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Transmembrane protein 16A (TMEM16A) channels are recently discovered membrane proteins that func-
tions as a calcium activated chloride channel (CaCC). CaCCs are major regulators of various physiological
processes, such as sensory transduction, epithelial secretion, smooth muscle contraction and oocyte fer-
tilization. Thirty novel 5-substituted benzyloxy-2-arylbenzofuran-3-carboxylic acids (B01–B30) were
synthesized and evaluated for their TMEM16A inhibitory activity by using short circuit current measure-
ments in Fischer rat thyroid (FRT) cells expressing human TMEM16A. IC50 values were calculated using
YFP fluorescence plate reader assay. Final compounds, having free carboxylic group displayed significant
inhibition. Eight of the novel compounds B02, B13, B21, B23, B25, B27, B28, B29 exhibit excellent CaCCs
inhibition with IC50 value <6 lM, with compound B25 exhibiting the lowest IC50 value of 2.8 ± 1.3 lM.
None of the tested ester analogs of final benzofuran derivatives displayed TMEM16A/CaCCs inhibition.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Formation of a transmembrane-conductive pathway for anions
is a common functional characteristic of a structurally heteroge-
neous group of channel proteins known as anion channels.
Cl� ion being the most abundant permeable anion under physio-
logic conditions, these channels mostly mediate Cl� currents. It is
well established that Cl� channels have fundamental roles in many
physiological functions.1–6 Members of one group of these chan-
nels are activated by intracellular Ca2+, and accordingly are collec-
tively referred to as Ca2+ activated chloride channels (CaCCs).7–10

CaCCs are present in various tissues and are fundamental media-
tors in numerous physiological processes including cardiac and
neuronal excitation, sensory transduction, transepithelial secre-
tion, smooth muscle contraction, fertilization, etc.11–13 CaCCs are
potential drug targets for hypertension, secretory diarrheas, asth-
ma and pain.14,15 Notwithstanding the important role played by
CaCCs in various physiologic functions, understanding the struc-
ture, function, and regulation of CaCCs is still far from complete
ll rights reserved.

: +91 1744 238277.
.

owing to the uncertainty about the underlying channel protein
and a lack of specific and potent chemical modulators of CaCCs.1

Recent studies have shown that transmembrane protein 16A
(TMEM16A),16–18 also called anoctamin 1 (ANO1), is a valid molec-
ular counterpart of the CaCCs that is activated by intracellular Ca+2

and Ca+2-mobilizing stimuli. Owing to poor understanding about
the intricacies of the CaCCs, these channels are still studied using
pharmacological agents as main tools. The agents include structur-
ally diverse chemical classes and most of the compounds available
to inhibit CaCCs are either non-specific or the minimum inhibition
concentration is rather high.19–21 Thus efforts are essentially re-
quired in developing more specific inhibitors so as to enhance
our understanding of the functional role and nature of these chan-
nels. Benzofuran derivatives has been shown a wide spectrum of
the biological activities such as antiviral, anti-inflammatory, anti-
microbial, dopamine D2 receptor antagonists, protein tyrosine
phosphatase 1B inhibitors, etc.22–26 Appreciation of these findings
led us to investigate 5-benzyloxy-2-arylbenzofuran-3-carboxylic
acids as TMEM16A/CaCC inhibitors. We focused our attention on
benzofuran derivatives following a recent report from Verkman
and co-workers27 detailing the potential of benzofuran core as
TMEM16A inhibitors. This is an exploratory work in search for
new drugs targeting CaCCs.

http://dx.doi.org/10.1016/j.bmc.2012.05.074
mailto:pksharma@kuk.ac.in
http://dx.doi.org/10.1016/j.bmc.2012.05.074
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Figure 1. Representative current traces showing dose-dependent inhibition of
TMEM16A chloride current by compound B25. Short-circuit (apical membrane)
current measured in TMEM16A-expressing FRT cells in the presence of a transepi-
thelial chloride gradient. Inhibitors were added 5 min prior to TMEM16A activation
by 100 lM ATP.

Figure 2. Representative current traces showing inhibition of CFTR chloride current
by compound B25. CFTR was activated by 10 lM forskolin in primary cultured
human bronchial epithelial cells and 30 lM compound B25 added to apical bath as
indicated. The remaining CFTR activity was blocked by 10 lM CFTRinh-172.
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2. Results

Novel compounds synthesized in present investigation were
evaluated for their Calcium activated chloride channels inhibition
using Fischer rat thyroid (FRT) cells transfected with human TME-
M16A and the halide sensor YFP-F46L/H148Q/I152L. The IC50 val-
ues calculated from YFP fluorescence plate reader assay are given
in Table 1.

The short circuit current measured for the compound B25
which exhibits the highest inhibition of CaCC/TMEM16A, in FRT
cells is presented in the form of Figure 1.

In Figure 2, we investigated effect of the compound B25 on cys-
tic fibrosis transmembrane conductance regulator (CFTR, a cAMP-
regulated chloride channel). The compound B25 (30 lM) had little
effect on CFTR Cl� conductance (inhibited by <20%).

3. Discussion

3.1. Chemistry

In the present investigation target compounds 5-substituted
benzyloxy-2-arylbenzofuran-3-carboxylic acid derivatives (B01–
B30) were synthesized mainly in the lab of Late Professor Aaron
D. Mills (Department of Chemistry, University of Idaho, Moscow,
ID, USA), following the synthetic route as outlined in Scheme 1.
Benzofuran core structure was constructed from the conveniently
available benzoylacetates (1) as starting material which in turn
was prepared by sodium hydride mediated carbethoxylation of
the commercially available appropriately substituted acetophe-
nones with diethyl carbonate.28 Zn-mediated condensation of the
benzoylacetates (1) with p-benzoquinone in dichloromethane at
110 �C in a microwave reactor resulted in the formation of
substituted ethyl 5-hydroxy-2-arylbenzofuran-3-carboxylates (2).
Table 1
Calcium activated chloride channels inhibitory assay data of benzofuran derivatives
(B01–B30). IC50 was determined from fluorescene plate reader assay (IC50 mean ± S.E.,
n = 3)

Compound Ar R1 R2 R3 R4 IC50 (lM)

B01 4-OCH3C6H4 H F H H 28.7 ± 3.6
B02 4-OCH3C6H4 H I H H 5.9 ± 1.9
B03 4-OCH3C6H4 H H Br H 16.3 ± 2.6
B04 4-OCH3C6H4 H Cl H H 29.2 ± 4.1
B05 4-OCH3C6H4 F H H F 27.0 ± 2.5
B06 4-OCH3C6H4 H CF3 H H NA
B07 4-OCH3C6H4 H F F H 23.5 ± 3.3
B08 4-OCH3C6H4 H H F H 21.2 ± 3.6
B09 4-OCH3C6H4 Br H H H 11.2 ± 2.4
B10 4-OCH3C6H4 H C6H5 H H 25.9 ± 4.0
B11 4-CH3C6H4 H F H H 15.6 ± 3.1
B12 4-CH3C6H4 H I H H 10.8 ± 1.9
B13 4-CH3C6H4 H H Br H 3.3 ± 1.1
B14 4-CH3C6H4 H Cl H H 13.3 ± 2.9
B15 4-CH3C6H4 F H H F 23.0 ± 4.4
B16 4-CH3C6H4 H CF3 H H 13.1 ± 2.5
B17 4-CH3C6H4 H F F H 9.0 ± 2.9
B18 4-CH3C6H4 H H F H 17.3 ± 2.4
B19 4-CH3C6H4 Br H H H 6.3 ± 1.2
B20 4-CH3C6H4 H C6H5 H H 16.3 ± 3.5
B21 Naphthyl H F H H 3.8 ± 1.7
B22 Naphthyl H I H H 12.3 ± 2.1
B23 Naphthyl H H Br H 4.9 ± 1.5
B24 Naphthyl H Cl H H 7.7 ± 2.1
B25 Naphthyl F H H F 2.8 ± 1.3
B26 Naphthyl H CF3 H H 10.4 ± 3.4
B27 Naphthyl H F F H 3.2 ± 1.6
B28 Naphthyl H H F H 3.2 ± 1.9
B29 Naphthyl Br H H H 5.2 ± 2.3
B30 Naphthyl H C6H5 H H 26.9 ± 4.3

NA = Not active.
Benzylation of hydroxyarylbenzofurans 2 with appropriately
substituted benzyl bromides in acetone in the presence of potas-
sium carbonate yielded ethyl 5-substituted benzyloxy-2-aryl-1-
benzofuran-3-carboxylates (A01–A30) which were converted to
the corresponding acids, 5-substituted benzyloxy-2-aryl-1-benzo-
furan-3-carboxylic acids (B01–B30) following basic hydrolysis of
the ester group under microwave conditions.

