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Aβ :amyloid beta 
ACh :acetylcholine 
AChE :acetylcholine esterase 
AcOH :acetic acid 
AD :Alzheimer’ s disease 
BnBr :benzyl bromide 
BnCl :benzyl chloride 
CD :circular dichroism 
DCC :N,N-dicyclohexylcarbodiimide 
DCM :dichloromethane 
DDQ :2,3-dichloro-5,6-dicyano-p-benzoquinone 
DFT :density functional theory 
DMA :N,N-dimethylacetamide 
DMAP :4-dimethyl aminopyridine 
DMF :N,N-dimethylformamide 
DMPO :5, 5-dimethyl-1-pyrroline N-oxide 
DMSO :dimethyl sulfoxide 
DPP-4 :dipeptidyl peptidase-� 
EDTA :ethylenediaminetetraacetic acid 
ESI :electrospray ionization 
ESR :electron spin resonance 
EtOAc :ethyl acetate 
Et2O :diethyl ether 
EtOH :ethanol 
FAB :fast atom bombardment 
HFIP :1,1,1,3,3,3-hexafluoro-2-propanol 
HOMO :highest occupied molecular orbital 
HX :hypoxanthine 
IHB :intramolecular hydrogen bond 
IP :ionization potential 
LDL :low-density lipoprotein 
LOX-1 :lectin-like oxidized LDL receptor-1 
MeOH :methanol 
mp :melting point 
MS :mass spectrum 
MTT  :3-(4, 5- dimethylthial -2 -yl)- 2, 5-diphenyltetrazalium bromide 
NADPH :nicotinamide adenine dinucleotide phosphate 
NBS :N-bromosuccinimide 
BuLi :buthyl lithium 
NMDA :N-Methyl-D-aspartate 
NMR :nuclear magnetic resonance 
PA :proanthocyanidin 
Pb(OAc)4 :lead tetraacetate 
PBS :phosphate buffered salts 
PNP-G :p-nitrophenyl�-D-glucopyranoside 
PTX :paclitaxel 
RB :rose bengal 
ROS :reactive oxygen species 
rt :room temperature 
STS :staurosporine 
TBDMSCl :tert-butyldimethylchlorosilane 
TBE :tris-borate-EDTA 
TEM :transmission electron microscope 
THF :tetrahydrofuran 
Th-T :thioflavin-T 
TLC :thin-layer chromatography 
TMSOTf :trimethylsilyl trifluoromethanesulfonate 
PI :propidium iodide 
XO :xanthine oxidase 
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Experimental section 
 
General 

Unless otherwise noted, all commercially available compounds were used as provided without further 
purification. Solvents for chromatography were technical grade, and acetonitrile for antioxidant activity 
measurements was analytical grade. The reactions were monitored by thin-layer chromatography carried out on 
silica gel plates (TLC silica 60 F254, 0.25 mm, Merck). Column chromatography was performed using silica gel 
60 (63-210 µm, KANTO CHEMICALS). The 1H and 13C NMR spectra were recorded with JEOL JNMAL-400 
(400 MHz) NMR and Varian 600 MHz NMR spectrometer, using CDCl3, CD3OD, acetone-d6 or DMSO-d6 as the 
solvent and internal reference. High- and low-resolution mass spectra were measured with a JMS-700V (JEOL) 
under positive FAB conditions. Compound 3, 4, 7, 8, 9, 10, 11, 12 were synthesized according to the procedure 
of previous reports. 46, 47 

Thioflavin-T (Th-T) and 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) were purchased from Sigma-Aldrich Inc. 
Aβ1-42 (a hydrochloride salt) was purchased from Wako Pure Chemical Industries, Ltd. Aβ1-42 (a trifluoroacetic acid 
salt) was purchased from Peptide Institute Inc. Prior to experiments, Aβ1-42 was completely dissolved in HFIP 
using sonication. After dispending solution into appropriate volumes, the solvent was evaporated and the resultant 
Aβ1-42 was stored at -80 � before usage. Reagents for cell culture were used provided without further purification. 
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Synthesis of PCat, EPC  
 
(6aS,12aR)-5,5-dimethyl-5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromene-2,3,8,10-tetraol (PCat, 1) 
To the solution of 2.0 g of (+)-catechin (6.89 mmol) and 2.03 mL of acetone (27.56 mmol), in 63 mL of dry THF 

at –10°C, 1.87 mL of TMSOTf (10.33 mmol) was slowly added. After stirring for 1h at –10 °C, 100 mL of sat. 
NaHCO3 was added to the reaction mixture and the product was extracted with AcOEt, washed with brine, and 

then dried over Na2SO4. The resulted residue was evaporated to remove solvent, and was subsequently subjected 
to a column chromatography over silica gel (200-300 mesh) with toluene / acetone / MeOH (7 : 3 : 0.4) as eluent 

to give 2.09 g (92% yield) of PCat (1) as white solid. 1H NMR (400MHz, acetone-d6) δ 7.07 (s, 1H), 6.65 (s, 1H), 

