
Contents lists available at ScienceDirect

Bioorganic Chemistry

journal homepage: www.elsevier.com/locate/bioorg

Diversity-oriented generation and biological evaluation of new chemical
scaffolds bearing a 2,2-dimethyl-2H-chromene unit: Discovery of novel
potent ANO1 inhibitors
Yohan Seoa,1, Jiwon Choia,1, Jeong Hwa Leea,1, Tae Gun Kimb, So-hyeon Parkc, Gyoonhee Hanb,d,
Wan Namkunga,d,⁎, Ikyon Kima,⁎

a College of Pharmacy and Yonsei Institute of Pharmaceutical Sciences, Yonsei University, 85 Songdogwahak-ro, Yeonsu-gu, Incheon 21983, Republic of Korea
bDepartment of Biotechnology, College of Life Science and Biotechnology, Yonsei University, Seoul 03722, Republic of Korea
cGraduate Program of Industrial Pharmaceutical Science, Yonsei University, Incheon 21983, Republic of Korea
d Interdisciplinary Program of Integrated OMICS for Biomedical Science Graduate School, Yonsei University, Seoul 03722, Republic of Korea

A R T I C L E I N F O

Keywords:
Diversity-oriented synthesis
2H-Chromene
Chemical space
Anoctamin 1 (ANO1)
Anticancer agent
Apoptosis

A B S T R A C T

Chemical territory bearing a 2,2-dimethyl-2H-chromene motif was expanded by utilizing an o-hydroxy aldehyde
group of 5-hydroxy-2,2-dimethyl-2H-chromene-6-carbaldehyde as a synthetic handle to install distinctive
morphology and functionality of each scaffold. Cell based assays and in silico docking analysis led us to discover
that these new compounds exhibit inhibitory effect on anoctamin1 (ANO1). ANO1 is amplified and highly ex-
pressed in various carcinomas including prostate cancer, esophageal cancer, breast cancer, and pancreatic
cancer. Biological assays revealed that (E)-1-(7,7-dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(1H-pyrrol-2-yl)prop-
2-en-1-one (3n, Ani-FCC) is a novel, potent and selective ANO1 inhibitor with an IC50 value of 1.23 μM. 3n
showed 144 times stronger activity on ANO1 inhibition than ANO2 inhibition and did not alter the chloride
channel activity of CFTR and the intracellular calcium signaling. Notably, 3n strongly decreased cell viability of
PC-3 and FaDu cells expressing high levels of ANO1 with a decrease in ANO1 protein levels. In addition, 3n
significantly enhanced apoptosis via activation of caspase 3 and cleavage of PARP in PC-3 and FaDu cells. This
study shows that a novel ANO1 inhibitor, 3n, can be a potential candidate for the treatment of cancers over-
expressing ANO1, such as prostate cancer and esophageal cancer.

1. Introduction

2H-Chromene, also known as 2H-benzopyran, is a substructure of
many natural products. More specifically, 2,2-dimethyl-2H-chromene
moiety is embedded in a number of bioactive natural substances (Fig. 1)
[1–5]. Thus, this functional motif has been frequently used as a partial
structure of the small-molecule medicinal agents in drug development
programs [6–10]. For example, Lee and co-workers developed potent
antiangiogenic agents through design and synthesis of ring-truncated
deguelin derivatives [11].

Although several systematic approaches to 2H-chromene-containing
chemical libraries have been demonstrated in the literature [12–14], we
envisioned that new chemical space [15–18] having this moiety with
distinctive substitution patterns could be further generated by using an

o-hydroxy benzaldehyde group of 5-hydroxy-2,2-dimethyl-2H-chro-
mene-6-carbaldehyde (1) as a synthetic handle to add structural and
functional diversification of each scaffold (Scheme 1) [19–23]. As part
of our continued research interest on design, synthesis, and biological
evaluation of novel chemical space [24–31], here we wish to report
efficient construction and preliminary biological investigation of new
chemical libraries based on a 2,2-dimethyl-2H-chromene motif [32].
Through biological screening, we were able to discover that these new
chromene-based chemical scaffolds inhibit ANO1.

ANO1 plays an important role in a wide range of biological pro-
cesses in various cell types such as epithelial cells, smooth muscle cells,
intestinal pacemaker cells and sensory neurons [33–36]. ANO1 is also
highly expressed and plays a pivotal role in cancer progression such as
proliferation of cancer cells and metastasis in various carcinomas
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including head and neck squamous cell carcinoma (HNSCC), gastro-
intestinal, breast, and prostate cancers [37–41]. ANO1 and ANO2 are
identified as CaCC (Calcium-activated chloride channel) and share the
highest sequence homology between ANO family members (ANO1-
ANO10) [42]. ANO2 is highly expressed in olfactory sensory neurons
and plays an important role in the regulation of olfactory transduction.
Interestingly, recent evidence suggests that ANO2 is involved in the
reduction of spike generation in the thalamic cortex and hippocampal
CA1 neurons and ANO2 knockout mice show a lack of executive
function and severe impairment of motors [43,44].

Previous studies reported that selective downregulation of ANO1
without alteration of ANO2 may provide a novel anticancer therapy
[45,46]. ANO1 inhibitors can reduce cell viability by inhibiting cal-
modulin-dependent protein kinase II (CAMKII) and epidermal growth
factor receptor (EGFR) in cancers highly expressing ANO1, such as
breast cancer, head and neck cancer, and esophageal squamous cancer
(ESCC) [39,47]. ANO1 is overexpressed in prostate cancer and plays
pivotal roles in the regulation of chloride efflux and cell volume in
androgen-independent prostate cancer [48]. Thus, ANO1 is considered
as a potential drug target in various cancers including prostate cancer.

To date, several ANO1 inhibitors have been reported including
CaCCinh-A01, tannic acid, T16Ainh-A01, idebenone, Ani9, luteolin and
Ani9-5f [45,46,49–52]. However, all these inhibitors are in the early
stages of drug discovery: novel, potent, and selective ANO1 inhibitors
for the drug development are still required. In the present study, novel
chemotype ANO1 inhibitors were identified via screening of new
chromene-based compounds and their anticancer effects as ANO1 in-
hibitors were investigated.

2. Results and discussion

2.1. Syntheses of novel 2,2-dimethyl-2H-chromene scaffolds

The starting material 1 was easily prepared in gram quantities by
following the known procedure [53,54]. As a means to make a new
chemical scaffold from 1, we first chose the Rap-Stoermer reaction
[55,56], which is a condensation reaction of a salicylaldehyde with an
α-halocarbonyl compound to give a 2-acylbenzofuran [57–59], a key
pharmacophore in many drug discovery researches. Thus, reactions of 1
with several α-bromoketones in the presence of K2CO3 were first at-
tempted to synthesize various benzofurans 2 (Scheme 2). The desired 2-
acylbenzofurans were obtained in excellent yields.

In addition, an acetyl moiety in 2f was used for further derivatiza-
tion: Claisen-Schmidt aldol reactions of 2f with arylaldehydes provided

chalcones 3 [60] as shown in Scheme 3. Both electron-rich and elec-
tron-poor arylaldehydes participated well in these condensations to
afford the corresponding enones 3 in good to excellent yields.

The Petasis reaction, also known as the Petasis borono-Mannich
reaction, is a three component reaction of an aldehyde, an amine, and a
vinyl- or arylboronic acid to form a polyfunctionalized amine [61–63].
Since use of salicylaldehyde as an aldehyde partner of this reaction
leads to highly substituted 1,3-amino alcohols [64,65], we applied this
reaction to 1 to get benzylamines 4 (Scheme 4). Various 1,3-amino
alcohols 4 were readily accessed in good yields under mild conditions.
As some biological activities of heterocycles having a 1,3-amino alcohol
moiety were known, we hoped that our scaffold 4 may have interesting
pharmacological functions.

In addition, reaction of 1 with 4-nitrobenzyl bromide in the pre-
sence of KOt-Bu at 160 °C provided the corresponding benzofurans 5a
(Scheme 5) [66,67]. Similarly, benzofuran (5b) having a pyridine
moiety at C2 position was accessed from 1 and 2-(chloromethyl)pyr-
idine [68].

To evaluate the biological effect of the pyran ring embedded in this
series of compounds, compound 7 was synthesized by following the
similar procedures as those of 2f and 3 (Scheme 6).

Biological investigation of the synthesized compounds revealed that
the compounds bearing a 2,2-dimethyl-2H-chromene motif such as 3h,
3n, 3o, 3p and 4d potently inhibited ANO1 channel activity with
IC50 < 10.2 μM, and 3n most potently inhibited ANO1 channel ac-
tivity with an IC50 value of 1.23 μM (Table 1). However, compounds
having no pyran rings (7a, 7b, and 7c) did not show an inhibitory effect
on ANO1 channel function, indicating the importance of this additional
pyran ring on ANO1 inhibition. Based on these observations, further
biological study with 3n was pursued.