The novel compounds synthesized in the present study were
characterized by their IR, 1H NMR, 13C NMR, mass as well as ele-
mental analysis and are in full agreement with the proposed struc-
tures. 1H NMR of ethyl 3-aryl-3-oxopropionates (1) exhibits
characteristics of 1,3-diketoesters in the form of a quartet around
d 4.2, singlet around 4.0 and a triplet around d 1.3–1.2 ppm. In
13C NMR, signals around d 193.9–190.3 and d 168.5–167.6 con-
firmed the presence of two carbonyl groups. A signal around d
9.5–8.3 in the 1H NMR of substituted benzofurans 2 can be as-
signed to the hydroxy group present at C-5 position of the benzo-
furan ring. Further a quartet around d 4.3–4.0 and triplet around d
1.3 can be assigned to ethoxy group of ester moiety at C-3 position
of benzofuran ring. Signal in the form of doublet of doublet around
d 6.9–6.8 can be ascribed to proton present at C-6 position of ben-
zofuran ring. 1H NMR of compounds A01–A30 predictably differ
from that of 2 by exhibiting the presence of a singlet for two ben-
zylic protons around 5.2 ppm besides showing additional aromatic
protons from the benzyloxy group. A quartet around d 4.3 and a
triplet around d 1.3 confirms the presence of ethoxy group of ester
moiety at C-3 position of benzofuran ring in A01–A30. A broad sin-
glet around d13.3–13.0 due to carboxylic proton in 1H NMR spectra
confirmed the presence of free carboxylic group in final com-
pounds B01–B30. Another singlet around d 5.3–5.1 can be assigned
to –OCH2– group of benzyloxy group. In 13C NMR spectra of three
compounds (B01, B11, B21), presence of fluorine at 3-position of
benzyloxy group is evident from the presence of doublets around
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d 163.5–162.2 (1JCF = 243 Hz), 140.1–130.4 (3JCF = 8 Hz) and 115.8–
114.1 (2JCF = 28–22 Hz). The vicinal presence of fluorine at 3- and
4-position of the benzyloxy group in B07, B17 and B27 was evident
from the occurrence of two doublet of doublets around d 149.7–
149.2 (1JCF = 251–244 Hz; 2JCF = 30 Hz) and 149.5–149.0 (1JCF =
245–244 Hz; 2JCF = 29 Hz).

3.2. Biology

The final compounds (B01–B30) were evaluated for their
calcium activated chloride channel inhibition assay using short cir-
cuit current measurement following the method used previously.29

IC50 (lM) values calculated from YFP fluorescence plate reader
assay are given for all the newly synthesized compounds in Table
1. Compound B25 with the lowest IC50 value of 2.8 ± 1.3 lM dis-
played highest potential as CaCC inhibitor in the present investiga-
tion amongst all the newly synthesized compounds. In general,
compounds with a naphthyl group at postion-2 of benzofuran show
better inhibition as compared to the compounds with a tolyl or ani-
syl group. Furthermore, compounds having 4-methylphenyl group
at 2-position of benzofuran core displayed better inhibition than
having 4-methoxyphenyl. Compounds B21, B23, B25, B27, B28
and B29 having naphthyl ring at 2-position of benzofuran ring and
fluoro or bromo group at different positions of benzyloxy group ex-
hibit enhanced inhibition of calcium activated chloride channels
compared to compounds having other groups. Amongst the com-
pounds having 4-methoxyphenyl group at 2-position of benzofuran
ring, only B02 with an iodo group at 3-position of benzyloxy moiety
exhibits strong inhibition with IC50 value of 5.9 ± 1.9 lM. Amongst
the compounds with a 4-methylphenyl group at position-2 of the
benzofuran ring, compounds B13 and B19 containing a bromo sub-
stituent at the benzyloxy moiety exhibit strong inhibition with IC50

value 3.3 ± 1.1 & 6.3 ± 1.2, respectively.
The short circuit current data for B25, the best compound of the

present study, is given in the form of Figure 1. None of the tested
ester derivatives of the synthesized benzofurans (A01–A030) in
the present investigation show any inhibition against TMEM16A.
It can be concluded from the results that a free carboxylic acid
group is better than the corresponding ester group for such com-
pounds to act as CaCC inhibitors. The selectivity of the best
TMEM16A inhibitor (B25) was studied as depicted in Figure 2.
Many CaCC inhibitors strongly block the CFTR activity at the con-
centration showing complete inhibition of CaCC activity but B25
does not significantly affect the CFTR activity. This result suggests
that B25 could be used as a selective TMEM16A/CaCC inhibitor.

4. Conclusion

In the present investigation benzofuran derivatives B01–B30
were synthesized and evaluated for their calcium activated chloride
channels inhibition using TMEM16A. Except one compound B06, all
other novel benzofuran derivatives displayed inhibition of the cal-
cium activated chloride channels. Some of the newly synthesized
compounds exhibit excellent inhibition of TMEM16A as evident
from their IC50 values given in Table 1. Eight of the final compounds
B02, B13, B21, B23, B25, B27, B28, B29 showed TMEM16A inhibition
with IC50 <6 lM. The best compound amongst all is 5-[(2,6-difluo-
robenzyl)oxy]-2-(2-naphthyl)benzofuran-3-carboxylic acid (B25),
with IC50 value 2.8 ± 1.3 lM. Fifteen ester analogs of the 5-(substi-
tuted benzyloxy)-2-arylbenzofuran-3-carboxylic acid were also as-
sayed for TMEM16A inhibition but surprisingly, none of the ester
analogs of the final benzofuran compounds showed TMEM16A inhi-
bition. From the IC50 data, it seems that compounds having fluoro or
bromo groups exhibit better inhibition as compared to chloro, iodo,
and phenyl. Moreover the presence of the trifluoromethyl group as
substituent at 3-position of benzyloxy group does not have signifi-
cant effect on the inhibitory power. From the biological assay data, it
may be concluded that the presence of free carboxylic functionality
is better as compared to an ester functionality to support the
potency of compounds as TMEM16A inhibitors. Novel 5-substituted
benzyloxy-2-arylbenzofuran-3-carboxylic acids can be used as
potential research tools for pharmacological dissection of TME-
M16A function.

5. Experimental

5.1. General

Melting points were taken in open capillaries using Thomas Hoo-
ver melting point apparatus and are uncorrected. IR spectra were
recorded with MB3000 Horizon FTIR. 1H and 13C nuclear magnetic
resonance spectra were recorded in deutrated chloroform (CDCl3)
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or dimethyl sulfoxide (DMSO-d6) using a 300 MHz Bruker spec-
trometer with Tetramethylsilane (TMS) as an internal standard.
Mass spectrometry, DART-MS (Direct Analysis in Real Time) was
done on a JEOL-AccuTOF JMS-T100LC Mass spectrometer.

5.2. General protocol for synthesis of ethyl 3-aryl-3-
oxopropionates (1)

To a stirred mixture of sodium hydride (3 mol equiv) washed
with hexane (3 � 15 ml), and diethyl carbonate (4 mol equiv) in
50 mL of tetrahydrofuran (THF) was added drop wise appropriately
substituted acetophenone (1 mol equiv) over 30 min. Reaction
mixture was refluxed for 3–4 h till color changed to dark brown
and monitored by TLC (10% ethyl acetate/hexanes). The reaction
mixture was cooled and acidified with 5 mL glacial acetic acid fol-
lowed by addition 100 mL of ice cold dilute HCl solution. The aque-
ous layer was extracted with ethyl acetate (3 � 75 ml); combined
organic phase was washed with saturated sodium bicarbonate,
brine and water, dried over anhydrous Na2SO4 and evaporated in
vacuo, yielded the desired product as viscous mass in excellent
yield. The compounds were characterized on the basis of their 1H
NMR and 13C NMR spectra as reported in the literature.

5.2.1. Ethyl 3-(4-Methoxyphenyl)-3-oxopropanoate (1a)30

Viscous oil, yield 95%; 1H NMR (300 MHz, CDCl3): d 7.89 (d,
J = 7 Hz,2H, Ar-H), 6.91 (d, J = 7 Hz, 2H), 4.17 (q, J = 7 Hz, 2H,
OCH2CH3), 3.90 (s, 2H, COCH2CO), 3.83 (s, 3H, OCH3), 1.22 (t, 3H,
J = 7 Hz, OCH2CH3); 13C NMR (75.5 MHz, CDCl3): 190.9, 167.6,
163.9, 130.8, 129.1, 113.9, 61.3, 55.4, 45.7, 14.0.

