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Abstract

Chalcones form the core of a variety of medicinal compounds which possess a wide variety
of cytoprotective and modulatory therapeutic potential for multiple disease states. A series of
benzothiophene-chalcone hybrids were designed and prepared through the Claisen condensation of
benzothiophene-substituted acetophenone with halogenated aldehydes. In some cases, products of aromatic
substitution of halogen atom by methoxy group were obtained in addition to the expected condensation
products. All new compounds were fully characterized.
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Introduction

Flavonoids are known to possess a broad spectrum of biological activities, and can be classified into flavones,
flavon-3-ols, flavonols, isoflavones, flavones, anthocyanidins/anthocyanins, flavanones, homo-isoflavonoids,
aurones and chalcones.? Chalcones are known as a subgroup of flavanoids, which possess an open-chain, a,B
-unsaturated carbonyl group with two aromatic rings. Chalcone can be regarded as a privileged structure as it
is found in many natural and synthetic compounds featuring a wide range of biological activities, including
antimicrobial, antitumor, antioxidant, anti-inflammatory, anticonvulsant, anti-estrogenic and anticancer, etc.3
The chalcones' decreasing effect on free-radical formation may reduce DNA damage and the risk of
mutagenicity. Also, most of the studies reported that chalcones induced apoptosis in the cancer-cell lines.3*
This significant substructure possesses a pharmacophoric effect along with anticancer activity described in
many studies.>®

Although estrogen is primarily known as a reproductive hormone, it also displays many positive effects on
the skeleton, cardiovascular and nervous systems. Despite these beneficial effects of estrogen, it is known that
a high level of estrogen increases the risk of breast cancer. Estrogen is thought to play a role in the progression
of many gynecological cancers, such as breast cancer and endometrial cancer.” In gynecological cancers, the
estrogen-receptor and the estrogen-biosynthetic enzyme activities are significantly increased compared to
normal mammary-gland tissue. Therefore, it is important to selectively develop estrogen-receptor modulators
that will protect their beneficial effects on the organs, but be inactive in the breast® (Figure 1)
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Figure 1. Representative selective estrogen receptor downregulators (SERDs) and selective estrogen receptor
modulators (SERMs).

Tamoxifen has been used in the treatment of breast cancers since 1970 due to its anti-estrogenic effect.’
However, since drugs such as tamoxifen, a selective estrogen receptor modulator, and fulvestrant, a selective
estrogen receptor downregulator, develop drug resistance in patients during treatment, the discovery of new
drugs that are structurally different from these drugs is important.!%!! Benzothiophene derivatives and their
salts, which have anti-estrogenic activity and are effective in gynecological cancers such as breast cancer,
endometrial cancer, mastopathy, and endometriosis, can be cited as examples.!'! Recently, compounds
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containing a benzothiophene skeletal structure, such as Raloxifene and Arzoxifene (Figure 2), have been used
safely in the treatment of breast cancer.!?

(0] (0] (0]
(0] S S
Flavone Thioflavone Thioflavanone
(4H-chromen-4-one) (4H-thiochromen-4-one) Thiochromon-4-one

Figure 2. Molecular structures of flavone, thioflavone, and thioflavanone.

Furthermore, thioflavonones (thiochromones) and their analogs are important skeletons and privileged
scaffolds in medicinal chemistry. Yoneya et al. indicated that CH4986399 (previously shown in Figure 1) was
effective in treating the partial tamoxifen-resistant ZR-75-1 xenograft and may be beneficial in the treatment
of tamoxifen or fulvestrant-resistant tumors.*?

Since sulfur-containing compounds are found less in nature, structures such as thioflavanones containing S
have been studied less in the literature.'®> Marc et al. reported that they synthesized two series of chalcogen
flavones, and reported that thioflavone derivatives had the highest inhibitory effect with the most efflux-
pump inhibition at the concentration of 2 mM. It was also noticed that flavanone induces apoptosis, and this
may be a new approach for cancer therapy.'*

Chalcones are common structural compounds and bioisosteres of flavones, and exhibit anti-cancer
activity.® Cyclization of chalcones gives the flavone, thiazines, pyrimidines, etc., that exhibit a wide range of
biological activities.'® Mahapatra et al. declared that most of the chalcone derivatives might be of use in multi-
drug resistance as an inhibitor. Bischalcone, containing a methoxy group (-OMe), was found to be potent and
selective against various drug-selected cancer cells.’

