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TR AEMZ BV TAEG R S 1L 5 ZIRARETPEM 171X flavonoid X°alkaloid
phenylpropanoid’s FIEFHIZE S FHEL TV D RN Z OXRENIHED I T D HiRE D
SOMECMMOMHOREZNETLZ 08D D, —JF. NMIIh DO ZRINHED
ERESEEME Vol x R TRIA L TE o, FEE LT, MEBRAIL L T
5TV Bsallcinse | IiLE O FK & L CTHW B AL TV B vineristin i 2 E % F 3k o [ 38
MCh D, TDTH, THIETHRL REMIEEICEWTHEREEX DN KRR Z Y
— FELEAEBELITONTE 2, ZOXICERLLE LTHAAIALTWVD K
RHEW BT DGR REITI AT LTHARRWERTFEET 2 /TRt N R &
N2, LoL, ZIRRMEDOLES KT EITIRED S ITD T Lngiies 3,
FLEMEEORE DRV, TOPTHRIC, A RBRMEERRNICA Y L
HOEMZZ T IALED THL T L =L FRILEWIZER L TWDS, L=k
BEFRIEMIT L=k 22T 5 2 LIS X DIEERRESEHL, ST L=
CIZ K VBT EMIEERMT 5 Sh 2 2L b A REIN TS, ZOZEnb, 7
L= U LIE R O ATEMEDOFRBUCE 5 L T\ 5 Z & B3B 2 b RLIER IR,
EHIT, RIS Lo b END Z EIC L VBN E E D MIREEZFE LT <
52 & T MBSOV IAHEREMNT D EEZLENTWDHIN, T L= b HFR
LA O AEYTEECEABEIC OV T E VRS TR,

FZZTHMRETIEI A Y TV I 7 AWMB IO TEEGHR I Y T L=
MEEWERR L. ARRICED BB 708 V37 BOBEEL P L CEESBERIC
JEAT HAIZEME)” AL L, ShE TR 2 ZIRREED B L 02 04 E R
KTH LT V= MEEFRILEWOE K & OEDIEE ORI 21T > T & 7=,

— . EMEBHE. HHE TV =T VHVTERNO WD E ZATERSN, £
KANOIEE., EAE. BB ZTOEN LR x DRBOFEDO—>LEZHNT
WD, ZIDIIRICAERBEORETICE EN 2 SERAMENRICHEEL 525, 7Y



— DA KV BEE & T oA B FnE G R (S B BR L 8 ROG & AT L Cal b
WEE Z AT %, ARG B 0t P Al BSOS 1A IS O R | B BB ORERIER S Bk D
BREEEZE T, 207 DEEBES D2 VX7V =T OB ENLAERE YT
HFBELELTTVNNANN DX —DHREPEAITITDIR TS, FFIZ, LDL
(low-density lipoprotein) IZFlE CTA G ST a L AT v — L 2RI ERMR T 5 1%
FlafloTND, L L5 LDL M{EMERESLT U —F UL I k- TRk %
%O EEMIDL LR v n Ty —VICAREND, LMELDL B REIZERET D
E~vrm7y—VEBERASBRLET 2-0@k L, mMENRICEEL, 7T
m— AMEEN R L 2 Sl S 29, 77w — S PREDIRAE A (3O A A 2E RO I A 2E A B T
D70, LDL OZEMEZPI S EREEL R D 2%

ARG TH DK v 7 OHMEMIC Z humulone. lupulone 3 & £ TV 5,
XL, T UV OEWZ LV phlorisovalerophenone (PIVP), phlorisobutyrophenon
(PIBP) . phlomethylbutanophenone (PMBP) 2% 0, Zh 6 DfbEMIT B — LD
RE 2 5 AREEALL D2 L L, SREEESPRT LV F—IEME 4, ik
JEIETES LWl S I ERAHEMESL H D, F 72, acylphloroglucinol H A3 #EL: T
bLZENDLT L= MR E =L DEIRICEWTHERERH NS L LEX LA TVD

humulone 3 X WY lupulone DA A AFERE & L CTik, 3 -2® malonyl-CoA ¥ X U4
acyl-CoA T % lIsovaleryl-CoA. Isobutyryl-CoA, 2-methylbutyryl-CoA % H¥& 5k} &
L TZ <1 phloroisovalerophenone (PIVP), phlorisobutyrophenone (PIBP),
phlormethylbutanophenone (PMBP) 234Gk 6 v b, £ Dk, 7 L = L iR R
&, B/ L= fbBIV T L= mbkansd, ¥ 7L =11k
acylphloroglucinol (£t = 4L, humulone, cohumulone, adhumulone (2720, &5
W27V ={b S5 Z & T lupulone, colupulone, adlupulone 234G K S5 Z &M
HEIhTW5 (fig.l), £7Ay 7HHWIZE £ 5 flavonoid i TH 5 7' L =11k
xanthohumol” [ZIZHUEIEMER H D LA SN TWD, Lol &y T o LGk
PHRIIFFFICDETH D EMEEOBRET BT LA ER Y, S6IT, Ry TOEEGHK



TR A MRS 27201 b EARTHEZHEN L TERT D2 Z LIFFFFICEETH D,
ZZCHEL Ry THEMESKTEKTH L LEZBNDE ) 7 L=/ PIVP,
7L =/LPIVP, £/ 7L =/LPIBP, Y7L =/LPIBP, &/ 7L =/LPMBP, ¥
TL=PMBP B LU, &6k y THIMICHFEET 2 ER H T/ 7T =L
PIVP, €/ %77 =/L PIBP, £/ %7 =)L PMBP O&KZIT\, ¥V L K—IT 1
T ALY TEW =R v 7 ) International Calibration Extract2 (ICE-2) (fig.2)%
L VICE-2 7 & B L 7= cohumulone 35 L U colupulone & & 4> T DPPH radical {H

