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We report herein the synthesis, a-glucosidase inhibi-
tion and docking studies for a series of 3-15 new fla-
vones. A simple nucleophilic substitution reaction
takes place between 3'hydroxyflavone (2) with halides
to afford the new flavones. Chalcone (1), 3'hydrox-
yflavone (2) and the newly synthesized flavones (3-15)
were being evaluated for their ability to inhibit activity
of a-glucosidase. Compounds 2, 3, 5, 7-10 and 13
showed good inhibitory activity with 1C5, values
ranging between 1.26 and 36.44 um as compared to
acarbose (ICso = 38.25 + 0.12 uvm). Compounds 5
(5.45 + 0.08 pum), 7 (1.26 + 0.01 um) and 8 (8.66 +
0.08 um) showed excellent inhibitory activity, and this
may be due to trifluoromethyl substitution that is com-
mon for these compounds. Compound 7, a 2,5-trifluo-
romethyl-substituted compound, recorded the highest
inhibition activity, and it is thirty times better than the
standard drug. Docking studies for compound 7
suggest that both trifluoromethyl substituents are
well positioned in a binding pocket surrounded by
Phe300, Phel77, Phe157, Ala278, Asp68, Tyr71 and
Asp214. The ability of compound 7 to interact with
Tyr71 and Phel77 is extremely significant as they are
found to be important for substrates recognition by
a-glucosidase.
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Diabetes mellitus is a serious worldwide chronic metabolic
disorder resulting from carbohydrate metabolism (1-3).
This lifestyle-related disease is characterized by increase in
blood glucose concentration (hyperglycaemia), and it
results in numerous complications such as cardiovascular,
retinopathy, nephropathy and neuropathy diseases (4).
The trend displayed that number of diabetes mellitus
patients increases from 153 to 347 million between the
year 1980 and 2008 (5). Findings by The International Dia-
betes Federation in 2011 showed that about 366 million
people have diabetes and expected to increase by up to
552 million by 2030 (6). This is supported by projection of
World Health Organization (WHO) projection, which pre-
dicts diabetes to become the seventh leading cause of
death worldwide by 2030 (7). Type Il diabetes mellitus that
is common in developed countries is characterized by
impaired insulin secretion and reduced insulin sensitivity
(8-12). One of the ways to reduce type Il diabetes mellitus
is by suppressing absorption and digestion of dietary
carbohydrates. This can be achieved by inhibiting
digestive enzymes, such as «-glucosidase and «-amylase
(13).

a-Glucosidase (EC3.2.1.20) is an enzyme commonly found
in small intestine. a-Glucosidase hydrolyses carbohydrates
to produce glucose during food digestion. Glucose pro-
duced is being absorbed into blood stream, thus increases
postprandial blood glucose level and leads to diabetes.
Considered as an important and attractive drug target,
inhibiting a-glucosidase can be effective in treating type I
diabetes mellitus, which reduces and controls postprandial
blood glucose spike (14-18). They retard glucose produced
through hydrolysis of a-(1-4)-linked D-glucose residues from
the non-reducing end of a-glucoside (19). This reduces the
rate of glucose absorption and, therefore, decreases
plasma glucose level. a-Glucosidase inhibition has attracted
plenty of attention from pharmaceutical industry as a treat-
ment method of diseases such as diabetics, viral infections,
hepatitis and cancer (20-22). In addition to preventing dia-
betes, controlled glucose level in blood may prevent
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obesity, hyperlipoproteinaemia and hyperlipidaemia (23).
Inhibitors for o-glucosidase function by reversibly inhibit
digestive a-glucosidase. Inhibitors for a-glucosidase are
found to show antitumor, antidiabetic, antiviral and
immunoregulatory activities (24-26). Research on a-glucosi-
dase inhibitors such as castanospermine, N-butyl-deoxyno-
jiimycin and deoxynojirimycin showed that they are potent
against HIV replication (27). a-Glucosidase also enables
monosaccharide removal from viral glycoproteins; thus, its
inhibitors can alter cell-to-cell signalling, virus recognition by
the cell, and can be used in the treatment of viral diseases,
cancer and immune regulations (28-32).

Flavone is one of the classes of flavonoids that is pre-
sent in fruits and vegetables. Flavones are being con-
sumed in daily diet, and they improve health without
giving any major side effect (33). Identifying new syn-
thetic methods to synthesize and structurally modify fla-
vone now considered important goals in exploring
diverse roles of flavones. Thus, naturally obtained fla-
vones having a variety of biological activites can be
used as lead compound for synthesis of semi- and
purely synthetic flavone derivatives. Flavone scaffold is
an important structure found in many pharmaceutically
active compounds. They are structurally diverse and pos-
sess a variety of biological activity. This reason has
increased the interest of medicinal chemists to further
study flavones as lead molecules to treat various dis-
eases. Recently, researchers had focused a lot on fla-
vones bioactivities such as free radicals scavenging
ability and protection against peroxidation of lipid (34,35).
Researchers also showed interest in some flavonoids
due to their ability to modulate NADPH oxidase activity
and endothelial nitric oxide metabolism (36-42). It has
been established that flavonoids such as kaempferol,
luteolin, apigenin, chrysin and baicalein have the capabil-
ity of inhibiting «-glucosidase activity (43,44), taking into
consideration of the importance of ring A, B and C
towards the inhibition of «-glucosidase activity. Shin et al.
(45) have shown that a series of alkyl or acetyl deriva-
tives of chrysin have hypoglycaemic effects.

