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CHAPTER |
INTRODUCTION

Chalcones (from Greek “chalcos” or “bronze”) naturally distribute in many
plants such as vegetables, fruits, teas, and others.'* They have a simple structure as
1,3-diarylpropenone (Figure 1.1) whose E and Z isomers, thermodynamically the former

is more stable.” ©

FIGURE 1.1 CHALCONE STRUCTURES

Chalcones and their derivatives have attracted much attention due to their
broad-spectra biological activities and ease of structural modification. Application of

chalcones in medicine has been utilized since a thousand of years through herbs for

7

anticancer, anti-inflammatory, and antidiabetic properties.* For example,

metochalcone and sofalcone (Figure 1.2) have been available in the market and used

as anticholeretic, antiulcer and mucoprotective agents.? >

HO O

f«k

metochalcone sofalcone
FIGURE 1.2 CLINICALLY APPROVED CHALCONES

As their vast biological activities and promising candidates, this study aims to

develop chalcones as a core model for determining structure-activity relationships to



achieve new potent bioactive compounds with anticancer and anti-inflammatory, and
as a-glucosidase inhibitor.

This dissertation comprises of five chapters. The first chapter describes about
chalcones. The second chapter focuses on the exploration of two chalcone series
including 3',4" 5'-trimethoxy and 3,4-dimethoxychalcones against lung cancer cell lines
(A549) and molecular docking study of selected chalcones with EGFR-TK. The third
chapter aims to evaluate the cytotoxic activity of three chalcone series namely 3,4-
dimethoxychalcones, 2'-hydroxy-chalcones, and 4’-aminochalcones as well as their
potencies to inhibit nitric oxide production in LPS-induced RAW 264.7 macrophage
cells. The forth chapter devotes for searching for a-glucosidase inhibitor which is
divided into two topics based on chalcone skeletons, i.e., 4’-aminochalcones and E-

arylidene steroids. The last chapter concludes the findings of the studies.



CHAPTER Il

SYNTHESIS, CYTOTOXIC EVALUATION, AND MOLECULAR DOCKING OF

3" 4’ 5 TRIMETHOXY AND 3,4-DIMETHOXYCHALCONES AGAINST LUNG CANCER CELL

EXPRESSING EGFR

2.1 INTRODUCTION

Cancer is a well-known disease which causes death worldwide.® A lung cancer
is the most common with 11.6% new cases and 18.4% deaths annually as shown in
Figure 2.1.° To date, the available main therapy for cancer is largely chemotherapy.
However, this usage has several limitations including adverse effects and low
selectivity.’® Therefore, the development of new candidate drugs with minimum

adverse effects and more selectivity is the most necessary.

INCIDENCE MORTALITY

Lung
11.60%

Other Colorectum

36.60% 10.20%

Colorectum
9.20%

Cervix uteri Stomach

Bladder 3.30%0

Prostate

o
Breast PEy*

11.60%
Prostate Esophagus
7.10% 3.20%

FIGURE 2.1 DATA OF PATIENT CANCER CASES AND MORTALITY IN 2018°

Lung cancer mainly derives from out-control-cellular proliferation that triggers
normal cells to be cancer cells.'! Epidermal growth factor receptor (EGFR) has been
affrmed as an important protein inducing lung cancer.'? Secreted growth factors
transfer biochemical signal from EGFR into lung cancer cells because of their failure to
get in membrane cells through signal transduction activated with autocrine or paracrine
or both.’> " EGFR-receptor tyrosine kinases (EGFR-TK) is a crucial target in inducing and
producing signal reaction for both non-small cell lung cancer (NSCLC) and small cell

lung cancer (SCLC). EGFR has been urged as a cancer target treatment for



chemotherapy method.’ ¢ To date, EGFR-TK inhibitors are available in market
including gefitinib," erlotinib,'® lapatinib,'? afatinib,?® and dacomitinib.?

Chalcones are intermediates in the biosynthesis of flavonoids and their
derivatives. With simple and open-chain structures, chalcones possess two arene rings

attached to a,B-unsaturated ketone which are easily modified.?? Chalcones show

L,ZZ 24

diverse biological activities, for example antibacteria anti-inflammatory,*

25-27 28-32 33-35

antifuneal, anti-tumor, anticancer, and antihypertensive.®® As shown in

Figure 2.2, chalcones and isoliquiritigenin revealed as potent chemotherapy agents to
inhibit some cancer cell lines, such as lung, breast, prostate, and colorectal cancers.?”
% Flavokawain A inhibited the growth of bladder tumor cell lines in a nude mice
Llll

mode

IC5o value of 8.50 uM.*

Moreover, butein significantly showed an inhibition activity of EGFR-TK with

O
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O O HO OH OH
Chalcone Isoliquiritigenin
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O
H;CO OCH3 OCHj; HO OH OH
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FIGURE 2.2 CHALCONES WITH POTENT ANTICANCER
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FIGURE 2.3 NATURAL PRODUCTS CONTAINING TRIMETHOXYPHENYL MOIETY WITH ANTICANCER ACTIVITY

Trimethoxyphenyl moiety is an important part exhibiting anticancer activity in
many natural products and their derivatives such as colchicine,*® combretastatin Ad,**"

" and steganacin®’ (Figure 2.3). Romagnoli et al. reported that

" podophyllotoxin,*
3'.4',5'-trimethoxychalcones and thiophene derivatives showed potency as mitotic
inhibitors in five cancer cell lines (L1210, FM3A, Molt/4 and CEM, Hel.a). Thiophene
derivatives were more cytotoxic against five cancer cell lines and inhibited tubulin
assembly when compared with 3',4"5'-trimethoxychalcone analogues. Moreover, active
compounds of thiophene derivatives were evaluated in the cell cycle using flow
cytometry that led to cell accumulation in the G2/M phase because inhibitors have
cellular impact property of agents which bind to tubulin. This study found that

methoxy group at ortho position on the B ring inhibited significantly against five cancer

cell lines at micromolar concentration as presented in Figure 2.4.%
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FIGURE 2.4 SYNTHETIC 3',4',5'-TRIMETHOXYCHALCONES AND ITS DERIVATIVES

Moreover, Rao et al. reported that the same chalcone series showed that
3'.4',5'-trimethoxychalcone series expressed high potency to inhibit NO production and
two cancer cell lines, such as Hep G2 (liver cancer cells), and colon 205 (colon cancer
cells). This study obtained that the methoxy group at meta position on the B ring
exhibited more potency against Hep G2 and colon 205, while dimethoxy at meta and
para position on the B ring was found to be more selective in inhibiting Hep G2 cell
lines and NO production.?* Lawrence et al also found that 3',4',5-trimethoxychalcone
with dimethoxy at meta and para position on the B ring expressed anticancer activities
with 1Cso < 3 uM against human leukemia cells (K562), human breast cancer cells
(MCF7, BT20), and human ovarian cancer cells (A2780, A2780/ADR). 3'4'5'-
Trimethoxychalcones also showed anti-estrogenic type Il activity against ovarian cancer
cell lines (OVCA 433) and a strong binding to tubulin assembly, where molecular
docking study showed that 3'4',5'-trimethoxychalcones had a similar structure and
conformation to combrestatin A-4 and podophylotoxin.* Srinivasan et al. addressed
that 3',4",5'-trimethoxychalcones expressed high NF-«xB inhibitory activity and anti-
cancer activity against two lung cancer cell lines (H2009, A549) at low micromolar
concentration.  This result suggested that 3'4'5'-trimethoxychalcones  with
disubstituents at m-OH and p-OCH; positions on the B ring inhibited growth of lung
cancer cells in vivo at 1 mg/mouse/day dose with no side effects.®® Salum et al

investigated that 3'4'5-trimethoxyphenyl neighboring with carbonyl, 3'4'5'-



trimethoxychalcones, demonstrated high inhibitory activity against murine acute
lymphoblastic leukemia cells (L-1210) and tubulin assembly as potent as colchicine
and more selective to cancer cell lines compared with non-tumorigenic cells.*® Kumar
et al. delineated the mechanism of trimethoxyphenyl moiety to possess the binding
site similar to that of colchicine.* This site is a crucial moiety for anticancer activity.
This study aims to further explore the pharmacophores of chalcones against
EGFR-expressing lung cancer cell line A549. To obtain this target, the chalcone core
structures including 3',4',5-trimethoxyphenyl on the A ring and 3,4-dimethoxyphenyl
on the B ring have been designed to provide the relationship between their structures
and anticancer activity against A549. Molecular docking was then conducted to address

the binding site of selected chalcones with EGFR-TK.

2.2 MATERIALS AND METHODS
2.2.1 MATERIALS

All chemicals were purchased from TCl, Sigma Aldrich, and Merck. Silica gel for
column chromatograph (CC, 0.063-0.200 mm), was a product of Merck. TLC was
performed on Merck TLC plates (0.23 mm thickness). The compounds were visualized
by UV light and/or vanillin in EtOH and then heated on a hot plate. The NMR spectra
were measured on Bruker Avance 400 MHz. Chemical shifts are given in ppm using

deuterated solvents.

2.2.2 METHODS
2.2.2.1 GENERAL PROCEDURE FOR THE SYNTHESIS OF 3',4',5'-TRIMETHOXYCHALCONE
SERIES (2-6, 9-15, 18-22)

34" 5-Trimethoxyacetophenone (420 mg, 2 mmol) and substituted
benzaldehyde (2-3 mmols) were mixed in MeOH (10 mL) and stirred. A solution of 6 M
NaOH (0.8 mL, 4.8 mmol) was added dropwise over a period of 40 min at room
temperature and continued stirring for additional 48 hours. The crude product was
kept in ice-water and 10% HCl was added until pH 3-4. The solution was extracted

with EtOAc, then the organic layer was filtered and evaporated using rotary evaporator



to dryness. The crude mixture was further separated by column chromatography using

hexane: EtOAc (9:1-8:2).

0 0o R 0 R,
H;CO u R, H;CO = R,
—_—
N 10
H;CO Rs R, H;CO RS R,
OCH, R, OCH; Ry

2:R,=H, Ry= OH, Ry, R, Rs = H

3:R,=H,R,=H, R;= OHR,, Rs=H

4:R,= OH, Ry= OCH3, Ry, R, Rs=H

5: R;= OCHj, Ry= OCH3, Ry, Ry, Rs = H

6: Ry ,= OCH,0, Ry, Ry, Rs= H

9: R,= H, Ry= OH, R;= OCH;, Ry, Rs=H

10: R;= H, R,= OCHj, Ry= OCHj, Ry, Rs= H

11: R,= H, R, 3= OCH,0, Ry, R&= H

12: R;= OCH;, R,= H, Ry= OCHj, Ry, Rs= H

13: R;= H, Ry= OCHj, Ry= OCH3,R3, Rs= H

14: R;= OCH;, R,, Ry, R,= H, Rs= OCH;

15: R;= OCH;, R,, Ry= H, Ry= OCH;, Rs= H

18: R;= H, R,= Br, Ry= OCH3, R, Rs=H

19: R,= OCH;, R,= OCHj;, Ry= OCHj, Ry, Re= H

20: R,=H, Ry= OCH3, Ry;= OCH;, R;= OCH;, Rs=H

21: Rj= OCHj, Ry=H, Ry= OCHj;, R;= OCHj, Rs=H

22: R;= OCH;, R,= H, Ry= OCH;, R,= H, Rs= OCH;
(E)-3-(3-hydroxyphenyl)-1-(3',4',5'-trimethoxyphenyl)prop-2-en-1-one (2): Pale yellow
powder; yield 34%. *H NMR (400 MHz, DMSO-d,): 6 = 9.61 (s, 1H), 7.82 (d, J = 15.6 Hz,
1H), 7.62 (d, J = 15.2 Hz, 1H), 7.38 (s, 2H), 7.29 (d, J = 7.6 Hz, 1H), 7.22 (dd, J = 7.6, 2.0
Hz, 2H), 6.85 (d, J = 8.0 Hz, 1H), 3.87 (s, 6H), 3.73 (s, 3H). ">*C NMR (100 MHz, DMSO-d6):
O = 187.9, 157.6, 152.8, 144.1, 142.0, 135.9, 132.9, 129.7, 121.8, 119.9, 117.7, 115.3,

106.2, 60.1, 56.2.

(E)-3-(4-hydroxyphenyl)-1-(3',4' 5'-trimethoxyphenyl)prop-2-en-1-one (3):  Yellow
powder; yield 15%. *H NMR (400 MHz, acetone-d,): & = 8.98 (s, 1H), 7.71 (m, 4 H), 7.44
(s, 2H), 6.92 (d, J = 8.8 Hz, 2H), 3.93 (s, 6H), 3.82 (s, 3H). °C NMR (100 MHz, acetone-
de6): 6 = 188.7, 160.8, 154.3, 144.8, 134.8, 131.5, 127.7, 119.7, 116.7, 107.1, 60.7, 56.7.

(E)-3-(2-hydroxy-3-methoxyphenyl)-1-(3',4',5'-trimethoxyphenyl)prop-2-en-1-one  (4):
Brown-yellow powder; yield 6%. *H NMR (500 MHz, CDCl;) & = 8.01 (d, J = 15.5 Hz, 1H),
7.68 (d, J = 15.5 Hz, 1H), 7.29 (s, 2H), 7.18 (dd, J = 6.5, 3.0 Hz, 1H), 6.88 (dd, J = 8.0, 2.5
Hz, 2H), 3.94 (s, 6H), 3.93 (s, 3H), 3.92 (s, 3H). *C NMR (125 MHz, CDCL,) & = 190.3, 153.2,
146.9, 145.9, 142.3,140.2, 133.8, 123.6, 121.8, 121.4,119.8, 112.1, 106.3, 61.1, 56.4, 56.3.

(E)-3-(2,3-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenylprop-2-en-1-one  (5):  Yellow
powder; yield 84%. *H NMR (400 MHz, CDCLy): & = 8.08 (d, J = 16.0 Hz, 1H), 7.57 (d, J =



15.6 Hz, 1H), 7.31 (s, 1H), 7.12 (dd, J = 8.0, 7.6 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 3.96 (s,
9H), 3.91 (s, 3H), 3.90 (s, 3H). *C NMR (100 MHz, CDCls): & = 189.8, 153.3, 149.0, 142.6,
139.8, 133.7, 129.3, 124.3, 123.8, 120.0, 114.3, 106.4, 61.3, 61.1, 56.5, 56.1.

(E)-3-(benzold][1,3]dioxol-4-y1)-1-(3',4",5'-trimethoxyphenyl)prop-2-en-1-one (6): White-
yellow powder; yield 43%. 'H NMR (400 MHz, CDCl;) & = 7.75 (d, J = 15.6, 1H), 7.71 (d,
J =15.6 Hz, 1H), 7.30 (s, 2H), 7.04 (dd, J = 6.4, 2.8 Hz, 1H), 6.88 (dd, J = 6.4, 3.6 Hz, 2H),
6.13 (s, 2H), 3.96 (s, 6H), 3.95 (s, 3H). >*C NMR (100 MHz, CDCl;) 6 = 189.3, 152.9, 147.8,
146.5, 142.5, 138.8, 133.3, 124.3, 122.9, 121.7, 117.8, 109.8, 106.2, 101.3, 60.8, 56.3. MS

(ESI, m/Q): 365.1 [M + Nal*, HRMS cald for CioH;g0¢: 342.1103, Found: 342.1102.

(E)-3-(3-hydroxy-4-methoxyphenyl)-1-(3',4',5"-trimethoxyphenyl)prop-2-en-1-one  (9):
Pale yellow powder; yield 62%. 'H NMR (400 MHz, CDCl,): 6 = 7.76 (d, J = 15.6 Hz, 1H),
7.37(d, J=15.6 Hz, 1H), 7.32 (d, J = 2.0 Hz, 1H), 7.29 (s, 2H), 7.15 (dd, J = 8.4, 2.4 Hz,
1H), 6.89 (d, J = 8.4 Hz, 1H), 5.84 (br s, 1H), 3.96 (s, 6H), 3.95 (s, 6H). >*C NMR (100 MHz,
CDCly): 6 = 189.3, 153.3, 149.0, 146.1, 144.8, 142.6, 133.8, 128.7, 123.0, 120.0, 112.9,

110.8, 106.2, 61.1, 56.5, 56.2.

(E)-3-(3,4-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenyl)prop-2-en-1-one  (10): Pale
yellow powder; yield 87%. *H NMR (500 MHz, CDCl;) 6 = 7.74 (d, J = 15.5 Hz, 1H), 7.31
(d, J = 16.0 Hz, 1H), 7.24 (dd, J = 8.0, 2.0 Hz, 3H), 7.13 (d, J = 2.0 Hz, 1H), 6.88 (d, J =
8.5 Hz, 1H), 3.93 (s, 3H), 3.92 (s, 6H), 3.91 (s, 6H). >°C NMR (125 MHz, CDCl;) & = 189.5,
153.2, 151.5, 149.3, 145.1, 142.4, 133.9, 127.9, 123.0, 119.9, 111.2, 110.6, 106.2, 61.1,
56.5, 56.1.

(E)-3-(benzo[d][1,3]dioxol-5-y1)-1-(3",4',5-trimethoxyphenyl)prop-2-en-1-one (11): Pale
yellow powder; yield 85%. *H NMR (400 MHz, CDCls): & = 7.74 (d, J = 15.2 Hz, 1H), 7.31
(d, J = 15.6 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.13 (dd, J = 8.0, 1.6 Hz, 1H), 6.85 (d, J =
8.0 Hz, 1H), 6.03 (s, 2H), 3.95 (s, 6H), 3.93 (s, 3H). *C NMR (100 MHz, CDCl,): & = 189.5,
153.6, 150.4, 148.8, 145.0, 134.1, 129.8, 125.6, 120.2, 109.1, 107.1, 106.6, 102.1, 61.4,
56.8.



10

(E)-3-(2,4-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenylprop-2-en-1-one  (12): Yellow
powder; yield 57%. H NMR (400 MHz, CDCly): & = 8.06 (d, J = 15.6 Hz, 1H), 7.59 (d, J =
8.8 Hz, 1H), 7.49 (d, J = 15.6 Hz, 1H), 7.28 (s, 2H), 6.55 (dd, J = 8.4, 2.0 Hz, 2H), 6.49 (d,
J = 2.4 Hz, 1H), 3.95 (s, 6H), 3.94 (s, 3H), 3.91 (s, 3H), 3.86 (s, 3H). *C NMR (100 MHz,
CDCly): & = 189.8, 162.8, 160.1, 152.8, 140.2, 133.9, 130.6, 120.1, 116.9, 105.9, 105.3,
98.3, 60.7, 56.1, 55.3.

(E)-3-(3,5-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenyl)prop-2-en-1-one  (13): White
yellow powder; yield 78%. 'H NMR (400 MHz, CDCl,): & = 7.74 (d, J = 15.6 Hz, 1H), 7.44
(d, J = 15.6 Hz, 1H), 7.28 (s, 2H), 6.80 (d, J = 2.4 Hz, 2H), 6.55 (dd, J = 2.4, 2.0 Hz), 3.96
(s, 9 H), 3.86 (s, 6H). *C NMR (100 MHz, CDCL,): & = 189.0, 160.9, 152.9, 144.5, 142.5,
136.6, 133.2, 122.2, 106.3, 106.1, 102.3, 60.8, 56.3, 55.3.

(E)-3-(2,6-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenylprop-2-en-1-one (14): Yellow
powder; yield 87%. 'H NMR (400 MHz, CDCL,): 6 = 8.25 (d, J = 15.6 Hz, 1H), 7.95 (d, J =
15.6 Hz, 1H), 7.31 (s, 2H), 6.61 (d, J = 8.4 Hz, 3H), 3.96 (s, 6H), 3.95 (s, 3H), 3.93 (s, 6H).
13C NMR (100 MHz, CDCLl,): & = 191.06, 160.12, 152.80, 141.82, 135.52, 134.12, 131.27,
124.96, 112.80, 106.05, 103.65, 77.16, 60.73, 56.08, 55.67.

(E)-3-(2,5-dimethoxyphenyl)-1-(3',4',5'-trimethoxyphenylprop-2-en-1-one  (15): Yellow
powder; yield 64%. *H NMR (400 MHz, CDCl,): & = 8.07 (d, J = 15, 2 Hz, 1H), 7.52 (d, J
= 15.6 Hz, 1H), 7.28 (s, 2H), 7.18 (d, J = 2.8 Hz, 1H), 6.95 (dd, J = 8.8, 3.2 Hz, 1H), 6.89
(d, J = 9.2 Hz, 1H), 3.96 (s, 9H), 3.88 (s, 3H), 3.83 (s, 3H). >*C NMR (100 MHz, CDCly): 6=
189.8, 153.3, 153.1, 152.8, 142.1, 139.8, 133.5, 124.4, 122.9, 116.7, 113.8, 112.2, 106.0,
60.7, 56.1, 55.9, 55.6.

(E)-3-(3-bromo-4-methoxyphenyl)-1-(3',4',5'-trimethoxyphenylprop-2-en-1-one ~ (18):
Pale yellow powder; yield 35%. 'H NMR (400 MHz, CDCls): 6 = 7.90 (s, 1H), 7.72 (d, J =
15.6 Hz, 1H), 7.55 (dd, J = 8.4, 2.0 Hz, 1H), 7.37 (d, J = 15.6 Hz, 1H), 7.28 (s, 2H), 6.94 (d,
J = 8.4 Hz, 1H), 3.97 (s, 6H), 3.95 (s, 6H). >*C NMR (100 MHz, CDCl,): 6 = 188.6, 157.4,
152.9, 142.7, 133.3, 132.4, 129.6, 128.8, 120.3, 112.2, 111.7, 105.9, 60.7, 56.3.

(E)-3-(2,3,4-trimethoxyphenyl)-1-(3",4',5"-trimethoxyphenyl)prop-2-en-1-one (19):
Yellow powder; yield 79%. 'H NMR (400 MHz, CDCl,): 6 = 7.99 (d, J = 16.0 Hz, 1H), 7.52
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(d, J =15.6 Hz, 1H), 7.39 (d, J = 8.8 Hz, 1H), 7.29 (s, 2H), 6.74 (d, J = 8.8 Hz, 1H), 3.96 (s,
3H), 3.95 (s, 6H), 3.94 (s, 3H), 3.92 (s, 3H), 3.91 (s, 3H). >C NMR (100 MHz, CDCls): & =
189.5, 155.6, 153.5, 152.9, 142.3, 139.9, 133.7, 123.7, 121.8, 121.1, 107.5, 105.9, 61.1,
60.7, 56.2, 55.9.

(E)-1,3-bis(3,4,5-trimethoxyphenyl)prop-2-en-1-one (20): Yellow powder; yield 43%. 'H
NMR (400 MHz, CDCl): & = 7.70 (d, J = 15.6 Hz, 1H), 7.32 (d, J = 15.6 Hz, 1H), 7.25 (s,
2H), 6.85 (s, 2H), 3.94 (s, 6H), 3.93 (s, 3H), 3.91 (s, 6H), 3.89 (s, 3H). *C NMR (100 MHz,
CDCly): 6 = 189.5, 153.7, 153.3, 145.0, 133.7, 130.5, 121.5, 106.5, 106.0, 61.1, 56.6, 56.4.

(E)-3-(2,4,5-trimethoxyphenyl)-1-(3',4',5"-trimethoxyphenyl)prop-2-en-1-one (21):
Yellow powder; yield 97%. 'H NMR (400 MHz, CDCL,): 6 = 8.05 (d, J = 15.6 Hz, 1H), 7.38
(d, J =16 Hz, 1H), 7.25 (s, 2H), 7.11 (s, 1H), 6.52 (s, 1H), 3.93 (s, 9H), 3.92 (s, 3H), 3.89 (s,
3H), 3.88 (s, 3H). '>*C NMR (100 MHz, CDCls): 6 = 190.3, 154.8, 153.2, 152.7, 143.5, 140.3,
134.3,120.6, 115.7, 112.1, 106.4, 97.1, 61.1, 56.8, 56.5, 56.5, 56.2.

(E)-3-(2,4,6-trimethoxyphenyl)-1-(3',4',5'-trimethoxyphenyl)prop-2-en-1-one (22):
Yellow powder; yield 87%. 'H NMR (400 MHz, CDCLl,): 6 = 8.23 (d, J = 15.6 Hz, 1H), 7.82
(d, J = 16.0 Hz, 1H), 7.28 (s, 2H), 6.14 (s, 2H), 3.94 (s, 6H), 3.93 (s, 3H), 3.90 (s, 6H), 3.86
(s, 3H). °C NMR (100 MHz, CDCl5): & = 190.9, 162.9, 161.4, 152.7, 141.6, 135.8, 134.4,
121.8, 106.4, 105.9, 90.4, 60.7, 56.0, 55.6, 55.2.

2.2.2.2 GENERAL PROCEDURE FOR THE SYNTHESIS OF 3',4',5'-TRIMETHOXYCHALCONE
SERIES (1, 7-8)

3',4' 5'-Trimethoxyacetophenone (420 mg, 2 mmol) and 3,4-
dihydroxybenzaldehyde (456 mg, 3 mmol) were mixed in MeOH (10 mL) and stirred.
The concentrated H,SO, (0.5 mlL) was added to this mixture slowly at room
temperature and refluxed for 24 hours. The crude product was extracted using EtOAc,
then evaporated, and separated by column chromatography using hexane:EtOAc (3:2)

to obtain a pure product.
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0 0 R o} R,
H,CO " R, H,CO P R,
! — S
H,CO Rs R, H,CO R; R,
OCH, R, OCH, R,

1:R;= OH, Ry, Ry, Ry, Rs=H

7:R;= H, Ry= OH, Ry= OH, Ry, Rs=H

8: R;= H, Ry= OCH3, Ry= OH, Ry, Rs=H
(E)-3-(2-hydroxyphenyl)-1-(3',4',5-trimethoxyphenylprop-2-en-1-one ~ (1):  Yellow
powder; yield 14%. '"H NMR (400 MHz, CDCl,): & = 8.20 (d, J = 16.0 Hz, 1H), 7.72 (brs,
1H), 7.64 (d, J = 16.0 Hz, 1H), 7.57 (dd, J = 8.0, 1.2 Hz, 1H), 7.28 (s, 2H), 7.25 (td, J = 8.8,
1.6 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.92 (t, J = 8.0 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 6H). °C
NMR (100 MHz, CDCl,): & = 191.3, 156.5, 153.2, 142.6, 141.6, 133.7, 132.0, 129.5, 122.3,
122.3,120.7, 116.8, 106.6, 61.1, 56.5.

(E)-3-(3,4-dihydroxyphenyl)-1-(3',4',5"-trimethoxyphenylprop-2-en-1-one  (7): Yellow
powder; yield 49%. *H NMR (400 MHz, CDCl): 6 = 7.73 (d, J = 15.6 Hz, 1H), 7.31 (d, J =
16.0 Hz, 1H), 7.254 (s, 3H), 7.11 (dd, J = 8.0, 2.0 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 3.95 (s,
3H), 3.93 (s, 6H). >*C NMR (10 MHz, CDCl5): & = 190.5, 153.3, 147.4, 146.0, 144.5, 142.7,
133.7, 127.8, 123.0, 119.5, 115.7, 115.0, 106.4, 61.12, 56.6.

(E)-3-(d-hydroxy-3-methoxyphenyl)-1-(3',4", 5'-trimethoxyphenyl)prop-2-en-1-one  (8):
Yellow liquid; yield 52%. 'H NMR (400 MHz, CDCL,): & = 7.75 (d, J = 15.6 Hz, 1H), 7.31
(d, J = 15.6 Hz, 1H), 7.24 (dd, J = 8.0, 2.0 Hz, 3H) 7.11 (d, J = 2.0 Hz, 1H), 6.96 (d, J = 8.4
Hz, 1H), 6.03 (br s, 1H), 3.96 (s, 3H), 3.95 (s, 6H), 3.94 (s, 3H). >*C NMR (100 MHz, CDCl):
O = 189.6, 153.3, 148.5, 147.0, 145.3, 142.6, 133.9, 127.7, 123.1, 119.8, 115.1, 110.7,
106.4, 61.1, 56.6, 56.2.

2.2.2.3 PROCEDURE FOR THE SYNTHESIS OF 16 AND 17

The mixtures of either 8 or 9 (100 mg, 0.3 mmol) and K,CO; (0.3 mmol) in
acetone (10 mL) were stirred at room temperature. After 5 min, allyl bromide (26 pL,
0.3 mmol) was added and the mixture was refluxed for 24 hours. The complete
reaction was monitored by TLC. The mixture of products was filtered, evaporated, and

then purified by column chromatography using hexane:EtOAc (3:2).
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H;CO — R, H;CO = R,
oo — T

H,CO R; H;CO R;

OCH; OCH,
8: R,= OCHj, Ry= OH 16: R,= OCHj3, R3= Oallyl
9: R,= OH, R3= OCHj 17: R,= Oallyl, R3= OCH;4

(E)-3-(4-(allyloxy)-3-methoxyphenyl)-1-(3',4' 5'-trimethoxyphenyl)prop-2-en-1-one  (16):
Yellow liquid; yield 42%. *H NMR (400 MHz, CDCls): 6 = 7.73 (d, J = 15.6 Hz, 1H), 7.31
(d, J = 15.6 Hz, 1H), 7.24 (s, 2H), 7.19 (dd, J = 8.4, 1.6 Hz, 1H), 7.14 (d, J = 2.0 Hz, 1H),
6.06 (ddt, J = 17.6, 10.8, 5.2 Hz, 1H), 5.41 (dd, J = 17.2, 1.2 Hz, 1H), 5.30 (dd, J = 10.8,
1.2 Hz, 1H), 4.64 (dt, J = 5.2, 1.6 Hz, 1H), 3.92 (s, 9H), 3.91 (s, 3H). *C NMR (100 MHz,
CDCly): & = 189.5, 153.2, 150.6, 149.7, 144.9, 133.9, 132.8, 128.2, 122.7, 120.1, 118.4,
114.5,113.2, 111.2, 106.4, 69.8, 61.0, 56.5, 56.2.

(E)-3-(3-(allyloxy)-4-methoxyphenyl)-1-(3',4',5"-trimethoxyphenyl)prop-2-en-1-one  (17):
Yellow liquid; yield 58%. *H NMR (400 MHz, CDCls): 6 = 7.74 (d, J = 15.6 Hz, 1H), 7.31
(d, J = 15.6 Hz, 1H), 7.26 (s, 3H), 7.18 (s, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.11 (ddt, J = 17.2,
10.8, 5.6 Hz, 1H), 5.45 (d, J = 17.2 Hz, 1H), 5.33 (d, J = 10.4 Hz, 1H), 4.68 (d, J = 5.6 Hz,
2H), 3.95 (s, 6H), 3.94 (s, 3H), 3.93 (s, 3H). °C NMR (100 MHz, CDCls): § = 189.7, 153.3,
152.2, 148.4, 145.0, 142.6, 133.3, 127.9, 123.3, 120.1, 118.3, 113.2, 111.7, 106.4, 70.3,
61.1, 56.6, 56.2. MS (ESI, m/Z): 407.1472 [M + Na]*, HRMS cald for C,,H,4O4: 384.1573,
Found: 384.1574.

