7 cells) were tested ihes human cancer cells including A549 (lung
cancer), HelLa (cervical carcinoma), HT-29 (coloméatancer) and MD-MBA-231 (triple-negative
breast cancer) as well as normal cells, MCF-10Am@u breast epithelial cells) (Table 3). These
compounds exhibited obvious cytotoxicity in thetéelscancer cells with g values ranging from 6.18

to 19.49uM, with the exception of compourgb in HT29 cells (1G,>20 pM). All these compounds



were cytotoxic to MCF-10A cells, while the d¢of 3f for MCF-10A (9.81uM) is more than doubled
of that for MCF-7. As in HCT-116 and MCF-7 cellgnepound3f (R* = 2',5-diCHO) also had
relatively low 1G, values in A549, Hela, HT29 and MD-MBA-231 cellsui@azoline derivatives
modified at C6 position (e.g., raltitrexed, trinestate) are major chemotherapeutic agents for
colorectal cancer [12,15], while there are no guitiae derivatives modified at C2 position in ctial
use. Furthermoref exhibited decent cytotoxicity against the tripkgative breast cancer, which lacks
target therapy options [26]. Thus, it was takerwld for further investigation into the mechanisms
underlying cytotoxicity in cancer cells.
< Table 3>

2.3. Cell cycle profiling of HCT-116 cells followgrtompoundBf exposure

MTS assay indicated that compousithad the most cytotoxic effect on HCT-116 cells paned
to all other chalcone analogues (& 3.56uM). We next used flow cytometry to analyze the effe
of HCT-116 cell exposure to compouBtlon the cell-cycle profile (Fig. 2). We treated HCTI6 cells
with various concentrations of compouBid(0.5%, 1.0< and 2.& 1Csq), 5-FU (1Gy), or Taxol (0.2uM)
for 24 h and then analyzed cellular DNA conteng(R2A, B). 5-FU is an inhibitor of thymidylate
synthase (TS), which blocks DNA synthesis and &srése cell cycle in S phase. Taxol promotes
microtubule assembly and protects the microtubolgmer from disassembly, thus arresting the cell
cycle in G2/M phase. We observed a significanteeibependent increase in the proportion of sub-G1
HCT-116 cells in response 8 exposure, and no marked effect on the compositfather cell-cycle
phases (Fig. 2). Based on these daftamay elicit the fragmentation or degradation oflaac DNA to
form hypodiploid cells with < 2N DNA content, antuce cell apoptosis.

< Figure 2 >

2.4. Detection of apoptosis induced3fyby Annexin V-FITC/PI dual staining assay

We next performed an Annexin V-FITC/propidium iogidPl) dual staining assay to confirm
whether compoun@f can induce apoptosis. Phosphatidylserine (PS)tdecan the cytosolic (inner)
side of the cell membrane, and translocates t@xtmcellular (outer) surface during early apoposi
Annexin V has a high affinity for PS, and thus wh#unorescently labelled with fluorescein
isothiocyanate (FITC), can be used to identify yeathge apoptotic cells. Propidium iodide (PI) is a

fluorescent intercalating agent that cannot crbsstiembrane of live cells. The membranes of cells i



the latter stages of apoptosis and dead cellsearagable to PI, and their nuclei stain red. We sgdo
HCT-116 cells or MCF-10A cells t8f (1x or 2x ICsp) for 24 h or staurosporine (STSuM) for 12 h,
and then stained the cells with Annexin V-FITC aid(Fig. 3). STS is an ATP-competitive kinase
inhibitor that induces apoptosis [27,28] and wasduas a positive control. Annexin V-FITC-positive
HCT-116 cells or MCF-10A cells were detected follogv both 3f and STS treatment, in a
dose-dependent manner (Fig. 3). We found that #reeptage of Annexin V-FITC-positive cells
induced by3f at the dose of21Csqin HCT-116 cells was equivalent to that induceddTys (Fig. 3A
and 3B), whereas the percentage of apoptotic celisced by the same dose 3ffin MCF-10A cells
was only 54% of that induced by STS (Fig. 3C and.3hese data demonstrate ti&itinduces
apoptosis in both colorectal cancer cells HCT-11@&l ammortalized mammary epithelial cells
MCF-10A, indicating thaBf has a higher potency inducing apoptosis in caceks than immortalized
normal cells.
< Figure 3 >

2.5. Detection of apoptosis in HCT-116 cells indbby compoundf, using AO—-EB double staining
assay

We performed an additional assay, based on acrwliaege-ethidium bromide (AO-EB) double
staining to confirm thasf induces apoptosis in HCT-116 cells. AO is a necsmid fluorescent cationic
dye that stains live and dead cells green, andt&iBsscells with lost membrane integrity orange][29
HCT-116 cells were treated with compouBid(1x or 2x ICsq) for 24 h or STS for 12 h, stained with
AO-EB and then visualized by fluorescence microgadiig. 4). Few cells treated with DMSO alone
(negative control) underwent apoptosis, whereasrjerity of cells treated with STS (positive cat}r
became apoptotic. Cells treated wifi also underwent apoptosis, and the percentage ager
fluorescent-stained cells increased dose-dependdritese data support that induces apoptosis in
HCT-116 cells.

< Figure 4 >

2.6. Mitochondrial involvement i8f-induced apoptosis of HCT-116 cells, determineditpSOX™
Red assay and mitochondrial membrane potentialtiete

Mitochondria stress or damage initiates apoptogisnbreasing the permeability of the outer

mitochondrial membrane. This effect results intblease of pro-apoptotic factors into the cytosal a



an increase in cytosolic levels of reactive oxygpecies (ROS), such as superoxide anions and
hydrogen peroxide and reactive nitrogen speciesS)R[80]. We investigated wheth&f-induced
apoptosis was due to increased cellular ROS ldmelssing the fluoroprobe MitoSGX Red, which
selectively detects superoxide in the mitochondridive cells. MitoSOXM Red localizes within
mitochondria, is oxidized specifically by superaxicdinds mitochondrial DNA and then emits a red
fluorescence [30,31]. We treated HCT-116 cells witmpound3f (1x or 2x ICs) for 24 h, or STS (1
uM) for 12 h, and then stained with MitoSOX™ Red. Yand that a red fluorescence was emitted in
response to both STS aBflexposure, which increased with the increasing db8& (Fig. 5A).

The depolarization of mitochondrial transmembraogeptial Aym) could be induced by the
opening of mitochondrial permeability transition reo when apoptosis happens [32]. The
metachromatic fluorochrome JC-1 (5,5',6,6'-tetrachtl,1’,3,3'-tetraethylbenzimidazolcarbocyanine
iodide) has been widely used for the detection d@bchondrial transmembrane potentidlyMm)
depolarization [33]. In unperturbed condition, J@&Imore concentrated in the mitochondrial matrix
(driven there by thesym), where it forms red-emitting aggregates. Apoistasduced the loss of red
fluorescence and the gain of green-emitting moneniar cytoplasmic due to the disruption of
mitochondrial transmembrane potentialy(m) [34]. We treated HCT-116 cells with compouBid(2x
ICs) for 24 h, or STS (M) for 12 h, and then stained with JC-1. The JGaining demonstrated that
3f, in line with STS treatment, resulted in red fleseence loss while green fluorescence accumulation,
indicating that they dissipated the mitochondniahtmembrane potentialym) (Fig. 5B). These data
demonstrate that compourff induces apoptosisia the mitochondrial death pathway, elevating
mitochondrial superoxide generation and depolaginiitochondrial transmembrane potenti&l/(n).

< Figure 5 >
2.7. Effects of compourgf on caspase cleavage in HCT-116 cells

Apoptosis is governed by a cascade of caspaseimprokeavage, which amplifies apoptotic
signalling [35]. Apoptotic caspases are dividea itwo categories: initiator caspases (2, 8, 9 aid 1
and executioner caspases (caspase 3, 6 and 7Watdnitaspases are activated by dimerization,
followed by auto-proteolytic cleavage. Once actdht initiator caspases cleave and activate
executioner caspases, leading to degradation ofulael components for apoptosis [35,36].

Poly(ADP-ribose) polymerase 1 (PARP1) is a respdastr involved in DNA repair. During the early



stages of apoptosis, PARP1 is cleaved by executicagpases. The cleaved PARP1 (89 kDa) is a
hallmark of early apoptosis [37].

We exposed HCT-116 cells to compousid(2x 1Cso) for 4, 8 and 12 h and then analyzed the
expression of apoptosis-related proteins by Weskdotting. After 12 h incubation we observed
marked accumulation of cleaved PARP1, caspasespasa 7 and caspase 9 (Fig. 6). Cleaved caspase
9 was detected after only 8 h exposure, which isistent with its initiator-caspase function. Clage
of these proteins in response3ioexposure support that compouBfdinitiates and executes apoptosis,
by inducing the mitochondrial death pathway.

< Figure 6 >
3. Conclusions

Using a bioisosteric replacement approach, we dedigind synthesized two series of chalcone
analogues, known a3a-s and 6a-s, whereby a 4-oxoquinazolin-2-yl group replaced Byng or
A-ring, respectively. Compounds within tl3a—s series were more cytotoxic th&a—s in HCT-116
and MCF-7 cells, and among tBe—s series3f exhibited significant cytotoxic effect with an J{of
3.56 and 4.0&M in HCT-116 and MCF-7 cells, respectively. Moren\af had the potential of killing
triple-negative breast cancer cells, @fdvas less cytotoxic towards normal MCF-10A celle thus
chose compound3f for further analysis to determine the mechanisnmsledying 3f-induced
cytotoxicity. HCT-116 cells treated with compouBfl accumulated in the sub-G1 phase of the cell
cycle, indicating that these cells underwent apsiptd his effect occurred in a dose-dependent ntanne
with increasing doses of compougf] but little effect of3f was found on the overall cell cycle profile.
We then confirmed that compouflinduced apoptosis by Annexin V-FITC/PI dual stainiAO-EB
staining, MitoSOX™ Red, and JC-1 staining assaysally, Western blot analysis indicated that
treatment of HCT-116 cells witBf caused an increase of cleaved PARP1 and cleawpadses 3, 7,
and 9, suggesting that this compound might indiee nhitochondrial death pathway. However, its
molecular mechanism how this compound targets addcies apoptosis warrant further investigation.
Nevertheless, these data open avenues for theogeweht of new anti-cancer compounds based on

chalcone analogues with a 4-oxoquinazolin-2-yl grou
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4. Experimental procedures
4.1.Chemistry