6.05 (d, 2H, J = 2.5 Hz), 5.97 (d, 2H, J = 2.5 Hz), 4.45 (dd, 1H, J = 1.5 Hz, J = 9.5 Hz), 3.82 (m, 1H), 2.96 (dd, 

1H, J = 6.0, 15.0 Hz), 2.49 (dd, 1H, J = 11.0, 15.0 Hz), 1.51 (s, 3H), 1.45 (s, 3H); 13C NMR (acetone-d6) δ 157.5, 
157.0, 156.3, 144.5, 135.3, 125.1, 113.0, 112.3, 101.1, 96.5, 96.0, 76.1, 74.1, 67.2, 32.0, 28.5, 28.1; MS (ESI+) 

m/z 331 (M+H)+ 
 

(6aR,12aR)-5,5-dimethyl-5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromene-2,3,8,10-tetraol (PEC, 2) 
To the solution of 415 mg of (-)-epicatechin (1.43 mmol) and 0.42 mL of acetone (5.72 mmol), in 60 mL of dry 
THF at –20 °C, 0.31 mL of TMSOTf (1.72 mmol) was slowly added. After stirring for 14h at –20 °C, 50 mL of 

sat. NaHCO3 was added to the reaction mixture and the product was extracted with AcOEt, washed with brine, 
and then dried over Na2SO4. The resulted residue was evaporated to remove solvent, and was subsequently 

subjected to a column chromatography over silica gel (200-300 mesh) with toluene / acetone / MeOH (7 : 3 : 1) as 

eluent to give 368 mg (78% yield) of PEC (2) as white solid. 1H NMR (400MHz, acetone-d6) δ 6.82 (s, 1H), 6.70 

(s, 1H), 5.98 (d, 1H, J = 2.4 Hz), 5.77 (d, 1H, J = 2.4 Hz), 4.49 (br s, 1H), 3.65(m, 1H), 2.88 (dd, 1H, J = 5.2 Hz, 

J = 17.6 Hz), 2.78 (dd, 1H, J = 1.6 Hz, J = 18.4 Hz), 1.46 (s, 3H), 1.37 (s, 3H); 13C NMR (acetone-d6) δ 156.7, 
156.6, 156.0, 146.2, 143.6, 135.4, 124.0, 116.6, 112.1, 98.6, 95.2, 94.9, 75.1, 70.5, 63.6, 31.3, 27.3, 25.6; mp 184-
190oC; MS (ESI+) m/z 331 (M+H)+. 
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Synthesis of SibC (5), SibEC (6) 
 

(7aS,13aR)-2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-6,6-dimethyl-2,3,6,7a,8,13a-hexahydro-
[1,4]dioxino[2',3':6,7]isochromeno[4,3-b]chromene-9,11-diol (SibC, 5) 
To a mixture of 0.83 g of Ag2CO3 (3.0 mmol), PCat (1) (0.72 g, 2.0 mmol) and coniferol (4) (0.72 g, 4.0 mmol) 

in a dry flask was added, 90 mL of dry acetone and 24 mL of dry benzene under argon atmosphere. The reaction 
was stirred at 55oC for 22 h. The reaction mixture was filtrated and was evaporated to remove solvent. The resulted 
residue was subsequently subjected to a column chromatography over silica gel (200-300 mesh) with CHCl3 / 

EtOAc / CH3CO2H (50 : 20 : 0.25) as eluent. The combined fractions were then washed with brine, dried over 

Na2SO4, and concentrated to give 694.5 mg (66% yield) of SibC (5) as white solid. 1H NMR (600MHz, DMSO-

d6): δ9.36 (s, 1H), 9.17 (s, 1H), 9.11 (s, 1H), 7.03 (s, 1H), 7.00 (s, 1H), 6.86 (dd, 1H, J = 1.8, 8.4 Hz), 6.84 (d, 1H, 
J = 1.8 Hz), 6.77 (d, 1H, J = 8.4 Hz), 5.94 (s, 1H), 5.83 (s, 1H), 4.94 (s, 1H), 4.89 (m, 1H), 4.47 (d, 1H, J = 8.4 

Hz), 4.15 (m, 1H), 3.78 (ddd, 1H, J = 5.4, 8.4, 11.4Hz), 3.76 (s, 3H), 3.51 (m, 1H), 3.33 (m, 1H), 2.83 (dd, 1H, J 
= 5.6, 15.2 Hz), 2.33 (dd, 1H, J = 10.8, 15.2 Hz), 1.48 (s, 3H), 1.45 (s, 3H); MS (ESI+) m/z 509 (M+H)+. 