EiEM, U 2 —VEEB X OV b LDL IZB T D B LIE M O Rl 21T - 7=,

3XHDWSCOA R\H/SCOA S

0 O 0 R
Phlorovalerophenone

‘ synthase H3g 0

HO OH

lupulone

F{\r Rﬁ/
R\rv

Fig.1: TS dhumulone’d. lupulone’d o A A%
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CH © OH O OH O
UTX-52(PIBP) UTX-T5(PIVP) UTX-78(PMBP)
HO OH HO OH HO. OH
CH Q OoH O OH O
UTX-53(mono-prenyl PIBP) UTX-76(mono-prenyl PIVP) UTX-79(meno-prenyi PMBP)
| l |
HC OH HO. OH HO. OH
= = =
OH O OH O OH O
UTX-54(di-prenyi PIBP) UTX-T7(di-prenyl PIVP) UTX-80(di-prenyl PMBP)
HO OH HO. OH HO. OH

A
N
N
A
R
N

QH O OH O OoH O
UTX-71(mono-geranyl PIBP) UTX-70{mono-gerany| PIVP) UTX-72{mono-geranyl PMBP)
X = X = X -
( HO. o HO o HO o
= = =
OH O OH O OH O
lupulone adlupulone
colupulone
12.94% 12.02%
ICE-2#HA%
= = Y
HO
Ha'© o HO o Halo o
= = Z
OH O OH O OH O
humulone adhumulon
\ cohumulone T

0,
14.45% 34.94%

Fig.2: ARk L7 7 L =13 LU 7 =/ {kacylphloroglucinol &

7w 7 H #international Calibration Extract2 (ICE-2)



BB O FREROE AR
1 rFaxeEt
AR, A YTV I 7 ACESE, Ky THH® TH S humulone $. lupulone $H
DAEGRTEE LN SN D 32T V=b LieE ) T V=R K3 i, 51
T L= AL LY 7 L =LK Tdh D 7 L = 1L acylphloroglucinol 35 X Ok v 7
DI EENDARENEDOH D 3MIZ CLO THEF T =V KEHAN LT T =11k
acylphloroglucinol 38 % 4y 3% &t L 7=,
2.2 BRI

A

HO GH

HO OH :> |

Schemel: 7 L =/t acylphloroglucinol 8 @ i¥i & Bk fi# At
ATEIZT VL ZAT 5 722127 L = b & 4T 9 REE T, BIEEIZ T L = (L& 4T
STEBITT VAL EAT 9 R A s LTV 5 (Shemel), 2 2T, BORKDOLA. LI
T b EITO L BIZR Y L= v EREM S, B0 T = ) — P OH JE
ETVENVEROE L, BIES D Z ENURNICHL N> T D, L7zdi> T,

A DFREIEITTEVE R AT o T2,



2.3 & RkEE

Phloroglucinol % Hi 3¢5k L Cv A ABETETE T, carboxylic halide (isovaleryl
chloride.isobutyryl chloride . DL-2-methyl butyryl chloride) & @ Friedel-Crafts acylation
(2 X v, acylphloroglucinol ¥8% 1%, ¥\ Tf% 5 417= acylphloroglucinol % % J % 5%
4 F C prenyl bromide 35 £ O geranyl bromide & G &, €/ 7L =1k
acylphloroglucinol 8, X 5127 L = /1t acylphloroglucinol 38, €/ 77 =1k

acylphloroglucinol ¥8% &3 % Z & %5l L 7= (Scheme2),

HO OH
NaOMe
prenyl bromide = R
' toluene, MeOHM oH O

AlCk; l

MO Ok ajisovarieryl chioride HO OH NaOMe
blisobutyryl chloride e preny! bromide HO OM
cjdi-2-methylbutyryt chloride | P R
OH nitrobenzene, CSy OH (Er toluene, MeGH = R
) oH O
phicroglucinol K,COs
geranyibromide HO OH

R R
Y \l/\ RJ\ acetone
or or

Scheme2: 7L =/t acylphloroglucinol 8 ® & ik

¥
\
N
o)
I
o]
Py



BEEE FRBIUEZL
3-1.6/

Phloroglucinol Z H % iUk & L CFriedel-Crafts acylation 17\, acylphloroglucinol
$6 (UTX-52,UTX-75,UTX-78) % {386 ~90% T1H7= (Scheme3), &KiZ. %
acylphloroglucinol# 7' L =1k L, &/ 7' =/ {kacylphloroglucinol¥8 (UTX-53,
UTX-76,UTX-79)# L 'Y 7 L = L{kacylphloroglucinol¥d (UTX-54,UTX-77, UTX-80)
ZINZT7~18% CTH+7- (Schemed), &/ %7 7 = L{kacylphloroglucinol#8 (UTX-71,
UTX-70,UTX-72)I%. Potassium carbonatef#7E I Cgeranyl bromide & )i & H UL

11~18% T#37-8 (Scheme5),

R= \,(1\ UTX-52
o)

