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A series of dihvdroxylated chalcone derivatives with diverse substitution patterns on a phenyl ring B and the
para-substituents on a phenyl ring A were prepared. and their radical scavenging activities were evaluated by
simple DPPH test to determine quantitative structure-activity relationship in these series of compounds. The
chalcone compounds with the ortho- (i.e. 2'.3- and 3'.4'-) and para- (i.e. 2.5'-) substitution patterns show an
excellent antioxidant activities (80-90% of control at the concentration of 50 4M) which are comparable to
those of ascotbic acid and c-tocopherol as positive reference materials. On the contrary. the compounds with
meta- (i.e. 2'.4'- 3".5'-) substitution pattern demonstrate very dramatic decrease in activities which are around
25% of the control even at the concentration of 200 uM (ICsq > 200 u#M). These dramatic differences could be
interpreted in terms of the ease formation of fairly stable semiquinone radicals from the ortho- and para-
substituted chalcone molecules through facilitating electron delocalization. Our results indicate that the
substitution patterns of two hvdroxy] groups on ring B are very important structural factors for their radical
scavenging activity enhancement. Meanwhile. the substituents at para-position of the phenyl ring A of
chalcones have no influence on the activity.
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Introduction

Chalcones (l.3-diarvl-2-propen-1-ones) constitute an
important class of natural products belonging to the
flavonoid family. which have been reported to possess a
wide spectrum of biological activities. including antibacterial.
antifungal. anti-inflammarory. antimicrobial. antitumour,
insect antifeedant and antimutagenic.’ Additionally. some of
chalcone derivatives have been found to inhibit several
important enzymes in cellular systems. such as xanthine
oxidase and protein tyrosine kinase.” The evidences that
these biological activities would be closely correlated to
their antioxidant potential have been emerged in recent
reports.” The antioxidant properties of chalcones are known
to be influenced to a great extent by the two aryl structures.
i.e. the substituents on two aryl rings of chalcone molecule
and their substitution patterns. Especially, the hydroxyl
substituent is one of the kev groups to enhance greatly the
antioxidant activity of chalcone mainly due to its easy
conversion to phenoxy radicals through the hydrogen atom
transfer mechanism. This phenoxy radical formation may be
central to the antioxidant properties which are assessed
primarily as radical scavenging potential of phenolic chal-
cones.” In fact. the hydroxyl substituent is widespread
among chalcones from natural sources.” Thereby. a number
of structurally diverse chalcones including phenolic chal-
cones have been prepared and evaluated for their activities.
Although some sporadic structure-activity relationships
(SAR) of some phenolic chalcone derivatives have been
reported in the recent literature. it is fairly rare to find the

systematic study on the relationships between structural
variations and antioxidant activity of structurally distinguish-
able polyphenolic chalcone derivatives.

So. we were determined to investigate systematic SAR of
structurally -diverse chalcone compounds with two hydroxyl
groups on benzaldehyde-originated aryl ring. in which two
hydroxy] groups are diversely oriented each other. Herein,
we report synthetic details of the dihydroxylated chalcone
derivatives having diverse substitution patterns on a phenyl
nucleus (Scheme 1), and their antioxidant activities. The
activity results were analvzed to determine the quantitative
structure-activity relationships. The antioxidant activity of
the chalcones was measured by standard free radical scaven-
ging assay (DPPH test) as a primary tool.

Experimental Section

Chemistry, Melting points were recorded on Electro-
thermal melting point apparatus and were uncorrected. 'H-
and "C-NMR spectra were recorded on Jeol 400 MHz or
600 MHz spectrometer. Chemical shifts are shown in &
values (ppm) with tetramethylsilane (TMS) as internal
standard. All chemicals were purchased from Sigma-Aldrich
Co.. US.A.. and all solvents for column chromatography
were of reagent grade. and were purchased from commercial
SOUrces.

General synthetic procedure for the preparation of di-
MOM-benzaldehyds (2a-¢, Scheme 1). A solution of
appropriate  dihyvdroxybenzaldehyde (21.71 mmol) and
K-C01(217.20 mmol) in acetone (100 mL) was cooled to 0
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Scheme 1. General procedure for the formation of chalcones 5.