2.2.2.4 PROCEDURE FOR THE SYNTHESIS OF 23

Compound 7 (166 mg, 0.5 mmol) was mixed with 10% Pd/C (16.6 mg) in EtOAC
(20 mL) and stirred. Into the mixture then was flowed H, gas (balloon) at room
temperature for 24 hours. The reaction mixture was filtered, evaporated, and then

separated to obtain pure product by column chromatography (hexane:EtOAc = 3:2).
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O
H,CO H,CO OH

OCH; OCH,
7 23

3-(3,4-dihydroxyphenyl)-1-(3",4',5'-trimethoxyphenylpropan-1-one (23): Brown powder;
yield 74%. 'H NMR (400 MHz, DMSO-d,): 8 = 8.59 (br s, 2H), 7.13 (s, 2H), 6.55 (dd, J =
9.2, 2.4 Hz, 2H) 6.42 (d, J = 8.0 Hz, 1H), 3.74 (s, 6H), 3.64 (s, 3H), 3.16 (t, J = 7.2 Hz, 2H),
2.66 (t, J = 7.2 Hz, 2H). *C NMR (100 MHz, DMSO-d,): 6 = 198.4, 152.7, 144.9, 143.3,
132.1, 119.0, 115.9, 115.4, 105.6, 60.2, 56.1, 39.7, 39.5, 29.2. MS (ESI, m/Q): 355.1162 [M
+ Na]", HRMS cald for CigH,0O4: 332.1260, Found: 332.1264.

2.2.2.4 GENERAL PROCEDURE FOR THE SYNTHESIS OF 3,4-DIMETHOXYCHALCONE SERIES

(24-33)

A method similar to that for 2.2.2.1 was also employed.

J\C[OCHS O O OCH,
OCH,4
24: Ry = OCH3, Ry, Ry, Ry, Ry = H
25:R,=H, R, = OCH;, Ry, Ry, Ry = H
26: R,=H, R,=H, Ry = OCH;, Ry, Ry = H
27: R; = OH, Ry= OCH;, Ry, Rs = H
28: R, = OH, Ry, Ry, Ry=H, Ry = OCH,
29: R, = OCH3, R,= H, Ry = OCH;, Ry, Ry = H
30: R;= OCH;, Ry, Ry=H, R, = OCH;, Rs. = H
31: R;=H, R, = OCH;, Ry = OCH;, Ry, Ry = H
32: Rj = OCHj, Ry = OCHj, Ry = OCHj, Ry, Rs = H
33: Ry = OH, Ry = H, Ry = OCH;, R, = H, Ry = OCH;

(E)-3-(3,4-dimethoxyphenyl)-1-(2'-methoxyphenyl)prop-2-en-1-one (24): Yellow liquid,
yield 89%. 'H NMR (400 MHz, CDCl,): & = 7.57 (dd, J = 7.6, 1.6 Hz, 1H), 7.53 (d, J = 15.6
Hz, 1H), 7.45 (td, J = 8.8, 2.0 Hz, 1H), 7.20 (d, J = 15.6 Hz, 1H), 7.16 (dd, J = 8.0, 1.6 Hz,
1H), 7.01 (s, 1H), 7.04 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H),
3.91 (s, 6H), 3.88 (s, 3H). >C NMR (100 MHz, CDCl,): & = 193.3, 158.0, 151.4, 149.3, 143.9,
132.6, 130.2, 129.7, 128.2, 125.4, 123.0, 120.8, 111.8, 111.3, 110.4, 56.1, 56.0, 55.9.
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(E)-3-(3,4-dimethoxyphenyl)-1-(3'-methoxyphenylprop-2-en-1-one (25): Yellow liquid,
yield 82%. H NMR (400 MHz, CDCl,): & = 7.76 (d, J = 15.6 Hz, 1H), 7.59 (d, J = 8.8 Hz,
1H), 7.53 (s, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.36 (d, J = 15.6 Hz, 1H), 7.22 (dd, J = 8.4, 2.0
Hz, 1H), 7.15 (d, J = 2.0 Hz, 1H), 7.11 (dd, J = 8.0, 1.6 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H),
3.94 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3H). *C NMR (100 MHz, CDCl,): 6 = 190.4, 160.0, 151.6,
149.4, 145.2, 140.0, 129.6, 128.0, 123.3, 121.1, 120.3, 119.1, 113.1, 111.3, 110.4, 56.1,
55.6.

(E)-3-(3,4-dimethoxyphenyl)-1-(4'-methoxyphenylprop-2-en-1-one (26): Yellow liquid;
yield 99%. 'H NMR (400 MHz, CDCLy): 8 = 8.02 (d, J = 8.8 Hz, 2H), 7.74 (d, J = 15.6 Hz,
1H), 7.39 (d, J = 14.8 Hz, 1H), 7.21 (dd, J = 8.4, 2.0 Hz), 7.14 (s, 1H), 6.96 (d, J = 8.8 Hz,
2H), 6.87 (d, J = 8.0 Hz, 1H), 3.93 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H). *C NMR (100 MHz,
CDCly): 6 = 188.8, 163.4, 151.4, 149.4, 144.2, 131.4, 130.8, 128.2, 123.0, 119.9, 113.9,
111.3, 110.3, 56.1, 55.5.

(E)-3-(3,4-dimethoxyphenyl)-1-(2'-hydroxy-4'-methoxyphenyl)prop-2-en-1-one (27):
Yellow powder; yield 12%. H NMR (400 MHz, CDCls): & = 13.54 (br s, OH), 7.84 (d, J =
14.8, 8.8 Hz, 2H), 7.42 (d, J = 15.2 Hz, 1H), 7.24 (dd, J = 8.4, 2.0, 1H), 7.15 (d, J = 2.0 Hz,
1H), 6.89 (d, J = 8.0 Hz, 1H), 6.48 (dd, J = 8.4, 2.0 Hz, 2H), 3.95 (s, 3H), 3.93 (s, 3H), 3.85
(s, 3H). *C NMR (100 MHz, CDCL,): & = 191.9, 166.8, 166.2, 151.7, 149.5, 144.7, 131.2,
127.9,123.4,118.2,114.3,111.4, 110.5, 107.7, 101.2, 56.2, 55.7.

(E)-3-(3,4-dimethoxyphenyl)-1-(2'-hydroxy-6'-methoxyphenyl)prop-2-en-1-one (28):
Orange powder; yield 36%. 'H NMR (400 MHz, CDCls): 6 = 13.24 (br s, OH), 7.79 (d, J =
15.6, 1H), 7.78 (d, J = 15.2 Hz, 1H), 7.34 (t, J = 8.4 Hz, 1H), 7.22 (dd, J = 8.0, 2.0 Hz, 1H),
7.13(d, J = 2.0, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.42 (d, J = 8.0 Hz,
1H), 3.94 (s, 9H). *C NMR (101 MHz, CDCly): 6 = 194.3, 164.9, 161.0, 151.5, 149.3, 143.4,
135.7,128.5, 125.6, 122.9, 112.2, 111.4, 111.1, 110.7, 101.7, 56.1, 56.0.

(E)-1-(2' 4'-dimethoxyphenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-one  (29) : Green-
yellow powder; yield 72%. 'H NMR (400 MHz, CDCly): & = 7.72 (d, J = 8.4 Hz, 1H), 7.60
(d, J = 15.6 Hz, 1H), 7.35 (d, J = 15.6 Hz, 1H), 7.17 (dd, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J =
2.0 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 6.55 (dd, J = 8.4, 2.4 Hz, 1H), 6.49 (d, J = 2.4 Hz,
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1H), 3.91 (s, 3H), 3.90 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H). *C NMR (100 MHz, CDCL,): & =
190.8, 164.0, 160.3, 151.1, 149.3, 142.5, 132.7, 128.6, 125.5, 122.7, 111.3, 110.5, 105.3,
98.8, 56.1, 56.0, 55.8, 55.6.

(E)-1-(2',5"-dimethoxyphenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-one  (30):  Yellow
liquid; yield 76%. "H NMR (400 MHz, CDCl,): 6 = 7.58 (d, J = 15.6 Hz, 1H), 7.26 (d, J =
16.0 Hz, 1H), 7.19 (dd, J = 8.4, 2.0 Hz, 1H), 7.17 (d, J = 3.2 Hz, 1H), 7.13 (d, J = 2.0 Hz,
1H), 7.02 (dd, J = 9.2, 3.2 Hz, 1H), 6.96 (d, J = 9.2 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 3.93
(s, 6H), 3.86 (s, 3H), 3.82 (s, 3H). *C NMR (100 MHz, CDCl,): & = 192.7, 153.8, 152.4,
151.4, 149.4, 1439, 130.2, 128.2, 125.2, 123.0, 118.7, 114.6, 113.6, 111.3, 110.4, 56.7,
56.1, 56.0, 55.9.

(E)-1,3-bis(3,4-dimethoxyphenyl)prop-2-en-1-one (31): Yellow powder; yield 90%. ‘H
NMR (400 MHz, CDCly): & = 7.77 (d, J = 15.6 Hz, 1H), 7.69 (dd, J = 8.4, 2.0 Hz, 1H), 7.63
(s, 1H), 7.42 (d, J = 15.2 Hz, 1H), 7.26 (t, J = 8.0 Hz, 1H), 7.17 (s, 1H), 6.95 (d, J = 8.4 Hz,
1H), 6.91 (d, J = 8.4 Hz, 1H), 3.98 (s, 3H), 3.97 (s, 3H), 3.96 (s, 3H), 3.93 (s, 3H). >C NMR
(100 MHz, CDCl,): 6 = 188.8, 153.3, 151.4, 149.4, 144.3,131.7, 128.2, 122.9, 119.8, 111.3,
111.1, 110.5, 110.1, 56.2, 56.1.

(E)-3-(3,4-dimethoxyphenyl)-1-(2',3',4'-trimethoxyphenyl)prop-2-en-1-one (32): Yellow
liquid; yield 85%. 'H NMR (400 MHz, CDCls): 6 = 7.61 (d, J = 16.0 Hz, 1H), 7.44 (d, J =
8.4 Hz, 1H), 7.33 (d, J = 15.6 Hz, 1H), 7.18 (dd, J = 8.0, 2.0 Hz, 1H), 7.12 (d, J = 2.0 Hz,
1H), 6.87 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 3.91 (s, 15H). >C NMR (100 MHz,
CDCL): & = 191.1, 156.9, 153.6, 151.3, 149.4, 143.5, 142.3, 128.3, 127.2, 125.7, 124.8,
122.9, 111.3, 110.4, 107.5, 62.2, 61.2, 56.2, 56.1, 56.0.

(E)-3~(3,4-dimethoxyphenyl)-1-(2'-hydroxy-4',6'-dimethoxyphenylprop-2-en-1-one (33):
Orange powder; yield 21%. 'H NMR (400 MHz, CDCl,): 6 = 7.77 (d, J = 15.2 Hz, 7.76 (d,
J =15.6 Hz, 1H), 7.20 (d, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.88 (d, J = 8.4 Hz,
1H), 6.09 (d, J = 2.4 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.89 (s,
3H), 3.82 (s, 3H). '*C NMR (100 MHz, CDCl,): & = 192.5, 168.5, 166.2, 162.5, 151.2, 149.3,
142.7, 128.7, 125.6, 122.7, 111.4, 110.7, 106.5, 94.0, 91.4, 56.1, 55.9, 55.9, 55.6.
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2.2.2.5 IN VITRO ANTI-CANCER A549 ASSAY

This assay was conducted under the collaboration with Department of
Pharmacology, Faculty of Medicine, Chulalongkorn University. An assay was performed
as previously described.”? A549 cells were seeded into 96-well plates at 5 x 10°
cells/well. After overnight incubation, cells were treated with the synthesized
compounds or erlotinib at concentrations of 0.1, 1, 10, and 100 uM or 0.2% DMSO
(vehicle control) for 48 hours. 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) solution was added and incubated for additional 4 h. The medium was
removed and 200 pL of DMSO was added to each well. The absorbance of the
converted dye was measured at 570 nm using a microplate reading

spectrophotometer. IC5, values were calculated using GraphPad Prism 7 Software.

2.2.2.6 MOLECULAR DOCKING

The molecular docking analysis was carried out under the collaborative project
with Department of Biochemistry, Faculty of Science, Chulalongkorn University. The 3D
structure of EGFR-TK in complex with erlotinib was downloaded from Protein Data
Bank (PDB ID: 1M17). According to the standard protocols,” ** the initial structures of
7,10, and 14 were created and optimized using the Gaussian09 program.* The protein-
licand complexes were generated using the CDOCKER module®® implemented in the
Accelrys Discovery Studio 2.5 program (with 100 independent docking runs) using a
sphere radius of 15 A

2.3 RESULTS AND DISCUSSION
2.3.1 SYNTHESIS OF TWO SELECTED CHALCONE SERIES

Two chalcone series were prepared using Claisen-Schmidt condensation
reaction.”” The first series with 3',4',5-trimethoxyphenyl on the A ring and various
substituents on the B ring (1-23) was synthesized with two conditions (basic and acid)
as presented in Schemes 2.1 and 2.2. In basic condition (Scheme2.1A), the products

were obtained in moderate to high yield (40-90%), but compounds 1, 7, and 8 were
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not formed in basic condition due to conjugation electron in benzaldehyde ring leading
to reduce reactivity of carbonyl group. Thus, compounds 1, 7, and 8 succeeded to be
obtained in moderate yield (40-50%) when the condition was changed to acid
condition using concentrated sulphuric acid. 23 was derived from the hydrogenation
of 7 using H, in the presence of Pd/C catalyst. Williamson ether reaction was performed
for the synthesis of 16 and 17 from 8 and 9 in the presence of allyl bromide under

basic and reflux conditions as presented in Scheme 2.2.

H;CO
H;CO H;CO

OCH;,4 OCH;
2:R,=H, Ry= OH, Ry, Ry, Rs=H 13: R;= H, R,= OCH;, R;= OCH Ry, Rs= H
3: R1 H, Ry= H, Ry;= OH,Ry, Rs=H 14: R,= OCH;, R,, Ry, Ry= H, Ry= OCH,
4;R,=OH, Ry= OCH;, R;, R, Rs = H 15: R,= OCH;, R, Ry= H, R,= OCH;, Re= H
H;Co R 5 R1= OCHj, R,= OCH;, Ry, R;, Rs=H  18: R,= H, Ry= Br, R;= OCHs, R, Rs= H
o O O 6: R, ;= OCH;0, Ry, Ry, Rs= H 19: R,= OCH;, R,= OCH;, Ry= OCH;, Ry, Rs= H
9:R,= H, Ry= OH, Ry= OCH;, R, Rs=H  20: R,= H, R,= OCH3, Ry= OCH,, R;= OCH;, Rs=H

OCH;
1:R;= OH, Ry, Ry, Ry, Rs=H
7:R;=H, Ry= OH, Ry= OH, Ry, Rs=H
8: R,= H, Ry= OCH3, Ry= OH, R, Rs&=H

10: R,= H, R,= OCH;, Ry= OCHj, Ry, Rs= H 21: R,;= OCH;, R,= H, R;= OCH;, R,= OCH;, Rs= H

11: Rj= H, R, 5= OCH,0, Ry, R&=H 22: R,= OCHj;, Ry= H, Ry= OCH;, R,= H, Rs= OCH,

12: R;= OCHj, Ry= H, Ry= OCH;, R, Rs&=H

Reagents and conditions: (a) 6 M NaOH, MeOH, substituted benzaldehydes, rt, 24 h. (b) conc.H,SO,,
MeOH, substituted benzaldehydes, reflux, 24 h.

SCHEME 2.1 SYNTHESIS OF 3',4',5-TRIMETHOXYCHALCONES (1-15 AND 18-22).

o}
8: R,= OCHj, Ry= OH

9: Ry= OH, Ry= OCH, 10 O 7 O k2
@ H,CO

R3

9 OCH,

H;CO = R
3 2 16: Ry= OCHj, R3= Oallyl
> 17: Rp= Oallyl, Ry= OCH3
H;CO R,
H;CO OH
” O ®
7: R,= OH, R3= OH H;CO OH
OCH,4

OCH;
23

Reagents and conditions: (a) K,COs, acetone, allyl bromide, reflux, 24 h. (b) H,, 10% Pd/C, EtOAc,

rt, 24 h.
SCHEME 2.2 SYNTHESIS OF 3',4",5-TRIMETHOXYCHALCONES (16, 17 AND 23).
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The second series (24-33) containing 3,4-dimethoxyphenyl on the B ring with

various hydroxy and methoxy substituents on the A ring were conducted as shown in

Scheme 2.3.
Ry O o R/ O
Ry - OCH,4 6M NaOH R, = OCH;
oo MeOH , .
Ry’ Rs OCHs pT 241 Ry' Rs OCHj;
N ’ R,

24: R;.= OCH;, Ry, Ry, Ry, R = H

25: Ry=H, Ry= OCHj, Ry, Ry, Ry = H

26: R;= H, Ry= H, Ry = OCH;, Ry, Rg = H

27:Ry= OH, Ry= OCHj, Ry, R =H

28: R;.= OH, R,, Ry, Ry=H, Rs= OCH;

29: Ry = OCHj, Ry= H, Ry = OCHj, Ry, Rg=H

30: Ry= OCHs, Ry, Ry=H, Ry= OCH;, Ry = H

31: Ry= H, Ry = OCH;, Ry = OCH;, Ry, R = H

32: Ry:= OCHj, Ry = OCHj, Ry = OCH;, Ry, Rg=H
33:R;= OH, Ry = H, Ry = OCH;, Ry = H, Rg:= OCH,

SCHEME 2.3 SYNTHESIS OF 3,4-DIMETHOXYCHALCONE SERIES (24-33).
All compounds were characterized using 'H and *C NMR spectroscopic

methods. To explain the structural elucidation of two chalcone series, 9 and 27 were

selected as representatives (Figure 2.5).

-
'OH O 7 5 10
3 AL A3 OCH;
8 46 8 64 1
HyCO™ ™% 27 7 TOCH,

FIGURE 2.5 NUMBERING AND STRUCTURES OF 9 AND 27.

The 'H NMR Spectra of 9 (Figure 2.6) shows two signals for trans-protons at 8y
7.76 (d, J = 15.6 Hz, H-7) and 7.37 (d, J = 15.6 Hz, H-8). The proton signal at &y 7.32 (d,
J = 2.0 Hz, H-2) and two proton signals at &H 7.15 (dd, J = 8.4, 2.4 Hz, H-6) and 6.89 (d,
J = 8.4 Hz, H-5) were belonged to those on the B ring, while two singlets at &H 7.29 (s,
H-2' and H-6') were belonged to those on the A ring. A broad singlet signal at 6n 5.84
(br s, H-10) could be assigned for the hydroxy group on the B ring. The signals at 6H
3.96 (s, 11-OCHs, 8'-OCHs-) and 3.95 (s, 7'-OCHs, 9'-OCHs) displayed twelve protons of
four methoxy groups. The *C NMR Spectra of 9 (Figure 2.7) displays a characteristic

carbonyl chalcone carbon signal at &c 189.3. Four signals of oxygenated aromatic
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carbons were observed at ¢ 153.3-144.8, while nine aromatic carbon signals could be
detected at &c 144.8-106.2. In addition, three signals of the methoxy groups were
observed at 8¢ 61.1 (8-OCH5), 56.5 (7'-OCHs, 9'-OCHs), and 56.2 (11-OCHs).
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FIGURE 2.6 THE 'H NMR SPECTRA (CDCI3, 400 MHZ) OF 9.
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FIGURE 2.7 THE *C NMR SPECTRA (CDCDI3, 100 MHZ) OF 9
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The 'H NMR Spectra of 27 (Figure 2.8) exhibited two protons signals at 6y 7.84
(dd, J = 14.8, 8.8 Hz, H-5, and H-7) and a proton (H-8) at 64 7.42 (d, J = 15.2 Hz, H-8).
A broad singlet proton (H-7") at 64 13.54 could be assigned for the chelated hydroxy
proton. Two proton signals at &y 7.24 (dd, J = 8.4, 2.0 Hz, H-6) and 7.15 (d, J = 2.0 Hz,
H-2) belonged to those on the B ring, while two signals at &y 6.89 (d, J = 8.0 Hz, H-6")
and 6.48 (dd, J = 8.4, 2.0 Hz, H-3" and H-5') were those on the A ring. The three singlet

signals at &H 3.95, 3.95, and 3.85 showed nine protons of the three methoxy groups.
The *C NMR Spectra of 27 (Figure 2.9) showed the unique of carbonyl group attached

to olefinic carbon at 6¢c 191.9. The signals of oxygenated aromatic carbons were
detected at 8¢ 166.8-149.5, while ten signals of aromatic carbons were observed at &¢

144.7-101.2. Moreover, two signals of methoxy groups were visible at 6¢ 56.2 (10-OCHj,
11-OCH3) and 55.7 (8'-OCH,).
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FIGURE 2.8 THE 'H NMR SPECTRA (CDCl3, 400 MHZ) OF 27.
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FIGURE 2.9 THE *C NMR SPECTRA (CDCI3, 100 MHZ) OF 27.

2.3.2 DISCUSSION

Twenty-three 3'4'5-trimethoxychalcones (1-23) and ten 3,4-dimethoxy-
chalcones (24-33) were evaluated for their anti-cancer activity against A549 using MTT
assay as presented in Figure 2.10. For screening, all compounds were tested at 10 pM

because erlotinib (drug standard) showed cytotoxic activity at 12.50+1.05 uM.
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FIGURE 2.10 SCREENING OF 3',4',5-TRIMETHOXYCHALCONES (1-23), AND 3,4-DIMETHOXYCHALCONE SERIES (24-33)

AGAINST A549. DATA ARE EXPRESSED AS MEAN=SD IN TRIPLICATE FROM THREE DIFFERENT EXPERIMENTS.

According to the results presented, two groups of compounds could be
divided, i.e., those with high activity (% cell viability less than 50%) and inactive
compounds (% cell viability more than 50%). Only thirteen 3',4',5'-trimethoxychalcones
(1-2, 4-11, 13, 15, 20) expressed high activity against A549, whereas 3,4-
dimethoxychalcones in the second series (24-33) showed that the alteration of
substituents on the A ring led to significant decrease in anti-cancer activity with
percentage of cell viability more than 50% at 10 uM as presented in Figure 2.10.
Inhibition concentration of a half-maximal drug (ICsy) is often widely applied to
measure drug efficacy. This result demonstrates about the effectiveness of drug usage
to inhibit a biological reaction by fifty percent that provides an informative measure of
a potency drug in pharmacological field.”® Thus, these compounds were further
evaluated for ICsy values by varying concentration of compounds as presented in Figure

2.11 and ICs, values were listed in Table 2.1.
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FIGURE 2.11 CYTOTOXIC ACTIVITY OF 1, 2, 4-11, 13, 15, 20, AND ERLOTINIB AGAINST A549
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TABLE 2.1 ICso OF SELECTED CHALCONES AGAINST A549

Compound ICso (UM)? Compound ICso (LM)?
1 4.62+1.22 9 4.57+0.93
2 6.16+0.42 10 5.34+0.48
q 3.03+£0.72 11 4.66+0.67
5 9.31+1.04 13 9.24+1.83
6 2.93+1.16 15 7.01+0.49
7 0.91+0.09 20 6.07+0.81
8 5.51+0.88 erlotinib 12.50+1.05

°lCso values are expressed as mean + SD of three independent experiments.

Derived from low ICs, values of monohydroxy substituent on the B ring (1, 2,
except 3) as 4.62 and 6.16 uM, the exploration of disubstituents on the B ring was
conducted. Compound 4 with hydroxy and methoxy groups on the B ring also revealed
high anti-cancer activity with 1Csq value of 3.03 puM as well as 6 bearing a
methylenedioxy group with ICs, value of 2.93 uM. The introduction of dimethoxy or
methylenedioxy groups on the B ring at R, and Rs; positions (10-11) also showed high
anti-cancer activity with 1Cs, values of 5.34 and 4.66 uM. In addition, compounds 8-9
bearing hydroxy and methoxy groups, respectively exhibited the ICs, values of 5.51
and 4.57 uM. The alteration of hydroxy to allyloxy group in 8-9 decreased their anti-
cancer activity for compounds 16 and 17. This was also observed for 18 possessing
bromine and methoxy groups at R, and Rs; positions possibly due to steric hindrance
and inductive effects. Among chalcones studied, 7 possessing dihydroxy groups at R,
and Rs positions exhibited the highest anti-cancer activity with ICs5, value of 0.91 uM,;
nonetheless, the activity of the hydrogenated analog (23) was decreased sharply
(Figure 2.10), where this result was believed that inhibition mechanism is likely via
nucleophilic addition (Michael reaction) from protein candidate(s) (like SH from
cysteine) to a,B-unsaturated on chalcones.® Therefore, the presence of a,B-
unsaturated ketone is vital to maintain anti-cancer activity. Among trisubstituents on

the B ring (19-22), only 20 exhibited high potent anti-cancer activities.
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FIGURE 2.12 THREE BEST POTENT COMPOUNDS AS ANTI-LUNG CANCER

Among two chalcone series investigated, structure-activity relationship was
conducted based on the substituent variables both on the A and B rings. Thirteen
chalcones (1-2, 4-11, 13, 15, 20) exhibited high potent anti-cancer activity, where three
best potent chalcones were 4, 6, and 7 (Figure 2.12). These findings showed that 3',4',5'-
trimethoxyphenyl group on the A ring, a,B-unsaturated ketone with mono, and
disubstituent on the B ring are key factors responsible to maintain anti-cancer activity

against A549.

2.3.3 MOLECULAR DOCKING

Two high potent (7 and 10) and one less potent (14) anti-cancer candidates
including erlotinib (Figure 2.13) as a drug standard were selected to investigate under
the collaborative project with Department of Biochemistry, Faculty of Science,
Chulalongkorn University, to delineate the binding mechanism against EGFR-TK (Figure
2.14). The 3D structure of EGFR-TK complex with erlotinib was obtained from Protein
Data Bank (PDB: 1M17). The structure optimizations of 7, 10, and 14 were generated
using Gaussian09 program and continued to be docked against EGFR-TK using CDOCKER
application in the Accelrys Discovery Studio 2.5 program while the result of binding

affinity was compared with erlotinib as reference.
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FIGURE 2.13 STRUCTURES OF 7, 10, 14, AND ERLOTINIB USED FOR DOCKING WITH EGFR-TK.

Based on the binding patterns and interactions, the B rings of all selected
chalcones were observed to enter the ATP-binding pocket, whereas their trimethoxy
groups on A ring located near the solvent-exposed surface in a manner like erlotinib

(Figure 2.14).

: ot iy
4 y

FIGURE 2.14 SUPERIMPOSITION OF DOCKED 7, 10, 14, AND ERLOTINIB AT THE ATP-BINDING POCKET OF EGFR-TK.
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The molecular docking in EGFR-TK showed that all selected compounds (7, 10,
14) and erlotinib possessed one or more H-bond, hydrophobic, 7t-lone pair, f-alkyl,
and 7-sulfur interaction (Table 2.2). Compound 7 generated one H-bond between
carbonyl and MET793 residue, while the A ring showed two 7t-alkyl interactions with
LEU718, LEU844, and the B ring showed three H-bonds between two hydroxy groups
with LYS745, GLU762, and ASP855 and one 7-sulfur interaction with MET766 (Figure
2.13A). Compound 10 showed two H-bonds, namely carbonyl group with MET793, and
the oxygen atom of the methoxy group on the B ring at R; position with CYS775.
Moreover, the A ring of compound 10 formed two 7-alkyl interactions with LEU718,
LEU844, and two 7t-sulfur interactions with MET766, CYS775, while the B ring showed
only one 7t-alkyl interaction with ALA743 (Figure 2.13B). Compound 14 showed one H-
bond interaction between the carbonyl group and MET793, one 7t-alkyl of A ring with
LEU718, while B ring showed one 7-sulfur interaction with LYS745 and a steric clash
with CYS775 due to the dimethoxy group at R; position (Figure 2.13C), leading to
decrease in the inhibitory activity as observed for compounds 5, 12, 15, 19, 21, and
22 all of which with an attached methoxy group at R; position (Figure 2.10). These
results demonstrated that the hydroxy groups on the B ring at R, and R; positions were
important to inhibit EGFR-TK. The hydrophobic residues (i) LYS745 and (i) LEU718 and
LEU844 were found to respectively stabilize the A and B rings of chalcones via 7t-alkyl
interactions, similar to the erlotinib binding. Notably, (i) only compounds 7 and 10
were stabilized by MET766 via t-sulfur interaction and (i) the a,B-unsaturated ketone
group of all docked chalcones generated H-bond with MET793, whereas the N1 atom

of quinazoline ring of erlotinib was stabilized by this residue instead.
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TABLE 2.2 ANALYSIS OF MOLECULAR INTERACTION OF 7, 10, 14 AND ERLOTINIB IN COMPLEX WITH RESIDUES

OF EGFR-TK.

Comp.

H-bond

Alkyl

T-Alkyl T-Sulfur T-Lone pair

MET793,
ASP855,

GLUT762,
LYS745

LEUT18,
LEU844,
LYS745

MET 766 -

10

MET793,
CYS775

LEUT18,
LEU844,
ALAT43

MET 766,
CYST775

THR790

14

MET793

LEUT18,
LYS745

erlotinib

MET793

LYS745,
LEU788

LYS745,
ALAT43,
LEU844,
LEU718

(A)

(B)

LEU
AC7Y957 ATTT &
Lys A3 srapound 7 vs (LEU AT797
AT4S o aas) ‘A8
I GLU
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FIGURE 2.15 2D INTERACTION DIAGRAM OF (A) 7, (B) 10, (C) 14, AND (D) ERLOTINIB IN COMPLEX WITH EGFR-TK.
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TABLE 2.3 DOCKING INTERACTION ENERGY (KCAL/MOL) AND H-BOND INTERACTION OF 7, 10, 14 AND

ERLOTINIB IN COMPLEX WITH EGFR-TK.

Docking interaction energy
Comp. #H-bonding
(kcalVmol)
7 -48.34 a
10 -45.89 2
14 -43.12 1
erlotinib -45.52 1

Overall, the van der Waals contacts and H-bond interactions were key factors
between chalcones and EGFR-TK complexations, and the low H-bonding and the
absence of 7t-sulfur interaction instigated the decrease in binding affinity (Table 2.3)
and cytotoxic activity of 14 against A549 (Figure 2.10). As shown in Table 2.3, the
binding affinity of 7 (-48.34 kcal/mol) was significantly higher than those of 10 (-45.89
kcal/mol), 14 (-43.12 kcal/mol), and erlotinib (-45.52 kcal/mol) against EGFR-TK. The
more interaction, the more stable the complex system between inhibitor and EGFR-
TK was followed by the lower interaction energy, the higher binding affinity. Thus, H-
bond and hydrophobic interaction via 7t-alkyl, and 7-sulfur could be crucial molecular
interactions to enhance binding affinity in inhibitor/EGFR-TK complex.”® ¢° Thus, these
results suggested that 7 has a potent ATP-competitive inhibitor against EGFR-TK. This
should indicate that the docking interaction energies were in line with the ICs, values

(Table 2.1).



