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of Osthol

Student : Li-Min Liao Advisor : Dr. T. M. Juang
Instituted of Applied Chemistry
National Chiao Tung Univeris
Abstract
Cnidii fructus, the dried mature fruits of Cnidium monnieri (L.) Cusson

(Umbelliferae), is used as a tonic agent in traditional Chinese medicine.
In modern medical study osthol could-induce-apoptosis in HL-60 cells »°,
So we choose osthol and feurlic acid to develop a series of derivatives.
We used the derivatives to do the MTT assay test and to discuss the SAR,
the result teld us the isoprenyl group and the 3,4-olefinic bond of osthol is
essential for its activity - and the isoprenyl group at position 8 had the
better cytotoxicity. When osthol and demethylsuberosin reacted with
ferulic acid to form the derivatives of (26) and (35) have the better effect
of anti-cancer and ICsg, value than osthol. So the derivatives of (26) and
(35) can be the lead compounds to develop the anticancer drug.

Therefore, because curcumin not only had the good effect to anticancer,



but also to anti- inflammation. So we believe the derivatives has the good

effect to anti-inflammation.
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AGS Gastric epithelial cells 3 & m7?z

HeLa  Human cervical epithelial carcinoma * %+ 73 (+ &) %
fmre

HL-60 Human leukemia cells = J& 2

HT-29  Human colon cancer cells 3 % J& ¥

I1Cx The concentration of 50% inhibition

MTT 3- 4, 5-dimethylthiazol-2-yl -2,5-diphenyltetrazolium bromide
NF-KB nuclear factors-B

P-388  Mouse lymphocyticleukaemia = E i = J§ fm iz

RAW 264.7cells % & E w5 e

SAR Structure and Activity Relationship
V-79 Chinese hamster
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1-1 &+ %
Bk 5 807548 & 14~ 4% & (Cnidium monnieri(L.)CUSS) 2 §z
FEAREF L FEALIATE I3 BT AE SR R
MAFF 22 TR FRFFHRH oo g 0 5k Fangt -
R RIERCY SO S S BTN 2 R BT -
L o AFURmE S G o B R T hL B E B RO L R
(HL-60) ‘m* 2 4 A cnfrdiock » { i H ch® BiEm B o cha
>t B+ % (osthol) i 3% HHL-60 cellsd_+ ‘wm®# = (apoptosis) °
o 3%k + % (osthol) =it & & 7-methoxy-8-[3-methylpent-2-enyl]
coumarin 4 F ;% ! CsHjgO3 Vo F 8 124429 381 83-84 o 4
1972 # P+ 5 FHata 68 %7 ¢ A RFI0 A F, FRE K
Sl Wl PLELPE ST E - B ﬁﬁ(Angelica hirsutiflora LIU, CHAO et
CHUANG) z_ 42387 2 318 53¢ % 3+ % (osthol) ' o %1996 % Itokawa
Ttk + Fehgip s #F12 £44° 5 2001 & Furukawa® 7 3384 & %
51 & B AT S FUR b be chrs 320 B I E F isopentenyl &
1,1-dimethylallyl groupsiit & J= $f3: Frd| g dmfe ch2 £ & 5 % 4f 7ok

S ood IR T E bR S G Foonk 0T A A sy S

% (ostho)ih 5 2 5 enfup L B B L iF > a7 7 24831 -
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1-2 35 A F 2% v A
1-2-1 s> %2 FmEl

Fr4|B A e O

* MS-G2 % HuH7 ¢33 4B 3%+ 4 & Lk (HBsAg)» & i *
osthol (1) ARl 7} Egk » IR E F #r4IB APF U p4 AR g >

T A2 4B A1F 0 & @ Fk 2 41 8% (glycostlation) § B

pog 2T
Osthol (1) %+ HeLa cells ( S3seultured )i £ 2 5 P Bgcnr 4] iT % o
2003 = % 3 osthol (1) ¥h* HL-60cells f= P-388 cells 7 % 3 7] chim
2 3 1 (IC50=14.9 & 9.3ug/ml ) & — 3 7 %% IR osthol (1) %

3% HL-60 cells 4_w ‘% = (apoptosis ) °

k] AR

2001 # 2 3R osthol (1) ¥t & + chm | 45 & 5 Fs@H st iy o

ER e
Osthol (1) #+** OVX (ovariectomized ) ¥ B & 5 f F# ¥ B ar gL Fox
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FLNO"
1999 # Ohigashi #c#2% .3 7 isoprenyl group 1% & Z # i & 4

* RAW 264.7 cells (i NO & 2 & 5 247 e o % o

Osthol (1) jEH4E "
1996 # Itokawa % #: & = osthol (1) w2 4 3 41 % V-79 cells #dn

T fm ¥e SRR o



122 B3 32 £ 3
Synthesis of Osthenol (2)

(1) CLAISEN REARRANGEMENT""*

1971 & Murray ] * CLAISEN REARRANGEMENT £ = osthol (1)

e ¥ 88 osthenol (2) “ o

/@il 3-methyl-3-chlorobut-1-yne m Hz Pd/BaSO,
HO o o K,COs3, KI, DMF o o

EA, quinoline

%mm

14%
4%

W 4

Q\l

5%

1987 & Salva 7= 41 * CLAISEN REARRANGEMENT £ = ! osthenol

(2> 19 o

16
70%

® 5



(2) C-Prenylation of Phenols Promoted by Aluminum Oxide Surfaces

1986 # Buchi 4] * Aluminum Oxide % & & osthenol (2) * -

/@il Al,O3, Prenyl bromide \
HO' (e) o

3 very minor

0,
29% 16

major

) 6

(3) Demethylation of osthol (1)
2000 # Gopalakrishnan * ;AlCLI/DMS %1 osthol (1) # Demethylation

4 =& osthenol (2) * o

A AN
AICly/ DMS
\O O o HO (0] [e]
DCM
| |
osthol(1) 2

®l 7
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e B =3 e £, ’%A . &% 2
Y% FAIHBRELSRE