5.2.2. Ethyl 3-(4-methylphenyl)-3-oxopropanoate (1b)28

Viscous oil, yield 92%; 1H NMR (300 MHz, CDCl3): d 7.85 (d,
J = 8 Hz, 2H, Ar-H), 7.29 (d, J = 8 Hz, 2H, Ar-H), 4.22 (q, J = 7 Hz,
2H, OCH2CH3), 3.98 (s, 2H, COCH2CO), 2.43 (s, 3H, CH3), 1.26 (t,
3H, J = 7 Hz, OCH2CH3); 13C NMR (75.5 MHz, CDCl3): 192.1, 167.6,
144.7, 133.7, 129.4, 128.7, 61.4, 46.0, 21.7, 14.3.

5.2.3. Ethyl 3-(naphthalen-2-yl)-3-oxopropanoate (1c)31

Viscous oil, yield 90%; 1H NMR (300 MHz, CDCl3): d 8.42 (s, 1H,
Ar-H), 7.99 (dd, J = 2, 9 Hz, 1H, Ar-H), 7.93 (d, J = 8 Hz, 1H, Ar-H),
7.87 (d, J = 8 Hz, 1H, Ar-H), 7.82 (d, J = 8 Hz, 1H, Ar-H), 7.61–7.50
(m, 2H, Ar-H), 4.22 (q, J = 7 Hz, 2H, COOCH2CH3), 4.00 (s, 2H,
COCH2CO), 1.30 (t, J = 7 Hz, 3H, COOCH2CH3); 13C NMR
(75.5 MHz, CDCl3): 193.3, 168.5, 136.7, 134.3, 133.3, 131.5, 130.6,
129.8, 129.6, 128.6, 127.9, 124.7, 62.4, 47.0, 15.2.

5.3. General protocol for synthesis of ethyl 5-hydroxy-2-
arylbenzofuran-3-carboxylates (2)

Appropriately substituted ethyl 3-aryl-3-oxopropionate (1 mo-
l equiv), p-benzoquinone (1.1 mol equiv), anhydrous ZnCl2 (0.7 mo-
l equiv) and 10 mL dichloromethane in a 20 mL microwavable
sealed vial (with stand pressure up to 25 bars) were microwaved
for 30 min at 110 �C in biotage initiator. Reaction was monitored
by TLC (ethyl acetate/hexanes) and 1H NMR spectroscopy. The crys-
talline solid separated out in the vial was filtered, washed with
dichloromethane and dried over vacuum to provide pure product.
Furthermore crude left was recrystallized from ethyl acetate–hex-
ane to provide the desired compound in overall good yield.

5.3.1. Ethyl 5-hydroxy-2-(4-methoxyphenyl)-1-benzofuran-3-
carboxylate (2a)

Mp 170–172 �C [lit. 172–173 �C],32 yield 84%; 1H NMR
(300 MHz, DMSO-d6): d 8.34 (s, 1H, OH), 7.91 (d, J = 8 Hz, 2H,
Ar-H), 7.41 (s, 1H, Ar-H), 7.22 (d, J = 8 Hz, 1H, Ar-H), 6.90 (d,
J = 8 Hz, 2H, Ar-H), 6.79 (dd, J = 2, 9 Hz, 1H, Ar-H), 4.30
(q, J = 7 Hz, 2H, COOCH2CH3), 3.79 (s, 3H, OCH3), 1.33 (t, 3H,
J = 7 Hz, COOCH2CH3); 13C NMR (75.5 MHz, DMSO-d6): 164.1,
161.2, 160.9, 153.9, 147.9, 130.9, 128.0, 122.2, 113.7, 113.3,
110.9, 107.6, 107.4, 60.2, 55.2, 14.2.

5.3.2. Ethyl 5-hydroxy-2-(4-methylphenyl)-1-benzofuran-3-
carboxylate (2b)

Mp 154–156 �C, yield 82%; 1H NMR (300 MHz, DMSO-d6): d 8.82
(s, 1H, OH), 7.82 (d, J = 7 Hz, 2H, Ar-H), 7.75–7.72 (m, 4H, Ar-H),
6.83–6.80 (m, 1H, Ar-H), 4.31 (q, J = 6 Hz, 2H, COOCH2CH3), 2.36
(s, 3H, CH3), 1.34 (t, 3H, J = 6 Hz, COOCH2CH3); 13C NMR
(75.5 MHz, DMSO-d6): 163.7, 160.3, 153.8, 147.6, 139.9, 130.6,
128.8, 127.6, 126.5, 113.7, 110.8, 108.6, 107.0, 60.0, 21.1, 13.9.

5.3.3. Ethyl 5-hydroxy-2-(naphthalene-2-yl)-1-benzofuran-3-
carboxylate (2c)

Mp 168–170 �C, yield 86%; 1H NMR (300 MHz, DMSO-d6): d 9.52
(s, 1H, OH), 8.57 (s, 1H, Ar-H), 8.07–7.96 (m, 4H, Ar-H), 7.64–7.60
(m, 2H, Ar-H), 7.54 (d, J = 9 Hz, 1H, Ar-H), 7.43 (d, J = 2 Hz, 1H,
Ar-H), 6.89 (dd, J = 2, 9 Hz, 1H, Ar-H), 4.34 (q, J = 7 Hz, 2H,
COOCH2CH3), 1.30 (t, J = 7 Hz, 3H, COOCH2CH3); 13C NMR
(75.5 MHz, DMSO-d6)): 163.4, 160.4, 154.7, 147.8, 133.6, 132.4,
129.6, 128.9, 127.8, 127.7, 127.0, 126.8, 126.2, 115.9, 114.7,
112.0, 108.8, 106.8, 60.6, 14.2.

5.4. General protocol for synthesis of 5-aryloxy-2-
arylbenzofuran-3-carboxylic acids (B01–B30)

Ethyl 5-aryloxy-2-arylbenzofuran-3-carboxylate: A stirred mix-
ture of appropriate ethyl 5-hydroxy-2-arylbenzofuran-3-carboxyl-
ate (1 mol equiv), appropriately substituted benzyl bromide
(1.2 mol equiv) and anhydrous potassium carbonate (3 mol equiv)
in 10 mL acetone was refluxed for 6–8 h at 80 �C over oil bath. After
evaporation of solvent under reduced pressure crude product so
obtained was purified by column chromatography (ethyl acetate/
hexane) 1:19 yielded the desired compound (A) as crystalline solid
in excellent yield.

Hydrolysis of ester: A suspension of appropriate ethyl 5-aryloxy-
2-arylbenzofuran-3-carboxylate (0.364 mmol) in 4 mL ethanol,
4 mL 5% NaOH and 4 mL water was microwaved in sealed tube
for 10 min at 50 �C. Poured the reaction mixture in ice cold water
and neutralization with dil. HCl solution resulted in precipitation
of desired product as white solid. Solid so obtained was filtered,
washed with water and dried to obtain the final compound (B) in
excellent yield.

5.4.1. 5-[(3-Fluorobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B01)

Mp 185–186 �C, yield 84%; IR (cm�1): 1674, 1612, 1582, 1504,
1458, 1257, 1196, 1095, 1026, 933, 833, 771; 1H NMR (300 MHz,
DMSO-d6): d 13.02 (br s, 1H, COOH), 7.98 (d, J = 9 Hz, 2H, Ar-H),
7.59 (d, J = 9 Hz, 2H, Ar-H), 7.49–7.42 (m, 2H, Ar-H), 7.36–7.32
(m, 2H, Ar-H), 7.20–7.15 (dt, J = 2, 8 Hz, 2H, Ar-H), 7.10–7.06 (m,
4H, Ar-H), 5.19 (s, 2H, OCH2), 3.85 (s, 3H, OCH3); 13C NMR
(75.5 MHz, DMSO-d6): 166.1, 163.5 (d, 1JCF = 243 Hz), 162.1,
156.5, 149.3, 141.5, 141.4, 132.3, 131.8 (d, 3JCF = 8 Hz), 129.4,
124.8, 124.8, 122.8, 115.8 (d, 2JCF = 23 Hz), 115.5, 115.4, 115.0,
113.1, 109.4, 107.4, 70.3, 56.7; DART MS m/z calculated for
C23H17FO5 (M+) 392.11; found 392.14. Anal. Calcd for C23H17FO5:
C, 70.40; H, 4.37. Found: C, 70.42; H, 4.34.