The melting points of all compounds were determingthg XT5B microscopic melting point
apparatus and are presented uncorrectddand *C NMR spectra were recorded on a Varian
VNMRS-600 spectrometer at 600 MHz or 150 MHz usiatamethylsilane (TMS) as an internal
standard (Abbreviations: Ph = phenyl, Quin = quali@z4(3H)-one). High-resolution mass spectra
(electrospray ionization) (HRMS (ESI)) were recatden a Thermo Scientific LTQ Orbitrap
Discovery (Bremen, Germany) mass spectrometer.molchromatography was carried out on a silica
gel (200-300 mesh). High performance liquid chrargeaphy (HPLC) analyses were performed on an
Agilent 1200 Series HPLC instrument with a G1314B/M (variable-wavelength detector), and the
profiles are presented in the supplementary mdderiche purity of target compounds used in the
biological studies was in general95%. All the chemical reagents were commerciallgilable and
used without further purification, unless noted.
4.1.1.Preparation of 2-methylquinazolin-4(3H)-one (inteuiatel)

A mixture of methyl 2-aminobenzoate (6.04 g, 40 Mrammonium acetate (7.7 g, 0.1 mol) and
triethyl orthoacetate (25 mL, 0.28 mol) was heatader reflux for 30 h. The solution cooled to room
temperature, and the separated solid was colldntdiltration and air-dried. The crude product was
purified by re-crystallization from ethanol to giugtermediatel as a white solid (4.86 g, 76%), mp
226-229°C (Lit. [38] mp 230-232°C)*H NMR (600 MHz, DMSOde) & 2.35 (s, 3H, Ch), 7.44 (t,J
= 7.8 Hz, 1H, Quin 6-H), 7.56 (d,= 7.8 Hz, 1H, Quin 8-H), 7.76 (td,= 7.8, 1.2 Hz, 1H, Quin 7-H),
8.07 (dd,J = 7.8, 1.2 Hz, 1H, Quin 5-H), 12.18 (br s, 1H, NHRMS (ESI)m/z calcd for GHgN,O

([M+H]M): 161.0715; found: 161.0708.

4.1.2.Preparation of 2-formylquinazolin-4(3H)-one (intezthate2)

A mixture of 2-methylquinazolin-4¢3)-one (intermediatel) (0.48 g, 3 mmol) and selenium
dioxide (0.66 g, 6 mmol) in 1,4-dioxane (50 mL) weesated under reflux for 2 h. After cooling to room
temperature, the mixture was filtered to removaralsamount of precipitate, and the filtrate was
adjusted with 5% aqueous sodium bicarbonate to pFh& separated solid was removed by filtration,
and the filtrate was extracted four times with thcbmethane (15 mL, each). The combined extracts

were washed with brine, and then dried over anhyglmodium sulfate overnight. The solvent was
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removed by rotary evaporation, and the residue weasrystallized from methanol to produce
intermediate2 as a light yellow solid (0.35 g, 86, mp 135-138C (Lit. [24] mp 138-140°C)*H
NMR (600 MHz, DMSO#dg) ¢: 7.69 (td,J = 7.8, 1.2 Hz, 1H, Quin 6-H), 7.89 (d#i= 7.8, 1.2 Hz, 1H,
Quin 8-H), 7.94 (tdJ = 7.8, 1.2 Hz, 1H, Quin 7-H), 8.21 (d#i= 7.8, 1.2 Hz, 1H, Quin 5-H), 9.58 (s,
1H, CHO), 12.66 (br s, 1H, NH). HRMS (ESt)/z calcd for GH;N,O, ([M+H]"): 175.0508; found:
175.0502.

4.1.3.General preparation procedure for compourdds s

An aqueous solution of 30% potassium hydroxide () mias added to a stirred solution of the
appropriate acetophenone (1.1 mmol) in methanolnfL). After stirring at room temperature for 20
min, 2-formylquinazoline-4(d)-one (intermediate; 0.17 g, 1 mmol) was added and stirring was
continued for 24 h. The solution was adjusted to H with 6 mol/L hydrochloric acid, and the
precipitate was collected by filtration and airetti The crude product was purified by
re-crystallization from methanol to give compouBdss.
4.1.3.1.(E)-2-(3-Ox0-3-phenylprop-1-enyl)quinazolin-4(3H)eo3a)

Yield: 41%, white solid, mp 231-233C. HPLC retention time (rt) = 4.873 min (100%H. NMR
(600 MHz, DMSOd) J: 7.34 (d,J = 16.2 Hz, 1H, =CHCO), 7.58 (,= 7.8 Hz, 1H, Quin 6-H), 7.64 (t,
J=7.8 Hz, 2H, Ph 3-H, 5-H), 7.74 = 7.8 Hz, 1H, Ph 4'-H), 7.78 (d,= 7.8 Hz, 1H, Quin 8-H),
7.87 (td,J = 7.8, 1.2 Hz, 1H, Quin 7-H), 8.15 (@= 7.8 Hz, 2H, Ph 2-H, 6'-H), 8.17 (ddi= 7.8, 1.2
Hz, 1H, Quin 5-H), 8.39 (d] = 16.2 Hz, 1H, =CH), 12.65 (s, 1H, NHJC NMR (150 MHz, DMSOdy)
0:122.19, 126.38, 128.04, 128.29, 129.17 (2C),4292C), 130.70, 134.36, 135.16, 136.26, 137.09,
148.87, 150.35, 161.95, 189.10. HRMS (E@x calcd for G;H;aN,O, ((M+H]"): 277.0977; found:
277.0972.
4.1.3.2.(E)-2-(3-(2-Methoxyphenyl)-3-oxoprop-1-enyl)quiniazd(3H)-one B8b)

Yield: 31%, yellow solid, mp 225-227C. HPLC rt = 5.370 min (97%)}H NMR (600 MHz,
DMSO-dg) &: 3.91 (s, 1H, OCH}, 7.10 (t,J = 7.8 Hz, 1H, Ph 5'-H), 7.20 (d= 15.6 Hz, 1H, =CHCO),
7.25 (d,J = 7.8 Hz, 1H, Ph 3-H), 7.56 (,= 7.8 Hz, 1H, Quin 6-H), 7.58 (d,= 7.8 Hz, 1H, Ph 6'-H ),
7.62 (td,J=7.8,1.2 Hz, 1H, Ph 4'-H), 7.74 @5 7.8 Hz, 1H, Quin 8-H), 7.85 @,= 7.8 Hz, 1H, Quin
7-H), 7.98 (dJ = 15.6 Hz, 1H, =CH), 8.14 (d,= 7.8 Hz, 1H, Quin 5-H), 12.58 (s, 1H, NKC NMR

(150 MHz, DMSO#d) o: 56.44, 112.96, 121.15, 122.14, 126.33, 127.8B.112 128.22, 130.31,
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134.49, 134.50, 135.06, 135.25, 148.86, 150.36,6858.61.92, 191.77. HRMS (ESt)/z calcd for
CigH15N-05 ([M+H] *): 307.1083; found: 307.1080.
4.1.3.3.(E)-2-(3-(3-Methoxyphenyl)-3-oxoprop-1-enyl)quiniazd (3H)-one Bc)

Yield: 30%, white solid, mp 236-238C. HPLC rt = 6.512 min (95%)H NMR (600 MHz,
DMSO-dg) 6: 3.87 (s, 3H, OCH), 7.32 (d,J = 7.8 Hz, 1H, Ph 4'-H), 7.33 (d,= 15.6 Hz, 1H, =CHCO),
7.56 (t,J = 7.8 Hz, 1H, Quin 6-H), 7.58 ({,= 7.8 Hz, 1H, Ph 5-H), 7.61 (s, 1H, Ph 2'-H),67(d@,J =
7.8 Hz, 1H, Quin 8-H), 7.78 (d,= 7.8 Hz, 1H, Ph 6-H), 7.87 (,= 7.8 Hz, 1H, Quin 7-H), 8.17 (d,
= 7.8 Hz, 1H, Quin 5-H), 8.36 (d, = 15.6 Hz, 1H, =CH), 12.63 (s, 1H, NHJC NMR (150 MHz,
DMSO-dg) o: 55.90, 113.66, 117.78, 120.34, 121.75, 122.18,3% 128.07, 128.30, 130.66, 135.15,
136.38, 138.47, 148.86, 150.35, 160.11, 161.94,8188HRMS (ESI)m/z calcd for GgHisN,Os
(IM+H] *): 307.1083; found: 307.1076.
4.1.3.4.(E)-2-(3-(4-Methoxyphenyl)-3-oxoprop-1-enyl)quiniazd(3H)-one 8d)

Yield: 35%, yellow solid, mp 239-242C. HPLC rt = 6.361 min (96%)}H NMR (600 MHz,
DMSO-ds) &: 3.90 (s, 3H, OCH), 7.14 (d,J = 9.0 Hz, 2H, Ph 3-H, 5-H), 7.30 (d= 15.6 Hz, 1H,
=CHCO), 7.58 (tJ = 7.8 Hz, 1H, Quin 6-H), 7.77 (d,= 7.8 Hz, 1H, Quin 8-H), 7.87 (td,= 7.8, 1.2
Hz, 1H, Quin 7-H), 8.15 (d] = 9.0 Hz, 2H, Ph 2-H, 6'-H), 8.17 (ddi= 7.8, 1.2 Hz, 1H, Quin 5-H),
8.39 (d,J = 15.6 Hz, 1H, =CH), 12.62 (s, 1H, NHJC NMR (150 MHz, DMSOdg) 6: 55.70, 114.34
(2C), 121.70, 125.92, 127.52, 127.80, 129.62, 1B0131.22 (2C), 134.69, 135.10, 148.45, 150.06,
161.51, 163.84, 186.64. HRMS (E®)z calcd for GgH1sN,O5 ([M+H] ): 307.1083; found: 307.1074.
4.1.3.5.(E)-2-(3-(2,4-Dimethoxyphenyl)-3-oxoprop-1-enyl)ytarolin-4(3H)-one 3e)