BTN IR AT T IR 3 A AN TR 4 R s eh
ek o e A3 B RN G (SAR) S JRET IS 0 A PE i
{i8- haitimE SARIR 2 Lf% &1+ & umbeliferone( 3 )¢ benzene
ring + 4} isoprenyl group it fg B 2 B P At o A PIEH Y
& isoprenyl group # % umbeliferone(3 )7 fr = ¥ } it & $=(osthenol
(2) ~ demethylsuberosin (16)) X% B irenfitd F o ¥ - > a » v‘/F?J%
tp 1 & 3,4-olefinic bond 35 E M e 5 12 ox % o ey A7 S
" % osthenol (2) C4 il b4 b9 B vk 7 i { 8- # ehfF 3
F B e (i (T8 4] o pL e osthenol (2) 0 7-hydroxy i+ % £
_+ prenyl group » it 4% B PR A AT AP S B A S5 (2)-
(3)~(9)~(11)~(16) th7-hydroxy =% F &+ Huw BN i » # ¥

=T .).b*%?g‘} SAR Ji:}'& E'J”ﬁ ";?}%(EEJJ E—fj;};‘b}j%ﬁglg%‘*iﬁ o

Osthenol(2)

® 9 Osthenol (2) 2 %1
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INERPABRACA APEST 5 F (curucmin) AR
T# #7352 enit & $7 ferulic aicd( 23 ) % frosthenol( 2 )~ demethylsuberosin
(16) «---- EMEPF BEINFHTAS AN L AR EPERS
FRRALPARAPAASH IR EFLFR AL FRF L RF L
P e7 o GPURIET 2 57 FF F 4 AT 4B g e
(lovo)im#®e /¥ = % 'm*2 ¥ BF > S» G2/M #7 > 4 ¢ 314277

52 4oHL-60 ~ HT-29:0 % &= (apoptosis) % o % %+ #3 ¥

ad

A KT A B b J imog 2 NF-kBi& MAsdrd] (5% > 3

FRE
Cyclo-oxygenase 2 (COX2) 3l & 7 Jdeid F| 5 ok g 1L chi® % %o 5p 1y

NPEPF R R e PR B R E R T P

HO OH

/

curcumin

® 10 &+ # (curcumin)2 %4



2-2 & & Rk

d 32 % i & osthenol (2) = 7-hydroxy *F # F H 8 B~ 2
AW AT o B A L £ S FR B3 B Rl R R T
# ®rosthol (1) # demethylation” » # * it ¥ 3| osthenol (2) i
A7 Pl eng o Fr {3k 1t (S e pyranocoumarin e ¥ — 2 @ 0 BEFR A
CLAISEN REARRANGEMENT £ & 1= j2 7 12 fE {7 osthenol (2) "

 FPE T WA € e PF T T isomer (16) A p R Ae i o g b
FEE 0 e A PR EEE Y & 2 h3 2 k7 3] osthenol (2) o

B & A i d umbeliferone (3) i i A24od o b
3-methyl-3-chlorobut-1-yne 14 wdiit » &7 CLAISEN REARRANGEMENT

{41833 & $ osthenol (29 ®lE F demethylsuberosin (16) 1 %

umbeliferone (3) "

m 3-methyl-3-chlorobut-1-yne m Hz Pd/BaSOy /@il
o K,CO3, KI, DMF o N
/

EA, quinoline

%

/%\AL . 5%
4%

Wl 11

10



£ ko %7353 3,4-olefinicbond £+ 7 e e ap AT A MR e
Bk g RSN P 4pk 2 2 U # 4-methyl-ubeliferone
(6) T 542454 & & 1) 4-methyl-osthenol (9) > 7= & ¥ ¥ 1|

4-methyl-7-demethylsuberosin % 4-methyl umbeliferone °

/@51 3-methyl-3-chlorobut-1-yne m _Hy, Pd/BaSO, m
HO o o K,CO;, KI,DMF

EA, quinoline

7 W 8

AN ~ ~
DEA *

10% 3%

%

6

pLeb s BT FEFRE A R R 27 R 3cE isoprenyl
umbeliferone (3) + ~ 12 % #-osthenol (2) _+ & isoprenyl group % #
= ally group 3t dmbe cnfmiz BT R PR Flt AP LS
% 41 demethylsuberosin (16) ® ™~ it &4 (12) ¥~ 11 2
8-allyl-7-hydroxycoumarin (11) * % fr osthenol (2) % #a— & 7+t i

sE

11



/@il - /@il CH}ONa/MeOH h -
HO' o e} K2C03a acetone BnO' (¢} [e] BnO OH

3 16 13
o
Prenyl Bromide N oCH, DEA ~ ~
K,COs3, acetone o0 o Bno o o
14 5\ 15
A AN
BCl,
DCM HO' o o

Demethylsuberosin(16)

W 13

N X CH;ONa/MeOH N AN och, Prenyl Bromide

K,COs3, acetone

BnO o o BnO’ OH

15 17

OCH;,

DEA

BnO’ (¢} o}

/@il Allyl Bromide /@il DEA o
HO’ O o] (o) (o) (e} HO’ O (e}

K,CO;3, acetone
v

8-allyl-7-hydroxycoumarin(11)

14

12



£ 4 > d 3 & T-hydroxy s ¥ &} prenyl & ¥ 3 LA P T e
cvc % P F) g AP A 7-hydroxy i % b 3 ¢ ferulic acid (23) %

Pk Ak K e FUR A o
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23:R; = OCHs;, R, = OH, R; = H; (feulic acid)
24:R; = OCHjs;, R, = OH, R; = OCHjs;(sinapic acid)
25:R; = OCHj;, R, = OCH3, R5 = H;(3,4-Dimethoxycinnamic acid)

[e) (¢}

EDC, DMAP, DCM

R; R3
R3

26~28

OH

o
:@/\J\
Ry
o
Ry , ;
R
o ) X () ()
| ¥
' , S
1
o)
\
Ry

3
Ry |

29~31

X

Ry Rs
[e] [0} [e)
EDC, DMAP, DCM
Ry |

32~34

R3 \
OH
~ AN
AN .
[0} O

(¢) [¢] i
EDC, DMAP, DCM | °
Ry 35~37
Ry

o



Rs

OH

Ry

EDC, DMAP, DCM

Wl 15
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31 FEtH

3-1-1 7 7

acetone

allyl bromide

Benzyl bromide(BnBr)

Boron trichloride(BCl;)(1M solution in DCM)
Celite

Dichloromethane(DCM)
4-Dimethylaminopyridine(DMAP)
Dimethyl sulfide(DMS)
3,4-Dimethoxycinnamic acid
3,3-Dimethyl acryloyl chloride
N,N-Dimethylformamide(DMF)
N,N-Diethylaniline(DEA)

Ethyl acetate(EA)

