Arabian Journal of Chemistry (2022) 15, 104227

King Saud University

ags2sdlloldl

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

Arabian Journal of Chemistry

ORIGINAL ARTICLE

Design, synthesis and biological activity against
estrogen receptor-dependent breast cancer of furo|1]

benzofuran derivatives

Check for
updates

Li-Ping Jin “b " Chao Zhang b Qian Xie b Jing Xu P, Lin Wang b
Ling-Chen Yang ", Er-Fang Huang ", David Chi-Cheong Wan ¢, Chun Hu "

4 College of Pharmacy, Jinzhou Medical University, Jinzhou 121001, China
® Key Laboratory of Structure-Based Drug Design & Discovery, Ministry of Education, Shenyang Pharmaceutical

University, Shenyang 110016, China

¢ School of Biomedical Sciences, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong, China

Received 2 February 2022; accepted 29 August 2022
Available online 5 September 2022

KEYWORDS

Estrogen receptor;
Breast cancer;
Inhibitors;
Synthesis;
Heterocycles;
Docking;
Furo[1]benzofuran
derivatives

Abstract The docking study on a series of furo[l]benzofuran derivatives with ERa has been
demonstrated. The synthesis and characterization of a series of furo[1]benzofuran derivatives were
described. All the target compounds were conducted to in vitro for the inhibitory activities against
human breast cancer strains T-47D, MCF-7 and toxicity against human liver normal cell strains
HL7702 via MTT assay. Most of the target compounds possessed anti-estrogen receptor-
dependent breast cancer activities with weak toxicity to healthy cell strains. The preliminary struc-
ture—activity relationships were discussed.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-INC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Breast cancer, one of the most common malignant tumors, has threat-
ened many females’ health for many years (D’Souza et al., 2022). Mod-
ern biology studies showed that it is a kind of all-over body disease
that is related to estrogen (Jordan, 2003). More studies demonstrated
that estrogen plays a key role in the development and progression of
tumor through estrogen receptor (ER) signaling pathways and estro-
gen metabolic products (Chargari et al., 2009). ER, a member of the
steroid hormone nuclear receptor protein superfamily, has three sub-
types; ERo > ERB and ERy (Ogawa and Parhar, 2020; Poutiainen
et al., 2010; Matsushima et al., 2007; Durrant et al., 2015; Ho et al.,
2018). Owing to the big difference of amino acid sequence homology
in ER functions, these three subtypes also have different capacities
on the combination of various ligands (Gu et al., 2022). ERa is mainly
expressed in breast, central nervous system, cardiovascular system, the
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bone, and especially in uterus; ER has a higher expression in cardio-
vascular system, central nervous system, immune system, gastrointesti-
nal system, uterus, kidney, lungs and the bone (Gu et al., 2022; Wang
et al., 2014); ERy is a third subtype receptor of ERs and highly
expressed in adult human and mouse tissues, such as the brain, skeletal
muscle, heart, kidney, pancreas, and placenta (He et al., 2022; Hong
et al., 1999; Heard et al., 2000). It is reported that the expression of
ERa and ERP has been founded in human and mammal breast cancer
tissues and strains while ERY’s expression hasn’t.

The ideal anti-breast cancer drugs should have no side effects on
systems without estrogen, and tissues with estrogen, such as bone
and cardiovascular system, and selective estrogen receptor modulators
(SERMs) are such kinds of drugs (Kuiper et al., 1997). Raloxifene, the
second-generation drug of SERMs, can reduce the proliferation of
breast cancer cells and endometrial cancer cells with a therapeutic dose
(Lopes-Costa et al., 2010). But the results of clinical trials for ralox-
ifene are not striking as expected (the effective rate is only 33 %) with
low bioavailability (Gradishar et al., 2000). There are also some side
effects including hot flashes, leg cramps, and an increased risk of
thromboembolic disease and other cardiovascular events such as
stroke (Salem et al., 2021; Sauter, 2018). It’s of theoretical and practi-
cal to develop a novel chemical structure of SERMs, which are more
efficient, safer and have specificity in tissue.

Benzofuran compounds have strong biological activities in the
treatment of Alzheimer’s disease, osteoporosis, arrhythmia, Parkin-
son’s disease and tumors (Zeng et al., 2021; Giordano et al., 2017).
For example, fruquintinib (1, Fig. 1) with benzofuran was discovered
and developed by Hutchison MediPharma for the treatment of solid
tumors (Zeng et al., 2021). Giordano et al. (Giordano et al., 2017)
reported that a series of methyl benzofuran-2-acetate derivatives (2,

o/
NH

Fig. 1) showed antiproliferative and pro-apoptotic activities against
breast cancer cells (Fig. 1). Atta et al. (Atta et al., 2010) synthesized
a series of compounds containing benzofuran and benzopyrone struc-
tures, and tested these compounds for inhibition of growth of human
breast cancer cells (MCF-7). Compound 3 (Fig. 1) had the best cyto-
toxic activity (ICso value is 5.56 pg/mL — 20.8 pg/mL). In this study,
we use raloxifene (4) as a lead compound, and replace the benzothio-
phene ring in the raloxifene structure with a 2-arylcarbonyl-3-methyl-
furo[1]benzofuran scaffold based on the principle of scaffold hopping
(Woo et al., 2022) and bioisosterism (Chen et al., 2022; El-Shershaby
et al., 2021). Then, a novel series of furo[1]benzofuran derivatives were
designed as the target compounds (Fig. 2) according to the reported
structure—activity relationship of raloxifene and active sites of ERa.
Nine target compounds were synthesized and evaluated in biological
assays for the inhibition of human breast cancer strains T-47D and
MCF-7. Herein, we report the design, synthesis and biological evalua-
tion of these target compounds.

2. Results and discussion

2.1. Docking studies

To further investigate the structure-binding affinity correla-
tions and how those ligands 5a-5i oriented, the docking simu-
lations were performed based on the available inhibitor co-
crystalized crystallographic structure (PDB code: 20UZ
(Vajdos et al., 2007) of ERa via AutoDock 4.0 (Huey et al.,
2007). In order to obtain the better results from docking pro-
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The compounds containing benzofuran scaffold.

The design mentality of target compounds.
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tocols, water molecules were excluded. The polar hydrogen
atoms of the enzymes were added, the non-polar hydrogen
atoms were merged and Gasteiger charges were assigned.
For all ligands, the non-polar hydrogen atoms were merged,
and the Gasteiger charges were assigned. The grid box dimen-
sions were 20 A x 20 A x 20 A around the active site and the
grid spacing was set to 0.375 A. Docking was performed using
the empirical free energy function together with the Lamarck-
ian genetic algorithm (LGA). The LGA protocol applied a
population size of 150 individuals, while 250,000 energy evalu-
ations were used for the 20 LGA runs. In addition, the maxi-
mum number of evaluations was set to 27,000. Discovery
Studio 3.5 software was used for visualization of protein-li-
gand interactions (Accelrys Software Inc, 2012).