 
(7aR,13aR)-2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-6,6-dimethyl-2,3,6,7a,8,13a-hexahydro-
[1,4]dioxino[2',3':6,7]isochromeno[4,3-b]chromene-9,11-diol (SibEC, 6) 
To a mixture of 0.41 g of Ag2CO3 (1.5 mmol), PEC (2) (0.33 g, 1.0 mmol) and coniferol (4) (0.36 g, 2.0 mmol) in 

a dry flask was added, 45 mL of dry acetone and 12 mL of dry benzene under argon atmosphere. The reaction was 
stirred at 55-60oC for 20 h. The reaction mixture was filtrated and was evaporated to remove solvent. The resulted 

residue was subsequently subjected to a column chromatography over silica gel (200-300 mesh) with CHCl3 / 
EtOAc / CH3CO2H (50 : 20 : 0.25) as eluent. The combined fractions were then washed with brine, dried over 

Na2SO4, and concentrated to give 215.7 mg (41% yield) of SibEC (6) as white solid. 1H NMR (600MHz, DMSO-

d6): δ9.56 (s, 1H), 9.40 (s, 1H), 8.99 (s, 1H), 7.08 (s, 1H), 7.02 (s, 1H), 6.88 (dd, 1H, J = 1.8, 8.4 Hz), 6.83 (d, 1H, 
J = 1.8 Hz), 6.75 (d, 1H, J = 8.4 Hz), 5.78 (s, 1H), 5.58 (s, 1H), 4.89 (s, 1H), 4.86 (m, 1H), 4.51 (br s, 1H), 4.13 

(m, 1H), 3.74 (s, 3H), 3.65 (m, 1H), 3.50 (m, 1H), 3.30 (m, 1H), 2.80 (dd, 1H, J = 5.2, 17.6 Hz), 2.65 (dd, 1H, J = 
1.6, 18.4 Hz), 1.44 (s, 3H), 1.35 (s, 3H) ; MS (ESI+) m/z 509 (M+H)+. 
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Synthesis of Cat-PCat (16) 
 
(6aS,12aR)-2,3,8,10-tetrakis(benzyloxy)-5,5-dimethyl-5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromene 
(13) 
To a solution of 1 (1.65 g, 5.0 mmol) and benzyl bromide (2.97 mL, 5.0 mmol) in dry DMF (50 mL), K2CO3 (3.26 
g, 5.0 mmol) was added. After stirring overnight at rt, K2CO3 was filtered off. The filtrate was diluted with AcOEt, 
washed with brine, dried over Na2SO4, filtered and the solvent was evaporated. Purification by column 
chromatography on silica gel (CH2Cl2: MeOH = 20 : 1) to give 13 as a white powder (2.73 g ,79.0%): 1H-NMR 
(400 MHz, DMSO-d6) δ 1.45 (s, 3H), 1.48 (s, 3H), 2.48 (m, 1H), 2.94 (m, 1H), 3.79 (m, 1H), 4.51 (d, J = 8.8Hz 
1H), 5.07 (br s, 4H), 5.14 (br s, 4H), 6.27 (d, J = 2.2Hz, 1H), 6.40 (d, J = 2.2Hz, 1H), 6.90 (s, 1H), 7.20 (s, 1H), 
7.25~7.52 (m, 20H); MS (ESI+) m/z 691 (M+H)+. 
 