°C under Ar atmosphere. and then methoxvmethyl chloride
(MOM-CL. 93.65 mmol) was added dropwise. The resulting
mixture was stirred at room temperature for 6-10 hours. The
reaction muxture was diluted with water (100 mL) and
extracted with ethyl acetate (50 mL x 3). The combined
organic laver was washed with water and brine, dried over
anhyvdrous MgSOsand evaporated to dryness to vield crude
MOM-protected benzaldehyde which was purified by silica
gel column chromatography to give analvtically pure com-
pounds (90-99%). 3a: '"H-NMR (400 MHz. CDCl;): §10.46
(s. IH, -CHO), 7.51 (dd. |H..J=2.0 Hz, /= 7.6 Hz, H-6').
749 (dd. |H./=2.0Hz. J=7.6 Hz, H-4), 716 (t, IH. ./ =
7.6 Hz. H-5". 5.25 (s. 2H, -OCH:0-). 5.23 (s. 2H, OCH:0-).
3.57 (s. 3H. -OCH3), 3.51 (5. 3H. -OCH:); "C-NMR (100
MHz. CDCl;). & 190.1, 150.0, 1498, 130.6, 124.5. 122.2.
120.9. 99.6. 95.2 (-O-CH:-O-). 93.5 (-O-CH:-O-). 37.8.
56.3. 3b: mp 51-52 °C: 'H-NMR (300 MHz, CDCl3); §9.87
(s. |H. -CHO), 7.68 (d. |H..J= 1.8 Hz. H-2"). 7.50 (d.d. |H.
J=18Hz J=80Hz H-6". 728 (d. IH./=8.0Hz H-3".
3.33 (s. 2H. -OCH»0-), 5.30 (s, 2H, -OCH-0-). 3.53 (s. 3H,
-OCHa), 3.53 (5. 3H, “OCH); “C-NMR. (150 MHz, CDCl;):
d 190.83 (-«CHO), 152.54, 14738, 131.06, 126.32. 115.79.
115.27.95.29. 94.90. 56.49. 56.36. 3¢: 'H-NMR (400 MHz.
CDCls): 61045 (s, LH. -CHO). 749 (d. 1H,.J = 2.8 Hz. H-
6. 7.24(dd. I1H,/=28Hz,J=92Hz, H-4). 7.18(d, |H.J
=92 H-3". 525 (s. 2H. -OCH-0-). 5.15 (s. 2H. -OCH-0-).
32.52 (s. 3H. -OCH3), 3.48 (s. 3H. -OCH3); *C-NMR (100
MHz. CDCls); & 189.3. 154.9. 151.9. 126.0. 124.7. 116.8.
114.5. 95.1, 94.8, 56.3. 55.9. 3d: mp 51-52 °C. 'H-NMR.
(400 MHz. CDCl;) 9.87 (s, I1H, -CHO). 7.68 (d. IH,/J=L.8
Hz, H-2"). 7.50 (dd, |H..J = 1.8 Hz, 7.8 Hz. H-6). 7.28 (d.
1H. J = 8.4 Hz. H-3". 5.33 (s. 2H. -OCH.0-), 5.30 (s, 2H.
-OCH-0-). 3.53 (s. 3H, -OCH3). 3.53 (5. 3H, -OCH;): '°C-
NMR (1530 MHz. CDCl;) 6190.83 (-CHO), 152.54. 147.38.
131.06, 126.32, 115.79, 115.27. 95.29, 94.90. 36.49, 56.36.
3e: '"H-NMR (400 MHz. CDCls): §9.90 (s, |H. -CHO), 7.21
(s, 2H. H-2', H-6". 6.97 (s, 1H. H-4". 5.21 (s, 4H. -OCHAO-).
3.48 (s. 6H, -OCH;); "C-NMR (100 MHz. CDCly); §191.5
(-CHO), 138.6. 138.4, L11.0, 110.3. 94 4 (-OCH-O- x2), 56.0.

4 5
5a, 5f, 5k, 5p, 5u R'=H
5h, 59, 51, 59, 5v R'=CH,
§c, 5h, 5m, 5r, 5w R' = OCH,
5d, 5i, i5n, 58, 5x R'=OH
Se, 5j,50,5t,5y R'=Cl