5.4.2. 5-[(3-Iodobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B02)

Mp 159–160 �C, yield 87%; IR (cm�1): 1674, 1612, 1574, 1504,
1458, 1366, 1304, 1257, 1180, 1095, 1018, 926, 818, 764, 694,
663; 1H NMR (300 MHz, DMSO-d6): d 13.02 (br s, 1H, COOH),
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7.99 (d, J = 9 Hz, 2H, Ar-H), 7.88 (s, 1H, Ar-H), 7.71 (d, J = 8 Hz, 1H,
Ar-H), 7.60–7.57 (m, 2H, Ar-H), 7.23 (d, J = 8 Hz, 1H, Ar-H), 7.22 (t,
J = 8 Hz, 1H, Ar-H), 7.10–7.05 (m, 3H, Ar-H), 5.15 (s, 2H, OCH2), 3.85
(s, 3H, OCH3); 13C NMR (75.5 MHz, DMSO-d6): 164.7, 160.7, 155.1,
147.9, 139.8, 136.4, 136.0, 130.8, 130.5, 128.0, 126.9, 121.5, 115.8,
115.7, 114.0, 113.6, 111.7, 106.1, 94.7, 68.9, 55.3; DART MS m/z cal-
culated for C23H17IO5 (M+) 500.01; found 500.05. Anal. Calcd for
C23H17IO5: C, 55.22; H, 3.43. Found: C, 55.23; H, 3.40.

5.4.3. 5-[(4-Bromobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B03)

Mp 208–210 �C, yield 79%; IR (cm�1): 1674, 1605, 1558, 1504,
1458, 1242, 1180, 1095, 1049, 1011, 841, 810, 764; 1H NMR
(300 MHz, DMSO-d6): d 12.98 (br s, 1H, COOH), 7.98 (d, J = 9 Hz,
2H, Ar-H), 7.61–7.55 (m, 4H, Ar-H), 7.45 (d, J = 8 Hz, 2H, Ar-H),
7.09–7.03 (m, 3H, Ar-H), 5.14 (s, 2H, OCH2), 3.85 (s, 3H, CH3); 13C
NMR (75.5 MHz, DMSO-d6): 164.6, 160.8, 160.5, 155.1, 147.9,
136.6, 131.2, 130.8, 129.7, 129.6, 128.0, 121.4, 120.8, 115.7,
114.0, 113.6, 111.7, 108.0, 106.1, 69.1, 55.3; DART MS m/z calcu-
lated for C23H17BrO5 (M+)/(M+2+) 452.03/454.03; found 452.05/
454.05. Anal. Calcd For C23H17BrO5: C, 60.94; H, 3.78. Found: C,
60.97; H, 3.77.

5.4.4. 5-[(3-Chlorobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B04)

Mp 180–182 �C, yield 81%; IR (cm�1): 1674, 1612, 1582, 1458,
1358, 1304, 1265, 1180, 1095, 1018, 926, 841,787, 764, 687;
1H NMR (300 MHz, DMSO-d6): d 12.98 (br s, 1H, COOH), 7.99
(d, J = 9 Hz, 2H, Ar-H), 7.60–7.57 (m, 2H, Ar-H), 7.46–7.41 (m, 3H,
Ar-H), 7.10–7.07 (m, 3H, Ar-H), 5.19 (s, 2H, OCH2), 3.85 (s, 3H,
OCH3); 13C NMR (75.5 MHz, DMSO-d6): 167.4, 166.1, 162.1,
156.5, 149.4, 141.1, 134.4, 132.2, 131.6, 129.5, 129.0, 128.6,
127.5, 122.9, 115.4, 115.0, 115.0, 113.1, 109.6, 107.5, 70.4, 56.7;
DART MS m/z calculated for C23H17ClO5 (M+)/(M+2+) 408.08/
410.08; found 408.09/410.10. Anal. Calcd for C23H17ClO5: C,
67.57; H, 4.19. Found: C, 67.59; H, 4.19.

5.4.5. 5-[(2,6-Difluorobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B05)

Mp 214–215 �C, yield 86%; IR (cm�1): 1674, 1612, 1582, 1504,
1458, 1257, 1180, 1095, 1018, 941, 833, 787; 1H NMR (300 MHz,
DMSO-d6): d 13.05 (br s, 1H, COOH), 7.99 (d, J = 9 Hz, 2H, Ar-H),
7.62–7.50 (m, 3H, Ar-H), 7.19 (t, J = 8 Hz, 2H, Ar-H), 7.08
(d, J = 9 Hz, 2H, Ar-H), 7.05 (dd, J = 2, 9 Hz, 1H, Ar-H), 5.19 (s, 2H,
OCH2), 3.86 (s, 3H, OCH3); 13C NMR (75.5 MHz, DMSO-d6): 166.0,
162.6 (d, 1JCF = 249 Hz), 162.5 (d, 1JCF = 249 Hz), 161.9, 156.4,
149.6, 132.9, 132.3, 129.4, 122.8, 115.6, 115.0, 113.2, 113.2,
112.9, 109.5, 107.7, 60.0, 56.7; DART MS m/z calculated for
C23H16F2O5 (M+) 410.10; found 410.13. Anal. Calcd for
C23H16F2O5: C, 67.32; H, 3.93. Found: C, 67.35; H, 3.90.

5.4.6. 2-(4-Methoxyphenyl)-5-{[3-(trifluoromethyl)benzyl]oxy}-
1-benzofuran-3-carboxylic acid (B06)

Mp 167–168 �C, yield 80%; IR (cm�1): 1674, 1612, 1582, 1504,
1466, 1327, 1257, 1173, 1119, 1026, 841, 810, 764, 702; 1H
NMR (300 MHz, DMSO-d6): d 13.05 (br s, 1H, COOH), 7.99 (d,
J = 9 Hz, 2H, Ar-H), 7.87–7.81 (m, 2H, Ar-H), 7.73–7.58 (m, 4H,
Ar-H), 7.10–7.07 (m, 2H, Ar-H), 5.27 (s, 2H, OCH2), 3.85 (s, 3H,
OCH3); 13C NMR (75.5 MHz, DMSO-d6): 166.1, 162.1, 161.9,
156.5, 149.4, 140.0, 133.0, 132.3, 130.9, 130.7, 130.3, 129.4,
125.8, 125.4, 122.8, 115.5, 115.0, 113.1, 109.5, 107.4, 70.3, 56.7;
DART MS m/z calculated for C24H17F3O5 (M+) 442.10; found
442.13. Anal. Calcd for C24H17F3O5: C, 65.16; H, 3.87. Found: C,
65.17; H, 3.83.
5.4.7. 5-[(3,4-Difluorobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B07)

Mp 186–187 �C, yield 88%; IR (cm�1): 1674, 1612, 1582, 1512,
1458, 1257, 1180, 1095, 1034, 941, 833, 771; 1H NMR (300 MHz,
DMSO-d6): d 13.04 (br s, 1H, COOH), 7.98 (d, J = 9 Hz, 2H, Ar-H),
7.60–7.45 (m, 5H, Ar-H), 7.08 (d, J = 9 Hz, 2H, Ar-H), 7.07 (dd,
J = 3, 9 Hz, 1H, Ar-H), 5.15 (s, 2H, OCH2), 3.85 (s, 3H, OCH3); 13C
NMR (75.5 MHz, DMSO-d6): 166.1, 162.1, 161.9, 156.4, 149.3,
148.7, 132.3, 129.4, 125.9, 125.8, 125.8, 122.8, 118.8 (d,
2JCF = 17 Hz), 118.1 (d, 2JCF = 17 Hz), 115.5, 115.0, 113.1, 109.4,
107.3, 69.9; DART MS m/z calculated for C23H16F2O5 (M+) 410.10;
found 410.12. Anal. Calcd for C23H16F2O5: C, 67.32; H, 3.93. Found:
C, 67.35; H, 3.94.

5.4.8. 5-[(4-Fluorobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B08)

Mp 200–201 �C, yield 83%; IR (cm�1): 1674, 1612, 1582, 1458,
1257, 1180, 1095, 1026, 833, 771; 1H NMR (300 MHz, DMSO-d6):
d 12.97 (br s, 1H, COOH), 7.98 (d, J = 9 Hz, 2H, Ar-H), 7.60–7.53
(m, 4H, Ar-H), 7.23 (t, J = 9 Hz, 2H, Ar-H), 7.10–7.04 (m, 3H, Ar-
H), 5.15 (s, 2H, OCH2), 3.86 (s, 3H, OCH3); 13C NMR (75.5 MHz,
DMSO-d6): 165.1, 162.2 (d, 1JCF = 244 Hz), 161.0, 155.8, 148.6,
140.7, 133.8 (d, 4JCF = 3 Hz), 130.4 (d, 3JCF = 9 Hz), 129.6, 129.2,
128.3, 126.8, 115.7 (d, 2JCF = 21 Hz), 114.9, 112.3, 109.3, 106.5,
69.7, 21.5; DART MS m/z calculated for C23H17FO5 (M+) 392.11;
found 376.15. Anal. Calcd for C23H17FO5: C, 70.40; H, 4.37. Found:
C, 70.38; H, 4.34.