Yield: 18%, yellow solid, mp 185-187C. HPLC rt = 5.082 min (95%)}H NMR (600 MHz,
DMSO-dg) 6: 3.88 (s, 3H, OCH), 3.94 (s, 3H, OCHJ, 6.69 (ddJ = 8.4, 2.4 Hz, 1H, Ph 5'-H), 6.73 (d,
J=2.4Hz, 1H, Ph 3-H), 7.22 (d,= 15.6 Hz, 1H, =CHCO), 7.56 @,= 7.8 Hz, 1H, Quin 6-H), 7.69
(d, J = 8.4 Hz, 1H, Ph 6-H), 7.74 (d,= 7.8 Hz, 1H, Quin 8-H), 7.85 (td,= 7.8, 1.2 Hz, 1H, Quin
7-H), 8.14 (dJ = 15.6 Hz, 1H, =CH), 8.14 (dd,= 7.8, 1.2 Hz, 1H, Quin 5-H), 12.58 (s, 1H, NHE
NMR (150 MHz, DMSO€) J: 56.16, 56.57, 99.08, 106.84, 120.82, 122.10,3126127.65, 128.19,
132.88, 133.28, 135.02, 135.82, 148.95, 150.58,2P61161.98, 165.20, 188.73. HRMS (E&i)z

calcd for GgH17N,O4 ([M+H] *): 337.1188; found: 337.1184.
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4.1.3.6.(E)-2-(3-(2,5-Dimethoxyphenyl)-3-oxoprop-1-enyl)ytadolin-4(3H)-one Jf)

Yield: 41%, yellow solid, mp 185-187C. HPLC rt = 5.247 min (96%)}H NMR (600 MHz,
DMSO-dg) 6: 3.77 (s, 3H, OCH), 3.86 (s, 3H, OCH), 7.11 (m, 1H, Ph 6'-H), 7.19 (m, 2H, Ph 3"-H,
4'-H), 7.21 (d,J = 15.6 Hz, 1H, =CHCO), 7.56 (td,= 7.8, 1.2 Hz, 1H, Quin 6-H), 7.74 @= 7.8 Hz,
1H, Quin 8-H), 7.85 (tdJ = 7.8, 1.2 Hz, 1H, Quin 7-H), 7.99 @@= 15.6 Hz, 1H, =CH), 8.14 (dd,=
7.8, 1.2 Hz, 1H, Quin 5-H), 12.58 (s, 1H, NERC NMR (150 MHz, DMSO#d) J: 56.05, 56.94, 114.41,
114.55, 120.21, 122.15, 126.33, 127.82, 128.23,4B28134.59, 135.07, 135.17, 148.86, 150.34,
152.92, 153.53, 161.91, 191.37. HRMS (E®I calcd for GgH17N,0, ([M+H]*): 337.1188; found:
337.1184.
4.1.3.7.(E)-2-(3-Ox0-3-(2,4,6-trimethoxyphenyl)prop-1-egyinazolin-4(3H)-one3g)

Yield: 50%, yellow solid, mp 212-214C. HPLC rt = 3.779 min (99%)}H NMR (600 MHz,
DMSO-dg) §: 3.76 (s, 6H, 20C¥), 3.86 (s, 3H, OCH}, 6.35 (s, 2H, Ph 3'-H, 5'-H), 6.99 @~ 16.2
Hz, 1H, =CHCO), 7.48 (d] = 16.2 Hz, 1H, =CH), 7.55 (td,= 7.8, 1.2 Hz, 1H, Quin 6-H), 7.71 (d,
= 7.8 Hz, 1H, Quin 8-H), 7.84 (td,= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.12 (d#i= 7.8, 1.2 Hz, 1H, Quin
5-H), 12.49 (s, 1H, NH}*C NMR (150 MHz, DMSOdg) §: 56.02, 56.39 (2C), 91.55 (2C), 110.60,
122.09, 126.32, 127.84, 128.17, 135.06, 135.52,7438.48.80, 150.33, 158.91 (2C), 161.83, 163.09,
192.80. HRMS (ESIm/z calcd for GoH1gN,Os ([M+H] *): 367.1294; found: 367.1292.
4.1.3.8.(E)-2-(3-Ox0-3-(3,4,5-trimethoxyphenyl)prop-1-equinazolin-4(3H)-one3h)

Yield: 53%, orange solid, mp 223-22%. HPLC rt = 6.052 min (95%)}H NMR (600 MHz,
DMSO-dg) ¢: 3.80 (s, 3H, OCH), 3.92 (s, 6H, 20CH), 7.33 (d,J = 15.6 Hz, 1H, =CHCO), 7.44 (s, 2H,
Ph 2-H, 6'-H), 7.59 (td] = 7.8, 1.2 Hz, 1H, Quin 6-H), 7.78 (= 7.8 Hz, 1H, Quin 8-H), 7.88 (td,
=7.8, 1.2 Hz, 1H, Quin 7-H), 8.17 (d#i= 7.8, 1.2 Hz, 1H, Quin 5-H), 8.35 @@= 15.6 Hz, 1H, =CH),
12.60 (s, 1H, NH)*C NMR (150 MHz, DMSOdg) 5: 56.28 (2C), 60.27, 106.53 (2C), 121.66, 125.96,
127.62, 127.73, 130.08, 131.91, 134.71, 135.79,7B4248.26, 149.99, 153.01 (2C), 161.54, 187.28.
HRMS (ESI)m/z calcd for GoH1gN,0s ([M+H] ): 367.1294; found: 367.1290.
4.1.3.9.(E)-2-(3-(4-Aminophenyl)-3-oxoprop-1-enyl)quinarnedi(3H)-one 3i)

Yield: 14%, orange red solid, mp 253-286. HPLC rt = 2.418 min (95%§H NMR (600 MHz,
DMSO-de) 5: 6.37 (s, 2H, NH), 6.66 (d,J = 8.4 Hz, 2H, Ph 3-H, 5-H), 7.24 (d,= 15.6 Hz, 1H,

=CHCO), 7.57 (tJ = 7.8 Hz, 1H, Quin 6-H), 7.76 (d,= 7.8 Hz, 1H, Quin 8-H), 7.86 (§,= 7.8 Hz,
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1H, Quin 7-H), 7.91 (dJ = 8.4 Hz, 2H, Ph 2"-H, 6'-H), 8.16 (@= 7.8 Hz, 1H, Quin 5-H), 8.36 (d,=
15.6 Hz, 1H, =CH), 12.58 (s, 1H, NHJC NMR (150 MHz, DMSQd) J: 113.32 (2C), 122.07, 124.96,
126.35, 127.76, 128.17, 131.45, 131.95 (2C), 134186.09, 149.01, 150.80, 155.08, 162.03, 185.07.
HRMS (ESI)m/z calcd for G/H1N30, ([M+H]*): 292.1086; found: 292.1083.
4.1.3.10(E)-2-(3-(4-Hydroxyphenyl)-3-oxoprop-1-enyl)quinkzal(3H)-one §j)

Yield: 31%, yellow solid, mp 280-282C. HPLC rt = 3.427 min (96%)}H NMR (600 MHz,
DMSO-dg) d: 6.95 (d,J = 7.8 Hz, 2H, Ph 3'-H, 5'-H), 7.29 (d~= 15.6 Hz, 1H, =CHCOQO), 7.58 {,=
7.2 Hz, 1H, Quin 6-H), 7.77 (d,= 7.2 Hz, 1H, Quin 8-H), 7.87 (d,= 7.2 Hz, 1H, Quin 7-H), 8.06 (d,
J = 7.8 Hz, 2H, Ph 2'-H, 6'-H), 8.16 (d,= 7.2 Hz, 1H, Quin 5-H), 8.38 (d,= 15.6 Hz, 1H, =CH),
10.61 (s, 1H, OH), 12.61 (s, 1H, NHC NMR (150 MHz, DMSQdgs, CDCE) §: 116.09 (2C), 122.09,
126.33, 127.83, 128.15, 128.75, 130.95, 131.89,(285.04, 135.13, 148.89, 150.53, 162.03, 163.36,
186.76. HRMS (ESlin/z calcd for G/H1aN,O3 ([M+H]"): 293.0926; found: 293.0922.
4.1.3.11(E)-2-(3-(4-Hydroxy-3-methoxyphenyl)-3-oxoprop- 3Aguinazolin-4(3H)-one3k)

Yield: 47%, yellow solid, mp 244-246C. HPLC rt = 1.257 min (100%JjH NMR (600 MHz,
DMSO-dg) 8: 3.90 (s, 3H, OCH), 6.98 (dJ = 8.4 Hz, 1H, Ph 5'-H), 7.30 (d,= 15.6 Hz, 1H, =CHCO),
7.57 (t,J = 7.8 Hz, 1H, Quin 6-H), 7.61 (d,= 1.8 Hz, 1H, Ph 2"-H), 7.76 (d,= 7.8, 1H, Quin 8-H),
7.79 (ddJ = 8.4, 1.8 Hz, 1H, Ph 6'-H), 7.86 (t#i= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.16 (dil= 7.8, 1.2
Hz, 1H, Quin 5-H), 8.38 (d] = 15.6 Hz, 1H, =CH), 10.30 (s, 1H, OH), 12.601(, NH).**C NMR
(150 MHz, DMSO€g) ¢: 55.72, 111.54, 115.15, 121.68, 124.40, 125.93,.4172 127.79, 128.65,
130.36, 134.67, 134.76, 148.05, 148.49, 150.12,806261.55, 186.23. HRMS (ESt)/z calcd for
CrgH15N,04 ([M+H] *): 323.1032; found: 323.1031.
4.1.3.12(E)-2-(3-(2-Methylphenyl)-3-oxoprop-1-enyl)quindred (3H)-one 8l)

Yield: 48%, light yellow solid, mp 198-208C. HPLC rt = 7.872 min (96%jH NMR (600 MHz,
DMSO-ds) &: 2.44 (s, 3H, Ch), 7.16 (d,J = 15.6 Hz, 1H, =CHCO), 7.39 (d,= 7.8 Hz, 1H, Ph 3"-H),
7.41 (t,J=7.8 Hz, 1H, 5-H), 7.52 (§ = 7.8 Hz, 1H, Ph 4'-H), 7.57 @,= 7.8 Hz, 1H, Quin 6-H), 7.75
(d, J = 7.8 Hz, 1H, Quin 8-H), 7.78 (d,= 7.8 Hz, 1H, Ph 6-H), 7.86 (,= 7.8 Hz, 1H, Quin 7-H),
7.95 (d,J = 15.6 Hz, 1H, =CH), 8.15 (d,= 7.8 Hz, 1H, Quin 5-H), 12.59 (s, 1H, NKC NMR (150
MHz, DMSOd) 6: 20.77, 122.14, 126.37, 127.99, 128.25, 129.5@,043 132.13, 132.22, 134.12,

