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1. ¥E8

HAD ZAIEN E LCHA - MIMEEE - WEES DT o, cho 3AEEEEREZ 24 L LT3R
JETAZEDBHOLNT WS, ZNHZIFILDE LKEOEBICIIIE LA P L ZADOBEE 2305 2 & 7x
> T3, #HEACENTHERNTO T3 F—FEACKBRERLO BB ICE W CIETERER
ROS)BFAEL., kAL 2 EF|ERIT, 207D, EWIEE 25 2 THICHLA L ACRER
INEEERZT L LA D, RAMBICYE IEE AR IcE T2 7Y I VEEKIGEEIEL.

DNA OFELEGEDOJRK & 7% ROS #iE T35 2 LT, ERNOKEL REE{LR L X2 5,

L2 L 72285 ROS % AR & L 2R MIIIER ICHmPTHY M- X F7 KV O LR T
NTW3, TXTRVIT, MELEROEMFERIC L > CRAELZ ROS 5 L. MBS %
32 2 & CHALMGEEZIH T 2R 2RI ARPBLYEcd 2, ' L L IIMFEER D
PRI EE O MBIER 2R3 5 D TH » THHEREICT E R,

catechin % resveratrol, proanthocyanidin 7 & O KIAGIRELYVE 12, HEEMEX B L L2937 ) 2
vEELTHHAIN TV S, 20b EWIEELIEED AR b3, BRACT LY A < —Ji, MINE R
B BEPRAR. BIIRAE(L 72 & ROS 2353 3 % < ook LT, FHEH LR Es#HE I <
W5, 235 LaLAadsunTndbiHunwiklchd 2 ENEEEA Y, BEINLEHOEEE HIY L
L 7L 8 I X 2 HT B EAR DI A IThN T3, RMEiCld, RUFEMNREEICH 3 3 KA
YEOEMER B L7 = 7 — AV EPIERLWE %2 ) — FLAY & L ZAI3EIF R o —fFlic o v Tk 3,



(1-1) 7 = 7 — A HHEWE o FEER

(1-1-1) BhARAE( L~ F

BIIREEA 1L A TS B EF O R LICHR L, RSO RETH 2 2 LB HIb N T2, HEE
Rix7a <. ZRIISHIE L 2R BIC X 0 A2 K 7 — A EFIIIC S v, BRI 1 3 5 I3 7
BRI T, AR EIR 2 UG8 L CRIER RRICHIC 2 L BSRE DB L 18 5, WHEOHIFEL Y |
BINRIE( D HEfE 1 1 E#E L LDL & E2{t LDL(LOX-1) AR DM A 1C X 2 M N BT o #RER 2 (L 23
o heorz, © LOX-1 ZAMILEHEEE NI 3REL T, BT CHEBME® . FRKE° £ e
DENRBEL Z FERERE L L CTREL T2 BFICERBHL T2, 10 2 0ZERITIMNE N ML D &
Ko, vru7y—Y 1 RMUMR 2 R EECHEIETHERET 2 2 LAM 5N TS, Bt LDL A8
LOX-1 ZBRICHAT 2 2 L Ic X ) MIIEN D > 27 F AEEDS AL LI PR AIE o B REZE L.,
MHAQIEGE, 7R b —v X, KIELR L EZGI SR L, BRELLEZERS 25, 51, NADPH +* v
A —XDEMAIc X2 ROSOREDMEINTEY B, 2hHPLDL 2 LL., Vv FTd 3L
LDL 8N X &%, = 0AERN oMK R RIGIC X > C, BIRE{LSHEEI NS, catechin DK Y
~—"T& % proanthocyanidin (PA)13 LOX-1 ZAFKMEFEMZ AL TH Y, EAEEREVIZEZ OfF
M2 &7 %, ¥ PIBELIEYE D AR VIR L Z OGRS 2 72 » . LDL o BLIIHIEH 23
WiRd 5, chXYVESEOEY PA FEIIRELOERE OMH K O Tz RS CE 2LaME
%,



(1-1-2) 7 Ay~ A ~—BIERAYE(AD) ~DH H 1%

AD [Z#EFT 2 D HHATEIRE MR E T H U . KINSEHE, Rt 2 L. E AR K. NMDA %%
RGN, ACh A 2REEWFME LTh T on b, EAMO FEFIRSIETT InA PR 2V
NI AB)THY,. TIof Pz Y X2 hbe 7L X2 —FICX VA REEOT 3 7 BB#EsY 0 H
INd, 7 /MA40,42, 43 BIEBRENTH Y, UIY H X7z AB T ICE G % Bills LkiEL L
TEANRZEE L., BERSICET 2, CORERAGDERET ROS BEAET LI LrHoNTED,
ROS & Z OBHEMARMIAGEELXF SR L UEREZMEI R 2, BABIF LY 2 v 52 ) Vil
OREFERZE L., @Y vk 2 v O ERIC X 2 PRIERMELIER 3, RENIEF ICEMETD
22 8hb, RERRBEPECE 2EAMAERKEEIRBINATEL I, EYBRICEL Tk
NMDA ZERFEGII O AChE HEE O£ 512 X 2 EREITOMIEIC & & F %, 4, % OWF3EH
DR AD IR OFICETF L TE Y, —Ho RARFIMRILWE 12 AD ORISR ICHffcE 32 L
BEFEINT B, 10

Freyssin A b O#IC X 5 &, Figure 1 IC/R L2 XS ICHKY 7 =7 —vicid AR O HEARE LRk E
TEEER 2 R H%  FEET 5, 7 catechin ° curcumin IZEG & MEEOW G # HE T+ 32 {EH
R o Twd, chobAYE. XV ABLOBIMELE T 2 L) hiEEMiz 352 T, &5
IS RS R TR B,

catechin
(-)-epicatechin
curcumin
resveratrol

PA

catechin
(-)-epicatechin
curcumin
resveratrol
quercetin

AB monomers AB oligomers AB fibrils AP plaques

catechin
(-)-epicatechin
curcumin
quercetin

Figure 1. A B BESEFHTE - WEHEEHEER %6 3 2 KAV HE



(1-1-3) A BE~OH R

EPEREE X, HAREN TR I OERTH ) HEMICHORIET 22 BHMONT w5, BAIE, 28
A BIG T DRI - BRPE - JEIRE R BAMGIEE T O REM L L OB EA 2 2 & CHEM{LT 3
(% BB S A | DR E 7 %, C DSBS LIC X » T, IEFMAE SR L, BEMEL 285 C
BIALT B, PRATFTFVvRANV ) THYRIRLDE LEVBARNIZ. Z20EMMEOEE X W4
BACKTT B REEE LTSI AT, BAMI~OERIZEITH 32—, EERERALD &7 &
TIEFMIE~DFERAT 2 IC k> CTEEARFHZRART 2 2 L23REE & 5,

KR CTH MR U CER 2R TLEWIES SEFEET 2., P IcEENE R ) 727 — L3,
ZOHMD L BEFSOMEMBRICL > T, TR XFEERALR L, BAME~DIER %R
TILEAWEINTVE, B T—ary LB THI 2LV LNTW S curcumin 1, 23
AR DIRER T 7a 74 v ¥ F—¥ KPR ABEBFREEROZ =7y M L TEHT 5.9 &
HERLICHEBEICAE LHARKNCEIS A DD 5 catechin $HI1L. MIRGHE & MEH EOMF., 7HF—
ZDREFEH Z R T, 2 X 51T silibinin PAREE X, MIEEH~MEN T2 2 L BAHL 2L oTEH
Y . silibinin 13 G1 ], X EEh DK 7>TH 3 cordycepin 13 G2/M W & {52132 2 & ARG I N7z,
2L22 B (LW 3ok AR~ ReERE W & X0, PAME~OEIRNE %m0 5 2 LIt Th
WIEHICEN) — MMeamich v BaExbNn 5,

(1-1-)BEPRIm IR~ A

BRI, 4 v A ) YIEROMS D 2 IR RICE ) B2 280 s B e LT,
xR E L2 E723HEETH L, BRFECIIBERBEEF CL2RmMERARRKOEETHY., BHE
FER 2 72 v, Lo LRI O 2 2 @R IC X 0 . MMM RS I X 2 MIAE, BFEEE. KA ighE
EERHRT S, Fic 18- 2 BERFICOE S N, 2 BIBERR I SRR ERED 5% L 0 5, &
IFA Vv RY VIMET 24 v 2 ) vIRPUE AR 2 THEBOBENERIIC, BE-eEi AR, B, 2
FL R OBRER TG EORT-25MMb 2 2 L ICkVHIET 2, AVEFZ LT L THSLa-7 L
a v X —¥HEE, DPP-4HEELR L, A REMEHZERN L LZEELBFEHI AT 5,

RV 7 =/ —=nid, N ~D 7V a— 2D IARBEREC A v 2 ) VIRVUESGEFERZE L, 7
U I 7R 2 BUBRIBICAIRZ RIS EBMEINT VDS, FFIC7 7V -3-F— A E2HOoEHKIE. 4
VA VIO SGEER R TR T, B RY 72— A% ) — F{LEWE LRI, RetERE L El
ERB R E RIS,



(1-2) 7 =7 - UHBBIWEZY — FILEB L L ZRIEWE

R D X 5 IS KRAVIACIE 13 S M7 B BER 23 R S T 2 25, SERBICN 3 2 TR REHE
FICHEHAT 27201 3B EESRLTCELS AW EHEE o T3, ITHE, FHEEEOHEMEE H
)& U RARDTBRALYE © —H % BEE S L 72 5ilF SR 0 BIERME 2 fTb T b, Z DWfsED —fl
& LT catechin 823 H F b 5, fRFEM 7 catechin & L T, (+)-catechin, (-)-epicatechin,
(-)-epigallocatechin, (-)-epicatechin gallate, (-)-epigallocatechin gallate ZF1 SN TWwW5, TN X7 7
NY3 A 2O E LTHLTE Y, FREEMO Fu F AL OFMEICEHS LT
%, catechin JHD C8 (I3 R IEHH Z » 3 <, CALLIIMEER A2 EA T 5 C & TRERICZ Z 1T
PRI Db72D, b DIE~DBEBRIEE A WREL %2 5 (Figure 2),

OH

OH

=

Ri=H, OH

3 O  SRAZERAL

OH {X ) \:— ~:) . i%?%ﬁfﬁ

Figure 2. catechin 0o )G 1

Park &%, (+)-catechin, (-)-epicatechin, (-)-epigallocatechin ® 7 = / — ke FrF o fAE v
n7a I FEHCTREL, 3 fiik Faf oA~ RIGEREZ @O THRA BT A FANT A F 2K
Jo X &, BRERIC % 1T o 72 (Figure3), Z OFEHR. 3t Fr ¥ L HEHM KL BRI 0T V¥ 5
PRV IONIEEAT S LI LTz, # (+)-catechin @ 3-OH §FEkiz, 7AFALEEZEAT S
LTI LAGHERCERICN L RN ANEFERZAE T2 L5k, fHIHSIER I NG & 2 DF)
REHBEIRST 2 LS e o7z, F72. (-)-epicatechin @ 3-OH FFEMR L 23 A ML ICH L CTifiwe
W EFEHAZ R L, FARICEASINZHHOR I IKET 22 2B bo o7z,

X 51T, (+)-catechin @ 3-OH #FiE A% X U8(-)-epigallocatechin 3-OH FFEAICOWT, A/v F=—
(H3N2)BI 7 4 Az 5t 3 HHHF E G % MDCK Mg ic BE X &, 2 0Pl v 4 v 2 G2 3 L 7=,
BEZOERINLIIVANAEEZR L, CI0 T A EEZET 2008 RDEHITH o772, T2, F
BHRIMPICETIBA4 v 7V Yy FORIERE T, AL X IeAPT vy 2P v & HACTIER IR
TN L 720 S H DREEMRIE, BRGIICY A VAR ED~= 7V F = VIcfERT 5 C & TRt
FEELZEML, ~= /v F=veEEfildoy VY — LR OfGHEME T LA icX 3 e

Zz6N5,
OH 1) BnBr, K,CO, OH
[:E:[:OFl 2) Ry-X, CsOH, (CH5(CH,)5),NI OH
i 3) Pd/C, H, i
HO O R, _ HO O R,
OH OR,

OH OH
R,: H, OH

R,: alkyl group

Figure 3. 3-OH #FE(k D & 1§ /7%



Hayes 5137 = /7 — Atk Fu ¥ %R L 72 (+)-catechin I 7 ) L 7L a2 — L {#{E T, DDQ [#
fEic & Y FHXECE 22 B D C4-O- allyl catechin % SR T 7z, * Tk I 51T Lewis BEAFATE T Rk
e DEWKIGICE > T, C4 (LICHRA i %8 AT 2 & LTI L 72 (Figure 4), Z DRIGIE,
REAEOTEHIC X o CUMBEIES R E (B Y KEKAENIEFTFHEIEDOS &1 C4- B RO 4K
W, HEBEOS G X C4-a MO LB GO S Z LB L Lo T,