Han et. al. synthesized 2,4-dihydroxy groups and 2,4-dimethoxy groups on ring A and a mono halogen on
ring B which were non-basic chalcone analogs that showed the most effective results on breast cancer-
resistance protein.'® Sharma et. al. indicated that biphenyl chalcones demonstrated a greater anti-cancer
reaction than tamoxifen.® (Figure 3)
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Figure 3. Chemical structure of some biologically-active chalcones for breast cancer.

Chalcones are important constituents of many natural products and drugs, and are generally divided into
simple chalcones and biaryl/hybrid chalcones. As we mentioned previously, chalcones possess a broad range
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of biological activities. Furthermore, fusion with other pharmacophores or privileged scaffolds may improve
and modulate the pharmaceutical features of chalcones such as selectivity, solubility and bioavailability.?°

Molecular modification to increase the biological activity of target compounds is a standard method in
drug development. In this work, the molecular modification method was used to design the chalcone
derivatives as a combination of benzothiophene biphenyls and various halogenated benzaldehydes to
synthesize the biaryl-chalcones through a two-step methodology comprised of a Suzuki coupling and Claisen-
Schmidt condensation reaction. The resulting chalcones incorporate two biologically important structural
features: (a) a benzothiophene fragment that is efficient in estrogenic cancers, and (b) halogen substituents in
the B ring of chalcone that are known to lead to higher anticancer potential.?’?? Although the number of
natural compounds containing fluorine is scarce, the number of approved fluorine-containing drugs (c) is
constantly increasing.?3%* The fluorine atom causes a minimal steric effect in a molecule in which it is inserted,
while bringing significant changes in the activity of the molecule. Since it is a small atom, the molecule may
interact better with the active site of the enzyme, receptor-recognition sites, and other biological systems.?
The small size and short length of the C-F bond make the C-F substitution very interesting.2®

In this work, a series of novel benzothiophene-containing biaryl-based chalcone analogs were synthesized
by condensing benzothiophene-substituted acetophenone with several aromatic aldehydes halogenated at
various positions. It is envisaged that these thio-analogs may possess attractive antioxidant, antimicrobial,
antitumor and anticancer properties.

Results and Discussion

Scheme 1 outlines the general synthetic route for preparing the starting material, benzothiophene-containing
acetophenone. |Initially, the 3-bromo-2,4,6-trimethoxyacetophenone (2) was synthesized from 2,4,6-
trimethoxyacetophenone (1) by the treatment with ammonium cerium (1V) nitrate (1 eq.) and LiBr (1 eq.) in
CHsCN (2.5 mL/1 mmol of the substrate) following the literature procedure?. The core structure
benzothiophene substituted acetophenone (3) was obtained by Suzuki coupling reaction of 3-bromo-2,4,6-
trimethoxyacetophenone (2) and benzo[b]thien-3-ylboronic acid in 77% vyield. Although the acetophenone
contains three methoxy group at the 2,4 and 6 positions, is a fairly bulky compound, no steric obstacle has
occurred, and the reaction was successfully carried out with benzo[b]thien-3-ylboronic acid via Suzuki
Coupling reaction.

B(OH),
-
o~ o o o N\
) Br S
CAN, LiBr Pd(PPhs)s, K2CO3
(0] (0]
| | CHSCN, 2h, 1t. (I) ? Toluen:EtOH:H,0 (3:1:3)
overnight, 100 °C
1 2

Scheme 1. The synthesis of benzothiophene-substituted acetophenone (3).
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Next, benzothiophene-containing biaryl-based chalcones were synthesized according to Scheme 2 via a
base-promoted Claisen-Schmidt condensation reaction. Acetophenone, chloro- or fluoro-substituted
aldehydes and aqueous KOH (50%) were dissolved in methanol at room temperature and stirred overnight.
After completion of the reaction (according to the TLC), the reaction mixture was extracted and purified by
column chromatography, yielding the target compounds. Structural analyses of all chalcone derivatives were
performed by MP, IR, HRMS, 'H, and 3C NMR methods. In *H-NMR, the disappearance of the acetophenone'
acyl protons (-COCHs), appearance as the singlet proton of compound 3’ -COCHs at 2.5 ppm, and appearance
of the double-bond protons of the unsaturated carbonyl group as doublets (/ 16.0 MHz) at 7.45 and 7.05 ppm,
respectively, showed that chalcone structures were formed.
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| R
R3
R4
—_—
KOH, MeOH
4: R'=R%=R%=R*=H 10: R'=R%=R*=H, R?= F
5: R'= Cl, R*=R*=R*=H 11: R'=R*=R*=H, R®= F
6: R'=R3=R*=H, R?= CI 12: R'=R?=R*=H, R3= OMe
7: R'=R?=R*=H, R3= CI 13: R'=R*=F, R?=H, R3= OMe
8: R'= F, R2=R3%=R*=H 14: R'=R3=0OMe, R2=H, R*=F
9: R'= OMe, R2=R3%=R*=H