Merck
Lancaster
Merck
Fluka
SHOWA
Acros
Lancaster
Lancaster
Acros
Acros
Acros
Acros
Merck

1-(3-DimethylaminopropyD-3-ethylearbodiimide hydrochloride(EDC)

Ethyl ether

Ferulic acid

n-Hexane
3-methyl-3-chlorobut-1-yne
Methanol(MeOH)

4-methyl umbeliferone
Palladium on barium sulfate(Pd/BaSO,)
Palladium on carbon(Pd/C)
Potassium carbonate(K,COs)
Potassium 1odide(KI)

Prenyl bromide

Quinoline

Sinapic acid

Umbeliferone

Lancaster

Merck

MP Biomedical Inc.
Merck

Aldrich

Merck

MP Biomedical Inc.
Lancaster

Laccaster

SHOWA

SHOWA

Aldrich

Acros

SIGMA

Lancaster

BAe & FE S F 3B BFET % TR osthol (1)

16



F1I2 R R E
(1) FTIR =7k & k3% % (FT-730)
(2) LC i4pk +5 % (HP4890A)
(3) GC-MASS # % % 17 & # & (PERKIN ELMER/Turbo Mass )
(4) NMR 2 3= &3 % (Varian Unity Inova-500 )

(5) HRMS # f#45 & Fa# ik (i f &? )
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32 R A

7-O- (1,1-Dimethylpropargyl ) umbelliferone (4)

/@il 3-methyl-3-chlorobut-1-yne m
HO o el K,CO;, KI, DMF o o o

3

% 4

#-28mg (0.1728mmole ) Umbelliferone (3) % 353mg (0.2108mmole ) KI ;%

**acetone> 4r > 0.0833g(0.6036mmole ) KoCO;*+ %8 T #4430 44854 » 0.1ml
(0.8901mmole ) 3-methyl-3-chlorobut-1-yne {4 & § % ;i 24 /|- & o 38 B w 5
TR AR 0 RGO BA T R e KCOs Rip iR & rfrd BoR

M T R RAET TR ORERIS F IR & FIE - S kAT 1B E)

217mg b 4 FRE (4) 0 A% 55 %

i 84 4 PR

'HNMR (500MHz, CDCl): & 1.70(6H, s), 2.64(1H, 5), 6.26(1H, d, J=9Hz), 7.03(1H,
dd, J=8.75,2Hz), 7.30(1H, ), 7.34(1H, d, J = 9Hz), 7.62(1H, d, J = 9Hz);

18



7-0- (1,1-Dimethylallyl ) umbelliferone (5)

o] ¢ o EA, quinoline o) o] o]
§\ W

#-8mg (0.035Immole) i* &4 (4) % 24mg (30wt% ) Pd/BaSO,;2> EA *® >

4 5

$e~ 0.05ml quinoline > % F T FEMHE30 ~ 480 * Celite i3 %> * IMHCI
z éﬁ"fr?ﬁjﬁl\/ 7'5 ﬁ‘g/%] b o RERARR O /}ﬁ‘fﬁlw IAE ¢ e "-’u—? ik

frshit > 53] 78mg e ¢ FRE (5) 0 A F 99% -

i e S R
'HNMR (500MHz, CDCL) : 6151611 s), 5.19~524(2H, m), 6.11(1H, dd, J =20,
11Hz), 621(1H, d, J=9.5Hz), 6.85(1H, dd, J = 10, 2.5Hz), 6.91~6.956(1H, m), 7.28(1H,

d,J=8.5Hz), 7.59( 1H, d,J=9.5Hz);

19



osthenol (2) ©

J

osthenol(2)
P~ 9.3mg (0.0404mmole) it &4 (5) 3> DEA ¥ > § 5 T 4e# 3
150°CHHAE2 - P o R Rw T 2E 0 * INH,SO, 2 e fra B Kiey 484 > *
ARFRAECE » kMg TR et o SE K AT 1 4Tmg ¢ 4

AF (2) 0 A5 50% e

£ 2 R AT
'HNMR (500MHz, CDCL) : 6 1.75(3H, s), 1.84(3H, 5), 3.612H, d, J=7Hz),
524~527(1H, m), 5.95(1H, s), 6.22(1H, d, J=9.5Hz), 6.76(1H, d, J=8.5Hz), 721(1H,

d,J=85Hz),7.60( 1H, d,J = 10Hz);

20



7-(2-methylbut-3-yn-2-yloxy)-2H-chromen-2-one 7

N 3-methyl-3-chlorobut-1-yne

HO o o) K,COs3, KI, DMF 0 o ¢

7

#-0.6g 4-Methyl Umbelliferone (0.3409mmole ) (6) % 0.1132g (0.0682mmole ) KI
B3 DME ® 5 4ex 064g  (04631mmole ) KoCO; 3t 3 08 T #HE30 445 0 4e »
0.8ml (0.7121mmole ) 3-methyl-3-chlorobut-1-yne {& § # T it i 24 |- PF o 58 R
w P3RBT 0 JRES OERRY EARE 7 oK COs kiR iR 2 e fra
Bk R B KRR O TR TR kg - S

#3]04926g ¢ ¢ FRE (7) > A5 60%

g T A TR
'HNMR (500MHz CDCL) : 6 1.69(6H, s),2.38(3H, 5), 2.63(1H, 5), 6.13(1H, d, J=

1Hz), 705(1H, dd, =9, 2Hz), 728(1H, d, J=2Hz), 746(1H, d, J = 8.5Hz);

21



7-(2-methylbut-3-en-2-yloxy)-4-methyl-2H-chromen-2-one 8

S H,, Pd/BaSO, N

0 o o EA, quinoline o o o
Z
7‘\ . 7‘\/

8

B~172mg (0.0711lmmole) * &4 (7) % 85mg (50wt% ) Pd/BaSO,;% %+ EA
P o 4o 0.05mlquinoline  #d f T FIEHHE30 2480 * Celite iEpiA iR 0 *
IMHCI 2 &2{cs #-kieg 4 - * @ Rapkdtick - JRige WIS & FRg -

EE kTS ED]168mg v & FRE (8) 0 A5 97% e
F

g 8 A T
'HNMR (500MHz, CDCL) : 6 L69(6ILs),238(3H, 5), 5.19(1H, d, J= 10.5Hz),

522(1H, d, = 16.5Hz), 6.07~6.13(2H, m), 6.87(1H, dd, J= 11, 2Hz), 6.95(1H, d, J=

2.5Hz),7.41( 1H,d,J=8.5Hz);