HO OH
" o A0 eq) Y UTXTS
s _ -
nitrobenzene/CS, R R= 5
0°C thenr.t., 18h OH
OH R= \H\/ UTX-78
O
UTX-52 Isobutyryl chloride (1.0 eq.) y. 90 %
UTX-75 Isovareryl chloride (1.0 eq.) y. 90 %

UTX-78 DL-2-methyl butyryl chloride (1.0 eq.) vy. 86 %

Scheme3: Acylphloroglucinol¥8 ® & ik

R

preny! bromide
OH OH NaOMe OH OH
Ry toluene, MeOH, 1.t Ry R,
OH GH
UTX-53: Ry = COCHCH3CH; |, Ry = 3,3-dimethylaliyl, Ry = H, v.7%

UTX-82 : Ry = COCHCH,CH3, UTX-54 : Ry = COCHCH3CH3 , Ry = Ry = 3,3-dimethylallyl, y.7%
UTX-75 : Ry = COCH,CHCHLCH3, UTX-76 1 Ry = COCHyCHCH3CHy | Ry = 3,3-dimethylaliyl, Rz = H, y.18%
UTX-78 : Ry = COCHCH3CH,CHg UTX-7T7 1 Ry = COCHCHCH3CH, |, Ry = Ry = 3,3-dimethylalivl, y. 11%

UTX-79 : Ry = COCHCH;CH,CHs , R; = 3,3-dimethylallyl, R3 = H, v.9%
UTX-80 : Ry = COCHCH;CH,CH3 |, R, = Ry = 3,3-dimethylallyl, y.7%

Scheme4: 7L =/ {kacylphloroglucinols¥f ® & ik



geranyl bromide

HO OH HC OH
K2CO3
R1 acetone, reflux = — Ry
CH OH

Y

UTX-52 : Ry = COCHCH;CH3 UTX-71: Ry = COCHCHzCH3 , v. 11%
UTX-75: Ry = CCCH>CHCH45CH3 UTX-70: Ry = COCH,CHCH3CHg, v.18%
UTX-78 : Ry = COCHCH3CH,CH34 UTX-72 : Ry = COCHCH4CH,CHaA, v.17%

Scheme5: -7 =/ L {tacylphloroglucinol8 ® & ik
3.2. FiER LIE
3.2.1 DPPH radicali§ Ei&H

DPPH radical{i {512 & ¥ free radicallZ xt 9~ 2 &Ab-& 4 O BOG M % 3741 L 7=
(fig.3), FDOHER, T/ L=V EK>F ) AT E>SD T L =LK >
acylphloroglucinol ®JIE TEWVEMEZ /R L7z, DPPHE ORISIZE T Db &b iX,
T T V=R E LEE /5T =K DPPH=1:2, Y7 L =/L{K:DPPH=1:1T&
27,

322 V7 — VBtV AR EEER L LDLITER{LTE

I U ERAEICE Y Y = VEBRIC KT D BAL A O PR IEE & SRR L 72
(fig.4,fig.5), £ O#ER ., DPPH radicaid £ & AR OB AR 640, £/ 7 L=/
KB LOE/ T 7 =M EICB W TICE-2L ) $I1.5~4.0fFm Wiz R L, V7 L=
ViR ¥ & WracylphloroglucinollZ i & A EVEMEZ 7R S 725> 72, humulonelZ B\ T 7 1
=AEE O RS XV IR EIN L 7= o iZxt L, cohumulone, adhumulone T
TEPEDS A LT,

I, & FLDLIZX 3 2 BB DO B L is M &2 e o = U Ak B F TR KO
TBARSEIZ X v §F{li L 7= (fig.6), &y = o AL EEMEICOW T, U 2 — Lfigdt
eV AL ETEE & X B 722 U cohumulone 28 B b & WG %2 7Rk L7z, TBARSYEIC
BT Heohumulone 3 e b sV MEMEZ R L, AGHRHT AL L OE 77 =1k

acylphloroglucinolZIZ 3 W CTIZIEE % O b FLDLER LR EVEMEN L 67,
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3
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10
1 .
- HO 0
(,;L (,;'} (,Jb' r\'\r &0' Qz /\(’) /\cO /{\ /\Q ,\ ,\ % Q;Ir HO
; - - - ) & e
LIS T 8
Colupulone

%) AY
S

N=3,*: 0.05>p, **0.01>p ICE-2: E¥)HFEIRE

Fig.3: acylphloroglucinol¥f, 7' L =/t L W% 7 =/-{kacylphloroglucinol¥i ®

DPPH radicali¥ Z=1& M



HOY OH = oHoo
EE 2

SR PO EE NN RS D
- ’ - ’ \o \0 . - . I - G - s (_; C0|upu‘0ne
S 04\;@\»\\90 FELFE KX § \ )
(.-6(\ ©

N=3, **¥0.01>p, ***0.005>p
ICE-2: F¥ - FEIZIREH

Fig.4: Acylphloroglucinol¥8, 7 L =11k L OV 7 = L-{kacylphloroglucinolg ®

U /= VBRI R 9 % et o o A pl B TR
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| X,

* %

E3
350 * ok % k3 L 3
300 ex
250
s
= 200
—
-
c
S 150
100
50 I
0
b P TP N N - 9 A AN AQ D O O A “v
bl e AR S ASTTANIRANINA A A 8 A <
- / RN . - - f ()
FEEEIS FEEE G
& € N=3, *: 0.05>p, **0.01>p, ***0.005>p