OH OBn OBn

OH ~Z | OBn OBn
HO o (@), (b) _ BnO Oy (c) BnO O
—_— e

OH OBn O OBn R

(a) NaH, BnCl/ DMF
(b)  allyl alchohol,DDQ/ DCM
(c) Reagent (nucleophile)/ BF;¢Et,0, DCM

Figure 4. C4 F8Hk D &7k



Basak & (% (+)-catechin & (-)-epicatechin @ 4 fZiICL YAy /) —A R 7vu Ly ) — L EEAL
EYMEER L7z, ¥ 2N bid catechin O 7=z / — ke Fo o A2 H#EL, 20 4 fii%k
Pb(OAc)s #FHWTT kb F 24bfk, LiBr ZHW Ay 7Y v IRIBICK o TL YLy ) =V RNT
no Ay ) —AEBEAL, BE#ERIGET S 28 TAKRTE 72 (Figure 5), Zh b ZIMEHEZ®AY
CHHIL, Ty XFAT=vi 2=y P LTwB I ERWHLD2 LR o7z, F2IMEFEFHORKH
I 72 RNase ~5RWGEIFIME: %78 L, (+)-catechin % (-)-epicatechin & Ft~_ TRl Za fHEEM: 2 /R &
e bhol, MILBRBPAWKET VYFFAT VDB E L EHE LB LX), Hikhx—"7 v e
L=V AREDPARFEEI NS,

OH OBn OH

OH OBn Y OH
HO 0w (a), (b)  BnO O (©), (d) HO Y
‘

OH OBn OCOCHj OH
(+)-catechin R_A_OH

OH
OH OBn OH

OH OBn OH

HO O (a), (b) BnO O (c), (d) HO |

. N \(I j ; .

\@j'"OH ",OH

OH OBn OCOCHj3
(-)-epicatechin

(a)  BnBr, K,CO5;, DMA

(b) Pb(OAc)O,/ benzene-AcOH

(c)  phloroglucinol, resorcinol, LiBr/ THF-DCM
(d)  20% Pd(OH),-C, THF/ MeOH/ H,0, H,

R=H, OH
Figure 5. C4 fii~D 7 = / — L D& A J5 ik
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catechin 0 C8 (i3 KL E . CORIGHEEZFIH L 28 AL H T X v A4 ) I~ —DHRI
HENT w5, % Figure 6 IC/R T X 512, (+)-catechin i NBS % [t & ¢ T C8 fir % 3& R 1 B AL
L7t n-Buli W na 7 v-) F 7 ARMWKIGIC X > TY) FA{LE2ITH> 2 & T, ~mFr kT L
FNANDKEIIEDBHETL T C8ALIC TV FATAE AT 2 Z LI YL 7, Hayes D IZATTIEIC K o
THERL7 C8-Tre A AT F v AL — b, RROATF v HL— ez viRke LB L Tl
A TEE N R A R T L E O L L, B

OBn OBn
X OBn OBn OH
BnO (a), (b) _ BnO (c), (d) HO
) H
OH
OBn OBn OH
OH
OH
X=H, Y=0H
NBS r (a)\B/L\_Br
== = Br, Y= OH . :F” '
Teomsd L o 34(a5q1 i-0-benzylgallic acid, DCC, DMAP
X= Br, Y= OTBDMS (c) 3,4,5-tri-O-benzylgallic acid, )

(d) Pd(OH),, H,

Figure 6. C8 F kD &7k

KIT(+)-catechin ICAFNAANA T RZVIFLET, TAVFEATATE FEKIGEE5 & Cofire C8 i
BT AT e FICKREMIML %, EfT 27 ra—reFt— Lt oBEBRRIGHHETL T, 74—
T DR AN E N7 FEER DS B 7z (Figure 7).,

a OH
MeS (CHa)n OH
HO O
MeS OH

OH
(9H2)n

H

Figure 7. 4 = — 7 AAINAOHEER (n=0~9)

Nakayama b (34 2RI DT AL F AT AT e FEHOTRKIEZIT\, (+)-catechin © T IC 5
AT —TNEEANLZFEREAR LT, ¥ TAFABHBIERE SN TS & TR~DFEEMED A E
L. 77 2GRS T 2 HIREESEM L 72, FFIC C4~C7T ORI DT AV FAIZEA L 725584
. FEFEICHROHIIREEZ R T 2 B HL 2 & oz,
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(1-3) M

catechin2a £ 7 7R/ 4 FRIIBIEIE R D THICEBRO 7 =/ —aAtbe Fe o i G L TED,
O DVARREEICEE D W RS T L O ERMEAAFRCKEREEIC X o THRA R AEYER % 563
T2, INHDE L, Wathrm K BLcREEYE L LTI Tw 3 2 L2 b, BlEELED G E
TIHEFEL~DREMZIARFL CTRA 2fERMAZTOA TV S, Hido@Y), ZhTciciEIn
W57 7R A FREBCYE O EYEEEEZ B L 2 S BHE . 7T F ik Loy
A X % catechin HOWINGhE DM ESLE KT~ fMEomsHEL-boTh b, {LEWE
L 72— DA T OMEMERICER L 72 24 E O HIENICE S+ 2 #H& 13 7a v, AlRicksn
TILEYOBERTENZIERAATETH Y, HlaRET7 vt 7 vy vEARBREIERcH 277
ULDOBHELZBERIEZHNT, 2THOT I PGz v vRE2ET2RIKT I FTEE(RL
TeRFETIYADBFEAFEIN TN D, 77K 4 VEKEET L RAVIRIYE X, 75 FWNICHH[EER
T2 C-CHEAZALTWSE 2D, ZABRPENS T EATIRICRBEHAZRI T L1E
ZAbNb, Lo T7 7874 FEVBIUMEO » THNOBREZEELT 2 2 & CREEZHENE ¢
2N TENE, v b —0BEP ALY, FEEAICX BIEME XY DML & o B
TS b L RS oM ma IS, £7-, catechin R ¥ D7 7K 7 4 FRIMEAYE 12 ROS
RERNTHRET Z 7V AN ERICL THET 22, BEE(CREIChZHEMEe2 2 enTcEhiT
oI iBEEE2E T2 2 LR & D,

AW TIE 7 = 7 — APEFIRRACYE O TR ERIENC X 2 YRStk o %z HiV & LT, 7 FNER[EH
FEACSIS ZFAFE L. RS % H W TG o BE T X 2501 P H H [HEE 2 §I#H L 72 535Sk o
BlE % 3 A 7,

12



2. catechin HOREEAC KIS & & 90k 1 2
(2-1) &8

catechin AR R ER L ICEH L EA SNBSS TH Y, P LIER * CPUEEIER 2, b LS
FR 3N 2o e LS OEEABREI N TS, ZOoEWAEMEERAEH I WA, &
HME~DOEANEZEETZ L+ oRABEESZDONR W LXHEL LTHIF S5, catechin B
2. ACBRICH LT BEBRIZHHMEESE S TH 2 Z & XV, FX L catechin D 1N @ H bz %
FlH 2 o & TR~ BMED B E L, iS85 2 & 2 WIFF L 72 (Figure 8), ARfZECid
STNEBREEAT 2 2 ic Xk 3 AlEEREOHIHEZ R4 7,

OH OH
OH OH
HO o Q. HO O
B¢ :
OH 0" R,
OH

OH

Figure 8. catechin #1431 H H [5]#iz o il {#]

(2-2) catechin D BEELK G

oxa-Pictet—Spengler G B-TV—NVIZFALTAra—L T F vEiEGIEHARIEIRIETH
%, (+)-catechin(Cat)ix CEoObe FurF o i BERAEB-TY — LT FATLa—LDWER & > T
W3 Z L p b, oxa-Pictet-Spengler IG % JGH T 5 & & T Cat D VARG D EELAIRE L F 2 B4
BEMEBET L7z, Z OF5R, acetone IR CT=7 vl A VRV = F VT — T VIER(BF; - ERO) %
WS % 2 &, Cat % acetone THEA I BEABR I 2 2 L 23T & 72, ARG TIX, Lewis BEIC X - T
EHAL X 117z acetone IC CERD T v a2 — AR L 72#%. B B&~D 531N Friedel — Crafts B o {1
IR G23HEFT U C AR E A3 NS [EE(L & 72 FidlaBE & (planar catechin: PCat, 1) 28 76% D IY
1% 57z (Figure 9),

OH OH

OH OH
HO O BF;*Et,0 HO oL
e
OH acetone (0)

OH OH

(+)-catechin (Cat) planar catechin (PCat, 1)
76% yield

Figure 9. (+)-catechin @ Bg[E E L &S
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L2 L, COHECREEENMOBICEAINE TAFAHIBEA A FARECREE NS, X555
BHEOMMEHIEL CX VR T AFAAIEAE AL 2REEEKEZ AR T 270, fker bV
DB ATE BEMEERE L7, % OfEH, catechin % THF AR L., fEE D7 + v & TMSOTS %
BT 52T, AT AFAMEPSEAINZFERDEKICKIN L 72, ARIGEH VT, Cat &
X U'(-)-epicatechin (EC) % HHFEWE & L T THNOREEKICETT 572, % OfEHE, Cat OBREIE
{bfk(PCat, 1)1 92%. EC OEREE LA (PEC, 2)1k 78% DINK TEHK T % & & 3T & 7z (Figure 10),

OH
OH
acetone
HO o TMsOTF  HO
_—
mOH THF

OH
(+)-catechin (Cat) planar catechin (PCat, 1)
92% yield
OH
OH
acetone
HO O TMSOTF  HO
—_—
“OH THF
OH
(-)-epicatechin (EC) nonplanar epicatechin (PEC, 2)
78% yield

Figure 10. catechin $H o BR[H & L K&

BoN LAY D EREEZ S 2013, DET #(B3LYP, 6-31G*) % v TR & E b & o
Gibbs TA AV F—(AG) ZHI L 72, Z DR, Cat icxf L PCat(1) i35 T2 0 Fl 2 IEH 1< &

—77 PECQ2) 1357 T etk o 72 X 5 & ICEE(L I N T2 2 e b » ko Tz

(Figure 11),

i el

¢

(+)-catechin (Cat) (-)-epicatechin (EC) planar catechin (PCat) nonplanar epicatechin (PEC)
(AG= (AG= (AG= (AG=
-2707759 kJ/mol) -2707764 kJ/mol) -3014273 kJ/mol) -3014269 kJ/mol)

Figure 11. catechin # & % O FFENR D & E (L&
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(2-3) PiEBfbIEM: © FR1if
(2-3-1) ZVAINBEERIGEEDEH

EEBREEOETAMMEEYE LTHIONTWBEAALE ) F 20T P HA(GO)iE 428nm IR
R L. VBB LW E e LR E B8 E T 3 & GO 25870 X LTINS ST 3, AEEClL, A5
fLEME GO DRIGICOWT A My 7 F 78— HIESE % v T 428nm DWIN D IF % HlE
L7co & OWINDIE T2 CHREFRWIENT 21T, SRBLEW D 7 ¥ il ERKISHEER (Kar)
%Ko 7= (Figure 12), % OFEHE, Cat ® Kurld 26 M'STicHi L, PCat(1)® Kur 135 6 {5 (Kur=150
M1S1), EC (% Kur=143 M!Szt L T PEC(2)13#J 4 1% (Kur=590 M1S) 7 & 77 Vi 25 SO s FE 73 1
KT 2ZERHAS D E o 72 (Table 1),

OH

OH
HO. O .
: +
1998

OH
Cat galvinoxyl radical (GOe) GOH
1.2
428 nm
oF
10 _ 1
<
1 -2}
08| <
3 E_4}
g
.g_ 0.6 - -6 \ \
2 0 50 100 150 T
< 04 F Time, s
0.2 \
0 1 1 1 \I
250 300 350 400 450 500

Wavelength, nm

Figure 12. catechin i & % OFFHERD T ¥ h WV iHFE KISIEE D T

Cat PCat EC PEC

Kir (M7'SY) 26 150 143 | 590

Table 1. 7 ¥ NIEER)IGEEEH (Cat, EC, PCat(1), PEC(2))
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(2-3-2) Electron Spin Resonance % f\»72«OH oty (ESR A& v + 7 v 7ik)