22



7-hydroxy-4-methyl-8-(3-methylbut-2-enyl)-2H-chromen-2-one 9

DEA

\

P~ 8.2mg (0.0336mmole) it &4 (8) A* DEA ¥ > § 5 T 441
150°CHHLD | f » BB R wFI 58 » * INHSO, 2 e d Bokikd ok - 7
B RERRAER T o JRHE (S B RS o TS > BT 35mg v ¢

B (9) A5 4% -

£ 9 R LT
'HNMR (500MHz, CDCL) : 6 1.74(3H, s), 1.84(3H, 5), 3.61(1H, d, J=7Hz),
5239~5.267(1H, m), 6.00(1H, ), 6.11(1H, 5), 6.79(1H, d, J=8.5Hz), 7.35( 1H, d, J=

9Hz);

23



7-allyloxycoumarin 10 '

m Allyl Bromide m
HO o ] ] o o o
-

K,CO3;, acetone
3 10
2~0.1021g (0.6302mmole) Umbelliferone (3) ;%> acetone » 4 » 04976g
(3.6003mmole ) KyCO;*+ 8 T #4230 448> 4 » 0.1ml (1.1556mmole ) Allyl
Bromide 4 # Tk 5 [P o R AW FIFIE 0 WBiRRIR 0 RIS SR
BA 3% * arfo K COp Kini 2 4 & WKkt 1% - % & Keipkdsscd o ok

Mgt 7 3 A ¢ FRE S A 4R T IR R10.0829g ¢ ¢ FME(10)0 A 5 65%

g 10 R AT
'HNMR(500MHz, CDCL ): 64.58QH;d;d=5Tz), 5.32(1H, d, J= 10.5Hz), 542(1H,
d,J=16.5Hz), 5.99~6.05(1H, m ), 623(1H, d, J=9.5Hz), 6.81(1H, 5), 6.84(1H, d, J=

8.5Hz), 7.35( 1H, d, J=8.5Hz), 7.61(1H, d, J=9.5Hz);

24



8-allyl-7-hydroxycoumarin 11 '

DEA

\

10 1

P~ 20mg (0.0990mmole) * &4 (10) 3" DEA ® > § § Tkt 2
JPE e HSER T IIEE 0 % INHLSO, 2 Grfed Bokikt 5K 0 v KRR
U o ARSI EIRS At o EE R 2 95 T6mg 5 4 ki (1)

A5 38% o

£ 11 T
'HNMR(500MHz, CDCL): 63.65QH;d;d=5.5Hz), 5.13~5.202H, m,), 5.90(1H, s, ),
595~6.01(1H, m ), 6.23(1H, d, J=9.5Hz), 6.80(1H, d, J=9.5Hz), 7.25(1H, m),

761(1H, d,J=9.5Hz);

25



7-benzyloxycoumarin (12)

/@il o /@il
HO o o] K2C03’ acetone BnO 0 o)

#-1g 6.1728mmole Umbelliferone(3 )4 % acetone # >4 » 2.6g(0.0188mloe )

KoCO3 %% 78 T #4230 448 > 4c » 1.2ml (0.0100mole) Benzyl bromide i ¥ #
iR 2P R R Y IRIR O BRI RNEIS FIEY EARR 0 F arfe
KoCOs- ki3 2 pfra rkiey 40 o - Keiedkic  DRNRIS WIS ¢

8o % AR S8 > F3]148ga ¢ TR (12)> 2595 % -

g 12 R AT
'HNMR (500MHz CDCL ) : 65.11(2H;s;);623(1H, d, J=9Hz ), 6.87~6.91(2H, m),

7.33~742(6H, m), 7.61(1H, d,J = 9.5Hz),

IR (KBr): 1727, 1612, 1280, 1222, 1002 cm™;

26



Methyl 4”-benzyloxy-2’-hydroxycinnamate (13)

(0]
m CH3;0Na/MeOH /@i\)l\ocm
BnO o o BnO OH
12 13

#-15g (0.0278mmole ) NaOCH;;%>t MeOH # » £ 35 0.7459g (2.960mmole )

it &4 (12) %3 MeOH T3 » Pz ® > § F Tind | pF > Bf RS
20°C* 2NHCl® frgid @ £ #iadledz - * EAR 2R > * &rfrd
Bk 1K 0 B REEAETC SRS 9] & FIREe* BA f K55 195 118g

v ¢ FRE (13) A5 70% -

£ 4 13 ek AT

'HNMR (500MHz CDCL) : 6 1.77@H;8)5.05(2H,s ), 546(1H, 5, ), 6.40~6452H,
m),6.57(1H, d, J=8.5Hz), 7.32~7.38(6H, m), 7.86(1H, d, J = 16Hz);

27



Methyl 4’-Benzyloxy-2’- (3-methylbut-2-enyloxy ) cinnamate (14) *

(o} o}
AN oo, Prenyl Bromide AN ocH,
K,COs3, acetone
BnO OH BnO (0]
13

14

B~ 0.1g(0.0352mmole) 1+ &4+(13 )73+ acetone # »4c » 02812¢ (2.0346mmole )
KoCO3*¥> % /8 T 48430 4 48 > e » 0.08ml (0.0682mmole) Prenyl bromide » %
FrRA PR MRy PIRIR BRI JRNFISEREY EARR 0 e
TrKoCOs-kig i 2 Ar{r@ PR FR - i kapdiic > Stk ria

EF310118g 4 ¢ Wk (14)w A5 95% e

B 14 R AT
'HNMR (500MHz, CDCL) : 61.713H, s), 1.77(3Hs ), 3.76(3H, s, ), 4.52(2H, d, J =

6.5Hz ), 5.06(1H, 5), 5.46~5.48(1H, m), 7.30~7.42(6H, m), 791( 2H, d, J = 16Hz),;

28



7-benzyloxy-3- (3-methylbut-2-enyl ) coumarin (15) *

(0]

A ocH, DEA ~x X

BnO O BnO (@) [¢]

14

P~ 1.19g (3.3807mmole) * &% (14) 3> DEA ® -+ § # Tt/ 3
JPE e MR AT FIEE 0 NHSO, % 4rfrd B-kikt 18 0 * & KEikdsic
%o RAgis IR ikt o S E AT 2 8] 06275g v ¢ FIRE (15)