135.14, 136.69, 137.64, 137.90, 148.81, 150.25,.8861193.93. HRMS (ESIm/z calcd for
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CigH1sN,0, ([M+H] *): 291.1134; found: 291.1128.
4.1.3.13(E)-2-(3-(4-Methylphenyl)-3-oxoprop-1-enyl)quinared(3H)-one 8m)

Yield: 62%, white solid, mp 246-248C. HPLC rt = 9.081 min (95%)H NMR (600 MHz,
DMSO-dg) 6: 2.43 (s, 3H, Ch), 7.32 (d,J = 15.6 Hz, 1H, =CHCO), 7.44 (d,= 7.8 Hz, 2H, Ph 3"-H,
5'-H), 7.58 (tJ = 7.8 Hz, 1H, Quin 6-H), 7.77 (d,= 7.8 Hz, 1H, Quin 8-H), 7.87 (td,= 7.8, 1.2 Hz,
1H, Quin 7-H), 8.06 (dJ = 7.8 Hz, 2H, Ph 2-H, 6'-H), 8.16 (@= 7.8 Hz, 1H, Quin 5-H), 8.39 (d,=
15.6 Hz, 1H, =CH), 12.64 (s, 1H, NHJC NMR (150 MHz, CDGJ}, CRCO:D) §: 21.82, 119.12,
121.69, 126.60, 127.98, 129.67 (2C), 130.13 (2@p.40, 131.22, 132.74, 138.18, 138.40, 147.66,
152.33, 161.13, 187.55. HRMS (E®)z calcd for GgH1sNLO, ((M+H] ): 291.1134; found: 291.1129.
4.1.3.14(E)-2-(3-(2,4-Dimethylphenyl)-3-oxoprop-1-enyl)cgamolin-4(3H)-one 3n)

Yield: 45%, light yellow solid, mp 200-202C. HPLC rt = 18.080 min (95%YfH NMR (600
MHz, DMSO-dg) &: 2.37 (s, 3H, Ch), 2.44 (s, 3H, Ch), 7.17 (d,J = 15.6 Hz, 1H, =CHCO), 7.20 (s,
1H, Ph 3-H), 7.22 (d) = 7.8 Hz, 1H, Ph 5-H), 7.57 (td,= 7.8, 1.2 Hz, 1H, Quin 6-H), 7.75 (@=
7.8 Hz, 1H, Quin 8-H), 7.76 (d,= 7.8 Hz, 1H, Ph 6'-H), 7.86 (td,= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.01
(d,J = 15.6 Hz, 1H, =CH), 8.15 (dd,= 7.8, 1.2 Hz, 1H, Quin 5-H), 12.59 (s, 1H, NHE NMR (150
MHz, DMSO<g) ¢: 21.11, 21.43, 122.13, 126.35, 126.91, 127.92,21%8130.26, 132.90, 134.00,
134.68, 135.10, 136.10, 138.60, 142.59, 148.85,385061.90, 192.77. HRMS (ESt)/z calcd for
Ci19H17N,0, ((M+H] ): 305.1290; found: 305.1287.
4.1.3.15(E)-2-(3-(4-Bromophenyl)-3-oxoprop-1-enyl)quinanedi(3H)-one 80)

Yield: 58%, white solid, mp 232-234C. HPLC rt = 13.329 min (96%)1H NMR (600 MHz,
DMSO-dg) d: 7.34 (d,J = 15.6 Hz, 1H, =CHCO), 7.59 @,= 7.8 Hz, 1H, Quin 6-H), 7.77 (d,= 7.8
Hz, 1H, Quin 8-H), 7.85 (d] = 8.4 Hz, 2H, Ph 3"-H, 5-H), 7.87 (&= 7.8 Hz, 1H, Quin 7-H), 8.07 (d,
J = 8.4 Hz, 2H, Ph 2'-H, 6'-H), 8.16 (d,= 7.8 Hz, 1H, Quin 5-H), 8.34 (d,= 15.6 Hz, 1H, =CH),
12.63 (s, 1H, NH)**C NMR (150 MHz, DMSOde) d: 122.19, 126.38, 128.09, 128.30, 128.63, 130.29,
131.11 (2C), 132.56 (2C), 135.16, 136.06, 136.38.84, 150.26, 161.91, 188.21. HRMS (ESlz
calcd for G;H1,BrN,O, ([M+H] *): 355.0082, 357.0062; found: 355.0080, 357.0059.
4.1.3.16 (E)-2-(3-(4-Chlorophenyl)-3-oxoprop-1-enyl)quinape#(3H)-one 8p)

Yield: 28%, white solid, mp 231-233C. HPLC rt = 11.392 min (95%)1H NMR (600 MHz,

DMSO-dg) 4: 7.33 (d,J = 15.6 Hz, 1H, =CHCO), 7.59 @,= 7.8 Hz, 1H, Quin 6-H), 7.70 (d,= 8.4
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Hz, 2H, Ph 3-H, 5'-H), 7.77 (d,= 7.8 Hz, 1H, Quin 8-H), 7.87 @,= 7.8 Hz, 1H, Quin 7-H), 8.15 (d,

J = 8.4 Hz, 2H, Ph 2-H, 6'-H), 8.16 (d,= 7.8 Hz, 1H, Quin 5-H), 8.36 (d,= 15.6 Hz, 1H, =CH),
12.63 (s, 1H, NH)=C NMR (150 MHz, DMSOdg) d: 122.19, 126.38, 128.09, 128.29, 129.61 (2C),
130.33, 131.04 (2C), 135.16, 135.74, 136.56, 139.38.84, 150.26, 161.91, 188.00. HRMS (E8/x
calcd for G7H1,CIN,O, ([M+H] *): 311.0587, 313.0558; found: 311.0585, 313.0565.

4.1.3.17 (E)-2-(3-(3,4-Dichlorophenyl)-3-oxoprop-1-enyl)qaiolin-4(3H)-one q)

Yield: 35%, white solid, mp 229-232C. HPLC rt = 18.943 min (95%fH NMR (600 MHz,
DMSO-dg) 6: 7.33 (d,J = 15.6 Hz, 1H, =CHCO), 7.59 (,= 7.8 Hz, 1H, Quin 6-H), 7.78 (d,= 7.8
Hz, 1H, Quin 8-H), 7.87 (td] = 7.8, 1.2 Hz, 1H, Quin 7-H), 7.90 @@= 8.4 Hz, 1H, Ph 5-H), 8.08 (dd,
J=8.4, 1.8 Hz, 1H, Ph 6"-H), 8.16 (@= 7.8 Hz, 1H, Quin 5-H), 8.33 (d,= 1.8 Hz, 1H, Ph 2-H),
8.33 (d,J = 15.6 Hz, 1H, =CH), 12.61 (s, 1H, NHC NMR (150 MHz, DMSQdy) 6: 122.17, 125.21,
126.40, 127.89, 128.32, 129.12, 130.98, 131.85,5632134.96, 135.23, 137.00, 137.21, 148.79,
150.20, 161.92, 187.20. HRMS (ESt)z calcd for G;H1;CLN,O, ((M+H]*): 345.0198, 347.0168;
found: 345.0195, 347.0164.
4.1.3.18(E)-2-(3-(4-Fluorophenyl)-3-oxoprop-1-enyl)quiname#t (3H)-one 8r)

Yield: 22%, white solid, mp 252-254C. HPLC rt = 5.717 min (95%)H NMR (600 MHz,
DMSO-dg) d: 7.33 (d,J = 15.6 Hz, 1H, =CHCO), 7.47 (d,= 8.4 Hz, 2H, Ph 3-H, 5-H), 7.59 (=
7.8 Hz, 1H, Quin 6-H), 7.77 (d,= 7.8 Hz, 1H, Quin 8-H), 7.87 (d,= 7.8 Hz, 1H, Quin 7-H), 8.16 (d,
J = 7.8 Hz, 1H, Quin 5-H), 8.24 (dd,= 8.4, 5.4 Hz, 2H, Ph 2'-H, 6'-H), 8.38 @z 15.6 Hz, 1H,
=CH), 12.63 (s, 1H, NH)}*C NMR (150 MHz, DMSOdg) ¢: 116.60 (d,J = 21.9 Hz, 2C), 122.17,
126.40, 128.10, 128.28, 130.56, 132.27)d, 9.75 Hz, 2C), 133.84 (d,= 2.1 Hz), 135.20, 136.33,
148.84, 150.34, 161.97, 165.90 (s 251.4 Hz), 187.68. HRMS (ESH)/z calcd for G/H1,FN,O,
(IM+H] *): 295.0883; found: 295.0877.
4.1.3.19(E)-2-(3-Ox0-3-(4-(trifluoromethyl)phenyl)prop-13diguinazolin-4(3H)-oneJ3s)

Yield: 41%, white solid, mp 234-238C. HPLC rt = 9.929 min (96%)H NMR (600 MHz,
DMSO<dg) 6: 7.37 (d,J = 15.6 Hz, 1H, =CHCO), 7.59 (,= 7.8 Hz, 1H, Quin 6-H), 7.77 (d,= 7.8
Hz, 1H, Quin 8-H), 7.87 () = 7.8 Hz, 1H, Quin 7-H), 8.0 (d,= 8.4 Hz, 2H, Ph 3-H, 5-H), 8.16 (@,
= 7.8 Hz, 1H, Quin 5-H), 8.31 (d,= 8.4 Hz, 2H, Ph 2'-H, 6'-H), 8.37 (= 15.6 Hz, 1H, =CH), 12.66

(s, 1H, NH)13C NMR (150 MHz, DMSOd) o: 122.22, 124.18 (q] = 271.95 Hz), 126.40, 126.43 (q,
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J=3.9 Hz, 2C), 128.16, 128.32, 129.95 (2C), 1301483.40 (g, = 31.95 Hz), 135.20, 137.05, 140.25,
148.82, 150.18, 161.90, 188.69. HRMS (E8I¥ calcd for GgH1.F3N,O, ([M+H] *): 345.0851; found:
345.0849.