CHAPTER I
SYNTHESIS AND EVALUATION OF 3,4-DIMETHOXYCHALCONES,
2'-HYDROXYOCHALCONES, AND 4'-AMINOCHALCONES AS POTENT NITRIC OXIDE

INHIBITOR IN LPS-INDUCED RAW 264.7 MACROPHAGE CELLS

3.1 INTRODUCTION

Inflammation is a reaction of cells in the human body to protect itself due to
infection, wounded cell, or pain. This inflammation may lead to the other effects
(arthritis, cancer, and diabetes) caused by releasing various chemical initiators such as
nitric oxide (NO), prostaglandins (PG), vasoactive amines (histamine and serotonin),

leukotrienes (LT), and cytokines (Figure 3.1).%!

L-Citruline

INADP
H,0 %
/ I| Cell death
Nitrozative stregs
I - Arin NADPH, 204 .
-Aromine i e (N , ,
rgmit NOS Nitrie Oxade (NO) — - Migration
Anmogenesis
Proliferation
NO level

1) S-nitrosvlation
protemn: transcription factors
2y Activated sGC: cGMP production

FIGURE 3.1 NITRIC OXIDE (NO) PRODUCTION AND ITS BIOLOGICAL ACTIVITY. NITRIC OXIDE SYNTHASES NOSS (ENOS,
NNOS, INOS), SOLUBLE GUANYLATE CYCLASE (SGC), CYCLIC GUANIDINE MONOPHOSPHATE (CGMP),

NICOTINAMIDE ADENINE DINUCLEOTIDE PHOSPHATE (NADPH).62

Macrophages are important players in the inflammation system.
Lipopolysaccharide (LPS) contained in macrophages is an irritant mainly from Gram-
negative bacteria induced signal transduction such as inhibitor activation of kB kinase
(IKK) proteins that cause NF-kB activation which controls the inflammatory expression

series obtained from inducible enzyme syntheses such as COX-2 (cyclooxygenase-2)
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and iNOSs (inducible nitric oxide synthase).® L-arginine generates NO catalyzed by nitric
oxide synthases (NOSs), where NO is very necessary for host innate immune feedback
to pathogens, such as bacteria, viruses, fungi, and parasi‘tes.64 However, over production
of NO causes cell damage and toxic to the host that is recognized to induce diseases,
such as septic shock, autoimmune diseases, cerebral infarction, and diabetes
mellitus.®> ¢ Therefore, the inhibition of NO production is proposed as the potential
target to discovery anti-inflammatory candidates. The usage of non-steroidal anti-
inflammatory (NSAIDs) for inflammatory therapy has been approved. However, NSAIDs

still cause adverse effect for long-term treatment.®’

O O
COTCC
HO CH OH HO OH OH
Isoliquiritigenin Butein
OH O oH O
HO ‘ H,CO O OH H5CO OCHj, OH
Licochalcone A 2' 4-dihydroxy-3',4',6'-trimethoxychalcone

FIGURE 3.2 NATURAL ANTI-INFLAMMATORY CHALCONES

Several chalcones have shown potency as anti-inflammatory agents such as
isoliquiritigenin, butein, licochalcone A, and 2',4-dihydroxy-3',4',6"-trimethoxychalcone
(Figure 3.2).58" 4'-Aminochalcones exhibited an edema effect in carrageenan-induced
rat paw,” while isoindoline chalcones and pyrazole derivatives also showed COX-2
inhibitory activity and anti-edema in formalin-induced rat paw assay.” Bist et al
reported that the hydroxy group on the A ring and the trifluoromethoxy group on the
B ring attached on the chalcone structure presented a strong inhibitory activity in LPS-
induced ROS (reactive oxygen species) production in RAW 264.7 macrophages.’
Moreover, Shrestha et al investigated 2-benzylidene-indanones; the results showed

that the hydroxy group on the indanone moiety and the halogen group on the arene
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ring strongly inhibited ROS production in LPS-induced RAW 264.7 macrophages through
modulation of NADPH oxidase.” Boshra et al reported that 2'-hydroxychalone-triazole
hybrids expressed a double inhibition of COX-2 and 15-LOX and anti-edema effect in
carrageenan-induced rat paw assay.”® Yang et al reported that 2-hydroxy-4',6'-
dimethoxychalcone derivatives containing morpholine moiety displayed potency as
NO inhibitors through down-regulator module of inducible nitric oxide synthase (iNOS)

with low cytotoxicity.”” The list of compounds was presented in Figure 3.3.

0]
(0]
N\‘)‘\/\‘: E/OCH3
HoN Cl - : OCHj

4-chloro-4'-amino chalcone 3,4-dimethoxy-3'-(isoindoline-1,3-dione) chalcone

OCFj4 o OH
W o0
HO Cl

2-trifluoromethoxy-4'-hydroxy chalcone 2-hydroxy-4'-chloro chalcone

OH O

‘ ‘ OCHj HsCO ‘ OCHs ‘ O/\/\N
N

l(jl 2'-hydroxy-4-(3-mopholinopropoxy)-3,4' 6'-tr|methoxychalcone

N 0]
0]

Isatin-Triazole-2'-hydroxy chalcone hybrid
FIGURE 3. 3 SYNTHETIC ANTI-INFLAMMATORY CHALCONES

Thus, the objective of this study was to evaluate three chalcone series, namely
3,4-dimethoxychalcones, 2'-hydroxyochalcones, and 4'-aminochalcones regarding NO
inhibition in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells and their
cytotoxicity. The structure-activity relationship exploration was conducted to obtain a

clue for important pharmacophore as anti-inflammatory candidates.
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3.2 MATERIALS AND METHODS
3.2.1 MATERIALS

Equipments and chemicals used are the same as those described in Chapter 2.

3.2.2 METHODS
3.2.2.1 SYNTHESIS OF 3,4-DIMETHOXYCHALCONE SERIES (24-28, 33) AND 4'-
AMINOCHALCONE SERIES (53-70)

A method similar to that for 2.2.2.1 was also employed.

R/ O 0 R/ O
R, 9y OCHs R, = OCHs
—aP=
: ¢
Ry’ Rs' OCHs Ry R OCH,
R4' R4'

24: R1' < OCH3, sz‘ R3', R4', R5' =H
25: Ry'= H, Ry’ = OCH3, Ry, Ry, Rs' = H
26:Ry'=H, Ry = H, Ry' = OCHg, Ry, Rs' = H
27:Ry'= OH, Ry = H, Ry'= OCHj, Ry, Rs' = H

28:R,'= OH, Ry, Ry, R, = H, Rs'= OCH,
33: Ry = OH, R,' = H, Ry’ = OCH3, Ry = H, Rs' = OCH3

o) 0 Ry o) Ry
R = R
H 2 2
+
H2N R5 R3 H2N R5 R3
R4 R4

53: R4= H, Ry= OH, R3, R4, Rs=H

54: R4= H, Ry=H, R3= OH, R4, Rs=H

55: R1= OCH3, R2, R3, R4, R5= H

56: R1= H, R2= OCH3, R3, R4, R5= H

57: R1= H, R2= H,R3= OCH3, R4, R5= H

58: R1= H, R2,3= OCHzO, R4, R5= H

59: R1= H, R2= OCH3,R3= OH, R4, R5= H

60: R1= H, R2= OH, R3= OCH3, R4, R5= H

61: Ry= H, R,= OCHj, Ry= OCHj, Ry, Rg= H

62: Ry= OCH3, Ry=H, Ry= OCHj, Ry= OCHj, Rg= H
63: R4= H, Ry= OCH3, Rs= OCHs, Ry= OCH3, Rs= H
64: R;= OCHj, Ry=H, Ry= H, Ry= OCHj, Rs= H

65: R1= OCH3, R2=H, R3= OCH3, R4, R5= H

66: R;= OCHj, Ry= OCHs, Ry= OCHs, Ry, Rs= H
67: R1= OCH3, R2=H, R3= OCH3, R4= H, R5= OCH3
68: R;= OCHj, Ry= OCH3, R3, R4, Rs=H

69: R1= OCH3, Rz, R3, R4= H, R5= OCH3

70: R4=H, Ry= OCHj3, R3=H, R4= OCHj3, Rs=H

(E)-3-(3,4-dimethoxyphenyl)-1-(2-methoxyphenyl)prop-2-en-1-one (24)

Yellow liquid; yield 89%. *H NMR (400 MHz, CDCl;) & = 7.57 (dd, J = 7.6, 1.6 Hz, 1H),
7.53(d, J = 15.6 Hz, 1H), 7.45 (td, J = 8.8, 2.0 Hz, 1H), 7.20 (d, J = 15.6 Hz, 1H), 7.16 (dd,
J =80, 1.6 Hz, 1H), 7.01 (s, 1H), 7.04 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H), 6.86 (d,
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J = 8.4 Hz, 1H), 3.91 (s, 6H), 3.88 (s, 3H). '*C NMR (100 MHz, CDCl;) & = 193.3, 158.0,
151.4, 149.3, 1439, 132.6, 130.2, 129.7, 128.2, 125.4, 123.0, 120.8, 111.8, 111.3, 110.4,
56.1, 56.0, 55.9.

(E)-3-(3,4-dimethoxyphenyl)-1-(3-methoxyphenyl)prop-2-en-1-one (25)

Yellow liquid; yield 82%. 'H NMR (400 MHz, CDCls) & = 7.76 (d, J = 15.6 Hz, 1H), 7.59
(d, J = 88 Hz, 1H), 7.53 (s, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.36 (d, J = 15.6 Hz, 1H), 7.22
(dd, J = 8.4, 2.0 Hz, 1H), 7.15 (d, J = 2.0 Hz, 1H), 7.11 (dd, J = 8.0, 1.6 Hz, 1H), 6.89 (d, J
= 8.4 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.87 (s, 3H). "*C NMR (100 MHz, CDCl;) & = 190.4,
160.0, 151.6, 149.4, 145.2, 140.0, 129.6, 128.0, 123.3, 121.1, 120.3, 119.1, 113.1, 111.3,
110.4, 56.1, 55.6.

(E)-3-(3,4-dimethoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one (26)

Yellow liquid; yield 99%. '*H NMR (400 MHz, CDCls) & = 8.02 (d, J = 8.8 Hz, 2H), 7.74 (d,
J=15.6 Hz, 1H), 7.39 (d, J = 14.8 Hz, 1H), 7.21 (dd, J = 8.4, 2.0 Hz), 7.14 (s, 1H), 6.96 (d,
J =88 Hz, 2H), 6.87 (d, J = 8.0 Hz, 1H), 3.93 (s, 3H), 3.90 (s, 3H), 3.86 (s, 3H). *C NMR
(100 MHz, CDCl;) 6 = 188.8, 163.4, 151.4, 149.4, 144.2, 131.4, 130.8, 128.2, 123.0, 119.9,
113.9, 111.3, 110.3, 56.1, 55.5.
(E)-3-(3,4-dimethoxyphenyl)-1-(2-hydroxy-4-methoxyphenylprop-2-en-1-one (27)
Yellow powder; yield 12%. 'H NMR (400 MHz, CDCls) & = 13.54 (br s, OH), 7.84 (d, J =
14.8, 8.8 Hz, 2H), 7.42 (d, J = 15.2 Hz, 1H), 7.24 (dd, J = 8.4, 2.0, 1H), 7.15 (d, J = 2.0 Hz,
1H), 6.89 (d, J = 8.0 Hz, 1H), 6.48 (dd, J = 8.4, 2.0 Hz, 2H), 3.95 (s, 3H), 3.93 (s, 3H), 3.85
(s, 3H). *C NMR (100 MHz, CDCl5) & = 191.9, 166.8, 166.2, 151.7, 149.5, 144.7, 131.2,
127.9,123.4,118.2, 114.3, 111.4, 110.5, 107.7, 101.2, 56.2, 55.7.
(E)-3-(3,4-dimethoxyphenyl)-1-(2-hydroxy-6-methoxyphenylprop-2-en-1-one (28)
Orange powder; yield 36%. 'H NMR (400 MHz, CDCls) & = 13.24 (br s, OH), 7.79 (d, J =
15.6, 1H), 7.78 (d, J = 15.2 Hz, 1H), 7.34 (t, J = 8.4 Hz, 1H), 7.22 (dd, J = 8.0, 2.0 Hz, 1H),
7.13(d, J = 2.0, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.42 (d, J = 8.0 Hz,
1H), 3.93 (t, 9H). >C NMR (101 MHz, CDCls) & = 194.3, 164.9, 161.0, 151.5, 149.3, 143.4,
135.7, 128.5, 125.6, 122.9, 112.2, 111.4, 111.1, 110.7, 101.7, 56.1, 56.0.

(E)-3-(3,4-dimethoxyphenyl)-1-(2-hydroxy-4,6-dimethoxyphenylprop-2-en-1-one (33)
Orange powder; yield 21%. 'H NMR (400 MHz, CDCl;) 6 = 7.77 (d, J = 15.2 Hz, 7.76 (d,
J =15.6 Hz, 1H), 7.20 (d, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.88 (d, J = 8.4 Hz,
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1H), 6.09 (d, J = 2.4 Hz, 1H), 5.95 (d, J = 2.4 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.89 (s,
3H), 3.82 (s, 3H). 3C NMR (100 MHz, CDCl,) § = 192.5, 168.5, 166.2, 162.5, 151.2, 149.3,
142.7, 128.7, 125.6, 122.7, 111.4, 110.7, 106.5, 94.0, 91.4, 56.1, 55.9, 55.9, 55.6.
(E)-1-(4-aminophenyl)-3-(3-hydroxyphenylprop-2-en-1-one (53)

Orange powder; yield 47%. *H NMR (400 MHz, DMSO-dy) & = 9.50 (s, 1H), 7.82 (d, J =
8.4 Hz, 2H), 7.67 (d, J = 15.6 Hz, 1H), 7.44 (d, J = 15.6 Hz, 1H), 7.16 (d, J = 7.2 Hz, 2H),
7.09 (s, 1H), 6.55 (d, J = 8.8 Hz, 2H), 6.06 (s, 2H). *C NMR (100 MHz, DMSO-d,) 6 = 185.9,
157.6, 153.8, 141.6, 136.4, 131.0, 129.8, 125.4, 122.3, 119.4, 117.1, 114.9, 112.7.
(E)-1-(4-aminophenyl)-3-(4-hydroxyphenylprop-2-en-1-one (54)

Yellow powder; yield 3%. *H NMR (400 MHz, acetone-dy) & = 9.15 (s, OH), 7.94 (d, J =
8.8 Hz, 2H), 7.65 (dd, J = 8.4, 3.2 Hz, 4H), 6.90 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.4 Hz,
2H). 1*C NMR (100 MHz, acetone-d,) 6 = 187.4, 160.4, 154.1, 142.9, 131.6, 131.0, 128.1,
119.9, 116.7, 114.0.

(E)-1-(d-aminophenyl)-3-(2-methoxyphenyprop-2-en-1-one (55)

Yellow powder; yield 85%. ‘H NMR (400 MHz, DMSO-d,) & = 7.89 (d, J = 15.6 Hz, 1H),
7.85(dd, J = 8.8, 2.4 Hz, 2H), 7.75 (d, J = 15.6 Hz, 1H), 7.35 (td, J = 8.4, 1.6 Hz, 1H), 7.03
(d, J = 8.4 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.58 (d, J = 8.4 Hz, 2H), 6.07 (s, 2H), 3.83 (s,
3H). '*C NMR (100 MHz, DMSO-d) 6 = 186.1, 157.9, 153.7, 135.9, 131.5, 130.9, 128.1,
125.5, 1235, 122.3, 120.6, 112.7, 111.7, 55.6.
(E)-1-(4-aminophenyl)-3-(3-methoxyphenyl)prop-2-en-1-one (56)

Yellow powder; yield 67%. 'H NMR (500 MHz, DMSO-d,) 6 = 7.95 (d, J = 8.5 Hz, 2H),
7.87 (d, J = 15.5 Hz, 1H), 7.59 (d, J = 15.5 Hz, 1H), 7.43 (s, 1H), 7.38 (d, J = 8.0 Hz, 2H),
7.34 (t, J = 8.0 Hz, 1H), 6.99 (dd, J = 2.5, 1.0 Hz, 1H), 6.97 (dd, J = 2.5, 1.0 Hz, 1H), 6.64
(d, J = 8.5 Hz, 2H), 3.82 (s, 3H). '*C NMR (125 MHz, DMSO-d6) & = 185.9, 159.7, 153.7,
141.5, 136.6, 131.2, 129.8, 125.5, 122.7, 121.3, 116.1, 113.0, 112.9, 55.3.

(E)-1-(d-aminophenyl)-3-(d-methoxyphenyprop-2-en-1-one (57)

Yellow powder; yield 84%. 'H NMR (400 MHz, DMSO-d,) & = 7.86 (d, J = 8.8 Hz, 2H),
7.73(d, J = 8.8 Hz, 2H), 7.67 (d, J = 15.6 Hz, 1H), 7.54 (d, J = 15.6 Hz, 1H), 6.94 (d, J =
8.8 Hz, 2H), 6.57 (d, J = 8.8 Hz, 2H), 6.05 (s, 2H), 3.75 (s, 3H). *C NMR (100 MHz, DMSO-
d,) & = 185.9, 160.8, 153.6, 141.3, 130.9, 130.2, 127.8, 125.6, 119.9, 114.3, 112.7, 55.3.
(E)-1-(4-aminophenyl)-3-(benzo[d][1,3]dioxol-5-yprop-2-en-1-one (58)
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Yellow powder; yield 61%. 'H NMR (400 MHz, DMSO-d,) 6 = 7.87 (d, J = 8.4 Hz, 1H),
7.68 (d, J = 15.2 Hz, 1H), 7.54 (s, 1H), 7.49 (d, J = 15.6 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H),
6.90 (d, J = 8.0 Hz, 1H), 6.56 (d, J = 8.4 Hz, 2H), 6.05 (s, 2H), 6.03 (s, 2H). °C NMR (100
MHz, DMSO-d,) 6 = 185.7, 153.5, 147.8, 141.2, 130.8, 129.5, 125.3, 124.8, 120.3, 112.5,
108.2, 106.5, 101.3, 49.0.
(E)-1-(4-aminophenyl)-3-(4-hydroxy-3-methoxyphenyl)prop-2-en-1-one (59)

Brown powder; yield 7%. 'H NMR (500 MHz, acetone-ds) 6 = 7.93 (d, J = 9.0 Hz, 2H),
7.69 (d, J=15.0 Hz, 1H), 7.64 (d, J = 15.5 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.25 (dd, J =
8.0, 2.5 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 5.50 (s, 2H), 3.93 (s, 3H).
13C NMR (125 MHz, acetone-dy) 6 = 187.2,154.1, 149.8, 148.7, 143.3, 131.6, 128.6, 128.1,
123.9, 120.2, 116.1, 113.9, 111.7, 56.4.
(E)-1-(4-aminophenyl)-3-(3-hydroxy-4-methoxyphenylprop-2-en-1-one (60)

Yellow powder; yield 42%. 'H NMR (400 MHz, DMSO-d) & = 9.06 (s, 1H), 7.84 (d, J =
8.4 Hz, 2H), 7.56 (d, J = 15.6 Hz, 1H), 7.44 (d, J = 15.2 Hz, 1H), 7.22 (s, 1H), 7.17 (d, J
=8.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H ), 6.56 (d, J = 8.4 Hz, 2H), 6.04 (s, 2H), 3.77 (s, 3H).
13C NMR (100 MHz, DMSO-d,) & = 185.9, 153.6, 149.7, 146.6, 141.8, 130.8, 128.1, 125.6,
121.3,119.8, 114.6, 112.7, 111.9, 55.7.
(E)-1-(d-aminophenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-one (61)

Yellow powder; yield 46%. 'H NMR (400 MHz, DMSO-d,) 6 = 7.90 (d, J = 8.4 Hz, 2H),
7.72(d, J = 15.6 Hz, 1H), 7.54 (d, J = 15.6 Hz, 1H), 7.45 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H),
6.95 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.4 Hz, 2H), 6.06 (s, 2H), 3.82 (s, 3H), 3.76 (s, 3H). >C
NMR (100 MHz, DMSO-d,) & = 185.9, 153.6, 150.7, 149.0, 141.8, 130.9, 128.0, 125.6,
123.2,120.0, 112.7, 111.6, 110.6, 55.7, 55.6.
(E)-1-(d-aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (62)

Orange powder; yield 69%. 'H NMR (400 MHz, DMSO-d,) & = 7.85 (dd, J = 15.6 Hz, 8.8
Hz, 3H), 7.62 (d, J = 15.6 Hz, 1H), 7.40 (s, 1H), 6.65 (s, 1H), 6.55 (d, J = 8.4 Hz, 2H), 3.80
(s, 3H), 3.78 (s, 3H), 3.74 (s, 3H). *C NMR (100 MHz, DMSO-d,) & = 186.2, 153.7, 153.5,
152.2, 143.1, 136.0, 130.8, 125.8, 119.3, 114.9, 112.7, 111.0, 97.7, 56.4, 55.8.
(E)-1-(4-aminophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (63)

Orange powder; yield: 99%. 'H NMR (400 MHz, CDCls) & = 7.92 (d, J = 8.8 Hz, 2H), 7.68
(d, J = 15.6 Hz, 1H), 7.43 (d, J = 15.6 Hz, 1H), 6.84 (s, 2H), 6.69 (d, J = 8.4 Hz, 2H), 3.91
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(s, 6H), 3.88 (s, 3H). *C NMR (100 MHz, CDCl;) & = 188.2, 153.6, 151.3, 143.4, 131.2,
130.9, 128.6, 121.5, 114.0, 105.7, 61.1, 56.4.
(E)-1-(4-aminophenyl)-3-(2,5-dimethoxyphenyl)prop-2-en-1-one (64)

Yellow liquid; yield 42%. 'H NMR (500 MHz, CDCls) & = 8.04 (d, J = 16.0 Hz, 1H), 7.91
(d, J =9.0 Hz, 2H), 7.15 (d, J = 16.0 Hz, 1H), 7.15 (d, J = 3.0 Hz, 1H), 6.91 (dd, J = 9.0,
3.0 Hz, 1H), 6.85 (d, J = 9.0 Hz, 1H), 6.71 (dt, J = 9.0 Hz, 2H), 3.84 (s, 3H), 3.80 (s, 3H).
13C NMR (125 MHz, CDCl;) & = 188.8, 153.6, 153.3, 138.6, 131.2, 125.0, 123.2, 116.8,
114.3, 113.8, 112.6, 56.2, 55.9.
(E)-1-(4-aminophenyl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (65)

Orange powder; yield 36%. 'H NMR (500 MHz, DMSO-dg) & = 7.89 (d, J = 5.0 Hz, 1H),
7.86 (dd, J = 8.5, 2.0 Hz, 3H), 7.68 (d, J = 15.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 3H), 6.60 (dd,
J = 8.5, 2.0 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H). *C NMR (125 MHz, DMSO-d,) & = 186.2,
162.5, 159.6, 153.3, 136.3, 130.8, 129.6, 125.9, 119.5, 116.4, 113.0, 106.2, 98.3, 55.8, 55.5.
(E)-1-(d-aminophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-en-1-one (66)

Yellow liquid; yield 34%. 'H NMR (500 MHz, CDCl5) & = 7.95 (d, J = 15.5 Hz, 1H), 7.91
(d, J = 8.5 Hz, 2H), 7.55(d, J = 15.5 Hz, 1H), 7.36 (d, J = 8.5 Hz, 1H), 6.71 (q, J = 8.5 Hz,
3H), 3.92 (s, 3H), 3.89 (s, 3H), 3.88 (s, 3H). °C NMR (125 MHz, CDCls) 6 = 188.7, 155.5,
153.7, 150.6, 142.6, 138.6, 131.1, 129.1, 123.8, 122.5, 121.5, 114.3, 107.7, 61.5, 61.04,
56.2.

(E)-1-(d-aminophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (67)

Orange powder; yield 91%. 'H NMR (500 MHz, DMSO-d,) & = 7.97 (d, J = 16.0 Hz, 1H),
7.86 (d, J = 15.5 Hz, 1H), 7.75 (d, J = 8.5 Hz, 2H), 6.61 (d, J = 8.5 Hz, 2H), 6.31 (s, 2H),
6.04 (s, 2H), 3.91 (s, 6H), 3.85 (s, 3H). *C NMR (125 MHz, DMSO-d,) & = 187.1, 162.6,
161.0, 153.4, 132.7, 130.5, 126.1, 120.9, 112.8, 105.4, 91.0, 56.0, 55.5.
(E)-1-(d-aminophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-1-one (68)

Yellow powder; yield 44%. 'H NMR (500 MHz, CDCl;) & = 8.05 (d, J = 16.0 Hz, 1H), 7.92
(d, J = 8.5 Hz, 2H), 7.60 (d, J = 16.0 Hz, 1H), 7.26 (d, J = 9.0 Hz, 1H), 7.08 (t, J = 8.0 Hz,
1H), 6.94 (dd, J = 8.0, 1.0 Hz, 1H), 6.71 (d, J = 8.5 Hz, 2H), 3.87 (s, 3H), 3.86 (s, 3H). °C
NMR (125 MHz, CDCl;) & = 188.6, 153.3, 150.8, 148.8, 138.1, 131.2, 129.6, 128.9, 124.3,
123.7,119.7, 114.3, 113.8, 61.4, 55.9.
(E)-1-(d-aminophenyl)-3-(2,6-dimethoxyphenyl)prop-2-en-1-one (69)
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Yellow powder; yield 57%. 'H NMR (500 MHz, DMSO-d,) & = 7.99 (d, J = 16.0 Hz, 1H),
798 (d,J=16.0 Hz, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.35 (t, / = 8.5 Hz, 1H), 6.73 (d, J = 8.5
Hz, 2H), 6.63 (d, J = 8.5 Hz, 2H), 6.11 (s, 2H), 3.90 (s, 6H). >*C NMR (125 MHz, DMSO-d,)
O = 187.1, 159.7, 153.6, 132.4, 131.5, 130.7, 125.8, 124.1, 112.8, 111.9, 104.2, 56.0.
(E)-1-(4-aminophenyl)-3-(3,5-dimethoxyphenyl)prop-2-en-1-one (70)

Yellow powder; yield 11%. *H NMR (500 MHz, DMSO-d,) 6 = 7.94 (d, J = 8.5 Hz, 2H),
7.86 (d, J = 15.5 Hz, 1H), 7.54 (d, J = 15.5 Hz, 1H), 7.01 (d, J = 2.5 Hz, 2H), 6.62 (d, J =
9.0 Hz, 2H), 6.54 (t, J = 2.0 Hz, 1H), 6.2 (s, 2H), 3.80 (s, 6H). *C NMR (125 MHz, DMSO-
ds,) 6 = 185.8, 160.7, 153.9, 141.6, 137.2, 131.2, 125.3, 122.9, 112.7, 106.4, 102.3, 55.4.
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3.2.2.2 SYNTHESIS OF 2'-HYDROXYCHALCONE SERIES (34-52)

A method similar to that for 2.2.2.1 was also employed.

OH O 0 Ry OH O R
R R
H 2 = 2
+
Rs Rs3 Rs Rs3
R, R4

34: R1= H, R2= OCH3, R3= OC3H7 , R4, R5= H

35: Ry= OCHa, R, = H, Rg= OCHs, Ry,= OCHj, Rs= H
36: R1= H, R2= OCH3, R3= OCH3, R4= OCH3, R5= H
37: Ry= Oallyl, Ry= H, Rs= Oallyl, R4= Oallyl, Rs= H
38: Ry= H, Ry= OCHa, Rs= OCH,OCHj, R,, Rg= H
39: R1= H, R2= OH, R3= OH, R4, R5= H

40: R1= OH, Rz, R3, R4, R5= H

41: R1= H, R2= H, R3= OH, R4, R5= H

42: R1= OCH3, R2, R3, R4, R5= H

43: Ry= H, Ry= H, Ry= OCH3, Ry, Rg= H

44: R,= H, Ry,3= OCH,0, Ry, Rs= H

45: R1= H, R2= OCHg, R3= OCH3, R4, R5= H

46: R1= H, R2= OCH3, Rg, R4, R5= H

47: R1= H, R2= OH, R3= OCH3, R4, R5= H

48: R1= H, R2= OCH3, R3= OC2H5, R4, R5= H

49: Ry, Ry, Ry, Ry, Rs= H

50: R,= H, Ry= OH, Ry, Ry, Rs= H

(E)-1-(2-hydroxyphenyl)-3-(3-methoxy-4-propoxyphenyl)prop-2-en-1-one (34)
Yellow powder. 'H-NMR (400 MHz, CDCls) & =12.96 (s, 1H), 7.91 (dd, J = 8.4, 1.6 Hz, 1H),
7.85(d,J =152 Hz, 1H), 7.49 (d, J = 15.2 Hz, 1H), 7.45 (td, J = 8.4, 1.6 Hz, 1H), 7.21 (dd,
J =8.4,20Hz, 1H), 7.15 (d, J = 2.0 Hz, 1H), 7.00 (dd, J = 8.4, 0.8 Hz, 1H), 6.90 (td, J =
8.0, 0.8 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 4.00 (t, J = 6.8 Hz, 2H), 3.92 (s, 3H), 1.88 (sextet,
J=7.6Hz, 2H), 1.04 (t, J = 7.6 Hz, 3H). >*C-NMR (100 MHz, CDCl;) & =193.6, 163.6, 151.6,
149.7, 145.8, 136.1, 129.6, 127.4, 123.6, 120.1, 118.7, 118.6, 117.6, 112.5, 111.0, 70.5,
56.2, 22.4, 10.4. HR-MS (ESI) for CoH,004Na [M+Na]* calcd 335.12593 found 335.12410.
(E)-1-(2-hydroxyphenyl)-3-(2,4,5-trimethoxyphenylprop-2-en-1-one (35)
Yellow powder. 'H-NMR (400 MHz, CDCl;) & =13.07 (s, 1H), 8.20 (d, J = 15.6 Hz, 1H),
7.92(dd, J=8.0,1.2 Hz, 1H), 7.61 (d, J = 15.2 Hz, 1H), 7.46 (td, J = 8.4, 1.2 Hz, 1H), 7.12
(s, 1H), 7.00 (dd, J = 8.0, 0.8 Hz, 1H), 6.92 (t, J = 8.0, 0.8 Hz, 1H), 6.52 (s, 1H), 3.95 (s,
3H), 3.92 (s, 3H), 3.91 (s, 3H). *C-NMR (100 MHz, CDCl;) & = 194.2, 163.6, 155.3, 153.2,
1435, 141.0, 136.0, 129.7, 120.4, 118.7, 118.6, 118.0, 115.4, 112.1, 97.0, 56.8, 56.5, 56.2.
(E)-1-(2-hydroxyphenyl)-3-(3,4,5-trimethoxyphenyprop-2-en-1-one (36)
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Yellow powder. 'H-NMR (400 MHz, CDCls) & = 12.83 (s, 1H), 7.92 (dd, J = 8.4 Hz, J = 1.2
Hz, 1H), 7.84 (d, J = 15.6 Hz, 1H), 7.53 (d, J = 15.2 Hz, 1H), 7.50 (td, J = 7.2 Hz, J = 1.6
Hz, 1H), 7.02 (dd, J = 8.4 Hz, J = 0.8 Hz, 1H), 6.94 (td, J = 8.0 Hz, J = 0.8 Hz, 1H), 6.88
(s, 2H), 3.93 (s, 6H), 3.91 (s, 3H). *C-NMR (100 MHz, CDCly) § = 193.7, 163.7, 153.7, 145.8,
141.1, 136.5, 130.2, 129.7, 120.2, 119.4, 118.9, 118.8, 106.2, 61.1, 56.4.
(E)-1-(2-hydroxyphenyl)-3-(2,4,5-tris(allyloxy)phenylprop-2-en-1-one (37)

Yellow powder. *H-NMR (400 MHz, DMSO-d,) 6 = 12.87 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H),
8.20 (d, J = 15.6 Hz, 1H), 7.87 (d, J = 15.2 Hz, 1H), 7.61 (s, 1H), 7.55 (t, J = 8.0 Hz, 1H),
7.00 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.78 (s, 1H), 6.09 (m, 3H), 5.44 (d, J =
17.2 Hz, 3H), 5.32 (d, J = 10.4 Hz, 1H), 5.30 (d, J = 11.2 Hz, 1H), 5.27 (d, J = 10.8 Hz, 1H),
4.68 (d, J = 4.8 Hz, 4H), 4.62 (d, J = 5.2 Hz, 2H). *C-NMR (100 MHz, DMSO-d,) 6 = 193.6,
162.2, 153.6, 152.6, 142.2, 139.5, 136.0, 134.0, 133.4, 133.2, 130.5, 120.5, 118.9, 118.1,
118.0, 117.8, 117.7, 117.4, 1149, 113.7, 100.2, 70.0, 69.6, 69.1. HR-MS (ESI) for
CyqH2405Na [M+Na]* calcd 415.15214 found 415.14970.
(E)-1-(2-hydroxyphenyl)-3-(3-methoxy-4-(methoxymethoxy)phenyl)prop-2-en-1-one
(38). Yellow powder. *H-NMR (400 MHz, CDCls) & = 12.91 (s, 1H), 7.93 (dd, J = 8.0, 1.2
Hz, 1H), 7.87 (d, J = 15.6 Hz, 1H), 7.51 (d, J = 15.2 Hz, 1H), 7.49 (td, J = 7.8, 1.6 Hz, 1H),
7.50 (s, 1H), 7.32 (dd, J = 8.4, 2.0 Hz, 1H), 7.02 (dd, J = 8.0, 0.4 Hz, 1H), 6.95 (td, J = 8.0,
0.8 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 5.30 (s, 2H), 3.94 (s, 3H), 3.56 (s, 3H). *C-NMR (100
MHz, CDCl;) & = 193.8, 163.7, 152.6, 147.1, 145.6, 136.3, 129.8, 128.0, 125.0, 120.3,
1189, 118.7, 118.3, 115.8, 111.9, 95.8, 56.5, 56.2. HR-MS (ESI) for C;gH;50sNa [M+Na]*
calcd 337.10519 found 337.10480.
(E)-3-(3,4-dihydroxyphenyl)-1-(2-hydroxyphenylprop-2-en-1-one (39)

Yellow powder. *H-NMR (400 MHz, acetone-d,) & = 13.08 (s, 1H), 8.43 (s, 2H), 8.22 (dd,
J=8.4,1.6 Hz, 1H), 7.85 (d, J = 15.2 Hz, 1H), 7.79 (d, J = 15.2 Hz, 1H), 7.53 (td, J = 8.4,
1.6 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H), 7.27 (dd, J = 8.0, 2.0 Hz, 1H), 6.97 (td, J = 8.4, 1.2
Hz, 1H), 6.96 (dd, J = 8.4, 1.2 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H). >*C-NMR (100 MHz,
Acetone-dy) & = 194.8, 164.4, 149.6, 147.0, 146.4, 137.0, 131.1, 128.1, 123.9, 121.0,
119.7, 118.9, 118.1, 116.5, 116.2.