Scheme 2. Benzothiophene-containing biaryl-based chalcone derivatives.

The Claisen-Schmidt condensation reaction takes place in methanol under basic condition and, thus,
methoxide anion is formed in the reaction media. When the reaction outcome was examined, it was found
that, in several instances, the methoxide anion behaves both as a base and as a nucleophile, displacing
fluorine through an SnAr reaction. The SnAr reactions are believed to occur through the sequence of addition
and elimination steps as shown in Scheme 3.

Scheme 3. SyAr reaction mechanism.

Looking at the elimination rates, the elimination rate of F is 102-103 times faster than Cl and Br atoms.?’
This explains how fast F elimination has occurred in the reaction even at room temperature. When the
reaction times were prolonged, it was observed that elimination takes place only in fluorine-substituted
molecules and not in the chlorine-substituted ones. Table 1 summarizes the products and yields.
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Table 1. Claisen—Schmidt condensation and SnAr products

Entry R Claisen—Schmidt SNAr (%)
condensation product (%)
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? S/ Z
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95%

O o o cl
? ¢ S/ O Z O
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I 5

80%
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Conclusions

Benzothiophene-containing biaryl-based chalcone analogs were synthesized in overall high yields. Aromatic
substitution occurred in fluoro-substituted compounds from both ortho- and para- positions, increasing the
overall diversity of products using our strategy. Overall, our method has several advantages, including i)
readily available starting material, ii) high vyields, iii) modifiable target compounds, and iv) robustness and
operational simplicity. Hence this process can be employed for the convenient synthesis of biaryl-based
chalcone derivatives. Thiophene derivatives of the eleven new hybrid chalcones were synthesized and
characterized. These new benzothiophene-containing, biaryl-based chalcone derivatives may find application
as effective alternatives to known agents for treating gynecologic cancers.

Experimental Section

General. All reagents used were commercially available unless otherwise specified and all solvents were
distilled before use. Melting points were measured with Stuart SMP20 melting point devices. IR Spectra:
PerkinElmer Spectrum One FT-IR spectrometer. *H and '3C NMR Spectra: Bruker 600 spectrometers. Chemical
shift values are expressed in 6 (ppm) relative to tetramethyl silane (TMS, & = 0.00 ppm for *H NMR and & =
77.0 ppm for 13C NMR). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet), coupling constants (Hz), and integration. HRMS were recorded on a
Quadrupole time-of-flight (QTOF) instrument.