4.1.4.Preparation of 2-ethylquinazolin-4(3H)-one (inteiege 4)

A mixture of methyl 2-aminobenzoate (6.04 g, 40 ymammonium acetate (7.7 g, 100 mmol)
and triethyl orthopropionate (25 mL) was heated emnceflux for 30 h. After cooling to room
temperature, the separated solid was collectediltogitibn and air-dried, which was re-crystallized
from ethanol to give intermediate as a white solid (5.01 g, 72%), mp 228-2%9 (Lit. [39] mp
229-231 °C)*H NMR (600 MHz, DMSOds) 6: 1.25 (t,J = 7.8 Hz, 3H, CKCH3), 2.63 (q,J = 7.8 Hz,
2H, CH,CHj), 7.46 (td,J = 7.8, 1.2 Hz, 1H, Quin 6-H), 7.60 (@= 7.8 Hz, 1H, Quin 8-H), 7.77 (td,
= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.09 (dii= 7.8, 1.2 Hz, 1H, Quin 5-H), 12.16 (s, 1H, NHRMS (ESI)
m/z calcd for GgH11N,O ([M+H]™): 175.0871; found: 175.0865.
4.1.5.Preparation of 2-acetylquinazolin-4(3H)-one (intexdiates)

A mixture of 2-ethylquinazolin-43)-one (intermediatd) (0.52 g, 3 mmol) and selenium dioxide
(0.66 g, 6 mmol) in 1,4-dioxane (50 mL) was heateder reflux for 1 h. After cooling to room
temperature, a small amount of black solid was raddy filtration, and the filtrate was adjusted to
pH 7-8 with a 5% aqueous solution of sodium bicadte. The separated solid was collected by
filtration, and the filtrate was extracted four &mwith dichloromethane (15 mL, each). The combined
extracts were washed with brine and dried over drdys sodium sulfate overnight. The solvent was
removed by rotary evaporation, and the crude prodias re-crystallized from methanol to produce
intermediate5 as an orange-brown solid (0.34 g,%91 mp 174-176°C. *H NMR (600 MHz,
DMSO-g) 5: 2.64 (s, 3H, CKCO), 7.66 (td,J = 7.8, 1.2 Hz, 1H, Quin 6-H), 7.85 (d#i= 7.8, 1.2 Hz,
1H, Quin 8-H), 7.91 (tdJ = 7.8, 1.2 Hz, 1H, Quin 7-H), 8.19 (dd,= 7.8, 1.2 Hz, 1H, Quin 5-H),
12.25 (s, 1H, NH). HRMS (ESH/z calcd for GoHgN,O, ([M+H]™): 189.0664; found: 189.0658.
4.1.6.General preparation procedure for compourtds s

An aqueous solution of 30% potassium hydroxide (1) mas added to a stirred solution of
2-acetylquinazolin-4(d)-one 6) (0.17 g, 1 mmol) in methanol (10 mL). After 20mtirring at room
temperature, the appropriate aromatic aldehydestarbaromatic aldehyde (1.1 mmol) was added and

stirring was continued for 24 h. The solution wdguated to pH 6-7 with 6 mol/L hydrochloric acid.
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The precipitate was collected by filtration and-@iled, which was re-crystallized from methanol to
give compound$a-s.
4.1.6.1.(E)-2-(3-Phenylacryloyl)quinazolin-4(3H)-on64)

Yield: 48%, brown solid, mp 171-173C. HPLC rt = 10.675 min (95%}H NMR (600 MHz,
DMSO-dg) d: 7.52 (m, 3H, Ph 3'-H, 4'-H, 5'-H), 7.69 (m, 1Hyi@® 6-H), 7.87 (m, 2H, Ph 2'-H, 6'-H),
7.94 (d,J = 16.2 Hz, 1H, =CHCO), 7.95 (m, 2H, Quin 7-H, 8-8)12 (dJ = 16.2 Hz, 1H, =CH), 8.22
(d, J = 7.8 Hz, 1H, Quin 5-H), 12.42 (s, 1H, NC NMR (150 MHz, DMSQds) §: 120.15, 123.66,
126.61, 129.09, 129.39, 129.49 (2C), 129.62 (2G}.83, 134.62, 135.24, 146.07, 147.65, 148.74,
161.32, 183.64. HRMS (ES)/z calcd for G;H13N,0, ([M+H] ): 277.0977; found: 277.0977.
4.1.6.2.(E)-2-(3-(2-Methoxyphenyl)acryloyl)quinazolin-4(3bije Eb)

Yield: 3%, brown solid, mp 175-177C. HPLC rt = 13.352 min (94%JH NMR (600 MHz,
DMSO-dg) d: 3.95 (s, 1H, OCHh), 7.08 (t,J = 7.8 Hz, 1H, Ph 5'-H), 7.17 (d,= 7.8 Hz, 1H, Ph 3'-H),
7.52 (t,J = 7.8 Hz, 1H, Ph 4'-H), 7.68 (m, 1H, Quin 6-H)35(d,J = 7.8 Hz, 1H, Ph 6'-H), 7.94 (m,
2H, Quin 7-H, 8-H), 8.17 (s, 2H, CH=CH), 8.22 (d 7.8 Hz, 1H, Quin 5-H), 12.37 (s, 1H, NHC
NMR (150 MHz, DMSO#d) d: 56.30, 112.47, 120.12, 121.37, 122.95, 123.68,6[2 129.11, 129.35,
129.59, 133.59, 135.21, 140.85, 147.67, 148.77,206961.32, 183.73. HRMS (ES#)/z calcd for
CigH15N,05 ([M+H] *): 307.1083; found: 307.1082.
4.1.6.3.(E)-2-(3-(3-Methoxyphenyl)acryloyl)quinazolin-4(3blje ©6c)

Yield: 47%, brown solid, mp 169-171C. HPLC rt = 11.509 min (98%}H NMR (600 MHz,
DMSO-dg) 6: 3.85 (s, 3H, OCHh), 7.10 (ddJ = 7.8, 1.2 Hz, 1H, Ph 4'-H), 7.41 {t= 2.4 Hz, Ph 2'-H),
7.44 (d,J = 7.8 Hz, 1H, Ph 6'-H), 7.45 (d,= 7.8 Hz, 1H, 5'-H), 7.69 (idl = 7.8, 1.2 Hz, 1H, Quin
6-H), 7.91 (dJ = 16.2 Hz, 1H, =CHCO), 7.94 (d,= 7.8 Hz, 1H, Quin 8-H), 7.95 (d,= 7.8 Hz, 1H,
Quin 7-H), 8.10 (dJ = 16.2 Hz, 1H, =CH), 8.22 (d,= 7.8 Hz, 1H, Quin 5-H), 12.42 (s, 1H, NFC
NMR (150 MHz, DMSO#d) J: 55.72, 114.46, 117.67, 120.42, 121.70, 123.68,58%, 129.08, 129.33,
130.59, 135.14, 136.00, 146.03, 147.62, 148.66,106061.28, 183.62. HRMS (ESt#)/z calcd for
CigH15N,05 ([M+H] *): 307.1083; found: 307.1080.
4.1.6.4.(E)-2-(3-(4-Methoxyphenyl)acryloyl)quinazolin-4(3bije 6d)

Yield: 43%, yellow solid, mp 189-192C. HPLC rt = 2.030 min (100%jH NMR (600 MHz,

DMSO-dg) 8: 3.85 (s, 3H, OCH), 7.07 (d,J = 8.4 Hz, 2H, Ph 3"-H, 5-H), 7.68 (m, 1H, Quii§-7.84
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(d,J = 8.4 Hz, 2H, Ph 2'-H, 6'-H), 7.91 (d@,= 16.2 Hz, 1H, =CHCO), 7.93 (m, 2H, Quin 7-H, 8-H)
7.98 (d,J = 16.2 Hz, 1H, =CH), 8.22 (d,= 7.8 Hz, 1H, Quin 5-H), 12.35 (s, 1H, NHIC NMR (150
MHz, DMSO4g) §: 55.93, 115.16 (2C), 117.51, 123.60, 126.60, 127129.05, 129.27, 131.60 (2C),
135.21, 146.27, 147.72, 148.91, 161.32, 162.49,4BHRMS (ESI)m/z calcd for GgH1sN,Os
(IM+H]™): 307.1083; found: 307.1080.
4.1.6.5.(E)-2-(3-(2,4-Dimethoxyphenyl)acryloyl)quinazoli{B#)-one 6e)

Yield: 46%, yellow solid, mp 180-182C. HPLC rt = 12.074 min (97%fH NMR (600 MHz,
DMSO-dg) 6: 3.87 (s, 3H, OCH), 3.95 (s, 3H, OCH), 6.67 (ddJ = 8.4, 2.4 Hz, 1H, Ph 5'-H), 6.69 (d,
J=2.4 Hz, 1H, Ph 3'-H), 7.67 (m, 1H, Quin 6-HB%Z(d,J = 8.4 Hz, 1H, Ph 6'-H), 7.93 (m, 2H, Quin
7-H, 8-H), 8.04 (dJ = 16.2 Hz, 1H, =CHCO), 8.12 (d,= 16.2 Hz, 1H, =CH), 8.21 (d,= 7.8 Hz, 1H,
Quin 5-H), 12.28 (s, 1H, NH}*C NMR (150 MHz, DMSOd,) J: 56.09, 56.42, 98.88, 107.20, 116.08,
117.19, 123.56, 126.58, 129.06, 129.20, 131.50,1735141.28, 147.74, 148.98, 161.07, 161.31,
164.29, 183.46. HRMS (ESi)/z calcd for GgH1;N,04 ([M+H] ): 337.1188; found: 337.1187.
4.1.6.6.(E)-2-(3-(3,4-Dimethoxyphenyl)acryloyl)quinazoli{@#)-one 6f)

Yield 51%, yellow solid, mp 184-188C. HPLC rt = 3.731 min (98%)H NMR (600 MHz,
DMSO-dg) : 3.85 (s, 3H, OCHj, 3.88 (s, 3H, OCHJ, 7.09 (d,J = 9.0 Hz, 1H, Ph 5'-H), 7.46 (m, 2H,
Ph 2'-H, 6'-H), 7.68 (m, 1H, Quin 6-H), 7.90 M= 16.2 Hz, 1H, =CHCO), 7.94 (m, 2H, Quin 7-H,
8-H), 7.97 (dJ = 16.2 Hz, 1H, =CH), 8.21 (d,= 7.8 Hz, 1H, Quin 5-H), 12.36 (s, 1H, NHIC NMR
(150 MHz, DMSO€) 6: 56.13 (2C), 111.69, 112.22, 117.74, 123.58, 124126.59, 127.47, 129.06,
129.25, 135.19, 146.92, 147.72, 148.97, 149.50,485261.32, 183.51. HRMS (ES#)/z calcd for
CigH17N,04 ((M+H] ): 337.1188; found: 337.1186.
4.1.6.7.(E)-2-(3-(3,5-Dimethoxyphenyl)acryloyl)quinazoli{3#l)-one 6g)