(E)-1,3-bis(2-hydroxyphenyl)prop-2-en-1-one (40)
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Yellow powder. *H-NMR (400 MHz, acetone-d,) & = 13.03 (s, 1H), 9.51 (s, 1H), 8.33 (d, J
= 15.6 Hz, 1H), 8.19 (dd, J = 8.0, 1.2 Hz, 1H), 8.07 (d, J = 15.6 Hz, 1H), 7.85 (dd, J = 7.6,
1.2 Hz, 1H), 7.55 (td, J = 8.4, 1.6 Hz, 1H), 7.31 (td, J = 8.4, 1.6 Hz, 1H), 7.03 (d, J = 8.0
Hz, 1H), 6.99 (t, J = 7.2 Hz, 1H), 6.97 (t, J = 6.4 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H). *C-NMR
(100 MHz, Acetone-dy) & = 195.1, 164.2, 158.2, 141.8, 136.9, 133.0, 130.9, 130.1, 122.5,
120.8, 120.7, 120.5, 119.5, 118.7, 117.0.
(E)-1-(2-hydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (41)

Yellow powder. 'H-NMR (400 MHz, acetone-d6) & = 13.08 (s, 1H), 9.27 (s, 1H), 8.23 (dd,
J=8.4,1.6Hz 1H), 791 (d, J = 15.6, 1H), 7.85 (d, J = 15.2 Hz, 1H), 7.77 (d, J = 8.8 Hz,
2H), 7.54 (td, J = 8.4, 1.6 Hz, 1H), 6.96 (m, 4H). *C-NMR (100 MHz, acetone-d6) & =
194.7, 164.3, 161.3, 146.5, 136.8, 131.9, 130.9, 127.1, 120.8, 119.5, 118.7, 117.8, 116.7.
(E)-1-(2-hydroxyphenyl)-3-(2-methoxyphenyl)prop-2-en-1-one (42)

Yellow powder. 'H-NMR (400 MHz, CDCls) & = 12.95 (s, 1H), 8.23 (d, J = 15.6 Hz, 1H),
7.92(dd, J=8.0,1.2Hz, 1H), 7.78 (d, J = 15.6 Hz, 1H), 7.65 (dd, J = 7.6, 0.8 Hz, 1H), 7.49
(td, J = 8.4, 1.2 Hz, 1H), 7.40 (td, J = 8.4, 1.2 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 7.02 (t, J =
8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 3.94 (s, 3H). "C-NMR (100
MHz, CDCl;) & = 194.5, 163.7, 159.2, 141.3, 136.2, 132.3, 129.8, 129.7, 123.8, 121.0,
120.9, 120.4, 118.9, 118.7, 111.5, 55.7.
(E)-1-(2-hydroxyphenyl)-3-(4-methoxyphenylprop-2-en-1-one (43)

Yellow powder. 'H-NMR (400 MHz, CDCl;) & = 12.95 (s, 1H), 7.91 (dd, J = 8.0, 1.2 Hz,
1H), 7.90 (d, J = 15.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 15.2 Hz, 1H), 7.48 (td,
J=84,1.6Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.94 (t, J = 7.6 Hz,
1H), 3.86 (s, 3H). >*C-NMR (100 MHz, CDCl;) 6 = 193.8, 163.7, 162.2, 145.5, 136.2, 130.6,
129.6, 127.5, 120.3, 118.9, 118.7, 117.8, 114.6, 55.6.
(E)-3-(benzo[d][1,3]dioxol-5-yl)-1-(2-hydroxyphenylprop-2-en-1-one (44)

Yellow powder. "H-NMR (400 MHz, CDCl3) & =12.92 (s, 1H), 7.91 (dd, J = 8.0, 0.8 Hz, 1H),
7.86 (d,J = 15.2 Hz, 1H), 7.51 (td, J = 8.0, 1.6 Hz, 1H), 7.50 (d, J = 15.2 Hz, 1H), 7.19 (d,
J=12Hz 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 6.95 (t, J = 8.0 Hz, 1H),
6.87 (d, J = 8.0 Hz, 1H), 6.05 (s, 2H). *C-NMR (100 MHz, CDCls) 6 = 193.6, 163.6, 150.3,
148.5, 145.3, 136.2, 129.5, 129.1, 125.7, 120.1, 118.8, 118.6, 118.0, 108.8, 106.8, 101.8.
(E)-3-(3,4-dimethoxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one (45)
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Yellow powder. *H-NMR (400 MHz, CDCl5) & = 12.92 (s, 1H), 7.92 (dd, J = 8.0, 0.8 Hz,
1H), 7.87 (d, J = 15.6 Hz, 1H), 7.51 (d, J = 15.2 Hz, 1H), 7.48 (td, J = 7.2, 1.6 Hz, 1H), 7.26
(dd, J = 8.4, 1.6 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 6.94 (dd, J =
7.2, 0.8 Hz, 1H), 6.91 (t, J = 8.4 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H). *C-NMR (100 MHz,
CDCly) & = 193.7, 163.7, 152.0, 149.5, 145.8, 136.3, 129.6, 127.8, 123.7, 120.2, 118.8,
118.7, 118.0, 111.4, 110.6, 56.2.
(E)-1-(2-hydroxyphenyl)-3-(3-methoxyphenylprop-2-en-1-one (46)

Yellow powder. 'H-NMR (400 MHz, CDCl) & = 12.83 (s, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.91
(d, J = 16.0 Hz, 1H), 7.66 (d, J = 15.6 Hz, 1H), 7.53 (td, J = 8.0, 1.2 Hz, 1H), 7.38 (t, J =
7.6 Hz, 1H), 7.29 (d, J = 7.2 Hz, 1H), 7.19 (s, 1H), 7.06 (d, J = 8.4 Hz, 1H), 7.01 (dd, J =
8.4, 2.0 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 3.89 (s, 3H). ">*C-NMR (100 MHz, CDCl;) 6 = 193.7,
163.6, 160.0, 145.4, 136.4, 136.0, 130.0, 129.7, 121.3, 120.5, 120.0, 118.8, 118.6, 116.6,
113.8, 55.4.

(E)-3-(3-hydroxy-4-methoxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one (47)

Yellow powder. 'H-NMR (400 MHz, CDCls) & = 12.93 (s, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.87
(d, J=15.2 Hz, 1H), 7.50 (d, J = 15.2 Hz, 1H), 7.48 (td, J = 7.8, 1.6 Hz, 1H), 7.25 (dd, J =
8.0, 1.2 Hz, 1H), 7.14 (s, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.93 (t, J =
7.2 Hz, 1H), 6.04 (s, 1H), 3.97 (s, 3H). *C-NMR (100 MHz, CDCl;) & = 193.8, 163.7, 148.9,
147.0, 146.0, 136.3, 129.7, 127.4, 123.8, 120.3, 118.9, 118.7, 117.7, 115.2, 110.5, 56.2.
(E)-3-(d-ethoxy-3-methoxyphenyl)-1-(2-hydroxyphenyl)prop-2-en-1-one (48)

Yellow powder. *H-NMR (400 MHz, CDCl;) & = 12.92 (s, 1H), 7.93 (dd, J = 8.0, 1.6 Hz,
1H), 7.89 (d, J = 15.2 Hz, 1H), 7.52 (d, J = 15.6 Hz, 1H), 7.49 (td, J = 8.8, 1.6 Hz, 1H), 7.25
(dd, J = 8.4, 2.0 Hz, 1H), 7.18 (d, J = 1.6 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.94 (td, J =
8.0, 0.8 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 4.17 (tetra, J = 7.2 Hz, 2H), 3.96 (s, 3H), 1.50 (t,
J = 7.2 Hz, 3H). ®*C-NMR (100 MHz, CDCl;) & = 193.8, 163.7, 151.5, 149.7, 145.9, 136.3,
129.7, 127.6, 123.7, 120.3, 118.9, 118.8, 117.9, 112.5, 111.0, 64.6, 56.3, 14.8.
(E)-1-(2-hydroxyphenyl)-3-phenylprop-2-en-1-one (49)

Yellow powder. 'H-NMR (500 MHz, CDCls) 8 = 7.93 (d, J = 15.5 Hz, 1H), 7.93 (dd, J =
8.0, 1.5 Hz, 1H), 7.67 (d, J = 15.0 Hz, 1H), 7.67 (m, 2H), 7.51 (ddd, J = 8.5, 7.0, 1.5 Hz,
1H), 7.45 (t, J = 3.0 Hz, 3H), 7.04 (dd, J = 8.0, 1.0 Hz, 1H), 6.96 (ddd, J = 8.5, 7.0, 1.5 Hz,
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1H). 3C NMR (125 MHz, CDCLy) & = 193.88, 163.73, 145.61, 136.56, 134.72, 131.07,
129.79, 129.18, 128.80, 120.23, 120.15, 119.00, 118.77.
(E)-1-(2-hydroxyphenyl)-3-(3-hydroxyphenyl)prop-2-en-1-one (50)

Yellow powder. '"H-NMR (400 MHz, CDCl3) & = 12.79 (s, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.86
(d,J=15.6 Hz, 1H), 7.63 (d, J = 15.6 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H), 7.31 (t, J = 7.6 Hz,
1H), 7.24 (d, J = 7.6 Hz, 1H), 7.14 (s, 1H), 7.04 (d, J = 8.0 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H),
6.92 (d, J = 7.6 Hz, 1H). >*C-NMR (100 MHz, CDCl;) & = 193.9, 163.7, 156.2, 145.2, 136.6,
136.4, 130.4, 129.8, 121.7, 120.8, 120.2, 119.1, 118.8, 118.2, 115.0.

3.2.2.3 SYNTHESIS OF 2'-HYDROXYCHALCONE DERIVATIVES (51 AND 52)

A method similar to that for 2.2.2.4 was also employed.

OH O OCH; OH O OCH;4 OH OCH;
= Pd/C, Hy, tt "
MeOH
OCH OCH
a5 OCH, 5 , o \
OCHj OCH;, OCH,

(E)-1-(2-hydroxyphenyl)-3-(2,4,5-trimethoxyphenylpropan-1-one (51)

'H-NMR (400 MHz, CDCls) & = 12.38 (s, 1H), 7.77 (dd, J = 8.0, 0.8 Hz, 1H), 7.45 (td, J =
8.0, 1.2 Hz, 1H), 6.98 (d, J = 8.0 Hz, 1H), 6.86 (t, J = 7.6 Hz, 1H), 6.75 (s, 1H), 6.52 (s, 1H),
3.88 (s, 3H), 3.82 (s, 3H), 3.80 (s, 3H), 3.24 (t, J = 8.0 Hz, 2H), 2.98 (t, J = 8.0 Hz, 2H). °C-
NMR (100 MHz, CDCls) & = 206.6, 162.6, 151.8, 148.4, 143.1, 136.3, 130.2, 120.5, 119.6,
118.9, 118.6, 114.8, 97.2, 56.9, 56.5, 56.2, 39.2, 25.8. HR-MS (ESI) for C;gH,,0sNa [M+Na]*
requires 339.12084 found 339.1204.

(E)-2-(3-(2,4,5-trimethoxyphenylpropyl)phenol (52)

'H-NMR (400 MHz, DMSO-d,,) 8 = 9.24 (s, 1H), 7.03 (dd, J = 7.6, 0.8 Hz, 1H), 6.96 (td, J =
7.6, 1.2 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.74 (s, 1H), 6.69 (t, J = 7.6 Hz, 1H), 6.62 (s, 1H),
3.75 (s, 3H), 3.73 (s, 3H), 3.67 (s, 3H), 2.51 (m, 4H), 1.74 (pentet, J = 8.0 Hz, 2H). *C-NMR
(100 MHz, DMSO-d6) 6 = 155.1, 151.2, 147.6, 142.5, 129.6, 128.3, 126.6, 121.6, 118.8,
114.8, 114.7, 98.7, 56.4, 56.2, 55.9, 29.9, 29.5, 29.0. HR-MS (ESI) for CygH,,0sNa [M+Na]*
requires 325.14158 found 325.1395.
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3.2.2.3 BIOLOGICAL ASSAY METHOD
3.2.2.3.1 CELL VIABILITY ASSAY METHOD

Cell viability was conducted under the collaborative project with Department
of Microbiology, Faculty of Science, Chulalongkorn University. The assay was
conducted using MTT assay method. MTT solution in PBS (0.5 meg/mL, final
concentration) was added to each well and further incubated for 4 hours. The medium
was discarded, and 0.04 N HCl in isopropanol (100 pL) was added to dissolve the
formazan crystals. The absorbance was measured at 540 nm, and the percent survival

was determined by comparison with a control group.”

3.2.2.3.2 ANTI-INFLAMMATORY ASSAY METHOD

Anti-inflammatory was conducted under the collaborative project with
Department of Microbiology, Faculty of Science, Chulalongkorn University. Since NO is
extremely unstable and undergoes repaid oxidative degradation to nitrite (NO,7) and
nitrate (NO37), followed by the conversion of nitrate to nitrite, the amount of NO was
thus indirectly determined by measuring the amount of nitrite in the cell culture
supernatant using Griess reagent.”” RAW 264.7 cells were seeded in 96-well plates at a
density of 1 x 104 cells/well in 100 pyL and were incubated overnight at 37 °C and 5%
CO,. Subsequently, cells were treated by various concentrations of the test
compounds and vehicle (DMSO) for 2 hours, followed by LPS (100 ng/ mL) and IFNy
(10 ng/mL). After an additional 24 hours of incubation, the nitrite released in culture
medium was reacted with Griess reagent, followed by incubation for 10 min under dark
conditions at room temperature. The absorbance was measured at 540 nm, and the
inhibitory activities were calculated from a standard calibration curve obtained from

different concentrations of sodium nitrite.”®

3.3 RESULTS AND DISCUSSION
3.3.1 SYNTHESIS OF THREE CHALCONE SERIES

The synthesis of three chalcone series, namely 3,4-dimethoxychalcones (24-28
and 33), 2'-hydroxychalcones (34-50) and 4'-aminochalcones (53-70) were conducted

using Claisen-Schmidt condensation under basic conditions as shown in Schemes 3.1-



a6

3.3. Hydrogenation of 35 catalyzed by Pd/C at room temperature was conducted and

further purify by column chromatograph to yield the target compounds 51 and 52.

R4

o] o)
Ry’ H OCH3 NaOH, MeOH
+
Ry’ Rs' OCHj,

Ry O
’rt R2' O / O OCH3
Ry Rs' OCH;

R,

24: R, = OCH,, Ry, Ry, Ry, Rs' = H

25:Ry'= H, Ry’ = OCH3, Ry', Ry, Rs' = H

26: Ry'= H, Ry = H, Ry' = OCH3, Ry, Rs' = H

27: Ry = OH, Ry = H, Ry'= OCHa, Ry, Rs' = H

28: R,' = OH, Ry, Ry, Ry’ = H, Rg'= OCHs

33: R1‘ = OH, R2I = H, R3l = OCH3, R4' = H, R5' = OCH3

SCHEME 3.1 SYNTHESIS OF 3,4-DIMETHOXYCHALCONES

OH . OH O R
H R2  NaOH, MeOH, rt O = O Ra
' Rs Rs Rs Rs
R4 R4
34: R1= H, R2= OCH3, R3= OC3H7 , R4, R5= H
35: Ry= OCHs, R, = H, Rg= OCHj, Ry= OCHj, Rs= H
36: R1= H, R2= OCH3, R3= OCHs, R4= OCH3, R5= H
37: Ry= Oallyl, Ry= H, Rs= Oallyl, R4= Oallyl, Rs= H
38: R1= H, R2= OCH3, R3= OCHzoCHg, R4, R5= H
39: R1= H, R2= OH, R3= OH, R4, R5= H
40: R1= OH, Rz, R3, R4, R5= H
41: R,= H, Ry= H, Ry= OH, Ry, Rs= H
42: R1= OCH3, R2, R3, R4, R5= H
43: Ry= H, Ry= H, R3= OCHj, Ry, Rg= H
44 R1= H, R2,3= OCHzo, R4, R5= H
45: R1= H, R2= OCHg, R3= OCH3, R4, R5= H
46: R1= H, R2= OCHg, R3, R4, R5= H
47: R1= H, R2= OH, R3= OCHs, R4, R5= H
48: R1= H, R2= OCH3, R3= OCsz, R4, R5= H
49: Ry, Ry, Ry, Ry, Rs= H
50: Ry= H, Ry= OH, Ry, Ry, Rg= H
OH O OCHj; OH O OCHj OH OCHj3

= Pd/C, H,, rt
MeOH
OCHs

SRS
OCHg OCH3

35 51 52

OCH,

OCH, OCH,

SCHEME 3.2 SYNTHESIS OF 2'-HYDROXYCHALCONES
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0 0 Ry o) R,
/©)J\ H R2  NaOH, MeOH, rt O = O Ro
—_—
+
R, Ry

53: R1= H, R2= OH, R3, R4, R5= H

54: Ry= H, Ry= H, Ry= OH, Ry, Rg= H

55: R1= OCH3, Rz, R3, R4, R5= H

56: R1= H, R2= OCH3, R3, R4, R5= H

57: R1= H, R2= H,R3= OCH3, R4, R5= H

58: R1: H, R2,3: OCHzo, R4, R5: H

59: R1= H, R2= OCH3,R3= OH, R4, R5= H

60: R1= H, R2= OH, R3= OCH3, R4, R5= H

61: Ry= H, Ry= OCHg, Ry= OCHa, Ry, Rs= H

62: R1= OCH3, R2= H, R3= OCH3, R4= OCH3, R5= H
63: R1= H, R2= OCH3, R3= OCH3, R4= OCH3, R5= H
64: Ry= OCHa, Ry=H, Ry= H, R4= OCH3, Rg= H

65: R1= OCH3, R2=H, R3= OCH3, R4, R5= H

66: R1= OCH3, R2= OCH3, R3= OCH3, R4, R5= H
67: R1= OCH3, R2=H, R3= OCH3, R4= H, R5= OCH3
68: R1= OCH3, R2= OCH3, R3, R4, R5= H

69: R,= OCHa, Ry, Rs, Ry= H, Rs= OCHj

70: R1= HY R2= OCH3, R3= H, R4= OCH3, R5= H

SCHEME 3.3 SYNTHESIS OF 4'-AMINOCHALCONES

All compounds were characterized using 'H and *C NMR spectroscopic
methods. To describe the structural elucidation of chalcones, 47 and 59 were selected

as representatives and numbering system as in 2.3.1 section.

12.93

OH O 787 714 604

7.25 = OH
! 3.97

7.48 792 7.02 g
6.93 47 607 OCHs3

The H NMR Spectra of 47 (Figure 3.4) showed the signal of chelated proton (H-
7') at 6412.93 (s, 1H). Four proton signals at &, 7.92 (d, J = 8.0 Hz, 1H), 7.48 (td, J = 7.8,
1.6 Hz, 1H), 7.25 (dd, J = 8.0, 1.2 Hz, 1H), and 6.93 (t, J = 7.2 Hz, 1H) belonged to those
on the A ring, while three proton signals at 6, 7.14 (s, 1H), 7.02 (d, J = 8.4 Hz, 1H), and
6.97 (d, J = 8.4 Hz, 1H) were on the B ring. Two doublet signals clearly revealed trans
geometry of olefinic bond (H-7, H-8) at 6, 7.87 (d, J = 15.2 Hz, 1H), and 7.50 (d, J = 15.2
Hz, 1H). The hydroxy proton on the B ring exhibited more up field at &y 6.04 (s, 1H)
compared with the chelate proton (H-7') on the A ring due to the proximity to the

carbonyl group, hence hydrogen bond forming. The methoxy protons were observed
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at 8, 3.97 (s, 3H). The *C NMR Spectra of 47 (Figure 3.5) revealed the carbonyl carbon
signale at at 6c 193.8, while three signals of oxygenated carbon aromatics were
observed more down field at 8¢ 163.7, 148.8, and 147.0, compared with eleven signals

of sp? carbon at 8¢ 145.8-110.6 and one methoxy carbon signal at 8¢ 56.2.
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FIGURE 3.4 THE 'H NMR SPECTRA (CDCls, 400 MHZ) OF 47
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FIGURE 3.5 THE 3C NMR SPECTRA (CDCls, 100 MHZ) OF 47
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1872
7.93 O%ﬁ 1316 14334117 56.4
6.73 3 113.9 OCHjs
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HON 123.9
6.73 6.88 2 113.9 116.1

The 'H NMR Spectra of of 59 (Figure 3.6) displayed trans-protons (H-7, H-8) at
6, 7.69 (d, J = 15.0 Hz, 1H), and 7.64 (d, J = 15.5 Hz, 1H). Two signals were observed at
64793 (d, J =9.0 Hz, 2H), and 6.73 (d, J = 9.0 Hz, 2H) belonging to those on the Aring,
while three signals at &, 7.45 (d, J = 2.0 Hz, 1H), 7.25 (dd, J = 8.0, 2.5 Hz, 1H), and 6.88
(d, J = 8.0 Hz, 1H) belonged to those on the B ring. Two signals were shown at &, 5.50
(s, 2H), and 3.93 (s, 3H) belonged to amino and methoxy groups. The *C NMR Spectra
of 59 (Figure 3.7) displayed the carbonyl carbon signal at &c 187.2. Two signals of
oxyeenated aromatic carbons were displayed at &¢ 149.8, and 148.7, while aromatic
carbon attached to amino group on the A ring was detected more down field at &c¢
154.1. Nine sp? carbon signals were observed at 8¢ 143.3-111.7, while the methoxy

carbon was visualized at 6¢ 56.4.
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FIGURE 3.6 THE 'H NMR SPECTRA ACETONE-Dy, 500 MHZ) OF 59
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FIGURE 3.7 THE '3C NMR SPECTRA (ACETONE-D,, 125 MHZ) OF 59

3.3.2 BIOLOGICAL EVALUATION
3.3.2.1 EFFECTS OF CHALCONES ON CELL VIABILITY IN RAW 264.7 CELLS

Cell viability is the amount of healthy cell in a sample. This assay is often used
to measure cell growth in a population by the time repeatedly. In addition, the
evaluation of cell death mechanism was studied by detecting whether the cell death
was caused by apoptosis or necrosis. Apoptosis is responsible for cell death program
to release undesired cells during normal cell growth due to cells lifespan, damage,
virus infection, or stress. Necrosis is a cell death mechanism that is more premature
due to infection, poison, or physical pain.®

The cell viability activity of three chalcone series was conducted under the
collaborative project with Department of Microbiology, Faculty of Science,
Chulalongkorn University. Forty-three synthesized chalcones (24-70) were evaluated
by incubating in RAW 264.7 cells at low (5 uM) and high concentrations (50 uM) to
determine % cell viability using MTT assay to ensure that the NO inhibition was not
due to cytotoxicity activity, respectively (Figure 3.8). This assay used LPS at 100 ng/mL

for the best condition to avoid the cytotoxicity.
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FIGURE 3.8 1) VIABILITY OF RAW 264.7 MACROPHAGE CELLS TREATED WITH THREE CHALCONE SERIES (24-70) (B =

UNTREATED CELLS, ® = 5 yM, ® = 50 UM). THE DATA WERE MEASURED AS PERCENTAGE OF CELL VIABILITY (MEAN

+ SD IN TRIPLICATE).

The figure 3.8 showed three effects of three chalcone series (24-70) on the
RAW 264.7 macrophage cells, such as cytotoxic activity (<95 %), less cytotoxic activity
(95-110%), and proliferation activity (> 110%).8" 8 Thirty-six chalcones showed
cytotoxic activity including thirteen compounds (43-45, 47, 49, 50, 56-58 and 60-63)
at 5 uM and twenty-three compounds (24-28, 33, 37-41, 44, 46-47, 49, 50, 53, 59-56,
60, 62, 63 and 70) at 50 pM. Seventeen compounds showed less cytotoxic activity
including seven compounds (42, 46, 48, 54, 55, 59 and 61) at 5 uM and ten compounds
(34, 35, 42, 43, 45, 48, 54 and 57-59) at 50 puM. Moreover, thirty-one compounds
including twenty-one compounds (24-28, 33-41 and 64-70) at 5 uM and ten
compounds at 50 puM (36, 51-53 and 64-69) had proliferative effect on the RAW 264.7
macrophage cells. In this study, the percentage of cell viability between 95-110% at 5
and 50 puM was desirable to further determine NO inhibition due to less cytotoxicity
and less proliferation activity. This finding showed that seven teen chalcones may be
potent for cytoprotective in normal cells at both concentrations. Seven teen chalcones
including seven compounds (42, 46, 48, 54, 55, 59 and 61) at 5 and ten compounds
(34, 35, 42, 43, 45, 48, 54 and 57-59) at 50 uM were further evaluated for anti-
inflammatory activity in inhibiting NO production in LPS-induced RAW 264.7

macrophage cells.
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3.3.2.2 EFFECTS OF CHALCONES ON NO INHIBITION IN LPS-INDUCED RAW 264.7 CELLS

NO is a free radical with a short half-life as chemical messenger for many
physiological and pathological systems.®® Thus, the overproduction of NO has been
associated with cell damages.® The RAW 264.7 cells are from Abelson leukemia virus
transformed cell line derived from BALB/c mice and have been recognized as an
appropriate model of macrophage that has an ability to perform pinocytosis and
phagocytosis.® Lipopolysaccharide (LPS) is a major component in the outer membrane
of Gram-negative bacteria which may serve as the prototypical endotoxin and it
connects to the Toll-like receptor 4 (TLR4) while stimulating the secretion of
proinflammatory cytokines in many kinds of cells, particularly in macrophage.® Thus,
LPS can stimulate RAW 264.7 to increase NO production and phagocytosis, where these
cells have a capability to damage target cells by antibody-dependent cytotoxicity.®*
Seven teen chalcones including seven compounds (42, 46, 48, 54, 55, 59 and 61) at 5
and ten compounds (34, 35, 42, 43, 45, 48, 54 and 57-59) at 50 uM were selected to
study their NO inhibition activity due to less cytotoxicity and less proliferation activity
(Figure 3.8). The percentage of NO inhibition of greater than 80% was deemed as
desirable. The result of NO inhibition activity is presented in Figure 3.9.
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FIGURE 3.9 NITRIC OXIDE (NO) INHIBITION OF SELECTED CHALCONES IN LPS-INDUCED RAW 264.7 MACROPHAGE
CELLS (W = UNTREATED CELLS, ® = 5 yM, ® = 50 UM). THE DATA WERE MEASURED AS PERCENTAGE OF CELL

VIABILITY (MEAN + SD IN TRIPLICATE).

The evaluation of NO inhibition at 5 uM (figure 3.9) showed that three 2'-
hydroxychalcones (42, 46 and 48) and one 4'-aminochalcones (61) did not have

potency for NO inhibition activity, while three 4'-aminochalcones (54, 55 and 59)

inhibited NO production more than 80%. Moreover, the evaluation of NO inhibition at



53

50 puM (figure 3.9) showed that six 2'—hydro><ychalcones (34, 35, 42, 43, 45 and 48) and
four 4'-aminochalcones (54, 57, 58 and 59) showed NO inhibition activity more than
80%. From this result demonstrated that 2'-hydroxychalcones showed NO inhibition
activity at high concentration, while 4'-aminochalcones displayed NO inhibition activity
at both concentrations.

Based on the results, six 2'—hydro><ychalcones (34, 35,42, 43, 45 and 48) only
exhibited NO inhibition activity at high concentration. The result showed that most
methoxy groups on the B ring including unsaturated ketone as bridge are important
moieties to enhance NO inhibition activity. This result suggested that the inhibition
mechanism of inflammation was caused by Michael addition (such as thiol from
cysteine) to a,B-unsaturated ketone (chalcones).2% This result indicated that 2'-
hydroxychalcones may be good candidate for further study to investigate the inhibition
mechanism.