Autodock binding affinities revealed that the binding free
energies (AGb) of 5a-5i are —10.38, —11.59, —11.70, —12.33,
—9.02, —9.88, —11.65, —11.40 and —12.56 kcal/mol, respec-
tively. The calculations with the flexible docking protocol
placed all target compounds correctly into the binding pocket
as presented in Fig. 3. The docking simulation revealed that
ERa (20UZ) and compounds Sa, 5f and 5i interacted through
cation-m interaction, m-m aromatic interaction and hydrogen
bonding which are depicted as sticks in Figs. 4, 5 and 6. Both
the compounds 5a and 5f formed hydrophobic interactions
with residues, no other interactions could find except a weak
hydrogen bonding between 5f and THR347 with the distance
of 3.8 A, shown in Figs. 4 and 5. For the compound 5i, more
H-bond interactions with TYRS526, LYS529, VALS533,
LEUS536, TYRS537 and cation-n interactions with LYS529
were found, shown in Fig. 6, which might be the reason for
its increased inhibitory potency.

2.2. Chemistry

In general, the target compounds furo[2,3-¢][1]benzofuran and
furo[3,2-e][1]benzofuran derivatives (5a-5i) were synthesized

ARG394

— LEU391

LEU402
LEU428

ILE424

MET421

HIS524

via eight steps as described in Scheme 1 and Scheme 2. 2/, 4'-
Dihydroxyacetophenone or 2/,5-dihydroxyacetophenone was
chosen as the starting material. As known, the hydroxyl of 4
position or 5 position in acetophenone moiety has stronger
reaction activity than 2’-hydroxyl which has intermolecular
hydrogen bond. Hence, 4'-hydroxyl or 5'-hydroxyl was pro-
tected by benzyl chloride in dry acetone under the catalyzing
of potassium iodide so as to give 2’-hydroxy-4'-benzyloxyaceto
phenone (6a) and 2’-hydroxy-5'-benzyloxyacetophenone (6b).
Then, 2-aroyl-3-methyl-6-hydroxybenzofuran (8a-8b) and 2-a
royl-3-methyl-5-hydroxybenzofuran (8c) were obtained after
cyclizing with 2-bromoacetophenone derivatives and depro-
tecting hydroxyl group. In dichloromethane solution, the com-
pounds 9a-9¢ were synthesized by esterification reaction of 8a-
8c with benzoyl chloride in the presence of triethylamine. The
compounds 10a-10c were obtained by Fries rearrangement
reaction of 9a-9¢ under anhydrous aluminum chloride. Similar
to the second step cyclization reaction, 11a-11¢ were synthe-
sized with 10a-10c and 2-chloro-4'-methoxyacetophenone,
then using anhydrous aluminum chloride as demethylation
reagent to obtain the target parent compounds 12a-12¢. The
target compounds 5a-5i could be obtained by ordinary Wil-
liamson reaction.

Furthermore, it is worthy to mention that after the Fries
rearrangement reaction, the aroyl group is rearranged to the
7-position of 10a-10b and the 4-position of 10c, instead of
the 5-position of 10a-10b and the 6-position of 10c. This result
has been confirmed by '"H NMR and '"H-"H COSY spectra, as
shown in Fig. 7 and Table 1. During the Fries rearrangement
from 2-benzoyl-3-methyl-6-benzoyloxybenzofuran, there were
two active sites at the 5 and 7 positions under the condition
that 6-hydroxyl of benzofuran ring had two adjacent hydro-
gens, as a result the products should be isomers A and B. If
Fries rearrangement occurred in the 7-position, there should
be two singlet peaks in '"H NMR spectra for no coupling
between 4-position and 7-position hydrogen. But in fact, there

LEU354

LEU539

y CYS530
TYR526LY$529

MET528

Fig. 3 The binding models of target compounds 5a (pink), Sb (brown), 5c (sky blue), 5d (orange), Se (yellow), 5f (red), S5g (blue), Sh

(purple) and 5i (green) with ERa (PDB code: 20UZ).
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Fig. 5 Docking model of 5f in the active site of ERa (20UZ).

was only one doublet peak at 7.82 ppm but not two singlet
peaks in "H NMR spectra, which was ascribed to H-4.
Another on doublet peak, H-5, was further confirmed by
2D-H NMR spectra and the overlap chemical shifts in the
range of 7.11-7.15 ppm were assigned to H-5 and H-22.
Accordingly, we speculated that Fries rearrangement occurred
selectively in 7 position of benzofuran ring to give the product
of 2,7-dibenzoyl-3-methyl-6-hydroxybenzofuran (A).

2.3. Inhibition of human mammary cancer

All the target compounds were tested for inhibition of human
breast cancer strain T-47D and toxicity of human liver normal
cell strain HL7702 by means of MTT assay, in comparison to
tamoxifen and the results were illustrated in the Table 2.
Human breast cancer strain T-47D was an estrogen-positive
breast cancer cell, which was similar with the cancer strain
MCF-7 or ZR75. All the target compounds exhibited weak
cytotoxic effects on HL7702 with ICsy > 100 uM.

According to the result of preliminary screening, the com-
pounds 5d and 5i, which ICsq values were similar to tamoxifen,
were selected for further biological activity study on human
breast cancer strain MCF-7. Concentration set was further
refined, in which different concentrations had been set up. Cal-
culate the cellular proliferation inhibition rate and the accurate
ICso values, specific result of biological activity shown in
Table 3.

Compared with 5d and 5i, which possessed the same substi-
tuting groups, the activities of 7-benzoyl-8-methylfuro[3,2-¢][1]
benzofuran derivatives were generally stronger than corre-
sponding 2-benzoyl-3-methylfuro[2,3-¢][1]benzofuran deriva-
tives, which may be due to 7-benzoyl-8-methylfuro[3,2-¢][1]
benzofuran derivatives have more active binding site with
ERa such as H-bond interactions and cation-m interactions.
Compounds 5a-5d and 5g-5i, which had no groups at the para
position on the 7-benzoyl or 2-benzoyl, showed higher human
breast cancer inhibitory activities. Compounds Se and 5f with
electron donating groups, such as the methyl group at the para
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Fig. 6 Docking model of 5i in the active site of ERa (20UZ).

position on the 7-benzoyl or 2-benzoyl, showed decreasing
inhibitory activities, which suggested that electron donating
group in these compounds could inhibit them to access to
the receptor-binding site; Compared with compounds 5a and
5d, which had the same scaffold and substituent R, 5d with
alkyl amine group (R’), showed stronger human breast cancer
inhibitory activities than 5a with amide. Meanwhile, com-
pounds which possessed diethylamino group showed stronger
activities than other amino groups (piperidyl or morpholinyl)
no matter they were alkoxide or acyloxy compounds, for
example, the order of activities from high to low was 5a, 5b
and Se.

3. Materials and methods

3.1. Chemistry

Melting points were determined on a X-4 digital melting point
apparatus and were uncorrected. Infrared spectra (IR) were
recorded on KBr disks with a Bruker IFS55-IR spectrometer.
'"H NMR spectra were recorded on Bruker ARX-300, ARX-
400 or ARX-600 MHz NMR spectrometers in CDCl; or
DMSO ds. The mass spectra (MS) were obtained by electronic
impact (EI) at 70 eV in an Agilent spectrometer (with direct
insertion probe) or by electrospray ionization (ESI) in a
Waters spectrometer.