In this research, flavone derivatives having ether linkage
were synthesized and evaluated for their yeast o-glucosi-
dase inhibitory activity. We attempted to study the effect
of various substituents at different position on the inhibitory
effect in terms of how these compounds molecularly bind
towards «-glucosidase protein. This will enable us to iden-
tify new inhibitors and structural features contributing
towards a-glucosidase activity inhibition.

Experimental

Chemistry

Melting points were determined using Sinosource SGW X-
4 melting point apparatus with microscope (Guangzhou,
China). IR spectra obtained using PerkinElmer Spectrum
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100 FTIR Spectrometer (Waltham, MA, USA). NMR
spectroscopy was obtained using Bruker Ultra Shield FT
NMR 500 MHz and Avance Il 600 Ascend spectrometer
(Wissembourg, France). EI-MS spectroscopic analysis had
been obtained using Finnigan-MAT-311-A instrument (Bremen,
Germany).  Thin-layer  chromatography  (TLC) was
performed using precoated silica gel plates (Merck,
Darmstadt, Germany, Kieselgel 60F-254, 0.20 mm).

Synthesis of (E)-1-(2-hydroxyphenyl)-3-(3-
hydroxyphenyl)prop-2-en-1-one (1)

In a 250-mL flask, 2’-hydroxyacetophenone (30 mmol)
was being mixed with 3-hydroxybenzaldehyde (30 mmol).
The mixture was dissolved in 50 mL of 15% (w/v) sodium
hydroxide in ethanol and stirred at room temperature.
Reaction progress was monitored using TLC, and upon
completion, diluted sulphuric acid was added to allow pre-
cipitation. The precipitate was filtered and crystallized in
ethanol to afford pure product. Orange crystal; yield 84%;
"H NMR (500 MHz, DMSO-dg)  12.45 (s, 1H), 9.68 (s, 1H),
8.23(d,J =8.1Hz, 1H),7.94 (d, J = 15.5 Hz, 1H), 7.75 (d,
J=15.5Hz, 1H), 7.57 (s, 1H), 7.34 (d, J = 7.6 Hz, 1H),
729 (d, J=7.9 Hz, 1H), 7.26 (s, 1H), 7.01 (dd, J = 7.8,
4.1 Hz, 2H), 6.91 (dd, J = 4.5, 3.4 Hz, 1H); '*C-NMR
(125 MHz, DMSO-dg): ¢ 193.25, 161.64, 157.14, 143.95,
137.86, 135.68, 130.73, 128.84, 122.57, 122.21, 120.59,
119.75, 119.41, 117.60, 114.85; HREI-MS: m/z calcd for
C15H1203 [M]+ 240.0786; found 240.0784; Anal. Calcd for
C1sH1203: C, 74.99; H, 5.08; found: C, 75.01; H, 5.05.

Synthesis of 2-(3-hydroxyphenyl)-4H-chromen-4-
one (2)

Compound 1 (22.4 mmol) was mixed with iodine
(0.23 mmol). The mixture was dissolved in 50 mL of
DMSO and refluxed at 170 °C. After 3 h, sodium thiosul-
phate was added to the reaction mixture followed by
excessive amount of water to allow precipitation. The pro-
duct was rinsed and allowed to dry at room temperature
to afford pure product. Light orange solid; yield 90%; 'H-
NMR (500 MHz, DMSO-dg): ¢ 9.86 (s, 1H), 8.07 (dd,
J=79, 1.7 Hz, 1H), 7.85 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H),
7.78 (dd, J = 8.4, 0.6 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.45
(t, J=21Hz, 1H), 7.39 (t, J=7.9 Hz, 1H), 7.02 (dd,
J=28.1, 24 Hz, 1H), 6.92 (s, 1H); "*C-NMR (125 MHz,
DMSO-dg): ¢ 191.5, 161.0, 157.4, 140.3, 136.2, 129.6,
126.3, 121.4, 120.7, 118.0, 117.0, 115.3, 113.4, 78.7,
43.5; HREI-MS: m/z calcd for C4sH1003 [M]+ 238.0630;
found 238.0627; Anal. Calcd for C45H1003: C, 75.61; H,
4.23; found: C, 75.62; H, 4.24.

General procedure for synthesis of flavone ethers
(3-15)

Compound 4 (1.0 mmol) and benzyl halides (1.0 mmol)
were being mixed with potassium carbonate (1.0 mmol) in
a 50-mL round-bottom flask. The mixture was being
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dissolved in 20 mL of acetone and refluxed. Progress
monitored using TLC, and upon completion, solvent was
being removed using rotary evaporator. Product was col-
lected and rinsed with diethyl ether to afford pure product.

2-(3-((4-nitrobenzyl)oxy)phenyl)-4H-chromen-4-one
(3)

Light yellow solid; yield 76%; 'H-NMR (500 MHz, DMSO-
dg): 6 7.87 (t, J=8.4 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H),
7.73 (d, J = 8.2 Hz, 2H), 7.70 (d, J = 7.2 Hz, 2H), 7.61 (d,
J=82Hz, 2H), 748 (t, J=7.7Hz, 2H), 7.39 f{t,
J=7.4Hz 1H), 7.30 (dd, J = 8.1, 2.3 Hz, 1H), 7.13 (s,
1H), 5.31 (s, 2H); "™*C-NMR (125 MHz, DMSO-dg): &
178.28, 163.27, 158.69, 156.48, 147.98, 144.72, 135.38,
134.07, 128.96, 128.39, 128.39, 126.34, 125.47, 125.23,
128.42, 128.42, 119.53, 118.39, 118.21, 115.14, 105.97,
70.94; HREI-MS: m/z calcd for CooH1sNOs [M]+ 373.0950;
found 373.0953; Anal. Calcd for CsoH1sNOs: C, 70.77; H,
4.05; N, 3.75; found: C, 70.76; H, 4.05; N, 3.77.