5.4.9. 5-[(2-Bromobenzyl)oxy]-2-(4-methoxyphenyl)-1-
benzofuran-3-carboxylic acid (B09)

Mp 185–186 �C, yield 78%; IR (cm�1): 1674, 1612, 1582, 1512,
1458, 1257, 1180, 1095, 1034, 833, 771; 1H NMR (300 MHz,
DMSO-d6): d 12.99 (br s, 1H, COOH), 7.98 (d, J = 9 Hz, 2H, Ar-H),
7.71–7.32 (m, 6H, Ar-H), 7.10–7.06 (m, 3H, Ar-H), 5.19 (s, 2H,
OCH2), 3.85 (s, 3H, OCH3); 13C NMR (75.5 MHz, DMSO-d6): 166.0,
162.2, 156.5, 149.4, 137.3, 133.9, 132.6, 131.5, 131.4, 129.4,
129.2, 124.1, 122.8, 115.5, 115.0, 113.2, 107.5, 71.1, 56.7; DART
MS m/z calculated for C23H17BrO5 (M+) 452.03; found 452.04. Anal.
Calcd For C23H17BrO5: C, 60.94; H, 3.78. Found: C, 60.95; H, 3.76.

5.4.10. 5-([1,10-Biphenyl]-3-ylmethoxy)-2-(4-methoxyphenyl)-
1-benzofuran-3-carboxylic acid (B10)

Mp 150–151 �C, yield 79%; IR (cm�1): 1674, 1612, 1582, 1512,
1458, 1257, 1180, 1095, 1034, 833, 771; 1H NMR (300 MHz,
DMSO-d6): d 7.98 (d, J = 9 Hz, 2H, Ar-H), 7.79 (s, 1H, Ar-H), 7.71–
7.58 (m, 3H, Ar-H), 7.62 (d, J = 2 Hz, 1H, Ar-H), 7.59 (d, J = 9 Hz,
1H, Ar-H), 7.51–7.38 (m, 5H, Ar-H), 7.10 (dd, J = 3, 9 Hz, 1H, Ar-
H), 7.09 (d, J = 9 Hz, 2H, Ar-H), 5.25 (s, 2H, OCH2), 3.85 (s, 3H,
OCH3); 13C NMR (75.5 MHz, DMSO-d6): 165.2, 161.3, 160.9,
155.9, 148.4, 140.8, 140.4, 138.3, 131.4, 129.6, 129.4, 128.5,
128.0, 127.2, 126.6, 126.5, 122.0, 116.3, 116.2, 114.7, 114.2,
112.2, 108.6, 70.4, 55.8; DART MS m/z calculated for C29H22O5

(M+) 450.15; found 450.17. Anal. Calcd for C29H22O5: C, 77.32; H,
4.92. Found: C, 77.35; H, 4.90.

5.4.11. 5-[(3-Fluorobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B11)

Mp 202–203 �C, yield 86%; IR (cm�1): 1674, 1466, 1327, 1288,
1203, 1165, 1126, 1103, 818, 764; 1H NMR (300 MHz, DMSO-d6):
d 13.03 (br s, 1H, COOH), 7.89 (d, J = 8 Hz, 2H, Ar-H), 7.63–7.58
(m, 2H, Ar-H), 7.49–7.42 (m, 1H, Ar-H), 7.36–7.33(m, 2H, Ar-H),
7.20–7.14 (m,1H, Ar-H), 7.08 (dd, J = 2, 9 Hz, 1H, Ar-H), 5.16 (s,
2H, OCH2), 2.40 (s, 3H, CH3); 13C NMR (75.5 MHz, DMSO-d6):
164.5, 162.3 (d, 1JCF = 246 Hz), 160.4, 155.2, 148.1, 140.1 (d,
3JCF = 8 Hz), 130.4 (d, 3JCF = 8 Hz), 129.1, 128.7, 127.9, 126.4, 123.4
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(d, 4JCF = 3 Hz), 114.6, 114.4, 114.3, 114.1 (d, 2JCF = 22 Hz), 111.8,
108.8, 106.0, 69.0, 21.0; DART MS m/z calculated for C23H17FO4

(M+) 376.11; found 376.12. Anal. Calcd for C23H17FO4: C, 73.40;
H, 4.55. Found: C, 73.43; H, 4.53.

5.4.12. 5-[(3-Iodobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B12)

Mp 140–142 �C, yield 89%; IR (cm�1): 1674, 1597, 1558, 1458,
1412, 1381, 1288, 1196, 1095, 1026, 818, 779, 687, 663; 1H NMR
(300 MHz, DMSO-d6): d 7.99 (d, J = 8 Hz, 2H, Ar-H), 7.87 (s, 1H,
Ar-H), 7.71 (d, J = 8 Hz, 1H, Ar-H), 7.60–7.51 (m, 3H, Ar-H), 7.30
(d, J = 8 Hz, 2H, Ar-H), 7.21 (t, J = 8 Hz, 1H, Ar-H), 7.03 (dd, J = 2,
9 Hz, 1H, Ar-H), 5.13 (s, 2H, OCH2), 2.38 (s, 3H, CH3); 13C NMR
(75.5 MHz, DMSO-d6): 166.7, 154.8, 148.0, 139.9, 139.2, 136.4,
136.0, 130.5, 128.9, 128.6, 127.0, 126.9, 113.9, 111.4, 106.3, 94.7,
68.8, 20.9; DART MS m/z calculated for C23H17IO4 (M+) 484.02;
found 484.05. Anal. Calcd for C23H17IO4: C, 57.04; H, 3.54. Found:
C, 57.04; H, 3.50.

5.4.13. 5-[(4-Bromobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B13)

Mp 225–226 �C, yield 82%; IR (cm�1): 1674, 1582, 1458, 1366,
1281, 1188, 1095, 1011, 949, 849, 810, 764; 1H NMR (300 MHz,
DMSO-d6): d 13.02 (br s, 13.02, 1H, COOH), 7.88 (d, J = 8 Hz, 2H,
Ar-H), 7.60 (d, J = 8 Hz, 2H, Ar-H), 7.58–7.57 (m, 2H, Ar-H), 7.46
(d, J = 8 Hz, 2H, Ar-H), 7.34 (d, J = 8 Hz, 2H, Ar-H), 7.08 (dd, J = 2,
9 Hz, 1H, Ar-H), 5.16 (s, 2H, OCH2), 2.40 (s, 3H, CH3); 13C NMR
(75.5 MHz, DMSO-d6): 165.0, 161.0, 155.7, 148.6, 140.7, 137.1,
131.8, 130.2, 129.6, 129.2, 128.4, 126.9, 121.3, 114.9, 112.3,
109.4, 69.6, 21.5; DART MS m/z calculated for C23H17BrO4 (M+)/
(M+2+) 436.03/438.03; found 436.05/438.05. Anal. Calcd for
C23H17BrO4: C, 63.17; H, 3.92. Found: C, 63.20; H, 3.91.

5.4.14. 5-[(3-Chlorobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B14)

Mp 184–186 �C, yield 81%; IR (cm�1): 1674, 1605, 1574, 1458,
1366, 1281, 1196, 1095, 1026, 957, 818, 771, 679; 1H NMR
(300 MHz, DMSO-d6): d 13.02 (br s, 1H, COOH), 7.88 (d, J = 8 Hz,
2H, Ar-H), 7.62–7.57 (m, 3H, Ar-H), 7.47–7.42 (m, 3H, Ar-H), 7.34
(d, J = 8 Hz, 2H, Ar-H), 7.10 (dd, J = 2, 9 Hz, 1H, Ar-H), 5.21 (s, 2H,
OCH2), 2.41 (s, 3H, CH3); 13C NMR (75.5 MHz, DMSO-d6): 164.5,
160.4, 155.1, 148.1, 140.1, 139.7, 133.0, 130.2, 129.4, 129.1,
128.7, 127.8, 127.6, 127.2, 126.4, 126.1, 114.4, 111.8, 108.8,
106.0, 68.9, 21.0; DART MS m/z calculated for C23H17ClO4 (M+)
392.08; found 392.09. Anal. Calcd for C23H17ClO4: C, 70.32; H,
4.36. Found: C, 70.35; H, 4.34.