AERNO T AL ¥ —RBFOBRICE T, MlENcCBEILKESRET S, chidhgr T —Xick 3
RIS L VEE L KICHREINE A, 44 icX b Fenton HICk Ve FeFssonn
(COH)ZEEEL., MEEETZEBMONTV S, AEBTIE, Fenton GIC X W F4EL 7=
*OH icxt3 % Cat, PCat (1) ©*OH {4 &M % Mgt L 7z, «OH 13 JEH IR L 1 2358\ 72 @ «OH Hifk
TRIEFICARE L RV BREPREECTH 2, 22 TOH AV 7 v 7HITH 3 DMPO % s,
LE 7 ¥ H N (DMPO-OH) DAL - %47 572, ESR TiZ Mn*~—7—®D 6 ADOWMHMIHZD 5 b
3ARHE 4 RHDO Y 7 F A oEic DMPO-OH fF D v — 2 28l 2 h 3, &KIGHEBE 5 4. 10 &
HBEHEEL, Mn v—H—1cxt3 23 DMPO-OH itk 3 1 KHOVY— 27 0E X 0E&%E L, «OH
HMEIEMEZ MRS L 72, 7 D%, BtA# 10 271 PCat(1) 1349 20%F2E «OH 0o FAE%M 2 5 2 & 2381
Lok 7o 7z, (Figure 13, Table 2)

Fenton reaction

Fenton reaction+ Cat Fenton reaction+ PCat

Figure 13. ESR X <7 } v

average (n=3) | *OH EEAEE(%) | OH HEZEK(%)
Fenton reaction 5min 0.11 100 -
+Cat 5min 0.16 >100 -
+PCat 5min 0.12 >100 -
Fenton reaction 10min 0.16 100 -
+Cat 10min 0.16 96 4
+PCat 10min 0.13 80 20

Table2. ESR HI7E i F
[1FZFHOv—272K/Mn~—7—2R] ICX > THOLNZMEE [H5 O HIERE) % LEH
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(2-3-3) *OH I X 5 DNA B{LIEEH Icx 3 2 L& o WifEH

*OH o ¥4z, Bl Dl RN TO =4 L F — R 0B CHRAE L 2@ KR IER 3 % 25, X
LA F FONMREBRTEL/ZA——FF L F(O; )ICHETIHEDAON TS, b RFH Y
F v HX) D S RB~DORBNIFF v F v AF o X - XO)BHEEG L., ZRPTOBES % Oy ~iE
JET b, FELTE Oy 3IEFICALKETH b, FARND Fe? ic X Y ES 2 I1C*OH 1222{t. L DNA ICJ#%
fLiaE %52 %,

KEBTIEMEHES T HX I X 28T &, < Fenton RIGTHAE L 72+0H i X 3 DNA Yk p 5
B R RER L 72, EBICH L7 DNA 3, 7Hu—2BRKBECEWTHHEINS E coli. Hizk
pBR322 DNA % E{R L 7z, Cat X 8 PCat(1) 50, 200uM ZZI L Z O R EZRET L 72 & & 5,
VTN OLEY D REKERIC DNA Y1 % JIfl L 72 2L &P T D 2 13389 & L7z 2> - 7z (Figure
14),

pBR322: 6pL

HX (5uL) - 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM

X0 (5uL) - 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U

FeCl3-EDTA (5ul) - 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM

test compound (4pl) |- - 200uM Sib  |200uM SibC  |200uM SIbEC [200uM Cat  |50uM Cat 200uM PCat  |50uM PCat

Form II >

Form 1

(—s¢=a4n1)

9
Figure 14. 741 — A7 VELIKEIEIC X % <OH ©o DNA YIWHIHI{E FH o féti

(2-3-4) —HIHMEHRIC X 5 DNA BLEE I3 2 S &P o W 7EH

RN THRAE L 7@ ek, iFhERkth o I oAt XL 4 —Xic X Y —~EIEEE(O,) % A
TEZEBAONT 2, RERTIE, AERNHEEAITH 20— XXV HV(RB) THRAE T 10,1
X % DNA BLIBREG I3 2 ALY O MGIEH 2 85T L 72, Cat 3 X O° PCat(1) % 25, 250uM &
WINL Z oM R E S L7z 8 A0 wihofbEay s MFIER LS 57 5 o 7 (Figure 15).,

pBR322: 6uL
1 2 3 4 5 6
RB (4uL) - 20pM 20uM 20uM 20uM 20uM
250pM 25uM 250uM 25uM
test compound (5uL) " " Y .

Figure 15. 74\ — A7 VERIKENEIC X % 'O, TD DNA YW1 FH o figfr




7N ESOCEREER S L O ESR OfER2 5, 0 FHBREEIC X 0 FTER LS 23 K i 53
TEZLDBHL Lo, THIZRETEAOBICEAINEZTAFAMBICX Y, H T a2 — A ERA7
DEFEEPEBL 22 L B3F 2 b5, PCat(1)B LU PECR)DIEM DI DWW TIX, H¥AHT *
VI VAN DBIBRIERIC X > TEHEEDE PCat(1) D5 A HIRALIEE A RT3 & FPHEL 7=, L
2 L2k oFitE»RZ L PEC)ICE W LGSR bz e ic X v, HloERHER 27
Hxnb, «OH IZ X % DNA UIBHIHIERA 1. {LAYROERIR Ok >72b 00, HiEELIER
ICX D eOH BHES N DNA VIl S hizc e n&Ex b b,

O EERHOBF & L <. PBEE L L EEER BT b 5, PIEHZE L. 10,08 % Dliiic =
INF—FHEACE T LIC XY ZRERREBICELZCLTHY, AaT /4 Fnzo—flch s,
L 1R, MEA~OBBNICHRESEG L TH Y €/ v D Ene G4 cis-1,3-diene ~D 1,4-ff
MIGHBH b T WS, ¥ KERCHEHALZLEWIINOofERFE L Cwianl &b, HEE
AR ooz L2HEHMEINS,
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(2-4) 23A MHRBTEINHICEFH ORET

DNA 4 Y& —HL—Z—{EHZRTTF V770 IR, FHRA VXS —HERMA2ET 24
UV Th Y3 TEEOFRERE N LB ONT WS, LIRS & JUESE O MBI IZIH S 2> &
o TWhRWA, FTEEROFHERFHCIBAFR LR R L XY L2 0MHBERNREB S L
%, catechin JH13 25 AMIIEEETEHNSIER 26 3 % 25, Z OERIZ L T Tt v, % 2 CEREEL
FOGIC X 0, BEIHITER 2083 2 2 et L 72, AEERTIE, v FERAATH B MCF-7 & e b
KIS A Cd % HCT116 % H s, Cat, PCat(1), EC, PEC(2)% %% 25, 50uM % %/l L T 48 Witk @
EHEREZHEL 2, b, KYV T4 7avio—r e LTTArAuf FO—fBTMhnTar 4 v F
F—¥ CHEMEHZAET 2227 2E) V(STS) M7z, ZofiE, HCT116 BT, WwTh
b 50uM ZIRINT 2 2 L THW AR S b M TEIN G 3 Bl5 X vz, Cat iIxF LT PCat(1) 133
JEMIEHER 2 EE S N2 oD, PECQ)IIIGEHICERB R O NAndr o7, T L W HTakoFmiE
DS B HEIN IR & MBI 23 B & & A3 2 b 1L 5 (Figure 16),

140

mHCT-116
B MCF-7
120
100 1 ] T
:\3 * %
* %
>
= 80 =
=
)
>
o 60
(@]
40
* %k
20 i .
0 i
(-) STS Cat 25 Cat 50 PCat25  PCat50 EC25 EC50 PEC 25 PEC 50

staurosporine (STS)

Figure 16. catechin FEE{R D 23 Al el b 5iE #1061l 7 FH
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(2-5) a-Zrzav X —HEER

catechin % silibinin 7% & DRV 7 = / — i (2 B FH0HIVEH 238 ¥ T %, Fatmah A.
Alasmary b @ 7' v — 7%, catechin JH & AP L 72 #5i& 2 5 3% quercetin & a-Z Va3 v X—¥% F v
FVYTRAEZT 4K EEROECEY L OMBEEREBET L 72, * 2 OfER, quercetin & T I/
MO FHHERE DR % v v 7{EH (Trp432) . b Fu ¥ it okFEHEA (Asp568, His626,
Asp357) L BUKHEMANEA (Phe601, Trp329) 23R DOWEMHLICEFHL CWa 22L& LT
(Figure 17), quercetin (X BER & ACERDMLIE L T 3 200 T 2o FmtErEm v, wAIFEEDOWE
P O~DIER X, quercetin RE DO FH A XL FHEOEIVNEECTH L LEZ, Rk 7 7K/
4 FTH % catechin FicoWTd, FHICEHENT 2 & T, BEREROEMEF.OICEMN L TGS M
T2 LE R, R CIEBREENMKISIC XY 9 P20 PR L2 RS 272729, Ffic PCat(1)IC

BLTa-7NayX—E~OBMERERST 2 2 L liffans,

Figure 17. quercetin @ a -2V 3+ X —¥ ~DHHIEM *

S & L C p-nitrophenyl a-D-glucopyranoside (PNP-G), R IIBEAHKD a-7Lvay X —X %
fiff L. Cat, PCat(1), EC, PECQ2)DHEEH ZHIE - ICoofHD EH % T 7z, Z DfEHR. Cat, EC &
HH D 100uM ML ETHRWwEHEEE A RS v i L, BREET 2 2 & CHEEEZM®RT 2
TR LTz, L L, FHEMEDZ L PEC2)ICH T b HEEMEAHIR T 2R L o 72

(Table 3),

H ‘: Trp432 & @ stacking

|

IkFEHES + Asp568, His626, Asp357
BUKMEAH EAE A © Phe601, Trp329

Cat

PCat

EC

PEC

Acarbose

1C50 (uM)

>100

73.1

>100

54.1

<1.0

Table3. ZALEVIBET 2 a-7 1 3> X —vHEFECs H)
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zecnolbtdYoa-rva vy X—¥HEEMN L VB EOHBEZ R T~ FLEVMOREL
FEALRE % DFT i (B3LYP, 6-31G*)ic X W EH L7z, AEBRCHEAL ZHE<H % PNP-G X 1 {iio
BRI 7L = b i E—Fl EIcFEET 5, [FkIC PCat(1)d 1 (LoBERFT& 3Ifioe FrFs
DR —FHECHFET L ERHL 2 L o7z, — ., Cat iICDWTIEFA—FH LICFEELE S, Al
NEEEY L 5, 2NOLDORE X Y. PCat(1)ix PNP-G & FEEICHO FREOFHEMERAE W 2T XD
a-7nay X—EHEEESER L 722 L3 T 5, EC & PEC2)IC DWW T b [[AEEDAERE S
N7z, catechin FHFERIZCOWTIE, 1IOBERT & 3o Fux o o ERERIEETH L Z &
DR & L5 (Figure 18),

HOH

“OH

5OH
(-)-epicatechin (EC)

H

3
OH
o)
7 1 4
HO 0.
0 o,
50H
PEC

Figure 18. & 1bL&¥ 0 R& EACHIE
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(2-6) /ME

ATl catechin O FHHBMEREZHIHT 2 2 Lic X v FEEFIEESBM T 2 2 L 2L
TEREELKIGZ A A 72, (+)-catechin I X U (-)-epicatechin I H T, R IE CEREE LA
PCat(1), PEC(2)238 b L7z, L0 D &FEIG M % 574l L 7245 5. PR LGt L a -7 v a v X —¥HE
TEEAEER L 72, P LIS oM Ic o v Cid, BREEMRKICOBICEA SN T X AMIHIC X %
BAHGREOMIBIC X 2 b DL EZONS, a-Zra vy X —FHEEEIZ, 7=/ — A EFRBRLY)
BoEER OICHEER L <R m E L CHEEEZ R T 2 EAE X b5, VRS BEEL
$32&T, PCat(1) & PECR)DHHEERE v Fu v HpEHRL~DfEA IS S IHEYNICHIE L T
BRMESHE L, B AEEEEZ R Lz MR INE, CODR2O D THEREELT S C
E~OFEMEZ R L, o KRRV E~DICHICERD 2 LB RKRINDG,
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3. silibinin OFREECKIG & EY)7E AR
(3-1) HR

~VT7T7THIEF MO T, I —uy ST 7V A, TYTRERNCHSICAERT S, 20
ErroMtiahsd 774K/ 4 K& LT, silibinin (Sib) , silybin, silydianin, silychristin 7z £ 235 7 &
NThH Y, 0o IR, FHRRESGEIEM. Flos AEN. PEIRRSGEER . PIRIEME 72 &
LR ER G SN Tw 2, KETEHIMRRRES R 2T 7207 A v P LTI TV S,
7. AD QIR Z v 37 TH 2 AP OFEEMEMEM ® 2 A FsIEERSE. ROS I X 2 5FH DK
EERREDME TN T WD, ¥ HEIEZENZ LIC Lei Xiang Yang 5 OEIC L 5 & ¥, Sib OREE
EHGE 27 TR0 FHESIFF ICE . CoPHtke ABBEHEZFFEMRICMO20MEEZHET 5 C
EVRBINT WS, X5 Sib FIMEMMBIMI Z @3 2 2 L 26 B RIAVERE X =7 v MicT 3
TLENARETH B, Lo T Sib s FHNOBEHEEEAZRIE T 2 2 Lic X b, HEEN:O8® & OCIE
BEDHMAHATF T 5,