2-(3-(benzyloxy)phenyl)-4H-chromen-4-one (4)
White solid; yield 81%; 'H-NMR (600 MHz, DMSO-dg): 6
8.30 (d, J = 8.4 Hz, 2H), 8.07 (d, J = 7.9 Hz, 1H), 7.86 (d,
J=72Hz 1H), 7.83 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 8.6
Hz, 38H), 7.75 (d, J=7.8 Hz, 1H), 7.53 (dd, J = 14.5,
7.2 Hz, 2H), 7.30 d, J = 7.9 Hz, 1H), 7.12 (s, 1H), 5.44
(s, 2H); '*C-NMR (125 MHz, DMSO-dg): & 178.13,
163.35, 158.62, 156.38, 137.18, 135.32, 133.98, 128.95,
128.51, 128.51, 128.37, 128.37, 128.16, 126.29, 125.63,
125.19, 119.43, 118.34, 118.53, 115.44, 105.97, 70.94;
HREI-MS: m/z calcd for CooH1g05 [M]+ 328.1099; found
328.11083; Anal. Calcd for CooH160s: C, 80.47; H, 4.91;
found: C, 80.46; H, 4.92.

2-(3-((3-(trifluoromethyl)benzyl)oxy)phenyl)-4H-
chromen-4-one (5)

Light yellow solid; yield 88%; 'H-NMR (500 MHz, DMSO-
dg): ¢ 8.05 (dd, J = 8.0, 1.5 Hz, 1H), 7.89 (s, 1H), 7.82—
7.86 (M, 3H), 7.78 (t, J = 1.5 Hz, 1H), 7.73 (t, J = 8.0 Hz,
2H), 7.69 (d, J=7.5Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H),
7.52 (d, J =6.0 Hz, 1H), 7.30 (dd, J = 8.0, 2.5 Hz, 1H),
7.10 (s, 1H), 5.37 (s, 2H); "*C-NMR (125 MHz, DMSO-dp):
o 178.28, 1638.27, 158.56, 156.18, 139.35, 135.53,
138.73, 132.52, 132.28, 128.73, 128.26, 126.44, 125.63,
125.37, 125.14, 124.85 (d, J=262.15Hz), 124.09,
119.58, 118.35, 118.33, 115.54, 105.73, 71.33. HREI-
MS: m/z calcd for CogHisF303 [M]+ 396.0973; found
396.0976; Anal. Calcd for CogH45F303: C, 69.70; H, 3.81;
found: C, 69.72; H, 3.79.

2-(3-((4-(tert-butyl)benzyl)oxy)phenyl)-4H-chromen-
4-one (6)

Light orange solid; yield 74%; "H-NMR (500 MHz, DMSO-
dg): 0 8.06 (d, J = 7.5 Hz, 1H), 7.83-7.86 (m, 2H), 7.73 (s,
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1H), 7.70 (d, J = 8.0 Hz, 1H), 7.49-7.54 (m, 2H), 7.44 (s,
4H), 7.25 (dd, J = 8.0, 2.0 Hz, 1H), 7.10 (s, 1H), 5.20 (s,
2H), 1.29 (s, 9H): '°C-NMR (125 MHz, DMSO-dg): &
179.41, 163.24, 158.65, 156.27, 150.31, 137.26, 135.30,
134.02, 129.91, 127.62, 127.62, 126.14, 125.68, 125.47,
125.47, 125.31, 119.38, 118.39, 118.24, 115.14, 105.63,
70.74, 34.39, 31.93, 31.93, 31.93; HREI-MS: m/z calcd
for CogHo4O3 [M+ 384.1725; found 384.1729; Anal. Calcd
for CogHo404: C, 81.22; H, 6.29; found: C, 81.23; H, 6.31.

2-(3-((2,5-bis(trifluoromethyl)benzyl)oxy)phenyl)-
4H-chromen-4-one (7)

Yellowish white solid; yield 92%; 'H-NMR (500 MHz,
DMSO-dg): ¢ 8.24 (s, 1H), 8.07-8.10 (m, 2H), 8.02 (s, 1H),
7.86 (d, J=7.0Hz, 1H), 7.79-7.82 (m, 2H), 7.78 (d,
J=80Hz, 1H), 756 (d, J=8.0Hz, 1H), 7.53 (d,
J=8.0Hz, 1H), 7.31 (dd, J =8.0, 2.5 Hz, 1H), 7.13 (s,
1H), 5.47 (s, 2H); "™C-NMR (125 MHz, DMSO-dg): 6
178.19, 163.27, 158.86, 156.38, 140.46, 136.43, 135.72,
135.59, 133.82, 128.94, 128.37, 126.74, 126.46, 125.91,
125.37, 125.23, 123.86, 123.13, 119.68, 118.47, 118.13,
115.54, 105.63, 69.35; HREI-MS: m/z calcd for
CQ4H14F603 [M]+ 464.0847; found 464.0852; Anal. Calcd
for CosH14F603s: C, 62.08; H, 3.04; found: C, 62.09; H,
3.02.