A5 58% o

1S R AT
'HNMR (500MHz CDCL) : 6 1:64@H;s)1.74(3H, 5), 3.35QH, d, J = 7.5Hz), 5.13

(2H, s ), 5.26~529(1H, m), 620(1H, d,J = 9.5Hz), 6.81(1H, ), 7.18(1H, 8), 7.23(1H, 5),

7.32~7.58(6H, m), 7.59(1H, d, J=9Hz);
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demethylsuberosin (16) *¥

N N BCl, N N

BnO o) o) DCM HO (o) o]

is i6

B~ 0.64g (2.7826mmole) it &4 (15) ;%% S0mlIDCM ¢ > 0 “Ci %
F TH%F » 4ml (4mmole) IMBCLy ;377 > #8423 /] BF > 4e » 35mIMeOH >
Bk kP o F BA FBkR o e K COs kiR iR 2 40fod B K3k
T B REEAR O JRNEIS T IR R SR AT D] 0373g

5t (16) 0 A% 79% o

&4 16 Sk AT
'THNMR (500MHz, CDCL) : §1.76(3H, s), 1.78(H,s ), 3.36(2H, d, J="7.5Hz),

527~531(1H, m ), 531(1H, s), 6.102H, d, J = 10.5Hz), 6.81(1H, s), 7.17( 1H, s),

7.59(1H, d, J=9.5Hz);
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Methyl 4’-Benzyloxy-2’-hydroxy-5’- (3-methylbut-2-enyl ) cinnamate (17) ¥

AN N CH;ONa/MeOH ~ N oo,

BnO (0] [e] BnO OH

15 17

#-302g (0.0559mole) NaOCH;:%*t MeOH ¥ > £ 3= 1.5216g (6.6157mmole )
it &4 (15) %3 MeOH Tf » Ptz > § F T@ind | pF > g RS
20T ™ INHC ¥ {eiie 2 @ 12 #5315 > * EABRERE > * {08

kit R > B REARTCR RS TS TR o % BA A 25 95

0.7845¢ o & B (17)+ A% 0% °

& 17 AT

31



Methyl 4’-Benzyloxy-5’- (3-methylbut-2enyl ) (3-methylbut-2-enyloxy ) cinnamate

(18) 2%
[e] [e]
x AN ook, Prenyl Bromide x AN ocr,
K,COs, acetone
BnO OH BnO’ (¢]

| \

P~8.84g (0.025Imole) i &4 (17) iA> acetone # » 4~ 157g (0.1136mole )
KoCO3»+ 3 B T #4230 ~°485 > 4r » 3ml (0.0256mole) Prenylbromide * § § ™
IR A P R R TIRE BRI 0 JRNEH ERE T EA R R ¢ bfr

KoCOy- ki it 2 A fr @ Bk ) 84  * BoRa pldticsf - Sgkirai -

793557g 4% ¢ kg (18) ik 89% e

&4 18 kA TR

'HNMR (500MHz, CDCL) : 61.71(3H, s), 1.773Hs ), 1.793H, 5), 1.83(3H, s),
334(2H, d,J="7Hz), 3833, s ), 4.57(1H, d,J=6.5Hz), 5.16(2H, ), 5.32~535(1H, m),
549~5.51( 1H, m), 645(1H, d, J= 16Hz), 6.52(1H, 5), 7.33(1H, 5), 7.38~7.48(5H, m),

798(1H, d, J = 16Hz);
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7-benzyloxy-3,6-bis (3-methylbut-2-enyloxy ) cinnamate (19) *%

OCH3 DEA

P~ 0.2852g (0.0679mmole) 1+ &4 (18) i3* DEA ¥ » § § T it /%
/| B o B AW FIRIE ¥ INHSO, 2 4frd B-kik 0k % - kaifikds
o o RS IS kg o LA TS 5 93] 01180g 6 ¢ FRE (19)

A5 A5% o

g4 19 e TR ¢
'HNMR (500MHz CDCL) : 61653, s), 1.67(3Hs ), 1.75G3H, 5), 1.78(3H, s),
3.192H, d, J="7Hz), 335(2H, d, J="7.5Hz ), 5.11(2H, 5), 5.27~5.30(2H, m), 6.80(1H, s),

7.15(1H, s), 7.31~7.41(6H, m);
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8-isopentyl-7-methoxy-2H-chromen-2-one (20) °

X X
H,, Pd/C
\O (0] @) - \O [e)
EA
|
Osthol(1)

20

P~25mg  (0.0102mmole ) Osthol (1) % Img (4wt% ) Pd/C ;33> MeOH ¥ >

FTORIEWHE30 A48 ¢ Celite iEn i 0 AR Bk A 0 * &

R

KERFRAERTE 0 RAES (F 1) 223mg v & FRR(20) 0 A & 88.5% o
i 20 R TR

'HNMR (500MHz CDCL) : & 1:00(6H; s);1:45~1.47(2H, m), 1.63~1.68(1H, m),

2.86~2.89(2H, m), 3.95(3H, ), 6.27(1H, d, J = 9Hz), 6.86( 1H, d, J=8.5Hz), 7.31(1H, d,

J=85Hz), 7.50(1H, d, J =9.5Hz);
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7-3-methylbut-2-enyloxy)-2H-chromen-2-one (14)

m B )\/\ /@il
acetone
HO' (0) 0] \ (0) O ¢}
21

3

#-0.1231g(0.7599mmole ) Umbselliferone(3 )i% *+ acetone > 4c > 0.6g(4.341mmole )
KyCO3 3t 3 T 44230 4 48 > 4e » 0.14ml (1.1930mmole ) Prenyl bromide {4
B TR A [ pE e R R T DR  WEIRIRIR O DRNFISIEIET BARE ¥
rfrKoCOs kigin 2 arfos B-kixs 84 > % & REpedic sl - JRHFI TN

® ¢ FRE o SE AT 0 H3)01678g ¢ FRE (21) 0 A F 96% ©

i f 4 21 P AT
'HNMR (500MHz, CDCly) : & 1:75(3H;s);1.793H, 5),4.56(H, d, J=7Hz),
544-547(1H, m), 622(1H, d, J=9.5Hz), 6.80~6.83(2H, m), 7.33(1H, d, J=8.5Hz),

7.60( 1H, d, J=9.5Hz);
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2-0x0-2H-chromen-7-yl 3-methylbut-2-enoate (15 )