(3-2) #&X&t

AfFFETld, Sib O 7N HH RO FIENIC X 2 EYEHEoEEEZ HINE LT, Sib D7 7 v Eig%
Hiffi CAR L 7z PCat(1), PEC(2)IC i L 7z SibC(5), SIbEC(6) % 7%t L 7= (Figure 19 ), catechin i
hkB X Sib OFT 2 EFHOMHEMEEZMFEL, L2 0AEDERIC O THREFTT L FillFHE
RO ERL - LG VE D M % 1T - 726

4 D)
o

OH
OH
HO. o
Ry ?
0" "Ry O/Y\OH
OH

@/O silibinin (Sib)
Peat (1), PEC(@) MO~ Oy o BRI
v ABSHETREER VIR
v oeglucosidase FAZ{ER | OH v FFIERER (e
LA VAT
v PEEHE \ VA AR
hybrid
OH OH
OCHs OCHs
OH OH
@l N j@; J N SN B IR
| e VIR e
e VI AER O ERE
sib-C (5) ib-EC (6 R Dl

Figure 19. Sib &k D %5
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(3-3) ApkEHE

vanillin % HFEWH & L <. Wittig KIG
=YLV FY LB WEETT
W L A Yy 7Y v I RIG

SEic

V27 aiEr AT HEEEAL, fid kFRLT L
o rrna—nfkicE#aL 72, ¥ Zhic PCat(1) % REEEE %
IC X o THii & X 2. SibC(5) Z &k L 72, SIbEC(6) b [FkED /7iETHIKIC

&%Lt@@mﬂmoMm%ﬁyfuyﬁ@ﬁm%%”lb‘wnﬁM%@S%dw%iUSme)

M b7z &l X B (Figure 21),

EbL oY syn iR EBRE € Fu ¥ 2 F Ao REE D

(S R L (R SDEREMTHY, 20> bOEERMEHHT 2 2 L iTkIIL 72,
OH
CHO /@/\)‘\ /@/\/\ OCH,4
| Ph P=CHCO,Et LiAIH,-AICI;
HO CHCI3 reflux OH
OCHz OCHjg o
vanillin 3 (95%) 4 (80% Ag,CO; fe}
OH benzene/ HO (O
©/OH acetone \E;/\)\
TMSOTF o
HO. O+ acetone OH
THE
OH 61%
OH SibC (5)
(+)-catechin 1(81%)
OH
CHO OCHj
Ph3P CHCOzEt LlAIH4 AlCl /Q/\/\
HO OH
Hq CH(ZI3 reflux OCH, OCH, o
Van'"m 3 (95%) 4 (80% Ag,CO, 0
OH benzene/‘ HO Oy
@/(DH acetone
TMSOTf “0
HO o W acetone OH
—TRF >
“*OH 41%
OH SibEC (6)
(-)-epicatechin 2 (41 %)
Figure 20. SibC(5), SibEC(6) D &/ & ¥ — 24
oxidation N"oH =z OH __ o ~
@ —— >, “
OCHj OCH, HeCO Q
on— (5)
> © OH (6)
HO O .o
(1) OX|dat|on mo
OH
® m

Figure 21. f{LI 7 v 7V v 7" DHEE SOCHERE
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(3-4) YiEE(LIEM: © FFAf
(3-4-1) ESR 2 v } 7 v 7T X % +OH o

Fenton ST X D FHEL 72OH I L T, &KL 72 LEVMD 7 Vil EEEE2 ESR RV + 7
Yy FHEICTHGE L7z, Z DR T hoLEY b BHE R EFHIZRD & vl d o 7253, SibEC(6) 1%
W EERH 2532 ® & 1u7- (Table 4, Figure 22),

average (n=3) | *OH EEAE (%) | *OH JHEZXK(%)
Fenton reaction 5min 0.16 100 0
+Sib 5min 0.16 98 2
+SibC 5min 0.17 107 0
+SibEC 5min 0.17 104 0
Fenton reaction 10min | 0.19 100 0
+Sib 10min 0.20 106 0
+SibC 10min 0.22 117 0
+SibEC 10min 0.17 92 8

Table 4. ESR #IE #5 R

Fenton reaction Fenton reaction+Sib

Fenton reaction+SibC Fenton reaction+SibEC

Figure 22. ESR #HlliE F v — b
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(3-4-2) *OH I X %5 DNA B Lr{5E icxt 3 2 L &9 o {0l E

ARFEERITHITE & [k, HX T X 2FESITFoEITEL, 29< Fenton KIGTHAELZ*OH X3
DNA I o EE& A % A L CEHii 217 - 72, Sib ¥ X 8% O FHEMRICTEE R MHIEH 12380 & Lk h
S 705, DI S SibEC(6) i IFIEH 23529 & 7= (Figure 23),

pBR322: 6pL
1 2 3 4 5 6 7 8 9

HX (5uL) - 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM
X0 (5uL) - 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U
FeCl3-EDTA (5ul) - 1.57uM 1.57uM 1.57uM 157uM 1.57uM 1.57uM 1.57uM 1.57uM
testcompound (4pl) |- - 200uM Sib  [200uM SibC  [200uM SibEC [200uM Cat  [50uM Cat 200uM PCat  [50uM PCat

Form II >

Form I

(—s¢=a41)

9

Figure 23. 741 — A7 VELIKEIEIC X %5 <OH ©o DNA YIWHIHI{FE FH o fétit

(3-4-3) 10, 12 X 5 DNA LG E ot 3 2 st &P o M ER

HTER & AR, ARCIEAI R4 X 272 10,1 X 5 DNA LG et 3 2 Sbaw o MsHER %
BRI L 720 WITNOLAPICEH T catechin i8R & [Fkk. 'O, 12 X 5 DNA OREALRTIEE % ] 5
% T L BT E b o 7= (Figure 24),

pBR322: 6uL

1 2 3 4 5 6 7 8
RB (4uL) - 20uM 20uM 20pM 20uM 20uM 20pM 20pM
test compound (5uL) - - 250uM Sib |25pM Sib  [250pM SibC |25uM SibC |250uM SibEC|25uM SibEC

Figure24. 77 v — X7 )VESKENEIC X 5 10, T DNA YIBHHNHI/EH o fighT
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(3-4-4) HOMO - 4 F vfbEF v » L (AP) DEH

I oL &Y O PRGN 2 G 2R T 2 720  ZLEWDO HOMO 5 X U IP 2HH L 7=,
SibC(5) # X 1F SibEC(6) 1. Gibbs = AL F — 28 b K\ (S, RIRTHEH L 72 (Figure 26), % OfEH Sib
IR LT, SibC(5), SIbEC(6)D &H 53 HOMO 28 EBd b ABRICEH L2 L XHL2 E ko7
(Figure 25), ZNIZ ACER%Z 7 7R VERIP L 7 7NV EIKICEILL 22 L, 2 THNO HHEEROH]
e X 2B HEINS,

OH

OH OH
OCH,4 OCHg

OCH3

C)D OH
(o]
HO O
s
OH

Sib SibC (SR) SibEC (SR)

IP/ eV 6.97 6.73 6.64

Figure 25. &{L&Y) D % ELIEE

ESR HIiEBE LT H e =R X AVESIKINEDORER IV, WInotEYICE W TDH catechin FFHEMA
1T & DIRE R PIRRLIEEILFED b3 b3 212 SIbEC(6) 1 % OFH 23389 b7z, 245 iF catechin
FEAL B o ThTa— AR Rz vz, JEFRICTIBLEESB -2 E2bNn5, 277
L Sib ic PEC(2)% & A L 7z SibEC(6) i3 b ¢ 2 icHiEfbimtE2 G L. IP ofR EMHBEr ROz, C
iz, EA L7z PECQOIELIEEAE W EBFEL T3 LRI,
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(3-5) a-Zrzay X —HEER

Sib (ZMFERFE TIEAZRF > enliEINTE Y, 370 2 v b OARFAFRHC IS IRER ICBE 3~ 2 1
B2 X T B, Sib o IMAERE TER I oW CEEIIZ AR T H % 23, Hiffi T catechin &R D)
T 2EOFHEL a-7Vvay X —¥HEGHEICHBERRE I W72, Sib b a-7Lvay X —KHE
X MBS T ERARAZE 2 bN5, 22 CSbliconwThRBEDOHECa-Iva sy X —CHEER%
S 2 Ly 2 7 OFiETE & OB IC oW T %217 - 72, Sib 13 Cat # EC 3 X U0 ZF h b BRI EAL
R _RCN AR HEERZR L7, X 51, Sib ok L THTF2 0 FEik 235 v SibC(5) 13 FHEE
PEDRIEICHER L, —J7 FIEASZ L\ SibEC(6) 1Zi#59 3 5 Z & 2380 & 2> & 72 - 7z (Table 5),

Sib SibC SibEC Acarbose
1C50 (uM) 16.0 2.4 28.11<1.0

Table 5. ELAEVIDRETZ a-7 N3 X — X IHEEMECs fH)

o oRLENMMEEE DFT 5 (B3LYP, 6-31GH)IC L VR L, a-7rvay 2 —¥HEEE (LS
YVOSTAREE DB ZMET L7z, SibiZ EBRE e FuF o X F AR VKEEZ (R, RTH Y, BD B
ICxf L€ AC BRDMr 23 o 72 #i& % & %, SibC(5), SIbEC(6) (X EBRY & Fu ¥ A F L HD Tk
REDS (SR E(RSDIREVITH 2720, il OAREZE L -5t E 2l Az,

D B& EBRE DiifkiZ SibC(5) & SibEC(6) i3 &% 5 b (S,R)E & H~T(R SR it 25 - 7- 1
FeoTws, —5, ACEYL BDELOVKICE L Tk, SbCB)IF(SR(R, S EH b b MR
WKL T, SIbEC(B) IZ(SR(RS) EL LD KELTINMA - 2iEER > T Wb, LEd»>T
SibC(5)%% SibEC(6) X v b R HEEMZ/ R LD, 2@ ACEBie BD BRe 0@ FtEic X 3
TeNREZLNS,SBC(SRIZTABRYS ERICH > THTEEDFHEERE L AG b SibC(RS) X
WIRMECTH 2L LY, RODREABEL» ORDIBNRHEEEEEZEL TV LR RKBRIND
(Figure 26),
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OH OH
OCHj OCHg

Ho Ho;

silibinin (RR) SibC (SR)

¢ ¢
<
<
<
(AG=-4510773.75 KJ/mol) (AG=-4623000.55 KJ/mol) (AG=-4622971.96 KJ/mol)
OH OH
OCH;Z i OCH,
o I;O-“'\on
(A1c
o
OH
SibEC (RS)

(4

(AG=-4622993.9 KJ/mol) (AG=-4622990.09 KJ/mol)

Figure 26. & 1bL&Y O R%EAHIE
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(3-6) AB #BHI & L 7= 75 M FFAM

Sib I3 ABEERHEFH & AR I X 2 M Mila B EIRIER 2B T2 2 e lEIh T, 39490
Z 2T, SibiFEMAICOWTH AB T T 2 EREZ S 212 L, iR & OfHBIIC O W CE 2 1T 7%
o7 ABIET I VED 40,42 BX VA3 BEEDP LR BRTF FBH B, TDIH 42BIED AR 1.4 D8
RO MIEEEESE G L XY, AFETIRAB o HWTIEEOER 2R L 72,

(3-6-1) A B EEHEFHEFEH

A B EEEBAEFRRE & 5Pl 3 2 B — %) 72 Fi5 T H % Thioflavin-T ik (Th-T %) #1T > 7z, A B ki
CRFRMEAE G Th-T iE, #6325 2L THNEFRT 2, ZOHOEEEE 12 FEHE, MR HlE LIH
EIGME & B L 72, &L & P(Sib, SibC(5), SibEC(6), Cat)10u M, AB20uM Z &ML, 0,05, 1, 2,
4,6,8,10, 12 RfEl 2 D HOLIREL 2 HIE L 72, % DR, Figure 27 IR L7z Y . Sib & AR IC Cat,
SibEC(6)7% ABBHEMERMAZ R L7z, chick L, o 7afkoFmtEs ey SibC(5) Ik X & ICii
BRI EEN 2R L 7,

1.2

*k

*%

Th-T fluorescence intensity (ratio)