General synthetic procedure for the preparation of
dihydroxychalcones (3a-y, Scheme 1). To a solution of
appropriate MOM-protected benzaldehyde (0.9 mmol) and
acetophenone (1.0 mmol) in ethanol (10 mL). 5% sodium
aqueous sodium hydroxide (1.1 munol. 0.5 mL) was added,
and the reaction mixture was stured at room temperature for
1-2 howurs. After checking the completion of the condensation
reaction. judged from simple tle analysis. 10% HCI (1 mL)
was added and the mixture was further stirred for further 30
min at 60 °C to deprotect the MOM groups. And then the
whole mixture was diluted with water (20 mL) and 1its pH
was adjusted to 5 with IN aqueous NaOH solution. The
aqueous solution was extracted with EtQAc (20 mL x 3).
The combined organic layer was washed with water (20 mL
x 2) and bnne (20 mL), dried over anhydrous MgSQOs, and
evaporated to give a crude solid. The desired product was
purified by column chromatography eluted with hexane-
ethyl acetate co-solvent to afford a sohid (Sa-y, Table 1). 3a:
'H-NMR (400 MHz. DMSQ-d:): §8.07-8.02 3H. J = 15.6
Hz. H-g H-2). 7.78 (d. 1H. J = 15.6 Hz, H-a), 7.66 (t. J =
72Hz H-4). 7537 (d. 2H.J=72Hz H-3). 731 (d. 1H.J =
72Hz H-6Y% 686(d. 1H.J=72Hz H-4. 671 (t. IH.J =
7.2 Hz. H-3%: *C-NMR (100 MHz. DMSO-d¢): & 189.5,
1439, 1456, 1398, 1379, 1328, 1287 1282 1219,
120.8.119.1. 118.6. 117.1. Sb: '"H-NMR (400 MHz. DMSO-
de): 68.09(d. 2H,J=8.8 Hz. H-2). 8.04 (d, 1H,J = 15.6 Hz,
H-$), 779 (d, IH. /= 15.6 Hz. H-a. 732 (d, |H. /= 8.4
Hz. H-6"). 7.07 (d. 2H. J=8.8 Hz. H-3). 6.85 (d. IH./=8.4
Hz. H-4". 6.71 (t. |H. J = 8.4 Hz. H-3"). 3.83 (s. 3H. -OCH3);
BC.NMR (100 MHz. DMSO-dy): & 187.6, 162.9, 145.7,
145.6,138.9. 130.7, 130.6. 122.1, 120.7. 119.1. 118.5, 116.9,
113.9. 33.5. 5¢: '"H-NMR (400 MHz, DMSO-ds): §8.05 (d.
I|H./=156Hz H-H, 7.99 (d, 2H. /=8.0 Hz. H-2). 7.77 (d,
|H.J=156Hz H-&). 7.36 (d, 2H.J = 8.0 Hz, H-3), 7.32 (d,
lH.J =84 Hz, H-¢"). 6.86 (d. |H.J =84 Hz, H-4), 6.71 (t.
1H. J = 8.4 Hz. H-3"). 2.38 (s. 3H. -CHa); *C-NMR (100
MHs, DMSO-ds): & 1889. 1458, 1456, 143.1. 1394
1353, 129.2. 128.3. 122.0. 1209, 119.1. 118.6. 117.0. 21.1.
8d: "H-NMR (400 MHz, DMSQ-ds): §8.01 (d, IH,J=15.6
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Hz. H-f3).7.99 (d. 2H. /=84 Hz. H-2). 7.76 (d. lH.J=15.6
Hz. H-®). 7.29 (d. |H.J = 7.6 Hz. H-6"). 6.89 (d. 2H. /= 8.4
Hz. H-3). 6.84 (d. |H./=7.6 Hz. H-4). 6.70 (t. 1H.J = 7.6
Hz. H-5"; C-NMR (100 MHz. DMSO-ds): & 1874, 161.8.
145.6. 138.4, 130.8. 129.4, 122.2. 120.8. 119.0, 118.5. 116.8.
115.2. Se: '"H-NMR (400 MHz, DMSO-d¢); 59.63 (s. |H.
2'C-OH). 9.13 (s. 1H. 3'C-OH). 8.04 (d. 2H. J = 8.0 Hz. H-
2).8.03(d. IH.J=15.04 Hz. H-$). 7.72 (. 1H.J = 15.0 Hz.
H-2). 7.57 (d. 2H..J = 8.0 Hz. H-3), 7.28 (d. 1H./= 7.6 Hz.