2.2. Inhibitory effect of 3n on ANO1 channel activity

We further measured the inhibitory effect of 3n on ANO1, ANO2
and cystic fibrosis transmembrane conductance regulator (CFTR) using
YFP fluorescence in FRT cells stably expressing ANO1, ANO2, and
CFTR, respectively. As shown in Fig. 2A and 2B, ANO1 and ANO2
calcium-activated chloride channels were activated by ATP, a P2Y re-
ceptor agonist. 3n potently inhibited YFP fluorescence reduction by
iodide influx via ANO1, but 3n weakly inhibited ANO2-mediated YFP
fluorescence reduction. 3n inhibited ANO1 activity ~ 144 times more
strongly than ANO2 activity (Fig. 2C). To investigate the effect of 3n on
CFTR channel activity, CFTR was activated by forskolin and inhibited
with a specific inhibitor, CFTRinh-172. 3n did not alter the CFTR-
mediated YFP reduction up to 30 μM (Fig. 2D). To observe the effect of
3n on calcium signaling, the intracellular calcium concentration was
increased by ATP in PC-3 cells, and 3n did not significantly reduce the
ATP-induced increase in intracellular calcium concentration up to a
concentration of 10 μM indicating complete inhibition of ANO1
(Fig. 2E). These results show that 3n is an ANO1 inhibitor with higher
selectivity for ANO1 compared to ANO2 and CFTR with no effect on
intracellular calcium signaling.

2.3. Effect of 3n on the expression levels of ANO1 protein and cell viability
in PC-3 and FaDu cells

Reduction of ANO1 protein is known to significantly inhibit the
growth of prostate cancer and hypopharyngeal cancer cells highly ex-
pressing ANO1 [69,70]. To investigate the effect of 3n on the protein
expression levels of ANO1, 3n was treated with different doses in PC-3
and FaDu cells expressing high levels of ANO1. As shown in Fig. 3A and
B, 3n strongly decreased protein expression levels of ANO1 in a dose
dependent manner.

To determine whether the reduction of ANO1 protein by 3n inhibit
the proliferation of cancer cells, MTS assay was performed in PC-3 and
FaDu cells expressing ANO1 or knockout ANO1. The ANO1 knockout

Fig. 1. Some Bioactive Natural Products Having a 2,2-Dimethyl-2H-chromene
Unit.
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cells were established by CRISPR/Cas9 system. While 3n significant
inhibited cell viability in ANO1 expressing PC-3 and FaDu cells, much
less inhibition of cell viability by 3n in ANO1-knockout PC-3 and FaDu
cells was observed (Fig. 3C and 3D). These results suggest that 3n ex-
hibits anticancer effect via inhibition and reduction of ANO1 protein.
Of note, 3n exhibited ANO1-dependent and ANO1-independent cyto-
toxicity at high concentrations in PC-3 and FaDu cells (Fig. 3D), in-
dicating that 3n can also induce apoptosis via ANO1-independent
pathways.

Down regulation of ANO1 significantly induced apoptosis via acti-
vation of caspase 3 and cleavage of poly ADP-ribose polymerase (PARP)
[71]. To determine whether 3n exerts its anti-cancer effects via indu-
cing apoptosis in PC-3 and FaDu cells, the effect of 3n on caspase 3

activity was measured. As shown in Fig. 4A and 4B, the caspase 3 ac-
tivity was significantly increased by 3n in a dose dependent manner,
but the caspase 3 activation by 3n was completely blocked by Ac-
DEVD-CHO, a potent inhibitor of caspase 3. We stained apoptotic cells
with a caspase 3-substrate (NucView® Caspase-3 Substrates), which is
cleaved by caspase 3 in apoptotic cells and stains DNA with bright
green fluorescence. 3n significantly increased caspase 3-mediated
apoptotic cells in PC3 and FaDu cells (Fig. 4C and 4D). To further in-
vestigate the apoptotic mechanism of 3n, we observed levels of cleaved
PARP, a hallmark of apoptosis. The levels of cleaved PARP were sig-
nificantly increased by 3n in a dose dependent manner in PC-3 and
FaDu cells (Fig. 4E and 4F).

These results revealed that 3n can induce apoptotic cell death in PC-
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Scheme 1. Synthetic Plans.

Scheme 2. Synthesis of Benzofurans 2a,b. a A mixture of 1 (0.15 mmol), α-haloketone (1.2 equiv), and K2CO3 (1.5 equiv) in acetonitrile (2 mL) was stirred at 120 °C. b

Isolated yield (%). c Ethyl bromoacetate (1.2 equiv) was used.
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3 and FaDu cells expressing high levels of ANO1 via inhibition of ANO1
activity and reduction of ANO1 protein levels.

2.4. Molecular docking analysis

A molecular docking study of 3n to ANO1 was performed using
previously reported protein structure and binding sites of ANO1
[72–73]. In Fig. 5A, the binding mode of 3n was selected by low
CDOCKER energy values (-17.22 kcal/mol). As shown in Fig. 5B, 3n has
pi-cation interaction with LYS741, hydrogen bond with LYS645, and

alkyl-hydrophobic interaction with ILE551. The calculated binding
energy between 3n and ANO1 was −51.69 kcal/mol.

3. Conclusions

Several new chemical scaffolds having a 2,2-dimethyl-2H-chromene
moiety were established via selective manipulation of the salicylalde-
hyde group of the starting material and their inhibitory effect of ANO1
was investigated. SAR analysis revealed a novel potent ANO1 inhibitor,
3n (IC50 = 1.23 μM). Selectivity analysis has shown that 3n is highly

Scheme 3. Synthesis of Chalcones 3a,b. a To a mixture of 2h (0.12 mmol) and ArCHO (1.2 equiv) in EtOH (1 mL) was added K2CO3 (1 equiv) at rt. The reaction
mixture was stirred at 60 °C. b Isolated yield (%). c MeOH was used instead of EtOH.
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selective for ANO1. 3n did not alter CFTR activity and calcium sig-
naling, and is 144 times more selective for ANO1 than ANO2. In vitro
studies showed that 3n selectively reduced cell viability in an ANO1
dependent manner in PC-3 and FaDu cells. In addition, apoptosis is
strongly induced by 3n via activation of caspase 3 and cleavage of
PARP in PC-3 and FaDu cells expressing ANO1. This study could help to
identify promising drug candidates for the treatment of cancers with
ANO1 upregulation, including prostate cancer and hypopharyngeal
cancer.

4. Experimental section

4.1. General methods

Unless specified, all reagents and starting materials were purchased
from commercial sources and used as received without purification.
“Concentrated” refers to the removal of volatile solvents via distillation
using a rotary evaporator. “Dried” refers to pouring onto, or passing
through, anhydrous magnesium sulfate followed by filtration. Flash
chromatography was performed using silica gel (230–400 mesh) with
hexanes, ethyl acetate, and dichloromethane as the eluents. All reac-
tions were monitored by thin-layer chromatography on 0.25 mm silica
plates (F-254) visualized with UV light. Melting points were measured
using a capillary melting point apparatus. 1H and 13C NMR spectra were
recorded on a 400 MHz NMR spectrometer and were described as
chemical shifts, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet;
m, multiplet), coupling constant in hertz (Hz), and number of protons.
HRMS were measured with electrospray ionization (ESI) and Q-TOF
mass analyzer.

Compound 1 was prepared by following the literature procedure
[53,54].

5-Hydroxy-2,2-dimethyl-2H-chromene-6-carbaldehyde (1). Ivory
solid, mp: 69.6–70.4 °C; 1H NMR (400 MHz, CDCl3) δ 11.65 (s, 1H),
9.66 (s, 1H), 7.29 (d, J= 8.4 Hz, 1H), 6.69 (d, J= 10.0 Hz, 1H), 6.43
(d, J= 8.4 Hz, 1H), 5.61 (d, J= 10.0 Hz, 1H), 1.46 (s, 6H); 13C NMR
(100 MHz, CDCl3) δ 194.7, 160.7, 158.8, 134.8, 128.7, 115.4, 115.2,
109.6, 109.0, 78.3, 28.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for

C12H13O3 205.0859, found 205.0864.
General procedure for the synthesis of 2: To a vial charged with 1

(30 mg, 0.15 mmol) in acetonitrile (2 mL) were added 2-bromo-4′-
methoxyacetophenone (40.4 mg, 1.2 equiv) and potassium carbonate
(60.9 mg, 3.0 equiv) at room temperature. After being stirred at 120 ℃
for 4 h, the reaction mixture was concentrated under reduced pressure,
extracted with CH2Cl2 (2 mL), and washed with H2O (5 mL). The
aqueous layer was extracted with CH2Cl2 (1 mL) two more times. The
organic layer was dried over MgSO4, filtered, and concentrated in
vacuo. The residue was purified by silica gel column chromatography
(n-hexane:ethyl acetate:dichloromethane = 30:1:2) to give 2a
(45.7 mg, 93%).

(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)(4-methoxyphenyl)
methanone (2a). Brown oil; 1H NMR (400 MHz, CDCl3) δ 8.03 (d,
J= 8.8 Hz, 2H), 7.40–7.37 (m, 2H), 6.97 (d, J= 8.8 Hz, 2H), 6.86 (d,
J= 10.0 Hz, 1H), 6.79 (d, J= 8.4 Hz, 1H), 5.69 (d, J= 10.0 Hz, 1H),
3.86 (s, 3H), 1.46 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 182.5, 163.4,
153.7, 152.5, 152.5, 131.8, 130.5, 130.3, 122.6, 120.8, 116.8, 115.8,
114.8, 113.9, 106.7, 77.2, 55.6, 28.0; HRMS (ESI-QTOF) m/z [M
+Na]+ calcd for C21H18NaO4 357.1097, found 357.1064.