2-(3-((3-((trifluoromethyl)thio)benzyl)oxy)phenyl)-
4H-chromen-4-one (8)

White solid; yield 76%; 'H-NMR (500 MHz, DMSO-dg): 6
.07 (dd, J=7.9, 1.3 Hz, 1H), 7.85 (dd, J = 6.9, 1.6 Hz,
1H), 7.82 (dd, J =8.4, 0.8 Hz, 1H), 7.79 (d, J = 8.1 Hz,
2H), 7.77-7.75 (t, J = 2.0 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H),
7.68 (d, J=8.4Hz, 2H), 7.58 (td, J = 8.0, 4.5 Hz, 2H),
7.29 (dd, J=7.9, 2.8 Hz, 1H), 7.10 (s, 1H), 5.35 (s, 2H);
BC-NMR (125 MHz, DMSO-dg): & 178.12, 163.35,
158.69, 156.28, 144.39, 139.26, 135.33, 133.53, 130.47,
130.24, 128.96, 126.34, 126.23, 125.47, 125.15, 124.64,
123.36 (d, J=261.5Hz, 119.68, 118.57, 118.36,
115.34, 105.91, 71.43; HREI-MS: m/z caled for
CogH15F305S [M]+ 428.0694; found 428.0697; Anal. Calcd
for CogH15F303S: C, 64.48; H, 3.53; found: C, 64.46; H,
3.51.

4-((3-(4-oxo0-4H-chromen-2-yl)phenoxy)methyl)
benzonitrile (9)

Light red solid; yield 83%; "H-NMR (500 MHz, DMSO-dy):
08.07 (d, J =7.8Hz, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.86
(t, J=7.2Hz, 1H), 7.83 (t, J = 8.9 Hz, 1H), 7.77-7.69 (m,
4H), 7.62-7.49 (m, 2H), 7.28 (dd, J = 8.2, 2.5 Hz, 1H),
7.10 (s, 1H), 5.38 (s, 2H); '°C-NMR (125 MHz, DMSO-dg):
6 178.32, 163.24, 158.68, 156.38, 144.36, 135.37,
133.91, 130.75, 130.75, 128.82, 127.41, 127.41, 126.14,
125.47, 125.38, 119.43, 119.09, 118.28, 118.39, 115.14,
112,29, 105.83, 70.74; HREI-MS: m/z calcd for
CosH1sNO3 [M]+ 353.1052; found 353.1055; Anal. Calcd
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for 023H15N03: C, 7817, H, 428, N, 396, found: C,
78.18; H, 4.26; N, 3.95.

2-(3-((4-methoxybenzyl)oxy)phenyl)-4H-chromen-4-
one (10)

Brown solid; yield 85%; "H-NMR (500 MHz, DMSO-dj): &
8.07 (d, J =79 Hz, 1H), 7.86-7.80 (m, 2H), 7.75-7.67
(m, 2H), 7.51 (d, J=7.8 Hz, 2H), 7.44 (d, J = 8.6 Hz,
2H), 7.25 (dd, J = 8.2, 2.4 Hz, 1H), 7.08 (s, 1H), 6.98 (d,
J=86Hz 2H), 516 (s, 2H), 3.77 (s, 3H); '*C-NMR
(125 MHz, DMSO-dg): ¢ 178.25, 163.98, 160.12, 158.76,
156.54, 135.24, 133.83, 130.63, 129.12, 128.81, 126.54,
125.73, 125.28, 119.47, 118.33, 118.25, 115.34, 113.41,
105.92, 70.74, 56.13; HREI-MS: m/z calcd for CozH1504
[M+ 358.1205; found 358.1201; Anal. Calcd for
CosH+1g04: C, 77.08; H, 5.06; found: C, 77.06; H, 5.07.

2-(3-(2-o0xo0-2-(pyren-1-yl)ethoxy)phenyl)-4H-
chromen-4-one (11)

Dark yellow solid; yield 94%; '"H-NMR (600 MHz, DMSO-
dg): 0 8.89 (d, J =9.4 Hz, 1H), 8.78 (d, J = 7.9 Hz, 1H),
8.47 (d, J=7.8 Hz, 1H), 8.44 (d, J = 7.2 Hz, 1H), 8.35-
8.42 (m, 2H), 8.31 (d, J = 8.4 Hz, 1H), 8.26 (d, J = 9.0 Hz,
1H), 8.18 (d, J = 7.8 Hz, 2H), 8.05 (d, J = 7.9 Hz, 1H),
7.77 (s, 1H), 7.74 (t, J = 8.1 Hz, 1H), 7.68 (d, J = 8.4 Hz,
1H), 7.54 (t, J = 8.0 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.33
(dd, J = 8.3, 2.3 Hz, 1H), 7.13 (s, 1H), 5.94 (s, 2H); '*C-
NMR (125 MHz, DMSO-dg): ¢ 201.46, 178.28, 163.29,
158.48, 156.21, 135.86, 135.23, 135.46, 133.98, 131.87,
131.74, 131.74, 131.44, 128.71, 128.65, 128.29, 127.89,
127.62, 127.37, 127.37, 127.28, 126.34, 125.53, 125.31,
125.24, 125.02, 122.87, 119.58, 118.38, 118.11, 115.34,
105.97, 73.64; HREI-MS: m/z calcd for CgzzHooO4 M+
480.1362; found 480.1359; Anal. Calcd for CzzHogO4: G,
82.49; H, 4.20; found: C, 82.47; H, 4.22.