All commercial reagents and solvents were of analytical
grade and used without further purification. 2-chloro-4’-meth
oxyacetophenone, 2-chloro-4'-methylacetophenone, 4-
chloroacetylmorpholine, 1-acetylpiperidine, N,N-diethyl-2-
chloroacetamide, 4-(2-chloroethyl)morpholine hydrochloride,
1-(2-chloroethyl)piperidine hydrochloride and 2-chloro-N,N-
diethylethanamine hydrochloride were synthesized by the
method of literatures (Gurjar et al., 1990; Lewin et al., 1995;
Jaen et al., 1991; Ohtaka et al., 1998).

3.1.1. General procedure for preparing benzyloxyacetophenone
derivatives (6)

In a 250 ml round-bottomed flask were placed 2’,4'-dihydroxya
cetophenone (15.20 g, 0.1 mol) or 2',5-dihydroxyacetophe
none (15.20 g, 0.1 mol), benzyl chloride (13.23 g, 0.105 mol),
potassium iodide (1.66 g, 0.01 mol), anhydrous potassium car-
bonate (138.20 g, 1 mol) and 100 ml dry acetone. The mixture
was refluxed for 5 h at 56-60 °C in oil bath. After reaction was
finished, the reaction liquid was cooled to room temperature
and filtered. The filtrate was concentrated under reduced pres-
sure to obtain the crude. The solid was recrystallized from
100 ml ethanol to obtain 6.

2'-hydroxy-4'-benzyloxyacetophenone (6a). A white powder
(20.62 g), yield 85.2 %, m.p: 101.6-103.4 °C (101-103 °C, lit
(Yates et al., 2009). EI-MS: 243.0 (M + H]"), 264.9
(IM + Na]™); IR: 3030.4, 2940.4, 1622.9, 1569.9, 1507.3,
1494.2, 1466.2, 1452.7, 1430.5, 1388.2, 1364.6, 1247.1, 1183.2,
1132.7; '"H NMR (400 MHz, CDCl;) 6 12.75 (1H, s), 7.64
(IH, d, J = 8.4 Hz), 7.44-7.32 (5H, m), 6.55-6.48 (2H, m),
5.09 (2H, s), 2.56 (3H, s).

2'-hydroxy-5'-benzyloxyacetophenone (6b). A bright yellow
needly crystal (19.53 g), yield 80.7 %, m.p: 60.5-63.2 °C
(69.5-70 °C, lit (Baltzly et al., 1950). EI-MS: 243.0
(M + H]"), 2650 (M + Na] ); IR: 3068.2, 2929.8,
1643.7, 1619.0, 1583.2, 1492.9, 1469.9, 1384.3, 1341.5, 1297.2,
1220.5, 1199.5; '"H NMR (400 MHz, CDCls): § 11.90 (1H,
s), 7.47-7.34 (SH, m), 7.25 (1H, d, J = 3.0 Hz), 7.18 (1H,
dd, J = 9.0, 3.0 Hz), 6.93 (1H, d, J = 9.0 Hz), 5.04 (2H, s),
2.58 (3H, s).

3.1.2. General procedure for preparing 2-aroyl-3-methyl-5-
benzyloxybenzofuran derivatives or 2-aroyl-3-methyl-6-
benzyloxybenzofuran derivatives (7)

A mixture of 6 (0.1 mol), 2-chloroacetophenone derivatives
(0.11 mol), TBAB (16.12 g, 0.05 mol), 50 ml 30 % aqueous
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Scheme 1

potassium carbonate and 100 ml dichloromethane was refluxed
at 4045 °C in oil bath for 12 h. Then the organic phase was
separated, washed with 1 mol/L hydrochloric acid
(30 ml x 3) and water (30 ml), dried over Mg,SO,, and concen-
trated under reduced pressure to obtain solid. The solid was
recrystallized from 80 ml ethanol to obtain crystal 7.
2-benzoyl-3-methyl-6-benzyloxybenzofuran (7a). Bright yel-
low needly crystal (26.78 g), yield 78.3 %; m.p: 76.8-79.2 °C.
EI-MS: 343.1 (M + H]"), 365.1 (M + Na]"); IR: 3060.5,
2923.0, 1692.36, 1628.2, 1598.7, 1563.3, 1500.9, 1447.7,
1383.0, 1268.5, 1167.9; '"H NMR (400 MHz, CDCl;) 6 8.06
(2H, d, J = 7.2 Hz), 7.61-7.55 (2H, m), 7.54-7.50 (2H, m),
7.47 (2H, d, J = 7.2 Hz), 7.43-7.39 (3H, m), 7.06 (2H, dd,
J = 10.6, 1.8 Hz), 5.14 (2H, s), 2.61 (3H, s).
2-(4-methylbenzoyl)-3-methyl-6-benzyloxybenzofuran (7b).
Bright yellow needly crystal (20.76 g), yield 58.3 %, m.p:

The synthetic route of parentfuro[l]benzofuran derivatives.

124.2-125.8 °C. EI-MS: 357.1 (M + H]"), 379.0
(M + Nal]t), 3951 (M + K]7); IR: 3097.3, 2925.3,
1620.9, 1606.7, 1585.5, 1547.2, 1468.5, 1409.3, 1388.2, 1357.4,
1266.4, 1240.4, 1216.7, 1187.9, 1160.9, 1132.1; 'H NMR
(400 MHz, CDCl;) 6 8.01 (2H, d, J = 8.2 Hz), 7.56 (1H, d,

= 8.5 Hz), 7.48-7.36 (SH, m), 7.33 (2H, d, J = 8.1 Hz),
7.09-7.03 (2H, m), 5.13 (2H, s), 2.62 (3H, s), 2.46 (3H, s).

2-benzoyl-3-methyl-5-benzyloxybenzofuran (7c). A white
powder (23.81 g), yield 69.6 %, m.p: 91.4-94.2 °C. EI-MS:
343.1 (M + H]"), 365.2 (M + Na]™), 381.1 (M + K]7):
IR: 3070.63, 2916.3, 1736.00, 1688.78, 1635.6, 1597.0, 1560.4,
1498.5, 1470.9, 1448.1, 1385.6, 1368.7, 1216.8, 1201.7, 1183.6;
'H NMR (400 MHz, CDCl;) § 8.09 2H, d, J = 7.2 Hz),
7.63-7.59 (1H, m), 7.55-7.48 (4H, m), 7.46-7.39 (3H, m),
7.37 (IH, d, J = 7.2 Hz), 7.21 (1H, d, J = 2.5 Hz), 7.17
(1H, dd, J = 9.1, 2.5 Hz), 5.14 (2H, s), 2.62 (3H, s).
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Fig. 7

3.1.3. General procedure for preparing 2-aroyl-3-methyl-5-
hydroxybenzofuran derivatives or 2-aroyl-3-methyl-6-
hydroxybenzofuran derivatives (8)

To a solution of 7 (0.01 mol) in 30 ml dichloromethane, was
added dropwise slowly BBr3 (0.02 mol) in —15 °C ice bath.
The reaction continued for 10 min. After the reaction was fin-
ished, poured the mixture and 30 ml water into 125 ml separat-
ing funnel. The organic phase was separated and the water
phase was extracted with 20 ml ethyl acetate. Combine organic
phase, dried over Mg,SO,4 and concentrated under reduced
pressure to obtain crude. The crude was washed with 10 ml pet-
roleum ether and 3 ml dichloromethane to obtain the solid 8.