H-6). 6.81 (d. 1H..J = 7.6 Hz. H-4. 6.65 (1. 1H./= 7.6 Hz.
H-5%; “C-NMR (100 MHz. DMSO-ds): & 188.3, 146.0.
145.6. 140.2. 137.7. 1365, 130.2. 1288, 121.8, 120.4.
119.1. 118.6. 117.2. 5f; 'H-NMR (400 MHz. DMSO-ds): &
10.99 (s. 1H. 2'C-OH). 9.96 (s. |H. 4'C-OH). 8.04 (d. 2H.J
=72 Hz, H-2). 7.99 (d. 1H.J = 15.6 Hz. H-5). 7.68 (d. |H.
J=88Hz. H-6". 7.64 (d. lH./ = 15.6 Hz. H-). 7.61 (1. |H.
J=4.4Hz H-4). 7.55 (t. 2H./ = 8.0 Hz. H-3). 6.38 (d. LH.J
= 2.0 Hz. H-3"). 6.32 (d. |lH.J = 2.0 Hz.J = 88 Hz. H-5"):
BC-(100 MHz. DMSO-ds): & 189.2. 161.4, 159.1, 144.0.
140.2. 138.4. 1324, 130.3. 128.6. [28.0. 121.2, 117.1, 113.3.
107.9. 102.4. 5g: 'H-NMR (400 MHz, DMSO-d¢): & 10.13
(s. LH. 2’C-OH). 9.91 (s. 1H. 4'C-OH). 8.06 (d. 2H. /= 8.8
Hz. H-2). 7.95 (d. |H.J=15.6 Hz. H-/). 7.68 (d. |H. /=84
Hz. H-6"). 7.65 (d. |H. J = 15.6 Hz. H-2). 7.06 (d. 2H. J =
8.8 Hz. H-3). 6.37 (d. 1H..J = 2.0 Hz. H-3"). 6.31 (dd. |H.J
= 2.0 Hz. J = 8.4 Hz. H-5"). 3.84 (s. 3H. -OCH;): "C-NMR
(100 MHz, DMSO-ds): & 187.5. 162.7. 161.2. 158.9. 139.2.
131.1. 130.4. 130.1, 117.0, 113.8. 113.4. 107.8. 1024, 55.4.
Sh: 'H-NMR (400 MHz, DMSO-ds): § 10.16 (s. lH. 2'C-
OH). 9.93 (s. lH. 4C-OH). 7.97 (d. |H. J = 15.6 Hz. H-H.
7.59 (d. 2H.J = 8.4 Hz. H-2), 7.67 (d. 1H. J = 8.0 Hz. H-6").
7.63(d. 1H.J = 15.6 Hz. H-@). 7.34 (d. 2H./ = 8.4 Hz. H-3).
6.38 (d. 1H..J=2.0 Hz. H-3). 6.32 (dd. IH.J=2.0Hz.J =
8.0 Hz. H-5). 2.37 (s. 3H. -CH;); “C-NMR (100 MHz.
DMSO-de): & 188.6. 161.3. 159.0. 142.7. 139.7. 1358
130.2. 129.1. 128.2. 117.1. 113.3, 107.9, 102.4. 59.7. 21.1.
5i: '"H-NMR (400 MHz. DMSO-ds): & 10.30 (s. 1H. 4C-
OH). 10.10 (s. 1H. 2'C-OH). 9.90 (s. 1H. 4C-OH). 7.96 (d.
2H.J=84Hz H-2). 792 (d. IH./=15.6 Hz. H-H. 7.65 (d.
1H.J = 88 Hz. H-6). 7.62 (d. IH. J = 15.6 Hz. H-®), 6.87
(d. 2H.J = 8.4 Hz. H-3). 6.36 (d. |H. J = 2.0 Hz. H-3". 6.31
(dd. 1H.J = 2.0 Hz. J = 8 8 Hz. H-5"): "C-NMR (100 MHz.
DMSO-dg): & 187.4. 161.6. 161.0. 158.8. 138.9. 130.6.
130.1. 129.8. 117.1, 115.2. 113.5. 107.8. 102.5. 5j: '"H-NMR
(400 MHz. DMSO-ds): 610.22 (s. 1H, 2'C-OH). 9.99 (s. |H.
4'C-OH). 8.07 (d. 2H. /= 8.4 Hz. H-2). 8.00 (d. |H./=15.2
Hz. H-f). 7.70 (d. |H. J = 8.4 Hz. H-6). 7.63 (d. 1H.J =
15.2 Hz. H-@). 7.60 (d. 2H./ = 8.4 Hz. H-3). 6.37 (. |H.J =
2.0 Hz, H-3Y. 6.32 (dd. |H. J = 2.0 Hz. J = 8.4 Hz. H-5"):
BC.NMR (100 MHz, DMSO-ds): & 188.0. 161.6. 159.2.
140.6. 137.3. 137.0. 130.0. 128.7. 116.6, 113.2. 108.0, 102.4.
sk: 'H-NMR (400 MHz. DMSO-dg); § 9.58 (s, LH. 2'C-
OH). 8.90 (s. 1H. 5'C-OH). 8.07 (d. 2H. J = 6.8 Hz. H-2).
798 (d. IH.J = 15.6 Hz. H-5). 7.71 (d. IH.J = 15.6 Hz. H-
). 7.57 (t. 2H.J = 7.6Hz. H-3). 7.51 (t. |H. J = 7.6 Hz. H-
4). 7.18 (s. 1H. H-4). 6.75 (5. 2H. H-3'6": *C-NMR (100