2-(3-(allyloxy)phenyl)-4H-chromen-4-one (12)

Dark orange solid; yield 87%; 'H-NMR (600 MHz, DMSO-
dg): 0 8.07 (dd, J=7.9, 1.1 Hz, 1H), 7.86 (dd, J = 6.7,
1.6 Hz, 1H), 7.84 (d, J = 0.9 Hz, 1H), 7.71 (d, J = 7.8 Hz,
1H), 7.67 (t, J = 1.5 Hz, 1H), 7.56-7.48 (m, 3H), 7.21 (dd,
J=28.2, 1.9Hz, 1H), 7.11 (s, 1H), 5.47 (d, J = 18.9 Hz,
1H), 5.31 (d, J = 12.1 Hz, 1H), 4.72 (d, J = 5.3 Hz, 2H);
BC-NMR (125 MHz, DMSO-dg): & 178.24, 163.38,
1568.72, 156.38, 134.56, 134.45, 133.94, 129.20, 126.44,
125.47, 125.14, 119.27, 118.42, 118.25, 117.42, 115.15,
105.97, 70.15; HREI-MS: m/z calcd for CigH1405 [M]+
480.1362; found 480.1359; Anal. Calcd for C4gH1403: C,
77.68; H, 5.07; found: C, 77.70; H, 5.08.

2-(3-((2,3-difluorobenzyl)oxy)phenyl)-4H-chromen-
4-one (13)

Dark orange solid; Yield 68%; 'H-NMR (500 MHz, DMSO-
dg): 6 8.07 (d, J = 7.8 Hz, 1H), 7.86 (dd, J = 6.7, 1.6 Hz,

364

1H), 7.83 (d, J=8.2 Hz, 1H), 7.79 (t, J = 1.5 Hz, 1H),
7.75(d, J = 7.8 Hz, 1H), 7.53 (d, J = 7.9 Hz, 2H), 7.48 (d,
J=85Hz, 1H), 7.45 (d, J=6.2Hz, 1H), 7.30 (dd,
J=28.6, 2.3 Hz, 2H), 7.14 (s, 1H), 5.35 (s, 2H); '"*C-NMR
(125 MHz, DMSO-dg): 6 177.68, 163.35, 158.76, 156.26,
152.81, 151.53, 135.93, 133.53, 130.24, 128.43, 126.91,
125.53, 125.28, 125.05, 124.46, 119.58, 118.47, 118.28,
116.76, 115.29, 105.97, 69.22; HREI-MS: m/z calcd for
CooH14F205 [M]+ 364.0911; found 364.0908; Anal. Calcd
for 022H14F203: C, 7252, H, 387, found: C, 7250, H,
3.88.

2-(3-((3-methylbenzyl)oxy)phenyl)-4H-chromen-4-
one (14)

Light orange solid; yield 71%; "H-NMR (600 MHz, DMSO-
dg): 6 8.07 (d, J =7.8 Hz, 2H), 8.02 (d, J = 8.2 Hz, 1H),
7.87-7.84 (m, 2H), 7.83 (s, 1H), 7.74 (s, 1H), 7.71 (d,
J =7.8Hz, 1H), 7.54-7.50 (m, 3H), 7.21 (s, 1H), 7.11 (s,
1H), 5.20 (s, 2H), 2.34 (s, 3H); "*C-NMR (125 MHz,
DMSO-dg): ¢ 178.29, 163.21, 158.72, 156.38, 136.91,
136.74, 135.43, 133.97, 128.81, 128.30, 128.44, 127.32,
126.64, 126.34, 125.42, 125.19, 119.58, 118.69, 118.43,
115.14, 105.90, 71.58, 21.27; HREI-MS: m/z calcd for
Co3H1805 [M]+ 342.1256; found 342.1253; Anal. Calcd for
CosH1g03: C, 80.68; H, 5.30; found: C, 80.69; H, 5.28.

3-((3-(4-oxo0-4H-chromen-2-yl)phenoxy)methyl)
benzonitrile (15)

Brown solid; yield 79%; '"H-NMR (500 MHz, DMSO-dg): &
8.06 (d, J = 7.0 Hz, 1H), 8.01 (d, J = 7.0 Hz, 1H), 7.88-
7.81 (m, 4H), 7.76 (s, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.65
(t, J = 7.8 Hz, 1H), 7.56-7.49 (m, 2H), 7.29 (dd, J = 8.2,
24 Hz, 1H), 711 (s, 1H), 5.31 (s, 2H); 'C-NMR
(125 MHz, DMSO-dg): 6 178.24, 163.35, 158.76, 156.38,
140.21, 135.63, 134.07, 132.82, 131.45, 130.19, 128.82,
127.83, 126.28, 125.53, 125.38, 119.58, 119.14, 118.42,
118.16, 115.31, 110.65, 105.97, 71.59; HREI-MS: m/z
calcd for Co3H1sNO3z [M]+ 353.1052; found 353.1047;
Anal. Calcd for Co3HisNO3: C, 78.17; H, 4.28; N, 3.96;
found: C, 78.18; H, 4.26; N, 3.97.

a-Glucosidase inhibition assay

The a-glucosidase inhibition assay had been carried out
using baker’'s yeast «-glucosidase (EC 3.2.1.20) and
p-nitrophenyl-o-D-glucopyranoside (46-50). The samples
(5 ug/mL) were prepared by dissolving the compounds
1-15 in DMSO. Test samples (10 ulL) which had been pre-
pared were reconstituted in 100 uL of phosphate buffer
(100 mm) at pH 6.8 in 96-well microplate and incubated
with 50 ul of baker’s yeast «-glucosidase for 5 min before
50 uL of p-nitrophenyl-a-D-glucopyranoside (5 mm) was
added. After incubating for 5 min, the absorbance was
measured at 405 nm using SpectraMax plus384 (Molecu-
lar Devices Corporation, Sunnyvale, CA, USA). Blank in
which the substrate was changed with 50 ul of buffer
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was analysed to accurately determine the background
absorbance. Control sample was prepared to contain
10 uL DMSO instead of test samples. Percentage
of enzyme inhibition was measured using the following
formula:

% inhibition = [(A — B)/A] x 100

where [A] represents absorbance of control samples and
[B] corresponds to absorbance in the presence of test
samples.