—
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The synthesis of furo[2,3-¢][1]benzofuran derivatives and furo[3,2-¢][1]benzofuran derivatives.

H-21,23 -5.H-:
H-4 H-13,17 H-20,24 M1 H:Ah-22

—_J\LﬁﬁM‘i

“,”

ek +78
T ek L7.9
80 79 78 77 76 15 74 13 74 7.0 ppm

2D-H NMR spectra of the compound 10a.

2-benzoyl-3-methyl-6-hydroxybenzofuran (8a). Yellow pow-
der (2.37 g), yield 94.0 %, m.p: 150.8-153.0 °C. EI-MS: 253.0
(M + H]Y), 2748 (M + Na]t), 290.8 (M + K]7); IR:
3228.8, 2923.2, 1612.6, 1549.1, 1501.2, 1474.3, 1446.7, 1377.1,
1353.5, 1311.9, 1242.3, 1224.1, 1162.2; "H NMR (400 MHz,
CDCl;) 6 8.07-8.02 (2H, m), 7.63-7.47 (4H, m), 6.99 (1H, d,
J = 2.1 Hz), 6.90 (1H, dd, J = 8.5, 2.2 Hz), 2.59 (3H, s).

2-(4-methylbenzoyl)-3-methyl-6-hydroxybenzofuran (8b).
Yellow powder (2.02 g), yield 75.9 %, m.p: 162.2-163.8 °C.
EI-MS: 267.0 (M + H]"), 289.0 (M + Na]"),305.1
(M + KJ%); IR: 3331.6, 2922.1, 1605.5, 1540.7, 1500.2,
1438.8, 1376.6, 1350.8, 1304.4, 1239.6, 1211.3, 1187.4, 1128.2;
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Table 1 'H NMR and ')C NMR spectral data of the
compound 10a.

Carbon No. Chemical shift, 8 CDCl; 2D-H NMR
'y 13¢ (cross singal)

2 — 151.7 /

3 — 128.995 /

4 7.820 119.6 H-5

5 7.108-7.148 115.8 H-4

6 — 159.6 /

7 — 106.3 /

8 — 116.8 /

9 — 161.3 /

10 2.67 14.3 /

11 — 191.5 /

12 — 139.0 /

13,17 7.675 128.7 H-14, 16

14,16 7.347 127.9 H-15, H-13, 17

15 7.449 132.4 H-14, 16

18 — 198.3 /

19 — 139.6 /

20,24 7.532 129.0 H-22

21,23 7.396 128.6 H-22

22 7.108-7.148 132.8 H-21, 23, H-20, 24

'"H NMR (400 MHz, CDCl3) 6 7.97 (2H, d, J = 8.2 Hz), 7.53
(1H, d, J = 8.5 Hz), 7.32 (2H, d, J = 8.0 Hz), 6.99 (1H, d,
J = 2.0 Hz), 6.89 (1H, dd, J = 8.5, 2.2 Hz), 2.59 (3H, s),
2.45 (3H, s).

2-benzoyl-3-methyl-5-hydroxybenzofuran (8c). Yellow pow-
der (2.20 g), yield 87.0 %, m.p: 164.0-165.8 °C. EI-MS:
253.1 (M + H]™), 2748 (M + Na]™); IR: 3279.4, 2918.1,
1737.26, 1623.5, 1599.6, 1579.5, 1552.7, 1446.3, 1377.6,
1307.5, 1237.6, 1245.8, 1204.8, 1181.2; '"H NMR (300 MHz,
CDCl;) 6 8.10-8.05 (2H, m), 7.63-7.48 (3H, m), 7.40 (1H, d,
J = 8.8 Hz), 7.07-7.01 (2H, m), 2.58 (3H, s).

3.1.4. General procedure for preparing 2-aroyl-3-methyl-5-
benzoyloxybenzofuran derivatives or 2-aroyl-3-methyl-6-
benzoyloxybenzofuran derivatives (9)

To a solution of 8 (0.01 mol) and triethylamine (1.21 g,
0.012 mol) in 50 ml dichloromethane was added benzoyl chlo-
ride (1.51 g, 0.012 mol). The reaction was stirred for 0.5 h at
room temperature. The mixture was washed with 1 mol/L
hydrochloric acid (30 ml) and water (30 ml), dried over Mg,-
SO, and concentrated under reduced pressure to obtain crude.
The crude was recrystallized from 20 ml absolute ethyl alcohol
to obtain the solid 9.

2-benzoyl-3-methyl-6-benzoyloxybenzofuran (9a). White
powder (3.32 g), 93.2 % yield, m.p: 109.8-111.2 °C. EI-MS:
357.1 (M + H]"), 379.0 (M + Na]™), 395.1 (M + K]7);
IR: 3068.0, 2921.3, 1735.4, 1640.2, 1598.5, 1559.8, 1488.0,
1450.8, 1345.6, 1178.4; '"H NMR (400 MHz, CDCl;) & 8.24
(2H, dd, J = 8.3, 1.1 Hz), 8.11-8.06 (2H, m), 7.74 (1H, d,
J = 8.5 Hz), 7.67-7.60 (2H, m), 7.56-7.51 (4H, m), 7.47
(1H, d, J = 1.9 Hz), 7.23 (1H, dd, J = 8.5, 2.0 Hz), 2.66
(3H, s).

2-(4-methylbenzoyl)-3-methyl-6-benzoyloxybenzofuran (9b).
White powder (3.14 g), 84.8 % yield, m.p: 116.2-118.0 °C.
EI-MS: 371.1 (M + H]), 3932 (M + Na]™), 409.1
(M + K]%); TR:2922.7, 1701.54, 1688.47, 1638.0, 1609.6,
1561.1, 1509.0, 1451.5, 1383.9, 1357.7, 1315.6, 1293.4, 1271.3,
1249.7, 1179.3, 1143.1, 1127.2; '"H NMR (400 MHz, CDCI,)
0 824 (2H, d, J = 7.3 Hz), 8.01 (2H, d, J = 8.2 Hz), 7.73
(1H, d, J = 8.5 Hz), 7.67 (1H, t, J = 7.4 Hz), 7.54 (2H, t,
J = 78 Hz), 747 (1H, d, J = 2.0 Hz), 7.33 (2H, d,
J = 8.4 Hz), 7.22 (1H, dd, J = 8.5, 1.9 Hz), 2.65 (3H, s),
2.46 (3H, s).

2-benzoyl-3-methyl-5-benzoyloxybenzofuran (9¢). Yellow
powder (2.80 g), 78.6 % yield, m.p: 110.8-113.0 °C. EI-MS:
357.1 (M + H]"), 379.1 (M + Na]™); IR: 3068.2, 1727.9,
1640.8, 1597.5, 1561.1, 1492.4, 1451.2, 1384.4, 1253.9, 1225.8,
1174.4; '"H NMR (400 MHz, CDCl;) & 825 (2H, d,
J = 84 Hz), 8.09 (2H, d, J = 8.4 Hz), 7.69-7.51 (8H, m),
7.33 (1H, dd, J = 8.9, 2.3 Hz), 2.63 (3H, s).