5.4.15. 5-[(2,6-Difluorobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B15)

Mp 186–187 �C, yield 90%; IR (cm�1): 1674, 1597, 1543, 1458,
1265, 1203, 1095, 1011, 833, 748; 1H NMR (300 MHz, DMSO-d6):
d 13.07 (br s, 1H, COOH), 7.90 (d, J = 8 Hz, 2H, Ar-H), 7.62–7.48
(m, 3H, Ar-H), 7.34 (d, J = 8 Hz, 2H, Ar-H), 7.18 (t, J = 8 Hz, 2H, Ar-
H), 7.06 (dd, J = 2, 9 Hz, 1H, Ar-H), 5.19 (s, 2H, OCH2), 2.40 (s, 3H,
CH3); 13C NMR (75.5 MHz, DMSO-d6): 165.1, 161.8 (d,
1JCF = 249 Hz), 161.6 (d, 1JCF = 249 Hz), 161.0, 155.6, 148.8, 140.7,
132.1 (t, 3JCF = 11 Hz), 129.6, 129.2, 128.4, 126.9, 115.0, 113.1,
112.8, 112.4 (d, 2JCF = 25 Hz), 112.4, 112.2 (d, 2JCF = 25 Hz), 112.1,
109.5, 106.8, 59.1, 21.5; DART MS m/z calculated for C23H16F2O4

(M+) 394.10; found 394.11. Anal. Calcd for C23H16F2O4: C, 70.07;
H, 4.09. Found: C, 70.05; H, 4.10.

5.4.16. 2-(4-Methylphenyl)-5-{[3-(trifluoromethyl)benzyl]oxy}-
1-benzofuran-3-carboxylic acid (B16)

Mp 165–166 �C, yield 84%; IR (cm�1): 1674, 1605, 1535, 1504,
1466, 1327, 1288, 1203, 1126, 1165, 1103, 887, 818, 764; 1H
NMR (300 MHz, DMSO-d6): d 13.14 (br s, 1H, COOH), 7.89 (d,
J = 8 Hz, 2H, Ar-H), 7.88 (s, 1H, Ar-H), 7.83 (d, J = 8 Hz, 1H, Ar-H),
7.73–7.59 (m, 4H, Ar-H), 7.34 (d, J = 8 Hz, 2H, Ar-H), 7.11 (dd,
J = 2, 9 Hz, 1H, Ar-H), 5.28 (s, 2H, OCH2), 2.39 (s, 3H, CH3); 13C
NMR (75 MHz, DMSO-d6): 165.1, 160.8, 155.6, 148.7, 140.6,
132.1, 130.3, 130.0, 129.6, 129.4, 129.2, 129.0 128.5, 126.9, 124.9,
124.9, 124.7 (q, 1JCF = 272 Hz), 124.5, 124.4, 114.8, 112.3, 109.6,
106.6, 69.5, 21.5; DART MS m/z calculated for C24H17F3O4 (M+)
426.11; found 426.13. Anal. Calcd for C24H17F3O4: C, 67.60; H,
4.02. Found: C, 67.64; H, 4.00.

5.4.17. 5-[(3,4-Difluorobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B17)

Mp 201–203 �C, yield 88%; IR (cm�1): 1674, 1612, 1582, 1520,
1458, 1288, 1196, 1095, 1018, 941, 818, 779; 1H NMR (300 MHz,
DMSO-d6): 7.87 (d, J = 8 Hz, 2H, Ar-H), 7.59 (d, J = 9 Hz, 2H, Ar-H),
7.56 (d, J = 3 Hz, Ar-H), 7.48–7.32 (m, 4H, Ar-H), 7.08 (dd, J = 3,
9 Hz, Ar-H), 5.15 (s, 2H, OCH2), 2.38 (s, 3H, CH3); 13C NMR
(75.5 MHz, DMSO-d6): 165.1, 161.0, 155.6, 149.7 (dd, 1JCF = 251,
2JCF = 30 Hz), 149.5 (dd, 1JCF = 245, 2JCF = 29 Hz), 148.7, 140.7,
135.4 (dd, 3JCF = 5, 4JCF = 4 Hz), 129.6, 129.2, 128.4, 126.9, 124.9
(dd, 3JCF = 7, 4JCF = 4 Hz), 117.9 (d, 2JCF = 17 Hz), 117.1 (d,
2JCF = 17 Hz), 114.9, 112.3, 109.3, 106.6, 69.1, 21.5; DART MS m/z
calculated for C23H16F2O4 (M+) 394.10; found 394.12. Anal. Calcd
for C23H16F2O4: C, 70.05; H, 4.09. Found: C, 70.06; H, 4.07.

5.4.18. 5-[(4-Fluorobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B18)

Mp 218–220 �C, yield 85%; IR (cm�1): 1674, 1605, 1582, 1512,
1458, 1366, 1281,1227, 1188, 1095, 1011, 941, 825, 779; 1H NMR
(300 MHz, DMSO-d6): d 7.86 (d, J = 8 Hz, 2H, Ar-H), 7.59–7.51 (m,
4H, Ar-H), 7.32 (d, J = 8 Hz, 2H, Ar-H), 7.22 (t, J = 9 Hz, 2H, Ar-H),
7.06 (dd, J = 3, 9 Hz, 1H, Ar-H), 5.13 (s, 2H, OCH2), 2.38 (s, 3H,
CH3); 13C NMR (75.5 MHz, DMSO-d6): 165.09, 162.21 (d,
1JCF = 244 Hz), 161.0, 155.8, 148.6, 140.7, 133.8 (d, 4JCF = 3 Hz),
130.6 (d, 3JCF = 8 Hz), 129.6, 129.2, 128.3, 126.8, 115.7 (d,
2JCF = 21 Hz), 114.9, 112.3, 109.3, 106.5, 69.7, 21.5; DART MS m/z
calculated for C23H17FO4 (M+) 376.11; found 376.13. Anal. Calcd
for C23H17FO4: C, 73.40; H, 4.55. Found: C, 73.43; H, 4.55.

5.4.19. 5-[(2-Bromobenzyl)oxy]-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B19)

Mp 180–182 �C, yield 83%; IR (cm�1): 1666, 1612, 1450, 1366,
1257, 1180, 1095, 1011, 949, 833, 756; 1H NMR (300 MHz,
DMSO-d6): d 7.88 (d, J = 8 Hz, 2H, Ar-H), 7.69 (dd, J =1, 8 Hz, 1H,
Ar-H), 7.65–7.57 (m, 4H, Ar-H), 7.44 (dt, J = 1, 8 Hz, 1H, Ar-H),
7.34 (d, J = 8 Hz, 1H, Ar-H), 7.30–7.28 (m, 1H, Ar-H), 7.09 (dd,
J = 2, 9 Hz, 1H, Ar-H), 5.19 (s, 2H, OCH2), 2.39 (s, 3H, CH3); 13C
NMR (75.5 MHz, DMSO-d6): 165.0, 161.0, 155.7, 148.7, 140.7,
136.4, 133.1, 130.7, 130.6, 129.6, 129.2, 128.4, 126.9, 123.3,
114.9, 112.4, 109.4, 106.5, 70.2, 21.5; DART MS m/z calculated for
C23H17BrO4 (M+)/(M+2+) 436.03/438.03; found 436.06/438.05.
Anal. Calcd for C23H17BrO4: C, 63.17; H, 3.92. Found: C, 63.20; H,
3.88.

5.4.20. 5-([1,10-Biphenyl]-3-ylmethoxy)-2-(4-methylphenyl)-1-
benzofuran-3-carboxylic acid (B20)

Mp 150–152 �C, yield 80%; IR (cm�1): 1674, 1605, 1551, 1504,
1458, 1288, 1196, 1095, 1018, 825, 795, 756, 702; 1H NMR
(300 MHz, DMSO-d6): d 7.94 (d, J = 8 Hz, 2H, Ar-H), 7.78 (s, 1H,
Ar-H), 7.68 (d, J = 8 Hz, 2H, Ar-H), 7.64–7.61 (m, 2H, Ar-H), 7.56
(d, J = 9 Hz, 1H, Ar-H), 7.50–7.35 (m, 5H, Ar-H), 7.31 (d, J = 8 Hz,
2H, Ar-H), 7.07 (dd, J = 3, 9 Hz, 1H, Ar-H), 5.23 (s, 2H, OCH2), 2.37
(s, 3H, CH3); 13C NMR (75.5 MHz, DMSO-d6): 165.7, 159.3, 155.7,
148.5, 140.8, 140.4, 140.1, 138.4, 129.5, 129.4, 129.3, 129.2,
129.0, 128.0, 127.3, 127.2, 126.6, 126.5, 114.7, 112.1, 111.3,
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106.7, 70.3, 21.5; DART MS m/z calculated for C29H22O4 (M+)
434.15; found 434.17. Anal. Calcd for C29H22O4: C, 80.17; H, 5.10.
Found: C, 80.21; H, 5.07.