Yield: 51%, brown solid, mp 181-183C. HPLC rt = 12.351 min (98%}H NMR (600 MHz,
DMSO-dg) d: 3.83 (s, 6H, 20C}), 6.66 (t,J = 1.8 Hz, 1H, Ph 4'-H), 7.02 (d,= 1.8 Hz, 2H, Ph 2"-H,
6'-H), 7.68 (tdJ = 7.8, 1.2 Hz, 1H, Quin 6-H), 7.86 (@= 16.2 Hz, 1H, =CHCO), 7.93 (td=7.8, 1.2
Hz, 1H, Quin 7-H), 7.96 (d]= 7.8 Hz, 1H, Quin 8-H), 8.07 (d,= 16.2 Hz, 1H, =CH), 8.22 (d,=7.8
Hz, 1H, Quin 5-H), 12.42 (s, 1H, NHJC NMR (150 MHz, DMSQd,) d: 55.93 (2C), 103.96, 107.28
(2C), 120.86, 123.65, 126.59, 129.15, 129.38, 1B5136.57, 146.23, 147.64, 148.75, 161.26 (2C),

161.32, 183.82. HRMS (ESH)/z calcd for GoH1:N,0, ([M+H]*): 337.1188; found: 337.1186.
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4.1.6.8.(E)-2-(3-(3,4,5-Trimethoxyphenyl)acryloyl)quinare#t(3H)-one 6h)

Yield: 33%, yellow solid, mp 189-192C. HPLC rt = 9.931 min (96%)}H NMR (600 MHz,
DMSO-dg) d: 3.74 (s, 3H, OCH), 3.89 (s, 6H, 20CH), 7.21 (s, 2H, Ph 2-H, 6-H), 7.68 {t= 7.8 Hz,
1H, Quin 6-H), 7.89 (dJ = 15.6 Hz, 1H, =CHCO), 7.95 (m, 2H, Quin 7-H, 8-8)01 (d,J = 15.6 Hz,
1H, =CH), 8.22 (dJ = 7.8, 1H, Quin 5-H), 12.39 (s, 1H, NHJC NMR (150 MHz, DMSQds) o
56.59 (2C), 60.64, 107.23 (2C), 119.57, 123.61,.426129.10, 129.31, 130.16, 135.19, 140.92,
146.85, 147.67, 148.91, 153.62 (2C), 161.31, 183HRMS (ESI) m/z calcd for GoH;gN,Os
([M+H]M): 367.1294; found: 367.1291.
4.1.6.9.(E)-2-(3-(4-Methylphenyl)acryloyl)quinazolin-4(3laje 6i)

Yield: 39%, orange solid, mp 186-18&. HPLC rt = 17.735 min (96%JH NMR (600 MHz,
DMSO-dg) J: 2.38 (s, 3H, Ch), 7.33 (d,J = 7.8 Hz, 2H, Ph 3'-H, 5'-H), 7.68 (m, 1H, QuitH§-7.76
(d, J = 7.8 Hz, 2H, Ph 2-H, 6-H), 7.91 (d= 15.6 Hz, 1H, =CHCO), 7.94 (m, 2H, Quin 7-H, 8-H)
8.07 (d,J = 15.6 Hz, 1H, =CH), 8.22 (d, = 7.8, 1H, Quin 5-H), 12.39 (s, 1H, NHJC NMR (150
MHz, DMSO4g) d: 21.61, 118.95, 123.60, 126.60, 129.07, 129.36,582(2C), 130.25 (2C), 131.89,
135.24, 142.18, 146.20, 147.64, 148.74, 161.35,5P83HRMS (ESI)m/z calcd for GgHisN,O,
([M+H]M): 291.1134; found: 291.1132.
4.1.6.10(E)-2-(3-(4-Bromophenyl)acryloyl)quinazolin-4(3Hj® 6j)

Yield: 68%, light yellow solid, mp 202-204C. HPLC rt = 1.704 min (95%JH NMR (600 MHz,
DMSO-dg) §: 7.69 (m, 1H, Quin 6-H), 7.71 (d,= 8.4 Hz, 2H, Ph 3-H, 5'-H), 7.83 (@z= 8.4 Hz, 2H,
Ph 2-H, 6'-H), 7.91 (d] = 16.2 Hz, 1H, =CHCO), 7.94 (m, 2H, Quin 7-H, 8:8)12 (d,J = 16.2 Hz,
1H, =CH), 8.22 (dJ = 7.8, 1H, Quin 5-H), 12.43 (s, 1H, NHJC NMR (150 MHz, DMSOds) o
120.90, 123.67, 125.25, 126.62, 129.09, 129.44,383(2C), 132.61 (2C), 133.90, 135.26, 144.67,
147.63, 148.69, 161.32, 183.61. HRMS (E8ijz calcd for G/Hi,BrN,O, ((M+H]"): 335.0082,
357.0062; found: 355.0076, 357.0060.
4.1.6.11(E)-2-(3-(4-Chlorophenyl)acryloyl)quinazolin-4(3ta)ie €k)

Yield: 46%, light yellow solid, mp 198-206C. HPLC rt = 2.539 min (98%JH NMR (600 MHz,
DMSO-dg) §: 7.57 (d,J = 8.4 Hz, 2H, Ph 3'-H, 5'-H), 7.69 (m, 1H, Quit§-7.91 (d,J = 8.4 Hz, 2H,
Ph 2"-H, 6'-H), 7.92 (m, 3H, Quin 7-H, 8-H; =CHC®)11 (d,J = 16.2 Hz, 1H, =CH), 8.22 (d,= 7.8,

1H, Quin 5-H), 12.43 (s, 1H, NHYC NMR (150 MHz, DMSQds) §: 120.87, 123.68, 126.63, 129.09,
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129.43, 129.67 (2C), 131.19 (2C), 133.59, 135.3%.29, 144.56, 147.63, 148.69, 161.31, 183.60.
HRMS (ESI)m/z calcd for G/H.,CIN,O, ([M+H] ): 311.0587, 313.0558; found: 311.0587, 313.0569.
4.1.6.12(E)-2-(3-(4-Fluorophenyl)acryloyl)quinazolin-4(3Hbre 61)

Yield: 31%, pink solid, mp 189-192C. HPLC rt = 13.651 min (98%)H NMR (600 MHz,
DMSO-dg) 6: 7.35 (t,J = 8.4 Hz, 2H, Ph 3'-H, 5'-H), 7.68 (m, 1H, Quiti$-7.94 (d,J = 16.2 Hz, 1H,
=CHCO), 7.95 (m, 5H, Ph 2'-H, 6'-H; Quin 7-H, 8-HCHCO), 8.06 (dJ = 16.2 Hz, 1H, =CH), 8.22
(d, J = 7.8 Hz, 1H, Quin 5-H), 12.42 (s, 1H, NHIC NMR (150 MHz, DMSOd,) 6: 116.68 (dJ =
21.75 Hz, 2C), 120.0, 123.64, 126.61, 129.06, 129131.31 (d,J = 3.0 Hz), 131.96 (d] = 8.7 Hz,
2C), 135.23, 144.85, 147.63, 148.69, 161.32, 16843 = 248.85 Hz), 183.57. HRMS (ESH)/z
calcd for G;H1,FN,O, ([M+H]1): 295.0883; found: 295.0882.
4.1.6.13(E)-2-(3-(4-Cyanophenyl)acryloyl)quinazolin-4(3Hije Gm)

Yield: 61%, pink solid, mp 200-202C. HPLC rt = 1.288 min (100%}H NMR (600 MHz,
DMSO-dg) 8: 7.69 (m, 1H, Quin 6-H), 7.95 (m, 5H, Quin 7-HH8+Ph 2'-H, 6'-H; =CHCO), 8.06 (d,
= 7.8 Hz, 2H, Ph 3-H, 5-H), 8.21 (m, 2H, =CH, ®&-H), 12.48 (s, 1H, NH}*C NMR (150 MHz,
DMSO-ds, CRCOOD)g: 113.31, 121.14, 121.63, 127.11, 128.83, 129.29,681 (2C), 130.73, 133.05
(2C), 136.51, 138.85, 145.51, 145.95, 147.49, 1/H3.82.46. HRMS (ESIn/z calcd for GgH12N30,
(IM+H]*): 302.0930; found: 302.0926.
4.1.6.14 (E)-2-(3-(4-Nitrophenyl)acryloyl)quinazolin-4(3H)e ©n)

Yield: 69%, light yellow solid, mp 206-208C. HPLC rt = 1.353 min (99%jH NMR (600 MHz,
DMSO-dg) §: 7.70 (m, 1H, Quin 6-H), 7.95 (m, 2H, Quin 7-HH$: 8.01 (d,J = 16.2 Hz, 1H, =CHCO),
8.15 (d,J = 8.4 Hz, 2H, Ph 2-H, 6"-H), 8.23 (@= 8.4, 1H, Quin 5-H), 8.25 (d,= 16.2 Hz, 1H, =CH),
8.32 (d,J = 8.4 Hz, 2H, Ph 3"-H, 5-H), 12.50 (s, 1H, NEC NMR (150 MHz, DMSOdg) J: 123.72,
124.09, 124.60 (2C), 126.66, 129.12, 129.56, 130248, 135.30, 140.93, 142.94, 147.57, 148.58,
148.89, 161.32, 183.59. HRMS (E8&1t)z calcd for G;H1,N304 ([M+H]¥): 322.0828; found: 322.0826.
4.1.6.15(E)-2-(3-(Furan-2-yl)acryloyl)quinazolin-4(3H)-or{éo)

Yield: 65%, yellow solid, mp 187-189C. HPLC rt = 5.546 min (97%)}H NMR (600 MHz,
DMSO-dg) 6: 6.75 (dd,J = 3.6, 1.8 Hz, 1H, Furan-2-yl 4'-H), 7.20 (ts 3.6 Hz, 1H, Furan-2-yl 3-H),
7.68 (td,J = 7.8, 1.8 Hz, 1H, Quin 6-H), 7.73 (@= 15.6 Hz, 1H, =CHCO), 7.87 (d,= 15.6 Hz, 1H,