Table 2 Inhibition of human breast cancer strains T-47D by the target compounds.

No. Substituents Inhibition (%) ICsp (M)
R X NR’,

5a H H, 'S 5843 + 1.63 685 + 1.63
5b H 0 N o 36.01 + 1.54 1111+ 1.54
sc H 0 N 38.05 + 3.78 10.51 = 3.78
5d H 0 N 78.95 + 4.46 5.07 + 446
Se CH, 0 'S 264 + 3.66 15127 + 3.6
5f CH, H, N ) 220 £ 185 182.00 £ 1.85
s — 0 Ko 39.86 + 3.28 10.03 + 3.28
5h — H, N o 37.84 + 3.93 10.57 + 3.93
si — H, g 98.17 £ 0.25 3.95 & 0.25
tamoxifen 64.51 + 3.87 6.20 + 3.87
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Table 3 Inhibition of human breast cancer strains MCF-7 of 5d and 5i.

No. Concentration (uM) I1Cso (uM)
0.03 0.1 0.3 1 10 30 100

5d 325 + 242 596 + 1.49 8.46 + 1.33 18.24 + 2.39 3533 £+ 1.84 81.38 + 2.64 95.63 + 1.84 98.65 £ 1.24 424 + 1.78

5i 5.04 £ 2.02 8.45 + 2.08 13.74 £ 1.36 20.25 + 2.28 68.64 = 1.28 89.36 + 1.38 98.35 + 1.46 98.67 £ 1.64 2.36 £ 1.24

tamoxifen 2.13 £ 4.09 4.86 + 1.15 10.29 £ 1.15 15.86 £ 1.15 32.16 £ 1.32 75.69 + 4.56 92.36 + 3.65 98.15 + 3.61 4.95 £ 2.48

3.1.5. General procedure for preparing 2,7-diaroyl-3-methyl-6-
hydroxybenzofuran derivatives or 2,4-diaroyl-3-methyl-5-
hydroxybenzofuran derivatives (10)
9 (0.01 mol) and aluminium chloride anhydrous (5.28 g,
0.04 mol) were grounded rapidly in the mortar, then trans-
ferred the mixture to a 100 ml round-bottomed flask which
top attached an air condenser and a drying tube filled with cal-
cium chloride anhydrous. Keep the temperature at 165 or
140 °C in oil bath for 6 h, then cooled to room temperature.
The mixture was added hydrochloric acid 5 ml and crushed
ice 20 g, after the crushed ice melting, the mixture was filtered
and the solid was washed with water to pH = 7. The crude was
recrystallized from 10 ml absolute ethyl alcohol to obtain the
solid 10.

2,7-dibenzoyl-3-methyl-6-hydroxybenzofuran (10a). Yellow
powder (2.95 g), 82.8 % yield, m.p: 170.2-172.5 °C. EI-MS:
357.0 (M + H]"), 378.8 (M + Na]"), 395.1 (M + K]");
IR: 3424.5, 2923.1, 1631.3, 1619.1, 1597.3, 1572.0, 1552.0,
1488.9, 1446.0, 1384.7, 1334.5, 1288.0, 1229.4,1210.1, 1186.1,
1171.0; '"H NMR (600 MHz, CDCl;) é 12.15 (1H, s), 7.82
(1H, d, J = 8.4 Hz), 7.68 (2H, dd, J = 1.8, 8.4 Hz), 7.53
(2H, dd, J = 1.2, 8.4 Hz), 7.45-7.43 (1H, m), 7.41-7.38 (1H,
m), 7.36-7.33 (2H, m), 7.15-7.11 (3H, m), 2.67 (3H, s).

2-(4-methylbenzoyl)-7-benzoyl-3-methyl-6-hydroxybenzo
furan (10b). Yellow powder (3.02 g), 81.5 % yield, m.p: 113.8—
116.2 °C. EI-MS: 371.0 (M + H]"), 393.1 (M + Na]"),
409.1 (M + K]%); IR: 3060.0, 2919.7, 1627.1, 1604.6,
1549.2, 1491.2, 1446.4, 1386.3, 1339.6, 1289.2, 1235.8, 1184.3,
1166.6; '"H NMR (600 MHz, CDCl;) § 12.14(1H, 1 s), 7.77
(1H, d, J = 8.7 Hz), 7.66 (2H, d, J = 8.3 Hz), 7.45 (1H, s),
7.42 (2H, d, J = 8.1 Hz), 7.36-7.33 (2H,m), 7.06 (1H, d,
J = 8.7 Hz), 691 (2H, d, J = 8.0 Hz), 2.64 (3H, s), 2.36
(3H, s).

2,4-dibenzoyl-3-methyl-5-hydroxybenzofuran (10c). Bright
yellow powder (2.14 g), 60.0 % yield, m.p: 148.2-150.0 °C.
EI-MS: 357.1 (M + H]), 3789 (M + Na]™), 395.2
(M + K]%); IR: 3262.8, 2923.3, 1619.4, 1597.5, 1577.5,
1544.8, 1465.8, 1448.0, 1375.6, 1352.6, 1241.4, 1197.4, 1178.5;
'"H NMR (600 MHz, CDCl;) § 9.70 (1H, s), 8.00 (2H, dd,
J = 12,72 Hz), 7.72 (2H, dd, J = 1.2, 7.2 Hz), 7.68 (1H,
d, J = 9.0 Hz), 7.62-7.60 (1H, m), 7.54-7.50 (3H, m), 7.48-
7.46 (2H, m), 7.23 (1H, d, J = 9.0 Hz), 2.59 (3H, s).

3.1.6. General procedure for preparing furof2,3-e][ 1 Jbenzofuran
derivatives or furof3,2-e][ 1 ]benzofuran derivatives (11)

A mixture of 10 (0.1 mol), 2-chloro-1-(4-methoxyphenyl)etha
none (20.24 g, 0.11 mol), TBAB (5.06 g, 0.05 mol), 30 % aque-
ous potassium carbonate 50 ml and dichloromethane 100 ml

was refluxed at 40-45 °C in oil bath for 12 h. After reaction
was finished, the organic phase was separated, washed with
1 mol/L hydrochloric acid (30 ml x 3) and water (30 ml), dried
over Mg,SQO,, and concentrated under reduced pressure to
obtain the crude. The crude was washed with ethyl acetate
5 ml to obtain the solid 11.

2-benzoyl-3-methyl-8-phenyl-7-(4-methoxybenzoyl)furo[2,3-e|
[1]benzofuran (11a). Yellow powder (37.32 g), 76.8 % yield, m.
p: 189.0-190.2 °C. EI-MS: 487.0 (M + H]"), 509.0 (M +
Na] %), 5253 (M + K] *); IR: 3073.7, 2936.7, 1632.5,
1596.1, 1491.5, 1380.8, 1350.3, 1307.1, 1292.1, 1254.5, 1220.3,
1178.1, 1157.1; 'H NMR (300 MHz, CDCl3) & 8.03-7.97
(2H, m), 7.96-7.91 (2H, m), 7.80 (1H, d, J = 8.8 Hz), 7.68-
7.60 (3H, m), 7.59-7.52 (1H, m), 7.34 (5H, m), 6.91-6.82
(2H, m), 3.85 (3H, s), 2.78 (3H, s).