5.4.21. 5-[(3-Fluorobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-
3-carboxylic acid (B21)

Mp 185–187 �C, yield 92%; IR (cm�1): 1674, 1597, 1551, 1474,
1265, 1188, 1095, 771; 1H NMR (300 MHz, DMSO-d6): d 13.23 (br
s, 1H, COOH), 8.60 (s, 1H, Ar-H), 8.10–7.98 (m, 4H, Ar-H), 7.67–
7.58 (m, 4H, Ar-H), 7.50–7.43 (m, 1H, Ar-H), 7.37–7.33 (m, 1H,
Ar-H), 7.19 (dd, J = 2, 8 Hz, 1H, Ar-H), 7.13 (dd, J = 2, 9 Hz, 1H, Ar-
H), 5.22 (s, 1H, OCH2); 13C NMR (75.5 MHz, DMSO-d6): 164.6,
162.2 (d, 1JCF = 244 Hz), 155.2, 148.4, 140.1, 133.3, 132.2, 130.4
(d, 3JCF = 8 Hz), 129.1, 128.6, 127.5, 127.5, 127.4, 126.7, 126.7,
126.0, 123.5, 123.4, 114.5 (d, 2JCF = 28 Hz), 114.0, 111.9, 106.1,
69.0; DART MS m/z calculated for C26H17FO4 (M+) 412.11; found
412.14. Anal. Calcd for C26H17FO4: C, 75.72; H, 4.15. Found: C,
75.72; H, 4.17.

5.4.22. 5-[(3-Iodobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-3-
carboxylic acid (B22)

Mp 165–168 �C, yield 86%; IR (cm�1): 1674, 1597, 1551, 1458,
1265, 1188, 1095, 1018, 856, 779, 748; 1H NMR (300 MHz,
DMSO-d6): d 8.69 (s, 1H, Ar-H), 8.26 (d, J = 9 Hz, 1H, Ar-H), 8.05–
7.95 (m, 3H, Ar-H), 7.88 (s, 1H, Ar-H), 7.71 (d, J = 8 Hz, 1H, Ar-H),
7.65–7.57 (m, 4H, Ar-H), 7.53 (d, J = 8 Hz, 1H, Ar-H), 7.25–7.19
(m, 1H, Ar-H), 7.06 (dd, J = 2, 9 Hz, 1H, Ar-H), 5.15 (s, 2H, OCH2);
13C NMR (75.5 MHz, DMSO-d6): 165.4, 154.8, 148.3, 139.9, 136.4,
136.0, 133.0, 132.3, 130.5, 129.1, 128.5, 128.1, 127.5, 126.9,
126.5, 125.9, 114.2, 111.5, 106.3, 94.7, 68.8; DART MS m/z calcu-
lated for C26H17IO4 (M+) 520.02; found 520.04. Anal. Calcd for
C26H17IO4: C, 60.02; H, 3.29. Found: C, 60.00; H, 3.26.

5.4.23. 5-[(4-Bromobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-
3-carboxylic acid (B23)

Mp 222–224 �C, yield 89%; IR (cm�1): 1674, 1605, 1558, 1458,
1273, 1188, 1088, 1011, 849, 802, 748; 1H NMR (300 MHz,
DMSO-d6): d 8.65 (s, 1H, Ar-H), 8.18 (dd, J = 2, 9 Hz, 1H, Ar-H),
8.05–7.96 (m, 3H, Ar-H), 7.64–7.55 (m, 5H, Ar-H), 7.49–7.38
(m, 3H, Ar-H), 7.09 (dd, J = 3, 9 Hz, 1H, Ar-H), 5.19 (s, 2H, OCH2);
13C NMR (75.5 MHz, DMSO-d6):165.1, 154.9, 148.3, 139.8, 133.1,
133.0, 132.3, 130.2, 128.6, 128.6, 128.5, 127.6, 127.5, 127.3,
127.2, 127.1, 126.5, 126.1, 125.9, 114.4, 111.6, 106.2, 68.9;
DART MS m/z calculated for C26H17BrO4 (M+) 472.03; found
472.04. Anal. Calcd for C26H17BrO4: C, 65.98; H, 3.62. Found: C,
66.02; H, 3.61.

5.4.24. 5-[(3-Chlorobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-
3-carboxylic acid (B24)

Mp 140–142 �C, yield 88%; IR (cm�1): 1674, 1605, 1551, 1458,
1273, 1188, 1095, 779, 748; 1H NMR (300 MHz, DMSO-d6): d 8.61
(s, 1H), 8.11 (dd, J = 1, 9 Hz, 1H, Ar-H), 8.06–7.97 (m, 3H, Ar-H),
7.65–7.56 (m, 6H, Ar-H), 7.46 (d, J = 8 Hz, 2H, Ar-H), 7.09 (dd,
J = 3, 9 Hz, 1H, Ar-H), 5.16 (s, 2H, OCH2); 13C NMR (75.5 MHz,
DMSO-d6): 164.7, 159.2, 155.1, 148.3, 136.6, 133.2, 132.2, 131.3,
129.7, 128.9, 128.6, 128.2, 127.5, 127.4, 126.8, 126.6, 126.0,
120.8, 114.5, 111.8, 106.2, 69.2; DART MS m/z calculated for
C26H17ClO4 (M+) 428.08; found 428.09. Anal. Calcd for C26H17ClO4:
C, 72.82; H, 4.00. Found: C, 72.83; H, 3.97.

5.4.25. 5-[(2,6-Difluorobenzyl)oxy]-2-(2-naphthyl)benzofuran-
3-carboxylic acid (B25)

Mp 222–225 �C, yield 91%; IR (cm�1): 1674, 1628, 1556, 1466,
1281, 1188, 787; 1H NMR (300 MHz, DMSO-d6): d 13.16 (br s, 1H,
COOH), 8.59 (s, 1H, Ar-H), 8.09–7.98 (m, 4H, Ar-H), 7.67–7.60 (m,
4H, Ar-H), 7.58–7.48 (m, 1H, Ar-H), 7.11 (dd, J = 3, 9 Hz, 1H,
Ar-H), 5.21 (s, 2H, OCH2); 13C NMR (75.5 MHz, DMSO-d6): 164.5,
161.2 (d, 1JCF = 249 Hz), 161.1 (d, 1JCF = 249 Hz), 160.2, 155.2,
148.6, 133.4, 132.2, 131.6 (t, 3JCF = 11 Hz), 129.3, 128.7, 127.9,
127.5, 127.5, 126.7, 126.6, 126.0, 114.8, 112.2 (d, 2JCF = 22 Hz),
111.8, 111.7 (d, 2JCF = 25 Hz), 111.6, 109.8, 58.5; DART MS m/z cal-
culated for C26H16F2O4 (M+) 430.10; found 430.12. Anal. Calcd for
C26H16F2O4: C, 72.56; H, 3.75. Found: C, 72.58; H, 3.75.

5.4.26. 2-(2-Naphthyl)5-{[3-(trifluoromethyl)benzyl]oxy}-1-
benzofuran-3-carboxylic acid (B26)

Mp 168–170 �C, yield 83%; IR (cm�1): 1682, 1551, 1474, 1327,
1273, 1180, 1119, 795; 1H NMR (300 MHz, DMSO-d6): d 13.26 (br
s, 1H, COOH), 8.60 (s, 1H, Ar-H), 8.11–7.98 (m, 4H, Ar-H), 7.88 (s,
1H, Ar-H), 7.84 (d, J = 7 Hz, 1H, Ar-H), 7.77–7.57 (m, 6H, Ar-H),
7.14 (dd, J = 3, 9 Hz, 1H, Ar-H), 5.30 (s, 2H, OCH2); 13C NMR
(75.5 MHz, DMSO-d6): 164.6, 159.6, 155.2, 148.4, 138.7, 133.3,
132.2, 131.6, 129.5, 129.3, 129.1, 128.9, 128.6, 128.1, 127.5,
127.5, 127.4, 126.7, 126.7, 126.0, 124.4 (q, 3JCF = 4 Hz), 124.0 (q,
3JCF = 4 Hz), 114.7, 111.9, 110.4, 106.1, 69.0; DART MS m/z calcu-
lated for C27H17F3O4 (M+) 462.11; found 462.12. Anal. Calcd for
C27H17F3O4: C, 70.13; H, 3.71. Found: C, 70.15; H, 3.74.