1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3). 1-(3-bromo-2,4,6-trimethoxyphenyl)-
ethan-1-one (2) (2.20 g, 7.61 mmol) and benzo[b]thien-3-ylboronic acid (1.76 g, 9.89 mmol) were dissolved in
a solvent system of toluene (30 mL) and EtOH (10 mL). Pd(PPhs)s (0.22 g, 0.19 mmol) was added followed by
aq. KoCOs (2.63 g dissolved in 30 mL H,0, 19.3 mmol). The reaction mixture was refluxed for overnight.
Solvents were concentrated under vacuum and the crude product was extracted with EtOAc and brine. The
organic layer was dried over Na,SOa, filtered and concentrated under vacuum. The remaining residue was
purified via column chromatography over silica gel using gradient elution with EtOAc:hexanes (1:9) to yield
compound 3 as a white solid (2.0 g) Yield: 77%, R¢ (EtOAc/Hexanes 1:9) = 0.15. mp 68-70 °C. IR (Vmax, cm™):
2930, 1706, 1591, 1463, 1374, 1273, 1204, 1105. *H NMR (600 MHz, CDCl3) & 7.94 — 7.88 (m, 1H, CH), 7.49 -
7.44 (m, 1H, CH), 7.41 (s, 1H, CH), 7.39 — 7.31 (m, 2H, CH), 6.40 (s, 1H, CH), 3.93 (s, 3H, OCHs), 3.75 (s, 3H,
OCHs), 3.24 (s, 3H, OCHs), 2.57 (s, 3H, CH3). 13C NMR (150 MHz, CDCls) & 201.9 (CO), 160.1 (CH), 157.4 (CH),
157.3 (CH), 139.4 (CH), 139.1 (CH), 128.5 (CH), 125.8 (CH), 124.1 (CH), 123.9 (CH), 123.3 (CH), 122.5 (CH), 118.9
(CH), 110.5 (CH), 91.3 (CH), 61.9 (OCH3), 2x55.9 (OCH3), 32.7 (CHa).
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-phenylprop-2-en-1-one (4). To a solution of 1-(3-
(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (78 mg, 0.23 mmol) in methanol (2 mL) was
mixed in benzaldehyde (41 pL, 0.36 mmol) and KOH (50% in water solution, 2 mL). After stirring for 24 h at rt,
the solvent was removed under vacuum and the mixture was extracted with saturated NH4Cl solution and
CHCl,, and dried over Na;SOs. The crude material was purified via column chromatography over silica gel
using gradient elution with EtOAc/hexanes (10:90) to yield 4 as a yellow solid (94.1 mg, 95%). R¢
(EtOAc/Hexanes 1:9) = 0.14. mp 167-169 °C. IR (Vmax, cm™t): 2938, 1673, 1640, 1595, 1524, 1449, 1333, 1211,
1101. *H NMR (600 MHz, CDCls) 6 7.89 (dd, J 6.5, 2.2 Hz, 1H, CH), 7.57 (dd, J 6.5, 2.8 Hz, 2H, CH), 7.51 — 7.48
(m, 1H, CH), 7.45 (d, J 16.0 Hz, 1H, CH), 7.41 — 7.37 (m, 3H, CH), 7.37 — 7.31 (m, 2H, CH), 7.05 (d, J 16.1 Hz, 1H,
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CH), 6.44 (s, 1H, CH), 3.89 (s, 3H, OCHs), 3.77 (s, 3H, OCHs), 3.21 (s, 3H, OCH3). 23C NMR (150 MHz, CDCl3) &
194.3 (CO), 160.2 (CH), 158.1 (CH), 158.0 (CH), 144.9 (CH), 139.4 (CH), 139.0 (CH), 134.8 (CH), 130.4 (CH),
128.9 (CH), 128.8 (CH), 128.5 (CH), 128.5 (CH), 125.8 (CH), 124.0 (CH), 123.9 (CH), 123.3 (CH), 122.5 (CH), 116.7
(CH), 110.4 (CH), 91.4 (CH), 61.8 (OCHs), 56.0 (OCHs), 55.9 (OCH3). HRMS (ESI-TOF): m/z [M+H]"* calculated for
Ca6H2304S, 431.1317; found, 431.1286.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(2-chlorophenyl)prop-2-en-1-one (5). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (88 mg, 0.26 mmol) in
methanol (2 mL) was mixed in 2-chlorobenzaldehyde (46 uL, 0.41 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 5 as a yellow solid
(97 mg, 80%). Rr (EtOAc/Hexanes 2:8) = 0.2. mp 140-142 °C. IR (Vmax, cml): 2922, 1661, 1602, 1531, 1464,
1398, 1268, 1215, 1106. 'H NMR (600 MHz, CDCl3) & 7.93 — 7.85 (m, 2H, CH), 7.71 (dd, J 7.1, 2.0 Hz, 1H, CH),
7.52 = 7.47 (m, 1H, CH), 7.44 — 7.39 (m, 2H, CH), 7.37 — 7.27 (m, 4H, CH), 7.00 (d, J 16.1 Hz, 1H, CH), 6.44 (s, 1H,
CH), 3.90 (s, 3H, OCHs), 3.77 (s, 3H, OCH3), 3.21 (s, 3H, OCH3). 3C NMR (150 MHz, CDCl5) & 194.3 (CO), 160.3
(CH), 158.1 (CH), 158.0 (CH), 140.8 (CH), 139.4 (CH), 139.1 (CH), 135.1 (CH), 133.0 (CH), 131.1 (CH), 131.0 (CH),
130.1 (CH), 128.5 (CH), 127.8 (CH), 127.1 (CH), 125.8 (CH), 124.1 (CH), 124.0 (CH), 123.3 (CH), 122.5 (CH), 116.2
(CH), 110.3 (CH), 91.3 (CH), 61.9 (OCH3), 56.0 (OCH3), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]" calculated for
C26H22Cl04S, 465.0927; found, 465.0900.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(3-chlorophenyl)prop-2-en-1-one (6). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (88 mg, 0.26 mmol) in
methanol (2 mL) was mixed in 3-chlorobenzaldehyde (46 uL, 0.41 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (10:90) to yield 6 as a yellow solid
(91 mg, 75%). R¢ (EtOAc/Hexanes 1:9) = 0.13 mp164-165 °C IR (Vmax, cm™): 2922, 1671, 1599, 1455, 1310, 1197,
1105. *H NMR (600 MHz, CDCl3) § 7.91 — 7.87 (m, 1H, CH), 7.54 (s, 1H, CH), 7.49 — 7.46 (m, 1H, CH), 7.46 — 7.39
(m, 3H, CH), 7.37 - 7.30 (m, 4H, CH), 7.03 (d, J 16.1 Hz, 1H, CH), 6.43 (s, 1H, CH), 3.89 (s, 3H, OCH3), 3.77 (s, 3H,
OCHs), 3.20 (s, 3H, OCH3). 13C NMR (150 MHz, CDCls) & 193.7 (CO), 160.4 (CH), 158.1 (CH), 158.1 (CH), 142.7
(CH), 139.4 (CH), 139.0 (CH), 136.7 (CH), 134.8 (CH), 130.1 (CH), 130.1 (CH), 129.9 (CH), 128.4 (CH), 128.2 (CH),
126.5 (CH), 125.8 (CH), 124.1 (CH), 123.9 (CH), 123.2 (CH), 122.6 (CH), 116.5 (CH), 110.4 (CH), 91.3 (CH), 61.9
(OCHs), 56.0 (OCHs), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for CzsH22Cl04S, 465.0927; found,
465.0887.