ICE-2: F¥) - FEICHRE

Colupulone

—

Fig.5: Acylphloroglucinol¥d, 7 L =11k L OV 7 = L {kacylphloroglucinolg ®

b MLDLIZxf 9 % 4% o= o A sl BHETE M

11



1000

VDAY & AQ b 12 v
<\~(°/<¥(°<¥<°d:\ K W SEES & e
0
o° © Colupulone

N=3, ¥: 0.05>p, **0.01>p ICE-2: FHHFEITHRE

Fig.6: Acylphloroglucinol¥d, 7 L =11k L OV 7 = L {kacylphloroglucinolg ®

b FLDLICH ¥ % fJilikfki& i (TBARSIE)
3.3 B

Acylphloroglucinol¥ii £ OV L = L {kacylphlorogucinol¥d (%, &~ 7t <TH 5
humuloneis X Qlupulone D £/ RIZ I T 28 F K TH 208, RENHHI1TE A EHLEE
TERWED, ZOEYIEMEIZ DWW TIIRI TH -7, 41, phloroglucinol % i3 i
¥k & L TFriedel-Crafts acylationiZ & 5 % 7 > /L{l$4 % ¥ A% . sodium methoxide &
7= IXpotassium carbonate /£7E F CTprenyl bromide 3 X (*geranyl bromidelZ L % 7" L
=B ETET T =R XY AR RO & RRIZ RS LTz,

DPPH radicali§f BZIHFMEICB W TE ) L= LIEREWIEEZ R L, EHEORS & A

AR T v x v (IPE)ICEOFBE N A 4L (fig.7). £7-. radical scavenging
EMEL Y ) — VIBRRAL I EEE & ORICHBE R A oD Z b, U/ —VERORL
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(b3 2 HER g M (AR AR T, radical )OSTEITKAF L TV D Z LRI S
Nic, ZTOBHME LT, £/ T L= VRIEY T L= HRICHAR T = /7 — L IHEOHIE D A
WZERNC RN D DTZODPPHRESICHIL L <, D7 b = WRIC A~ TR ED
ELlleoltEZ LD (fig.8),

t MLDLIZ® 3 B HiER LiEMEIC B W T, artepillinCA Y 7L 2 7 ZADOFE RS0 L 1%
B2 TV W ERHEXEPNAR N EEZ R L, Zhid, =5 oLl Bff
ETDHIEICED, HTFOZEESHERT 5 & TLDLERIZ X3 2 BAmEAME T Lz
ZENEBEZOND, ZWRANHEY T & D cohumuloned b o & b EWEME A AR L 72 B
ELTIE, BEEET 2 2 DOOHEIZ L D8IA AT 5% L— MERIBREZA DN D,

TBARSTEIZ £ 2 PLBALIEVEIC BV Tk, T X TOEG KT HKICE W THEAILA
BT, £, TV EOECMEHOR SISO MHBENA O Rh o7z, T
TBARSIE DRI X0 AL 2 MH T 2R EBHEVREL LW ENEXL LN
%, F7-. TBARS: Tt cohumulone M fic b W EMEZ R L-E il & L CiE, miko
FlL—MERICL DRSNS,

PLbE. RBFEN SRR G . K0 BBt bA & LTI ITRT &
9 7ehumulonef8d 1 SO 7 L = LKk % A FOVHIZES L IoAL &0 T 5 (fig.9).
£, REMFERRE LTH Yy 7ESGHKICRD 7 L = VERBEESE OB FRIEMT S
RPIL TR Y (fig.10), LG PRIEZ S 7RG - T 2 2 L ITAEG R O
CBWTHIEFRICEHTHD Z LB RENT,
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0.035
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0.025

0.02

DPPH (1/pM)

0.015

0.01

0.005

o UTX79
¢ UTX-53
Utx-71,
UTX-76
UTX-70
&
UTX-72
UTX-80
% UTX-77
¢ uTx-54
UTX-75
utx-78 4%,
UTX-52
7 7.2 7.4 76 7.8
IP (eV)

Fig.7: DFTEEICB T 54 4 bR T > v ¥ /v (IPfE) & DPPH radicali§ %1% %

& OFHES

NO,
E/FLDNAETOLZOOS LS J—IL

NO, |

NO,

Fig.8: DPPH & £ / 7' L = L {kacylphloroglucinol¥8 i L Y

¥ 7 L = L{kacylphloroglucinol$#i & & K& PE D
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3 X maronyl-CoA Isovaleryl-CoA
\L VPS

HO

OH Phlorisovalerophenone

DMAPP
(PIVP)
HIPT-1
OH O
)\ﬁ‘\*
HO OH  Prenyl PIVP
HIPT-1

OH O
N
HO OH
‘ Di-Prenyl PIVP

Oxidaty -
.

DMAPP
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Humulone Lupulone
(ct-acid) (B-acid)

Fig.10: humulone} X QNlupulone D £ A R HR 1 5 i As T D [F E
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ENE R

Ry FHEAKR TR L O 2 7T =/ {kacylphloroglucinol 8 & & iz ik sh L 7=,
7L = L {kacylphloroglucinol ® Htf {LidE i, BKMEIZEKFE LRV D &ERRB I,
Fio, ARIAK LRy ZAEGRP AT, ZRARHED TH HICE-2 L ik L CH
TN LOTBLIEEZ R L2 Z &0, Ay TEGHRITIR D 7 L = VIR E O
BIRFREICK LI &b AP EEEZ GRS 52 & OFHMENGER T &,