——AB 20uM —e—AB+Sib 10pM AB+SibC 10uM
0-2 AR+SibEC 10uM —s—AB+Cat 10uM
time (hr)
0
0 2 4 6 8 10 12 14

Figure 27. #{LAYI D A B EEEHE G
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RITH b EEHEGEAE 2 - 72 SibC(5)72% AB EEARD L AFEIC T L Tw» 38 2 M Ak

(CD) Z_Z PAKICEX VB L7z, ABIREHEDSHEITT 2 & o — MEEZIEL, 218nm I D
MR %Rd, THICSh ZFEMNT 22 & TSb-ABEHAKREZEL, B->— MEETIIHRL, a-~
v 7 AREEEET 5 P RE SN TV, P RER TR D BEMEEED R - 72 SibC (5)
43uMic AB17TuM ZEM LA 4K 37°CTA v ¥ 2a—2 a3 v LTCD 2@ L=, %= DHE,
AB DB v — P HEEICHEIN 7 218nm DB DAL SibC(B) DIFEMIC X > THEL L HAD L 72
(Figure 28), 21k V) SibC(B)IZ ABBHEIC L 3 B> — MEEDIVKZHE L TWE 2 LA bh o7z,

[8] (deg cm? dmol per residue)

40000
AB
30000 AB+ SibC
20000
10000
0
245 250

-10000 wave length (nm)

-20000

-30000

-40000

Figure 28. AB 5 X W AB +SibC(5)icF1F % CD 2 <2 t L
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AR IZEEDEITT 2 LML W BARBTER I NS, 22T AR DEEZ T 5
SibC(5) iz oW, (I 2 IHIEFH OBt 21T 7 o 720 Th-T ik & A5 CIER L 72 AB %
P AB+SIbC(B) DKL % 48 4 v ¥ 2 _—v a v L, ABHIHOBEHES KR AB ic SibC(5) % i
L 7856 O BRI % i % 7 BAMEE (TEM) TIZ L 72,

COMRD S AR XML ISET T 5 L EEE CREREZIZ L T\ 325, SibC(B) BT 3 &
EWOBENRKELET T2 L AR I N, 2L SibC(B)IF ABDRELIHET 3 & Tk
HEAL 2> & D EREIL DR % W] $ 2 & & 238 & 2> & 72 5 7= (Figure 29),

(B)

Figure 29. TEM % i\ 7= 52 5 &
(A) AB, (B) A B +SibC(5)

Lei Xiang Yang 5l Sib O Vi{ADVFHEMED AR BEHFEFEHICHE T 2 EELZIREL w5, &7
AHfFE < SibC(5) 28 SibEC(6) & Lk~ ThHii)1 72 ABBHEMEEHZH L. T il b BER DK
LIHI LT 226D, Sib D ABBREMEFEMICFEEORSEINKRESFEEL TCHWE I LRI
N7z, TEM OfERIZ, SibC(S, R) % SibC(R, $)i X 2 BEEM O MFEIEH 2R L T 325, 14
R OFHEEDE W SIbC(S, R Z OMIFIHERICKE L HFG LT Z eATHlENG,
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(3-6-2) A B ic X 2 Mg AR IR 1o 3 2 (L A o JiI7F

AB DEEBETE U7 ROS RUZ OEEIIE, MM 2 5E LRAER T 2 2 L8 LT
W3, Sibicid ABIC X 2NN 259 2 o INEI T 2 E A S hTw 3, SibC(5) i
ABBHEMEIC X 2 -2 — MEREZBEZFICHE L, £7- SibC(5)iF PCat()ZEALZZ LK
Sib IR TEWIEAN 2 RS 2 L 205, MEE~OZEEESEEL T3 2 B TREINE, Thi
D, SibC(5)iF ABic X A MR MifaazEIcx LT Sib X v d5CIHIER Al I n s, KEBRTIRE
M ARSI E T H 5 SH-SY5Y Z v, ABIC X 2 wifRil e dt: ic x4 2 SAL & o M0 R % Baat
L7z,

ZCDICKRERCTIHMT 2 LAY ORBERE 2 IET 5 7-®1c, SH-SYSY 1ICh3 2 &{bad o
Rt %2 MR L7z, L&Y 8, 32, 63uM AL, 48 Iz OMifa o EFr#E % MTT assay IC X U i
LTz WTFNOLAY b KEED SMlEsEtEZ2 R L2 itk ., LAY 8uM ZHMlLicamY
% Z L & L7 (Figure 30),

] %
sk
Kk
*k
ok
' T
T

Sib 8 Sib 32 Sib 63 SibC 8 SibC 32 SibC 63 SibEC 8 SibEC32  SibEC63

120

100

80

60

40

20

0
)

Figure 30. SH-SY5Y ic351F 3 Sib itk o Mg a1k

cell viability (%)

33



cell viability (%)

RICABO~20 uM ZHEIML T OB ZHEL L A, AB20uM % SH-SY5Y I3 5
EHPEBIRE DR R R LTz, 22 CTAB20uM ZiFINL CER S ¢ -MaGE R L, #ILAY
8uM TOMFIEM ARSI L2 25, wihd ABICK2MEEELZINH T LR TE R o7
(Figure 31), Th-T #ED#EHE X Y. SibC(B)% 10u M #HMT 3 Z & TH 50% D EEEHEEMN 2R L 7=
72 PRI~ DIREN R IZE — D LB EFNI D O EVCEECORFBYLETH -7, L L., 1L
HGWC X 2 HENMKIRE D> SHER I N0, T RIBEORIA TR T2 B TE R o7,

120
##
100 o ##
[
80
ok ¥
60 [
sk
sk
40
20
0
(-) AB sib AB+Sib sibC AB+SibC sibEC AB+SibEC

Figure 31. A B 1 X 2 #ifEa Rz 1< 6 3 2 BAL & o HHIE ]
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(3-7) 28 AAHREBEFEINEIVE A oSt

Sib & SibC(5)iZ SH-SY5Y icxf L CTIKIEE b #HME 2 R4 2 & 25, HificH o o7z, Sib 1
MCF-7 ¥ MDA-MB-231 i L CT7 R b — o 2% 5[ &R F 2 e BMEINTW 2,4 2 ofiiaa:

ICEH L, MCF-7 kO HCT116 (53 2 M4 sEINHI/FH % catechin #5844 & Rk D /735 CRET L

72. 1T LI MCF-7 CIHIi#{To 72 & 2 A, Wb A BEICHIFaRE%E % 30§ L 72 23, Hric SibC(5)ic
B CHEE LM E R E R 233D ST, AN~ DEIRME 2 MR T~ FLIE F e

(HMEC)TH Ao EEE A A-L 24, wIFhd MCF-7 HEMLZGA XY S AEFERIIMET L 7,

DD, BAR~DEREIZZ LW ERRBEINS, HCT116 icowTd MCF-7 & [FfE. Wi

nofLEY b BRICHIHE L 7225, Fic SibC(5)1C 35\ THAZ il 5Ea /e 25580 & 7

(Figure 32),

(A)

120

*¥k

100

(o]
o
—

cell viability (%)
[en}
o

40
20 ok
0 .o
0 __Bad = o
() STS Sib 25 Sib 50
(B)
120
100 I
* %
80 T * %
S
2 60
=
<
>
o)
© 40
* %
20
0
() STS Sib 25 Sib 50

Figure 32. Sib FEk D A3 Al A 3 5 #4111

*k
k¥

L 2 2 L 2 4
[ |
| I

SibC 25 SibC 50

* %
I :

SibC 25 SibC 50

(A) MCF7(t LM F R 23 A)/ HMEC (& b FLRIE 5 i)

(B) HCT116 (& b #EGIRAA)
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Fawn S b O#&IC X 3 &, Sib 1 HCT116 IcBW<C G izl X ¢ 2 EARHE I LTV S, 2
SibC(5)icH T Sib X W b AEFERDEK T ARSI N ik, MR~ ELE 2, &ibh
Y25uM ZHMRICHEMLBIE 2T o 72, . RY T 4 72~ b u—n b LT paclitaxel (PTX)100nM
RN 72, ZDfEHE, Fawn S S OHE DY . Sib (Z HCT116 i<k L T G1 #EILERABS R S,
SibC(5) TlE & & 1C Gy B IE1E I 238858 L 72, MCF-7 @34, Sib Tl G1 s ILfER 3Bl c % ¥,
SibC(5) T D G1 {% 1L 43R C % 72 (Figure 33), Z DfEE2 5 Sib & SibC(5) DNl EHFR DK T D —
Hic, Gl#icEIET 2 2 L ic X - THIREE SR U A FE 25 Wil 9= 2 C L 2RI E L %,

A)
l Gl
120
[ | G2/M
100
<
Y 80
(o))
ot
w
@ 60
[)
>
°
8 40
20
0
Sib 25 SibC 25 PTX 0.1
(B)
% mG1
mS
120
mG2/M
100
<
5 80
()]
8
"
%; 60
o
8 40
20
0

Sib 25 SibC 25 PTX0.1

Figure 33. Sib #5E (K o Hil i J& HH ~ D 522
(A) HCT116
(B) MCF-7
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RITZ N SALEY O MREBETEIRIER 237 K F — o 2ZFFEIC X 3 D D, {LEWI(Sib, SibC(5))

25uM % HCT116 I#M L T Pl/annexin V J¢f8 CHERR L 72, M3 7+ b — o W<, MifafEo
WEEZRHBAEROFAT7 7 F VNt ) VABERIMICELR T2 2 LPHA LN TEHEY, Annexin V& fiéH
THILTRMOT L, TH = AEMICZ 2 & MBI D6 < 72 PL 2RI IC A VA% DNA
CLHEALTCRAOET L, —RMICT R F—> 2248 B CHE I NS 720, REE D A {LAEVRINE
A8 WFCHE L7z, LA L. AREEBRCTOHIERICIEZ, AnnexinV & PI b 5 b FOARE LN, 2
I hooftAEYMiEst 5 g R T EBHL L L5200, TH = R X MMM X
BHOPICT B B TE R0, PHEAVAT—FIHEFEHEZD 24V 2 FH v DNA 4 v &
— AL =2 —1Ef2 BT 3 F Vv LT 0 I KK —EoMEIENEIER 26 2{Lamiz. o+
EEDOFRERIEF ICE N LB SN T W3, Sib I3 X SibC(5) b [HIEE D 1EFIKEFE % WFE L 7225,
Gl ZEX 28IV YO TFHIL 72D DL A OEFEAHEE NS, THF— v ZOFET
AHAECH 2 ML 25 2 Z LT 5720, MEEIHOIER & Mg O FEIFER A THI S 1 5,

(3-8) /ME

AREiT1E Sib D4 TN E s % HlfH 3= . PCat(1)3 X U PEC(2)% # A L 7= SibC(5), SibEC(6)
AR L7, DO FRTERIEF ICEV SibCB)IE. a-7 13y X — L HEEE. 234 MK
e . AB B BB L 72, Z DR b T 2RO FHTED & & 25, ARG TE D mIc
HELTWDE I ERREBEING, PFILIEEIC O WTIE, Sib & ZoFEEKR TS T a— L%
I RWZ &Itk Y, catechin FHEMAR & LIS L CHIBILIEERA I L E 2 b5,
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4. proanthocyanidin DEREECKIG & &4 P75 M S

(4-1) proanthocyandin(PA)

PA (% catechin DKV =—(2~15 81k, n=1~14) CIEHICH VP EN 2 /R L, vitamin C %
vitamin E, S -carotene X Y di8/)TH %, ¥ TPV CREL, Vv TRARE, v—F vV ORK
BELHLEALTEY | BRLPHE R L OARROMEILY bHEVEDIRET 2 b D72 eE2bH
TWw3, 1950 {825 PA &;E@?éﬁﬁh WHEFT L CTE D | FRIC 1970 4ELARE, 7 7 v ATk PA K
DETBITRUHETRY) 72—V #EREE L TCERT 2 -00MEREE Nz, ZDREED
@ DR ST, BEECYHYL ENEE OKAEECLKER oBlir 5 b FEH I TE Y | ANKUEGE
ER® A RERABRE I T3, Iz CEARRE{LS AD e 2EH MG S hTE b, £
EEERZ R LD E LA RBIIR L CogRAEsfFcE 2{LAMTH 3,