=CH), 7.93 (m, 2H, Quin 7-H, 8-H), 8.01 (@= 1.2 Hz, 1H, Furan-2-yl 5'-H), 8.21 (d,= 7.8, 1H,
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Quin 5-H), 12.36 (s, 1H, NH}*C NMR (150 MHz, DMSQdy) 4: 109.98, 113.95, 116.72, 119.63,
123.62, 126.58, 129.09, 129.34, 131.89, 135.20,6647148.63, 151.41, 161.27, 183.01. HRMS (ESI)
m/z calcd for GsH1:N,O3 ([M+H] ): 267.0770; found: 267.0764.
4.1.6.16(E)-2-(3-(Thiophen-2-yl)acryloyl)quinazolin-4(3H)re ©p)

Yield: 37%, brown solid, mp 174-176C. HPLC rt = 11.772 min (94%}H NMR (600 MHz,
DMSO-dg) 6: 7.25 (td,J = 4.8, 1.2 Hz, 1H, Thiophen-2-yl 4'-H), 7.67 (= 7.2, 1.8 Hz, 1H, Quin
6-H), 7.76 (dJ = 4.8 Hz, 1H, Thiophen-2-yl 3'-H), 7.80 @z 15.6 Hz, 1H, =CHCO), 7.88 (d,= 4.8
Hz, 1H, Thiophen-2-yl 5'-H), 7.93 (m, 2H, Quin 7-8tH), 8.12 (dJ = 15.6 Hz, 1H, =CH), 8.21 (d,
= 8.4, 1H, Quin 5-H), 12.37 (s, 1H, NHJC NMR (150 MHz, DMSQds) 6: 118.29, 123.63, 126.60,
129.11, 129.35, 129.57, 132.08, 135.13, 135.21,8138140.03, 147.62, 148.67, 161.28, 182.97.
HRMS (ESI)m/z calcd for GsH1,N,O,S([M+H] ): 283.0541; found: 283.0537.
4.1.6.17 (E)-2-(3-(Pyridin-2-yl)acryloyl)quinazolin-4(3H)-an(6q)

Yield: 28%, orange solid, mp 190-19Z. HPLC rt = 3.559 min (95%)}H NMR (600 MHz,
DMSO-dg) 6: 7.50 (m, 1H, Pyridin-2-yl 5'-H), 7.69 (td,= 7.8, 1.2 Hz, 1H, Quin 6-H), 7.85 @~ 7.8
Hz, 1H, Pyridin-2-yl 3'-H), 7.91 (d) = 15.6 Hz, 1H, =CHCO), 7.93-7.97 (m, 3H, Quin 784H;
Pyridin-2-yl 4'-H), 8.22 (dJ = 7.8, 1H, Quin 5-H), 8.51 (d,= 15.6 Hz, 1H, =CH), 8.75 (d,= 4.8 Hz,
1H, Pyridin-2-yl 6'-H), 12.44 (s, 1H, NHYC NMR (150 MHz, DMSQOd,) d: 123.34, 123.71, 125.83,
126.62, 126.83, 129.15, 129.50, 135.28, 137.88,4D44147.65, 148.64, 150.75, 152.55, 161.30,
183.94. HRMS (ESIn/z calcd for GgH1.N3O, ([M+H] *): 278.0930; found: 278.0925.
4.1.6.18(E)-2-(3-(Pyridin-3-yl)acryloyl)quinazolin-4(3H)-an(6r)

Yield: 48%, brown solid, mp 197-200C. HPLC rt = 3.408 min (95%)}H NMR (600 MHz,
DMSO-dg) §: 7.54 (t,J = 6.0 Hz, 1H, Pyridin-3-yl 5'-H), 7.69 (m, 1H, Qué-H), 7.96 (m, 3H, Quin
7-H, 8-H; =CHCO), 8.21 (d] = 16.2 Hz, 1H, =CH), 8.22 (d,= 7.8, 1H, Quin 5-H), 8.34 (d,= 7.8
Hz, 1H, Pyridin-3-yl 6'-H), 8.67 (d] = 4.2 Hz, 1H, Pyridin-3-yl 4'-H), 9.01 (s, 1H, Rlin-3-yl 2'-H),
12.47 (s, 1H, NH)**C NMR (150 MHz, DMSQds) d: 122.10, 123.68, 124.62, 126.63, 129.10, 129.49,
130.52, 135.27, 135.58, 142.62, 147.60, 148.60,0851152.05, 162.75, 183.58. HRMS (E&i)z
calcd for GgH1,N30, ([M+H] ): 278.0930; found: 278.0927.
4.1.6.19(E)-2-(3-(Pyridin-4-yl)acryloyl)quinazolin-4(3H)-an(6s)

Yield: 19%, brown solid, mp 218-226C. HPLC rt = 3.462 min (94%)}H NMR (600 MHz,
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DMSO-dg) : 7.70 (m, 1H, Quin 6-H), 7.81 (d,= 6.0 Hz, 2H, Pyridin-4-yl 2'-H, 6'-H), 7.88 (d,=
16.2 Hz, 1H, =CHCO), 7.95 (m, 2H, Quin 7-H, 8-H)28(d,J = 7.8, 1H, Quin 5-H), 8.28 (d,= 16.2
Hz, 1H, =CH), 8.72 (dJ = 6.0 Hz, 2H, Pyridin-4-yl 3-H, 5'-H), 12.51 (H, NH).*C NMR (150
MHz, DMSO-ds) §: 123.77, 126.05 (2C), 126.53, 128.88, 129.34,349134.84, 138.88, 142.52 (2C),
147.36, 147.90, 151.37, 161.11, 183.17. HRMS (&85 calcd for GgH1.N30, ((M+H]"): 278.0930;
found: 278.0927.
4.2.Biological assays
4.2.1.Cell lines and culture conditions

HCT-116 and MCF-7 cells were cultured in Dulbecondified Eagle medium (DMEM, Hyclone)
supplemented with 10% fetal bovine serum (FBS, biye) and standard antibiotics (Hyclone), at
37 °C in a humidified, 5% C{ncubator.
4.2.2.MTS cell proliferation assay

MTS cell proliferation assay was performed as presiy described [40]. Cell viability was
assessed using the CellTiter 96® ARsOne Solution Cell Proliferation Assay kit (Promggehe data
were obtained from triplicate wells in three indegent experiments.
4.2.3.Cell cycle profile analysis of HCT-116 cells

HCT-116 cells were treated with compouBid(0.5%, 1x and X ICsg), 5-FU (1Gy), or taxol (0.2
pM) for 24 h. The cells were harvested with trypdired in 75% ice-cold ethanol, and stained with
propidium iodide (Pl) at room temperature for 30nmihe stained cells were analyzed for DNA
content using a BD Accuri C6 flow cytometer (BD Batences, USA). The cell cycle distribution was
analyzed using FlowJo software.
4.2.4.Annexin V-FITC/PI dual staining assay

The Annexin V-FITC/PI dual staining assay was ugedletermine the percentage of apoptotic
cells. Cells (3¢ 10°/mL per well) were plated in 6-well culture platsd allowed to grow for 24 h. The
cells were treated with compouidd (1x or 2x ICsg) for 24 h, and then harvested with trypsin. The
harvested cells were washed twice with ice-cold P8 incubated in the dark at room temperature in
100 mL X binding buffer containing L Annexin V-FITC and 12.5 mL PI. After 15 min incaton,
cells were analyzed for percentage undergoing agaptising a BD Accuri C6 flow cytometer (BD

Biosciences, USA).
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4.2.5.Acridine orange—ethidium bromide (AO—EB) fluoreseestaining assay

HCT-116 cells (3« 10°/mL per well) were plated in 6-well culture plasd exposed to different
concentrations of compour®f (1x or 2x ICs) for 24 h or staurosporine (STS;uM) for 12 h. The
cells were washed twice with ice-cold PBS, and th&ined with 1 mL of dye mixture containing 1
pg/mL AO and 1ug/mL EB in PBS and incubated at room temperaturesfonin in the dark. The
stained cells were observed under a Nikon fluomeseenicroscope (TE2000-U, Nikon Inc., Japan) at
10x magnification, using excitation wavelength 488 ama emission wavelength 550 nm.
4.2.6.MitoSOX™ Red staining assay

Mitochondrial superoxide production was determingging MitoSOX™ Red mitochondrial
superoxide indicator. HCT-116 cells &81¢°/mL per well) were plated in 6-well culture platesd
allowed to grow for 24 h. Cells were treated witffedent concentrations of compouiddl (1x or 2x
ICsq) for 24 h or STS (M) for 12 h. After treatment, cells were washedcewvith ice-cold PBS and
incubated with MitoSOX™ Red mitochondrial superaxiddicator (5uM) in PBS for 10 min at 37C
in the dark. The stained cells were observed uaddikon fluorescence microscope (TE2000-U, Nikon
Inc., Japan) at 20magnification, and an excitation wavelength of 488 and an emission wavelength
of 550 nm.
4.2.7.Mitochondrial membrane potential monitored by J&tdining

HCT-116 cells were seeded in 6 well plate and &ckatith compoundf (2x 1Csg) for 24 h, or
STS (1uM) for 12 h. They were then washed with PBS, adftedh medium (1 mL) and JC-1
(5,5',6,6'-tetrachloro-1,1’,3,3'-tetraethylbenzinaizolylcarbocyanine  iodide, Beyotime, C2006)
molecular probe (1 mL). After 20 min incubation3t °C, rinsed twice with PBS. Visualization of
JC-1 aggregates (red fluorescence) and JC-1 mosofgezen fluorescence) were done using filter
(emission 488 and 550 nm, respectively) by Nikarofescence microscope (TE2000-U, Nikon Inc.,
Japan) at 40 magnification, and an excitation wavelength of 488 and an emission wavelength of
550 nm.
4.2.8.Western blotting

Cultured HCT-116 cells were treated with compo@hdor 4, 8, or 12 h. After treatment, cells
were harvested and total proteins were extractad)sample buffer (62.5 mM Tris-HCI (pH 6.8), 2%

SDS, 0.05% bromophenol blue, 20% Glycerin, B%nercaptoethanol). The extracted protein samples
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were separated on a 4-18% gradient SDS-polyacrgargel and transferred onto polyvinylidene
difluoride membranes. The membranes were blockéd(8% PBST containing 5% skim milk for 30
min at room temperature, and incubated with primaariibody overnight at 4 °C. Antibodies against
PARP1 (A301-376A) and3-actin (A5441) were purchased from Bethyl Laborawrand Sigma,
respectively. Antibodies against caspase 3 (966i9pase 7 (12827) and caspase 9 (9508), cleaved
caspase 3 (9664), cleaved caspase 7 (8438) ankdleaspase 9 (7237) were purchased from Cell
Signaling Technology. After washing with PBST, themembranes were incubated with
HRP-conjugated Goat Anti-Mouse IgG (115-035-116) DBonkey Anti-Rabbit (711-035-152)
secondary antibodies (Jackson ImmunoResearchpat temperature for 1 h. The immunoblots were
visualized with ECL reagent and imaged using Image®" LAS 4000 software (GE Healthcare Life
Sciences).
4.2.9.Statistical analysis method

Student’s t-test for means, chi-squared tests, Méhitney U test and Kruskall-Wallis analysis of

variance by ranks were considered significanpfealues < 0.05.
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Figure captions

Fig. 1. Chemical structures of chalcones, ispinesib, syitthehalcone analoguesl,(Il) and

quinazoline-based compounds (1V).