(2R,3S,4S)-5,7-bis(benzyloxy)-2-(3,4-bis(benzyloxy)phenyl)-4-((6aS,12aR)-2,3,8,10-tetrakis(benzyloxy)-5,5-
dimethyl-5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromen-11-yl)chroman-3-yl acetate (14) 
To a solution of 13 (1.81 g, 2.62 mmol) and 9 (0.44 g, 0.58 mmol) in dry CH2Cl2 (90 mL) under argon atmosphere 
was added TMSOTf (0.127 mL, 0.697 mmol) at -80�. After the resulting mixture had been stirred for 10 minutes, 
quenched with sat. NaHCO3 (10 mL). The mixture was diluted with CHCl3. The organic layer was washed with 
water and sat. NaHCO3, dried over Na2SO4, and concentrated. The crude product was purified with silica gel 
chromatography (toluene : AcOEt = 16 : 1) to give 14 (0.75 g, 94 %): 1H NMR (CDCl3) δ 7.49 – 6.79 (43H, m), 
6.67 (1H, d, J = 7.2 Hz), 6.60 (0.37H, s), 6.57 (0.63H, s), 6.27 (0.63H, d, J = 2.4 Hz), 6.18 (0.63H, s), 6.16 (0.63H, 
d, J = 2.4 Hz), 6.06 (0.37H, d, J = 2.4 Hz), 6.04 (0.37H, d, J = 2.4 Hz), 5.97 (0.37H, s), 5.38 – 4.48 (19.37H, m), 
3.79 (0.37H, ddd, J = 6.0, 9.0 and 10.8 Hz), 3.53 (0.63H, ddd, J = 6.0, 9.0 and 10.8 Hz), 3.18 (0.37H, dd, J = 6.0 
and 15.6 Hz), 3.07 (0.63H, d, J = 9.0 Hz), 2.96 (0.63H, dd, J = 6.0 and 15.6 Hz), 2.67 (0.37H, dd, J = 10.8 and 
15.6 Hz), 2.25 (0.63H, dd, J = 10.8 and 15.6 Hz), 1.56 (1.11H, s), 1.55 (1.89H, s), 1.51 (1.11H. s), 1.49 (1.11, s), 
1.42 (1.89H, s), 1.39 (1.89H, s); High resolution-FAB: m/z calcd for C89H79O12 [M+H]+: 1381.5672; found: 
1381.5793. 
 
(2R,3S,4S)-5,7-bis(benzyloxy)-2-(3,4-bis(benzyloxy)phenyl)-4-((6aS,12aR)-2,3,8,10-tetrakis(benzyloxy)-5,5-
dimethyl-5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromen-11-yl)chroman-3-ol (15) 
 To a solution of 14 (0.42 g, 0.30 mmol) in dry toluene (20 mL) and MeOH (40 mL) under argon atmosphere was 
added K2CO3 (0.84 g, 6.1 mmol) and stirred for 14 days. The reaction mixture was diluted with AcOEt, and then 
adjusted pH to 5 - 7 with 1 N HCl. The organic layer was washed with water and brine, dried over Na2SO4, and 
concentrated. The crude product was purified with silica gel chromatography (toluene : AcOEt = 15 : 1) to give 
15. (60 %, 0.24 g): 1H NMR (DMSO-d6) δ 7.50 – 6.76 (44H, m), 6.57 (1H, d, J = 7.2 Hz), 6.48 (0.48H, s), 6.43 
(0.52H, s), 6.24 (0.52H, d, J = 2.4 Hz), 6.13 (0.52H, d, J = 2.4 Hz), 6.01 (0.48H, d, J = 2.4 Hz), 5.82 (0.48H, d, J 
= 2.4 Hz), 5.25 – 4.43 (20.96H, m), 4.16 (0.52H, ddd, J = 7.2, 8.4 and 9.6 Hz), 3.64 (0.48H, ddd, J = 6.0, 9.6 and 
10.5 Hz), 3.58 (0.52H, ddd, J = 6.0, 9.0 and 10.5 Hz), 3.07 (0.48H, dd, J = 6.0 and 15.6 Hz), 2.98 (0.52H, d, J = 
9.0 Hz), 2.79 (0.52H, dd, J = 6.0 and 15.6 Hz), 2.48 (0.48H, dd, J = 10.5 and 15.6 Hz), 2.17 (0.52H, dd, J = 10.5 
and 15.6 Hz), 1.44 (1.56H, s), 1.42 (1.56H, s), 1.37 (1.44H, s), 1.36 (1.44, s); High resolution-FAB: m/z calcd for 
C33H31O12 [M+H]+: 619.1816; found: 619.1827. 
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(6aS,12aR)-11-((2R,3S,4S)-2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychroman-4-yl)-5,5-dimethyl-

5,6a,7,12a-tetrahydroisochromeno[4,3-b]chromene-2,3,8,10-tetraol (16) 