(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)(4-methoxyphenyl)
methanone (2b). Yellow solid, mp: 138.9–140.3 °C; 1H NMR
(400 MHz, CDCl3) δ 7.59 (d, J= 7.6 Hz, 1H), 7.50 (s, 1H), 7.44 (s, 1H),
7.42 (s, 1H), 7.40 (s, 1H), 7.15 (dd, J = 2.0, 8.4 Hz, 1H), 6.90 (d,
J = 10.0 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.72 (d, J = 9.6 Hz, 1H),
3.89 (s, 3H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 183.7, 159.8,
154.1, 152.8, 152.0, 139.0, 130.6, 129.6, 122.8, 122.0, 120.7, 119.1,
118.1, 115.8, 115.0, 113.9, 106.7, 77.3, 55.6, 28.0; HRMS (ESI-QTOF)
m/z [M+Na]+ calcd for C21H18NaO4 357.1097, found 357.1071.

Scheme 3. (continued)
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Scheme 4. Synthesis of Benzylamines 4a,b. a A mixture of 1 (0.15 mmol), amine (1.2 equiv), and ArB(OH)2 (1.2 equiv) in CH2Cl2 (1 mL) was stirred at 60 °C for 18 h. b

Isolated yield (%).
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(4-Chlorophenyl)(7,7-dimethyl-7H-furo[2,3-f]chromen-2-yl)me-
thanone (2c). Yellow solid, mp: 88.3–90.8 °C; 1H NMR (400 MHz,
CDCl3) δ 7.95 (d, J= 8.4 Hz, 2H), 7.47 (d, J= 8.4 Hz, 2H), 7.42–7.38
(m, 2H), 6.85–6.80 (m, 2H), 5.70 (d, J= 10.0 Hz, 1H), 1.47 (s, 6H); 13C
NMR (100 MHz, CDCl3) δ 182.6, 154.2, 151.9, 139.2, 136.0, 130.9,
130.7, 129.0, 125.8, 122.9, 120.7, 117.9, 115.7, 115.2, 106.7, 77.4,
28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for C20H15ClNaO3
361.0602, found 361.0655.

(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)(4-nitrophenyl)metha-
none (2d). Yellow solid, mp: 140.2–141.0 °C; 1H NMR (400 MHz,
CDCl3) δ 8.39 (d, J = 8.8 Hz, 2H), 8.17 (d, J = 8.4 Hz, 2H), 7.50 (s,
1H), 7.45 (d, J = 8.4 Hz, 1H), 6.87 (s, 1H), 6.85 (d, J = 4.4 Hz, 1H),
5.74 (d, J = 10.0 Hz, 1H), 1.50 (s, 6H); 13C NMR (100 MHz, CDCl3) δ
181.8, 154.7, 153.1, 151.5, 150.1, 142.8, 130.8, 130.4, 123.8, 123.1,
120.6, 118.8, 115.6, 115.4, 106.6, 77.6, 28.1; HRMS (ESI-QTOF) m/z
[M+H]+ calcd for C20H16NO5 350.1023, found 350.0984.

[1,1′-Biphenyl]-4-yl(7,7-dimethyl-7H-furo[2,3-f]chromen-2-yl)
methanone (2e). Ivory solid, mp: 102.9–104.1 °C; 1H NMR (400 MHz,
CDCl3) δ 8.11 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.67 (d,
J= 7.2 Hz, 2H), 7.52–7.48 (m, 3H), 7.44 (d, J= 8.4 Hz, 2H), 6.92 (d,
J= 10.0 Hz, 1H), 6.84 (d, J= 8.8 Hz, 1H), 5.73 (d, J= 10.0 Hz, 1H),
1.50 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 183.5, 154.1, 152.8, 152.2,
145.5, 140.1, 136.5, 135.3, 130.6, 130.1, 129.1, 128.4, 127.5, 127.3,
122.8, 120.8, 117.7, 115.8, 115.1, 106.7, 77.4, 28.0; HRMS (ESI-QTOF)
m/z [M+H]+ calcd for C26H21O3 381.1485, found 381.1441.

1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)ethan-1-one (2f).
Yellow solid, mp: 107.9–109.8 °C; 1H NMR (400 MHz, CDCl3) δ 7.42 (s,
1H), 7.39 (d, J = 8.4 Hz, 1H), 6.85 (d, J = 10.0 Hz, 1H), 6.81 (d,
J = 8.4 Hz, 1H), 5.71 (d, J = 10.0 Hz, 1H), 2.57 (s, 3H), 1.48 (s, 6H);
13C NMR (100 MHz, CDCl3) δ 188.0, 153.9, 152.5, 152.4, 130.6, 122.7,
120.7, 115.7, 114.9, 114.3, 106.7, 77.3, 28.0, 26.4; HRMS (ESI-QTOF)
m/z [M+Na]+ calcd for C15H14NaO3 265.0835, found 265.0796.

Ethyl 7,7-dimethyl-7H-furo[2,3-f]chromene-2-carboxylate (2g).
White solid, mp: 54.6–56.8 °C; 1H NMR (400 MHz, CDCl3) δ 7.43 (s,
1H), 7.36 (d, J = 8.8 Hz, 1H), 6.88 (d, J = 10.0 Hz, 1H), 6.80 (d,
J = 8.4 Hz, 1H), 5.70 (d, J = 9.6 Hz, 1H), 4.41 (q, J = 7.0 Hz, 2H),
1.47 (s, 6H), 1.41 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ
159.6, 153.0. 152.1, 145.0, 130.3, 122.0, 120.5, 115.7, 114.4, 106.6,
61.2, 27.8, 14.3; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
C16H16NaO4 295.0941, found 295.0968.

General procedure for the synthesis of 3: To a vial charged with
2f (30 mg, 0.12 mmol) and benzaldehyde (15.2 μl, 1.2 equiv) in ethanol

Scheme 5. Synthesis of 5.

Scheme 6. Synthesis of 7a,b. a A mixture of 2-hy-
droxy-4-methoxybenzaldehyde (1.97 mmol),
chloroacetone (1.2 equiv), and K2CO3 (3.0 equiv)
in acetonitrile (6.6 mL) was stirred at 130 °C. To a
mixture of 6 (0.16 mmol) and ArCHO (1.2 equiv)
in EtOH (1 mL) was added K2CO3 (1.0 equiv) at rt.
The reaction mixture was stirred at 60 °C. b

Isolated yield (%).
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Table 1
ANO1 inhibition by a 2,2-Dimethyl-2H-chromene derivativesa.

Compound Structure IC50 (μM) of ANO1

2a NAb

2b NA

2c NA

2d NA

2e NA

2f NA

2g NA

3a NA

3b NA

3c NA

3d NA

Table 1 (continued)

Compound Structure IC50 (μM) of ANO1

3e NA

3f NA

3g NA

3h 4.33

3i NA

3j NA

3k NA

3l NA

(continued on next page)
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Table 1 (continued)

Compound Structure IC50 (μM) of ANO1

3m NA

3n 1.23

3o 1.73

3p 10.2

4a NA

4b NA

4c NA

4d 5.26

4e NA

Table 1 (continued)

Compound Structure IC50 (μM) of ANO1

4f NA

4g NA

4h NA

4i NA

4j NA

4k NA

4l NA

4m NA

4n NA

(continued on next page)
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(1 mL) was added K2CO3 (17.1 mg, 1.0 equiv) at room temperature.
After being stirred at 60 ℃ for 3 h, the reaction mixture was con-
centrated under reduced pressure, extracted with CH2Cl2 (2 mL), and
washed with H2O (5 mL). The water layer was extracted with CH2Cl2
(1 mL) two more times. The organic layer was dried over MgSO4, fil-
tered, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (n-hexane:ethyl acetate:di-
chloromethane = 50:1:2) to give 3a (38.1 mg, 96%).

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-phenylprop-2-
en-1-one (3a). Yellow solid, mp: 98.1–99.6 °C; 1H NMR (400 MHz,
CDCl3) δ 7.92 (d, J = 15.6 Hz, 1H), 7.69–7.67 (m, 2H), 7.58 (s, 1H),
7.53 (d, J= 15.6 Hz, 1H), 7.44–7.42 (m, 4H), 6.93 (d, J= 9.6 Hz, 1H),
6.83 (d, J = 8.4 Hz, 1H), 5.73 (d, J = 10.0 Hz, 1H), 1.50 (s, 6H); 13C