Scheme 1.Synthetic pathway of 19 chalcone analogugs-§ with a B-ring quinazolin-4(d)-one
substitution. Reagents and conditions: (aCCHs)s, AcCONH,, reflux, 30 h. (b) Sef) 1,4-dioxane,

reflux, 2 h. (c) Acetophenones, gbH, 30% KOH (aq.), rt, 24 h.

Scheme 2.Synthetic pathway of 19 chalcone analogu@s-§ with an A-ring quinazolin-4(d)-one
substitution. Reagents and conditions: (a),HgC(OGHs)s, ACONH,, reflux, 30 h. (b) Se®

1,4-dioxane, reflux, 1 h. (c)’BRHO, CHOH, 30% KOH (aq.), rt, 24 h.

Fig. 2. Effects of compoun@f on cell-cycle progression in HCT-116 cel{®) HCT-116 cells were
treated with increasing concentrations86{0.5%, 1x or 2x ICsg), 5-FU (IGy), or Taxol (0.2uM) for 24

h before being harvested and analyzed by flow cgtoynThe data represent the means + SD of three
independent experiments. P*<0.001 (Student’s t-test). (B) Representativé-cgtle profiles from

three independent experiments. The red arrowsatalithe sub-G1 phase.

Fig. 3. Quantification of apoptotic HCT-116 cells by AnimeX/-FITC/PI dual staining, followingf
and STS treatment. (A) HCT-116 cells were treat@ti @f (1x or 2x ICsg) for 24 h or STS for 12 h.
Cells were harvested and apoptotic HCT-116 cellewetermined by Annexin V-FITC/PI staining and
flow cytometry. Cells in the lower left quadrantl@QL: Annexin V-/Pl+) represent live cells; cells in
the lower right quadrant (Q1-LR: Annexin V+/BIrepresent early apoptotic cells; cells in the arpp
right quadrant (Q1-UR: Annexin V+/Pl+) represenelapoptotic cells; cells in the upper left quadiran
(Q1-UL: Annexin \-/PI1+) represent necrotic cells. (B) Percentagepoptotic cells, determined as the
sum of late apoptotic cells (UR) and early apoptaslls (LR) from three separate experiments. (C)
and (D) Similar analysis of apoptosis induced3jyand STS treatment was performed in MCF-10A

cells. The data represent the means + SD of tme@ependent experiments? % 0.05; *P < 0.001
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(Student’s t-test).

Fig. 4. Analysis of apoptotic HCT-116 cells by AO-EB siag, following 3f and STS treatment.
HCT-116 cells were treated wiBf (1x or 2x ICsp) for 24 h or STS (M) for 12 h and stained with
AO-EB. Three fields-of-view were randomly selectewler a fluorescence microscope, and the cells

were imaged under bright field and the appropfilarescent channels (¥Onagnification).

Fig. 5. Mitochondrial involvement in compourf-mediated apoptosis of HCT-116 cells. (A) HCT-116
cells were treated witBf (1x or 2 ICs) for 24 h or STS (M) for 12 h and stained with MitoSOX
Red. Two fields-of-view were randomly selected unadluorescence microscope, and the cells were
imaged under bright field, and the correspondingriéscent channel (XOmagnification). (B) The
depolarization of mitochondrial transmembrane pidérfAym) could be induced by compourdd.
HCT-116 cells were treated with compouBfd(2x ICsg) for 24 h, or STS (M) for 12 h, and then
stained with JC-1 for 20 min at 32. Both the loss of red fluorescence and the ghgreen-emitting
monomers indicated the disruption of the mitoch@ldransmembrane potentighym). STS served
as a positive control, and the representative imagere shown of the corresponding fluorescent

channel (48 magnification).

Fig. 6. Effects of compound®f on apoptosis-related protein expression in HCT-&éls. HCT-116

cells were treated wittBf (2x ICgy) for 4, 8, and 12 h, and total lysates were haedsand

immuno-blotted with various antibodies, as indidafeactin was used as a loading control.
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Table 1. ICsq values for compound3a-sin cultured HCT-116 and MCF-7 cells.

3' 5
! 3 14
4 '
R’ i I 12' HN\)lj@S
5 X
6 2 N 8

) 1
3a-s

Compound R ICso(uM)?

HCT-116 MCF-7
3a H 5.47+0.16 4.0% 0.17
3b 2'-OCH; 3.91+0.06 4.30t 0.33
3c 3-OCH; 12.00+ 0.81 12.8% 0.96
3d 4'-OCH; 10.01+ 0.68 10.23 0.51
3e 2'4'-diOCH 4.08+ 0.04 4.4% 0.43
3f 2'5'-diOCH 3.56+0.12 4.08t 0.04
39 2'4'6'-triOCH 5.57+0.12 5.02+ 0.22
3h 3',4'5'-triOCH 12.83+ 2.42 13.9Gt 1.22
3i 4'-NH, > 20 >20
3 4'-OH 4.11+0.18 4,92 0.06
3k 4'-OH-3'-OCH 4,58+ 0.25 6.05 0.29
3l 2'-CH; 4.14+ 0.05 4,20t 0.27
3m 4'-CHs 5.75+ 0.23 9.44+ 0.68
3n 2',4'-diCH 4,77+ 0.26 4,50t 0.38
30 4'-Br 4,74+ 0.46 3.75:0.19
3p 4'-Cl 6.10+ 0.61 6.09 0.34
3q 3',4'-diCl 17.00+ 1.98 8.21+ 0.80
3r 4'-F > 20 > 20
3s 4'-CR > 20 > 20
5-FU 5.53+ 0.90 32.18:1.13

#1Cso: The concentration that causes 50% of cell pnaifen inhibition. Data represent the means
+ standard deviation from triplicate determinatioonfrthree independent experiments.



Table 2. ICsq values for compound@a-sin cultured HCT-116 and MCF-7 cells.

5 3 2
H 4 6a-n: R2= 4@;{
2 5 6

60-s: R? = heteroaryl groups

Z(JJ

Compound R ICso(uM)?

HCT-116 MCF-7
6a CeHs > 20 > 20
6b 2'-OCH;C¢H,4 > 20 > 20
6c 3'-OCH;CgH4 14,71+ 2.55 15.54 0.91
6d 4'-OCH;C¢H,4 > 20 > 20
6e 2',4'-diOCHCgH3 > 20 > 20
6f 3',4'-diOCHCgH3 > 20 > 20
69 3',5'-diOCHCgH3 15.79+ 2.05 16.76: 1.95
6h 34", 5'-triOCHC¢H» > 20 > 20
6i 4'-CHyCgH4 > 20 > 20
6j 4'-BrCgH, > 20 > 20
6k 4'-CICsH, 15.60+ 4.32 > 20
ol 4'-FGH4 15.25+ 2.08 > 20
6m 4'-CNGH,4 19.77+£ 2.09 > 20
6n 4'-NO,CeH4 13.20+ 1.46 > 20
60 Furan-2-yl > 20 > 20
6p Thiophen-2-yl > 20 > 20
69 Pyridin-2-yl > 20 > 20
6r Pyridin-3-yl > 20 > 20
6s Pyridin-4-yl > 20 > 20

#1Cso: The concentration that causes 50% of cell pnaifen inhibition. Data represent the means

+ standard deviation from triplicate determinatioonfrthree independent experiments.



Table 3. ICs values for compoundsb, 3e, 3f, 3j, 3l, 3n and 3o in cultured A549, HelLa, HT-29,

MD-MBA-231, MCF-10A and MEF cells.

R1I-C
7
Compound R ICso (UM)?

A549 HelLa HT-29 MD-MBA-231 MCF-10A
3b 2'-OCH; 13.68 +0.34 13.44 £ 0.36 6.71+0.14 15.65+£0.32 5.26 +0.07
3e 2'4'-diOCH 15.45 + 0.46 12.68 £0.12 8.77 £0.26 14.34+£0.44 9.14+£0.05
3f 2'5'-diOCH 12.70+£0.18 8.37 £ 0.26 6.18 +0.20 10.62+0.24 9.81+0.13
3 4'-OH 15.14 £ 0.27 9.44 +0.41 10.6 5+0.22 16837 6.12 +0.14
3l 2'-CHg 13.34 £ 0.37 10.40£0.32 6.45 +0.25 10.47£0.42 6.19+0.11
3n 2'4'-diCH 13.27 £ 0.28 9.55 +0.47 12.45+0.35 15.29+£0.35 5.47+0.20
30 4'-Br 19.49 £ 0.30 16.09+£0.18 >20 18.34 £ 0.46 11.34 £0.28
5-FU 14.96 £ 0.23 > 20 9.99+ 0.18 > 20 > 20

#ICso. The concentration that causes 50% of cell pnaifen inhibition. Data represent the means
+ standard deviation from triplicate determinatioonfrthree independent experiments.
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Resear ch highlights

*  Two series of chalcone analogues containing a 4peixazolin-2-yl group were synthesized.

»  Compound3f is the most cytotoxic one with 3 of 3.56 and 4.08M in HCT-116 and MCF-7
cells.

»  HCT-116 cells treated witBf accumulated in the sub-G1 phase of the cell cycle.

»  3f-induced apoptosis was confirmed by Annexin V, AB-BMitoSOX™ Red and JC-1 staining
assays.

»  3f increased the levels of cleaved PARP1, caspaséaid 9, activating the mitochondrial death
pathway.