MHz. DMSO-ds): & 189.4. 150.2. 1499, 139.7, 1379.
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1329, 1286, 128.2. 121.5. 120.6, 119.7. 1169, 1134. 5:
'H-NMR (400 MHz. DMSO-ds): 8 9.57 (s. |H. 2'C-OH),
8.93 (s. I[H. C-OH), 8.15 (d. 2H.J = 7.6 Hz, H-2). 8.02 (.
|H. /=148 Hz. H-f. 7.78 (d. |H. J = 14.8 Hz. H-@). 7.23
(s. |H. H-4"). 7.14 (d. 2H. J = 7.6 Hz. H-3). 6.80 (s. 2H. H-
3.6). 3.92 (s. 3H, -OCH;); “C-NMR (100 MHz. DMSO-
de): 6187.6.162.9.150.1. 149.9. 138.7. 130.7. 130.5. 121.7.
120.5, 119.4, 116.8, 113.9, 1133, 55.5. 5m: 'H-NMR (400
MHz, DMSO-ds): §9.54 (s, |H, 2’C-OH), 8.88 (s. 1H, 5'C-
OH), 7.98 (d. 2H,J = 8.4 Hz. H-2). 797 (d. |H../= 148 Hz,
H-A. 7.70 (d. |H. J = 148 Hz, H-@), 7.36 (d. 2H, J = 8.4
Hz. H-3), 7.17 (s. 1H, H-4), 6.74 (s. 2H, H-3'6"). 2.37 (s.
3H. -CH;): C-NMR (100 MHz. DMSQ-d:;): 5188.8. 150.2,
149.9, 143.1, 1393, 1354. 1292, 1283, 1216. 1206.
1196, 116.9, 113.3. 21.1. 5n: 'H-NMR (400 MHz, DMSO-
de): 610.33 (s, 1H. 4C-OH). 9.47 (s. 1H. 2’C-OH). 8.84 (s.
IH. 3'C-OH), 7.98 (d. 2H.J=8.4 Hz. H-2), 792 (d. IH.J =
15.6 Hz. H-p). 7.68 (d. |H.J = 16.4 Hz. H-c). 7.14 (s. 1H.
H-4". 6.88 (d. 2H. J = 8.0 Hz. H-3). 6.72 (s. 2H. H-3'6)):
BC-NMR (100 MHz. DMSO-dg): & 187.4, 161.8. 150.0,
149.9.1383. 130.8, 129.4. 121.8,120.6. 119.2. 116.8, 115.2,
113.3. S0: 'H-NMR (400 MHz, DMSO-d¢): 69.58 (5. 1H.
2'C-OH), 8.89 (s. 1H, 5'C-OH). 8.10 (d. 2H, J = 8.8 Hz. H-
2).8.00(d. IH.J=152 Hz. H-A. 7.7] (d. IH. J=16.4 Hz,
H-c). 7.62 (d. 2H.J = 7.6 Hz. H-3). 7.19 (s, |H. H-4"), 6.74
(s. 2H. H-3'.6"; “C-NMR (100 MHz. DMSO-ds): & 188.2.
150.3. 149.9, 140.1. 137.7. 136.5. 130.1, 128.8. 121.4, 120.2.
1199, 116.9. 113.4. 5p: 'H-NMR (600 MHz, DMSO-d;): &
890(.t.2H.J=72Hz.J=12Hz H-2). 765 (t.t. IH.J =
78Hz,J=12Hz H-$),761 d, IH.J =156, H-H.7.59 (.
IH. J =15.6, H-c). 7.56 (t. t. 2H. J = 1.8 Hz, 7.8 Hz. H-3).
724 (d. 1H,J=24Hz H-1. 7.18 (dd, |H. /=24 Hz. 7.8
Hz. H-6'). 6.80 (d. |H. J = 7.8 Hz. H-5); “C-NMR (150
MHz CDCly): & 190.67 (<CO). 147.57. 14547, 14489,
138.55, 132.34. 12840, 128.25. 127.20. 12229, 119.16.
115.51. 114.60. 5q: '"H-NMR (600 MHz, DMSO-d¢): 68.11
(d. 2H.J = 84 Hz, H-2). 7.61 (d. 1H. J = 15Hz, H-p). 7.56
(d. 1H.J=15Hz. H-®. 7.23 (d, 1H.J= 1.2 Hz. H-2'). 7.16
(d. d. 1H.J = 1.2 Hz. 8.4 Hz. H-6"). 7.06 (d. 2H.J = 8.4 Hz.
H-3). 6.80 (d. 1H. J = 8.4 Hz. H-5". 3.84 (s. 3H. -OCHa):
BC.NMR (150 MHz, DMSO-ds): § 187.26 (-CO), 162.97.
148 57, 145.57. 144.07. 130.82. 130.60. 126.33. 121.96.
118.35. 115.71. 115.48. 113.91. 3549 (-OCH;). 5r: 'H-
NMR (600 MHz, DMSO-ds): §8.00 (d. 2H, J = 8.4 Hz, H-
2).7.60(d, 1H,J=15.6 Hz. H-#. 7.57 (d, |H..J = 15.6 Hz,
H-@). 7.35 (d. 2H.J= 7.8 Hz. H-3). 7.24 (d. |H. /= 2.4 Hz.
H-2).7.17(d. d. |H.J=2.4 Hz, 8.4 Hz. H-6"), 6.80 (d. 1H.J