NMR (100 MHz, CDCl3) δ 179.1, 154.0, 153.6, 152.6, 144.1, 134.9,
130.8, 130.5, 129.1, 128.7, 122.8, 121.5, 121.0, 115.8, 115.0, 114.5,
106.7, 77.3, 28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
C22H18NaO3 353.1148, found 353.1122.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(2-methox-
yphenyl)prop-2-en-1-one (3b). Yellow solid, mp: 143.3–144.2 °C; 1H
NMR (400 MHz, CDCl3) δ 8.24 (d, J= 16.0 Hz, 1H), 7.68 (dd, J= 1.2,
7.6 Hz, 1H), 7.61 (d, J= 15.6 Hz, 1H), 7.55 (s, 1H), 7.43–7.37 (m, 2H),
7.00 (t, J= 7.6 Hz, 1H), 6.94 (t, J= 10.0 Hz, 2H), 6.82 (d, J= 8.4 Hz,
1H), 5.73 (d, J = 10.0 Hz, 1H), 3.94 (s, 3H), 1.49 (s, 6H); 13C NMR
(100 MHz, CDCl3) δ 179.7, 159.1, 153.9, 153.8, 152.5, 139.6, 132.0,
130.5, 129.4, 123.9, 122.7, 122.2, 121.1, 120.8, 115.9, 114.8, 114.2,
111.4, 106.7, 77.2, 55.7, 28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd
for C23H20NaO4 383.1254, found 383.1251.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(4-methox-
yphenyl)prop-2-en-1-one (3c). Yellow solid, mp: 138.8–139.3 °C; 1H
NMR (400 MHz, CDCl3) δ 7.89 (d, J = 15.6 Hz, 1H), 7.64 (d,
J = 8.4 Hz, 1H), 7.56 (s, 1H), 7.44 (s, 1H), 7.41 (d, J = 5.2 Hz, 1H),
6.94 (t, J= 9.6 Hz, 3H), 6.83 (d, J= 8.8 Hz, 1H), 5.73 (d, J= 9.6 Hz,
1H), 3.87 (s, 3H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 178.1,
160.9, 152.8, 151.5, 142.9, 129.5, 129.5, 126.6, 121.6, 120.0, 118.1,
114.8, 113.8, 113.5, 113.0, 105.7, 102.8, 76.2, 54.5, 27.0; HRMS (ESI-
QTOF) m/z [M+Na]+ calcd for C23H20NaO4 383.1254, found
383.1213.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(p-tolyl)prop-
2-en-1-one (3d). Yellow solid, mp: 136.4–137.8 °C; 1H NMR
(400 MHz, CDCl3) δ 7.90 (d, J= 15.6 Hz, 1H), 7.59–7.57 (m, 3H), 7.49
(d, J = 16.0 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 8.0 Hz,
1H), 6.93 (d, J = 10.0 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.73 (d,
J= 9.6 Hz, 1H), 2.40 (s, 3H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3)
δ 179.2, 153.9, 153.8, 152.5, 144.2, 141.4, 132.2, 130.5, 129.9, 129.4,
128.8, 127.3, 122.7, 121.0, 120.4, 115.8, 114.9, 114.3, 106.7, 77.3,
28.0, 21.7; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for C23H20NaO3
367.1305, found 367.1350.

Table 1 (continued)

Compound Structure IC50 (μM) of ANO1

4o NA

1 NA

5a NA

5b NA

7a NA

7b NA

7c NA

a IC50 values were determined using YFP fluorescence quenching assay in
FRT cells expressing ANO1 (mean ± S.E., n = 3).
b NA when the inhibition rate at 100 µM is< 20%.
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(E)-3-(Benzo[d][1,3]dioxol-5-yl)-1-(7,7-dimethyl-7H-furo[2,3-f]
chromen-2-yl)prop-2-en-1-one (3e). Yellow solid, mp: 71.6–72.8 °C;
1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 15.6 Hz, 1H), 7.55 (s, 1H),
7.42 (d, J= 8.4 Hz, 1H), 7.37 (d, J= 15.6 Hz, 1H), 7.21 (s, 1H), 7.16
(d, J = 8.0 Hz, 1H), 6.92 (d, J = 10.0 Hz, 1H), 6.86 (d, J = 8.0 Hz,

1H), 6.82 (d, J= 8.4 Hz, 1H), 6.04 (s, 2H), 5.73 (d, J= 10.0 Hz, 1H),
1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 179.1, 153.9, 152.5, 150.2,
148.6, 143.9, 130.5, 129.4, 125.7, 122.7, 121.1, 119.5, 115.8, 114.9,
114.1, 108.9, 106.9, 106.7, 101.8, 77.3, 29.9, 28.0; HRMS (ESI-QTOF)
m/z [M+H]+ calcd for C23H19O5 375.1227, found 375.1264.

Fig. 2. Identification and characterization of 3n, a novel ANO1 inhibitor. (A-B) Effect of 3n on ANO1 and ANO2 activity in FRT-YFP cells expressing ANO1 and
ANO2. The cells were pretreated with the indicated concentrations of 3n for 20 min and then ANO1 and ANO2 was activated by 100 μM ATP. (C) Summary of dose
responses (mean ± S.E., n = 3). (D) Effect of 3n on CFTR activity in FRT-YFP cells expressing human CFTR. CFTR was activated by 10 μM forskolin (FSK) and
blocked by 10 μM CFTRinh-172. (E) Intracellular calcium concentration was measured using Flou-4 in PC-3 cells. The cells were pretreated with 1, 3 and 10 μM of 3n
for 20 min, then 100 μM ATP was applied.

Fig. 3. Effect of 3n on protein expression
levels of ANO1 and cell viability in PC-3 and
FaDu cells. (A-B) Western blot analysis of
ANO1 in PC-3 and FaDu cells expressing
ANO1. Cells were cultured with indicated
concentration of 3n for 24 h. ANO1-
knockout (KO) PC-3 or FaDu cells were used
as control. (C-D) PC-3 and FaDu cells ex-
pressing ANO1 or ANO1- knockout were
treated with 3n at the indicated concentra-
tion for 48 h. Cell viability was measured by
MTS analysis (mean ± S.E., n = 3).
*P < 0.05 **P < 0.01, ***P < 0.001.
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Fig. 4. Effect of 3n on caspase 3 activity and cleavage of PARP in PC-3 and FaDu cells expressing ANO1. (A-B) Cells were cultured with indicated concentration of 3n
for 12 h, and then 1 μM caspase 3 substrate were treated for 30 min. Caspase 3 was inhibited by 10 μM Ac-DEVD-CHO (mean ± S.E., n = 3). (C-D) Cells were
incubated with 10 μM 3n for 12 h, and then 1 μM caspase 3 substrate and 1 μM Hoechst 33,342 were treated for 30 min. Apoptotic cells were stained with green
fluorescence, and nucleus were stained by Hoechst 33,342 (blue). (E-F) Cells were cultured with indicated concentration of 3n for 12 h, and PARP, cleaved PARP, and
β-actin were detected using western blot assay. *P < 0.05 **P < 0.01, ***P < 0.001. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

Fig. 5. Molecular docking and binding prediction of 3n to ANO1. (A) The binding mode between 3n and the active site of ANO1 shown as a stick model. (B) The
chemical binding residues of 3n-ANO1 were shown in 2D diagram.
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(E)-3-(2,4-Dimethoxyphenyl)-1-(7,7-dimethyl-7H-furo[2,3-f]
chromen-2-yl)prop-2-en-1-one (3f). Yellow solid, mp:
121.4–123.1 °C; 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 16.0 Hz,
1H), 7.61 (d, J= 8.4 Hz, 1H), 7.55–7.51 (m, 2H), 7.41 (d, J= 8.8 Hz,
1H), 6.92 (d, J = 9.6 Hz, 1H), 6.81 (d, J = 8.4 Hz, 1H), 6.54 (dd,
J = 2.0, 10.0 Hz, 1H), 6.48–6.48 (m, 1H), 5.72 (d, J = 10.0 Hz, 1H),
3.92 (s, 3H), 3.86 (s, 3H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ
179.8, 163.3, 160.7, 154.1, 153.6, 152.4, 139.7, 131.2, 130.4, 122.6,
121.1, 119.8, 117.2, 115.9, 114.7, 113.7, 106.7, 105.6, 98.5, 77.4,
55.7, 55.6, 28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
C24H22NaO5 413.1359, found 413.1295.

(E)-3-(3,5-Dimethoxyphenyl)-1-(7,7-dimethyl-7H-furo[2,3-f]
chromen-2-yl)prop-2-en-1-one (3g). Yellow solid, mp: 74.5–75.5 °C;
1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 16.0 Hz, 1H), 7.57 (s, 1H),
7.48–7.40 (m, 2H), 6.91 (d, J= 10.0 Hz, 1H), 6.83–6.81 (m, 3H), 6.53
(s, 1H), 5.72 (d, J= 10.0 Hz, 1H), 3.84 (s, 6H), 1.49 (s, 6H); 13C NMR
(100 MHz, CDCl3) δ 178.9, 161.2, 154.0, 153.5, 152.6, 144.1, 136.7,
130.5, 122.8, 121.9, 121.0, 115.7, 115.0, 114.6, 106.6, 106.6, 102.9,
77.3, 55.6, 28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
C24H22NaO5 413.1359, found 413.1319.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(4-(dimethyla-
mino)-phenyl)prop-2-en-1-one (3h). Orange solid, mp:
172.7–173.8 °C; 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 15.2 Hz,
1H), 7.58 (d, J = 8.8 Hz, 2H), 7.52 (s, 1H), 7.41 (d, J = 8.8 Hz, 1H),
7.34 (d, J = 15.2 Hz, 1H), 6.94 (d, J = 9.6 Hz, 1H), 6.81 (d,
J = 8.8 Hz, 1H), 6.69 (d, J = 8.8 Hz, 2H), 5.72 (d, J = 10.0 Hz, 1H),
3.05 (s, 6H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 179.3, 154.3,
153.5, 152.3, 152.2, 145.0, 130.7, 130.4, 122.6, 122.5, 121.2, 116.2,
116.0, 114.6, 113.2, 111.9, 106.7, 77.4, 40.3, 28.0; HRMS (ESI-QTOF)
m/z [M+Na]+ calcd for C24H23NNaO3 396.1570, found 396.1516.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(naphthalen-
2-yl)prop-2-en-1-one (3i). Yellow solid, mp: 142.0–143.2 °C; 1H NMR
(400 MHz, CDCl3) δ 8.10–8.06 (m, 2H), 7.90–7.83 (m, 4H), 7.64–7.61
(m, 2H), 7.55–7.50 (m, 2H), 7.43 (d, J = 8.4 Hz, 1H) 6.95 (d,

J= 10.0 Hz, 1H), 6.84 (d, J= 8.4 Hz, 1H), 5.74 (d, J= 10.0 Hz, 1H),
1.51 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 179.0, 154.0, 153.7, 152.6,
144.1, 134.6, 133.5, 132.4, 131.0, 130.5, 128.8, 128.8, 127.9, 127.6,
126.9, 123.8, 122.8, 121.5, 121.0, 115.8, 115.0, 114.5, 106.7, 77.3,
28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for C26H20NaO3
403.1305, found 403.1313.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(4-fluor-
ophenyl)prop-2-en-1-one (3j). Yellow solid, mp: 139.4–139.7 °C; 1H
NMR (400 MHz, CDCl3) δ 7.88 (d, J = 15.6 Hz, 1H), 7.67 (t,
J = 6.8 Hz, 2H), 7.58 (s, 1H), 7.47–7.42 (m, 2H), 7.12 (t, J = 8.4 Hz,
2H), 6.92 (d, J = 10.0 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.73 (d,
J = 10.0 Hz, 1H), 1.48 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 178.9,
165.5, 163.0, 154.0, 153.6, 152.6, 142.8, 131.1, 130.7, 130.6, 122.8,
121.1, 121.0, 116.4, 116.2, 115.7, 115.1, 114.5, 106.7, 77.3, 28.0;
HRMS (ESI-QTOF) m/z [M+H]+ calcd for C22H18FO3 349.1234, found
349.1188.