X 3,3-Dimethyl acryloyl chloride o] X
K,CO;, DMF )\)J\
HO (©) 0] (@) (@) @)
3 22

P~ 20mg (0.123mmole ) Umbelliferone (3 ) ;%> DMF » 4 » 34mg (0.246mmole )
KoCO3 37k T #4230 4 480 S f4e » 0.017ml (0.1520mmole ) 3,3-Dimethyl
acryloyl chloride {5 % F T#H£30 ~4b - #E R w FIFIE - Wik RiES
SIERE* EA 3% * A frKoCOs ki3 iR 2 &b fra B-Riks 484 - * & Krifkds
§of o DRNRIS WA ¢ Bt g prne e 91]205mg ¢ § FIRE (22)

A5 T2% o

i 8 22 A AT
'HNMR (500MHz CDCL) : 62.003H, s),2.23(3H, s), 5.90(1H, 5), 6.37(1H, d, J=
9.5Hz), 7.05(1H, d, J=8.5Hz), 7.11(1H, ), 746(1H, d, J=9.5Hz), 7.67( 1H, d, )=

9.5Hz);
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2628 -

HO'

26

P~ 6mg (0.0261mmole )

Ry

OH

EDC, DMAP, DCM

ey
9

i &% (2)~10.1mg (0.0521mmole ) ferulic

acid ~ 0.3mg (10%) DMAP ~ 15mg (0.0782mmole) EDC % ** g3

L 0 4o r 10mIDCM > 3 % 50" ZRMIE30 4480 * K2 e fra

ok WA EOKEEE I R TR S Bk o e

#F34lmg g 4wk (26) 2 F3%% ¢

27 % 2 26 ; 6mg (0.0261mmole ) i* & 4 (2)~11.7mg (0.0522mmole ) Sinapic

acid (24) ~03mg (10%) DMAP -~ 1501mg (0.0783mmole) EDC -

28 #H 2 Ga ; bmg (0.0261mmole) &4 (2)~10.8mg (0.0522mmole ) i*

£+ (25)~03mg (10%) DMAP -~ 15.0lmg (0.0783mmole) EDC -

R, Ry Rs AF (%) |AfFE
26 OCH; OH H 39 v g b ke
27 OCH; OH OCH; 45 v g kg
28 OCH; OCH; H 52 R 3 7
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i & 26 ST AT ¢

'HNMR (500MHz, CDCL): 6 1.643H, 8), 1.77(3H;s), 3.51(2H, d, J = 7Hz), 3.94(6H,
), 5.15~5.17(1H, m), 5.84(1H, bs), 6.37(1H, d, J=9.5Hz), 648(1H, d, I = 16Hz),
6.83(2H, 5), 7.06( 1H, d, J = 8Hz), 7.35(1H,d, J=8.5Hz), 7.67(1H ,d, J= 10Hz),

779(1H, d, J= 15.5Hz);

BCNMR (125Mhz, CDCl )= §18.0,23.0,25.7,56.0,109.7,113.7, 1149, 1157, 116.8,
119.2,120.3,123.0,123.6, 125.7,126.6, 133.3, 1344, 146.9, 147.6, 148.7, 151.8, 153.0,

160.5,165.2

b &4 27 Sk T

'HNMR (500MHz CDCL) : 6 1:60@H;s);1.78(3H,s ), 3.51(2H, d, J=7.5Hz),
3.95(3H, 8), 5.15~5.18(1H, m), 6.22(1H, bs), 6.37(1H, d, J = 10Hz), 647(1H, d, J=
16Hz), 6.95(1H, d, J = 8Hz), 7.06~7.10( 2H, m), 7.14(1H,d, J=8.5Hz ), 7.34(1H d, I =

8.5Hz), 7.66(1H, d, J=9.5Hz), 7.81(1H, d, J = 16Hz);

BCNMR (125Mhz, CDCl ) : §18.1,23.0,25.7, 564, 1054, 114.0,115.7,116.8, 119.2,

120.2,123.0,1254, 125.7,133.3,137.8, 143.4,147.3, 147.8,151.7,153.0, 160.5, 165.1

HRMS Calcd for Cy5H,407: 436.1522, Found: 436.1522;
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L& 40 28 crsk g Pkl

'HNMR (500MHz CDCL) : §1.64(3H,s), 1.76(3H;s ), 3.52(2H, d, J=
6.5H2),3.92~3.93(6H, m), 5.168(1H, m), 6.37(1H, d, J = 9.5Hz), 649(1H, d, =
15.5Hz), 6.90(1H, d, J=8Hz), 7.07(1H, d,J = 8.5Hz), 7.10( 1H, d, J=3.5Hz),
7.162~7.186(1H, m), 7.34(1H ,d, J=8.5Hz), 7.66(1H, d, = 10.5Hz), 7.83(1H, d, =

16Hz);

BCNMR (125Mhz,CDCLy) & §18.0,22.9,25.7,559, 560, 1099, 1112, 1139, 1157,

116.8,119.2,120.3,123.0,123.2,1257, 1269, 133.3,143.4, 1474, 1494, 151.7,151.8,

152.9,160.5,165.2
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20-31 :

29

P~ 5Smg (0.0205mmole )

OH

EDC, DMAP, DCM

it &% (9)~85mg (0.04lmmole) ferulic

acid ~ 0.25mg (10% ) DMAP ~ 11.7mg (0.0615mmole) EDC % *%

Espdge > 4vr 10mIDCM > jidg f R R I 30 2480 * K2 &

fra Bokieg 54 - KRS S kNE B 4 A RkE o KERR

175 > B3] 38mg v & bt (29)» & 5 43% o

30 : # 38k 29 5 Smg (0.0205mmole ) i* &4 (9)~9.Img (0.04lmmole ) Sinapic

acid (24) ~025mg (10%) DMAP ~ 11.8mg (0.0615mmole) EDC -

31 #2829 5 Smg (0.0205mmole) i &4+ (9) ~ 8.536mg (0.04lmmole) -

&4 (25)~025mg (10%) DMAP ~ 11.8mg (0.0615mmole) EDC -

R, R, R3 AF (%) |AftE
29 OCH; OH H 43 v g b ke
30 OCH; OH OCH; 30 v g kg
31 OCH; OCH; H 50.8 R 3 7
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i 4 29 A F TR

'HNMR (500MHz, CDCL) : 6 1.63(3H, s), 1.76(3H,s ), 241(3H, 5), 3.52,2H, d, J=
7THz), 3.95G3H, 8), 5.15~5.16(1H, m), 5.91(1H, 5), 6.25(1H, 5), 647(1H, d, J = 16Hz),
6.95( 1H, d, J=8Hz), 7.08~7.10(2H, m), 7.14(1H ,d, J=7.5Hz), 748(1H, d, = 8.5H2),