A solution of 15 (195 mg, 0.15 mmol) in THF /MeOH /H2O (20 /1 /1, 22 mL) was hydrogenerated in the presence 
of 20 % Pd(OH)2/C (33mg) at room temperature. After stirring for 21 h, the catalyst was filtered through Celite. 
The solvent was concentrated and recrystallized from AcOEt and CH2Cl2 mixture to give 1 (56 mg, 60 %): 1H 
NMR (DMSO-d6) δ 9.10 – 8.70 (6 H, br), 8.50 (1H, s), 8.43 (1H, s), 7.14 (1H, s), 6.83 (1H, s), 6.66 (2H, s), 6.54 
(1H, s), 5.87 (1H, s), 5.71 (1H, d, J = 2.4 Hz), 5.62 (1H, d, J = 2.4 Hz), 4.47 (1H, d, J = 7.2 Hz), 4.35 (1H, ddd, J 
= 7.2, 9.0 and 9.6 Hz), 4.26 (2H, d, J = 9.0 Hz), 4.20 (1H, d, J = 9.6 Hz), 3.84 (1H, ddd, J = 6.6, 9.0 and 10.2 Hz), 
2.82 (1H, dd, J = 6.6 and 15.6 Hz), 2.34 (1H, dd, J = 10.2 and 15.6 Hz), 1.47 (3H, s), 1.41 (3H, s); 13C δ NMR 
157.55, 156.62, 155.64, 155.17, 153.64, 153.56, 144.98, 144.94, 144.84, 143.94, 133.81, 131.12, 126.69, 123.73, 
119.63, 115.05, 111.92, 109.91, 106.81(×2), 99.21, 96.37, 96.13, 94.04, 82.97, 81.08, 73.22, 71.00, 66.33, 37.56, 
31.81, 28.17, 28.12; High resolution-FAB: m/z calcd for C33H31O12 [M+H]+: 619.1816; found: 619.1827. 
 

 

Synthesis of PCat-PCat (18) 

 

(6aS,6'aS,7S,12aR,12'aR)-2,2',3,3',8,8',10,10'-octakis(benzyloxy)-5,5,5',5'-tetramethyl- 

5,5',6a,6'a,7,7',12a,12'a-octahydro-7,11'-biisochromeno[4,3-b]chromene (17) 

Method 1: TMSOTf (20 µL, 0.10 mmol) was added to a solution of 11 (55 mg, 0.04 mmol) and acetone (25 µL, 
0.32 mmol) in dry THF (2 mL) under argon atmosphere at -20°C. The reaction mixture was stirred for 1 h, and 
then 1.2 eq of TMSOTf was added three times every hour. After the reaction was complete, as monitored by TLC, 
the mixture was extracted with AcOEt, and the combined organic layer was then washed with brine, dried over 
Na2SO4, and concentrated. The crude product was purified by silica gel chromatography (toluene: AcOEt = 30:1) 

to yield 17 (50 mg, 80%). 

Method 2: TMSOTf (24 µL, 0.12 mmol) was added to a solution of 15 (108 mg, 0.08 mmol) and acetone (24 µL, 
0.32 mmol) in dry THF (4 mL) under argon atmosphere at -20°C. The reaction mixture was stirred for 1 h, followed 
by addition of 1.5, 3.0, and 3.0 eq of TMSOTf every hour (for 3 h), and the addition of 4.0 eq of acetone an hour 
later. After the reaction was complete, as monitored by TLC, the mixture was extracted with AcOEt, and the 
combined organic layer was then washed with brine, dried over Na2SO4, and concentrated. The crude product was 

purified by silica gel chromatography (toluene:AcOEt = 30:1) to yield 17 (67 mg, 60%). 
1H NMR (600MHz, DMSO-d6, 25oC): (two rotamers: maj/min 62:38): δ = 7.56-6.89 (m, Ar-H), 6.98 (s, B/E-H, 
min), 6.91 (s, B/E-H, min), 6.65 (s, B/E-H, min), 6.57 (s, B/E-H, maj), 6.56 (s, B/E-H, maj), 6.54 (s, B/E-H, maj), 
6.43 (s, B/E-H, maj), 6.49 (s, B/E-H, min), 6.39 (d, J6,8 = 2.4 Hz, 6/8A-H, min), 6.31 (d, J6,8 = 2.4 Hz, 6/8A-H, 
maj), 6.20 (d, J6,8 = 2.4 Hz, 6/8A-H, maj), 6.07 (s, 6D-H, maj), 6.06 (d, J6,8 = 2.4 Hz, 6/8A-H, min), 6.00 (s, 6D-
H, min), 5.43-4.33 (m, CH2Bn, 2/3/4C-H, maj and min), 4.38 (d, J2,3 = 9.0 Hz, 2F-H, min), 3.70 (m, 3F-H, maj 
and min), 3.16 (dd, J4α,β and 3,4β = 15.6 and 6.3 Hz, 4Fβ-H, min), 3.08 (d, J2,3 = 9.0 Hz, 2F-H, maj), 3.01 (dd, J4α,β and 

3,4β = 15.6 and 6.3 Hz, 4Fβ-H, maj), 2.58 (dd, J4α,β and 3,4α = 15.6 and 10.2 Hz, 4Fα-H, min), 2.26 (dd, J4α,β and 3,4β = 
15.6 and 10.2 Hz, 4Fα-H, maj), 1.57, 1.43, 1.42, and 1.26 (s, 12H, CH3, maj), 1.43, 1.42, 1.25 and 1.13 (s, 12H, 
CH3, min) . 
6aS,6'aS,7S,12aR,12'aR)-5,5,5',5'-tetramethyl-5,5',6a,6'a,7,7',12a,12'a-octahydro-[7,11'-

biisochromeno[4,3-b]chromen]-2,2',3,3',8,8',10,10'-octaol (18) 