(E)-3-(4-Chlorophenyl)-1-(7,7-dimethyl-7H-furo[2,3-f]chromen-2-
yl)prop-2-en-1-one (3k). Yellow solid, mp: 122.6–123.5 °C; 1H NMR
(400 MHz, CDCl3) δ 7.85 (d, J = 16.0 Hz, 1H), 7.60 (d, J = 8.0 Hz,
2H), 7.58 (s, 1H), 7.49 (d, J = 16.0 Hz, 1H), 7.41 (t, J = 9.0 Hz, 3H),
6.91 (d, J = 10.0 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.73 (d,
J = 10.0 Hz, 1H), 1.49 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 178.8,
154.1, 153.5, 152.6, 142.6, 136.7, 133.4, 130.6, 129.8, 129.4, 122.8,
121.9, 120.9, 115.7, 115.1, 114.7, 106.7, 77.3, 28.0; HRMS (ESI-QTOF)
m/z [M+H]+ calcd for C22H18ClO3 365.0939, found 365.0889.

(E)-3-(4-Bromophenyl)-1-(7,7-dimethyl-7H-furo[2,3-f]chromen-2-
yl)prop-2-en-1-one (3l). Yellow solid, mp: 145.8–146.2 °C; 1H NMR
(400 MHz, CDCl3) δ 7.84 (d, J= 15.6 Hz, 1H), 7.58–7.49 (m, 6H), 7.43
(d, J = 8.8 Hz, 1H), 6.91 (d, J = 10.0 Hz, 1H), 6.83 (d, J = 8.4 Hz,
1H), 5.73 (d, J = 10.0 Hz, 1H), 1.49 (s, 6H); 13C NMR (100 MHz,
CDCl3) δ 178.8, 154.1, 153.5, 152.6, 142.6, 133.8, 132.4, 131.5, 130.6,
130.0, 125.1, 122.8, 122.1, 121.00, 115.7, 115.1, 114.7, 106.7, 77.4,
28.0; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for C22H17BrNaO3
431.0253, found 431.0267.
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Methyl (E)-4-(3-(7,7-dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-ox-
oprop-1-en-1-yl)benzoate (3m). Yellow solid, mp: 170.2–172.9 °C; 1H
NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.4 Hz, 2H), 7.92 (d,
J= 15.6 Hz, 1H), 7.74 (d, J= 8.0 Hz, 1H), 7.61–7.57 (m, 2H), 7.44 (d,
J = 8.4 Hz, 1H), 6.92 (d, J = 10.0 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H),
5.74 (d, J = 10.0 Hz, 1H), 3.95 (s, 3H), 1.50 (s, 6H); 13C NMR
(100 MHz, CDCl3) δ 178.7, 166.6, 154.2, 153.5, 152.7, 142.5, 139.1,
131.7, 130.6, 130.3, 128.5, 123.6, 122.9, 121.0, 115.7, 115.2, 115.0,
106.7, 29.9, 28.1; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C24H21O5
389.1384, found 389.1371.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(1H-pyrrol-2-
yl)prop-2-en-1-one (3n). Brown solid, mp: 116.2–117.1 °C; 1H NMR
(400 MHz, CDCl3) δ 9.49 (s, 1H), 7.88 (d, J = 15.6 Hz, 1H), 7.49 (s,
1H), 7.30 (d, J= 8.4 Hz, 1H), 7.22 (d, J= 15.6 Hz, 1H), 7.03 (s, 1H),
6.81–6.76 (m, 3H), 6.34 (s, 1H), 5.66 (d, J= 9.6 Hz, 1H), 1.46 (s, 6H);
13C NMR (100 MHz, CDCl3) δ 179.3, 153.9, 153.7, 152.4, 134.0, 130.5,
129.5, 123.8, 122.6, 121.1, 116.0, 115.7, 115.1, 114.8, 113.8, 111.7,
106.6, 77.2, 28.0; HRMS (ESI-QTOF) m/z [M+H]+ calcd for
C20H18NO3 320.1281, found 320.1234.

(E)-1-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)-3-(furan-2-yl)
prop-2-en-1-one (3o). Dark yellow solid, mp: 138.4–138.9 °C; 1H NMR
(400 MHz, CDCl3) δ 7.65 (d, J= 15.6 Hz, 1H), 7.55–7.54 (m, 2H), 7.42
(s, 1H), 7.39 (d, J = 7.2 Hz, 1H), 6.91 (d, J = 10.0 Hz, 1H), 6.81 (d,
J= 8.4 Hz, 1H), 6.73 (d, J= 3.2 Hz, 1H), 6.52–6.51 (m, 1H), 5.71 (d,
J = 9.6 Hz, 1H), 1.48 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 178.8,
153.9, 153.6, 152.5, 151.7, 145.2, 130.5, 130.0, 122.7, 121.0, 119.0,
116.7, 115.8, 114.9, 114.4, 112.9, 106.6, 77.3, 28.0; HRMS (ESI-QTOF)
m/z [M+Na]+ calcd for C20H16NaO4 343.0941, found 343.0995.

(E)-3-(5-Bromofuran-2-yl)-1-(7,7-dimethyl-7H-furo[2,3-f]
chromen-2-yl)prop-2-en-1-one (3p). Brown solid, mp:
112.7–113.7 °C; 1H NMR (400 MHz, CDCl3) δ 7.57–7.51 (m, 2H),
7.42–7.34 (m, 2H), 6.92 (d, J= 10.0 Hz, 1H), 6.81 (d, J= 8.4 Hz, 1H),
6.66 (s, 1H), 6.45 (d, J= 3.6 Hz, 1H), 5.72 (d, J= 10.0 Hz, 1H), 1.48
(s, 6H); 13C NMR (100 MHz, CDCl3) δ 178.4, 154.0, 153.6, 153.5,
152.6, 130.5, 128.5, 126.1, 122.8, 121.0, 119.4, 118.6, 115.8, 115.0,
114.8, 114.7, 106.7, 77.3, 28.0; HRMS (ESI-QTOF) m/z [M+H]+ calcd
for C20H16BrO4 399.0226, found 399.0161.

General procedure for the synthesis of 4: To a solution of 1
(30 mg, 0.15 mmol) in anhydrous dichloromethane (1 mL) were added
morpholine (15.2 μl, 1.2 equiv), and 4-methoxyphenylboronic acid
(26.8 mg, 1.2 equiv) at room temperature. After being stirred at 60℃ for
18 h, the reaction mixture was diluted with CH2Cl2 (2 mL) and washed
with H2O (5 mL). The aqueous layer was extracted with CH2Cl2 (1 mL)
two more times. The organic layer was dried over MgSO4, filtered, and
concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane:ethyl acetate:dichloromethane = 30:1:2) to

give 4a (52.1 mg, 91%).

6-((4-Methoxyphenyl)(morpholino)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4a). Ivory solid, mp: 99.7–101.3 °C; 1H NMR (400 MHz,
CDCl3) δ 12.13 (s, 1H), 7.29 (d, J = 7.6 Hz, 2H), 6.83 (d, J = 8.4 Hz,
2H), 6.74 (d, J = 9.6 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 6.20 (d,
J = 8.0 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 4.31 (s, 1H), 3.76 (s, 7H),
2.58–2.42 (m, 4H), 1.42 (s, 3H), 1.39 (s, 3H); 13C NMR (100 MHz,
CDCl3) δ 159.3, 153.2, 152.2, 131.4, 129.9, 129.2, 128.5, 117.2, 117.1,
114.2, 110.0, 107.6, 75.8, 75.6, 67.0, 55.3, 52.0, 28.1; HRMS (ESI-
QTOF) m/z [M+K]+ calcd for C23H27KNO4 420.1572, found 420.1510.

6-((4-Methoxyphenyl)(piperidin-1-yl)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4b). Ivory solid, mp: 101.4–102.9 °C; 1H NMR
(400 MHz, CDCl3) δ 13.10 (s, 1H), 7.27 (s, 1H), 6.84 (d, J= 8.8 Hz, 2H),
6.78 (d, J= 10.0 Hz, 1H), 6.59 (d, J= 8.4 Hz, 1H), 6.17 (d, J= 8.4 Hz,
1H), 5.57 (d, J = 10.0 Hz, 1H), 4.43 (s, 1H), 3.78 (s, 3H), 2.39 (s, 4H),
1.63 (s, 6H), 1.43 (s, 3H), 1.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
159.1, 153.6, 152.9, 131.1, 130.3, 129.0, 128.2, 117.8, 117.4, 113.9,
109.8, 106.8, 75.7, 75.1, 55.2, 28.0, 27.9, 26.2, 24.2; HRMS (ESI-QTOF)
m/z [M+H]+ calcd for C24H30NO3 380.2220, found 380.2132.