PA 13 AD | ﬂa‘z»b%%%ﬁiénfwa Z7rFvETI X APAEEY ZET A~y RICERET

%2 &, MM R O RABREE SN E I N, M YD PA DR RIS 2 S 3% A5, AD okt
TEEMMEIIfFCE 50

(4-2) &t

—HRIIC PA XA E VI EPIBLIEES M T 5 C L WG S Tw 2 238, IMERKEEFT ~ 0 &
WEPERKEHI L TR T 32 2 &ML 72 5, RIFECiE, MRMKBEF ~ D ZE % E R L .
(+)-catechin ® 8 {KTH % procyanidin B3(Cat-Cat, 12)ic & H L 7z, Cat-Cat(12) 351 H T 3 fEfr
HHE#E2AEECTH b, FEFICHHERE W LEYTH 5, 2D 5 bEREE(LRIGIC X Y catechin 77
FTHOBERE CEB, ERLFRZEELTZ LT, o THOHBEX T3 E230ggEL b, 32
RS EEL 32 2 & CHREAMISESRET 2 EWIFL 72z, Cat-Cat(12) 0 — 75 2 BREEAL L 7=
Cat-PCat(16). Mi/7 % BRI E(L L 7z PCat-PCat(18) % 3%t L. &S0 % WIfF L CAMICE T
L 7z (Figure 34),

proanthocyanidin procyanidin B3 (Cat-Cat, 12)

m COLX

Cat-PCat (16) PCat-PCat (18)

Figure 34. PA iFEA DM E X — &
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(4-3) AEEHE
(4-3-1) Cat-Cat(12) > &% (Figure 35)

Saito, A LI X A& KT EICH - T Cat-Cat(12) D &K E R B 720 ¥ (+)-catechin ® 7 = 7 — 1
b e A RELAZFEAKGT)E, chicTra—a ke Fed o o R#E L, 4 fchifEikcd
LT FFTIFAREEAL FHEROQ) RS, 2D % Lewis FEA/E T TG ISIC X b &8k L
oo GO NTALAEY D 4 FL D VAAERIEIZIEFE ICE <L BIET a kO ERICHEI L 72, 2D, 2 K
I o iR 3% I % #% T Cat-Cat (procyanidin B3, 12) % & L 72,

OBn
OBn
BnO O
acetic anhydride mOAc ethylene glycol
pyridine OBn DDQ
DMAP DCM
8 (97%)
OH OBn OBn
OH OBn OBn
HO O . benzyl bromide BnO O + BnO oL .
—_—
OH DMF 0OBn 0Bn O(CH,),0H
- i 0, o,
(+)-catechin 7 (67%) TMSOTF 9 (59%)
DCM
OH OBn OBn

OH 0Bn OBn
HO\Q/\O): BnO. O BnO. 0.
OH " OH mom
OH Y OBn K,CO, OBn

H,, Pd(OH i

OH : OH o PO Opn : oBn ——  OBn: 0Bn
THF/ MeOH/ H,0 toluene/MeOH

HO. O BnO A _ O BnO, Ol

:;‘OH :;‘OH :’\/\‘OH

OBn

OH OBn
12 (60%) 11 (97%) 10 (60%)

Figure 35. Cat-Cat(12) D& A F — 4
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(4-3-2) Cat-PCat(16) D&% (Figure 36)

(+)-catechin OV {AfEE % FRIICEEL L7 PCat(1)o e Fu ¥ o HAHF#ELZ(13) L, b FaFy
HEREL AN PR FAREPEALZFEROQ) 2572, 2 b % Lewis lBE1E F TG L
(14), Biff#ER)GIC X Y Cat-PCat(16) Z &K L 72,

OBn

OH OBn
t OH i OB ©/08n
benzyl bromidi
—_
pyrl ine
K,CO; OH DDQ
OH DMF DMAP DCM

OH OBn
(+)-catechin 7 (67%) 8 (97%)
TMSOTf
acetone OH OBn ©Bn

THE OH OBn @/OB"
benzyl bromide
- BnO (O + BnO. O
K,CO,
DMF (0] OAc

OBn OBn O(CH,),0H

1 (quant.) 13 (79%) TMSOTF 9 (59%)
DCM

OH OBn OBn

OH 0OBn ©/08n
HO\@[O): BnO. O Bnom.
. OAc
H,, Pd(OH), mw OBn K,CO, ; OBn

7 YOH oy
OH ! OH «—" ™  OBn: oBn OBn ; oBn
i THF/ MeOH/ H,0 : toluene/MeOH H
HO AL O BnO _A_ O . BnO O
OH OBn OBn
16 (60%) 15 (60%) 14 (94%)

Figure 36. Cat-PCat(16) D &K & ¥ — 4
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(4-3-3) PCat-PCat(18) ® &% (Fi

igure 37)

Cat-Cat(12), Cat-PCat(16) D& RIATH 2{L&W 11 & 15 % PCat(1) D &G FIF L TBR

BEL L. BOREERIG I

X b PCat-PCat(18) # &1k L 7=,

OBn

OBn
BnO O

acetic anhydride ethylene glycol
pyridine OBn 323
DMAP 8 (97%)
OH OBn OBn
OH OBn OBn
HO. Ol benzyl bromide BnO O + BnO. O
—
mOH K,CO;4 mOH OAc
OH DMF 0OBn 0OBn O(CHy);0H
(+)-catechin 7 (67%) 9 (59%)
TMSOTf
DCM
OBn OBn
OBn OBn
BnO. O BnO. O
H,, Pd(OH), i acetone OBn K,CO, ¢ oBn
OH Bn H OBn < OBn : OBn o OBn : OBn
THF/ MeOH/ H, 0B o o THF Bro. A 0. toluene/MeOH BnO. 0w
OBn OBn OBn
18 (70%) 17 (80%) 11 (97%) 10 (75%)
OH OBn OBn
OH Z OBn
HO. O. benzyl bromide BnO, O i I hvdrid
- . acetic an y ride ethyle glycol
> ridine
OH K,CO4 OH py DDQ
ONIF DMAP DM
OH OBn
(+)-catechin
TMSOTf OH 0Bn 0Bn
acetone OH OBn OBn
THF
HO. O benzyl bromide nO. O BnO O
_
OH DMF OBn OBn O(CHy);0H
1 (quant.) 13 (79%) 9 (59%)
TMSOTf
DCM
OH OH OBn OBn
OBn OBn
Y (0] TMSOTf
: OBn O OBn OBn

18 (70%)

OH Bn acetone
HO H O THF/ MeOH/ H,0 BnO.
1898 m

17 (60%)

Figure 37. PCat-PCat(18) D &k & ¥ — 4
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Bno_A_O_ .
|60

Bn toluene/MeOH

BnO__A_O_.
@ilo

OBn OBn

15 (60%) 14 (94%)



(4-4) PiEBALIEME: © FRfi
(4-4-1) 7 VA NHERIGEE O H
LA E GOt DRIBITDOWTA My 7+ 7 v =4 IEEE % W T 7 ¥ AVl E RS
ZHIE L. HWEROE 21T o720 $8LEYWD IP IconwThEH L, Z0f%E. Cat-Cat(12)
DT AN EREEL (Kyr) (2 100 MISTicwf L. Cat-PCat(16) D Kyr 1359 1.9 %
(Kygr=189 M"'S1), PCat-PCat(18) (3 2.85 {5 (Ky1=285 M SO KT 2 Z L BAHL L o 7z
(Figure 38, Table 6),

OH o,

i _OH i ,
H o
HO (o) - GO- GOH o o W
~NoH  OH \ / < NOH O
OH i OH > H :

(o]
H
o] OH
HO : O K HO O~
|00 UL

OH OH

Figure38. Cat-PCat(16) D 7 2 71 Vi K Kt DBk

Cat-Cat Cat-PCat PCat-PCat

Kyr (M) | 100 189 285

IP (eV) 6.81 6.74 6.71

Table 6. PA & Z O FFERD T 2 A N E R ICH T E
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(4-4-2) ESR A& v + 7 v 7EIC X 5 +OH o

Fenton I IZ X D FAEL 72eOH I LT, AR L 2BLEYD 7 Y A ViHEEEE ESR 2 Y + T
v THEICTHIE L 72, £ TOEW I Fenton KHIC X 32°0H #iHE L7z, PCat iz 42 2L T
HEERH O A A L, R PCat-PCat(18) 1 KIGHIE 10 73 TH 60%FRE «OH %#HEL 72
(Figure 39, Table 7).

Fenton reaction Fenton reaction+Cat-Cat

Fenton reaction+Cat-PCat Fenton reaction+PCat-PCat

Figure39. PA & Z Dk D ESR HIE S H

average (n=3) |{EMEREEIEAR(%) [IEHEREZHIEER(%)
Fenton reaction 5min 0.16 100 0
+Cat-Cat 5min 0.11 67 33
+Cat-PCat bmin 0.13 7 23
+PCat-PCat 5min 0.10 49 51
Fenton reaction 10min 0.16 100 0
+Cat-Cat 10min 0.13 80 20
+Cat-PCat 10min 0.14 90 10
+PCat-PCat 10min 0.10 41 59

Table 7. PA & % OFE AR D ESR MEHEHE
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(4-4-3) *OH I X 5 DNA B{LIEEH Icx 3 2 &L & o WfEH

ARFEERITHITE & [k, HX T X 2FESITFoEITEL, 29< Fenton KIGTHAELZ*OH X3
DNA YW o E5% 2 M L CiHii 2 17 - 72, Z DR T hofta?d 200 u M T+OH I2 X 5 DNA
DYIWi % KIGICHIHI L Cw B3 2 B3O otz LA L, (LAY TOEIIEAD ONED T
(Figure 40),

pBR322: 6uL
1 2 3 4 5 6 7 8
HX (5plL) - 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM 62.8uM
X0 (5pL) - 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U 0.0005U
FeCl3-EDTA (5uL) - 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM 1.57uM
test compound  (4uL) - - 200pM Cat-Cat|50uM Cat-Cat |200uM Cat-PCat|50uM Cat-PCat [200pM PCat-PCatj50uM PCat-PCat

Figure 40. 741 — A7 VELIKEIEIC X % «OH To DNA YIWHIHI{FE FH o féti

(4-4-4) '0,1c X 5 DNA BALi G E 3 2 St &P o M ER

AR CHEA| TR & 272 10,12 X 5 DNA B LiiaG ot 3 2 ZLa o MGER 2 et L 7z, »
THOAYITH T catechin FFEE, Sib #5874k L Rk, 10212 X 2 DNA O BELIIRE % #1f] 3
% T L BT E D o 7= (Figure 41),

pBR322: 6uL
1 2 3 4 5 6 7 8 9 10 11 12
RB (4pL) - 20uM 20uM 20uM 20uM 20uM 20uM 20uM 20uM 20uM 20uM 20uM
250uM 25uM 250uM  [25uM 250uM 25uM 250uM 25uM 250uM 25uM
test compound (5uL)
Cat Cat PCat PCat Cat-Cat Cat-Cat Cat-PCat [Cat-PCat |PCat-PCat |PCat-PCat

Figure 41. 74 1 — 27 VERKENEIC X % 'Oz TO DNA YIBHHIHI(F FH o figtbr
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(4-4-5) HOMO &

TN HALEY OTELIE M Z FEE L A ICHERE T 2 720 . Z L&YW O HOMO 2 HH L 72, Z DR,
Cat-Cat(12) ® HOMO 2 DERIC/HIE L TW 3 DIk L TH TN ZBREEL L 72 Cat-PCat(16) & PCat-
PCat(18) X BERD 7 7 2 — 471 HOMO 2FFEL T3 T & 3bh o 7= (Figure 42), 7 7K/ 4

FRPIBICE o PiRILER I A 7 2 — A& o 0B TBEIKIGIC X 2 2 & 55, Cat-PCat(16),
PCat-PCat(18)1x HOMO 28/ 7 a2 — A& ICRET 5 2 & TR GTBILIER 2R3 2 & 2305 2
Lot

Ho
Ho

mO

6 5 |
Cat-Cat Cat-PCat PCat-PCat

Figure 42. &{t&#® HOMO &5

BV LIS O FHMAS R X v, Cat-Cat(12) 5 TN @ HHREIEE 2 #fH 3 2 & &I X o THRELE:
DIRMEICHEER T 5 & L AL 5 & 7r o 72 FRICHT T O RHEE % BREE L L 72 PCat-PCat(18) 151 /)
BIERARM I N, 2z HOMO @47 2 —AfE~o/Efb & & b ICBREEL G D BICE A
ENEVAFARIC L 2B HEGREOMBEL EEZ NS, *OH I X 3 DNA BE{LAIEE ~ o Hifi{E
FicowTli, Cat-Cat(12)2° DNA BfbiyEE I L <o fifERAZ R Lz dick b, it o
VRS R ol LHEEE I NS, Sib FEARFEERIC, PAFFEKICIZE, = v L < iF 1,3-diene £
ExEFE R0z, 10 Ic0 T 2 FHIIR S o/ FExbLD,