A solution of 17 (60 mg, 0.04 mmol) in THF:MeOH:H2O = 20:1:1 (8 mL) was hydrogenerated at room temperature 
in the presence of 20% Pd(OH)2/ C (18 mg). After stirring for 6 h until the reaction was complete, as monitored 

by TLC, the catalyst was filtered through Celite, washed with THF, and the solvent was evaporated to yield 17 
(45 mg, 70%). 1H NMR (600MHz, DMSO-d6, 25oC): (two rotamers: maj/min 61:39): δ = 9.12-7.84 (brs, Ar-OH), 
8.56 (s, Ar-OH), 8.47 (s, Ar-OH), 7.09 (s, B/E-H, maj), 7.05 (s, B/E-H, min), 6.94 (s, B/E-H, maj), 6.92 (s, B/E-
H, min), 6.54 (s, B/E-H, maj), 6.86 (s, B/E-H, min), 6.47 (s, B/E-H, maj), 6.40 (s, B/E-H, min), 6.04 (s, 6D-H, 
min), 5.89 (d, J6,8 = 2.4 Hz, 6/8A-H, min), 5.85 (s, 6D-H, maj), 5.76 (d, J6,8 = 2.4 Hz, 
6/8A-H, maj), 5.74 (d, J6,8 = 2.4 Hz, 6/8A-H, maj), 5.63 (d, J6,8 = 2.4 Hz, 6/8A-H, min), 4.67 (dd, J3,4 and 2, 3 = 9.0 
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and 9.6 Hz, 3C-H, maj), 4.54 (d, J3,4/2, 3 = 9.0 Hz, 2/4C-H, maj), 4.47-4.42 (m, 2C-H, 3C-H, 4C-H, min), 4.40 (d, 
J3,4/2, 3 = 9.6 Hz, 2/4C-H, maj), 4.24 (d, J2,3 = 9.0 Hz, 2F-H, maj), 4.10 (d, J2,3 = 9.0 Hz, 2F-H, min), 3.89 (ddd, J2,3, 

3,4α and 3,4β = 9.0, 10.2 and 76.6 Hz, 3F-H, maj), 3.51 (ddd, J2,3, 3,4α and 3,4β = 9.0, 10.2 and 6.6 Hz, 3F-H, min), 2.85 
(dd, J4α,β and 3,4β = 15.6 and 6.6 Hz, 4Fβ-H, maj), 2.77 (dd, J4α,β and 3,4β = 15.6 and 6.6 Hz, 4Fβ-H, min), 2.27 (dd, J4α,β 

and 3,4α = 15.6 and 10.2 Hz, 4Fα-H, maj), 2.21 (dd, J4α,β and 3,4α = 15.6 and 10.2 Hz, 4Fα-H, min), 1.49, 1.40, 1.26 and 
1.18 (s, 12H, CH3, maj), 1.34, 1.26, 1.25 and 1.13 (s, 12H, CH3, min) ppm. HRMS: calcd. for C36H35O12 [M+H]+: 
659.2129 found 659.2160.  
 
Calculation methods 
Ionization potentials (IPs) and the orbital composition of their highest occupied molecular orbitals(HOMOs) were 
calculated by density functional theory (DFT) methods with B3LYP exchange- correlation functional and  
the 6-31G(d) basis set using the procedure embedded in Wavefunction (Irvine, CA, U.S.A) Spartan 14. During the 
calculation, intramolecular hydrogen bond (IHB) was considered to give the most stable conformation of each 
molecule. IP was obtained by the difference of energy between parent molecule and its cation radical formed by 
one electron transfer reaction. 
 
Determination of GO� radical scavenging activity  
 Since the phenoxyl radical generated in the reaction of phenolic antioxidant with radical readily reacts with 
molecular oxygen, the reaction was carried out under strictly deaerated condition. A continuous flow of argon gas 

was bubbled through an acetonitrile solution (3.0 mL) containing GO�(4.0×10-6 mol dm-3) in a square quartz 

cuvette with a glass tube neck for 10 min. Air was prevented from leaking into the neck of the cuvette with rubber 
septum. An aliquot of phenolic antioxidant (antioxidant was maintained at more than 10-fold excess to the GO• 
concentration.), which was dissolved in deaerated acetonitrile, was added to the cuvette with a microsyringe to 

initiate the reaction with GO�. UV-vis spectral changes associated with the reaction were monitored using an 