6-((4-Methoxyphenyl)(pyrrolidin-1-yl)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4c). Brown solid, mp: 116.8–117.9 °C; 1H NMR
(400 MHz, CDCl3) δ 12.73 (s, 1H), 7.34 (d, J = 8.4 Hz, 2H), 6.81 (d,
J = 8.8 Hz, 2H), 6.74 (d, J = 10.0 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H),
6.17 (d, J= 8.4 Hz, 1H), 5.55 (d, J= 10.0 Hz, 1H), 4.28 (s, 1H), 3.76 (s,
3H), 2.63 (s, 2H), 2.47 (s, 2H), 1.82 (s, 4H), 1.42 (s, 3H), 1.38 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 159.0, 152.9, 152.9, 134.6, 129.1, 128.4,
128.1, 119.3, 117.3, 114.0, 110.0, 107.1, 75.8, 74.5, 55.3, 28.1, 27.9,
23.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C23H28NO3 366.2064,
found 366.2005.

6-((3,4-Dimethoxyphenyl)(morpholino)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4d). Ivory solid, mp: 161.2–162.5 °C; 1H NMR
(400 MHz, CDCl3) δ 12.08 (s, 1H), 6.94 (s, 1H), 6.91 (d, J= 9.2 Hz, 1H),
6.77 (d, J= 8.0 Hz, 1H), 6.72 (d, J= 10.0 Hz, 1H), 6.65 (d, J= 8.4 Hz,
1H), 6.19 (d, J = 8.4 Hz, 1H), 5.55 (d, J = 10.0 Hz, 1H), 4.26 (s, 1H),
3.82 (s, 3H), 3.82 (s, 3H), 3.74 (s, 4H), 2.59 (s, 2H), 2.43 (s, 2H), 1.39 (d,
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J = 9.6 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 153.2, 152.2, 149.2,
148.8, 132.0, 129.1, 128.5, 121.1, 117.2, 117.1, 111.1, 110.0, 107.7,
76.1, 75.8, 67.0, 56.0, 55.9, 52.0, 28.0, 27.9; HRMS (ESI-QTOF) m/z [M
+H]+ calcd for C24H30NO5 412.2118, found 412.2105.

6-((3,4-Dimethoxyphenyl)(piperidin-1-yl)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4e). Ivory gum; 1H NMR (400 MHz, CDCl3) δ 13.04 (s,
1H), 6.90 (s, 2H), 6.80–6.73 (m, 2H), 6.60 (d, J= 8.4 Hz, 1H), 6.16 (d,
J = 8.0 Hz, 1H), 5.55 (d, J = 10.0 Hz, 1H), 4.38 (s, 1H), 3.85 (s, 3H),
3.83 (s, 3H), 2.35 (s, 4H), 1.63 (s, 6H), 1.40 (d, J = 6.4 Hz, 6H); 13C
NMR (100 MHz, CDCl3) δ 153.5, 153.0, 149.0, 148.7, 131.8, 129.0,
128.3, 121.5, 117.8, 117.4, 111.0, 109.9, 106.9, 75.8, 75.6, 56.0, 55.9,
52.0, 28.0, 26.2, 24.3; HRMS (ESI-QTOF) m/z [M+Na]+ calcd for
C25H31NNaO4 432.2145, found 432.2135.

6-((3,5-Dimethoxyphenyl)(morpholino)methyl)-2,2-dimethyl-2H-
chromen-5-ol (4f). White solid, mp: 59.4–62.1 °C; 1H NMR (400 MHz,
CDCl3) δ 11.92 (s, 1H), 6.72 (d, J = 10.0 Hz, 1H). 6.67 (d, J = 8.4 Hz,
1H), 6.58 (s, 1H), 6.34 (t, J=2.2 Hz, 1H), 6.20 (d, J=8.0 Hz, 1H), 5.55
(d, J = 10.0 Hz, 1H), 4.21 (s, 1H), 3.75 (s, 10H), 2.62 (s, 2H), 2.48 (s,
2H), 1.40 (d, J = 9.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 161.1,
153.3, 152.2, 142.0, 129.2, 128.5, 117.2, 116.8, 110.0, 107.7, 106.6,
99.3, 76.7, 75.9, 67.0, 55.4, 52.2, 28.1, 28.0; HRMS (ESI-QTOF) m/z [M
+Na]+ calcd for C24H29NNaO4 434.1938, found 434.1920.

2,2-Dimethyl-6-(morpholino(m-tolyl)methyl)-2H-chromen-5-ol
(4g). Ivory solid, mp: 58.6–59.5 °C; 1H NMR (400 MHz, CDCl3) δ 12.08
(s, 1H), 7.21–7.19 (m, 3H), 7.07 (d, J = 7.2 Hz, 1H), 6.75 (d.
J = 10.0 Hz, 1H), 6.67 (d, J = 8.4 Hz, 1H), 6.21 (d, J = 8.0 Hz, 1H),
5.58 (d, J=10.0 Hz, 1H), 7.30 (s, 1H), 3.76 (s, 4H), 2.65 (s, 2H), 2.44 (s,
2H), 2.33 (s, 3H), 1.43 (s, 3H), 1.40 (s, 3H); 13C NMR (100 MHz, CDCl3)
δ 153.2, 152.3, 139.4, 138.5, 129.3, 128.9, 128.5, 125.7, 117.2, 117.0,
110.0, 107.7, 76.6, 75.9, 67.0, 52.2, 31.7, 28.1, 28.0, 21.6; HRMS (ESI-
QTOF) m/z [M+Na]+ calcd for C23H27NNaO3 388.1883, found
388.1871.

2,2-Dimethyl-6-(piperidin-1-yl(m-tolyl)methyl)-2H-chromen-5-ol
(4h). Ivory gum; 1H NMR (400 MHz, CDCl3) δ 13.0 (s, 1H), 7.21–7.14

(m, 3H), 7.07 (d, J = 7.2 Hz, 1H), 6.76 (d, J = 10.0 Hz, 1H), 6.59 (d,
J = 8.4 Hz, 1H), 5.56 (d, J = 10.0 Hz, 1H), 4.39 (s, 1H), 3.03 (s, 4H),
2.33 (s, 3H), 1.63 (s, 6H), 1.42 (s, 3H), 1.40 (s, 3H); 13C NMR (100 MHz,
CDCl3) δ 153.6, 153.0, 139.2, 138.3, 129.1, 128.6, 128.6, 128.3, 117.7,
117.4, 109.9, 106.9, 76.1, 75.8, 29.9, 28.6, 28.1, 28.0, 26.2, 24.3, 21.7;
HRMS (ESI-QTOF) m/z [M+K]+ calcd for C24H29KNO2 402.1830, found
402.1834.

2,2-Dimethyl-6-(pyrrolidin-1-yl(m-tolyl)methyl)-2H-chromen-5-ol
(4i). Ivory gum; 1H NMR (400 MHz, CDCl3) δ 12.73 (s, 1H), 7.26–7.22
(m, 2H), 7.26 (t, J = 7.4 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.74 (d,
J = 10.0 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 6.17 (d, J = 8.4 Hz, 1H),
5.55 (d, J=10.0 Hz, 1H), 4.27 (s, 1H), 2.63 (s, 2H), 2.48 (s, 2H), 2.32 (s,
3H), 1.82 (s, 4H), 1.42 (s, 3H), 1.38 (s, 3H); 13C NMR (100 MHz, CDCl3)
δ 153.0, 152.9, 142.3, 138.3, 128.6, 128.6, 128.4, 128.3, 128.2, 125.0,
119.1, 117.5, 109.9, 107.1, 75.8, 75.4, 28.1, 27.9, 23.6, 21.7; HRMS
(ESI-QTOF) m/z [M+H]+ calcd for C23H28NO2 350.2115, found
350.2042.

2,2-Dimethyl-6-(morpholino(phenyl)methyl)-2H-chromen-5-ol (4j).
White solid, mp: 59.2–61.4 °C; 1H NMR (400 MHz, CDCl3) δ 12.06 (s,
1H), 7.39 (s, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.27–7.23 (m, 1H), 6.75 (d,
J = 10.4 Hz, 1H), 6.67 (d, J = 8.4 Hz, 1H), 6.21 (d, J = 8.4 Hz, 1H),
5.58 (d, J=10.0 Hz, 1H), 4.34 (s, 1H), 3.75 (s, 4H), 2.62 (s, 2H), 2.44 (s,
2H), 1.43 (s, 3H), 1.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 153.3,
152.2, 139.4, 129.3, 128.9, 128.7, 128.6, 128.1, 117.1, 117.0, 110.0,
107.7, 76.5, 75.9, 67.0, 52.1, 28.1; HRMS (ESI-QTOF) m/z [M+Na]+

calcd for C22H25NNaO3 374.1727, found 374.1674.