(4-5) a-Zrav X —HEER

% 2 fii T L 7z catechin 358X, 2 FHANOHHEBEEZZHEIL. 2o FPHELZED S LIC kD
a-Znay X—YHEERAPERT S L 2HS I Lz, Cat-Cat(12) 13 (+)-catechin 2 /) 75 E
AL7ZbDTHL7z0, FAFICRETELT 2 L CHEEE BT 2 2 LA Fsns, FAfEos
ECHEEEZFHME L 2L 2 A, —H B X UM % BEE{t (Cat-PCat(16), PCat-PCat(18)) 33 Z &
I X b, K HE G358 L 72 (Table 8),

Cat-Cat Cat-PCat PCat-PCat |Acarbose
[Cs50 (uM) 33.8 6.37 541<1.0

Table 8. FALEWHBE T2 a-7 Vv a v X —HEFEMICs{E)

b oRLENMMEE DFT 5 (B3LYP, 6-31GH)Ic L WV EHE L, a-7ray 2 —¥HEEE (LS
YOI HREE OB 2T L7z, F DfEE. catechin 2ABEEELINB 2 Lick b EEE BEAKE
WHICX o TESa v X7 MicE & T 52 23D - 72 (Figure 43),  Sib FFEA TIIH 72K DF
MPEDSEEEEICBIS LT\ 7228, PASREKICO W T Fakna vy <27 MicE & o TEEHO
~ER L3 <, BREEMBO L iGEPO L OBANERNE 2 5 & & CHEGESBE L 72 & R X
nas,

OH

| OH
HO. O

OH i OH

Cat-Cat Cat-PCat PCat-PCat

Figure 43. &1b&Y 0 R&EACHE
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Th-T fluorescence intensity (ratio)

(4-6) AB ZBHI & L 7= 75 M FFAM
(4-6-1) A B EEEHEEFH

5 2 ffi& Mk Th-T k<, ®HAME % 12 Kefd], MR HE U CPHEEME 2 TG L 72, Sbaw
(Cat-Cat(12),Cat-PCat(16), PCat-PCat(18), Cat, PCat(1)) 20uM KU AB20uM ZFhI L. 0, 0.5,
1,2, 4,6,8, 10, 12 K4 0 #HLIEE 2 HIE L 72, HER(Cat, PCat(1))Tlix. &5 5 b 4 KLU X
D HOEIREE 2SR L. BRI LR RS & BB L L 72 PCat(1) @ 5 23K & L Jik4 L 72 (Figure 44), A B Dt
ENTET T2 4 KoK CIHbAEYEcoZIIR LT, TR LWz b N bITIE
B EE 2 BT 2 Ez2z N3,
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Figure 44. Cat, PCat(1) (i &{K) D A B FEEIHF G
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Th-T fluorescence intensity (ratio)

Kz Bk (Cat-Cat(12), Cat-PCat(16), PCat-PCat(18)) D> A S EEMEEEIC O W THETL 7z, H
BiAL 3R Ao TN b RICHKRER2» O ABREXHE L Tk Y FRICH 5 o LIRS % EEl
L 7z PCat-PCat(18) 58 /1 i FHEIE M 23589 & 7= (Figure 45), Z DFER» S HEKR L LT &
DIFDVEE SN DEEMD D 7 (. Fric PCat-PCat(18) 285 /1 A fHEEMN 2 E T2 C L HL 2 L 7

277,

1. 2 - *k ik ok %
*% ik % hid had
1 I I - *%
]
0.8
'|' _ .
0.6 T
0.4 | '
I l ]
1 L
0.2
time (hr)
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Figure 45. PA iFE (T RBK) 0 A B EEHEHE S
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KIZ % &k (Cat-Cat(12), Cat-PCat(16), PCat-PCat(18))43uM & AB17uM ZIEF L 4 W
37°CTA vFax—vavl, CDRHELZ, 20OfHE, ABIcifL AB+Cat-PCat(16),
A B +PCat-PCat(18)IC 5> T 218nm 1A DFRARMINAE L KA L T b 2 L b o7z
(Figure 46), 7> FHN @ HHEIEZ HE L 2 LEIcB T, ABBEIC X 2 B v — MEEDEK & [HE
LTWw3Zenbhrol,

[6] (deg cm? dmol per residue)
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Figure 46. AB % X U8 A B +PA FHilifkic 513 2 F] “tatk 2~ 2 b o
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X HIC Th-T & F—&MORIGH % 48B4 v ¥ 2 ~—v 2 v L, AR B0 BHESL R O° A B §EE
FEEEMEFH 235 B 4> o 72 PCat-PCat(18) Z il L 72 85 & 0 B3l % 7508 3 7 Wi 55 (TEM) TR L 72,
Figure 47 D#55 5 & BHEBL D B 23 PCat-PCat(18) DM TKRIEICIE F L 72 2 L AR TE, ABD
BAEL 2RI L C B 2 eSO hotz, 722 DIERIE SibC(B) XV bR TH 3 2 L EI%E
T 7z,

Figure 47. TEM Z /-85 5H (A) AB, (B) AB +PCat-PCat(18)

ABEIHTHNTE—vIEEREKT 22 & CREVKBL., 202 —viBEs A RERT I LIck
> T ABBEMEMEM Z R TLAYBHEIN TS, ZnolbAYORLENEIX, catechin 4
THABREEEINS Z itk ) ERRE BERAKERAICL o TGN a vy X7 MicE e 5720, 7
TREOFHERZRL TEL v, KMEAYOESa v 7 it e EoTWwd b, ABEE
PHEMRE E LCTIRAB @ CKR & BUKMMHAFERA TR AL 2 — viBEaFE~oFAR TS 5,
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(4-6-2) A BT X 2 Al #E 1 1o ) 3 2 (L &9 o 3
b MR C B 5 SH-SYSY Mifldx T, ABIC X 2 widiifaaEtE ic x5 2 PA ko
TR Z MG L 72, U baYoMiaaEt: 2R L 72 & T A, Cat-Cat(12) (34 500 u M,
Cat-PCat(16), PCat-PCat(18) 134 100 u M F THfIHEE VI BIE & 2178 > o 7= (Figure 48), Sib #FiE {4
Lld R 7% o T ABIC X BRI EE IO 3 2 MHITE AT IC PA SRR RO MR IR E (BB L 2w
EBnTHIING,
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Z 2 THALAY 10,20, 40uM ML, AB15uM 27N L TER S ¥ -MlaGE i 3 #1Ld
YIOMBIER % Mgt L 7z, % ofEH, Cat-Cat(12), Cat-PCat(16) 1% 40 u M, PCat-PCat(18) 1% 20 u M
DA BN % 52 2 I HIHI L 72 (Figure 49), PCat-PCat(18) 13 A B BEEHEEES X OHIRILE
WIEEICE N L2, AR DRHEIE B X EEEE T4 U7z ROS ol EERIIC X - CHiviliie
REERARR L - E 25N 5,
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Figure 49. A B 1 X 2 #ifEaaE 1 1< 3 2 BAL &) o #HIEH]

(4-7) /NE

AFi Tl (+)-catechin ® 8 {KTH % procyanidin B3(Cat-Cat, 12) D 51 P H H B85 % fill fHl 3= < |
— B XSG D catechin 3 F D% [EEA L 72 Cat-PCat(16), PCat-PCat(18) % &K L 7z, T b
DAEYREEZFHE L 72 & © A, FHICHJT O ARG Z BREE(L L 72 PCat-PCat(18)IC 2 W TIF KD
EEDIKIEICHE IR L 7z, AFEHR X 0 | catechin OFHIBEEIC X 2 A A AR FIFEHIT, HEMAKRZZ T T
S TEBEICBCT O EYEEORRICHER AR L3 H S s r o 72, catechin DEAKIIEL REY
EEE R T L & b ICHIfEEES R, Lad o T, ML REAEREZ ARG % WL RS % EE(L
352 LT, ROV EREL~OBEMLEMIC RV e pRREINT,
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5. k&aR

KFEClE, 77V EKRERET2RARY 7 = 7 — A0 EYEERRICH S & sk e L.
BEZET L CHHRBEEZHIET 2 FE2BEL 72, 72K X 2700 5E o BT LRG0 Al 5R
bt~ EHMZHO 2T 22 L ZHIE LT, K catechin HE 2 FHNIC7 IV EIEHET 5
silibinin 3 X OF catechin @ 8 {& D 2 FHE % FEEL L 72L&V % &K L Z O EY)iE 1 o 71l % 17 7«
27z,

%5 2 fifi Tl oxa-Pictet — Spengler KJi& % J&H L 72 catechin ZH O (R EE B ERIC % BT L 720 KK
J& % R L T (+)-catechin ¥ X U8(-)-epicatechin @ 37 (A& @b SG % 170 BRI 2 IR © PCat(1),
PEC(2) 233 b 7z, T b OFEMEZ FHAM L 725 F . PIRELIEN: L o -7 v a v X — Y HEE 0 L
720 VIR LIEH ORI oW Tid, BRECCKIGOBICEA X727 X AHIgHIC X 2 E T t58D
Bigick2boreE2LONS, a-Zrva vy X —Xicx LT, S EENLL 72 PCat(1) &
PEC(2) D &EER & b I F S HANGEH O O fE A EALICEYNICAIE L Tw 2 2 & THRAMESHE L
WA EHEEEEZ R Lz LRI NS,

%5 3 fifi < silibinin © /> FHNBEHBREERZFIHIT <. 7 79 F#% PCat(1) 5 X U PEC(2)ICE A
L 7= SibC(5), SibEC(6) Z &k L 72, 3 2R o FmPE2 @ v SibC(5)1C 35\ T 0 A=Y 1 23 g i
L. PAGEEMRE TR 7 0 A MBS EINSIE R 20 B0 b vz, Lo LBAMIEZER L L7zE;
Bl B WIEME L & 5720, SR EICHE ) o AR IR HIER 2 Bi5 L 2 b &P o ikE
BRETH 5, DR Lo TR0 FEED, EVEEOHERICETES L Cn»wd Z EARBI N,
P LIEMEIC D WL, Sib & ZDOFEAR TN AT a—AHEEZBE I AW LTk Y, VikEE%
E L L T catechin FHFE R & ik L THBBILIGERB W B3 E 2L 5N 5,

% 4 fficlx(+)-catechin ® ~8{KTH % procyanidin B3(Cat-Cat, 12) D 431N H i [alHiz % HilfiHl 3~
o —HBXUHEH D catechin 0+ % BREEA L 7z Cat-PCat(16), PCat-PCat(18) # &1k L 7=, =1
ODEYREEZFHE L 72 & 2 A, FRICHI )T OGS Z BREEMN L 72 D12 W TR DIEMED K
MEICHER L 72, ARG X 0. catechin DEAKICOWTH S FIHND catechin 758 % i i EE(L L <
HHEEZG#H T 2 2 & 23, BEEEORMICHE 2 & AL 2> & 78 o7z, catechin E A (A AL
FHEMENZ &6, KRIGEHW I AEEZBEET 5 2 & TR FmVIEES~ oA
YN V55 2 e IRB I T,

AMEDFER LD, 77N VEREETLIRARY 72/ — 1o +HNEBMEZHIET 2 2 & i3,
SREEEOMBICHEH T2 2 L PHL L o7z, ZBEERCEND T LEST 2L EYIZFHE
BMEZEZ T EpMoNTWS, LaL, 7 FHEZEREEMT 2 2 & CREWSH T &, FE#EE I
XX Y EEAERAL & o BREDE LIc X o TR Lz B2 b b, A TLEWH
BT 32T, TV Eu =2 L TENT ML~ GRENmE o -2 b B TFons, 2{LA
VioWiE:, Ptk e B L7 eic X0, IRAEME I U CEERERAL & o BUKPEME A EH 23
L 7-eFE2bNb, KM CHIEL 20 FNREEMRIGIEL-T ) — VT FAT V-V EHT
LILEMICH L TEMTHE b, 77V ERMNOREEZH T 2 RAWICHICHMAIRETH
5, RRIGEFAHT 2 Z LT, RIMEAY» 5872 LR~ D[R AR S L 5,
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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 pm, KANTO CHEMICALS). The 'H and "C NMR spectra were recorded with JEOL JNMAL-400
(400 MHz) NMR and Varian 600 MHz NMR spectrometer, using CDCl;, CD;0D, acetone-ds or DMSO-d; as the
solvent and internal reference. High- and low-resolution mass spectra were measured with a JIMS-700V (JEOL)
under positive FAB conditions. Compound 3, 4, 7, 8, 9, 10, 11, 12 were synthesized according to the procedure
of previous reports. * 4