Homology modelling

Homology model for Saccharomyces cerevisiae o-glucosi-
dase was built using crystal structure of o-D-glucose
bound isomaltase from Saccharomyces cerevisiae (PDB
ID: 3A4A) which shares 72% identical and 85% similar
sequence with «-glucosidase. Protein sequence for
Baker’s yeast a-glucosidase (MAL12) was obtained from
UniProt (http://www.uniprot.org). Sequence alignment and
homology modelling were performed using SWISS-
MODEL, which is a fully automated homology modelling
pipeline SWISS-MODEL, managed by Swiss Institute of
Bioinformatics (51-53).

Docking studies

The structure of all compounds was prepared using
Chem3D by CambridgeSoft (Waltham, MA, USA). The
geometry and energy of the structures were being opti-
mized using Steepest-Descent and Polak-Ribiere algorithm
in HyperChem. autopock 4.2 (54) was used to identify the
binding modes of flavone derivatives (1-15) responsible for
the activity. Protein file (pdb) was being further optimized
by removing water molecules and adding hydrogen atoms.
The docking grid box was set at 40 x 40 x 40 with a
spacing value of 0.375 A. Genetic algorithm (GA) with
default settings was employed for the studies. In the

selffave

Scheme 1: Synthesis of 3'-hydroxyflavone 2.

Room temp

_ EtOH-KOH _ O oH
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search parameter, number of runs was set at 100, while
the other settings were left as default. The docking results
had been visualized using DISCOVERY STUDIO VISUALIZER 3.5a
2012. and pymoLb.

Results and Discussion

Chemistry

Flavone ethers 3-15 had been synthesized through path-
ways in Schemes 1 and 2. 2-(3-Hydroxyphenyl)-4H-chro-
men-4-one (2) which is the key intermediate for the
synthesis of target compounds (3-15) was prepared
through three steps. In Scheme 1, 2’-hydroxyacetophe-
none undergoes aldol condensation with 3-hydrobenzalde-
hyde in ethanolic-potassium hydroxide to form (£)-1-
(2-hydroxyphenyl)-3-(3-hydroxyphenyl)prop-2-en-1-one (1).
Chalcone 1 was then cyclized into flavone 2 through
oxidative cyclization using iodine as the oxidizing agent.
Flavone ethers 3-15 were synthesized through a single-
step reaction of 3'-hydroxyflavone (2) with various halides,
in the presence of potassium carbonate as base catalyst
(Scheme 2).

All the newly synthesized compounds were confirmed by
the various analytical techniques ("H-NMR, '°C-NMR, MS
and elemental analysis). All spectral data were in accor-
dance with assumed structures (Table 1).

In vitro a-glucosidase inhibition

In continuation of our study on enzyme inhibition activity
(48,55-58), compounds 1-15 had been and evaluated for
their o-glucosidase inhibition activity. The assay had been
carried out using baker's yeast o-glucosidase (EC
3.2.1.20). The result in Table 2 showed that compounds
synthesized inhibit a-glucosidase activity with 1Csq values
that range between 1.26 and 88.66 um. Comparison

lodine-DMSO
Reflux, 3 h

!OH

318 319

Scheme 2: Synthesis of flavone ethers 3-15.
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Table 1: Novel flavone ethers 3-15 that
were synthesized and tested for a-glucosi-
dase inhibition activity

Compound R Compound
3 £ : 10 £
NO, OCHj4
“ oy 0
U
5 CF,4 12 V
CFj
6 13 F
A@/F
7 CF, 14 £ : CHj
CF3

between results for chalcone 1 and flavone 2 clearly
shows that flavone 2 has better activity as compared to
chalcone 1. This indicates that cyclization and introduction
of ring B have somehow affected the activity and
increases the inhibition activity.

Among the compounds that are showing good inhibition
activity as compared to acarbose are compounds 2, 3, 5,
7, 8, 9, 10 and 13. Compounds having fluorine sub-
stituents such as compounds 5, 7, 8 and 13 are showing

366

excellent inhibitory activity. Compound 7, which is a 2,5-
trifluoromethyl-substituted compound, recorded the high-
est inhibition activity for this series. Compound 7 has an
ICs0 value of 1.26 £+ 0.01 um, and it is thirty times better
than the standard drug. Further analysis on the results
showed that compound 5, which has a trifluoromethyl
substituent at meta position, is less active than compound
7. Compound 5 has an ICsq value of 5.45 4+ 0.08 um and
is lacking one trifluoromethyl substituent as compared to
compound 7. Other compounds that are weakly active

Chem Biol Drug Des 2016; 87: 361-373
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Table 2: «-Glucosidase inhibitory activity by flavone ethers 1-15

Compound  ICsp (um + SEM)  Compound  ICsq (um + SEM)
1 44,66 + 0.34 9 34.69 + 0.28

2 34.66 + 0.28 10 35.35 + 0.31

3 36.44 + 0.031 1 N.A.