2,2-Dimethyl-6-(phenyl(piperidin-1-yl)methyl)-2H-chromen-5-ol
(4k). Ivory solid, mp: 46.7–48.1 °C; 1H NMR (400 MHz, CDCl3) δ 12.98
(s, 1H), 7.35 (s, 1H), 7.32–7.24 (m, 4H), 6.76 (d, J= 10.0 Hz, 1H), 6.59
(d, J= 8.0 Hz, 1H), 6.16 (d, J= 8.4 Hz, 1H), 5.56 (d, J= 10.0 Hz, 1H),
4.43 (s, 1H), 2.43 (s, 4H), 1.63 (s, 6H), 1.42 (s, 3H), 1.40 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 153.5, 153.0, 139.3, 129.1, 128.7, 128.3,
127.9, 117.6, 117.4, 109.9, 107.0, 76.0, 75.8, 29.9, 28.1, 28.0, 26.2,
24.3; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C23H28NO2 350.2115,
found 350.2045.
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2,2-Dimethyl-6-(phenyl(pyrrolidin-1-yl)methyl)-2H-chromen-5-ol
(4l). Yellow gum; 1H NMR (400 MHz, CDCl3) δ 12.73 (s, 1H), 7.44 (d,
J= 7.2 Hz, 2H), 7.30–7.20 (m, 3H), 6.75 (d, J= 10.0 Hz, 1H), 6.68 (d,
J = 8.4 Hz, 1H), 6.18 (d, J = 8.4 Hz, 1H), 5.56 (d, J = 10.0 Hz, 1H),
4.31 (s, 1H), 2.64 (s, 2H), 2.49 (s, 2H), 1.86–1.79 (m, 4H), 1.43 (s, 3H),
1.38 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 153.0, 152.8, 142.4, 128.8,
128.4, 128.1, 127.9, 127.7, 119.1, 110.0, 107.2, 75.8, 75.4, 53.2, 28.1,
27.9, 23.6; HRMS (ESI-QTOF) m/z [M+K]+ calcd for C22H25KNO2
374.1517, found 374.1675.

2,2-Dimethyl-6-(morpholino(naphthalen-2-yl)methyl)-2H-chromen-
5-ol (4m).White solid, mp: 146.7–147.4 °C; 1H NMR (400 MHz, CDCl3)
δ 12.20 (s, 1H), 7.84–7.78 (m, 4H), 7.62 (d, J= 6.4 Hz, 1H), 7.51–7.45
(m, 2H), 8.61 (dd, J = 4.4, 9.6 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 6.24
(dd, J=3.6, 8.0 Hz, 1H), 5.61 (d, J=10.0 Hz, 1H), 4.52 (s, 1H), 3.77 (s,
4H), 2.68 (s, 2H), 2.48 (s, 2H), 1.46 (s, 3H), 1.41 (s, 1H); 13C NMR
(100 MHz, CDCl3) δ 153.3, 152.2, 137.2, 133.4, 133.1, 129.4, 129.0,
128.6, 128.0, 127.7, 126.4, 126.3, 125.9, 117.1, 116.8, 110.1, 107.8,
76.7, 75.9, 67.0, 52.3, 28.1, 27.9;HRMS (ESI-QTOF)m/z [M+K]+ calcd
for C26H27KNO3 440.1623, found 440.1529.

2,2-Dimethyl-6-(naphthalen-2-yl(piperidin-1-yl)methyl)-2H-
chromen-5-ol (4n). White solid, mp: 145.9–146.7 °C; 1H NMR
(400 MHz, CDCl3) δ 13.11 (s, 1H), 7.84–7.76 (m, 4H), 7.59 (s, 1H),
7.50–7.44 (m, 2H), 6.81 (d, J= 10.0 Hz, 1H), 6.66 (d, J= 8.4 Hz, 1H),
6.17 (d, J= 8.0 Hz, 1H), 5.59 (d, J= 10.0 Hz, 1H), 4.61 (s, 1H), 2.52 (s,
6H), 1.65 (s, 4H), 1.44 (s, 3H), 1.41 (s, 3H); 13C NMR (100 MHz, CDCl3)
δ 153.5, 153.1, 137.1, 133.4, 133.1, 129.2, 128.6, 128.3, 128.1, 128.0,
127.7, 126.3, 126.2, 117.5, 117.4, 110.0, 107.1, 76.3, 75.8, 29.9, 28.1,
28.0, 26.2, 24.2; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C27H30NO2
400.2271, found 400.2183.

2,2-Dimethyl-6-(naphthalen-2-yl(pyrrolidin-1-yl)methyl)-2H-
chromen-5-ol (4o). Ivory solid, mp: 148.1–149.4 °C; 1H NMR
(400 MHz, CDCl3) δ 12.88 (s, 1H), 7.81 (t, J = 7.4 Hz, 2H), 7.77 (d,
J = 6.8 Hz, 2H), 7.67 (d, J = 8.4 Hz, 1H), 7.48–7.42 (m, 2H), 6.79 (d,
J= 9.6 Hz, 1H), 6.74 (d, J= 8.0 Hz, 1H), 6.19 (d, J= 8.4 Hz, 1H), 5.58
(d, J=10.0 Hz, 1H), 4.50 (s, 1H), 2.70 (s, 2H), 2.52 (s, 2H), 1.84 (s, 4H),
1.44 (s, 3H), 1.38 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 153.1, 152.9,
140.0, 133.4, 133.0, 128.8, 128.4, 128.3, 128.1, 127.7, 126.6, 126.2,
126.0, 125.8, 118.8, 117.3, 110.0, 107.3, 75.8, 75.6, 53.3, 29.9, 28.1,
27.9, 23.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C26H28NO2
386.2115, found 386.2037.

Synthesis of 5a: To a solution of 1 (60 mg, 0.15 mmol) in anhy-
drous N,N-dimethylformamide (1 mL) were added 4-nitrophenyl bro-
mide (69.8 mg, 1.1 equiv) and potassium tert-butoxide (49.4 mg, 1.5
equiv) at room temperature. After being stirred at 160 ℃ for 20 h, the
reaction mixture was quenched with water (5 mL) and extracted with
ethyl acetate (2 mL). The aqueous layer was extracted with ethyl
acetate (1 mL) five more times. The organic layer was dried over
MgSO4, filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (n-hexane:ethyl acetate:di-
chloromethane = 50:1:2) to give 5a (81.1 mg, 87%).

7,7-Dimethyl-2-(4-nitrophenyl)-7H-furo[2,3-f]chromene (5a).
Yellow solid, mp: 141.8–142.9 °C; 1H NMR (400 MHz, CDCl3) δ 8.29 (d,
J = 8.8 Hz, 2H), 7.93 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.4 Hz, 1H),
7.15 (s, 1H), 6.87 (d, J= 9.6 Hz, 1H), 6.78 (d, J= 8.4 Hz, 1H), 5.75 (d,
J = 9.6 Hz, 1H), 1.50 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 152.6,
151.9, 151.7, 146.9, 136.6, 130.9, 124.6, 124.5, 122.3, 121.0, 115.8,
113.9, 107.0, 106.5, 105.8, 27.9; HRMS (ESI-QTOF) m/z [M+Na]+

calcd for C19H15NNaO4 344.0893, found 344.0893.
Synthesis of 5b: To a solution of 1 (60 mg, 0.30 mmol) in anhy-

drous N,N-dimethylformamide (1.1 mL) were added 2-(chloromethyl)
pyridine hydrochloride (49.6 mg, 1 equiv) and potassium carbonate
(125.3 mg, 3 equiv) at room temperature. After being stirred at 50 ℃
for 11 h, the reaction mixture was quenched with water (5 mL) and
extracted with ethyl acetate (2 mL). The aqueous layer was extracted
with ethyl acetate (1 mL) five more times. The organic layer was dried
over MgSO4 filtered, and concentrated in vacuo to give the crude re-
sidue. To a vial charged with the crude residue in anhydrous N,N-di-
methylformamide (1 mL) was added potassium tert-butoxide (43.3 mg,
1.5 equiv) at room temperature. After being stirred at 80℃ for 16 h, the
reaction mixture was quenched with water (5 mL) and extracted with
ethyl acetate (2 mL). The aqueous layer was extracted with ethyl
acetate (1 mL) five more times. The organic layer was dried over MgSO4
filtered, and concentrated in vacuo. The residue was purified by silica
gel column chromatography (n-hexane:ethyl acetate:di-
chloromethane = 10:1:2) to give 5b (44.8 mg, 55%).

2-(7,7-Dimethyl-7H-furo[2,3-f]chromen-2-yl)pyridine (5b). Ivory
solid, mp: 59.7–61.3 °C; 1H NMR (400 MHz, CDCl3) δ 8.65 (d,
J = 4.8 Hz, 1H), 7.85 (d, J = 7.6 Hz, 1H), 7.76 (t, J = 7.8 Hz, 1H),
7.36–7.33 (m, 2H), 7.21–7.18 (m, 1H), 6.91 (d, J = 9.6 Hz, 1H), 6.77
(d, J = 8.4 Hz, 1H), 5.73 (d, J= 10.0 Hz, 1H), 1.49 (s, 6H); 13C NMR
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(100 MHz, CDCl3) 154.5, 151.5, 151.4, 150.0, 149.6, 136.8, 130.6,
122.5, 121.1, 119.4, 116.1, 113.5, 106.6, 105.3, 76.6, 27.9; HRMS
(ESI-QTOF) m/z [M+Na]+ calcd for C18H15NNaO2 300.0995, found
300.0924.