(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(4-chlorophenyl)prop-2-en-1-one (7). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 4-chlorobenzaldehyde (65.7 mg, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (10:90) to yield 7 as a light-yellow
solid (115 mg, 85%). R¢ (EtOAc/Hexanes 1:9) = 0.13. mp 206-207 °C. IR (vmax, cm™): 2923, 1643, 1600, 1464,
1395, 1277, 1207, 1099 *H NMR (600 MHz, CDCls) 6 7.89 (d, J 7.4 Hz, 1H, CH), 7.48 (t, J 8.8 Hz, 3H, CH), 7.43 (t,
J 8.0 Hz, 2H, CH), 7.38 — 7.31 (m, 4H, CH), 7.02 (d, J 16.1 Hz, 1H, CH), 6.44 (s, 1H, CH), 3.89 (s, 3H, OCHs), 3.77
(s, 3H, OCHs), 3.20 (s, 3H, OCHs). 3C NMR (150 MHz, CDCl3) & 193.9 (CO), 160.3 (CH), 158.1 (CH), 158.0 (CH),
143.1 (CH), 139.4 (CH), 139.0 (CH), 136.2 (CH), 133.3 (CH), 129.6 (CH), 129.2 (CH), 129.1 (CH), 128.4 (CH), 125.8

Page 8 ©AUTHOR(S)



Arkivoc 2021, x, 0-0 Kazancioglu, E. A. et al.