Moreover, three 4'-aminochalcones (54, 55 and 59) at low concentration and
four 4'-aminochalcones (54, 57, 58 and 59) at high concentration showed NO inhibition
activity. This result proposed that the p-amino group on the A ring and monohydroxy
group at para position and disubstituent (OH and OCHs) on the B ring are key factors
for NO inhibition activity with cytoprotective activity.

OH O o} OCH3 o} OCHs
SRRSO AO
OCzH;  H,N OCH;  H,N
35 35 OCHj,4 42

0 o) o}
O = O = OCHj3 MOCH3
H,N OCH;  H,N ‘ ‘ OCH;  H,N ‘ OC,H
43 45 48 5
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o o} OCHs P
- - 70
O O H,N OCHj
HoN OH HaN 57
54 55
o o\ Q
HoN HoN OH
58 59

FIGURE 3.10 LEAD COMPOUNDS WITH HIGH POTENT ANTI-INFLAMMATORY WITHOUT CYTOTOXICITY.



CHAPTER IV
SYNTHESIS AND BIOLOGICAL ACTIVITY OF 4'-AMINOCHALCONES AND E-ARYLIDENE

STEROIDS AS ALPHA-GLUCOSIDASE INHIBITORS

4.1 INTRODUCTION

Diabetes mellitus is a metabolic disease caused by hyperglycemia due to
insufficient insulin or insulin cannot be used properly in the human body.® In 2017, the
number of diabetes was approximated around 451 million people in the world. This
number is projected raise to around 693 million people by 2045.% Diabetes mellitus
is divided into three types including type 1 and type 2 diabetes mellitus, and
gestational diabetes® Type 2 diabetes mellitus (T2DM) is a common metabolic
disorder.® *° a-Glucosidase is a vital enzyme in the small intestine to hydrolyze a-1,4-
glycosidic bond of disaccharide to form monosaccharide.”’ In humans, there are two
complex enzymes of mucosal a-glucosidases in the small intestine membrane, such
as maltase-glucoamylase (MGAM) and sucrase-isomaltase (SI). MGAM and S| have two
catalytic sites, which are C-terminal domain (Ct-MGAM and Ct-SI) and N-terminal
domain (Nt-MGAM and Nt-SI) in the enzymes, respectively.” *> Two complex enzymes
exhibit a wide catalytic property in the breakdown a-1,4-glycosidic bond on various
substrates.”?> MGAM possesses high hydrolysis activity to digest maltose and the other
larger starch, such as oligosaccharides and polysaccharides.”®*® The number of Sl
protein is higher around 40-50 times than MGAM, so SI has high contribution for maltase
activity in the small intestine membrane.’® *" Thus, a-glucosidase inhibitors are very
necessary to control glucose level.” ' In the market, a-glucosidase inhibitors are
commercially available such as acarbose, voglibose, and miglitol.” %' Acarbose has
shown inhibitory potency against a-glucosidase by the order, as follows: slucoamylase
> sucrase > maltase > isomaltase. Thus, acarbose has an ability to suspend hydrolysis
of sucrose to monosaccharide by retarding sucrase, whereas starch digestion process
is suspended by inhibiting glucoamylase, maltase, and isomaltase.'® Nevertheless, the
side effects of those inhibitors include diarrhea, abdominal pain, and flatulence.®!

Steroids possess tetracyclic ring as a core structure.!®® They represent a

potential drug candidate for treating various diseases such as anticancer, %%
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7 8

leukaemia,'®" autoimmune,'® and a-glucosidase inhibitors.'®® % Steroid derivatives

were exploited for treatment of menopausal symptoms and preventing of

osteoporosis, which was used for hormone replacement therapy (HRT) caused by

glucose metabolism in non-diabetic obesity. ! 111113

Chalcones have been addressed for their potent bioactivities such as anti-

29, 30, 32, 33 114-118 t23, 119-121
)

cancer, anti-diabetic, antioxidan and anti-infammatory.?*

114,122

According to previous studies, 4"-aminochalcones, sulfonamide chalcones,'** and

phenylthiourea chalcones'® displayed high potency as anti-diabetic. 4'-

125

Aminochalcones'?* bearing a-bromoacryl,'?> acetyl,'? N-acyl homoserine lactones,'?’

maleimides,'?® and coumarin'?® on the amino group revealed prominent anti-cancer

9 L,BO

activity. Moreover, 4'-aminochalcones containing coumarin,*? acridiny and

131

benzene sulfonyl exhibited antimalarial activity. 4’-Aminochalcones’™  with

133

benzenesulfonyl,'** and phenylsulfonylurenyl’** presented potent anti-inflammatory

135 on 4’-aminochalcones

activity. The introduction of pyrazole,** and benzothiazole
demonstrated better tyrosinase inhibitory activity, while phenylurenyl, and
phenylthiourenyl moieties attached on 4'-aminochalcones were reported to express
anti-carbonic anhydrase | and Il activity.’*® In addition, other 4’-aminochalcone

75 138

derivatives were claimed for anti-HIV, 2" anti-Alzheimer’s, 139, 140

and anti-microbia

Based on the literature reviews of chalcones and steroids, the evaluation and
determination for structure-activity relationship of chalcones, steroids and their
analogues as a-glucosidase inhibitors should be worth performing. This chapter was
divided into two topics to search for a-glucosidase inhibitors through the synthesis,
biological activity test and structure-activity relationship of 4’-aminochalcones and E-

arylidene steroid (steroid-chalcone hybrid) derivatives (Figure 4.1).

Steroid
o) R, , arylidene ring
= R3 , OC‘T!S
R @ @ ‘:
N Rg' R4 )
R2 R5' HO \|:| . .~
4'-Aminochalcone Hybri‘d_ gteroid-ChaIcone

FIGURE 4.1 THE STRUCTURES OF TWO DESIGNED TARGET COMPOUNDS
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To address structure-activity relationship, the synthesis of 4’-aminochalcone
was divided into two parts: 1) the inhibitory effect of a-glucosidase activity with various
substituents on B ring, and 2) that with acyl and alkyl attached on amino group on the
Aring. The same synthesis for E-arylidene steroid derivatives was applied. In this study,
steroid-chalcone hybrids were synthesized and evaluated for the inhibitory effects of

various substituents on arylidene ring and steroid structures.

4.2 SYNTHESIS AND BIOLOGICAL EVALUATION OF 4'-AMINOCHALCONES AND THEIR
DERIVATIVES AS ALPHA-GLUCOSIDASE INHIBITORS
4.2.1 MATERIALS AND METHODS
4.2.1.1 MATERIALS
Equipment and chemicals were used the same as those described in Chapter
2.
4.2.2 METHODS
4.2.2.1 SYNTHESIS OF 4'-AMINOCHALCONE SERIES (53-81)

A method similar to that for 2.2.2.1 was also employed.

0 0 Ry 0 R,
R3' R,
H 3 = 3
+
H,N Rg R, H,N Re' R,
Rsg' Rs'

53: Ry'= OH, R,', R4, Rs', Rg'= H 71: Ry',3'= OCH,0, Ry, Rs', Rg"=H

54: R,'= OH, Ry, R3', Rs', Rg'=H 72: R,'= OH, R3'= OCHj, Ry, Rs', Rg'=H

55: R,'= OCHj3, R3', Ry', Rs', Rg'= H 73: Ry'= CHj, Ry'= CHs, Rg'= CH3, R3', Rs'=H
56: Ry'= OCH3, Ry, R4, Rs', Rg'=H 74: Ry=F, Ry, R4, Rs', Rg'=H

57: R,'=0CH3;, R, R3', R5', Rg'=H 75: Ry'=F, Ry, R4, Rg', Rg'=H

58: R3',4'= OCH,0, R,', R5', Rg'=H 76: R,'=F, R3y', R4, Rs', Rg'=H

59: Ry'= OCH3,R,4'= OH, Ry, Rs', Rg'= H 77: R,'=Br, Ry, Ry, Rs, Rg'=H

60: R3'= OH, Ry'= OCH3, Ry, Rs', Rg'=H 78: Ry'=Br, R3, Ry, Rs, Rg'=H

61: R3'= OCHj3, Ry'= OCHj3, Ry, Rs', Rg'=H 79: R,'=Br, Ry, Ry, Rs', Rg'=H

62: Ry'= OCHj, Ry'= OCH;, Rg'= OCHg, Ry, Re=H  go. R = | R GI. Ry, Ry", Rg'= H
63: Ry'= OCHg, Ry'= OCHg, Rs'= OCH3, Ry, Re=H  g4. Napthyl

64: Ry'= OCHj, Rs'= OCHj, R3', Ry, Rg'= H

65: R,'= OCHj, Ry'= OCH3, Ry, Rs', Rg'= H

66: R,'= OCHj, Ry'= OCH3, Ry'= OCHj, Ry, Rg'= H

67: R,'= OCHj, R,'= OCH3, Rg'= OCHj, Ry, Rg'= H

68: Ry’= OCHj, Ry'= OCHj3, Ry, Rs', Rg'= H

69: R,'= OCHj, Rg'= OCH3, Ry', Ry', Rs'= H

70: Ry'= OCHj, Rs'= OCH3, Ry, Ry', Rg'= H
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(E)-1-(4-aminophenyl)-3-(3-hydroxyphenylprop-2-en-1-one (53)

Orange powder; yield 47%. '"H NMR (400 MHz, DMSO-d,) 6 = 9.50 (s, 1H), 7.82 (d, J =
8.4 Hz, 2H), 7.67 (d, J = 15.6 Hz, 1H), 7.44 (d, J = 15.6 Hz, 1H), 7.16 (d, J = 7.2 Hz, 2H),
7.09 (s, 1H), 6.55 (d, J = 8.8 Hz, 2H), 6.06 (s, 2H). '>*C NMR (100 MHz, DMSO-d,) & = 185.9,
157.6, 153.8, 141.6, 136.4, 131.0, 129.8, 125.4, 122.3, 119.4, 117.1, 114.9, 112.7.
(E)-1-(4-aminophenyl)-3-(4-hydroxyphenylprop-2-en-1-one (54)

Yellow powder; yield 3%. *H NMR (400 MHz, acetone-d,) & = 9.15 (s, OH), 7.94 (d, J =
8.8 Hz, 2H), 7.65 (dd, J = 8.4, 3.2 Hz, 4H, 6.90 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H).
13C NMR (100 MHz, acetone-d,) & = 187.4, 160.4, 154.1, 142.9, 131.6, 131.0, 128.1, 119.9,
116.7, 114.0.

(E)-1-(d-aminophenyl)-3-(2-methoxyphenyl)prop-2-en-1-one (55)

Yellow powder; yield 85%. *H NMR (400 MHz, DMSO-d,) & = 7.89 (d, J = 15.6 Hz, 1H),
7.85(dd, J = 8.8, 2.4 Hz, 2H), 7.75(d, J = 15.6 Hz, 1H), 7.35 (td, J = 8.4, 1.6 Hz, 1H), 7.03
(d, J = 8.4 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.58 (d, J = 8.4 Hz, 2H), 6.07 (s, 2H), 3.83 (s,
3H). *C NMR (100 MHz, DMSO-d,) 6 = 186.1, 157.9, 153.7, 135.9, 131.5, 130.9, 128.1,
125.5, 1235, 122.3, 120.6, 112.7, 111.7, 55.6.
(E)-1-(d-aminophenyl)-3-(3-methoxyphenyl)prop-2-en-1-one (56)

Yellow powder; yield 67%. *H NMR (500 MHz, DMSO-d,) § = 7.95 (d, J = 8.5 Hz, 2H),
7.87 (d, J = 15.5 Hz, 1H), 7.59 (d, J = 15.5 Hz, 1H), 7.43 (s, 1H), 7.38 (d, J = 8.0 Hz, 2H),
7.34 (t, J = 8.0 Hz, 1H), 6.99 (dd, J = 2.5, 1.0 Hz, 1H), 6.97 (dd, J = 2.5, 1.0 Hz, 1H), 6.64
(d, J = 8.5 Hz, 2H), 3.82 (s, 3H). *C NMR (125 MHz, DMSO-d,) 6 = 185.9, 159.7, 153.7,
141.5, 136.6, 131.2, 129.8, 125.5, 122.7, 121.3, 116.1, 113.0, 112.9, 55.3.
(E)-1-(d-aminophenyl)-3-(d-methoxyphenyl)prop-2-en-1-one (57)

Yellow powder; yield 84%. *H NMR (400 MHz, DMSO-dg) & = 7.86 (d, J = 8.8 Hz, 2H),
7.73(d, J = 8.8 Hz, 2H), 7.67 (d, J = 15.6 Hz, 1H), 7.54 (d, J = 15.6 Hz, 1H), 6.94 (d, J =
8.8 Hz, 2H), 6.57 (d, J = 8.8 Hz, 2H), 6.05 (s, 2H), 3.75 (s, 3H). *C NMR (100 MHz, DMSO-
ds) & = 185.9, 160.8, 153.6, 141.3, 130.9, 130.2, 127.8, 125.6, 119.9, 114.3, 112.7, 55.3.
(E)-1-(4-aminophenyl)-3-(benzo[d] [1,3] dioxol-5-yl)prop-2-en-1-one (58)

Yellow powder; yield 61%. 'H NMR (400 MHz, DMSO-d,) & = 7.87 (d, J = 8.4 Hz, 1H),
7.68 (d, J = 15.2 Hz, 1H), 7.54 (s, 1H), 7.49 (d, J = 15.6 Hz, 1H), 7.19 (d, J = 8.4 Hz, 1H),
6.90 (d, J = 8.0 Hz, 1H), 6.56 (d, J = 8.4 Hz, 2H), 6.05 (s, 2H), 6.03 (s, 2H). *C NMR (100
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MHz, DMSO-d,) & = 185.7, 153.5, 147.8, 141.2, 130.8, 129.5, 125.3, 124.8, 120.3, 112.5,
108.2, 106.5, 101.3, 49.0.

(E)-1-(4-aminophenyl)-3-(4-hydroxy-3-methoxyphenyl) prop-2-en-1-one (59)

Brown powder; yield 7%. 'H NMR (500 MHz, acetone-dy) § = 7.93 (d, J = 9.0 Hz, 2H),
7.69(d,J =15.0Hz, 1H), 7.64 (d, J = 15.5 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.25 (dd, J =
8.0, 2.5 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 9.0 Hz, 2H), 3.93 (s, 3H). '>C NMR
(125 MHz, acetone-dy) 6 = 187.2, 154.1, 149.8, 148.7, 143.3, 131.6, 128.6, 128.1, 123.9,
120.2, 116.1, 113.9, 111.7, 56.4.

(E)-1-(4-aminophenyl)-3-(3-hydroxy-4-methoxyphenyl)prop-2-en-1-one (60)

Yellow powder; yield 42%. '*H NMR (400 MHz, DMSO-d,) & = 9.06 (s, 1H), 7.84 (d, J =
8.4 Hz, 2H), 7.56 (d, J = 15.6 Hz, 1H), 7.44 (d, J = 15.2 Hz, 1H), 7.22 (s, 1H), 7.17 (d, J
=8.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.56 (d, J = 8.4 Hz, 2H), 6.04 (s, 2H), 3.77 (s, 3H).
13C NMR (100 MHz, DMSO-dg) 6 = 185.9, 153.6, 149.7, 146.6, 141.8, 130.8, 128.1, 125.6,
121.3,119.8, 114.6, 112.7, 111.9, 55.7.
(E)-1-(4-aminophenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-one (61)

Yellow powder; yield 46%. 'H NMR (400 MHz, DMSO-d,) 6 = 7.90 (d, J = 8.4 Hz, 2H),
7.72(d, J = 15.6 Hz, 1H), 7.54 (d, J = 15.6 Hz, 1H), 7.45 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H),
6.95 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.4 Hz, 2H), 6.06 (s, 2H), 3.82 (s, 3H), 3.76 (s, 3H). *C
NMR (100 MHz, DMSO-dy) & = 185.9, 153.6, 150.7, 149.0, 141.8, 130.9, 128.0, 125.6,
123.2,120.0, 112.7, 111.6, 110.6, 55.7, 55.6.
(E)-1-(4-aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (62)

Orange powder; yield 69%. *H NMR (400 MHz, DMSO-d,) & = 7.85 (dd, J = 15.6 Hz, 8.8
Hz, 3H), 7.62 (d, J = 15.6 Hz, 1H), 7.40 (s, 1H), 6.65 (s, 1H), 6.55 (d, J = 8.4 Hz, 2H), 3.80
(s, 3H), 3.78 (s, 3H), 3.74 (s, 3H). '*C NMR (100 MHz, DMSO-dj) 6 = 186.2, 153.7, 153.5,
152.2,143.1, 136.0, 130.8, 125.8, 119.3, 114.9, 112.7, 111.0, 97.7, 56.4, 55.8.
(E)-1-(d-aminophenyl)-3-(3,4,5-trimethoxyphenyl) prop-2-en-1-one (63)

Orange powder; yield 99%. 'H NMR (400 MHz, CDCls) 6 = 7.92 (d, J = 8.8 Hz, 2H), 7.68
(d, J = 15.6 Hz, 1H), 7.43 (d, J = 15.6 Hz, 1H), 6.84 (s, 2H), 6.69 (d, J = 8.4 Hz, 2H), 3.91
(s, 6H), 3.88 (s, 3H). *C NMR (100 MHz, CDCl;) & = 188.2, 153.6, 151.3, 143.4, 131.2,
130.9, 128.6, 121.5, 114.0, 105.7, 61.1, 56.4.

(E)-1-(d-aminophenyl)-3-(2,5-dimethoxyphenyl)prop-2-en-1-one (64)
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Yellow liquid; yield 42%. *H NMR (500 MHz, CDCls) & = 8.04 (d, J = 16.0 Hz, 1H), 7.91
(d, J = 9.0 Hz, 2H), 7.15 (d, J = 16.0 Hz, 1H), 7.15 (d, J = 3.0 Hz, 1H), 6.91 (dd, J = 9.0,
3.0 Hz, 1H), 6.85 (d, J = 9.0 Hz, 1H), 6.71 (dt, J = 9.0 Hz, 2H), 3.84 (s, 3H), 3.80 (s, 3H).
13C NMR (125 MHz, CDCls;) & = 188.8, 153.6, 153.3, 138.6, 131.2, 125.0, 123.2, 116.8,
114.3, 113.8, 112.6, 56.2, 55.9.
(E)-1-(4-aminophenyl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (65)

Orange powder; yield 36%. *H NMR (500 MHz, DMSO-d,) & = 7.89 (d, J = 5.0 Hz, 1H),
7.86 (dd, J = 8.5, 2.0 Hz, 3H), 7.68 (d, J = 15.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 3H), 6.60 (dd,
J = 8.5, 2.0 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H). >C NMR (125 MHz, DMSO-dy) & = 186.2,
162.5, 159.6, 153.3, 136.3, 130.8, 129.6, 125.9, 119.5, 116.4, 113.0, 106.2, 98.3, 55.8, 55.5.
(E)-1-(4-aminophenyl)-3-(2,3,4-trimethoxyphenyl)prop-2-en-1-one (66)

Yellow liquid; yield 34%. *H NMR (500 MHz, CDCls) & = 7.95 (d, J = 15.5 Hz, 1H), 7.91
(d, J = 8.5 Hz, 2H), 7.55 (d, J = 15.5 Hz, 1H), 7.36 (d, J = 8.5 Hz, 1H), 6.71 (q, J = 8.5 Hz,
3H), 3.92 (s, 3H), 3.89 (s, 3H), 3.88 (s, 3H). >*C NMR (125 MHz, CDCl;) & = 188.7, 155.5,
153.7, 150.6, 142.6, 138.6, 131.1, 129.1, 123.8, 122.5, 121.5, 114.3, 107.7, 61.5, 61.04,
56.2.

(E)-1-(d-aminophenyl)-3-(2,4,6-trimethoxyphenyprop-2-en-1-one (67)

Orange powder; yield 91%. 'H NMR (500 MHz, DMSO-d,) & = 7.97 (d, J = 16.0 Hz, 1H),
7.86 (d, J = 15.5 Hz, 1H), 7.75 (d, J = 8.5 Hz, 2H), 6.61 (d, J = 8.5 Hz, 2H), 6.31 (s, 2H),
6.04 (s, 2H), 3.91 (s, 6H), 3.85 (s, 3H). *C NMR (125 MHz, DMSO-d,) & = 187.1, 162.6,
161.0, 153.4, 132.7, 130.5, 126.1, 120.9, 112.8, 105.4, 91.0, 56.0, 55.5.
(E)-1-(4-aminophenyl)-3-(2,3-dimethoxyphenyl)prop-2-en-1-one (68)

Yellow powder; yield 44%. '"H NMR (500 MHz, CDCls) & = 8.05 (d, J = 16.0 Hz, 1H), 7.92
(d, J = 8.5 Hz, 2H), 7.60 (d, J = 16.0 Hz, 1H), 7.26 (d, J = 9.0 Hz, 1H), 7.08 (t, J = 8.0 Hz,
1H), 6.94 (dd, J = 8.0, 1.0 Hz, 1H), 6.71 (d, J = 8.5 Hz, 2H), 3.87 (s, 3H), 3.86 (s, 3H). '*C
NMR (125 MHz, CDCl,) 6 =188.6, 153.3, 150.8, 148.8, 138.1, 131.2, 129.6, 128.9, 124.3,
123.7,119.7, 114.3, 113.8, 61.4, 55.9.
(E)-1-(d-aminophenyl)-3-(2,6-dimethoxyphenyl)prop-2-en-1-one (69)

Yellow powder; yield 57%. 'H NMR (500 MHz, DMSO-d,) & = 7.99 (d, J = 16.0 Hz, 1H),
7.98(d, J=16.0 Hz, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.35 (t, J = 8.5 Hz, 1H), 6.73 (d, J = 8.5
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Hz, 2H), 6.63 (d, J = 8.5 Hz, 2H), 6.11 (s, 2H), 3.90 (s, 6H). *C NMR (125 MHz, DMSO-d,)
6=187.1, 159.7, 153.6, 132.4, 131.5, 130.7, 125.8, 124.1, 112.8, 111.9, 104.2, 56.0.
(E)-1-(4-aminophenyl)-3-(3,5-dimethoxyphenyl)prop-2-en-1-one (70)

Yellow powder; yield 11%. 'H NMR (500 MHz, DMSO-d,) 6 = 7.94 (d, J = 8.5 Hz, 2H),
7.86 (d, J = 155 Hz, 1H), 7.54 (d, J = 15.5 Hz, 1H), 7.01 (d, J = 2.5 Hz, 2H), 6.62 (d, J =
9.0 Hz, 2H), 6.54 (t, J = 2.0 Hz, 1H), 6.2 (s, 2H), 3.80 (s, 6H). °C NMR (125 MHz, DMSO-
ds) 6 = 185.8, 160.7, 153.9, 141.6, 137.2, 131.2, 125.3, 122.9, 112.7, 106.4, 102.3, 55.4.
(E)-1-(d-aminophenyl)-3-(benzo[d][1,3]dioxol-4-yprop-2-en-1-one (71)

Yellow powder; yield 99%. *H NMR (500 MHz, DMSO-d,) & = 7.84 (d, J = 16.0 Hz, 1H),
7.84(d, J=8.5Hz 2H),7.58 (d, J = 15.5Hz, 1H), 7.29 (d, J = 7.5 Hz, 1H), 6.96 (d, J = 7.5
Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 2H), 6.19 (s, 2H), 6.17 (s, 2H). 1*C
NMR (125 MHz, DMSO-dy) & = 185.7, 154.0, 147.6, 146.3, 135.2, 131.0, 125.1, 124.1,
121.9, 117.6, 112.8, 109.6, 101.6, 39.7.
(E)-1-(4-aminophenyl)-3-(2-hydroxy-3-methoxyphenyl)prop-2-en-1-one (72)

Yellow powder; yield 42%. 'H NMR (500 MHz, DMSO-d,) 6 = 8.11 (d, J = 8.5 Hz, 2H),
7.99 (dd, J = 5.5, 3.0 Hz, 2H), 7.93 (dd, J = 5.5, 3.0 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 2.63
(s, 3H). *C NMR (125 MHz, DMSO-d,) 6 = 197.4, 166.7, 136.0, 135.8, 134.9, 131.5, 128.8,
127.1, 123.6, 26.9.

(E)-1-(4-aminophenyl)-3-mesitylprop-2-en-1-one (73)

Pale yellow powder; yield 42%. 'H NMR (500 MHz, DMSO-d,) 6 = 7.83 (d, J = 8.5 Hz,
2H), 7.70 (d, J = 15.5 Hz, 1H), 7.29 (d, J = 16.0 Hz, 1H), 6.92 (s, 2H), 6.61 (d, J = 8.5 Hz,
2H), 6.15 (s, 2H), 2.32 (s, 6H), 2.24 (s, 3H). *C NMR (125 MHz, DMSO-d,) & = 185.91,
15391, 139.34, 137.41, 136.56, 131.63, 131.08, 129.00, 127.24, 125.19, 112.81, 20.89,
20.70.

(E)-1-(4-aminophenyl)-3-(2-fluorophenyl)prop-2-en-1-one (74)

Yellow powder; yield 69%. 'H NMR (500 MHz, DMSO-d,) & = 8.07 (td, J = 8.0, 1.5 Hz,
1H), 7.91 (dd, J = 15.0, 8.5 Hz, 3H), 7.73 (d, J = 16.0 Hz, 1H), 7.47 (qd, J = 7.5, 2.0 Hz,
1H), 7.30 (d, J = 7.0 Hz, 1H), 7.28 (d, J = 7.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 2H), 6.21 (s, 2H).
13C NMR (125 MHz, DMSO-d,) & = 185.6, 160.7, 154.1, 132.6, 131.9, 131.3, 128.8, 125.1,
124.7, 122.8, 116.0, 112.8.
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(E)-1-(4-aminophenyl)-3-(3-fluorophenyl)prop-2-en-1-one (75)

Orange powder; yield 60%. H NMR (500 MHz, DMSO-dg) 6 = 7.95 (d, J = 9.0 Hz, 2H),
7.94 (d, J = 15.5 Hz, 1H), 7.80 (d, J = 10.5 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.61 (d, J =
15.5 Hz, 1H), 7.47 (q, J = 8.5 Hz, 1HO0, 7.24 (td, J = 8.5, 2.5 Hz, 1H), 6.63 (d, J = 9.0 Hz,
2H), 6.19 (s, 2H). *C NMR (125 MHz, DMSO-d,) & = 185.7, 162.6, 154.1, 140.0, 137.8,
131.3,130.8, 125.2, 123.9, 116.5, 114.3, 112.8.
(E)-1-(d-aminophenyl)-3-(4-fluorophenyl)prop-2-en-1-one (76)

Yellow powder; yield 57%. *H NMR (500 MHz, DMSO-d,) 6 = 7.93 (d, J = 8.5 Hz, 2H),
7.90 (dd, J = 8.5, 3.0 Hz, 2H), 7.83 (d, J = 15.5 Hz, 1H), 7.61 (d, J = 15.5 Hz, 1H), 7.26 (t,
J = 8.5 Hz, 2H), 6.63 (d, J = 8.5 Hz, 2H), 6.16 (s, 2H). *C NMR (125 MHz, DMSO-d,) & =
185.8, 163.1, 153.9, 140.2, 131.8, 131.2, 125.3, 122.4, 115.8, 112.8.
(E)-1-(4-aminophenyl)-3-(2-bromophenyl)prop-2-en-1-one (77)

Orange powder; yield 32%. 'H NMR (500 MHz, DMSO-d,) 6 = 8.14 (d, J = 8.0 Hz, 1H),
7.94 (d, J = 8.5 Hz, 2H), 7.88 (ABq, J = 15.5 Hz, 2H), 7.71 (d, J = 8.0 Hz, 1H), 7.46 (t, J =
7.5 Hz, 1H), 7.34 (td, J = 8.0, 1.5 Hz, 1H), 6.63 (d, J = 9.0 Hz, 2H), 6.22 (s, 2H). °C NMR
(125 MHz, DMSO-d,) 6 = 185.50, 154.18, 138.88, 134.50, 133.23, 131.59, 131.37, 128.54,
128.19, 125.42, 125.06, 112.80.
(E)-1-(d-aminophenyl)-3-(3-bromophenyl)prop-2-en-1-one (78)

Yellow powder; yield 96%. 'H NMR (500 MHz, DMSO-dy) & = 8.16 (s, 1H), 7.96 (d, J = 8.5
Hz, 2H), 7.95 (d, J = 15.5 Hz, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.59 (dq, J = 7.7, 0.5 Hz, 2H),
758 (d, J = 16.0 Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 2H), 6.20 (s, 2H). °>C
NMR (125 MHz, DMSO-dy) 6 = 185.7, 154.1, 139.7, 137.7, 132.4, 131.3, 130.9, 130.5,
127.9, 125.2,124.0, 122.4, 112.7.
(E)-1-(d-aminophenyl)-3-(4-bromophenyl)prop-2-en-1-one (79)

Yellow powder; yield 23%. 'H NMR (500 MHz, DMSO-dy) & = 7.93 (d, J = 8.5 Hz, 2H),
7.90(d, J = 15.5 Hz, 1H), 7.80 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 9.0 Hz, 1H), 7.62 (d, J = 8.5
Hz, 2H), 7.58 (d, J = 15.5 Hz, 1H), 6.62 (d, J = 8.5 Hz, 2H), 6.56 (d, J = 9.0 Hz, 1H), 6.18
(s, 2H). >C NMR (125 MHz, DMSO-d) 6 = 185.7, 154.0, 140.1, 134.5, 131.8, 131.2, 130.6,
130.5, 125.2, 123.2, 112.8, 112.5.
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(E)-1-(4-aminophenyl)-3-(2,6-dichlorophenyl)prop-2-en-1-one (80)

White powder; yield 78%. 'H NMR (500 MHz, DMSO-d,) & = 7.82 (d, J = 9.0 Hz, 2H), 7.72
(d, J = 16.0 Hz, 1H), 7.58 (d, J = 15.5 Hz, 1H), 7.57 (d, J = 8.5 Hz, 2H), 7.41 (t, J = 8.0 Hz,
1H), 6.62 (d, J = 9.0 Hz, 2H), 6.27 (s, 2H). **C NMR (125 MHz, DMSO-d,) § = 185.3, 154.4,
134.36, 134.03, 132.66, 131.30, 130.91, 130.62, 129.08, 124.62, 112.90, 39.52.
(E)-1-(4-aminophenyl)-3-(naphthalen-2-ylprop-2-en-1-one (81)

Yellow powder; yield 88%. 'H NMR (500 MHz, DMSO- dg) 6 = 8.45 (d, J = 15.5 Hz, 1H),
8.26 (d, J = 8.0 Hz, 1H), 8.18 (d, J = 7.0 Hz, 1H), 7.98 (m, 5H), 7.60 (m, 3H), 6.65 (d, J =
8.5 Hz, 2H), 6.20 (s, 2). *C NMR (125 MHz, DMSO-d,) & = 185.8, 154.0, 137.4, 133.4,
131.9, 131.3, 131.2, 130.2, 128.8, 127.1, 126.2, 125.7, 125.2, 125.1, 123.0, 112.8.