2-(4-methylbenzoyl)-3-methyl-8-phenyl-7-(4-methoxybenzoyl)
furo[2,3-e][1]benzofuran (11b). White powder (27.56 g), 55.1 %
yield, m.p: 189.6-191.0 °C. EI-MS: 501.2 (M + H]"), 523.0
(IM + Na] ¥); TIR: 2922.4, 1648.5, 1629.1, 1597.3, 1549.8,
1492.7, 1420.2, 1348.1, 1295.4, 1252.5, 1220.0, 1178.7, 1156.2;
'"H NMR (400 MHz, CDCl3) § 7.95-7.89 (3H, m), 7.76 (1H,
d, J = 8.8 Hz), 7.66-7.61 (3H, m), 7.39-7.30 (3H, m), 7.15
(2H, d, J = 8.1 Hz), 6.85 (2H, d, J = 8.9 Hz), 3.84 (3H, s),
2.75 (3H, s), 2.45 (3H, s).

1-phenyl-2-(4-methoxybenzoyl)-7-benzoyl-8-methylfuro[3,2-
e][1]benzofuran (11c). White powder (22.56 g), 46.4 % yield,
m.p: 203.8-205.6 °C. EI-MS: 487.1 (M + H]"), 509.1
(M + Na] ™), 5253 (M + K] ©); IR: 3083.2, 2931.2,
1640.2, 1599.7, 1555.3, 1510.8, 1489.5, 1447.1, 1388.0,
1308.4, 1280.1, 1265.0, 1245.6, 1171.5; '"H NMR (400 MHz,
CDCl;) o 806 (2H, d, J = 88 Hz), 7.99 (2H, d,
J = 7.3 Hz), 7.72 (2H, dd, J = 29.6, 9.1 Hz), 7.62-7.58
(IH, m), 7.51-7.45 (7TH, m), 6.94 (2H, d, / = 8.9 Hz), 3.88
(3H, s), 1.83 (3H, s).

3.1.7. General procedure for preparing 7-(4-hyroxybenzoyl)furo
[2,3-e][1]benzofuran derivatives or 2-(4-hyroxybenzoyl) furo

[3,2-e][1]benzofuran (12)

11 (0.01 mol) and aluminium chloride anhydrous (7.91 g,
0.06 mol) were grounded rapidly in the mortar, then trans-
ferred the mixture to a 100 ml round-bottomed flask which
top attached an air condenser and a drying tube filled with cal-
cium chloride anhydrous. Keep the temperature at 130 or
100 °C in oil bath for 6 h and cooled to room temperature.
The mixture was added hydrochloric acid 5 ml and crushed
ice 20 g, after the crushed ice melting, the mixture was filtered
and the solid was washed with water to pH = 7. The crude was
recrystallized from 50 ml absolute ethyl alcohol to obtain the
solid 12.
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2-benzoyl-3-methyl-8-phenyl-7-(4-hydroxybenzoyl)furo|2,3-¢]
[1]benzofuran (12a). Bright yellow power (2.00 g), 42.3 % yield,
m.p: 2342-2358 °C. EI-MS: 4732 (M + H]"), 4952
(M + Na]™), 511.2 (M + K]"); IR: 3387.0, 2925.1, 2854.6,
1736.2, 1719.7, 1544.8, 1490.8, 1373.7, 1289.4, 1167.5; 'H
NMR (400 MHz, DMSO dg): 6 10.51 (IH, s), 8.05 (1H, d,
J = 88 Hz), 796 (2H, d, J = 7.4 Hz), 787 (1H, d,
J = 8.8 Hz), 7.76 (2H, d, J = 8.6 Hz), 7.69-7.63 (3H, m),
7.53-749 (2H, m), 7.39-7.30 (3H, m), 6.78 (2H, d,
J = 8.7 Hz), 2.71(3H, s).

2-(4-methylbenzoyl)-3-methyl-8-phenyl-7-(4-hydroxybenzoyl)
furo|2,3-¢|[1]benzofuran (12b). Bright yellow power (2.15 g),
44.2 % yield, m.p: 224.0-226.2 °C. EI-MS: 487.2 (M + H]"),
509.1 (M + Na]™); IR: 3355.3, 2923.1, 1736.1, 1603.5, 1547.4,
1445.4, 1348.6, 1285.9, 1159.4; 'H NMR (400 MHz, DMSO dj):
0 10.51(1H, s), 7.97 (1H, d, J = 8.8 Hz), 7.84-7.74 (5H, m), 7.60
(2H, d, J = 7.3 Hz), 7.42-7.37 (1H, m), 7.33-7.31 (2H, m), 7.26
(2H,d,J = 8.1 Hz), 6.78 (2H, d, J = 8.6 Hz), 2.65(3H, s), 2.42
(3H, s).

1-phenyl-2-(4-hyroxybenzoyl)-7-benzoyl-8-methylfuro|3,2-e]
[1]benzofuran (12c¢). Bright yellow power (2.61 g), 55.2 % yield,
m.p: 259.4-261.2 °C. EI-MS: 4733 (M + H]"), 4952
(M + Na]™); IR: 3367.7, 2926.5, 1638.6, 1600.9, 1577.6,
1488.9, 1386.2, 1279. 5, 1169.9; 'H NMR (400 MHz,
DMSO dy): 6 10.52 (1H, s), 7.99 (1H, d, J = 9.0 Hz), 7.83—
791 (5H, m), 7.69-7.65 (1H, m), 7.58-7.54 (2H, m), 7.46—
7.48 (5H, m), 6.85 (2H, d, J = 8.3 Hz), 1.68 (3H, s).