(CH), 124.1 (CH), 123.9 (CH), 123.2 (CH), 122.6 (CH), 116.6 (CH), 110.4 (CH), 91.4 (CH), 61.9 (OCHs), 56.0
(OCHs), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]"* calculated for C26H22Cl04S, 465.0927; found, 465.0894.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(2-fluorophenyl)prop-2-en-1-one (8). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 2-fluorobenzaldehyde (50 pL, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 8 as a yellow solid
(82 mg, 63%). Rf (EtOAc/Hexanes 2:8) = 0.3. mp 124-126 °C. IR (Vmax, cm™): 2922, 1675, 1595, 1456, 1318,
1274, 1210, 1100. *H NMR (600 MHz, CDCl3) § 7.91 — 7.87 (m, 1H, CH), 7.66 — 7.58 (m, 2H, CH), 7.52 — 7.47 (m,
1H, CH), 7.43 (s, 1H, CH), 7.40 — 7.30 (m, 3H, CH), 7.17 (t, J 7.6 Hz, 1H, CH), 7.10 (dd, J 17.5, 7.6 Hz, 2H, CH),
6.44 (s, 1H, CH), 3.89 (s, 3H, OCHs), 3.77 (s, 3H, OCH3s), 3.20 (s, 3H, OCH3). 3C NMR (150 MHz, CDCl3) 6 194.3
(CO), 162.2 (CH), 160.5 (CH), 160.3 (CH), 158.1 (CH), 158.0 (CH), 139.4 (CH), 139.0 (CH), 137.0 (CH), 137.0 (CH),
131.8 (CH), 131.8 (CH), 130.7 (CH), 130.8 (CH), 128.9 (CH), 128.8 (CH), 128.5 (CH), 125.8 (CH), 124.5 (CH), 124.4
(CH), 124.0 (CH), 123.9 (CH), 123.3 (CH), 122.9 (CH), 122.9 (CH), 122.5 (CH), 116.4 (CH), 116.2 (CH), 116.0 (CH),
110.3 (CH), 91.4 (CH), 61.8 (OCHs), 56.0 (OCHs), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for
C26H22F04S, 449.1223; found, 449.1184.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(2-methoxyphenyl)prop-2-en-1-one (9). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 2-fluorobenzaldehyde (50 pL, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 9 as a viscous liquid
(20 mg, 15%). Rs (EtOAc/Hexanes 2:8) = 0.2. IR (Vmax, cml): 2922, 1643, 1596, 1460, 1331, 1246, 1107. *H NMR
(600 MHz, CDCl3) 6 7.89 (d,7.8 Hz, 1H, CH), 7.81 (d, J 16.2 Hz, 1H, CH), 7.58 (d, J 7.6 Hz, 1H, CH), 7.52 (d, J 7.4
Hz, 1H, CH), 7.43 (s, 1H, CH), 7.39 — 7.30 (m, 3H, CH), 7.10 (d, J 16.3 Hz, 1H, CH), 6.96 (t, J 7.5 Hz, 1H, CH), 6.90
(d, J 8.3 Hz, 1H, CH), 6.44 (s, 1H, CH), 3.88 (s, 3H, OCHs), 3.86 (s, 3H, OCH3s), 3.77 (s, 3H, OCHs), 3.20 (s, 3H,
OCH3s). 3C NMR (150 MHz, CDCl3) & 195.1 (CO), 160.0 (CH), 158.4 (CH), 158.0 (CH), 157.8 (CH), 140.7 (CH),
139.4 (CH), 139.1 (CH), 131.7 (CH), 129.3 (CH), 128.8 (CH), 128.7 (CH), 125.7 (CH), 124.0 (CH), 123.9 (CH), 123.7
(CH), 123.3 (CH), 122.5 (CH), 120.7 (CH), 116.8 (CH), 111.1 (CH), 110.2 (CH), 91.4 (CH), 61.8 (OCHs), 56.0
(OCHs), 55.9 (OCHs), 55.5 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for Cy7H250sS, 461.1423; found,
461.1417.