FEHEE RE HAHFE-%E

5.1 a3k
Acetone (B k7R 1t)
phloroglucinol (v 7<= 7 /L KU » F ¥ v R U A1)
nitrobenzene (¥ 7'~ 7 )V KU v F ¥ ¥ R U A 4h)
ICE-2(¥ VU vHR—ILT 47 R)
CH:Cly (ot T3k N £t)
CH3COOH (i TR A +E)
CH3CN (B AL 2R £h)
EtO (B L AR 1)
EtOH (B b2emR e th)
HCI (¥ 7~ TV R v F ¥y N oiriatt)
n-hexane (FiYtHlidE TR 4h)
MeOH (& v # bR U £t)
Mg2SO, (Ftfli s T3k A 1)
NaCl (% M 6k tt)
NaOH (Fnof i3 T3k X 11)
Na S04 (it il TR & 1E)
Silica Gel 60N (B s{LFRk A2 th)

16



Toluene (BA (b Fk s tt)

Linoleic acid (BRI bk LKA 1)

2-methylpropanoyl chloride (B {b ik T2k 2 4h)

3-methyl-butyryl chloride (3 st{bpk T3k 1)

2-Methyl-butyryl chloride (3 mt{bpk T 3R 41)

carbon disulfide (3 mi{b sk T2k N 1)

Aluminium chloride (Fng ik T ¥/ S 1)

1-1 Diphenyl-2-picrylhydrazyl (DPPH) (Fi ) f#fi 3k T %48k K& 4h)

Ethanol(99.5%) & nHTH (V7 ~T NV R U v F ¥ ¥ R th)
2-[N-Morpholino] ethanonesulfonic acid (MES) (Fayg ik T 3k X 4t)

NazHPO4 + 12H,0 (Fitili e T3k )

NaCl (¥ 7~ 7 /v KU v F ¥y N Rath)

KCI (Fne i3 T 3k 2N 1)

KH2PO4 (FGHERE T2k 1E)

KBr (7 ~7 /R vF ¥y U kAath)

Albumin Bovine (BSA) (¥ 7'~ 7 /v KU v F ¥ ¥ Rkt

BCA Protein Assay Reagent (PIERCE)

5.2 A

#A i L% HITACHI CENTRIFUGE CS120 (= — 4 — : RP80AT-141 80,000 RPM), ##
w0 4PC TUBE ASSY/(Hitachi Koki) . HITACHI U-2000 Spectrophotometer,
fE{R 2% E TAITEC (thermo minder SD), Wt £ MICROPLATE READER (Model
550)BIO-RAD, 15 mlZLEF =2—7, 15m~A 70T A NFa—T, T XT 4
VI AR—F— FIA¥—, Xy hwr, fAFEEL EmyIry Im>U >
Y. NIPRO JAHE /N F =7 A4 T8 ME. NIPRO 7 r—-~ v 7 A{EFE 256G, &EAT
X Slide-A-Lyzer Dialxsos Cassette (Extra strengs) 10,000 MWCO 0.5-3 ml Capacity.

IRT T 4N, AH—=T—E—R, ARV U H—

17



FEAE ERGE

6.1 &AL

2-methyl-1-(2,4,6-trihydroxyphenyl)-1-propanone (UTX-52)
Phloroglucinol (3.0 g, 23.6 mmol) and aluminium chloride (3.0 eq.) were dissolved in
nitrobenzene (4.4 ml) and carbon disulfide (7.0 ml), and then 2-methylpropanoyl
chloride, (1.0 eq.) was added with stirring. The reaction mixture was stirred at room
temperature for 14 h. The mixture was poured into water and the mixture was
extracted with Et,0, and then washed with saturated aqueous NaHCO3; followed by
saturated aqueous NaCl. The Et,O layer was dried (anhydrous MgSO.) and
evaporated under reduced pressure. Residues were purified by silica gel column
chromatography with hexanes and ethyl acetate to give the product as yellow oil.
UTX-52: yield 90%; *H NMR (400 MHz, (CD3),CO) & 5.92 (s, 1H), 5.92 (s, 1H),

3.99-3.92 (m, 1H), 1.12 (d, 6H, J = 6.4 Hz); EIMS m/z: 196 (M*).

3-Methyl-1-(2,4,6-trihydroxy-phenyl)- 1- butanone (UTX-75)

Phloroglucinol (3.0 g, 18.7 mmol) and aluminium chloride (3.0 eq.) were dissolved in
nitrobenzene (5.0 ml) and carbon disulfide (2.0 ml), and then 3-methyl-butyryl chloride
(1.0 eq.) was added with stirring. The reaction mixture was stirred at room
temperature for 20 h. The mixture was poured into water and the mixture was
extracted with Et,0, and then washed with saturated aqueous NaHCO3; followed by
saturated aqueous NaCl. The Et;0 layer was dried (anhydrous MgSO.) and
evaporated under reduced pressure. Residues were purified by silica gel column
chromatography with hexanes and ethyl acetate to give the product as yellow oil.
UTX-75: yield 90%; *H NMR (400 MHz (CH3).CO 85.93 (s,1H), 5.93 (s,1H), 2.95 (d,

2H, J = 6.84 Hz), 2.04-2.08 (m, 1H), 0.96 (s, 3H), 0.94 (s, 3H); EI-MS m/z 210 (M+).
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2-Methyl-1-(2,4,6-trihydroxy-phenyl)-1-pentanone(UTX-78)