3.1.8. General procedure for preparing furo[3,2-e][1]
benzofuran and furo[2,3-e][1]benzofuran derivatives (5)
A mixture of 12 (2 mmol), 2-chloroacetamide or 2-
chloroethanamine hydrochloride (2.2 mmol), anhydrous
potassium carbonate (2.76 g, 20 mmol), potassium iodide
(0.17 g,1 mmol) and dry acetone 50 ml was refluxed for
12 h, cooled to room temperature and filtered. The filtrate
was consentrated under reduced pressure to obain the crude
and purified by column chromatography to afford 5.
2-benzoyl-3-methyl-8-phenyl-7-{4-[(2-diethylamino)-2-oxoe
thoxy|benzoyl}furo[2,3-e][1]benzofuran  (5a).White crystal
(0.85 g), 72.6 % yield, m.p:183.7-184.7 °C. EI-MS: 586.4
(M + H]"), 608.3 (M + Na]"), 6244 (M + K]");
IR: 2930.1, 1448, 1378, 1596.2, 1576.2, 1644, 1252.7,
1166.9; '"H NMR (300 MHz, CDCly) 6 8.05 (IH, d,
J = 88 Hz), 795 (2H, d, J = 7.6 Hz), 7.88-7.82 (3H,
m), 7.66 (3H, dd, J = 17.0, 7.6 Hz), 7.51-7.49 (2H, m),
7.39-7.32 (3H, m), 6.97 (2H, d, J = 8.4 Hz,), 4.09-4.06
(2H, m), 2.75-2.71 (2H, m), 2.70-2.68 (3H, m), 2.65-2.51
(4H, m), 1.09-1.05 (6H, m)."’C NMR (101 MHz,
DMSO ds) o 184.09, 183.42, 163.11, 155.40, 148.31,
147.68, 137.40, 133.09, 132.53, 130.54, 130.48, 129.80,
129.41, 128.88, 128.68, 128.58, 128.49, 126.19, 125.23,
121.71, 114.72, 113.99, 110.04, 67.29, 51.59, 47.43, 12.35,
10.55.
2-benzoyl-3-methyl-8-phenyl-7-{4-|2-(4-morpholinyl)-2-oxoe
thoxy|benzoyl}furo[2,3-¢][1]benzofuran (5b). Bright yellow
powder (0.94 g), 78.4 % yield, m.p: 210.7-211.8 °C. EI-MS:
600.2 (M + H]"), 622.2 (M + Na]™), 638.2 (M + K]"):
IR: 3058.7, 2920.8, 2853.5, 1669.2, 1637.4, 1598.8, 1443.6,

1382.8, 1251.6, 1115.2; 'H NMR (300 MHz, CDCls) 6 8.00—
7.92 (4H, m), 7.81 (1H, d, J = 8.8 Hz), 7.69-7.51 (4H, m),
7.29-7.39 (5H, m), 6.91 (2H, d, J = 8.9 Hz), 4.75 (2H, s),
3.66-3.58 (8H, m), 2.78 (3H, s). *C NMR (101 MHz,
DMSO dg) 6 165.88, 162.67, 155.41, 147.75, 147.70, 137.41,
133.10, 132.37, 130.52, 130.48, 129.87, 129.81, 128.89,
128.75, 128.60, 128.49, 125.25, 121.77, 114.95, 110.09, 66.51,
66.45, 66.18, 45.08, 42.09, 10.56.
2-benzoyl-3-methyl-8-phenyl-7-{4-[2-(1-piperidinyl)-2-oxoe
thoxy]benzoyl}furo[2,3-e][1]benzofuran (5¢). Bright yellow
powder (0.87 g), 73.2 % yield, m.p: 190.1-192.4 °C. EI-MS:
598.2 (IM + H]"), 620.2 (M + Na]™), 636.2 (M + K]*);
IR: 2923.0, 2852.2, 1662.6, 1639.9, 1598.9, 1444.1, 1383.4,
1251.2, 1117.6; '"H NMR (300 MHz, CDCls) 6 7.96 (4H, dd,
J =193, 8.2 Hz), 7.81 (1H, d, J = 8.9 Hz), 7.70-7.49 (4H,
m), 7.41-7.27 (SH, m), 6.92 (2H, d, J = 8.8 Hz), 4.73 (2H, s),
3.57 (2H, s), 3.49 (2H, s), 2.78 (3H, s), 1.49-1.75 (6H, m). 1*C
NMR (101 MHz, DMSO d) 6 184.19, 165.25, 162.78, 155.42,
147.73, 137.44, 133.12, 132.39, 130.53, 130.48, 129.82, 129.79,
128.91, 128.83, 128.75, 128.61, 128.50, 125.28, 121.79, 114.92,
110.13, 66.46, 45.55, 42.66, 39.46, 26.37, 25.73, 24.40, 10.58.
2-benzoyl-3-methyl-8-phenyl-7-{4-[2-(1-diethylamino)ethoxy]
benzoyl}furo[2,3-¢][1]benzofuran (5d). Yellow powder (0.82 g),
71.8 % yield, m.p: 185.1-187.0 °C. EI-MS: 572.1
(M + H]"); IR: 2966.4, 2924.5, 2803.8, 1635.5, 1596.5,
1549.6, 1448.5, 1371.5, 1254.4, 1165.7; '"H NMR (600 MHz,
DMSO dy) ¢ 8.08-7.91 (4H, m), 7.79 (1H, d, J = 9 Hyz),
7.67-7.53 (4H, m), 7.39-7.29 (SH, m), 691 (2H, d,
J = 7.6 Hz), 472 (2H, s), 3.42-3.47 (4H, m),2.78 (3H, s)
1.13-1.24 (6H, m). >*C NMR (101 MHz, DMSO d) §183.42,
166.06, 162.79, 155.40, 147.76, 147.70, 137.41, 133.10, 132.38,
130.53, 130.47, 129.81, 128.89, 128.74, 128.60, 128.49, 126.29,
125.24, 121.76, 114.90, 114.04, 110.09, 66.34, 14.58, 13.35,
10.56.
2-(4-methylbenzoyl)-3-methyl-8-phenyl-7-{4-[(2-diethylamino)-
2-oxoethoxy|benzoyl}furo|2,3-¢][1]benzofuran (Se). Yellow pow-
der (0.87 g), 72.6 % yield, m.p: 200.4-202.4 °C. EI-MS: 600.1
(M + H]Y) 622.0(M + Na]™); IR: 2924.8, 1644.9, 1598.5,
1436.5, 1382.0, 1240.8, 1117.6; '"H NMR (600 MHz, DMSO dy)
07.87(2H d,J = 8.7 Hz), 7.80 (1H, d, J = 7.3 Hz), 7.74-7.67
(4H, m), 7.64 (1H, d, J = 8.9 Hz), 7.59-7.56 (1H, m), 7.44 (2H,
dd, J = 14.3, 7.0 Hz), 7.38 (2H, d, J/ = 7.5 Hz), 6.97 (2H, d,
J = 8.6 Hz), 2.42 (3H, s), 2.35-2.38 (4H, m), 1.16 (3H, t,
J = 69 Hz), 1.04 3H, t, J = 6.8 Hz). '>*C NMR (101 MHz,
DMSO dg) 6166.07, 162.79, 152.88, 146.44, 143.96, 136.46,
133.44, 132.39, 130.63, 129.78, 129.60, 129.30, 129.24, 128.94,
128.45, 125.80, 120.84, 114.92, 113.59, 109.33, 66.34, 40.95,
21.68, 14.58, 13.35.
2-(4-methylbenzoyl)-3-methyl-8-phenyl-7-{4-|2-(1-piperidinyl)
ethoxy]benzoyl}furo[2,3-¢][1]benzofuran (5f). Yellow powder
(0.81 g), 67.7 % yield, m.p: 182.8-186.6 °C. EI-MS: 598.1
(M + H]Y); IR: 2931.8, 2852.3, 1445.6, 1380.2, 1599.0,
1639.8, 1251.1, 1118.1; '"H NMR (600 MHz, CDCl;) 6 7.92
(4H, m), 7.79 (1H, d, J = 8.8 Hz), 7.67-7.62 (3H, m), 7.39-
7.378 (1H, m), 7.33-7.30 (2H, m), 7.16 2H, d, J = 7.9 Hz),
6.85 (2H, d, J = 8.9 Hz,), 4.15-4.13 (2H, m), 2.75-2.78 (4H,
m), 2.5-2.48 (4H, m), 2.45 (3H, s), 1.60-1.64 (7H, m). '*C
NMR (101 MHz, DMSO d) 6183.43, 163.06, 147.75, 147.58,
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143.53, 132.52, 130.59, 130.48, 129.97, 129.46, 129.38, 128.70,
128.62, 128.11, 125.23, 121.69, 114.77, 114.03, 109.99, 66.51,
57.55, 54.82, 26.03, 24.37, 21.70, 10.55.
1-phenyl-2-{4-|2-(4-morpholinyl)-2-oxoethoxy]|benzoyl}-7-ben
zoyl-8-methylfuro|3,2-¢e][1]benzofuran (5 g). Yellow powder
(0.97 g), 81.5 % yield, m.p:160.4-162.2 °C. EI-MS: 600.2
(M + H]"); IR: 2921.4, 2852.7, 1734.2, 1674.0, 1599.0,
1573.3, 1444.8, 1386.1, 1275.0, 1173.3; '"H NMR (600 MHz,
CDCl;) 6 806 (2H, d, J = 89 Hz), 799 (2H, d,
J = 84 Hz), 776 (1H, d, J = 9.1 Hz), 7.70 (1H, d,
J = 9.1 Hz), 7.61-7.59 (1H, m), 7.45-7.53 (7TH, m), 7.00 (2H,
d, J = 89H), 4.78-4.77 (2H, m), 3.60-3.68 (8H, m), 1.83
(3H, s). '*C NMR (101 MHz, DMSO d;) 185.52, 182.84,
165.92, 162.56, 151.97, 151.20, 137.88, 133.29, 132.27, 130.85,
130.05, 129.76, 128.95, 128.90, 128.57, 128.46, 126.75, 122.61,
114.97, 113.88, 113.57, 66.45, 66.16, 45.08, 42.09, 11.62.
1-phenyl-2-{4-|2-(4-morpholinyl)ethoxy|benzoyl}-7-benzoyl-
8-methylfuro[3,2-¢][1]benzofuran (5 h). Yellow powder (0.76 g),
65.3 % yield, m.p: 188.4-191.3 °C. EI-MS: 586.0 (M + H]");
IR: 3058.2, 2930.9, 2852.3, 1644.8, 1598.9, 1552.4, 1445.1,
1386.6, 1276.6, 1170.2; '"H NMR (600 MHz, CDCl3)d 8.03
(2H, d, J = 8.9 Hz), 7.99 2H, d, J = 7.1 Hz), 7.76 (1H, d,
J = 9.1 Hz), 7.68 (1H, d, J = 9.1 Hz,), 7.61-7.59 (1H, m),
7.44-7.52 (TH, m), 6.93 (2H, d, J = 8.9 Hz), 4.19-4.17 (2H,
m), 2.81-2.79 (2H, m), 2.52 (4H, s), 1.83 (3H, s), 1.61-1.64
(4H, m). *C NMR (101 MHz, DMSO d;) §185.47, 182.79,
162.95, 151.95, 151.16, 148.92, 137.87, 133.26, 132.42,
132.30, 130.88, 129.75, 129.65, 128.93, 128.87, 128.54,
122.60, 114.77, 113.83, 113.50, 57.59, 54.83, 26.04, 24.38,
11.64.
1-phenyl-2-{4-|2-(1-diethylamino)ethoxy]benzoyl}-7-benzoyl-
8-methylfuro|3,2-e][1]benzofuran (5i). Bright yellow powder
(0.78 g), 68.1 % yield, m.p: 180.2-180.6 °C. EI-MS: 572.1
(M + H]"); IR: 3057.9, 2966.9, 2929.8, 1642.2, 1599.0,
1554.4, 1446.5, 1386.6, 1277.6, 1170.8; '"H NMR (600 MHz,
CDCl;) 6 803 (2H, d, J = 8.9 Hz), 799 (2H, d,
J = 72 Hz), 776 (1H, d, J = 9.1 Hz), 7.68 (1H, d,
J = 9.1 Hz), 7.61-7.59 (1H, m), 7.44-7.51 (7H, m), 6.93
(2H, d, J = 8.9 Hz), 4.13-4.11 (2H, m), 2.90 (2H, s), 2.66—
2.63 (4H, m), 1.83 (3H, s), 1.09-1.07 (6H, m). '*C NMR
(101 MHz, DMSO ds) 018290, 163.03, 152.00, 151.20,
149.25, 148.96, 137.90, 133.48, 133.31, 132.47, 130.92, 129.77,
129.65, 128.97, 128.89, 128.57, 128.34, 126.74, 123.16, 122.64,
114.78, 113.89, 113.55, 67.29, 51.63, 47.44, 12.36, 11.66.