4 59.66 + 0.21 12 N.A.

5 5.45 + 0.08 13 3.49 4+ 0.05

6 49.54 + 0.61 14 88.66 + 1.20

7 1.26 + 0.01 15 38.64 + 0.34

8 8.66 + 0.08 Acarbose 38.25 + 0.12

SEM, standard error mean; N.A., not active.

with reference to acarbose are compounds 3, 9 and 10.
These compounds are para-substituted with nitro, nitrile
and methoxy substituents. Two compounds, 11 and 12,
are not showing any inhibition activity. Bulky and incapable
of forming hydrogen bonding with residues of «-glucosi-
dase might be the reason for the low activity of these
compounds. Compound 13, which is having two fluorine
atoms substituted directing on the extended ring, is the
second most active compound with an ICsy value of
3.49 + 0.05 um.

Docking study

Molecular docking studies were performed to gain insight
into the most probable binding conformation of flavone
ether derivatives (3-15), which in retumn explains the rea-
son for their potency. Docking studies had been carried
out using a-glucosidase structure obtained from homology
modelling as crystal structure for a-glucosidase of S. cere-
visiae is still not available (59). Isomaltase (EC 3.2.1.10,
oligo-1,6-glucosidase, MALX3) (PDB code: 3A4A) from
baker’s yeast, which shares 71% identity and 84% similar-
ity with the target enzyme, a-glucosidase of S. cerevisiae,
had been used as the template for homology modelling.
Homology modelling had been carried out using SWISS-
MODEL. The RMSD value between the original protein iso-

3A4A
MAL1

MAL1
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maltase (PDB code: 3A4A) and the homology model is
0.169 A. Sequence analysis on the homology model’s
sequence showed high sequence homology with the
target enzyme with active site remains intact and highly
conserved (Figure 1).

Docking method was validated by doing control docking
of native inhibitor. Acarbose was docked into «-glucosi-
dase from sugar beet (PDB code: 3W37). Comparison
through superimpose of native ligand with docking results
shows that docking method could reproduce the binding
mode of acarbose in «-glucosidase from sugar beet (Fig-
ure 2). The rmsd value between actual and docked pose
was found to be 0.65 A. Even though a-glucosidase from
sugar beet shares relatively low homology with baker’s
yeast a-glucosidase (16% identity), the active site is highly
conserved and main interactions of the ligand remain the
same (60).

Docking studies carried out on all flavone ethers (3-15)
had provided us with some good results, which best
explain the compounds in vitro. Important structural fea-
ture like ether linkage and substitution on the compounds’
side chain were observed closely to further rationalize the
inhibition activity. Methyloxy linkage (-CH»-O-) increases
flexibility and reduces torsional stress of the derivatives.
This allows the extended ring to be placed properly within
active site (Figure 3). This is supported by a study carried
out by Moorthy et al. (61), which states that increase in
flexibility of molecules will reduce stretching energy
required for molecules to interact with the active site.

Other important structural feature would be the benzopy-
ran-4-one moiety. In this study, flavone rings A and B were
stabilized by interacting with backbone (ND2) of Asn347
through Pi-donor interactions. Pyrone moiety (ring B) was
further stabilized through Pi-Pi stacking interaction with
Phe300. On the other hand, Asp349 stabilizes ring C and
extended ether portion through anion-Pi

interaction

ol
MAL1 ASIRQIVE

MAL1; A A Y RIK HESIGIK

3a4a EAEBIET SIRB
MAL 12KIG 11

_H e
RP F BIKIT Slk L BlH P NV 6/SIH
rﬂstia
KIE s NIEIL FIENG

e
R A K M G

B 55 L
LIS El 1 - -DBRITBIV v v

Figure 1: Comparison between sequence of homology model (3A4A) and MAL12.
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Figure 2: Superimpose of acarbose in a-glucosidase from sugar
beet (BW37).

Figure 3: Active compounds aligned in the binding cavity.

between its backbone (OD1 and OD2) with both rings.
Asp214 was observed to enhance stability of the extended
ring through another anion—Pi interaction with its backbone
(OD2). The carbonyl’s oxygen of flavone ring for all active
compounds acts as a hydrogen bond acceptor and forms
interaction with hydroxyl group of Tyr344. Carbon-hydro-
gen interaction was observed between CH, of methyloxy
linkage (-CH»-O-) and side chain carboxyl oxygen (OD2) of
Asp349.