Phloroglucinol (3.0 g, 18.5 mmol) and aluminium chloride (3.0 eq.) were dissolved in
nitrobenzene (4.4 ml) and carbon disulfide (7.3 ml), and then 2-Methyl-butyryl chloride
(1.0 eq.),was added with stirring. The reaction mixture was stirred at room
temperature for 20 h. The mixture was poured into water and the mixture was
extracted with Et,0, and then washed with saturated aqueous NaHCO3; followed by
saturated aqueous NaCl. The Et,0 layer was dried (anhydrous MgSO.) and
evaporated under reduced pressure. Residues were purified by silica gel column
chromatography with hexanes and ethyl acetate to give the product as yellow oil.
UTX-78: yield 86 %; *H NMR (400 MHz (CH3).CO) 65.93 (s, 1H), 5.1 (s, 1H),
3.87-3.84 (m, 1H), 3.105 (d, 2H, J = 6.6 Hz), 1.61 (s, 3H), 1.49 (s, 3H), 1.00 (d, 3H,J =

6.3 Hz); EI-MS m/z 210 (M+).

2-methyl-1-[2,4,6-trihydroxy-3-(3-methyl-2-butenyl)phenyl]-1-propanone
(UTX-53)

UTX-52 (406.6 mg, 2.1 mmol) was dissolved in toluene (10 ml) and methanol (1.0 ml).
Sodium methoxide (2.1 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (2.1 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 1 h. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et,O. The Et,O layer was washed with saturated aqueous
NacCl followed by Na,SO4. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-53: Yield 7%; *H NMR (400 MHz,
(CD3)2CO) 6 5.93 (s, 1H), 5.23-5.19 (m, 1H), 3.87-3.84 (m, 1H), 3.11 (d, 2H, J = 6.6

Hz), 1.61 (s, 3H), 1.49 (s, 3H), 1.00 (d, 6H, J = 6.3 Hz); EI-MS m/z 264 (M").
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2-methyl-1-[2,4,6-trihydroxy-3,5-di(3-methyl-2-butenyl)phenyl]-1-propanone
(UTX-54)

UTX-52 (200.0 mg, 1.0 mmol) was dissolved in toluene (10 ml) and methanol (1.0 ml).
Sodium methoxide (3.0 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (3.0 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 1.5 h. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et;O. The Et,0O layer was washed with saturated aqueous
NaCl followed by Na SOa.. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-54: Yield 7%; *H NMR (400 MHz,
(CD3)2CO) & 4.79-4.76 (m, 2H), 3.95-3.87 (m,1H), 2.53 (d, 2H, J = 7.8 Hz), 2.42 (d, 2H,

J=7.8 Hz), 1.45 (s, 3H), 1.43 (s, 3H), 0.93 (d, 6H, J = 6.9 Hz); EI-MS m/z 332 (M").

3-methyl-1-[2,4,6-trihydroxy-3-(3-methyl-2-butenyl)phenyl]-1-butanone (UTX-76)
UTX-75 (334.0 mg, 1.6 mmol) was dissolved in toluene (10 ml) and methanol (1.0 ml).
Sodium methoxide (2.1 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (2.1 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 1.5 h. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et,O. The Et,O layer was washed with saturated aqueous
NacCl followed by Na,SO4. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-76:Yield 18%; 'H NMR (400 MHz
(CD3),CO) 86.06 (s, 1H), 5.20-5.24 (m, 1H), 3,24 (d, 2H,J = 7.1Hz), 2.19-2.29 (m, 1H),

1.74 (s, 1H), 1.63 (s, 1H), 0.96 (s, 3H), 0.94 (s, 3H); EI-MS m/z 278 (M+).
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3-methyl-1-[2,4,6-trihydroxy-3,5-di(3-methyl-2-butenyl)phenyl]-1-butanone
(UTX-77)

UTX-75 (80.0 mg, 0.38 mmol) was dissolved in toluene (8.0 ml) and methanol (1.0 ml).
Sodium methoxide (3.0 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (3.0 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 1.5 h. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et,O. The Et,O layer was washed with saturated aqueous
NaCl followed by Na SOa.. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-77: Yield 11%; *H NMR (400 MHz
(CD3)2CO) 4.87-4.90 (m, 2H), 2.85-2.87 (m, 2H), 2.59-2.70 (m, 2H), 2.04-2.08 (m,
1H), 1.575 (d, 3H, J = 15.9 Hz), 0.92-0.98 (m, 3H), 0.92-0.98 (m,3H); EI-MS m/z 346

(M+).

2-methyl-1-[2,4,6-trihydroxy-3-(3-methyl-2-butenyl)phenyl]-1-pentanone
(UTX-79)

UTX-78 (308.2 mg, 2.0 mmol) was dissolved in toluene (3 ml) and methanol (0.5 ml).
Sodium methoxide (2.1 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (2.1 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 30 min. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et,O. The Et,O layer was washed with saturated aqueous
NaCl followed by Na SOa.. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-79: Yield 9 %;'H NMR (400 MHz
(CD3)2CO) 5.94 (s, 1H), 5.08-5.11 (m, 1H), 3.11 (d, 1H, J = 7.1 Hz), 1.16-1.26 (m, 1H),

0.99 (d, 3H, J = 6.8 Hz), 0.74-0.80 (m,3H); EI-MS m/z 278 (M+).
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2-methyl-1-[2,4,6-trihydroxy-3,5-di(3-methyl-2-butenyl)phenyl]-1-pentanone
(UTX-80)