4.2.2.2 SYNTHESIS OF 4'-N-ACETYLAMINOCHALCONE (84)

Acetyl chloride (1.5 eq) was added into the mixture of acetophenone (1.0 eq)
in dichloromethane and TEA and stirred at 0 °C and continued to room temperature
for 24 hours. The pH of the mixture was adjusted by adding 50% HCl until pH = 7. The
product was extracted using dichloromethane, evaporated, and separated by silica gel
column using hexane:EtOAc (4:1). The pure product was reacted with isovanillin using

method described in 4.2.2.1.

(] i 0] (e} o
OH OH
Cl (@] H o =
QA —n, L QA : J\@ reiTy A
H,oN H OCHj3 N 84
H

OCH,4

(E)-N-(4-(3-(3-hydroxy-4-methoxyphenylacryloylDphenyl)acetamide (84)

Yellow powder; yield 24%. 'H NMR (500 MHz, DMSO- d,) 6 = 10.31 (s, 1H), 9.21 (s, 1H),
8.10(d,J = 9.0 Hz, 2H), 7.75 (d, J = 9.0 Hz, 2H), 7.68 (d J = 15.5 Hz, 1H), 7.59 (d, J = 15.5
Hz, 1H), 7.31 (d, J = 2.0 Hz, 1H), 7.27 (dd, J = 8.0, 2.0 Hz, 1H), 6.99 (d, J= 8.5 Hz, 1H),
3.83 (s, 3H), 2.09 (s, 3H). *C NMR (125 MHz, DMSO-d,) 6 = 187.54, 169.13, 150.31, 146.73,
143,94, 14358, 132.52, 129.81, 127.79, 122.10, 119.39, 118.40, 114.83, 112.01, 55.77,
24.26. MS(ESI, m/7): 334.10579 [M + Na]*. HRMS calcd for C;¢H3sNO5: 311.1158, Found:
311.10579.
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4.2.2.3 SYNTHESIS OF 4'-N-(DI)ALKYLAMINOCHALCONE (85, 86, 89, 90)
The 4'-N-alkylaminocetophenone was reacted with isovanillin as that

mentioned in 4.2.2.1.

0 o) o}
OH OH
H _— Z
Ri< + Ry
N OCHjy N OCHj,
R, R,

85: R1= CH3, R2= H

86: R1= CH3, R2= CH3

89: R1= CH2CH3, R2= H

90: R1= CH2CH3, R2= CH20H3

(E)-3-(3-hydroxy-4-methoxyphenyl)-1-(4-(methylamino)phenyl)prop-2-en-1-one (85)
Yellow solid; yield 7%. 'H NMR (500 MHz, acetone - d,) § = 8.02 (d, J = 9.0 Hz, 2H), 7.88
(s, 1H), 7.67 (d, J = 15.5 Hz, 1H), 7.63 (d, J = 15.0 Hz, 1H), 7.33 (d, J = 2.5 Hz, 1H), 7.20
(dd, J = 8.5, 2.5 Hz, 1H), 6.98 (d, J = 8.5 Hz, 1H), 6.67 (d, J = 8.5 Hz, 2H), 3.89 (s, 3H),
2.88 (d, J = 4.5 Hz, 3H). *C NMR (125 MHz, acetone-d,) & = 187.10, 154.76, 150.39,
147.77, 142.80, 131.60, 129.81, 127.57, 122.58, 120.82, 114.59, 112.27, 111.73, 56.28,
29.92. MS(ESI, m/2): 306.11223 [M + Na]*. HRMS calcd for C;4H13NOs: 283.1208, found:
283.11223.
(E)-1-(4-(dimethylamino)phenyl)-3-(3-hydroxy-4-methoxyphenylprop-2-en-1-one (86)
Yellow solid; yield 6%. *H NMR (500 MHz, acetone- d,) 6 = 8.06 (d, J = 8.5 Hz, 2H), 7.89
(s, 1H), 7.69 (d, J = 15.5 Hz, 1H), 7.62 (d, J = 15.5 Hz, 1H), 7.33 (d, J = 2.5 Hz, 1H), 7.20
(dd, J = 8.5, 2.5 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.78 (d, J = 9.0 Hz, 2H), 3.89 (s, 3H),
3.07 (s, 3H). 1*C NMR (125 MHz, acetone-dg) 6 = 187.16, 154.40, 150.43, 147.78, 142.89,
131.32, 129.78, 127.13, 122.61, 120.78, 114.60, 112.28, 111.71, 56.28, 40.07.
(E)-1-(4-(ethylamino)phenyl)-3-(3-hydroxy-4-methoxyphenylprop-2-en-1-one (89)
Yellow solid; yield 16%. *H NMR (500 MHz, acetone- d;) & = 8.00 (d, J = 8.5 Hz, 2H),
7.88 (s, 1H), 7.67 (d, J = 15.5 Hz, 1H), 7.62 (d, J = 15.5 Hz, 1H), 7.31 (d, J = 2.5 Hz, 1H),
7.20 (dd, J = 8.0, 2.0 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.68 (d, J = 9.0 Hz, 1H), 3.88 (s,
3H), 3.24 (g, J = 7.0 Hz, 2H), 1.24 (t, J = 7.5 Hz, 3H). *C NMR (125 MHz, acetone-d,) & =
187.05, 153.85, 150.38, 147.75, 142.79, 131.64, 129.79, 127.50, 122.56, 120.80, 114.58,
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112.26, 111.99, 56.26, 38.20, 14.63. MS(ESI, m/Z): 320.12811 [M + Na]*. HRMS calcd for
CiH13NO5: 297.1365, found: 297.12811
(E)-1-(4-(diethylamino)phenyl)-3-(3-hydroxy-4-methoxyphenylprop-2-en-1-one (90)
Yellow liquid; yield 15%. *H NMR (500 MHz, acetone- d,) & = 8.01 (d, J = 7.5 Hz, 2H),
7.65(d, J = 15.5 Hz, 1H), 7.60 (d, J = 15.5 Hz, 1H), 7.31 (s, 1H), 7.17 (d, J = 8.5 Hz, 1H),
6.95 (dd, J = 8.5, 4.0 Hz, 1H), 6.71 (d, J = 9.0 Hz, 2H), 3.847 (s, 3H), 3.45 (qui, J = 7.5 Hz,
4H), 1.15 (g, J = 7.0 Hz, 6H). >*C NMR (125 MHz, acetone-dy) & = 186.87, 151.99, 150.36,
147.76, 142.70, 131.70, 129.84, 126.48, 122.56, 120.83, 114.57, 112.27, 111.23, 56.28,
45.01, 12.80. MS(ESI, m/2): 348.15743 [M + Na]*. HRMS calcd for Ci4H13NOs: 325.1678,
found: 325.1676.

4.2.2.4 SYNTHESIS OF 4'-N-ALKYLAMINOCHALCONE (91, 92)

Isobutyraldehyde or 2-ethylbutyraldehyde (6.0 mmol) was added into the
mixture of 60 (0.4 mmol) in MeOH (10 mL), AcOH (100 pL), NaBH;CN (3.0 mmol), and
stirred at room temperature for 6 days. The crude product was extracted using EtOAc,

evaporated, and separated by silica gel column using hexane:EtOAc (3:2).

0 0
P OH = OH
B —. ~
® @ e @
HoN OCHg N OCHg
60 H

91: R=isobutyl
92: R= 2-ethylbutyl

(E)-3-(3-hydroxy-4-methoxyphenyl)-1-(4-(isobutylamino)phenyl)prop-2-en-1-one (91)
Yellow liquid; yield 0.1%. 'H NMR (500 MHz, acetone- d,) & = 7.99 (d, J = 9.0 Hz, 2H),
7.83 (s, 1H), 7.68 (d, J = 15.0 Hz, 1H), 7.60 (d, J = 15.5 Hz, 1H), 7.33 (d, J = 2.0 Hz, 1H),
7.19(d, J = 8.5, 2.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.70 (d, J = 9.0 Hz, 2H), 5.92 (t, J =
6.0 Hz, 1H), 3.89 (s, 3H), 3.05 (t, J = 6.0 Hz, 2H), 1.91 (m, 1H), 0.99 (d, J = 6.5 Hz, 6H).
BC NMR (125 MHz, acetone-dy) & = 186.9, 154.1, 150.3, 147.7, 142.7, 131.6, 129.8, 127.4,
122.6, 120.8, 114.6, 112.3, 112.0, 56.3, 51.5, 20.6. MS(ESI, m/Z): 348.15807 [M + Nal*.
HRMS calcd for C;HysNO5: 325.1678, found: 325.15807.
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(B)-1-(4-((2-ethylbutyDamino)pheny)-3-(3-hydroxy-4-methoxyphenyl)prop-2-en-1-one
(92). Yellow liquid; yield 0.1%. *H NMR (500 MHz, acetone- dy) 6 = 8.00 (d, J = 8.5 Hz,
2H), 7.83 (s, 1H), 7.67 (d, J = 15.0 Hz, 1H), 7.61 (d, J = 15.5 Hz, 1H), 7.33 (d, J = 2.0 Hz,
1H), 7.20 (d, J = 8.5, 2.5 Hz, 1H), 6.99 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 9.0 Hz, 2H), 3.89 (s,
3H), 3.14 (t, J = 6.0 Hz, 2H), 1.59 (heptet, J = 6.0 Hz, 1H), 1.45 (m, 4H), 0.92 (t, J = 7.0
Hz, 6H). *C NMR (125 MHz, acetone-ds) 6 = 186.9, 154.2, 150.3, 147.7, 142.7, 131.6,
129.8, 127.4, 122.5, 120.8, 114.5, 112.2, 111.9, 56.3, 46.6, 41.2, 24.4, 11.2. MS(ESI, m/2):
376.18882 [M + Nal*. HRMS calcd for CygH;sNOs: 353.1991, found: 353.199.

All compounds were characterized using *H and "*C NMR spectroscopy. For new
compounds, the molecular ion was determined by HRMS. Two compounds, 91 and

92, were selected to address the structural elucidation.

The 'H NMR Spectra of 91 (Figure 4.2) showed two trans-olefinic protons at &
7.68 (d, J = 15.0 Hz, 1H), and 7.60 (d, J = 15.5 Hz, 1H). Two doublet signals belonged
to the Aring at 8, 7.99 (d, J = 9.0 Hz, 2H), and 6.70 (d, J = 9.0 Hz, 2H), while two doublet
signals at 8y 7.33 (d, J = 2.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), and one doublet of doublet
signal at 8y 7.19 (dd, J = 8.5, 2.0 Hz, 1H) showed an ABX system assigned for proton on
the B ring. The triplet signal at 8y 3.05 (t, J= 6.0 Hz, 2H) was methylene (CH,) and more
downfield due to attach to nitrogen, while multiplet signals at &y 1.91 (m, 1H) was
methine (CH) neighboring with two methyl and methylene, and doublet signal at dy
0.99 (d, J = 6.5 Hz, 6H) was assigned for two methyl groups attached with methine.
The *C NMR Spectra of 91 (Figure 4.3) showed a characteristic of carbonyl signal at 8.
186.9 (C=0) more down field due to have a conjugation system compared with
acetone more than 8. 200.0. The aromatic carbon attached to an amino group on the
A ring was detected at &, 154.1 (=C-N) more down field compared with oxygenated
aromatic carbons on the B ring at &, 150.3 (=C-OCHs) and 147.7 (=C-OH). Moreover,
the sp? carbon signals were displayed at . 142.7-112.0, and those of sp® carbon were

observed at §. 56.3 (OCH3), 51.5 (CH,), 28.7 (CH), and 20.6 (2CHs).
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The 'H NMR Spectra of 92 (Figure 4.4) displayed two doublet signals at 8, 7.67 (d, J =
15.0 Hz, 1H), and 7.61 (d, J = 15.5 Hz, 1H) belonged to trans-olefinic proton. Two

doublet signals on A ring showed at dy 8.00 (d, J = 8.5 Hz, 2H), and 6.71 (d, J = 9.0 Hz,
2H) due to symmetry structure, while three signals on B ring had an ABX pattern at &y
7.33(d, J = 2.0 Hz, 1H), 7.20 (dd, J = 8.5, 2.5 Hz, 1H), and 6.99 (d, J = 8.0 Hz, 1H). The
triplet signal on amino group (NH) was detected at 8y 5.84 (t, J = 6.0 Hz, 1H) due to
neighboring with methylene (CH,), and the methoxy group (OCH;) was appeared as a
singlet signal at &y 3.89 (s, 3H). The methylene group signal was observed more down
field at 6y 3.14 (t, J = 6.0 Hz, 2H) due to attach with NH, compared with the other
aliphatic signals at 8y 1.59 (heptet, J = 6.0 Hz, 1H), 1.45 (m, 4H), and 0.92 (t, J = 7.0 Hz,
6H). The °C NMR Spectra of 92 (Figure 4.5) presented a carbonyl signal at 8. 186.9
(C=0) was more down field because of conjugation electron from olefinic to carbonyl,
while an aromatic carbon signal (=C-N) at &. 154.2, and two signals of oxygenated
carbon aromatic at 8. 150.3 (=C-OCH,), and 147.7 (=C-OH) were observed. The sp?
carbon signals were visualized at 6. 142.7-111.9 including aromatic and olefinic
carbons, while sp® carbon presented at 8, 56.3 (OCH5), 46.6 (CH,), 41.2 (CH), 24.4 (2CH,),

11.2 (2CHy).
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4.2.2.5 ALPHA-GLUCOSIDASE ASSAY

The a-glucosidase (0.1 U/mL) and p-nitrophenyl-a-D-glucopyranoside, p-NPG
(substrate, 1 mM) were dissolved in 0.1 M phosphate buffer (pH 6.9). A test sample (10
uL) was pre-incubated with a-glucosidase (40 pL) at 37 °C for 10 min. The substrate
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solution (50 pL) was then added to the reaction mixture and incubated at 37 °C for an
additional 20 min and terminated by adding 1 M Na,COs solution (100 uL). Enzymatic
activity was quantified by measuring the absorbance at 405 nm (ALLSHENG AMR-100
microplate reader). The percentage inhibition of activity was calculated as follows: %
Inhibition = [(A;-A1)/Ag] x 100, where: A, is the absorbance without the sample; A; is
the absorbance with the sample. The ICsy value was deduced from the plot of %
inhibition vs concentration of test sample. Acarbose was used as a standard control
and the experiment was performed in triplicate.

To determine the a-glucosidase inhibition type, a kinetic study was conducted
according to the above reaction. The a-slucosidase inhibition type was determined at
various concentrations of p-NPG in the absence or presence of test compounds at
different concentrations. The K, and V, ., values were calculated from Lineweaver-

Burk plots of 1/V vs 1/S.
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4.2.2 RESULTS AND DISCUSSION

4.2.2.1 SYNTHESIS OF 4'-AMINOCHALCONES AND THEIR DERIVATIVES

Thirty-six 4'-aminochalcones including their derivatives were synthesized as

shown in Scheme 4.1.

(0]
e
Pz
H2N 53-81
(0] (0]
(e} /@)\ c o OH
B —_—
E—
A N )J\N OCH;
H 83 H 84
(@) O
= OH
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N N OCH,4
H H 85

(0}
= OH
O L . C4> O
\ \
N OCHg

0 0
= OH
: SR
A S
~ N N OCHs
H 87 H 89
o o

% —
c OH YH 91
HoN 60 OCHj3 (0]
= OH
——__JJ T U
N OCH;

SCHEME 4.1 REAGENTS AND CONDITIONS: A) 6 M NaOH, MeOH, ROOM TEMPERATURE. B) ACETYL CHLORIDE, DCM,

TEA, ROOM TEMPERATURE. C) ISOVANILLIN, 6 M NaOH, MEOH, ROOM TEMPERATURE. D) ETHYL IODIDE,
ACETONE, K,CO;, ROOM TEMPERATURE. E) ISOBUTYRALDEHYDE, NaBH,CN, MeOH, ROOM

TEMPERATURE. F) 2-ETHYL BUTYRALDEHYDE, NaBH;CN, MeOH, ROOM TEMPERATURE.



71

4’-Aminochalcones (53-81) and their derivatives (84, 85, 86, 89-92) are
presented in Scheme 4.1. 4’-Aminoacetetophenone reacted with different substituted
benzaldehydes in the presence of 6 M NaOH in MeOH at room temperature to obtain
4'-aminochalcones (53-81). 83 was obtained from the reaction of 4'-
aminoacetetophenone and acetyl chloride in dichloromethane and TEA at room
temperature. 84 was synthesized from the treatment of 83 with isovanillin and 6 M
NaOH in MeOH at room temperature. 85 and 86 were obtained from the reactions of
N-methyl- and N,N'-dimethyl-4’-aminoacetophenones and isovanillin and 6 M NaOH in
MeOH at room temperature. To attain 87 and 88, 4’-aminoacetophenone reacted with
excess ethyl iodide in acetone and K,COs. 89 and 90 were obtained from the reactions
of 87 and 88 with isovanillin with 6 M NaOH in MeOH. In this condition, N-alkyl(acetyl)
aminoacetophenones was reacted with isovanillin in basic condition using Claisen-
Schmidt condensation to synthesize compounds (84, 85, 86, 89, 90) which obtained
the product in low yield (6-24%). This result may be due to different polarity when
compared with compound 60 (yield 45%). 91 and 92 were synthesized from 60 with
isobutyraldehyde and 2-ethyl butyraldehyde in MeOH to form imine and in situ
reduced by NaBH;CN at room temperature. Unfortunately, using reductive amination
method, the 91 and 92 were obtained in very low yield (0.1%). This result was due to
low reactivity of aliphatic aldehyde to form imine. Therefore, the product of reductive

amination may obtain in very low yield.

4.2.2.2 BIOLOGICAL EVALUATION

To evaluate inhibitory activity of 4’-aminochalcones and their derivatives, thirty-
six synthesized compounds (53-92) were evaluated for a-glucosidase inhibitory activity
and their kinetic study as previous described.'*! The results are shown in Tables 4.1
and 4.2. In this study, four levels of inhibition were categorized according to the ICs
values compared with acarbose, ie., weak (>100-200 pM), moderate (>50-100 puM),
strong (>10-50 uM), and very strong (<10 pM).



TABLE 4. 1 IN VITRO ALPHA-GLUCOSIDASE INHIBITORY ACTIVITIES OF 53-81

72

Comp. R ICso (PAM)? Comp. R ICso (M)?
53 3 -OH 3278+ 179 68 2 -OCH,, 3 -OCH;§ >200

54 4’-OH 41.0 69 2"-OCHa, 6 -OCHs 75.27 + 1.56
55 2"-0CH; 127.92 + 898 70 3- OCHs, 5-OCH; 168.34 + 2.08
56 3 -0CHs 99.06 + 7.62 71 2, 3-(0OCH,0) 150.46 + 0.54
57 4'-0OCHj 78.06 £ 6.16 72 2- OH, 3-0OCH, 146.73 + 2.86
58 3, 4 -(OCH,0) >200 73 2" -CHa, 4 -CHa, 6 -CH,  >200

59 3'- OCHs, 4'-OH 89.35 + 4.11 74 2-F 109.67 + 0.11
60 3-OH, 4 -OCH; 21.39 + 1.06 75 3-F 59.12 + 3.58
61 3'-0OCHs, 4 -OCH; >200 76 4'-F 90.84 + 6.09
62 2"- OCHs, 4 -OCHs, 5 -OCHs; >200 77 2"-Br 13512 + 9.61
63 3-0CHs, 4'- OCHs, 5-0CHs ~ »200 78 3 -Br >200

64 2"-0CH3, 5 -OCH; 138.76 + 3.54 79 4'-Br 133.57 + 3.23
65 2" -0CHa, 4 -OCHs 103.87 + 1.71 80 2°-Cl, 6 -Cl >200

66 2"- OCHs, 3'-OCHs, 4 -OCH; >200 81 m =200

67 2"~ OCHs, 4 -OCH,, 6 -OCHs 101.88 + 0.79 82 Acarbose 93.63 + 0.49

®Data are expressed as mean * SD in triplicate

As shown in Table 4.1, 4-aminochalcones displayed potent a-glucosidase
inhibitors with 1Csq values of 21.39 - 90.84 uM. To determine structure-activity
relationships, firstly, the introduction of monosubstituent on the B ring significantly
inhibited a-glucosidase.”® Monohydroxy (-OH) group on the B ring (53 and 54) exhibited
stronger activity than acarbose. Nevertheless, monomethoxy (-OCHs) group on the B
ring (55 and 56) showed weak inhibitory activity, except 57 at para position being
moderate with ICsy value of 78.06 uM. These results showed that the hydroxy group
was more important to the a-glucosidase inhibition perhaps due to its possibility more
H-bonding interaction with a-glucosidase compared with the methoxy group.* **> The
presence of halogen groups on the B ring (74-80) showed weak to moderate a-
glucosidase inhibition with ICs, values from 59.12 to more than 200 uM. Among halogen
substituents studied, fluorine group revealed the most active halogen, especially at
meta position (75). This data suggested that a less bulky fluorine atom provided a
between inhibitors and enzyme.!® % The effect of

binding interaction

monosubstituent on a-glucosidase inhibition is summarized as presented in Figure 4.6.



73

200
180
160
140
= 120

ICs0 (UM
=
8

0

Chalcones
FIGURE 4.6 THE EFFECT OF MONOSUBSTITUENT (53-57, 74-79) ON ALPHA-GLUCOSIDASE INHIBITION

Further studies were carried out for di-, and trisubstituents on the B ring (58-
73, 80). Dimethoxy ((-OCHs),) and methylendioxy (-OCH,O-) decreased an inhibitory
activity. Surprisingly, 69 with dimethoxy group at 2’ and 6' positions displayed
moderate inhibition with ICs, value of 75.27 uM, whereas additional of methoxy group
on 69 at 4’ position, like 67 decreased an inhibitory activity. Moreover, 60, which
possessed hydroxy group at meta and methoxy group para positions revealed strong
a-glucosidase inhibitory activity around 4.4-fold compared with acarbose, when
removing a methoxy group at para position decreased slightly inhibition activity, such
as 32. In addition, 59 with a methoxy at meta and hydroxy at para position showed a
moderate inhibition. Hence, these results showed that disubstituent contained hydroxy
and methoxy group on the B ring increased an inhibitory activity due to hydroxy group,
especially at meta position, which easily formed H-bonding with enzyme, whereas
methoxy and methylenedioxy groups decreased an inhibition activity due to the lack
of H-bonding with enzyme. Meanwhile, the trimethoxy group displayed a weak
inhibitory activity; similarly, the hydrophobic group (73 and 81) also showed weak
inhibitory activity. This data suggested that H-bonding formation on the B ring would
be pivotal to enhance inhibitory activity.!* The effect of di- and tri-substituent on a-

glucosidase inhibition is accumulated as shown in Figure 4.7.
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INHIBITION

TABLE 4.2 IN VITRO ALPHA-GLUCOSIDASE INHIBITORY ACTIVITIES OF 84-86, 89, AND 90-92

Comp. ICso (UM)? Comp. ICso (UM)?
84 21.16 + 2.68 90 37.78 + 2.17
85 16.49 + 0.86 91 1.81 £ 0.33
86 138.83 + 4.64 92 0.14 + 0.02
89 233 +0.14 acarbose 93.63 + 0.49

“Data are expressed as mean + SD in triplicate.

To determine the effect of N-substituted moiety on the A ring (60), a series of
compounds was synthesized and then evaluated for their inhibitory activity as shown
in Table 4.2. The acetylation of amino group (84) showed inhibitory activity comparable
with 60. Surprisingly, the introduction of monomethyl (85) or monoethyl (89) to the
amino group significantly increased a-glucosidase inhibition with ICs, values of 16.49 +
0.86 and 2.33 + 0.14 uM, respectively. However, the presence of the N,N-dimethyl
group (86) decreased the activitiy significantly around 7-fold when compared with 60.
This phenomenon was also observed with N,N-diethyl (90) substituent which
decreased the activity with ICsq value of 37.78 + 2.17 uM. This indicated that monoalkyl
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and hydrogen on amino group would prefer to bind with amino residues through
hydrophobic and H- bonding interaction.

Moreover, the investigation of mono N-alkyl substituent was conducted with
branched alkyl to determine the steric effect and hydrophobicity. Surprisingly, isobutyl
(91) and 2-ethyl butyl (92) on the amino group showed strong a-glucosidase inhibition
with 1Csy values of 1.81 + 0.33 and 0.14 + 0.02 puM, respectively. This suggested that
more hydrophobic interaction on the Aring be a key factor binding with amino residues
in a-glucosidase.'*” 1% The effect of N-substituted 4-aminochalcones against a-

glucosidase inhibition is presented in Figure 4.8.
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FIGURE 4.8 THE EFFECT OF N-SUBSTITUTED-4'-AMINOCHALCONES AGAINST ALPHA-GLUCOSIDASE INHIBITION

The inhibition modes of 84, 85, 89, 91, and 92 were evaluated from
Lineweaver-Burk plots to investigate the inhibition mechanism of the a-glucosidase
inhibitors using the previously published method.!*! The results are presented in Table

4.3 and Figure 4.9.



TABLE 4.3 KINETIC STUDY OF 84, 85, 89, 91, AND 92

76

Concentration of Vinax Mode of
Comp. K. (mM)?
Inhibitor (JAM) (AOD,0s/min) ® Inhibition
0 0.22 0.24
84 21.00 0.10 0.10 Uncompetitive
42.00 0.08 0.08
0 0.19 0.18 ‘
85 11.00 0.26 0.13 Mixed
33.00 0.19 0.07
0 0.25 0.23
89 1.60 0.18 0.15 Uncompetitive
4.70 0.11 0.07
0 0.54 0.26
91 1.80 0.09 0.05 Uncompetitive
3.60 0.06 0.03
0 0.44 0.19
92 0.14 0.24 0.11 Uncompetitive
0.28 0.14 0.06

“The kinetic study was conducted in triplicate.
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FIGURE 4.9 LINEWEAVER-BURK PLOTS OF THE KINETIC STUDY OF ALPHA-GLUCOSIDASE INHIBITION BY 85 (A), 89 (B),

91 (C), AND 92 (D)

As shown in Table 4.3, the data showed that 84, 89, 91, and 92 demonstrated
an uncompetitive inhibition as evident by the reduced K, and V. values with
increasing inhibitor concentrations. These data revealed that 84, 89, 91, and 92 were
preferred to bind with enzyme-substrate complex rather than the free enzyme.
Meanwhile, 85 with monomethyl on amino group showed an intersection of lines in
the second quadrant on the Lineweaver-Burk plots as shown in Figure 4.9. These data
suggested that 85 showed mixed-mode inhibitions with K; values of 29.72 and 21.61
M.

According to all results, the representative picture of structure-activity

relationships (SARs) could be drawn as shown in Figure 4.10.
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The presence of the hydroxy group at meta position and the methoxy group
at para position on the B ring are crucial to enhance inhibitory activity by providing
hydrogen interaction, while N-monoalkyl group on A ring and hydrogen atom on the
amino group are very necessary to enhance inhibitory activity by forming hydrophobic
interaction with the enzyme. This study found that 4’-aminochalcones could have
hydrogen bonding interaction on the B ring and hydrophobic interaction on the A ring

to enhance a-glucosidase inhibitory activity.
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4.3 SYNTHESIS, BIOACTIVITY EVALUATION, AND MOLECULAR DOCKING STUDY OF E-
ARYLIDENE STEROID DERIVATIVES AS ALPHA-GLUCOSIDASE INHIBITORS

4.3.1 MATERIALS AND METHODS

4.3.1.1 MATERIALS

Chemicals and equipment used were the same as described in Chapter 2.

4.3.2 METHODS
4.3.2.1 GENERAL PROCEDURE OF THE SYNTHESIS OF E-ARYLIDENE AND ITS DERIVATIVES

(93-112)
Steroids (0.7 mmol) were added into the reaction flask along with ethanol (10
mL) at room temperature. 10 M KOH (1 mL) and substituted benzaldehyde (1.4 mmol)
were added and the reaction was stirred at room temperature for 24 hours. Afterwards,
10% HCl was added to adjust the pH until around 3-4. The reaction mixture was
extracted using EtOAc and evaporated to provide a crude product. The separation was

performed with silica gel column using hexane and EtOAc (4:1).

+ H)J\Ar Ethanol,
KOH, 24 h
S S~
93: Ar= 2-0CH3-C6H5 100: Ar = 2,5—(OCH3)2-06H5
94: Ar = 3-OCH3-CgH5 101 : Ar= 2,6-(OCH3)2-CGH5
95: Ar = 4-OCH;-CgHs 102 : Ar = 2,3-(OCH3)»-CeHs

96: Ar = 3,4-OCH20-CGH5 103: Ar = 2,3,4-(OCH3)3-C6H5
97: Ar = 3,4-(OCH3)2'CGH5 104 : Ar= 2,4,5-(OCH3)3-C6H5
98: Ar = 3-OH-4-OCH3-CgHs 105:Ar = 3-OH-CgHs
99: Ar = 3-OCH3-4-OH-CgHs  106: Ar = 4-OH-CgHs

(3S5,55,8R,95,10S,13S,145)-3-hydroxy-16-((E)-2-methoxybenzylidene)-10,13-

dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one  (93): Pale yellow
powder; yield 99%. 'H NMR (500 MHz, CDCls) & = 7.83 (s, 1H), 7.48 (dd, J = 7.5, 2.0 Hz,
1H), 7.31 (dd, J = 7.5, 2.0 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 3.85
(s, 3H), 3.58 (m, 1H), 2.76 (ddd, J = 8.0, 6.0, 1.5 Hz, 1H), 2.38 (ddd, J = 16.0, 13.0, 3.0 Hz,
1H), 1.63-1.85 (m, 8H), 1.26-1.42 (m, 7H), 1.09-1.16 (m, 1H), 0.97-1.02 (m, 1H), 0.95 (s,
3H), 0.85 (s, 3H), 0.69-0.75 (m, 1H). *C NMR (125 MHz, CDCls) & = 209.9, 158.8, 136.2,
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130.7,129.7, 127.8, 124.8, 120.3, 110.9, 71.3, 55.6, 54.6, 49.8, 47.8, 44.9, 38.2, 36.9, 35.8,
34.8, 31.8, 31.6, 31.2, 29.5, 28.5, 20.7, 14.6, 12.5.
(3S,55,8R,95,108S,13S,145)-3-hydroxy-16-((E)-3-methoxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (94): White powder;
yield 98%. 'H NMR (500 MHz, CDCly) & = 7.38 (s, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.05 (s,
1H), 6.90 (dd, J = 8.0, 2.0 Hz, 1H), 3.83 (s, 3H), 3.59 (m, 1H), 2.86 (ddd, J = 8.5, 6.5, 2.0
Hz, 1H), 2.39 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H), 1.80-1.93 (m, 5H), 1.65-1.74 (m, 3H), 1.29-
1.42 (m, 6H), 1.11-1.17 (m, 1H), 0.96-1.03 (m, 2H), 0.95 (s, 3H), 0.86 (s, 3H), 0.71-0.77 (m,
1H). *C NMR (125 MHz, CDCls) 6 = 210.0, 159.7, 137.1, 136.6, 132.9, 129.7, 122.9, 115.8,
114.8, 71.3, 55.4, 54.6, 49.6, 47.7, 44.9, 38.1, 36.9, 35.8, 34.8, 31.8, 31.5, 31.2, 29.4, 28.5,
20.7, 14.6, 12.5. HRMS (ESI*): m/z calcd for C,;H3,0sNa [M + Nal* : 431.2562, found:
431.2554

(35,5S,8R,95,10S,135,145)-3-hydroxy-16-((E)-4-methoxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one  (95): Pale yellow
powder; yield 90%. *H NMR (500 MHz, CDCls) 6§ = 7.49 (d, J = 9.0 Hz, 2H), 7.37 (s, 1H),
6.93 (d, J = 9.0 Hz, 2H), 3.83 (s, 3H), 3.59 (m, 1H), 2.83 (ddd, J = 9.0, 7.0, 2.5 Hz, 1H),
2.36 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H), 1.79-1.92 (m, 3H), 1.63-1.74 (m, 5H), 1.31-1.43 (m,
6H), 1.11-1.17 (m, 1H), 0.96-1.02 (m, 2H), 0.96 (s, 3H), 0.86 (s, 3H), 0.72 (m, 1H). *C NMR
(125 MHz, CDCls) & = 210.2, 160.5, 133.9, 132.8, 132.2, 128.5, 114.3, 71.3, 55.5, 54.7,
49.7,47.6,44.9, 38.2, 36.9, 35.8, 34.8, 31.8, 31.6, 31.3, 29.4, 28.5, 20.7, 14.7, 12.5.