= 8.4 Hz H-3). 2.38 (s. 3H. CHa); *C-NMR (150 MHz
CDCly): 8 188.42 (-CO), 14558, 144.54. 143.07. 13547,
12925, 129.17. 128.40. 128.01, 122.07. 118.40, 115.72,
11548, 21.12 (Ar-CH;). 5s: '"H-NMR (600 MHz. DMSO-
dy): 68.00(d. 2H,J=8 4 Hz. H-2). 7.58 (d. 1H.J = 152 Hz,
H-p.7.52 (. |H.J=152Hz. H-@), 721 d. I1H. J = 1.6
Hz. H-2"). 7.14 (d. d. 1H. J = 1.6 Hz. 8.0 Hz H-6"). 6.87 (d.
2H. J = 8.4 Hz. H-3). 6.79 (d. 1H. J = 8.4 Hz. H-5'): "*C-
NMR (150 MHz. DMSO-ds): & 186.98 (-CO), 161.77,
14832, 145.49. 143.51. 130.78. 129.45, 126.40. 121.71,
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118.41, 115.66. 11533, 115.22. 5t: 'H-NMR (600 MHz.
DMSO-ds): 68.12 (d, 2H,.J = 9 Hz, H-2). 7.61-7.59 (in, 4H.
H-f. H-ax H-3). 726 (d. 1H,J = 1.8 Hz. H-2). 7.19 (d, d.
IH, /= 1.8 Hz, 7.8 Hz, H-6"), 6.80 (d, |H. ./ = 7.8 Hz, H-3'):
BC-NMR (150 MHz. DMSO-ds): § 187.81 (-CO), 148.90.
145,59, 14544, 137.65. 136.65. 130.20, 128.77. 126.15.
12236, 118.04. 115.71. 115.62. Su: 'H-NMR (400 MHz.
DMSO-ds): 69.48 (s, 2H, -OH). 8.11 (d. 2H. /=8.0 Hz, H-
2.7.71(d, |H.J=156 Hz, H-f», 7.67 (t. |H,/=7.2 Hz. H-
4),7.57 (t. 2H,/ =80 Hz, H-3), 7.54 (d. IH,.J = 15.6 Hz, H-
a). 6.67 (d. 2H. /= 1.6 Hz, H-2'6", 6.34 (1, 1H, /= 1.6 Hz.
H-4): *C-NMR (100 MHz. DMSO-d¢): §189.2. 158.6, 144.6.
137.6. 136.2, 133.0. 128.7, 128.4. 121.6, 106.8, 105.1. 59.7.
Sv: '"H-NMR (400 MHz, DMSO-d¢): §9.54 (s. 2H, -OH).
8.22(d,2H..J=8.8 Hz. H-2). 781 (d. 1H,/= 15.6 Hz. H-H.
7.60(d, 1H,J=15.6 Hz, H-2), 7.17 (d. 2H, /= 8.8 Hz. H-3).
6.76 (d, 2H..J = 2.0 Hz. H-2'.6"). 6.44 (t, 1H,.J = 2.0 Hz, H-
4. 3.95 (s. 3H, -OCH;); *C-NMR (100 MHz. DMSO-ds): &
187.4. 163.1, 158.6. 143.7, 136.4. 130.8, [30.4. 121.6, 114.0,
106.7. 104.9, 55.5. 3w: '"H-NMR (400 MHz. DMSO-ds): &
9.46 (s. 2H, -OH). 8.02 (d, 2H. /= 8.4 Hz, H-2), 7.70 (d, LH.
J=15.6 Hz, H-H. 751 (d, IH, J = 15.6 Hz, H-), 7.36 (d.
2H,.J =8.4 Hz, H-3), 6.66 (d. 2H. J = 2.0 Hz. H-2".6"). 6.34
(t, |H.J = 2.0 Hz, H-4). 2.38 (s, 3H. -CH3); *C-NMR (100
MHz, DMSO-dg): §188.6, 138.6. 144.2, 143.5, 136.3. 135.1,
129.3. 1285, 121.6, 106.8. 105.0. 21.1. 5x: 'H-NMR (400
MHz. DMSO-dg): §9.43 (s. 2H. 5-OH). 8.02 (d, 2H..J =88
Hz, H-2), 767 (d. |H. /= 156 Hz. H-p. 747 (d. |H. J =
15.6 Hz, H-o). 6.88 (d. 2H,/=8.8 Hz, H-3), 6.64 (d, 2H..J =
2.0 Hz. H-2'6". 6.32 (t. |H. J = 2.0 Hz. H-4): "C-NMR
(100 MHz, DMSO-ds): & 187.2. 162.1. 1538.6. [43.3. 136.5.
131.0. 129.1. 121.7. 115.3, 106.6, 104.8. Sy: 'H-NMR (400
MHz. DMSO-ds): 69.48 (s, 2H, -OH), 8.14 (d, 2H, /= 8.4
Hz, H-2),7.71(d, IH. /=156 Hz, H-, 762 (d. 2H. /= 8.4
Hz, H-3),7.55(, IH,/= 156 Hz, H-2), 6.68 (d. 2H,J= 2.0
Hz. H-2'6"). 6.35 (t. 1H. J = 2.0 Hz. H-4): "C-NMR (100
MHz. DMSO-ds): & 188.1. 1586, 1451, 138.0, 136.2.
1303, 128 8.121.3.106.9.105.2.