UTX-78 (408.5 mg, 1.9 mmol) was dissolved in toluene (10 ml) and methanol (1.0 ml).
Sodium methoxide (3.0 eq.) was added with stirring on ice bath, and then
3,3-Dimethylallyl bromide (3.0 eq.) was dropped slowly. The reaction mixture was
stirred at room temperature for 1.5 h. The mixture was acidified with 2 N HCI and the
mixture was extracted with Et;O. The Et,0O layer was washed with saturated aqueous
NaCl followed by Na SOa.. The Et,0 layer was evaporated under reduced pressure.
Residues were purified by silica gel column chromatography with hexanes and ethyl
acetate to give the product as yellow oil. UTX-80: Yield 7%; *H NMR (400 MHz
(CH3)2CO) 85.0-4.9 (m, 2H), 3.96-3.94 (m, 1H), 2.68-2.51 (m, 4H), 1.58 (s, 6H), 1.55
(s, 6H), 1.13-1.09 (m, 2H), 1.05 (d, 3H, J = 6.8 Hz); EI-MS m/z 364 (M+).

2.4 1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-trihydroxy-phenyl]-2-methyl
-1-propanone (UTX-71)

UTX-52 (250.0 mg, 1.3 mmol) was dissolved in acetone (6 ml). anhydrous potassium
carbonate (2.0 eq.) was added with stirring on ice bath, and then geranyl bromide (1.0
eq.) was dropped slowly. The reaction mixture was refluxed for 24 h. The reaction
mixture was filtered and evaporated under reduced pressure. Residues were purified
by silica gel column chromatography with hexanes and ethyl acetate to give the
product as yellow oil. UTX-71: Yield 11%; *H NMR (400 MHz, (CD3).CO) 56.08 (s, 1H),
5.24 (t, 1H, J = 8.3 Hz), 5.09-5.06 (m, 1H), 4.63 (d, 2H, J = 8.3 Hz), 4.03-3.95 (m, 1H),
3.25(d, 4H, J = 7.3 Hz), 1.65 (s, 3H), 1.61 (s, 3H), 1.55 (s, 3H), 1.14 (s, 3H), 1.12 (s,

3H); EI-MS m/z 332 (M™).
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1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-trihydroxy-phenyl]-2-methyl-1-
butanone (UTX-70)

UTX-75 (152.3 mg, 0.7 mmol) was dissolved in acetone (2 ml). anhydrous potassium
carbonate (0.5 eq.) was added with stirring on ice bath, and then geranyl bromide (0.8
eq.) was dropped slowly. The reaction mixture was refluxed for 6 h. The reaction
mixture was filtered and evaporated under reduced pressure. Residues were purified
by silica gel column chromatography with hexanes and ethyl acetate to give the
product as yellow 0il. UTX-70: Yield 18%; *H NMR (400 MHz (CD3),CQO) 56.06 (s,1H),
5.26-5.22 (m, 1H), 5.09-5.05 (m, 1H), 4.63 (d, H, J = 8.3 Hz), 3.31-3.25 (m, 4H), 2.95
(d, 2H, J = 6.8 Hz), 2.28-2.20 (m, 1H), 1.67 (s, 3H), 1.61 (s, 3H), 1.59 (s,3H), 0.96 (s,
3H), 0.94 (S, 3H); EI-MS m/z 346 (M*).
1-[3-(3,7-Dimethyl-octa-2,6-dienyl)-2,4,6-trihydroxy-phenyl]-2-methyl-1-
pentanone (UTX-72)

UTX-78 (207.0 mg, 1.0 mmol) was dissolved in acetone (5 ml). anhydrous potassium
carbonate (2.0eq.) was added with stirring on ice bath, and then geranyl bromide (1.1
eq.) was dropped slowly. The reaction mixture was refluxed for 6 h. The reaction
mixture was filtered and evaporated under reduced pressure. Residues were purified
by silica gel column chromatography with hexanes and ethyl acetate to give the
product as yellow oil. UTX-72: Yield 17%; *H NMR (400 MHz, (CD3).CO) 86.06 (s, 1H),
5.26-5.23 (m, 1H), 5.08 (t. 3H, J = 7.1 Hz), 4.62 (d, 1H, J = 8.3 Hz),3.91-3.84 (m, 1H),
3.26 (d, 2H, J = 4.4 Hz), 1.96-1.93 (m, 2H ), 1.85-1.79 (m, 1H), 1.67 (s, 3H), 1.61 (s,
3H), 1.55 (s, 3H), 1.12 (d, 3H, J = 6.8 Hz), 0.89 (t, 3H, J = 7.3 Hz); EI-MS m/z 346

(M™).
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6.2 DPPH T VW VB EE M O M

KRBT DT ANVHIEEZ R T 5729, DPPH 7 ¥ B W IH EIGHORIE 217
o7z, DPPH X4 fiEME DS i 720 FIRFR AL U7z, 0 e R OB K % 517 nm, 25°C
\CERE L7z, A%/ HIZ 40 uM MES buffer L7225 X912, =X/ — &Mz, €
REbEEITol, Ay br— e L TRKRIREENZ 241,100 uM DPPH. 40 uM MES
buffer L7225 X Hilcm X 7 — )L TR L 5 43 WO &2 HIlE L 30 43 DPPH @
WL AR % R T2 RIS IR & 30 Wl AL CRBEDMIE Z ATV, 30 43 O WO B
(517 nm) 73 50% A L7 RFDRE & L T ICso 22K 72 (Fig.11),
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Fig.11: DPPH 7 ¥ 1 WiH BTGP O R EE
PLE® DPPH 7 ¥V 1 Vi EIEMEIL, Blois D HiE R # AR L L TITo 7z,