(35,55,8R,95,10S5,135,14S,F)-16-(benzo[d][1,3]dioxol-5-ylmethylene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (96): Brown powder;
yield 919%. 'H NMR (500 MHz, CDCl) & = 7.32 (s, 1H), 7.04 (dd, J = 7.0, 2.0 Hz, 1H), 7.03
(s, 1H), 6.84 (d, J = 8.5 Hz, 1H), 6.0 (q, J = 1.5 Hz, 2H), 3.59 (m, 1H), 2.81 (ddd, J = 8.5,
6.5, 2.0 Hz, 1H), 2.34 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H), 1.79-1.92 (m, 3H), 1.67-1.74 (m,
5H), 1.32-1.42 (m, 6H), 1.11-1.17 (m, 1H), 0.95-1.04 (m, 2H), 0.92 (s, 3H), 0.86 (s, 3H),
0.71-0.76 (m, 1H). "*C NMR (125 MHz, CDCls) & = 210.1, 148.1, 134.3, 132.9, 130.1, 126.2,
109.5, 108.7, 101.6, 71.3, 54.7, 49.7, 47.7, 44.9, 38.1, 36.9, 35.8, 34.8, 31.8, 31.5, 31.3,
29.4, 28.5, 20.7, 14.7, 12.5.



81

(35,55,8R,95,105,13S,145)-16-((E)-3,4-dimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one  (97): Pale yellow
powder; yield 92%. 'H NMR (500 MHz, CDCls) & = 7.36 (s, 1H), 7.15 (dd, J = 8.5, 2.0 Hz,
1H), 7.05 (d, J = 1.5 Hz, 1H), 6.9 (d, J = 8.5 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.59 (m,
1H), 2.85 (ddd, J = 15.5, 7.0, 2.0 Hz, 1H), 2.38 (ddd, J = 16.0, 12.5, 3.5 Hz, 1H), 1.63-1.86
(m, 8H), 1.29-1.42 (m, 7H), 1.11-1.17 (m, 1H), 0.96-1.02 (m, 2H), 0.93 (s, 3H), 0.86 (s, 3H),
0.71-0.77 (m, 1H). *C NMR (125 MHz, CDCl5) & = 210.1, 150.2, 148.9, 134.2, 133.1, 128.7,
124.0, 113.3, 111.2, 71.2, 56.1, 54.6, 49.7, 47.7, 44.9, 38.2, 36.9, 35.8, 34.8, 31.8, 31.5,
31.2, 31.0, 29.8, 29.4, 28.5, 20.7, 14.7, 12.4. HRMS (ESI*): m/z calcd for CygHss04Na [M +
Nal* : 461.2668, found: 461.2667

(35,55,8R,95,105,135,145)-3-hydroxy-16-((£)-3-hydroxy-4-methoxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (98): Yellow powder;
yield 93%. 'H NMR (500 MHz, CDCly) & = 7.32 (s, 1H), 7.16 (d, J = 2.0 Hz, 1H), 7.05 (dd,
J =90, 25 Hz, 1H), 6.87 (d, J = 8.5 Hz, 1H), 3.92 (s, 3H), 3.59 (m, 1H), 2.84 (ddd, J =
16.0, 6.5, 2.0 Hz, 1H), 2.35 (ddd, J = 15.5, 12.5, 2.5 Hz, 1H), 1.64-1.89 (m, 8H), 1.27-1.38
(m, 7H), 1.10-1.15 (m, 1H), 0.96-1.02 (m, 2H), 0.92 (s, 3H), 0.85 (s, 3H), 0.70-0.76 (m, 1H).
C NMR (125 MHz, CDCls) § = 210.3, 147.7, 145.7, 134.3, 133.1, 129.3, 124.2, 115.7,
110.7, 71.3, 56.1, 54.7, 49.7, 47.6, 44.9, 38.1, 36.9, 35.8, 34.8, 31.8, 31.5, 31.3, 29.3, 28.5,
20.7, 14.7, 12.5. HRMS (ESI*): m/z calcd for Cy7Hs0qNa [M + Na]* : 447.2511, found:
447.2499
(35,55,8R,95,10S,135,145)-3-hydroxy-16-((E)-4-hydroxy-3-methoxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one  (99): Pale yellow
powder; yield 25%. 'H NMR (500 MHz, DMSO-d6) & = 9.61 (s, 1H), 7.19 (s, 1H), 7.15 (s,
1H), 7.09 (d, J = 8.5 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 3.79 (s, 3H), 2.74 (d, J = 9.0 Hz, 1H),
2.39-2.45 (m, 1H), 1.58-1.83 (m, 7H), 1.18-1.33 (m, 8H), 0.89-1.08 (m, 3H), 0.83 (s, 3H),
0.78 (s, 3H), 0.66-0.72 (m, 1H). *C NMR (125 MHz, DMSO-d6) & = 208.7, 148.4, 147.6,
133.0, 132.6, 126.7, 124.2, 115.8, 114.4, 69.3, 55.6, 53.9, 49.1, 46.9, 44.4, 38.2, 36.6, 35.4,
34.2, 31.5, 30.6, 28.8, 28.2, 20.2, 14.3, 12.2.
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(35,55,8R,95,105,135,145)-16-((E)-2,5-dimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (100): Orange powder;
yield 94%. 'H NMR (500 MHz, CDCl;) 6 = 7.78 (dd, J = 3.0, 2.0 Hz, 1H), 7.04 (d, J = 3.0
Hz, 1H), 6.87 (dd, J = 9.0, 3.0 Hz, 1H), 6.83 (d, J = 9.0 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H),
3.58 (m, 1H), 2.78 (ddd, J = 16.0, 6.5, 2.0 Hz, 1H), 2.38 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H),
1.66-1.84 (m, 1H), 1.28-1.42 (m, 7H), 1.09-1.16 (m, 1H), 0.96-1.01 (m, 2H), 0.95 (s, 3H),
0.85 (s, 3H), 0.69-0.75 (m, 1H). "*C NMR (125 MHz, CDCl;) & = 209.8, 153.4, 153.1, 136.5,
127.7, 1255, 115.7, 115.2, 111.8, 71.3, 56.2, 55.9, 54.6, 49.7, 47.8, 44.9, 38.1, 36.9, 35.8,
34.8,31.8,31.5,31.3, 29.4, 28.5, 20.7, 14.6, 12.4. HRMS (ESI*): m/z calcd for CygHs04Na
[M + Na]" : 461.2668, found: 461.2669

(35,55,8R,95,10S,135,145)-16-((F)-2,6-dimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (101): White powder;
yield 93%. 'H NMR (500 MHz, CDCly) & = 7.52 (s, 1H), 7.27 (t, J = 8.5 Hz, 1H), 6.56 (d, J
= 8.0 Hz, 2H), 3.83 (s, 6H), 3.58 (m, 1H), 2.29 (ddd, J = 16.0, 6.5, 2.0 Hz, 1H), 2.17 (ddd,
J =16.0, 13.0, 3.0 Hz, 1H), 1.65-1.82 (m, 8H), 1.22-1.41 (m, 8H), 1.07-1.13 (m, 1H), 0.97
(s, 3H), 0.84 (s, 3H), 0.67-0.72 (m, 1H). >*C NMR (125 MHz, CDCl5) & = 209.8, 158.7, 139.5,
130.4, 125.6, 113.7, 103.7, 71.3, 55.8, 54.7, 48.6, 48.1, 44.9, 38.2, 36.9, 35.8, 34.8, 31.8,
31.6, 31.2, 30.0, 28.6, 20.7, 14.7, 12.5. HRMS (ESI*): m/z calcd for CygHsg04Na [M + Na]*
1 461.2668, found: 461.2668

(35,55,8R,95,10S,135,145)-16-((E)-2,3-dimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (102): Orange powder;
yield 70%. 'H NMR (500 MHz, CDCls) & = 7.75 (s, 1H), 7.12 (dd, J = 8.0, 2.0 Hz, 1H), 7.07
(t, J = 8.0 Hz, 1H), 6.93 (dd, J = 8.0, 1.5 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H), 3.58 (m, 1H),
2.76 (ddd, J = 16.0, 6.5, 2.0 Hz, 1H), 2.36 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H), 1.64-1.85 (m,
7H), 1.28-1.44 (m, 7H), 1.09-1.16 (m, 1H), 0.96-1.02 (m, 2H), 0.94 (s, 3H), 0.85 (s, 3H),
0.70-0.76 (m, 1H). >*C NMR (125 MHz, CDCl5) & = 209.8, 153.1, 149.2, 137.3, 130.1, 127.7,
123.8, 121.5, 113.4, 71.3, 61.5, 55.9, 54.6, 49.6, 47.8, 44.9, 38.1, 36.9, 35.8, 34.8, 31.8,
31.5,31.2, 29.5, 28.5, 20.7, 14.6, 12.5. HRMS (ESI*): m/z calcd for C,gH3504Na [M + NaJ*
: 461.2668, found: 461.2684
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(35,55,8R,95,105,135,145)-16-((E)-2,3,4-trimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (103): Yellow powder;
yield 90%. "H NMR (500 MHz, CDCls) & = 7.69 (s, 1H), 7.25 (d, J = 9.0 Hz, 1H), 6.70 (d, J
= 8.5 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 3.58 (m, 1H), 2.75 (dd, J = 15.5, 6.5
Hz, 1H), 2.34 (ddd, J = 16.0, 12.5, 3.5 Hz, 1H), 1.67-1.82 (m, 7H), 1.27-1.42 (m, 7H), 1.09-
1.15 (m, 1H), 0.96-1.02 (m, 2H), 0.93 (s, 3H), 0.85 (s, 3H), 0.70-0.76 (m, 1H). >C NMR (125
MHz, CDCls) & = 209.9, 154.9, 154.1, 142.4, 135.1, 127.4, 124.7, 122.8, 107.1, 71.2, 61.8,
61.0, 56.1, 54.6, 49.8, 47.7, 44.9, 38.1, 36.9, 35.8, 34.8, 31.8, 31.6, 31.3, 31.0, 29.8, 28.5,
20.7, 14.7, 12.5. HRMS (ESI"): m/z calcd for CogHaoOsH [M + HI™ @ 469.2954, found:
469.2954

(35,55,8R,95,105,135,145)-16-((E)-2,4,5-trimethoxybenzylidene)-3-hydroxy-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (104): Yellow powder;
yield 97%. *H NMR (500 MHz, CDCl;) & = 7.80 (s, 1H), 7.07 (s, 1H), 6.51 (s, 1H), 3.92 (s,
3H), 3.84 (s, 3H), 3.58 (m, 1H), 2.78 (ddd, J = 8.5, 6.5, 2.0 Hz, 1H), 2.37 (ddd, J = 15.5,
12.5, 3.0 Hz, 1H), 1.72-1.82 (m, 7H), 1.28-1.39 (m, 7H), 1.11-1.16 (m, 1H), 0.97-1.01 (m,
2H), 0.94 (s, 3H), 0.85 (s, 3H), 0.69-0.75 (m, 1H). >C NMR (125 MHz, CDCl;) & = 209.9,
154.7, 151.5, 142.7, 133.6, 127.7, 116.4, 113.2, 96.9, 71.3, 56.8, 56.5, 56.1, 54.6, 49.8,
47.7,44.9, 38.2, 36.9, 35.8, 34.8, 31.8, 31.5, 31.2, 29.5, 28.5, 20.7, 14.7, 12.4. HRMS (ESI*):
m/z calcd for CyoHgoOsH [M + HI* : 469.2954, found: 469.2955

(35,5S,8R,95,10S,135,145)-3-hydroxy-16-((E)-3-hydroxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (105): Brown powder;
yield 75%. "H NMR (500 MHz, DMSO-d6) & = 9.63 (s, 1H), 7.24 (t, J = 8.5 Hz, 1H), 7.16 (s,
1H), 7.03 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 2.5 Hz, 1H), 6.80 (dd, J = 8.0, 3.0 Hz, 1H), 3.34
(m, 1H), 2.75 (ddd, J = 8.5, 6.5, 2.0 Hz, 1H), 2.41 (ddd, J = 16.0, 13.0, 3.0 Hz, 1H), 1.72-
1.81 (m, 2H), 1.58-1.65 (m, 4H), 1.20-1.36 (m, 7H), 1.02-1.08 (m, 1H), 0.87-0.99 (m, 1H),
0.84 (s, 3H), 0.79 (s, 3H), 0.66-0.72 (m, 1H). *C NMR (125 MHz, DMSO-d6) 6 = 208.7,
157.6, 136.4, 136.2, 132.1, 129.9, 121.6, 116.7, 116.6, 69.4, 53.9, 48.8, 47.0, 44.4, 38.1,
36.6, 35.4, 34.2, 31.4, 30.8, 30.7, 28.9, 28.2, 20.2, 14.2, 12.2. HRMS (ESI*): m/z calcd for
CosH3405Na [M + Nal* : 417.2406, found: 417.2405
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(35,5S,8R,95,10S,135,145)-3-hydroxy-16-((E)-4-hydroxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (106): Pale yellow
powder; yield 45%. 'H NMR (500 MHz, DMSO-d6) & = 10.02 (s, 1H), 7.46 (d, J = 9.0 Hz,
2H), 7.18 (s, 1H), 6.83 (d, J = 8.5 Hz, 2H), 3.34 (m, 1H), 2.71 (ddd, J = 8.5, 6.5, 2.0 Hz,
1H), 2.37 (m, 1H), 1.79-1.83 (m, 1H), 1.71-1.74 (m, 1H), 1.56-1.65 (m, 5H), 1.21-1.33 (m,
7H), 1.02-1.08 (m, 1H), 0.86-0.97 (m, 2H), 0.82 (s, 3H), 0.78 (s, 3H), 0.66-0.72 (m, 1H). **C
NMR (125 MHz, DMSO-d6) 6 = 208.7, 158.9, 132.8, 132.4, 132.2, 126.2, 115.8, 69.4, 53.9,
50.7, 49.1, 47.2, 46.9, 44.5, 38.2, 36.6, 35.4, 34.2, 31.5, 31.4, 30.7, 28.9, 28.2, 21.4, 20.2,
14.3, 13.5, 12.2.

O
O
+ H)J\Ar Ethanol, Ar
KOH, 24 h
—_— e

RO 107-110

107: R = -SO3Na, Ar = 2-OCH3-CgH5
108: R = -H, Ar = 2-OCH3-CGH5

109: R = -H, Ar = 3-OH-4-OCH3-CgH5s
110: R = -acetyl, Ar = 2-OCH3-CgH5

sodium (35,8R,95,10R,135,145)-16-((E)-2-methoxybenzylidene)-10,13-dimethyl-17-oxo-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentalalphenanthren-3-yl
sulfate (107): Brown powder; yield 20%. *H NMR (500 MHz, CDCls) 6 = 7.61 (s, 1H), 7.56
(d, J = 8.0 Hz, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H), 7.02 (t, J = 8.0 Hz,
1H), 5.32 (d, J = 5.5 Hz, 1H), 3.83 (s, 3H), 2.68 (dd, J = 16.0, 6.0 Hz, 1H), 2.40 (dd, J =
15.0, 7.0 Hz, 1H), 2.18 (t, J = 13.0 Hz, 1H), 2.10 (d, J = 17.0 Hz, 1H), 1.89 (d, J = 15.5 Hz,
1H), 1.80 (d, J = 13.0 Hz, 2H), 1.61-1.72 (m, 3H), 1.38-1.53 (m, 3H), 1.26-1.33 (m, 3H),
0.98-1.03 (m, 3H), 0.88 (s, 3H). *C NMR (125 MHz, DMSO-d6) & = 208.4, 158.2, 140.8,
135.9, 131.1, 129.4, 126.2, 123.6, 120.8, 120.4, 111.3, 75.3, 55.6, 49.7, 49.1, 46.8, 36.8,
36.3, 31.2, 30.6, 30.2, 28.8, 19.9, 19.1, 13.9. HRMS (ESI*): m/z calcd for C,7H33NaOgSNa
[M + Na]" : 531.1793, found: 531.1786

(35,8R,95,10R,135,145)-3-hydroxy-16-((E)-2-methoxybenzylidene)-10,13-dimethyl-
1,2,3,4,7,8,9,10,11,12,13,14,15,16-tetradecahydro-17H-cyclopentalalphenanthren-17-
one (108): Orange powder; yield 61%. 'H NMR (500 MHz, CDCl;) 6 = 7.85 (s, 1H), 7.49
(d, J = 7.5Hz, 1H), 7.33 (t, J = 7.0 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.0 Hz,
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1H), 537 (d, J = 5.5 Hz, 1H), 3.86 (s, 3H), 3.52 (m, 1H), 2.78 (dd, J = 15.5, 6.0 Hz, 1H),
2.42 (ddd, J = 16.0, 13.0, 3.5 Hz, 1H), 2.22-2.34 (m, 3H), 2.12-2.16 (m, 2H), 1.96-1.98 (m,
2H), 1.83-1.88 (m, 2H), 1.47-1.66 (m, 4H), 1.29-1.42 (m, 3H), 1.06 (s, 3H), 0.98 (s, 3H). 1*C
NMR (125 MHz, CDCls) & = 209.7, 158.8, 141.2, 135.9, 130.8, 129.7, 127.9, 124.7, 121.0,
120.3,110.9, 71.7, 62.2, 55.6, 55.4, 50.4, 50.1, 47.5, 42.3, 37.2, 36.8, 31.7, 31.7, 31.3, 31.0,
29.8,29.5, 20.5, 19.6, 14.3. HRMS (ESI*): m/z calcd for Cy7H3405SNa [M + Nal* : 429.2406,
found: 429.2409

(35,8R,95,10R,135,145)-3-hydroxy-16-((E)-3-hydroxy-4-methoxybenzylidene)-10,13-
dimethyl-1,2,3,4,7,8,9,10,11,12,13,14,15,16-tetradecahydro-17H-
cyclopentalalphenanthren-17-one (109): Yellow powder; yield 90%. *H NMR (500 MHz,
CDCly) 6 = 7.34 (s, 1H), 7.17 (s, 1H), 7.05 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 5.39
(d, J = 5.5 Hz, 1H), 3.92 (s, 3H), 3.53 (m, 1H), 2.87 (dd, J = 16.0, 6.5 Hz, 1H), 2.16-2.42
(m, 5H), 1.96 (d, J = 14.5 Hz, 1H), 1.85-1.88 (m, 2H), 1.63-1.79 (m, 4H), 1.47-1.60 (m, 2H),
1.31-1.41 (m, 2H), 1.06 (s, 3H), 0.95 (s, 3H). *C NMR (125 MHz, CDCl;) & = 210.1, 147.8,
1457, 141.2, 134.1, 133.2, 129.3, 124.3, 121.0, 115.7, 110.7, 71.7, 56.1, 50.5, 50.0, 47.4,
423, 37.2, 36.8, 31.7, 31.3, 31.1, 29.4, 20.5, 19.6, 14.4. HRMS (ESI"): m/z calcd for
CpH3qOgNa [M + Nal* : 445.2355, found: 445.2363

(35,8R,9S5,10R,135,145)-16-((E)-2-methoxybenzylidene)-10,13-dimethyl-17-oxo-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentala]lphenanthren-3-yl
acetate (110): Orange powder; yield 99%. 'H NMR (500 MHz, CDCly) & = 7.85 (s, 1H),
7.49 (dd, J = 8.0, 2.0 Hz, 1H), 7.33 (td, J = 8.5, 1.5 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.91
(d, J =85 Hz, 1H), 5.37 (d, J = 5.5 Hz, 1H), 3.85 (s, 3H), 3.52 (m, 1H), 2.78 (ddd, J = 8.0,
6.5, 2.0 Hz, 1H), 2.41 (ddd, J = 15.5, 12.5, 3.0 Hz, 1H), 2.22-2.33 (m, 2H), 2.16 (s, 3H),
1.95-1.99 (m, 3H), 1.83-1.88 (m, 2H), 1.47-1.72 (m, 4H), 1.29-1.42 (m, 2H), 1.01-1.12 (m,
2H), 1.06 (s, 3H), 0.98 (s, 3H). *C NMR (125 MHz, CDCl;) & = 209.7, 158.8, 141.2, 135.9,
130.8, 129.7, 127.9, 124.7, 121.0, 120.3, 110.9, 71.7, 55.6, 50.4, 50.1, 47.5, 42.3, 37.2,
36.8, 31.7, 31.7, 31.3, 31.0, 29.5, 20.5, 19.6, 14.3. HRMS (ESI*): m/z calcd for CpoHs:04 [M
- HI: 447.2541, found: 447.2489
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(0]
+ H)J\Ar Ethanol,
KOH, 24 h
—_—Y

HO

111: Ar = 3-OH-4-OCH3-CgHs

(8R,95,135,145)-3-hydroxy-16-((E)-3-hydroxy-4-methoxybenzylidene)-13-methyl-
6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopentalalphenanthren-17-one (111):
Brown powder; yield 90%. 'H NMR (500 MHz, DMSO-d6) & = 9.21 (s, 1H), 9.02 (s, 1H),
7.15 (s, 1H), 7.10 (d, J = 2.0 Hz, 1H), 7.04 (dd, J = 10.5, 2.0 Hz, 1H), 7.01 (d, J = 8.5 Hz,
1H), 6.95 (d, J = 8.5 Hz, 1H), 6.50 (dd, J = 8.5, 3.0 Hz, 1H), 6.44 (d, J = 3.0 Hz, 1H), 3.77
(s, 3H), 2.84-2.69 (m, 3H), 2.44-2.41 (m, 1H), 2.30-2.28 (m, 1H), 2.17-2.11 (m, 1H), 1.97-
1.92 (m, 1H), 1.83-1.80 (m, 1H), 1.59-1.52 (m, 1H), 1.47-1.29 (m, 4H), 0.84 (s, 3H). *°C
NMR (125 MHz, DMSO-d6) & = 196.9, 145.4, 139.5, 136.8, 127.5, 123.8, 122.7, 120.4,
118.3, 116.4, 113.6, 106.9, 105.4, 103.2, 102.4, 459, 38.2, 37.4, 33.8, 27.9, 21.8, 21.1,
19.4,18.9, 16.7, 15.9. HRMS (ESI"): m/z calcd for CysH,504Na [M + Na]* : 411.1936, found:
411.1939.

O OCH,

+ H Ethanol,

KOH, 24 h
S

HO"

(3R,55,8R,95,10S,135,14S)-3-hydroxy-16-((F)-2-methoxybenzylidene)-10,13-
dimethylhexadecahydro-17H-cyclopentalalphenanthren-17-one (112): Yellow powder;
yield 80%. 'H NMR (500 MHz, CDCls) & = 7.83 (s, 1H), 7.48 (dd, J = 8.0, 2.0 Hz, 1H), 7.32
(td, J = 8.5, 2.0 Hz, 1H), 6.96 (td, J = 7.5, 1.0 Hz, 1H), 6.90 (dd, J = 8.5, 1.0 Hz, 1H), 4.04
(t, J = 2.5 Hz, 1H), 3.85 (s, 3H), 2.77 (ddd, J = 8.5, 6.5, 2.0 Hz, 1H), 2.37 (ddd, J = 18.0,
12.5, 3.0 Hz, 1H), 1.90-1.93 (m, 1H), 1.82-1.85 (m, 1H), 1.57-1.72 (m, 7H), 1.25-1.38 (m,
7H), 0.98-1.06 (m, 1H), 0.95 (s, 3H), 0.84-0.87 (m, 1H), 0.83 (s, 3H). *C NMR (126 MHz,
CDCly) & = 210.0, 158.8, 136.2, 130.7, 129.7, 127.7, 124.8, 120.3, 110.8, 66.5, 55.6, 54.6,
49.8, 47.8, 39.2, 36.5, 35.9, 34.8, 32.2, 31.8, 31.2, 29.5, 29.1, 28.4, 20.2, 14.6, 11.3. HRMS
(ESI"): m/z caled for Cy7H360sNa [M + Nal* : 431.2562, found: 431.2557.
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4.3,.2.2 IN VITRO ALPHA-GLUCOSIDASE ASSAY

The a-glucosidase assay method was described the same as 4.2.2.2.

4.3.2.3 MOLECULAR MODELING

Molecular modelling was performed under the collaborative project with
Department of Biochemistry, Faculty of Science, Chulalongkorn University and Center
for Computational Sciences, University of Tsukuba. The amino sequence of a-
glucosidase from Saccharomyces cerevisiae (uniport ID: P38158 and P53341) '* was
used to build the protein structure through homology modeling using SWISS-MODEL
webserver % due to the lack of crystal structure in Protein Databank. Hydrogen atoms
were then added to this protein structure and further optimized using ff14SB AMBER
force field implemented in AMBER20.">! The 3D structures of selected E-arylidene and
its derivatives were prepared on GaussView 6.0.16 and optimized by gaussian16 using
HF/6-31G+ (d, p) basis. To perform the molecular docking using AutoDock Vina,'*?
protein structures and ligands were charged and converted to PDBQT format using
AutoDockTools.'** The E-arylidene and its derivatives were docked to the original
receptor binding site (OBS) * of a-glucosidase and allosteric site predicted by POCASA
1.1 using roll algorithm.*>> The binding free energy of each ligand was ranked and

compared to the known a-glucosidase inhibitor, acarbose.™®

4.3.2 RESULTS AND DISCUSSION
4.3.2.1 SYNTHESIS OF E-ARYLIDENE STEROID

Twenty synthesized E-arylidene steroids were obtained using Claisen-Schmidt
condensation as shown in Schemes 4.3-4.6.">" Most compounds were obtained in high
yield around 70-99%, while compound 107 obtained in low yield (20%) in reflux

condition due to high polarity of steroid compound compared with others.
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+ HkAr Ethanol,
KOH, 24 h
HO A 93-106
93: Ar= 2-OCH3-CSH5 100: Ar = 2,5-(OCH3)2-C6H5
94: Ar = 3-OCH3-CGH5 101 : Ar= 2,6-(OCH3)2'CBH5
95: Ar = 4-OCH3-CgH5 102 : Ar = 2,3-(OCH3),-CgHs

96: Ar = 3,4-OCH,0-CgHs  103: Ar = 2,3,4-(OCH3)3-CgHs
97: Ar = 3,4-(OCH3);-C¢Hs 104 : Ar = 2,4,5-(OCHz)3-CgHs
98: Ar = 3-OH-4-OCH3-CgHs 105:Ar = 3-OH-CgHs
99: Ar = 3-OCH3-4-OH-CgHs  106: Ar = 4-OH-CgHs

SCHEME 4.2 SYNTHESIS OF E-ARYLIDENE EPI-ANDROSTERONES 93-106

0
0
+ HJ\A,. Ethanol, - Ar
KOH, 24 h A
RO 107-110

107: R = -SO3Na, Ar = 2-OCH3-CgH5
108: R = -H, Ar = 2-OCH3-CBH5
109: R = -H, Ar = 3-OH-4-OCH3-CgH5
110: R = -acetyl, Ar = 2-OCH3-CgH5
SCHEME 4.3 SYNTHESIS OF E-ARYLIDENE DEHYDRO-EPI-ANDROSTERONES 107-110

(e}
+ H)J\Ar Ethanol,
KOH, 24 h
—————— = 7

HO

111: Ar = 3-OH-4-OCH3-CgHs

SCHEME 4.4 SYNTHESIS OF E-ARYLIDENE ESTRONES 111

OCHj

Ethanol,
KOH 24 h

HO™

SCHEME 4.5 SYNTHESIS OF E-ARYLIDENE ANDROSTERONE 112

The structures of twenty compounds were determined using *H and **C NMR
spectroscopic methods. To describe the structural elucidation, 93 and 108 were

selected as representatives. Structural elucidations of E-arylidene steroids had been

reported as previous reference.!%% 1°8
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The Spectra of H NMR of 93 (Figure 4.11) shows a singlet signal of H-7" at &
7.83 (s, 1H). Four signals of aromatic protons at &u 7.48 (dd, J = 7.5, 2.0 Hz, H-6', 1H),
7.31 (dd, J = 7.5, 2.0 Hz, H-4', 1H), 6.97 (t, J = 7.5 Hz, H-5', 1H), and 6.90 (d, J = 8.0 Hz,
H-3', 1H) and a singlet signal of methoxy group at & 3.85 (s, H-8', 3H). On the steroid
structure, two signals of methyl groups were observed at &4 0.95 (s, H-18', 3H), and
0.85 (s, H-19', 3H) and the proton signal on the tetracyclic ring was visible at &4 3.58
(m, 1H), 2.76 (ddd, J = 8.0, 6.0, 1.5 Hz, 1H), 2.38 (ddd, J = 16.0, 13.0, 3.0 Hz, 1H), 1.63-
1.85 (m, 8H), 1.26-1.42 (m, 7H), 1.09-1.16 (m, 1H), 0.97-1.02 (m, 1H), and 0.69-0.75 (m,
1H). The *C NMR Spectra of 93 (Figure 4.12) displays a carbonyl signal at 8¢ 209.9 (C-
17), and two signals of carbon sp? at &¢ 130.7 (C-16), and 136.2 (C-7'). Six signals of
aromatic carbons were observed at 8¢ 158.8, 129.7, 127.8, 124.8, 120.3, and 110.9.
Moreover, the sp® carbon of tetracyclic ring was detected at &¢ 71.3 - 20.7, with two

methyl groups at &¢ 12.5 (C-19), and 14.6 (C-18).
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FIGURE 4. 11 THE 'H NMR SPECTRA (CDCls, 500 MHZ) OF 93
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FIGURE 4.12 THE **C NMR SPECTRA (CDCls, 125 MHZ) OF 93