DPPH radical scavenging assay. The DPPH assay was
based on the reported methods.” Briefly. The ethanolic
sample solution of 100 L at several concentrations was
added to 100 gL of 100 #M of 1,1-diphenv]-2picrvl-hvdraz-
vl (DPPH) solution in ethanol m 96 well plates. The mixed
solution was incubated at room temperature for 30 min. The
absorbance of reaction mixture was read at 517 nm using a
microplate reader (VERSA max. Molecular device. CA.
U.S.A) and the remaining DPPH was calculated. The free
radical scavenging activity was expressed as follow:

A(‘—A.S')
FrETTIRe 100 .

where .d¢ was the abserbance of the control, As was the the sam-
ple and A5 was the blank (EtOH). Each sample was assaved at
five concentrations (10, 20, 50, 100, and 200 &#M) and four wells
for each concentration. All experiments were carried out in trip-
licate. The ICsp values were defined as the concentration that
could scavenge 50% DPPH free radical. Ascorbic acid and a-to-

DPPH scavenging activity (%) = (
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copherol were used as positive control.

Statistical analysis, Determination of all samples was
carried out in triplicate for DPPA assays. All results were
calculated as mean standard deviation (S.D.).

Results and Discussion

The chalcone derivatives were prepared through base-
catalyzed Claisen-Schmidt condensation of MOM-protected
benzaldehvdes (3) with para-substituted acetophenones
followed by acid-catalyzed hydrolyvsis (Scheme 1). In the
reactions. the MOM-protected benzaldehvdes were used
instead of non-protected dihydroxvlated ones. because the
procedure with the free dihvdroxylated benzaldehvdes required
long reaction time (more than one day) and relatively high
temperature (above 60 °C) which resulted in poor vields
with unknown degraded products. Among several other
protecting groups including TBDMS. the MOM group was
proven to be the best choice. The MOM-protected benz-
aldehydes which were readily prepared by treating the
corresporndling benzaldehvdes with MOMCI in basic condition
(K+COsfacetone). were successfully converted to the chalcone
derivatives 4 with diverse substiition patterns of two
hydroxyl groups on benzaldehyde-origin ring B. Now the
hyvdroxyl-protected chalcones 4 were deprotected in situ by
acid hyvdrolysis to provide the desired final chalcone deriva-
tives § in good vields (> 70%) with some exception (Table
1). The relatively low yields for some products containing
para-hydroxy] acetophenone were considered probably due
to the phenoxide ion formation from the acetophenone in the
presence of strong and excess amount of base. The double
bond geometry of all chalcones was determined as £ from
the characteristic coupling constants between « and £
protons. 13-16 Hz.

With the synthetic chalcone compounds in hand. the
antioxidant activity was measured by DPPH free radical
scavenging assay as a primary tool to investigate systematic
structure-activity relationship. The structures of the synthetic
compounds and their inhibitory activity (ICs) values are
listed in Table 1. The statistically analyzed results of scaven-
ging activity of DPPH radicals of each compound are shown
in Figure 1. These results revealed that the DPPH radical
scavenging activities of the compounds increase in concen-
tration-dependent manner and reach a platean at the concen-
tration of 30 #M in most cases.

The most significant finding is that the remarkable differ-
ences in radical scavenging activities are exhibited depend-
ing on the substitution patterns of two hydroxyl groups on B
ring of the chalcones. Three groups of chalcone compounds
(2'.3"-dihydroxyl: Sa-e. 2.5'-dihvdroxyl: Sk-0. 3'4-dihydr-
oxvl: Sp-t) show an excellent antioxidant activities (80-90%
of control at the concentration of 30 #M) which are com-
parable to those of ascorbic acid and ¢+tocopherol as
positive reference materials. On the contrary. two groups (2'.
4'-dihydroxyl: §f-j. 3".5"-dihydroxyl: Su-y) demonstrate very
dramatic decrease in activities which are around 23% of the
control even at the concentration of 200 #M (ICsq: > 200
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Figure 1. Rates of scavenging DPPH radicals of dihvdroxvlated chalcone compounds Sa-y.
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Figure 2. Proposed rationale for strong activity of ortho- and para-
dihvdroxylated chalcones vs meta- dihvdroxvlated ones.