(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(3-fluorophenyl)prop-2-en-1-one (10). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 3-fluorobenzaldehyde (50 pL, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH.Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 10 as a light yellow
solid (130 mg, 100%). R¢ (EtOAc/Hexanes 2:8) = 0.3. mp 136-138 °C. IR (Vmax, cm™): 2923, 1641, 1579, 1456,
1334, 1270, 1201, 1104. *H NMR (600 MHz, CDCl3) & 7.89 (d, J 7.4 Hz, 1H, CH), 7.48 (d, J 7.3 Hz, 1H, CH), 7.43
(t, J 7.8 Hz, 2H, CH), 7.40 — 7.30 (m, 4H, CH), 7.29 — 7.23 (m, 1H, CH), 7.08 (t, J 7.7 Hz, 1H, CH), 7.03 (d, J 16.1
Hz, 1H, CH), 6.44 (s, 1H, CH), 3.90 (s, 3H, OCHs), 3.77 (s, 3H, OCH3), 3.22 (s, 3H, OCHs). 13C NMR (150 MHz,
CDCl3) 6 193.8 (CO), 163.8 (CH), 162.1 (CH), 160.4 (CH), 158.1 (CH), 158.1 (CH), 143.0 (CH), 139.4 (CH), 139.0
(CH), 137.1 (CH), 137.1 (CH), 130.4 (CH), 130.3 (CH), 129.9 (CH), 128.4 (CH), 125.8 (CH), 124.4 (CH), 124.4 (CH),
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124.1 (CH), 123.9 (CH), 123.2 (CH), 122.6 (CH), 117.2 (CH), 117.1 (CH), 116.5 (CH), 114.7 (CH), 114.5 (CH), 110.4
(CH), 91.4 (CH), 61.9 (OCH3), 56.0 (OCH3s), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for CasH22FO4S,
449.1223; found, 449.1188.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one (11). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 4-fluorobenzaldehyde (50 pL, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH.Cl,, and dried over Na,SOas. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 11 as a yellow solid
(66 mg, 52%). R¢ (EtOAc/Hexanes 2:8) = 0.3. mp 197-198 °C. IR (Vmax, cm™): 2938, 1640, 1595, 1509, 1460,
1336, 1232, 1165, 1102. 'H NMR (600 MHz, CDCls) & 7.89 (d, J 7.1 Hz, 1H, CH), 7.57 — 7.53 (m, 2H, CH), 7.51 —
7.41 (m, 3H, CH), 7.39 -7.30 (m, 2H, CH), 7.08 (t, J 8.3 Hz, 2H, CH), 6.97 (d, J 16.0 Hz, 1H, CH), 6.44 (s, 1H, CH),
3.89 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 3.20 (s, 3H, OCH3s); 3C NMR (150 MHz, CDCls) 6 194.0 (CO), 164.8 (CH),
163.1 (CH), 160.2 (CH), 158.1 (CH), 158.0 (CH), 143.4 (CH), 139.4 (CH), 139.0 (CH), 131.0 (CH), 131.0 (CH), 130.4
(CH), 130.3 (CH), 128.5 (CH), 128.5 (CH), 128.5 (CH), 125.8 (CH), 124.1 (CH), 123.9 (CH), 123.2 (CH), 122.6 (CH),
116.6 (CH), 116.1 (CH), 115.9 (CH), 110.4 (CH), 91.4 (CH), 61.7 (OCHs), 56.0 (OCHs), 55.9 (OCHs). HRMS (ESI-
TOF): m/z [M+H]" calculated for Ca6H22F04S, 449.1223; found, 449.1191.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (12). To a
solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29 mmol) in
methanol (3 mL) was mixed in 4-fluorobenzaldehyde (50 pL, 0.47 mmol) and KOH (50% in water solution, 2
mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was extracted with
saturated NH4Cl solution and CH)Cl,, and dried over Na;SOs. The crude material was purified via column
chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 12 as a white solid
(40 mg, 30%). Rs (EtOAc/Hexanes 2:8) = 0.2. mp 209-210 °C. IR (Vmax, cm™): 2925, 1637, 1597, 1512, 1464,
1256, 1172, 1098. *H NMR (600 MHz, CDCl3) & 7.89 (d, J 7.6 Hz, 1H, CH), 7.56 — 7.46 (m, 3H, CH), 7.46 — 7.38
(m, 2H, CH), 7.38 = 7.29 (m, 2H, CH), 6.97 — 6.87 (m, 3H, CH), 6.44 (s, 1H, CH), 3.88 (s, 3H, OCHs), 3.84 (s, 3H,
OCHs), 3.77 (s, 3H, OCHs), 3.20 (s, 3H, OCH3s). 3C NMR (150 MHz, CDCl5) § 194.4 (CO), 161.6 (CH), 160.0 (CH),