General procedure for the synthesis of 7: To a solution of 2-hy-
droxy-4-methoxybenzaldehyde (300 mg, 1.97 mmol, 1.0 equiv) in
acetonitrile (6.6 mL) were added chloroacetone (190.36 μl, 1.2 equiv)
and potassium carbonate (817.54 mg, 3.0 equiv) at room temperature.
After being stirred at 130 ℃ for 16 h, the reaction mixture was con-
centrated in vacuo and the crude residue was extracted with ethyl
acetate (5 mL × 3) three times. The organic layer was dried over
MgSO4, filtered, and concentrated in vacuo to give the crude residue.
The residue was purified by silica gel column chromatography (n-hex-
ane:ethyl acetate:dichloromethane = 50:1:2) to give 6 (354.4 mg,
95%). To a vial charged with 6 (30 mg, 0.16 mmol) and pyrrole-2-
carboxaldehyde (18 mg, 1.2 equiv) in ethanol (1 mL) was added K2CO3
(1.0 equiv) at room temperature. After being stirred at 60℃ for 3 h, the
reaction mixture was concentrated under reduced pressure, extracted
with CH2Cl2 (2 mL), and washed with H2O (5 mL). The water layer was
extracted with CH2Cl2 (1 mL) two more times. The organic layer was
dried over MgSO4, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (n-hexane:ethyl acet-
ate:dichloromethane = 15:1:2) to give 7a (25.7 mg, 62%).

(E)-1-(6-Methoxybenzofuran-2-yl)-3-(1H-pyrrol-2-yl)prop-2-en-1-
one (7a). ellow solid, mp: 176.6–177.2 °C; 1H NMR (400 MHz, CDCl3)
δ 9.02 (s, 1H), 7.85 (d, J = 15.6 Hz, 1H), 7.50–7.56 (m, 2H), 7.18 (d,
J = 15.6 Hz, 1H), 7.00–7.07 (m, 2H), 6.94 (dd, J = 2.2, 8.6 Hz, 1H),
6.74–6.78 (m, 1H), 6.33–6.38 (m, 1H), 3.87 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 178.9, 160.8, 157.2, 153.7, 133.6, 129.3, 123.4,
123.4, 120.7, 115.8, 114.9, 114.1, 112.9, 111.6, 95.6, 55.7; HRMS
(ESI-QTOF) m/z [M+H]+ calcd for C16H14NO3 268.0968, found
268.1017.

(E)-1-(6-Methoxybenzofuran-2-yl)-3-(thiophen-2-yl)prop-2-en-1-
one (7b). Pale yellow solid, mp: 127.0–127.7 °C; 1H NMR (400 MHz,
CDCl3) δ 8.03 (d, J = 15.6 Hz, 1H), 7.55–7.60 (m, 2H), 7.44 (d,
J = 5.2 Hz, 1H), 7.38 (d, J = 3.6 Hz, 1H), 7.30 (d, J = 15.6 Hz, 1H),
7.06–7.12 (m, 2H), 6.95 (dd, J = 2.2, 8.6 Hz, 1H), 3.89 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 178.5, 161.1, 157.4, 153.3, 140.3, 136.4,
132.3, 129.0, 128.4, 123.5, 120.6, 120.1, 114.4, 113.7, 95.6, 55.7;
HRMS (ESI-QTOF) m/z [M+H]+ calcd for C16H13O3S 285.0580, found
285.0605.

(E)-1-(6-Methoxybenzofuran-2-yl)-3-(2-(trifluoromethoxy)phenyl)
prop-2-en-1-one (7c). Yellow solid, mp: 75.0–76.0 °C; 1H NMR
(400 MHz, CDCl3) δ 8.12 (d, J = 16.0 Hz, 1H), 7.82 (d, J = 7.6 Hz,
1H), 7.55–7.64 (m, 3H), 7.46 (t, J = 7.6 Hz, 1H), 7.31–7.40 (m, 2H),
7.09 (s, 1H), 6.97 (dd, J = 2.0, 8.8 Hz, 1H), 3.90 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 198.7, 178.6, 161.3, 157.5, 153.2, 148.0, 136.7,
131.5 128.7, 128.1, 127.1, 124.3, 123.6, 121.4, 120.5, 114.5, 114.2,
95.6; HRMS (ESI-QTOF) m/z [M+H]+ calcd for C19H14F3O4 363.0839,
found 363.0922.

4.2. Bioassay

4.2.1. Cell culture
Fisher rat thyroid (FRT) cells stably expressing ANO1, ANO2 and

CFTR were established as described previously [46]. FRT cells were
cultured in Coon‘s modified F12 medium supplemented with 10% FBS,
2 mM L-glutamine, 100 units/mL penicillin and 100 μg/mL strepto-
mycin. Prostate cancer cells (PC-3) and hypopharyngeal cancer cells
(FaDu) were cultured in RPMI1640 medium containing 10% FBS, 100
units/ml penicillin and 100 μg/ml streptomycin.

4.2.2. Construction of ANO1-knock out (KO) cells
PLentiCRISPRv2 vector containing ANO1 CRISPR Guide RNA (

CCTGATGCCGAGTGCAAGTA) and Cas9 (Clone ID: X35909) was pur-
chased from Genescript (Piscataway, NJ, USA). The DNA composed of
150 ng CRISPR/Cas9 with ANO1 gRNA, 1200 ng packaging plasmid
(psPAX2) and 400 ng envelope plasmid (pMD2.G) were co-transfected
in HEK293T cells on 6 well plate. After 48 h, supernatant containing
lentivirus particles were collected and filtered by 0.45 μm syringe filter.
The lentiviral particle with medium (1:1 mixture) were treated with
cells on 24 well plate for 72 h. ANO1-knockout cells were selected by
puromycin (Sigma-Aldrich).

4.2.3. YFP fluorescence quenching analysis
FRT cells stably expressing YFP-H148Q/I152L/F46L and ANO1,

ANO2 or CFTR were plated in 96-well plates at 2 × 103 cells per well
and incubated for 48 h. The 96-well plates were washed twice with
300 μl PBS and 100 μl PBS was left, and test compounds were treated
for 20 min. The 96-well plates were transferred to a microplate reader
and YFP fluorescence measurements were performed. To measure the
ANO1-, ANO2- or CFTR-mediated I- influx, 100 μl of 70 mM I- solution
containing 200 μM ATP or 10 μM forskolin was injected at 1 or 2 s,
fluorescence was measured once every 0.4 s and continuous for 5–6 s.
The inhibitory effect of the test compound was measured by calculating
the initial slope of YFP fluorescence reduction by I- influx. Analysis
were performed using FLUOstar Omega microplate reader and MARS
Data Analysis Software (BMG Labtech).

4.2.4. Western blot analysis
Western blotting proceeded as previously reported [46]. PC3 and

FaDu cells were lysed in ice-cold lysis buffer (50 mM Tris-HCl (pH 7.4),
1 mM EDTA, 1 mM Na3VO4, 150 mM NaCl, 1% Nonidet P-40, 0.25%
sodium deoxycholate protease inhibitor mixture). Total cell lysates
were centrifuged at 13,000 rpm for 15 min at 4 °C and protein con-
centration were determined with a Bradford assay kit (Thermo Fisher
Scientific) according to the manufacturer‘s instructions. The super-
natant protein was separated via 4–12% Tris-glycine precast gel (KOMA
BIOTECH), and transferred to a PVDF membrane and then blocked with
5% Bovine Serum Albumin (BSA) in Tris-buffered saline containing
0.1% Tween 20 (TBST) for 1 h. Membranes were then incubated with
anti-ANO1 antibody (Abcam), anti-cleaved PARP (BD Biosciences) and
beta-actin (Santa Cruz Biotechnology). Next, the membranes were in-
cubated with HRP-conjugated anti-secondary IgG antibody (Enzo life
science) and visualized using the ECL Plus western blotting detection
system (GE Healthcare).
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4.2.5. Cell viability assay
MTS analysis was performed on CellTiter 96® AQueous One Solution

Cell Proliferation Assay kit (Promega). Briefly, PC3 and FaDu cells were
plated in 96-well plates and incubated with 3% FBS containing medium
for 24 h. Once the cells reached ~20% confluency, the cells were
treated with test compound for 48 h. Then, the medium and compound
were exchanged every 24 h. After removing the cell culture medium,
MTS solution was added to the 96-well plate and re-incubated for 1 h.
Absorbance of formazan was measured by Infinite M200 microplate
reader (Tecan) at 490 nm.

4.2.6. Caspase 3 activity assay
PC-3 and FaDu cells were cultured in 96-well cell culture plate

about 30% confluence, test compound and Ac-DEVD-CHO, a caspase-3
inhibitor, were treated for 24 h. To measure caspase-3 activity, the cell
culture medium was replaced with PBS containing 1 μM NucView 488
caspase-3 substrate, and the cells were incubated at room temperature
for 30 min and then stained with 1 μM Hoechst 33342. The fluorescence
intensity of NucView 488 and Hoechst 33,342 were measured using
FLUOstar Omega microplate reader (BMG Labtech) and fluorescence
microscopy images were obtained with Lionheart FX automated live
cell microscope (BioTek).

4.2.7. Molecular docking analysis
The structure of ANO1 was obtained from the Protein data bank

(PDB ID: 5OYB) [72]. 3n were docked using the CHARMM force field in
Discovery Studio software on the binding site of ANO1 [74]. For the
docking analysis, the binding site was defined within 10.7 Å sphere
centered from the result of 3D-QSAR analysis [73]. Based on the
docking results, in situ minimization and ligand conformational entropy
were determined to calculate binding energy of the most predictive
binding mode.

4.3. Statistical analysis

The results of multiple experiments are presented as the
means ± S.E. Statistical analysis was performed with Student's t-test or
by analysis of variance as appropriate. A value of P < 0.05 was con-
sidered statistically significant. Dose-response curve and IC50 values
were calculated using GraphPad Prism Software.
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