HM). Namely. the ortho- (f.e. 2'3'- and 3'4"-) and para- (i.e.
2,3'-) substitution patterns show much stronger antioxidant
potentials than meta- (/e 2'4'-, 3'.3'-) substitution pattern.
These dramatic differences could be interpreted in terms of
the capability of the hydroxyl groups of chalcones to react
with radicals and the subsequent formation of the stable
chalcone adducts (Figure 2). When the chalcone molecules
react with the radicals. they are readily converted to the
phenoxy radicals due to the high reactivity of phenolic
hydroxy1 groups of chalcones.** Since the ortho- (i.e. cate-
chol structure) and para-dihvdroxvlated benzene nng
system are generally known to be very efficient systems to
delocalize electrons. but not for meta-dihyvdroxylated
system. the phenoxy radicals occurring at the ortho- (ie
catechol structure) or para-dihydroxylated benzene ring

Table 1. Structures, vields, melting points (mp) and ICs; values of
synthetic chalcones

Com- R'on Substituents Yield mp ICs®
pound rng A onring B (%) (°C) (fg/ml)
5a H 2,3-di0H 77 125 23
5h CH: 2,3-di0OH 86 140 14
5¢ OCHa 2,3-di0OH 86 145 30
5d OH 2,3-di0OH 38 173 26
Se Cl 2,3-di0OH 58 123 27
5f H 2.4-di0OH 71 104 >200
5g CH: 2.4-di0OH 22 119 >200
5h OCHa 2.4-di0OH 58 120 >200
5i OH 2.4-di0OH 25 95 >200
5j Cl 2.4-di0OH 33 107 >200
5k H 2,5-di0OH 81 135 19
| CH: 2,5-di0OH 64 145 16
Sm OCHa 2,5-di0OH 82 142 20
5n OH 2,5-di0OH 53 148 19
50 Cl 2,5-di0OH 89 128 11
5p H 3,4-di0OH 83 198-200 38
5q CH: 3,4-di0H 9l 198 40
Sr OCHa 3,4-di0OH 79 184-186 39
5s OH 3,4-di0H 59 201 34
5t Cl 3,4-di0OH 58 208-210 68
Su H 3,5-di0H 83 151 >200
Sv CH: 3,5-di0OH 83 172 >200
Sw OCHa 3,5-di0OH 56 144 >200
5x OH 3,5-di0OH  56°¢ 175 >200
Sy Cl 3,5-di0OH 52 150 >200
Ascobic acid’ 21
atocopherol ¢ 29

“Tsalated vields. “The ICs, values were the 50% inhibition concentration
and were calculated from regression lines using three different
concentrations in triplicate experiments. ‘4-MOM-acetophenone was
used. “The compounds were used as positive contral.

svstem are much more readily converted to a fairly stable
semiquinone radicals (compound A and C of Figure 2) and
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subsequent quinone structures (compound B and D of Figure
2) than mefa- system (compound E of Figure 2). The central
role of catechol structure in the enhancement of antioxidant
activity has been reported for other classes of polyphenolic
antioxidants.” A precedent study reported that a 3"4'-cate-
chol structure in the B ring of flavonoid strongly enhances
the antioxidant activity such as lipid peroxidation inhibi-
tion."” Among three active groups mentioned above. the
para-substituted group exhibited better free radical scaven-
ging activities than ortho- substituted svstem. The ICsq
values of 2,5'-dihvdroxy] chalcones (para-disubstituted) are
stronger about three tunes to those of 3'.4'-dihvdroxyl
chalcones (ortho-disubstituted) (Table 1). Another observa-
tion to be worth to mention here is that the variation of the
substituents at para-position of ring A make no distinctive
differences in activities. This observation indicates that the
electronic effects of para-substituents of the phenyl ring A
do not affect the radical scavenging activity, and therefore
are unlikely to contribute to variation of antioxidant activities.

In summary, we carefully designed and prepared a series
of dihvdroxyvlated chalcone derivatives with diverse sub-
stitution pattems on a phenyl ring B and the para-sub-
stituents on a nng A to investigate QSAR of chalcone
derivatives in more systematic manner. Their evaluation of
antioxidant activities was measured by standard DPPH free
radical scavenging activity assay. and the structure-activity
relationships were analvzed. Our SAR analvsis clearly
shows that the ortho- and para-substituted chalcones show
much stronger antioxidant potentials than mefa-substituted
chalcones. indicating the substitution patterns of two hyvdr-
oxyl groups are verv important structural factors for their
radical scavenging activity enhancement. Meanwhile, the
substituents at para-position of the ring A of chalcones have
no influence on the activity.

Beom-Tae Kim et al.
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