Thioflavin-T (Th-T) and 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) were purchased from Sigma-Aldrich Inc.
AP.42 (a hydrochloride salt) was purchased from Wako Pure Chemical Industries, Ltd. AB;.4, (a trifluoroacetic acid
salt) was purchased from Peptide Institute Inc. Prior to experiments, AB;4 was completely dissolved in HFIP
using sonication. After dispending solution into appropriate volumes, the solvent was evaporated and the resultant
APi.4> was stored at -80 °C 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 TMSOTT (10.33 mmol) was slowly added. After stirring for 1h at —10 °C, 100 mL of sat.
NaHCO; was added to the reaction mixture and the product was extracted with AcOEt, washed with brine, and
then dried over Na,SO,. 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. "H NMR (400MHz, acetone-dg) 8 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); °C NMR (acetone-d) & 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 TMSOTTf (1.72 mmol) was slowly added. After stirring for 14h at —20 °C, 50 mL of
sat. NaHCO; was added to the reaction mixture and the product was extracted with AcOEt, washed with brine,
and then dried over Na,SO,4. 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. 'H NMR (400MHz, acetone-dg) & 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, /= 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); >°C NMR (acetone-ds) & 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-
190°C; MS (EST") m/z 331 (M+H)".
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Synthesis of SibC (5), SibEC (6)

(7a8,13aR)-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 Ag,CO; (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 55°C 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 CHCI; /
EtOAc / CH5CO,H (50 : 20 : 0.25) as eluent. The combined fractions were then washed with brine, dried over
Na,S0,, and concentrated to give 694.5 mg (66% yield) of SibC (5) as white solid. 'H NMR (600MHz, DMSO-
dg): 89.36 (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=1.8Hz), 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 Ag,CO; (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 55-60°C 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 CHCI; /
EtOAc / CH5CO,H (50 : 20 : 0.25) as eluent. The combined fractions were then washed with brine, dried over
Na,S0,, and concentrated to give 215.7 mg (41% yield) of SibEC (6) as white solid. '"H NMR (600MHz, DMSO-
dg): 89.56 (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), K,CO; (3.26
g, 5.0 mmol) was added. After stirring overnight at rt, K,COj; was filtered off. The filtrate was diluted with AcOEt,
washed with brine, dried over Na,SO,, filtered and the solvent was evaporated. Purification by column
chromatography on silica gel (CH,Cl,: MeOH = 20 : 1) to give 13 as a white powder (2.73 g ,79.0%): '"H-NMR
(400 MHz, DMSO-d;) 8 1.45 (s, 3H), 1.48 (s, 3H), 2.48 (m, 1H), 2.94 (m, 1H), 3.79 (m, 1H), 4.51 (d, /= 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,35.,45)-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 CH,Cl, (90 mL) under argon atmosphere
was added TMSOTT (0.127 mL, 0.697 mmol) at -80°C. After the resulting mixture had been stirred for 10 minutes,
quenched with sat. NaHCO; (10 mL). The mixture was diluted with CHCl;. The organic layer was washed with
water and sat. NaHCOs;, dried over Na,SO,, and concentrated. The crude product was purified with silica gel
chromatography (toluene : AcOEt = 16 : 1) to give 14 (0.75 g, 94 %): "H NMR (CDCl;) & 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, /= 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, /= 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, /= 6.0
and 15.6 Hz), 3.07 (0.63H, d, /= 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, /= 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 CgoH7901, [M+H]+: 1381.5672; found:
1381.5793.

(2R,35.,45)-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 K,COs; (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 HCI. The organic layer was washed with water and brine, dried over Na,SO,, and
concentrated. The crude product was purified with silica gel chromatography (toluene : AcOEt = 15 : 1) to give
15. (60 %, 0.24 g): "H NMR (DMSO-d) 6 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, /= 2.4 Hz), 6.01 (0.48H, d, /= 2.4 Hz), 5.82 (0.48H, d, J
=2.4 Hz), 5.25 —4.43 (20.96H, m), 4.16 (0.52H, ddd, /= 7.2, 8.4 and 9.6 Hz), 3.64 (0.48H, ddd, /= 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, /= 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
Cs3H;,01, [M+H]"™: 619.1816; found: 619.1827.
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(6aS,12aR)-11-((2R,3S,45)-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 /H,O (20 /1 /1, 22 mL) was hydrogenerated in the presence
of 20 % Pd(OH),/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 CH,Cl, mixture to give 1 (56 mg, 60 %): 'H
NMR (DMSO-dg) 6 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, /=9.0 Hz), 4.20 (1H, d, /= 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); °C 6 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(x2), 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 C33H3,0, [M+H]+: 619.1816; found: 619.1827.

Svynthesis of PCat-PCat (18)

(6aS5,6'a$,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: TMSOTT (20 pL, 0.10 mmol) was added to a solution of 11 (55 mg, 0.04 mmol) and acetone (25 pL,
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
Na,S0,, and concentrated. The crude product was purified by silica gel chromatography (toluene: AcOEt = 30:1)
to yield 17 (50 mg, 80%).

Method 2: TMSOTT (24 uL, 0.12 mmol) was added to a solution of 15 (108 mg, 0.08 mmol) and acetone (24 uL,
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 TMSOTT 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 Na,SO,, and concentrated. The crude product was
purified by silica gel chromatography (toluene:AcOEt = 30:1) to yield 17 (67 mg, 60%).

'H NMR (600MHz, DMSO-dj, 25°C): (two rotamers: maj/min 62:38): & = 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, Js3 = 2.4 Hz, 6/8A-H, min), 6.31 (d, Jo3 = 2.4 Hz, 6/8A-H,
maj), 6.20 (d, Js3 = 2.4 Hz, 6/8A-H, maj), 6.07 (s, 6D-H, maj), 6.06 (d, Js5 = 2.4 Hz, 6/8A-H, min), 6.00 (s, 6D-
H, min), 5.43-4.33 (m, CH,Bn, 2/3/4C-H, maj and min), 4.38 (d, J»3 = 9.0 Hz, 2F-H, min), 3.70 (m, 3F-H, maj
and min), 3.16 (dd, Jsgpand3 4= 15.6 and 6.3 Hz, 4FB-H, min), 3.08 (d, />3 = 9.0 Hz, 2F-H, maj), 3.01 (dd, Jusp and
34p= 15.6 and 6.3 Hz, 4FB-H, maj), 2.58 (dd, Juop and 3,44 = 15.6 and 10.2 Hz, 4Fa-H, min), 2.26 (dd, Jaqp and 348 =
15.6 and 10.2 Hz, 4Fa-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,
CHj;, min) .

6a8,6'a8,78,12aR,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:H,0 =20:1:1 (8 mL) was hydrogenerated at room temperature
in the presence of 20% Pd(OH),/ 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%). '"H NMR (600MHz, DMSO-dg, 25°C): (two rotamers: maj/min 61:39): 8 = 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, Jos = 2.4 Hz, 6/8A-H, min), 5.85 (s, 6D-H, maj), 5.76 (d, Jss = 2.4 Hz,

6/8A-H, maj), 5.74 (d, Jo3 = 2.4 Hz, 6/8A-H, maj), 5.63 (d, Jos = 2.4 Hz, 6/8A-H, min), 4.67 (dd, J34 and2.3 = 9.0
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and 9.6 Hz, 3C-H, maj), 4.54 (d, J3.42.3 = 9.0 Hz, 2/4C-H, maj), 4.47-4.42 (m, 2C-H, 3C-H, 4C-H, min), 4.40 (d,
Js.an.3 = 9.6 Hz, 2/4C-H, maj), 4.24 (d, J,53 = 9.0 Hz, 2F-H, maj), 4.10 (d, J»53 = 9.0 Hz, 2F-H, min), 3.89 (ddd, /53,
34 and 34p= 9.0, 10.2 and 76.6 Hz, 3F-H, maj), 3.51 (ddd, J53. 3 4q and 34p= 9.0, 10.2 and 6.6 Hz, 3F-H, min), 2.85
(dd, Jyapang 34p=15.6 and 6.6 Hz, 4FB-H, maj), 2.77 (dd, Jsop ana3.4p= 15.6 and 6.6 Hz, 4FB-H, min), 2.27 (dd, Jsop
and 340 = 15.6 and 10.2 Hz, 4Fa-H, maj), 2.21 (dd, Jugand 340 = 15.6 and 10.2 Hz, 4Fa-H, min), 1.49, 1.40, 1.26 and
1.18 (s, 12H, CHs, maj), 1.34, 1.26, 1.25 and 1.13 (s, 12H, CHs, min) ppm. HRMS: calcd. for C3H3s01, [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 * (4.0x10° mol dm™) 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 (g = 1.32x10° mol dm™ cm™) using a stopped

flow technique on a UNISOKU RSP-1000-02NM spectrophotometer. The pseudo first-order rate constants (K,p;)
were determined by a least-squares curve fit. The first-order plots of In(A—Ax) versus time (where A and Ao
denote the absorbance at the reaction time and the final absorbance, respectively) were linear until three of more
half-lives, with a correlation coefficient ¢>0.999.

ESR measurements to detect *OH generated from Fenton reaction

The sample containing 60 pL of Milli-Q, 30 uL of 0.2 M phosphate buffer (pH 7.4), 75 uL of an appropriate
concentration of chemicals, 75uL of 8mM FeCls, 5 puL of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) and 60 pL
of 500 mM H,0, 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 Mn?" reference peak as follows: Scavenging effect
(%) = (ho-hy) / hy x 100 where h, and 4, 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 10;

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 i L (total volume) of
200mM Na cacodylate buffer, pH 7.2, containing pBR322 DNA (0.05pg/ pL), 100uM rose bengal, and each
derivatives. The reaction was started by irradiating light. After irradiating for 10min, the reaction mixture was then
treated with SuL 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 S0mM 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 25pL (total volume) of
phosphate buffer, pH 7.4, containing pBR322 DNA (0.05pg/ uL), 1.57uM FeCl;-EDTA, 63uM hypoxanthine,
0.0025U xanthine oxidase and each derivatives. The reaction was started by adding xanthine oxidase, after
incubation at 37°C for 15min the reaction mixture was then treated with 5uL 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 a—glucosidase inhibitory activity

The a—glucosidase inhibitory activity was determined by a partial modification of the procedure reported by
Matsui et al. ** The reaction for S. cerevisize o—glucosidase consisted of 900uL of 1.11mM 4-nitrophenyl
o—D—glucopyranoside (PNP-G) in 100mM potassium phosphate buffer (pH7.0), 50 1 L of flavonoid in DMSO
and Milli Q and 50uL of enzyme solution. After incubation for 20 min at 37°C, the absorbance of 4-nitrophenol
released from PNP-G at 405nm was measured.

The concentration of inhibitors required for inhibiting 50% of a—glucosidase activity under the assay conditions

was defined as the ICsy value. The ICs, 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 AB;.4, self-aggregation

A Th-T fluorescence was employed to assess the abilities of the synthesized compounds to inhibit the aggregation
of ABy.42. Dispended A4, (a trifluoroacetic acid salt) was dissolved in 0.3% NH,;OH at 1mM using sonication.
The test compounds were prepared at 2mM in DMSO. 25uL of 0.2M phosphate buffer (pH 7.4), 64uL of Milli Q,
SuL of 2.0M NaCl solution, 2uL of test compounds and 100uL of 20uM Th-T in Gly-NaOH buffer (pH9.0) were
added in microfuge tubes in order. Then added 4puL of AB;_4, solution and 196uL of mixture in microfuge tubes in
96-well plate (Non-binding p Clear, 96well black-microplate, Gbo), incubated at 37°C. 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 AB;.4, was estimated by CD spectrometry using a 0.1-mm quartz cell (JASCO).

Dispended A4, (a trifluoroacetic acid salt) was dissolved in 0.3% NH,;OH at 200uM using sonication, and the
test compounds were prepared at 200uM in acetonitrile and Milli-Q.

100pL of 0.2M phosphate buffer (pH 7.4), 200pL of Milli-Q, 20uL of 2.0M NaCl solution, 100pL of test
compounds solution and 40pL of AB.4, solution were added in microfuge tubes in order, then incubated at 37°C.
After 4h, an aliquot was loaded into the quartz cell, and CD spectra were recorded at 190-250 nm. The spectra of
AP 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 AP,.4, after 48h incubation were examined under a transmission electron microscope. A4,
solution with or without PCat-PCat(18) was prepared as described in Th-T assay and incubated at 37°C for 48h.
After centrifugation at 4°C 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 z-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. * They were grown in a 5% CO, atmosphere at 37°C.

origin cell line cell bank culture method

breast cancer | MCF-7 ATCC®” HTB-22™ 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-2266"™" | DMEM/ Ham’s F12, 10% FBS

Table 9. List of cancer cell lines.

Cytotoxicity of novel derivatives and their protective effect against A, 4, 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 CO, incubator to allow for attachment. After treatment with
compounds in the presence and absence of AP, cells were incubated for 48 hr in CO, 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 pg/mL) and RNase (0.1 mg/mL) for 30 min with
protection from light at 37°C. After washing, images were acquired for DNA content analysis with CQI

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 ez al. *
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