158.0 (CH), 157.8 (CH), 145.0 (CH), 139.4 (CH), 139.0 (CH), 130.2 (CH), 128.6 (CH), 127.4 (CH), 126.7 (CH), 125.8
(CH), 124.0 (CH), 123.9 (CH), 123.3 (CH), 122.5 (CH), 116.9 (CH), 114.3 (CH), 110.3 (CH), 91.4 (CH), 61.8 (OCH3),
56.0 (OCHs), 55.9 (OCHs), 55.4 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for C27H250sS, 461.1423; found,
449.1414.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(2,5-difluoro-4-methoxyphenyl)prop-2-en-1-one
(13). To a solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29
mmol) in methanol (3 mL) was mixed in 2,4,5-trifluorobenzaldehyde (53 uL, 0.47 mmol) and KOH (50% in
water solution, 2 mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was
extracted with saturated NH4Cl solution and CHCly, and dried over Na;SOa. The crude material was purified
via column chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 13 as a
yellow solid (95 mg, 66%). Rs (EtOAc/Hexanes 2:8) = 0.26. mp 169-171 °C. IR (Vmax, cm™): 2923, 1663, 1593,
1507, 1442, 1330, 1297, 1194, 1103. *H NMR (600 MHz, CDCl3) § 7.88 (d, J 7.2 Hz, 1H, CH), 7.54 (d, J 16.1 Hz,
1H, CH), 7.48 (d, J 7.8 Hz, 1H, CH), 7.42 (s, 1H, CH), 7.38 — 7.29 (m, 3H, CH), 6.94 (d, J 16.2 Hz, 1H, CH), 6.70 (dd,
J11.2, 7.0 Hz, 1H, CH), 6.43 (s, 1H, CH), 3.90 (s, 3H, OCHs), 3.89 (s, 3H, OCHs), 3.77 (s, 3H, OCHs), 3.20 (s, 3H,
OCH3s). 3C NMR (150 MHz, CDCl3) & 193.8 (CO), 160.3 (CH), 158.1 (CH), 158.0 (CH), 139.4 (CH), 139.0 (CH),
135.7 (CH), 129.3 (CH), 129.2 (CH), 128.5 (CH), 125.8 (CH), 124.0 (CH), 123.9 (CH), 123.3 (CH), 122.5 (CH), 116.5
(CH), 114.3 (CH), 114.3 (CH), 114.2 (CH), 114.1 (CH), 110.4 (CH), 101.5 (CH), 101.3 (CH), 91.4 (CH), 61.8 (OCH3),
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56.5 (OCHs), 56.0 (OCHs), 55.9 (OCHs). HRMS (ESI-TOF): m/z [M+H]* calculated for Ca7H23F20sS, 497.1234;
found, 497.1180.
(E)-1-(3-(Benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)-3-(5-fluoro-2,4-dimethoxyphenyl)prop-2-en-1-one
(14). To a solution of 1-(3-(benzo[b]thiophen-3-yl)-2,4,6-trimethoxyphenyl)ethan-1-one (3) (100 mg, 0.29
mmol) in methanol (3 mL) was mixed in 2,4,5-trifluorobenzaldehyde (53 uL, 0.47 mmol) and KOH (50% in
water solution, 2 mL). After stirring for 24 h at rt, the solvent was removed under vacuum and the mixture was
extracted with saturated NH4Cl solution and CH.Cl;, and dried over Na;SOa. The crude material was purified
via column chromatography over silica gel using gradient elution with EtOAc/hexanes (20:80) to yield 14 as a
yellow solid (52 mg, 35%). R¢ (EtOAc/Hexanes 2:8) = 0.2. mp 172-173 °C. IR (Vmax, cm): 2923, 1664, 1589,
1506, 1440, 1299, 1204, 1107. *H NMR (600 MHz, CDCl3) 6 7.89 (d, J 7.2 Hz, 1H, CH), 7.73 (d, J 16.2 Hz, 1H, CH),
7.50 (d, J 7.7 Hz, 1H, CH), 7.42 (s, 1H, CH), 7.36 — 7.29 (m, 3H, CH), 6.94 (d, J 16.1 Hz, 1H, CH), 6.49 (d, J 7.0 Hz,
1H, CH), 6.43 (s, 1H, CH), 3.93 (s, 3H, OCHs), 3.88 (s, 3H, OCH3s), 3.85 (s, 3H, OCHs), 3.77 (s, 3H, OCHs), 3.20 (s,
3H, OCHs). 3C NMR (150 MHz, CDCls) 6 194.5 (CO), 160.0 (CH), 158.0 (CH), 157.8 (CH), 155.6 (CH), 150.3 (CH),
150.2 (CH), 147.5 (CH), 146.0 (CH), 139.4 (CH), 139.1 (CH), 130.9 (CH), 128.6 (CH), 127.7 (CH), 125.7 (CH), 124.0
(CH), 123.9 (CH), 123.3 (CH), 122.5 (CH), 117.0 (CH), 115.8 (CH), 115.8 (CH), 115.0 (CH), 114.9 (CH), 110.2 (CH),
97.6 (CH), 91.4 (CH), 61.8 (OCH3s), 56.4 (OCH3), 56.3 (OCH3), 56.0 (OCH3s), 55.9 (OCH3).
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