5.4.27. 5-[(3,4-Difluorobenzyl)oxy]-2-(2-naphthyl)-1-
benzofuran-3-carboxylic acid (B27)

Mp 186–190 �C, yield 87%; IR (cm�1): 1682, 1612, 1551, 1520,
1458, 1281, 1196, 1095, 810, 779; 1H NMR (300 MHz, DMSO-d6):
d 8.64 (s, 1H, Ar-H), 8.16 (d, J = 9 Hz, 1H, Ar-H), 8.03 (d, J = 9 Hz,
2H, Ar-H), 7.97 (d, J = 9 Hz, 1H, Ar-H), 7.64–7.54 (m, 5H, Ar-H),
7.50–7.37 (m, 2H, Ar-H), 7.09 (dd, J = 2, 9 Hz, Ar-H), 5.16 (s, 2H,
OCH2); 13C NMR (75.5 MHz, DMSO-d6): 165.1, 158.3, 154.9, 149.2
(dd, 1JCF = 244 Hz, 2JCF = 30 Hz,) 149.0 (dd, 1JCF = 244 Hz,
2JCF = 30 Hz), 148.4, 135.0 (dd, 3JCF = 5 Hz, 4JCF = 4 Hz), 124.4 (dd,
3JCF = 7 Hz, 4JCF = 3 Hz), 133.2, 132.3, 128.7, 128.6, 128.5, 127.5,
127.4, 127.3, 127.0, 126.6, 125.9, 117.4 (d, 2JCF = 17 Hz), 116.7 (d,
2JCF = 17 Hz), 114.5, 111.7, 106.2, 68.6; DART MS m/z calculated
for C26H16F2O4 (M+) 430.10; found 430.13. Anal. Calcd for
C26H16F2O4: C, 72.56; H, 3.75. Found: C, 72.59; H, 3.73.

5.4.28. 5-[(4-Fluorobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-
3-carboxylic acid (B28)

Mp 225–228 �C, yield 86%; IR (cm�1): 1674, 1605, 1558, 1512,
1466, 1273, 1227, 1188, 1095, 1018, 825, 771; 1H NMR
(300 MHz, DMSO-d6): d 13.12 (s, 1H, COOH), 8.58 (s, 1H, Ar-H),
8.07–8.05 (m, 3H, Ar-H), 7.99 (dd, J = 2, 7 Hz, 1H, Ar-H), 7.67–
7.53 (m, 6H, Ar-H), 7.23 (t, J = 9 Hz, 1H, Ar-H), 7.11 (dd, J = 3,
9 Hz, 1H, Ar-H), 5.16 (s, 2H, OCH2); 13C NMR (75 MHz, DMSO-d6):
164.5, 161.7 (d, 1JCF = 242 Hz), 155.4, 148.4, 133.3, 133.3, 132.3,
132.2, 129.9 (d, 3JCF = 8 Hz), 129.2, 128.7, 127.8, 127.6, 127.5,
126.7, 126.6, 126.0, 115.1 (d, 2JCF = 21 Hz), 114.7, 111.9, 109.7,
106.0, 69.2; DART MS m/z calculated for C26H17FO4 (M+) 412.11;
found 412.12. Anal. Calcd for C26H17FO4: C, 75.72; H, 4.15. Found:
C, 75.73; H, 4.11.

5.4.29. 5-[(2-Bromobenzyl)oxy]-2-(2-naphthyl)-1-benzofuran-
3-carboxylic acid (B29)

Mp 212–215 �C, yield 84%; IR (cm�1): 1682, 1605, 1535, 1474,
1265, 1211, 1095, 1026, 849, 802, 741; 1H NMR (300 MHz,
DMSO-d6): d 13.12 (s, 1H, COOH), 8.59 (s, 1H, Ar-H), 8.07–8.03
(m, 3H, Ar-H), 8.00 (dd, J = 2, 9 Hz, 1H, Ar-H), 7.71–7.58 (m, 6H,
Ar-H), 7.47–7.43 (m, 1H, Ar-H), 7.35–7.30 (dt, J = 2, 8 Hz, 1H, Ar-
H), 7.14 (dd, J = 3, 9 Hz, 1H, Ar-H), 5.21 (s, 2H, OCH2); 13C NMR
(75.5 MHz, DMSO-d6): 164.5, 160.2, 155.3, 148.5, 135.9, 133.3,
132.6, 132.1, 130.1, 129.2, 128.6, 127.5, 127.5, 126.7, 126.6,
126.0, 122.7, 114.7, 112.0, 106.0, 69.7; DART MS m/z calculated
for C26H17BrO4 (M+) 472.03; found 472.05. Anal. Calcd for
C26H17BrO4: C, 65.98; H, 3.62. Found: C, 65.95; H, 3.61.
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5.4.30. 5-([1,10-Biphenyl]-3-ylmethoxy)-2-(2-naphthyl)-1-
benzofuran-3-carboxylic acid (B30)

Mp 110–112 �C, yield 82%; IR (cm�1): 1674, 1597, 1543, 1458,
1265, 1203, 1095, 1011, 833, 748; 1H NMR (300 MHz, DMSO-d6):
d 8.70 (s, 1H, Ar-H), 8.28 (d, J = 9 Hz, 1H, Ar-H), 8.03–7.93 (m, 3H,
Ar-H), 7.79 (s, 1H, Ar-H), 7.71–7.67 (m, 3H, Ar-H), 7.62–7.50 (m,
8H, Ar-H), 7.39–7.34 (m, 1H, Ar-H), 7.07 (dd, J = 2, 9 Hz, 1H, Ar-
H), 5.23 (s, 2H, OCH2); 13C NMR (75.5 MHz, DMSO-d6): 165.7,
156.2, 155.0, 148.2, 140.3, 139.9, 137.9, 132.9, 132.4, 129.3,
129.0, 128.9, 128.5, 127.9, 127.6, 127.5, 127.2, 127.0, 126.7,
126.4, 126.1, 126.0, 125.9, 114.2, 111.4, 106.4, 69.8; DART MS m/
z calculated for C32H22O4 (M+) 470.15; found 470.18. Anal. Calcd
for C32H22O4: C, 81.69; H, 4.71. Found: C, 81.72; H, 4.68.

6. Bioassay

6.1. Cell lines and culture

FRT cells were stably transfected with human TMEM16A (TME-
M16A (abc), cDNA provided by Dr. Luis Galietta, Gaslini Institute,
Genoa, Italy) and the halide sensor YFP-F46L/H148Q/I152L. Cells
were incubated in coon’s modified F12 medium supplemented
with 5% fetal calf serum, 2 mM L-glutamine 100 U/ml penicillin
and 100 lg/ml streptomycin. Primary cultures of normal human
bronchial epithelial (CF-HBE) cells were obtained and grown as de-
scribed earlier.33 For the iodide quenching experiment, the FRT
cells were plated in 96-well black-walled microplates (Corning,
NY, USA) at a density of 20,000 cells/well and then incubated for
2 days.

6.2. Iodide quenching

TMEM16A-mediated I� influx was measured by quenching of
the intracellular fluorescence generated by the halide sensor YFP-
F46L/H148Q/I152L, as described previously.29 Each well of a 96-
well plate was washed 3 times in phosphate buffered saline
(PBS) (200 lL/wash), leaving 100 lL PBS. Test compounds (1 lL)
were added to each well at different concentrations. After
10 min, 96-well plates were transferred to a plate reader for fluo-
rescence assay. Each well was assayed individually for TME-
M16A-mediated I� influx by recording fluorescence continuously
(400 ms/point) for 2 s (baseline), then 100 lL of 140 mM I� and
ATP (200 lM) containing solution was added at 2 s to activate
TMEM16A through the ATP-induced intracellular calcium increase.
The initial rate of I� influx following each of the solution additions
was compared from fluorescence data by nonlinear regression.

6.3. Short circuit current

Snap well inserts containing TMEM16A-expressing FRT cells
and primary cultured human bronchial epithelial cells were
mounted in Ussing chambers (physiological Instruments San Die-
go, CA, USA). Symmetrical HCO3

�-buffered solutions were used
for human bronchial epithelial cells. For FRT cells, the hemi cham-
bers were filled with 5 ml of half-Cl solution (apical), and HCO3

�-
buffered solution (basolateral). The newly synthesized benzofuran
derivatives were added to the apical solution, and equal volume of
the vehicle was added simultaneously to the basolateral solution.
The HCO3

�-buffered solution contained 120 mM NaCl, 5 mM KCl,
1 mM MgCl2, 1 mM CaCl2, 10 mM D-glucose, 5 mM HEPES, and
25 mM NaHCO3. In the half-Cl� solution, 65 mM NaCl in the
HCO3

�-buffered solution was replaced with Na-gluconate. In hu-
man bronchial epithelial cells, ENaC (epithelial sodium channel)
was blocked by pretreatment of 10 lM amiloride and then CFTR
was activated by 10 lM forskolin, which activates CFTR via raised
cAMP. Cells were bathed for a 10-min stabilization period and aer-
ated with 95% O2/5% CO2 at room temperature and then short cir-
cuit current was measured using an EVC 4000 Multi-channel V/I
clamp (World Precision Instruments Sarasota, FL) and recorded
using PowerLab/8sp (AD Instruments, Castle Hill, Australia).
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