"
|
|
T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 10 C

The Spectra of 'H NMR of 108 (Figure 4.13) showed a proton singlet signal at
6n 7.85 (s, H-7', 1H), and four aromatic proton signals at &4 7.49 (d, J = 7.5 Hz, H-6', 1H),
7.33(t, J = 7.0 Hz, H-4', 1H), 6.98 (t, J = 7.5 Hz, H-5', 1H), and 6.91 (d, J = 8.0 Hz, H-3,
1H). The sp? proton on the tetracyclic ring was detected at &u 5.37 (d, J = 5.5 Hz, H-6,
1H). Two methyl signals were displayed at &n 1.06 (s, 3H), and 0.98 (s, 3H). The sp’
proton signal of tetracyclic ring was shown at 8y 3.52-1.42. The *C NMR Spectra of 108
(Figure 4.14) displays a carbonyl group at 8¢ 209.7 (C-17). The aromatic carbons were
observed at &¢ 158.8, 129.7, 128.0, 124.8, 120.3, and 110.9. The sp2 carbon signals on
C-16 and C-7" were shown at 6¢ 121.0, and 141.2. On the steroid structure, the carbon
signals were visualized at 8¢ 121.0 (C-6), and 141.2 (C-5) for sp? 14.3 (C-19), and 19.6

(C-18) for two methyl groups; 71.7-20.5 for sp® carbons on the tetracyclic ring.
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4.3.2.2 IN VITRO ALPHA-GLUCOSIDASE ACTIVITY

Steroid exhibited a-glucosidase inhibition activity.'® % Thus, in vitro Q-
glucosidase assay was conducted to investigate the inhibitory activity of E-arylidene
steroids as presented in Tables 4.4 and 4.5. Acarbose was used as a positive control
and IC5q was calculated from concentration of inhibitors vs percentage of inhibition. As
shown in Table 4.4, the first series of fourteen E-arylidene epi-androsterones (93-106)
was investigated for their inhibitory activity. The obtained results exhibited that most
E-arylidene steroids (93-106) displayed better inhibitory activity compared with trans-
androsterone itself and acarbose, especially 93 with ICs, value of 9.25+2.53 uM. This
result demonstrated that C-16 at steroid structure and monomethoxy (-OCH,) at ortho
position on aryl moiety could increase the a-glucosidase inhibition activity.
Monohydroxy or monomethoxy benzaldehyde (93-95, 105, 106) exhibited a better
inhibition activity compared with trans-androsterone itself, except 95, but the
inhibitory activities of 93 and 94 increased 3.5-10-fold when compared with acarbose.
In addition, disubstituted benzaldehydes exhibited a -glucosidase inhibition activity
better than acarbose, except five compounds (99 and 101-104). Nevertheless, E-
arylidene steroid with trisubstituted benzaldehyde (103, 104) exhibited weak inhibitory

a-glucosidase activity compared with acarbose.
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TABLE 4.4 EVALUATION OF THE FIRST SERIES OF TESTED COMPOUNDS 93-106 AGAINST ALPHA-GLUCOSIDASE

Compound IC5o (ULM)? Compound ICs (UM)?
Trans-

167.67+9.43 100 29.2+2.51
androsterone
93 9.25+2.53 101 147.74+7.28
94 28.28+3.2 102 168.61+10.67
95 >200 103 103.6+1.8
96 66.47+3.84 104 117.12+21.42
97 71.68+2.22 105 124.77+5.26
98 27.83+0.32 106 121.72+5.78
99 109.21+0.98 acarbose®  93.63+0.49

“Data are expressed as mean+S.D in triplicate

TABLE 4.5 EVALUATION OF THE SECOND SERIES OF TESTED COMPOUNDS 107-110, 111, 112 AGAINST ALPHA-

GLUCOSIDASE

Compound IC5o (UM)? Compound ICs50 (UM)?
107 1.84+0.28 111 26.99+2.27
108 4.71+0.39 112 101.68+1.63
109 21.38+6.01 acarbose® 93.63+0.49
110 3.47+1.09

°Data are expressed as mean+S.D in triplicate

To determine the structure-activity relationship of 93 and 98 was conducted

by altering with the other steroids. Five of the total second series exhibited better

inhibitory activity with ICsy values of 1.84+0.28 - 26.99+2.27 pM compared with a

positive control as shown in Table 4.5. 107 was the most potent among a-glucosidase

inhibitors with ICs, value of 1.84+0.28 puM. This finding showed that the double bond

and sulfate moieties on the steroid structure would be the key factors to enhance the

inhibitory activity. However, 112 possessing R configuration of OH at C-3 position on

the steroid structure showed decrease of 10-fold inhibition when compared with 93
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possessing S configuration of OH at C-3 position. This finding showed that epimers

might show different inhibitory activities.** >

Kinetic study was conducted to explain the inhibition types of inhibitors with
Lineweaver-Burk plots (Figure 4.15) for selected compounds that showed potency for

a-glucosidase inhibitors such as 93, 107, 108, and 110.
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TABLE 4.6 KINETIC STUDY OF THE E-ARYLIDENE STEROIDS 93, 107, 108, AND 110 AGAINST ALPHA-GLUCOSIDASE

Concentration Vimax Mode of
Comp. K., (mM)?
of Inhibitor (uM) (AODy4gs/min)®  Inhibition
0 0.32 0.26
93 9.25 0.22 0.16 Uncompetitive
18.0 0.27 0.16
0 0.26 0.22
107 1.84 0.22 0.19 Mixed
3.7 0.32 0.26
0 0.22 0.18
108 471 0.22 0.18 Noncompetitive
9.5 0.23 0.18
0 0.19 0.18
110 25 0.22 0.19 Competitive
7.0 0.26 0.21

“Data are expressed in triplicate

As shown in Table 4.6, the increase concentration of 93 decreased K,,, and V.«
values through uncompetitive inhibition. Moreover, 107 showed a mixed-type
inhibition, because K, and V. values fluctuated. The increase in concentration of
108 inhibited a-glucosidase through noncompetitive manner which did not alter V.,
value, but K, value increased. Compound 110 demonstrated competitive inhibition as
evident by increase in both K, and V., values. This finding demonstrated that 93,
107, and 108 could inhibit a-glucosidase through allosteric site, and 110 could bind at

the active site.
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4.3.2.3 MOLECULAR MODELING

Four best compounds: 93, 107, 108, and 110, were selected to further study
on the interactions of inhibitors including the effects of hydroxy, acetyl, and sodium
sulfate groups at C-3 with binding pockets of a-glucosidase.

Molecular docking was performed under the collaborative project with
Department of Biochemistry, Faculty of Science, Chulalongkorn University and Center
for Computational Sciences, University of Tsukuba. The crystal structure of O-
glucosidase is unknown, so the homology modeling technique is used to construct this
protein structure by SWISS-model webserver.’*® The possible binding sites of this
protein were predicted using POCASA 1.1, which is evaluated the binding site in terms
of size and volume using roll algorithm.!> The top three possible binding pockets of
a-glucosidase structure are the active (OBS) and two allosteric (ABS1 and ABS2) sites
as shown in Figure 4.16. The active site of a-glucosidase, OBS displayed the largest
pocket volume with 481 A%, while ABS1 and ABS2 were 106 A>and 213 A, respectively.
According to previous study,'® the prediction of binding pockets may have slightly
similar. To investigate the possibility of binding inhibition mechanism, 93, 107, 108, and
110 with the most potent a-glucosidase inhibitors were docked to the OBS, ABS1 and
ABS2 sites using AutoDock Vina.'®® Inhibition types of the inhibitors can be
differentiated by studying of ligand binding sites. Unlike competitive inhibitors which
inhibited through OBS site, the inhibition mechanisms of noncompetitive and
uncompetitive inhibitors were bound to the ABS site. Therefore, 93, 107, and 108 were

docked to ABS pockets, while 110 and acarbose were docked to OBS site.
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TABLE 4.7 THE BINDING INTERACTION SCORE (KCAL/MOL) OF THE E-ARYLIDENE STEROIDS 93, 107, 108, AND

110 AGAINST ALPHA-GLUCOSIDASE AT THE ACTIVE (OBS) AND ALLOSTERIC BINDING SITES (ABS1, ABS2).

Compound OBS ABS1 ABS2
93 - -1.3 -8.4
107 - -8.2 -8.7
108 - -1.7 -8.4
110 -9.4 - -
Acarbose -8.0 - -

According to the molecular docking study, 110 and Acarbose showed the best
binding interaction score, which was bound to the OBS as shown in Table 4.7.
Hydrophobic interaction is important for 110, while acarbose formed the hydrogen
bond interaction to nearby residues in this pocket congruent to the previous study ¢
as shown in Figure 4.17. These compounds showed the similar binding conformation,
the valienamine ring of Acarbose inserted to the center of OBS, which was the maltose
binding site.'®! Moreover, 110 bound to this site by the acetyl group (Figure 4.17). For
ABS binding pockets, 93, 107, and 108 showed strong fit with the better binding
interaction score to ABS2 than ABS1 approximately by -0.5 kcal/mol. These could
suggest that the preferential binding site of these compounds 93, 107, and 108 was
ABS2. Among these compounds, 107 revealed the strongest binding to ABS2 consistent
with the experimental study with the sodium sulfate moiety binding with V294, A289,
and S295. Both 93 and 108 revealed the similar binding to ABS1 and ABS2. However,
the binding interaction score of 93 was slightly worse than 108 at ABS1 (Figure 4.17).

This might be due to the different the core structure of 93 and 108.



CHAPTER V
CONCLUSION

One hundred and eight chalcones and their analogues were synthesized using
Claisen-Schmidt condensation. Thirty-three of two series chalcones including twenty-
three 34" 5'-trimethoxychalcones (1-23) and ten 3,4-dimethoxychalcones (24-33) were
screened in vitro against A549 cancer cell lines. Seven compounds (4, 5, 6, 11, 13, 15
and 20) were disclosed as new potent candidates for lung cancer (A549) inhibitory
activity. The structure-activity relationship displayed that electron donating groups
including hydroxy and methoxy groups on the B ring, 3',4",5-trimethoxyphenyl on the
A ring and an enone part were crucial pharmacophores for the anti-cancer activity.
Molecular docking suggested that hydrogen bonding, hydrophobic, and 7-sulfur
interaction be key parameters to stabilize the conformation in the pocket.

Forty-three chalcones were evaluated for cytotoxicity and twenty-seven was
further investigated for anti-inflammmatory in LPS-induced RAW 264.7 macrophage cells.
Lead compounds including including 2'—hydro><ychalcone (34, 35, 42, 43, 45, and 48)
and 4'-aminochalcones (54, 55, 57, 58, 59, 70) exhibited high potent as anti-
inflammatory without toxicity. The structure-activity relationships demonstrated that
para-amino group on the A ring and electron donating group on the B ring played a
key role to control anti-inflammatory activity including an enone part.

Thirty-six 4'-aminochalcones were tested for a-glucosidase inhibitory activity.
N-monoalkyl substituent at para-position on the A ring and isovanillin part on the B
ring (89, 91, 92) enhanced inhibitory activity against o-glucosidase. This result
suggested that not only hydrogen bonding is involved to maintain the activity, but also
hydrophobic interaction is occurred. Kinetic study of the best a-glucosidase inhibitory
activity showed an uncompetitive manner. Therefore, the synthetic chalcones have a
potency for type 2 diabetes mellitus (T2DM).

Twenty synthesized E-arylidene steroids were evaluated for a-glucosidase
inhibitory activity. Three compounds (107, 108, 110) exhibited high a-glucosidase
inhibitory activity. The structure-activity relationship demonstrated that methoxy at 2'

position on the aryl moiety, double bond on endocyclic, and chiral center of hydroxy
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group on the steroid structure are a key role to enhance a-glucosidase inhibitory
activity. Moreover, the kinetic study revealed that those compounds exhibited
uncompetitive, noncompetitive, and competitive inhibition mode, respectively.
According to the molecular docking study, the second allosteric site (ABS2) exhibited
high binding affinity with 93, 107, 108, while 110 was bound with active site (OBS). A
series of E-arylidene steroids could be the potent Q-glucosidase inhibitory activity

compared with acarbose.
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APPENDIX

1. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 1
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3. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in acetone-d, of 3
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4. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 4
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5. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 5
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6. 'H (400 MHz) and '*C (100 MHz) NMR Spectra in CDCl; of 6 (new compound)
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7. Mass Spectra of 6 (new compound)
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8. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 7
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9. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 8
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10. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 9
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11. 'H (400 MHz) and 3C (100 MHz) NMR Spectra in CDCl; of 10
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12. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 11
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13. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 12
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14. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 13
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15. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 14 (new compound)
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16. Mass Spectra of 14 (new compound)
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17. *H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 15
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18. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 16
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19. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 17 (new compound)
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20. Mass Spectra of 17 (new compound)

Generic Display Report

Analysis Info Acquisition Date  12/3/2019 4:51:02 PM
Analysis Name  D:\Data\Data Service\191203\AD038_RA4_01_3515.d

Method nv_pos_Bmin_profile_wguardcol_50-1500_191021.m Operator Cu.
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21. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 18
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22. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 19
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23. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 20
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24. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 21 (new compound)
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25. Mass Spectra of 21 (new compound)

Generic Display Report

Analysis Info Acquisition Date  12/3/2019 4:44:38 PM
Analysis Name  D:\Data\Data Service\191203\AD021_RA3_01_3514.d

Method nv_pos_6min_profile_wguardcol_50-1500_191021.m Operator CuU.
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26. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 22
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27. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in DMSO-d; of 23
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28. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 24
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29. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 25
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30. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 26
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31. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 27
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32. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 28
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33. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 29
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34. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 30
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35. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 31
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36. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 32
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37. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 33
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38. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 34
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39. 'H (400 MHz) and **C (100 MHz) NMR Spectra in CDCl; of 35
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40. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 36
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41. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCL; of 37
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42. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 38

761L°€

7SL'e

807978777675747372717.06.96886.7

1 (ppm)

0c'e

i)

ﬂm.
0'L

1 (ppm)

21295
6£5°95 7

67856 —
806°'TTT
vow.m:/
va.w:%
SP/'81T N
£06°8TT
T6C°0CT

650°S¢T
656°£CT

94L°6CT
0TE9ET
mwm.mvﬂ\
ooHNv._”\

8€9°¢ST
6CL°€9T

808°€6T —

-30

T
-20

1 (ppm)



164

43. 'H (400 MHz) and *C (100 MHz) NMR Spectra in acetone-d, of 39

-3C

-20

1 (ppm)

Le
~
Le
€26'9 <
€469 1 )
6+6°9 1 Fo
25691
55691 Lo
19691
€269 B
9£6'9 1
58691 P
952°L |
192°2 L iz
sces | ﬂm&.m N
! i
kY Y (R NS
0 & ) TZz 9Tt
mom.ﬁw 7 bbolg 66v°9T1
e | - Zh B8 EPT'8TT
T€ESL -9 4" i .
ool | 4 b 6/8'8TT
zoes ] 29611
2127 ] Lo €00°TZT ~
o1gz] 888'€2T 7
bES'L ] Lo $80°82T
s e T60'TE
Z1z'8 ] o s 20021 !
oﬁN.w_ N - MNv.mvﬂ \
€ez'8 ] e o +00°LbT
/€781 [+ re €85°6bT
pep'g” oz . 0S5t 9T —
© W -
o g .
Lo o
* H TH8'b6T —
<
< .
© re
[Too
280°€T — - Fooh | ¢




165

44. 'H (400 MHz) and *C (100 MHz) NMR Spectra in acetone-d, of 40

S16'9
€€6'9
€56'9
696'9
686'9
S00°L
£00°L
6T0°L
6£0°L
987/ |
682°L ]
L0 |
vee'L
8z€L 1
875°L 1
zes s
055°Z 1
£95°L 1
125721
8€8°/ ]
T8
158
098°£
608 |
880'8 L
LLT8Ak
181°8

861°8

1028

STE'8

bSe'8

115'6 —

68¢°L
£0€°L
0SS°2
8€8°L
8L
LS8°L
098°L
6+0'8
880'8
LL1°8
181°8

ot
Feoru

oy

848382818079787.7767574737.2

ST6'9~
£€6'9~
_£56'9\
E 696'9~ _
26869
¥ 50072\
£00°L7
6102
6027

R Rl

[6lL'#

1 (ppm)

7.00

11.5 11.0 16.5 10.0 9.5

13.0 1é.5 12.0

1 (ppm)

TT0°ZTT
me.w:/
omm.m:%
9€5°0CT
899°0¢T
Now.omﬁ\
Tov ect

690°0€T —
zz80e1 /.
ez’
626'95T —

98/ TPT —

8ST'8ST —

8SC'¥9T —

CET'S6T —

"

Wit

1 (ppm)



166

45. 'H (400 MHz) and '*C (100 MHz) NMR Spectra in acetone-d, of 41
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46. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 42
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47. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 43
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48. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 44
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49. 'H (400 MHz) and *C (100 MHz) NMR Spectra in CDCl; of 45
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50. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 46
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51. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 47

(4%

9£09 —
9169
€69
1569
869
110°2 T
Nmoiﬁ
oerL |
VAXAVA
ovm.iﬁ
[ST'L
29b°L ]
S9b°L ]
8Lb'L
8L
105°2 ]
+05°2 |
915, |
818, 1
988°/
016°2
0£6°L

TE6CT —

‘Jmmm.o

1 (ppm)

0298 —

€10aD 09T°4L —

€1S°0TT \
7ST'STT

m_&.m:/
6L 81T
mmw.m:w
/827021 i
158°€T 7
0zy'L2T

299'621T
LT IET —

£96°SHT
6£0°LbT—
z88'8p1

€69°€9T —

T92°€6T —

WWJMWLMWMWWWWWM ————

200 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50

1 (ppm)



173

52. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 48
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53. 'H (500 MHz) and **C (125 MHz) NMR Spectra in CDCl; of 49
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54. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 50
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55. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 51
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56. 'H (400 MHz) and *C (100 MHz) NMR Spectra in DMSO-d of 52
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57. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in DMSO-d; of 53
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58. 'H (400 MHz) and '*C (100 MHz) NMR Spectra in acetone-d, of 54
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59. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in DMSO-d; of 55
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60. 'H (500 MHz) and **C (125 MHz) NMR Spectra in DMSO-d, of 56
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61. 'H (400 MHz) and *C (100 MHz) NMR Spectra in DMSO-d, of 57
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62. 'H (400 MHz) and *C (100 MHz) NMR Spectra in DMSO-d; of 58
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63. 'H (500 MHz) and *°C (125 MHz) NMR Spectra in acetone-d, of 59

00¢(€ad) 050°C—

676'€ —

00S°'S —

N
0
I N
~N
.
=

o
n
N
N

i

=

f1 (ppm)

IICTETATITVEOC

LE°9G —

LTI
66'ETT\
TToTT ~
81°0CT ~
66°€CT —
A
L5821 [
29'TET

LTEPT ~
SLISPT N
¥8'6bT
L0'PST

L1°/8T —

1 (ppm)



185

64. 'H (400 MHz) and *C (100 MHz) NMR Spectra in DMSO-d, of 60
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65. 'H (400 MHz) and '*C (100 MHz) NMR Spectra in DMSO-dj of 61
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66. 'H (400 MHz) and *C (100 MHz) NMR Spectra in DMSO-d, of 62
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67. 'H (400 MHz) and "*C (100 MHz) NMR Spectra in CDCl; of 63
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68. 'H (500 MHz) and *°C (125 MHz) NMR Spectra in CDCl; of 64
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69. 'H (500 MHz) and **C (125 MHz) NMR Spectra in DMSO-d, of 65
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70. *H (500 MHz) and **C (125 MHz) NMR Spectra in CDCl; of 66
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71. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 67
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72. 'H (500 MHz) and **C (125 MHz) NMR Spectra in CDCl; of 68
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73. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-d; of 69
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74. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 70
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75. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-dj of 71
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76. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 72
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77. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-dj of 73
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78. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 74
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79. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-d; of 75
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80. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-d; of 76
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81. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 77

9P-OSWA 00S'C —

¥eTo~
99\
09’9 —
6Ce’L
cEeeL
€vEL
65€°L
29¢e°L
vob'L
6Sb'L
| ZA A
T0LL
LTLL
Lb8'L
8.8'L
€882
v16'L
626'L
96’L
8¢1'8
vr1'8

625,
zesL
epeL\
65€°L
coee?
bbL
mmi\

viv'L

1042~
VAVAVAS
8/8°L
mww.n/
pI67 L\
626'L—
9v6°L

8TT'8~\
r187

fert
[vot
fso't

0'¢
LT

o't

7.7
f1 (ppm)

65T
S VA
T'T
#HO'T
JSO'T
0'C

v/vh.ﬁ
0'T

f1 (ppm)

9P-OSWA 02S'6€ —

€08°CTT —

mmo.mNH /
VAL T4
T61°8¢CT
YpS'8¢T
0LE'TET
T6S'TET
8CCEET
Y0S'PET
9/8'8ET \
8T bST

¢0S°'S8T —

650°GTT
VAL TARd

T6T'82T
vS'82T

0LE'TET 7
T6S'TET I
8CTEET
POS'PET ~

f1 (ppm)

il

200 190 180 170 160 150

10

1 (ppm)



203

82. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-d; of 78
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83. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-dj of 79
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84. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 80
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85. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-dj of 81
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86. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d, of 84 (new compound)
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87. Mass Spectra of 84 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 4:03:46 PM
Analysis Name  D:\Data\Data Service\201123\AAC_RA8_01_4890.d

Method nv_pos_5min_profile_190214.m Operator CuU.

Sample Name AAC Instrument micrOTOF-Q I
Comment

intens, +MS, 0.15-0.20min #(8-12)
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88. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in acetone-d, of 85 (new compound)
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89. Mass Spectra of 85 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 3:50:57 PM
Analysis Name  D:\Data\Data Service\201123\MMAC_RAS_01_4888.d

Method nv_pos_5min_profile_190214.m Operator Cu.

Sample Name MMAC Instrument micrOTOF-Q Il
Comment
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90. 'H (500 MHz) and **C (125 MHz) NMR Spectra in acetone-d, of 86
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91. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in acetone-d, of 89 (new compound)
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92. Mass Spectra of 89 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 3:44:37 PM
Analysis Name  D:\Data\Data Service\201123\MEAC_RAS_01_4887.d

Method nv_pos_5Smin_profile_190214.m Operator Ccu.

Sample Name MEAC Instrument micrOTOF-Q 11
Comment

Intens. | +MS, 0.20-0.25min #(12-15)

5.
X107 617.26710

1.25+

1 320.12813

1.00+

413.26791
0.504

] 710.40508
914.40166

803.54369
1055.29836

0.00- | s X‘h “H.“‘IA nwmm Rl . \.lu W1 m[u TP A L i »

200 400 600 800 1000 1200 1400

m/z

Intens. +MS, 0.20-0.25min #(12-15), Background Subtracted

320.12811

0.8+

298.14535

0.6+

0.4+

0.2+

00——F———————

Bruker Compass DataAnalysis 4.0 printed: 11/23/2020 4:48:01 PM Page 1 of 1

213



214

93. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in acetone-d, of 90 (new compound)
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94. Mass Spectra of 90 (new compound)
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Generic Display Report

Analysis Info Acquisition Date  11/23/2020 3:31:22 PM
Analysis Name  D:\Data\Data Service\201123\DEAC_RA4_01_4885.d

Method nv_pos_5min_profile_190214.m Operator CU.

Sample Name DEAC Instrument micrOTOF-Q 1l
Comment

Intens. | +MS, 0.20-0.26min #(12-15)
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95. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in acetone-d, of 91 (new compound)

186°0~
6607
$06°T
816'T
1€6°T
Sb6'T
856'T
1£6'T
S86'T
002(€dd) 050°C
[420)>
o¢o.mw
850°€

968°€ —

€16°S
mwm.mw
068
804°9
+00°£L
wmﬂ.h/
omﬁ.h/
9zeL
omm.mV
68S°L~\

ozoLf
6v9°L
6L9°L
LT8'L
786'L
0008

809

AL

21T

=50°¢

—=8€°¢

=98'0

AT
ot
J00°'T
o
For

f1 (ppm)

S€9°0C
me.wN/

L(8P°TS —
LLT°9S —

:o.N:/
092211 L
bOSHTT
198021 ~
095221~
ObbLTT —
mmm.mﬁw
Z€9°TET

069°THT ~
8SL7LPT
0SE°0ST —
POT'HST —

+16°98T —

m ‘nl J

f1 (ppm)



96. Mass Spectra of 91 (new compound)

217

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 3:25.04 PM
Analysis Name  D:\Data\Data Service\201123\IBAC_RA3_01_4884.d

Method nv_pos_5Smin_profile_190214.m Operator Cu.

Sample Name IBAC Instrument micrOTOF-Q 1l
Comment

Intens. +MS, 0.20-0.25min #(12-15)
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97. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in acetone-d, of 92 (new compound)
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98. Mass Spectra of 92 (new compound)
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Generic Display Report

Analysis Info Acquisition Date  11/23/2020 3:18:46 PM
Analysis Name  D:\Data\Data Service\201123\EBAC_RA2_01_4883.d

Method nv_pos_5min_profile_190214.m Operator CuU.

Sample Name EBAC Instrument micrOTOF-Q |1
Comment
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99. 'H (500 MHz) and **C (125 MHz) NMR Spectra in CDCl; of 93
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100. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in CDCl; of 94 (new compound)
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101. Mass Spectra of 94 (new compound)
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Generic Display Report

Analysis Info Acquisition Date  11/23/2020 5:39:55 PM
Analysis Name  D:\Data\Data Service\201123\8TAC_RC7_01_4905.d

Method nv_pos_5min_profile_190214.m Operator Cu.

Sample Name 8TAC Instrument micrOTOF-Q Il
Comment

Intens. +MS, 0.15-0.20min #(9-12)

|
x10%) 839.52272

1.25+
1.00+
i 431.25518
0.754

0.50+

0.287 301.14075

701.48856 1055.29552
.]JNL\LJ‘LMAJA " L L Ly

0.00- " " v T
200 400 600 800 1000 1200 1400

miz

Intens. +MS, 0.15-0.20min #(9-12), Background Subtracted

x10%

8- 431.25540

409.27327

449.26457

0 ; 1 1 | N ln | { —_— I‘ll‘

3800 380 4000 410 420 430 440 450 480 4700 480

miz

Bruker Compass DataAnalysis 4.0 printed: 11/23/2020 5:57:33 PM Page 1 of 1



223

102. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in CDCl; of 95
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103. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in CDCl; of 96
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104. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 97 (new compound)
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105. Mass Spectra of 97 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 5:33:30 PM
Analysis Name  D:\Data\Data Service\201123V1TAC_RC6_01_4904.d

Method nv_pos_5min_profile_190214.m Operator CU.

Sample Name 1TAC Instrument micrOTOF-Q Il
Comment

Intens, +MS, 0.19-0.24min #11-14)
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106. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in CDCl; of 98 (new compound)
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107. Mass Spectra of 98 (new compound)

Generic Display Report

Analysis Info Acquisition Date  12/21/2020 2:08:30 PM
Analysis Name  D:\Data\Data Service\201221\3TAC_RA6_01_5077.d

Method nv_pos_5min_profile_190214.m Operator Cu.

Sample Name 3TAC Instrument micrOTOF-Q Il
Comment
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108. 'H (500 MHz) and '*C (125 MHz) NMR Spectra in DMSO-d6 of 99
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109. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 100 (new compound)
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110. Mass Spectra of 100 (new compound)
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111. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 101 (new compound)
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112. Mass Spectra of 101 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 5:20:41 PM
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113. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 102 (new compound)
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114. Mass Spectra of 102 (new compound)
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Generic Display Report
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115. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 103 (new compound)

2020-07-21-ad-6TAC

069'9~
L0297
WL

SN.NV

¢69°L—

A

m\wo.ﬁ

fere
roTE
ﬁm.m

T

194
Foz
HT'T
90T

21

TT°€

9'C

=+0'T
=<1

=00'T

f1 (ppm)

€10aD 9T L4

2020-07-21-ad-6TAC

ST°Z0T —

98'7ZT ~
wo.vﬁm
€bLTT

90'se1”
€bTHT -

90'bST
96'ST 7

06'60C —

140

120 110

130

210 200 190 180 170 160 150

220

1 (ppm)



237

116. Mass Spectra of 103 (new compound)

Generic Display Report
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117. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 104 (new compound)
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118. Mass Spectra of 104 (new compound)
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Generic Display Report
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119. *H (500 MHz) and *C (125 MHz) NMR Spectra in DMSO-d, of 105 (new compound)
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120. Mass Spectra of 105 (new compound)

Generic Display Report
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121. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in DMSO-d of 106
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122. 'H (500 MHz) and *C (125 MHz) NMR Spectra in DMSO-d, of 107 (new compound)

880
000°T 1
YLLT
L64°T
€28'T ;
¥£8'T 7

S06'T 7
€80°Z1
LTTT
asa
HD.NF
L61°C /W
mnm.NV
68€'C

9P-OSWA 00S'C

S0v°¢C
m?.mq

J
859'C
1297

1D-1H-"1.1"

.ﬁmw.N;
€0L'C

SEBE

bIES
see's’

— 0T

f1 (ppm)

8C6'ET
CET'6T
S§86°6T
108'8¢
LyT0E
¢19'0€
6EC'TE T
£CEoc T

S//L'9€
9P-OSWA 07S'6€
P18'9%
¥80°'6%
§89'61
029°SS

86¢'SL—

THPETIT /
2567021

S08°02T /
095°€TT
$02°92T —
90v°62T w
SITIELY
bOGSEL )
0/8°0bT

YbT'8ST —

8vH'80C —

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220



244

123. Mass Spectra of 107 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 5:46:16 PM
Analysis Name  D:\Data\Data Service\201123\1.1_RB7_01_4906.d
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124. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 108 (new compound)
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125. Mass Spectra of 108 (new compound)

Generic Display Report
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126. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 109 (new compound)
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127. Mass Spectra of 109 (new compound)

Generic Display Report

Analysis Info Acquisition Date  11/23/2020 4:35:48 PM
Analysis Name  D:\Data\Data Service\201123\2.2_RB5_01_4895.d

Method nv_pos_5min_profile_190214.m Operator CuU.

Sample Name 22 Instrument micrOTOF-Q |l
Comment

Intenss’ +MS, 0.15-0.20min #(9-12),
x10
124 867.48282

1.04 445.23640

0.8+
0.6+
0.4+

0.2 30114174
1289.72578

543.23647
701.49103 1055.29574

ijh.lu“lu bbb . LL " IL “L N ! n

200 400 600 800 1000 1200 1400 iz

0.0-

Intenss. +MS, 0.15-0.20min #(9-12), Background Subtracted
x10
1.0+ 44523625

0.8+

0.6+

423.25289

0.4+

0.2 463.24490

0.0+ ilikliil
400 410 420 430 440 450 460 470 480 m/z

Bruker Compass DataAnalysis 4.0 printed: 11/23/2020 5:26:17 PM Page 1 of 1



249

128. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 110 (new compound)
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129. Mass Spectra of 110 (new compound)
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130. 'H (500 MHz) and *C (125 MHz) NMR Spectra in acetone-ds of 111 (new

compound)
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131. Mass Spectra of 111 (new compound)
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132. 'H (500 MHz) and "*C (125 MHz) NMR Spectra in CDCl; of 112 (new compound)
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133. Mass Spectra of 112 (new compound)
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