Agilent 8453 photodiode array spectrometer. The rate of the GO�scavenging reaction for each compound was 

determined by monitoring the absorbance change of GO�at 428 nm (ε = 1.32×105 mol dm-3 cm-1) using a stopped 

flow technique on a UNISOKU RSP-1000-02NM spectrophotometer. The pseudo first-order rate constants (Kobs) 
were determined by a least-squares curve fit. The first-order plots of ln(A–A∞) versus time (where A and A∞ 
denote the absorbance at the reaction time and the final absorbance, respectively) were linear until three of more 
half-lives, with a correlation coefficient q>0.999.�  
 
ESR measurements to detect •OH generated from Fenton reaction 
 The sample containing 60 µL of Milli-Q, 30 µL of 0.2 M phosphate buffer (pH 7.4), 75 µL of an appropriate 
concentration of chemicals, 75µL of 8mM FeCl3, 5 µL of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) and 60 µL 
of 500 mM H2O2 was introduced into a quartz flat cell which was placed in the cavity. ESR spectra was recorded 
on an ESR spectrometer JEOL JES-FR30EX under the following conditions: modulation frequency, 100 kHz; 
modulation amplitude, 10 G; scan time. 1 min; microwave power, 4 mW; center field, 3360.50 G; and microwave 
frequency, 9.394 GHz. The scavenging effect of the chemical was evaluated on the basis of the peak height of 
DMPO-OH radical determined after normalization with the Mn2+ reference peak as follows: Scavenging effect 
(%) = (ho-hx) / ho x 100 where ho and hx are the height of the second peak in the ESR spectrum of DMPO-OH spin 
adduct of the blank and the sample, respectively. 
 
Assay for DNA strand breaks induced by 1O2 

The effects of novel derivatives on DNA strand breakage were measured in terms of the conversion of supercoiled 

pBR322 plasmid DNA to the open circular and linear forms. Reaction were carried out in 20�L (total volume) of 

200mM Na cacodylate buffer, pH 7.2, containing pBR322 DNA (0.05µg/ µL), 100µM rose bengal, and each 
derivatives. The reaction was started by irradiating light. After irradiating for 10min, the reaction mixture was then 
treated with 5µL of loading buffer (100mM TBE buffer, containing 30% glycerol, 0.1% bromophenol blue) and 
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applied to 1% agarose gel. Horizontal gel electrophoresis was carried out in 50mM TBE buffer, containing 0.1% 
ethidium bromide. The gels were destained in water for 30min, and photographed with UV transillumination. 
 
Assay for DNA strand breaks induced by �OH 
The effects of novel derivatives on DNA strand breakage were measured in terms of the conversion of supercoiled 
pBR322 plasmid DNA to the open circular and linear forms. Reaction were carried out in 25µL (total volume) of 
phosphate buffer, pH 7.4, containing pBR322 DNA (0.05µg/ µL), 1.57µM FeCl3-EDTA, 63µM hypoxanthine, 
0.0025U xanthine oxidase and each derivatives. The reaction was started by adding xanthine oxidase, after 
incubation at 37� for 15min the reaction mixture was then treated with 5µL of loading buffer(100mM TBE buffer, 
pH8.3, containing 30% glycerol, 0.1% bromophenol blue) and applied to 1% agarose gel. Horizontal gel 
electrophoresis was carried out in 50mM TBE buffer, containing 0.1% ethidium bromide. The gels were distained 
in water for 30min, and photographed with UV transillumination. 
 
Assay for α−glucosidase inhibitory activity 
 The α−glucosidase inhibitory activity was determined by a partial modification of the procedure reported by 
Matsui et al. 48 The reaction for S. cerevisiae α−glucosidase consisted of 900µL of 1.11mM 4-nitrophenyl 
α−D−glucopyranoside (PNP-G) in 100mM potassium phosphate buffer (pH7.0), 50�L of flavonoid in DMSO 

and Milli Q and 50µL of enzyme solution. After incubation for 20 min at 37�, the absorbance of 4-nitrophenol 
released from PNP-G at 405nm was measured. 
The concentration of inhibitors required for inhibiting 50% of α−glucosidase activity under the assay conditions 
was defined as the IC50 value. The IC50 value was measured graphically by a plot of percent inhibition versus log 
of the test compound. 
 