Study on interaction of the side chain’s substituents
showed the importance of fluorine in the activity (Figure 4).
Docking for active compounds 5 (5.45 + 0.08 um), 7
(1.26 + 0.01 uv), 8 (8.66 + 0.08 um) and 13 (3.49 +
0.05 um) having activity showed how fluorine substituents
influence the activity. Trifluoromethyl substituent that is a
common feature for active compounds 5, 7 and 8 are ori-
ented towards the hydrophobic pocket made up of
Phe300, Phe177, Phe157 and Ala278. The fact that fluo-
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rine has low polarizability and its ability to inhibit «-glucosi-
dase is supported by claims that better interaction can be
observed by lowering compounds polarizability properties
(61-63). Fluorine atom for compound 5 forms a halogen
bond was formed between one of fluorine atom with side
chain carboxyl oxygen (0G2) of Thr215 (3.68 /&). Com-
pound 7 has two trifluoromethyl substituents, positioned at
C-2 and C-5 on ether’s side ring. Trifluoromethyl sub-
stituent at C-2 was well positioned in hydrophilic pocket of
Phe300, Phel77, Phe157 and Ala278, while the second
trifluoromethyl  substituent was positioned towards a
hydrophilic region surrounded by Asp68, Asp214 and
Tyr71. A carbon-hydrogen interaction was also observed
between CH2 of flavone and side chain carboxyl oxygen
(OD2) of Asp349 (3.54 A). As for the three fluorine atoms
in the hydrophilic pocket, one of the halide forms a bond
with the backbone (OD2) of Asp68 (3.04 A). The other two
fluorine atoms form bondings with the Asp214 (OD1 and
0OD2) at the distance of 2.72 and 2.98 A. Halide bondings
with polar residues such as Asp68 and Asp214 were not
observed for other compounds, especially for compounds
5 and 8 as they have the trifluoromethyl substitution.
Based on docking results, trifluoromethyl substitution gives
the best effect in ortho position as being shown by com-
pound 7. Trifluoromethyl substitution at meta position
(compounds 5 and 8) could not compensate for the steric
repulsion towards the hydrophilic region. This causes the
trifluoromethyl substituent to be positioned towards the
hydrophobic pocket. The ability of compound 7 to interact
with Tyr71 and Phel77 is extremely important. This is
because Tyr71 and Phel177 are experimentally determined
to be crucial for the terminal ring recognition of substrates
by a-glucosidase (64).

Besides compounds having trifluoromethyl substitution,
compound 11 (3.49 + 0.05 um), which is a 2,5-difluoro-
substituted compound showed good inhibition by being
second most active compound in the series. Common
interactions were observed between carbonyl’s oxygen of
flavone ring with hydroxyl group of Tyr344 (2.47 /Z\). Oxy-
gen of ether linkage forms a stable interaction with NH1 of
Arg439 at a distance of 3.38 A. It was observed that
Arg439 (NH1) forms second bond with fluorine substituted
at ortho position with a distance of 2.70 A. The other
fluorine atom forms interaction with backbone (OD2) of
Asp68 (2.60 A). The ligand-receptor complex was stabi-
lized by Asp214, Phe300, Asn347 and Asp349 through
some electrostatic, hydrogen bond and hydrophobic
interactions.

Park et al. (21) claims that phenolic oxygen is able to form
a two-way hydrogen bond interaction with the side chain
of two residues, His348 and Asp349, believed to play a
critical role in the catalytic mechanism. However, in this
study, which involves no phenolic oxygen, it was observed
that indirect interaction with His348 and Asp349 further
stabilizes the enzyme-ligand complex. The docking results
also indicate that the active compounds can be stabilized

Chem Biol Drug Des 2016; 87: 361-373
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Figure 4: Binding position of active (A) compounds 5, (B) 7, (C) 8 and (D) 13.

in the active site through hydrophobic interactions of chro-
mene ring with the side chains of Phe, lle, Trp, Met, Ala
and His as being reported by Park et al. (21).

Observation on compounds 1, 6, 9 and 10 showed that
their activities are influenced by the substituents on ether’s
side ring (Figure 5). The best docking pose showed that
nitro, nitrile, tert-butyl and methoxy substituent at para
position are well oriented towards the same hydrophobic
pocket as being observed for trifluoromethyl substituent,
but they are unable to form any meaningful interaction.
Studies showed that nitro, nitrile and methoxy substituents
are only forming hydrogen bonding with Thr215 at a dis-
tance of 3.11, 2.80 and 2.63 A, respectively. Tert-butyl
substituent of compound 6 is not showing any interaction
with the surrounding residues. The results support claims

Chem Biol Drug Des 2016; 87: 361-373

made by Moorthy et al. (65) based on a QSAR study of
chromanone derivatives, in which it was found that com-
pounds having dipole moment groups and highly
hydrophobic substituents could reduce «-glucosidase inhi-
bitory activity.

Conclusion

From this study, we manage to synthesize some new
derivatives of flavone ether and evaluate them for their
inhibiting «-glucosidase. Better activity for compound 2 as
compared to acarbose and compound 2 strongly suggests
the importance of chromone moiety, especially the pyrone
ring in inhibiting a-glucosidase activity. Compound 7,
which is having trifluoromethyl-substituted at positions 2
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Figure 5: Docking of inactive (A) compounds 3, (B) 6, (C) 9 and (D) 10.

and 5 on its ether side ring, recorded the highest inhibition
activity with an 1C5o value of 1.26 £ 0.01 um. Trifluo-
romethyl substituent at position 2 was well positioned in
hydrophilic pocket of Phe300, Phel77, Phel157 and
Ala278. The second trifluoromethyl substituent was posi-
tion towards a hydrophilic region surrounded by Asp68,
Asp214 and Tyr71. A carbon-hydrogen interaction was
also observed between CH2 of flavone and side chain car-
boxyl oxygen (OD2) of Asp349 (3.54 A). As for the three
fluorine atoms in the hydrophilic pocket, one of the halides
forms a bond with the backbone (OD2) of Asp68 (3.04 ,Z\).
The other two fluorine atoms form bondings with the
Asp214 (OD1 and OD2) at the distance of 2.72 and
2.98 A. Halide bondings with polar residues such as
Asp68 and Asp214 were not observed for other com-
pounds, especially for compounds 5 and 8 as they have
the trifluoromethyl substitution. Besides being able to inter-
act with one of the most important residues Asp214, the
ability of compound 7 to interact with Tyr71 and Phel77
should be significantly considered. This is because Tyr71
and Phe177 play an important role in terminal ring recogni-
tion of substrates by o-glucosidase and this may have
contributed in the inhibition activity.
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