782(1H, d, J= 16Hz);

BCNMR (125Mhz, CDCl) : §18.0,18.8,23.1,25.7,56.0, 109.6, 113.7, 11422, 1149,
1179,118.8,1205, 122.4,123.0 123.6, 126.6, 133.1, 1469, 147.5, 148.7, 151.6,152.2,

152.5,160.6,165.2

& 4 30 ek FRLeT

'HNMR (500MHz, CDCL) : 6 1'63@H;s)1.77(3H,s ), 242(3H, 5), 3.52,2H, d, J =
THz), 3.45(6H, 8), 5.15~5.16(1H, m), 5.82(1H, 5), 6.26(1H, 5), 649(1H, d, J = 16Hz),
6.83( 1H, 5), 7.08(1H, d, J = 8.5Hz), 748(1H d, J = 8.5Hz), 748(1H, d, = 8.5Hz),

780(1H, d, = 15.5Hz);

g 31 AT
'HNMR (500MHz CDCL) : 6 1.63GH, s), 1.77(3Hs ), 242(3H, 5), 3.52,2H, d, I =
6.5Hz),3.93(6H, 5), 5.17(1H, m), 526(1H, 5), 6.50(1H, d, J= 16Hz), 6.90(1H, d,J =

8Hz), 7.08~7.16( 2H, m), 7.17(1H, d, J=8Hz), 748(1H d, J = 8.5Hz), 7.83(1H, d, ) =

41



15.5Hz);

BCNMR (125Mhz,CDCl) : 6180,186,232,25.7,559,56.0,1099, 111.2, 1140,

114.3,1179,118.8, 1205, 122.4,123.0, 123.2,126.9,133.1, 147.4,1494, 151.6, 151.8,

152.2,152.5,160.6,165.2
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32~34

OH

Ry R

HO (o) o] ¢ \ (o) O [¢]
EDC, DMAP, DCM

T
9

32

P~ 4mg (0.0198mmole) i+ &% (11)~6.7mg (0.0396mmole ) ferulic
acid ~ 0.21mg (10% ) DMAP ~ 10mg (0.0594mmole) EDC % »t g
FEFLY 0 4o 10mI DCM 238§ T 2RI 30 &~ 48 0 * K2 e
SRoKEG R EORETRAETT RS R 4 R o SE AN

Wit B 38mg v J bk (32) A& 53% o

33453k 32 ;4mg (0.0198mmole ) i & 4 (11 )~8.9mg (0.0396mmole ) Sinapic
acid (24) ~02Img (10%) DMAP ~ 10mg (0.0594mmole) EDC -
33 : k32 5 4mg (0.0198mmole) i &4 (11)~82mg (0.0396mmole ) i*

&4 (25)~021mg (10%) DMAP ~ 10mg (0.0594mmole) EDC o

R, Ry Rs AF (%) |AfFE
32 OCH; OH H 53 v g b ke
33 OCH; OH OCH; 26 v g kg
34 OCH; OCH; H 22 R 3 7

43




i e 30 T AT

'HNMR (500MHz, CDCL): 63.58H, d,J =6.5Hz), 3.94(6Hs ), 5.00~5.08(2H, m),
5.83(1H, 5), 5.89~5.94(1H, m), 6.38(1H, d, J=9.5Hz), 648(1H, d, J = 16Hz), 6.83(1H,
), 7.09(1H, d, J = 8.5Hz), 7.38(1H, d, J = 9Hz), 7.68(1H d, J=9.5Hz), 7.79(1H, d, I =

16Hz);

CNMR (125Mhz,d-DMSO) : §27.3,55.8,111.5,112.6, 1152, 115.6,116.2, 116.6,
119.5,119.8,124.0, 125.3,127.0, 134.3, 144.3, 147.8, 148.0, 150.0, 151.4, 152.3,159.7,

164.9

& 4 34 Pk TR

'HNMR (500MHz, CDCL) : 63.582H;d; 9= 6Hz), 3.93(6H;s ), 5.00~5.08(2H, m),
5.87~5.95(1H, m), 6.38(1H, d, J=9.5Hz), 649(1H, d, ) =16Hz), 6.89(1H, d,J = 8Hz ),
7.103~7.107(H, m), 7.17(1H, d, J =8Hz), 7.38(1H ,d, J = 8.5Hz), 768(1H, d, I =

9.5Hz), 7.83(1H, d, J=16Hz);
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3537 :

3
X AN Ry
Ry
HO o o

EDC, DMAP, DCM

OH

35

P~ 12mg (0.0523mmole) i & F (16)~20.2mg (0.104mmole ) ferulic
acid ~ 0.6mg (10%) DMAP ~ 30mg (0.1569mmole) EDC % ** g3
507 0 4o x 10mIDCM » 36§ FE BRI 30 2 ds > * KR b s
Bokiey 8k B REpRE I RS R I kP o SR

#3]89mg v ¢ ki (35) A A% e

362 355 12mg (0.0523mmole ) i* &+ (16 )~23.4mg(0.10dmmole ) Sinapic
acid (24) ~0.6mg (10%) DMAP -~ 30mg (0.1569mmole) EDC -
37 * 2k 35 5 12mg (0.0523mmole ) i &4 (16)~21.6mg (0.104mmole ) i

£+ (25)~06mg (10%) DMAP ~30mg (0.1569mmole) EDC -

R, Ry Rs AF (%) |AfFE
35 OCH; OH H 42 v g b ke
36 OCH; OH OCH; 40 v g kg
37 OCH; OCH; H 47 v g kg
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i 84 35 R AT
'HNMR (500MHz, CDCl): 6 1.66(3H, s), 1.74(3H,s ), 3.29,2H, d, J="7Hz), 393H,
), 5.21~523(1H, m), 5.95(1H, s), 6.35(1H, d, J = 9Hz), 646(1H, d, = 16Hz), 6.94( 1H,

d,J=8Hz), 7.07~7.133H, m), 7.31(1H, 5), 7.64(1H, d, J=9Hz), 7.81(1H, d, J= 16Hz);

BCNMR (125Mhz, CDCly): §17.9,25.7,282,56.0,109.7, 111.1, 113.5, 1149, 1159,
116.8,120.8, 123.6,126.5, 128.4,130.9, 134.3, 143.0, 146.9, 147.7,148.7, 151.7, 152.9,