6.3 Linoleic acid,LDL HiE{LIE % @ -1
6.3.1 LDL o HAHf - f i 13

F9. BRI LZToOE b Mm% =R T 30 o MEE L T2, 3,000 rpm, 4°C
DG T 10 sy Ot A 1T o 72, mOH%, IRERERDRVWE I ICRE 2T RN D
B3 (i) &2 By b~ TEREL., 15 ml iz B LT,

TP O FEBRBEAEIXRIE T CiT o7, £7°, 0.325g/ml 272 % & 912 KBr & 1fiLiF
ST 5, 2OEZWILTRVWEIICK[E DTz, ERICKBr WEf LIz L&
HHELTHL, EXy h~vrzHn iz #EoME0E AN, 20L&, v
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Ry b= EMHULAERWESICT D LR TICHET, KICHEE 8.5 g/l ® NaCl /K
Wi (d=1.006)% {AfELC, (NaCl &) : (IiEfE)=2:3 122 X5 ICHMNICEED
E2ICEWE, ZoBE. BRREILARNVWEIIZKREDT, W2 IZLE,

81z Lo C 80,000 rpm, 4°C D 5244 C 60 43 il O B 24T o 72, O % IFEE N
HLTELE AR ML, REARICE > THE SN LDL A By b~ TH
B, =y XV RNV T7Fa2—T7IZB LT,

FHaalolm ) P EHWTRBZERRRLZE. 2um o~ 707 4 Vi —%
FEEIE, HOH LWy XU RALT7F 2 —7 2R S, RIZ, #txEEsEk
S5ml vl v UTREEZ RIS 2%, #H 2B A LB Z2EAT 5, $H2fA
SHLBICENEAEOT R VWL ICEE, SMRICFE2EESE, A¥—F—T
MRS ERNSE PBS Ny 7 7 —HITHEDL T, 4°CT 30 M@ E. Ny 7 7 —&H
L. 51230 &N Lz, ‘IS Ay 77— L, —BrEhr Lz, 3 EIOSEHTIX
TRTRIRETITo72, B, BNHO PBS Ny 7 7 —ld+pIcEFRK @R L, M
LT AW, BITBORELDLIZSmI > P TERL, BT, 4°C, BF K

BT Ty R RNATF a—T IR E LT,

6.3.2 LDL O E & (BCA %)

BSA &M & ER T 2720 A VNORKIRE 2 Z 12+ 0,0.125, 0.25, 0.50,
1.0 mg/ml 272 % X 512 BSAstd. Z % L7, LDL O > 7 /LT 4%, 6%, 8 (5D Ay
WT3mLolz, Yo7 NDHFRIEIPBS Ny 77 —Tirolz, ~A 7 7L —FhKJ
— X —H 96 N7 L — MNMIHIRY > 7V R BSAstd. % 25ul 257 7714 Lz, &5
\Z (BCA-A{Z 3000 pl)+(BCA-BiZ 60 ul) OREHKZ 200 Wl 27 774 Lz, =
DEZWNTRVWEIIZKE DT 5H,37°C.30 A »F 2_X—3 3 L7-1% ABSs7o

HEZEATVD, MERHD LDL BE R OHEE L7 LDL &2 5 H L7,
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6.3.3 U/ — LBk L OV LDL itk ¥ o o AR p B TS

U = VBEOPERAGIEMEIZ Y/ — i bl 31 5 4% & = A pl P E TE M CRE
iy L 7= 1415,

9. AEBNVICKRBENEZNEH LDL50 ug/ml, L& 10 uM. BR{LBI#AHI & L
THEIRE 5 uM BREERSH &2 N 2 7= Rl &2 0 3 & L C N O3l A2 48 7=, LDL A&
PRt DFE CTHE L 2% V= U OWIEEE 234 nm 1235 1T 5 WO D #R g2k % 37°C,
4 FFRMGE Uiz, £, BERMORLIES LTI EZM A T 2 RFH OB
M & BB S AT 2 REE O ST B ELHR 0D 28 5 2 PLE RefE] & L 72 (fig.12),

6.3.4 TBARS assay

MBI TCECERET DRI BRSNS 2 LICEsT, vr U U T LT
RBERT D, 2O T ATE REFAANLEY —LEE (TBA)ZKIESE D Z
EIL R o TTF ANy — VBBRISERY (TBARS)Z M S H ., N afE s LTH
BRAAT > 7 18,
F 9", LDL (50 ng/100 pm), HifEdOKIREIZ 5 uM £ 725 X 9 IT PBS Ny 77—,
fb&%. LDL, Fife$iONEIZIRG S W7z, 37°C, 4 BEflA v F a2 X—v a3 Uk, #RE
EEZI1I5mMELFICBL T 1% ) VERKBEE 1 m oMz 7z, &51210 mM
BHT % 50 pl M2 Tk 245 1k S, &% 0.67% TBA Z 1 ml A 7=, 30 45 Hi#k
LER (100°C) L7z, RIGHE T#H ., B2 Kh TH o LFRICEL ThHb T X ) — vk
2mimzx., K30 WEARNLT v 7 A LT, TS EL LT, TBARS 74/
— VIZER T iATe, 3,000 rpm, 4°C D544 T 10 43 D orBE & 4T 2 J@ oyt 7, i
D%, 77X =@ (L)AL, 532nm 2B 2 EE % HlE L=, TBARS i

T E LT VO THIEE LV E AW, JIEDEIC 512 Lz (Fig.13),
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