Thioflavin-T(Th-T) fluorescence assay for inhibition of Aβ1-42 self-aggregation 
A Th-T fluorescence was employed to assess the abilities of the synthesized compounds to inhibit the aggregation 
of Aβ1-42. Dispended Aβ1-42 (a trifluoroacetic acid salt) was dissolved in 0.3% NH4OH at 1mM using sonication. 
The test compounds were prepared at 2mM in DMSO. 25µL of 0.2M phosphate buffer (pH 7.4), 64µL of Milli Q, 
5µL of 2.0M NaCl solution, 2µL of test compounds and 100µL of 20µM Th-T in Gly-NaOH buffer (pH9.0) were 
added in microfuge tubes in order. Then added 4µL of Aβ1-42 solution and 196µL of mixture in microfuge tubes in 
96-well plate (Non-binding µ Clear, 96well black-microplate, Gbo), incubated at 37�. After 0, 0.5, 1, 2, 3, 4, 6, 
8,10, 12h, the fluorescence intensity was measured at 450nm excitation and 485nm emission using Varioskan LUX 
(Thermo Fischer SCIENTIFIC). Before every measurement, 96-well plate was shaken for 15 seconds. 
�
Circular Dichroism (CD) 
 The secondary structure of Aβ1-42 was estimated by CD spectrometry using a 0.1-mm quartz cell (JASCO). 
Dispended Aβ1-42 (a trifluoroacetic acid salt) was dissolved in 0.3% NH4OH at 200µM using sonication, and the 
test compounds were prepared at 200µM in acetonitrile and Milli-Q. 
100µL of 0.2M phosphate buffer (pH 7.4), 200µL of Milli-Q, 20µL of 2.0M NaCl solution, 100µL of test 
compounds solution and 40µL of Aβ1-42 solution were added in microfuge tubes in order, then incubated at 37�. 
After 4h, an aliquot was loaded into the quartz cell, and CD spectra were recorded at 190-250 nm. The spectra of 
Aβ1-42 mutants are shown after subtraction of the spectrum for vehicle alone, and those in the presence of test 
compounds are shown after subtraction of the spectrum for test compounds alone. 
� �
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Transmission electron microscopy (TEM) 
 The aggregates of Aβ1-42 after 48h incubation were examined under a transmission electron microscope. Aβ1-42 
solution with or without PCat-PCat�18� was prepared as described in Th-T assay and incubated at 37� for 48h. 

After centrifugation at 4� for 10 min, the supernatant was removed from the pellets and gently mixed. The 
suspensions were applied to a film and dried in air before negatively stained for a few minutes, with 2% uranyl 
acetate. The aggregates were examined with transmission electron microscope (Hitachi, H7600). 
 
Statistical analysis  

Data were expressed as means± standard deviation (SD). Differences between samples and paired controls were 
analyzed using the two-tailed Student’s t-test. P< 0.01 was considered statistically significant. In multiple 
comparisons, data were analyzed using one-way ANOVA with post hoc Dunnett or Bonferroni tests to identify 
data sets that differed from control data.  
 
Cell culture  
Cancer cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA), Lonza 
(Walkersville, MD, USA) or RIKEN BioResource Research Center (Tsukuba, Japan) and maintained according to 
the instruction. (Table 9) Human mammary epithelial cells (HMEC) were purchased from Lonza (Walkersville, 
MD, USA) and cultured according to the procedure. 49 They were grown in a 5% CO2 atmosphere at 37�. 
 

origin cell line cell bank culture method 
breast cancer MCF-7 ATCC® HTB-22TM DMEM (1.0 g/L glucose), 10% FBS 
colon cancer HCT116 RCB2979 DMEM (4.5 g/L glucose), 10% FBS 
neuroblastoma SH-SY5Y ATCC® CRL-2266TM DMEM/ Ham’s F12, 10% FBS 

Table 9. List of cancer cell lines. 
 
Cytotoxicity of novel derivatives and their protective effect against Aβ1-42 neurotoxicity 

Cell viability was determined using MTT assay or calcein-AM. Briefly, cells were plated at 10,000-20,000 cells 
per well on 96-well plates and incubated overnight in CO2 incubator to allow for attachment. After treatment with 
compounds in the presence and absence of Aβ, cells were incubated for 48 hr in CO2 incubator. Cell viability was 
determined using WST-8 (DOJINDO) or Cell Counting Kit-F (DOJINDO) according to the manufacturer's 
instructions. 
 
Assay for cell cycle of cancer cells 

After treatment of compounds for 48 h, cells were washed with PBS, and fixed with 70% EtOH in PBS for 10 
min. Cells were washed with PBS and incubated with PI (40 µg/mL) and RNase (0.1 mg/mL) for 30 min with 
protection from light at 37�. After washing, images were acquired for DNA content analysis with CQ1 
quantitative confocal image cytometer. (Yokogawa Electric Corporation) The DNA histograms were obtained and 
analyzed in terms of cell cycle distribution with Cellpathfinder analysis software. (Yokogawa Electric Corporation) 
 
Flow cytometry 
 This assay was demonstrated according to the procedure for the paper of Ishikawa et al. 49 
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