3.2. Screening assay

The inhibitory potency against ER-dependent breast cancer
and toxicity against human liver normal cell were evaluated
by means of MTT assay (Mosmann, 1983; Naoum et al.,
2007; Jin et al., 2020; Zhang et al., 2017). Human breast cancer
strains T-47D; MCF-7 and human liver normal cell HL7702
(provided by Shanghai Cell Bank of Chinese Academy of
Sciences) was used. The incubation time was 4 h, with protec-
tion from light. T-47D and MCF-7 were chosen as the ER-
dependent breast cancer strains, HL7702 as the healthy cell
strains and tamoxifen was used as positive control. In brief,
human breast cancer strains T-47D, MCF-7 and HL7702 were
seed onto 96-well plates with a density of 10,000 cells per well
and incubated at 37 °C in a humidified atmosphere of 95 % air
and 5 % CO, for 24 h. The medium in each well was replaced

with 180 pl of culture medium containing the compound of
choice at 8 pM concentration and cultured for a further
48 h. The incubation medium was then added 20 pl of 5 mg/
ml MTT reagent and incubated for 4 h at room temperature
in the dark. The incubation medium was then replaced with
150 pl DMSO. The absorbance intensity at 570 nm was
recorded on a microplate reader. Each performed in thrice.
Calculate the inhibition rate and 1Cs, values.

4. Conclusions

In this article, raloxifene, the second-generation drug of SERMs, was
used as a lead compound. We replace the benzothiophene ring in the
raloxifene structure with a 2-arylcarbonyl-3-methylfuro[l]benzofuran
scaffold based on the principle of scaffold hopping and bioisosterism.
The target compounds; furo[2,3-¢][1]benzofuran and furo[3,2-e][1]
benzofuran derivatives (5a-5i) were synthesized from 2’,4'-dihydroxya
cetophenone or 2',5-dihydroxyacetophenone in a higher overall yield
via eight steps including substitution, cyclization, debenzylation, ester-
ification, Fries rearrangement, cyclization, demethylation and Wil-
liamson reaction. All the target compounds were tested for
inhibition of human breast cancer strains T-47D and MCF-7 by means
of MTT test, in comparison to the tamoxifen. The compounds 5d and
5i, which ICsq values were similar to tamoxifen, were expected to be
potent SERMs.

Supplementary Materials: The following are available online,
Figure S1-S90: IR, "H NMR, and ESI-MS of the target compounds
5a-5i, respectively.
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