160.6,164.9

i g 37 R AT

'HNMR (500MHz, CDCl) :=61:66(3H, s);1.73(3H,s ), 329,2H, d, J=THz),
3.92~3.93(6H, m), 5.22~5.25(1H, m), 636(1T1, d, J=9.5Hz), 6.48(1H, d, I = 15.5Hz),
6.89(1H, d, J = 8Hz), 7.10~7.12( 2H, m), 7.17(1H, d, J=8Hz), 7.31(1H, 5), 7.65(1H, d,

J=9.5Hz),7.83(1H, d, J=16Hz),
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38~40 :

o
R N
OH
m ) [ m
Ry Rs
HO' (0] [¢] \ (0] O o

EDC, DMAP, DCM
3 ' 38~40

38 :

P~ 5mg (0.0309mmole ) Umbelliferone (3) ~ 12mg (0.0617mmole )
ferulic acid ~ 0.4mg (10% ) DMAP ~ 17.8mg (0.0926mmole) EDC
BAEFEALY > 4er I0mIDEM > T Fig T 2R EFE30 4480 oK
2 hrfoa Bokiey A meRE R~ kb W 4 B R o B

FA T B3)39mg v § ikt (38)5 A% 37% -

3943k 38 5 5mg (0.0309mmole ) i+ & 4 (3)~13.9mg (0.0617mmole ) Sinapic
acid (24) ~04mg (10%) DMAP -~ 17.8mg (0.0926mmole) EDC
40 * 2 38 5 Smg (0.0309mmole) i &4 (3)~12.8mg (0.0617mmole) i*

£+ (25)~04mg (10%) DMAP ~ 17.8mg (0.0926mmole) EDC -

R, Ry Rs AF (%) |AfFE
38 OCH; OH H 37 v k%
39 OCH; OH OCH; 41 v ik
40 OCH; OCH; H 67 IR 28 3
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i 84 38 A AT
'HNMR (500MHz CDCL) : 63.94(6H, s), 5.92(1H, 5), 6.38(1H, d, J=9.5Hz),
645(1H, d, J = 16Hz), 6.94(1H, d, J=8.5Hz), 7.08~7.18(4H, m), 749(1H, d, I =

8.5Hz),7.68(1H,d,J=10Hz), 7.81(1H, d, J= 16Hz),

BCNMR (125Mhz, CDCLy) © §56.0,109.7,110.5,113.7, 1149, 1159, 1165, 118.5,
123.7,126.5, 128 5, 142.9, 1469, 147.8, 148.7, 153.6, 154.8, 160.4, 164.9

HRMS Calcd for C;9H;404: 338.079, Found: 338.0789;

i 84 39 AR AT
'HNMR (500MHz, d-DMSO) : 16 382(6H;%), 647¢1H, d, J=9.5Hz), 6.78(1H, d, J =
16Hz), 7.14(2H, s), 7.23(1H, d, J=8.5F12), 734(11L:8), 7.78(1H, 5), 7.80(1H, d, J=

7.5Hz), 8.08(1H, d, J=9.5Hz), 9.03(1H, s);

BCNMR(125Mhz, d-DMSO ): §56.11,56.13,106.8, 110.0, 1132, 1154, 116.5, 118.6,

124.1,129.3,139.0, 143.8, 148.5, 148.08, 153.1, 154.1,159.7, 164.8

i & 40 LT AT
'HNMR (500MHz CDCL) : 63.92(6H, s), 638(1H, d,J =9.5Hz), 647(1H, d,J=
16Hz), 6.89(1H, d, J = 8.5Hz), 7.10~7.18(4H, m), 749(1H d, I = 8Hz), 7.68(1H, d, I =

9.5Hz), 7.83(1H, d, J = 16Hz);
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BCNMR (125Mhz,CDCl) : 655.9,56.0,1099, 1105, 1112, 1139, 1159, 116.5,

118.5,123.3,126.9,128.5, 142.8,147.6,149.4, 151.9,153.5, 154.8,1604, 164.8
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Frd wrdBiEppRss
4-1 e F 9 2%
I.R &%
1R kw2 k2 B AR
1-1. %
(1) * %% 9w (HT-29 cell line, ATCC HTB-38)
2) 4 %% B (AGS cell line, ATCC CRL-1739)
(3) * %+ ¥ 5F &= (HeLa cell line, ATCC CCL-2)
(4) *# i ¥ " (Chang liver.cell line, ATCC CCL-13)

bipmee KR 8 SAEBEREE S EBEY o

(1) NaCl, Na,HPO,, KCI, KH,PO,,HCl, KOH, NaHCO; (Merck,
Germany)

(2) Dimethyl sulfoxide (DMSO) (Merck, Germany)

(3) Methanol (Merck, Germany)

(4) Isopropanol (Merck, Germany)
2-2. 44 A

(1) Trypan blue (Sigma, USA)
(2) MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
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bromide) (Sigma, USA)

3FHKRE

(D
2)
3)
4)
)
(6)
(7)
(8)
)
(10)
(11)
(12)

(13)

(14)

(15)
(16)

He® % T (Shimadzu; Libror AEL-40SM, Japan)
1R s 8 (Centrifuge tube, Kubota 5700, Japan)
%8 3w (Eppendrof, 5415C, Germany)

7] 2 & pic4s (Olympus UtS0A, Japan)

i v & st (Olympus BH2, Japan)

& B 75 (8 A Taiwan)

¥ Kis 8 (Yamato,Japan)

w I E (Hemocytometer; Bright-line, USA)
EHR & (Falcon, USA)

96-well o33 4 & (Falcon, USA)

24-well ‘e 33 & ¢ (Falcon, USA)

ok gl (Millipore, Milli-RO 10, Milli-QRG, USA)

MicroELISA- spectrophotometer 4 % & & 3+ (Dyn-EX
MRX, USA)

p ¥ a3 E (Symex ; F-800, Japan)
- “ % 45 (Espec BNA-211, Japan)
%R AE (B-k > Taiwan)
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g%
1. imoe th2 W32 &
(1) @Fepy:
A. ¥ %% RPMI 1640 % % 104 5o4c 2.2 suplific 3 40230 1
N AR MRS (> ARREET 7273
4e » 10 mM Hepers > 17 0.22 pm jg¥iE g~ % o i@ * @
4v » FBS 10% ~ L-glutamine 1% ~ P/S 1% -
B. 122 % DMEM# % 1354 ¢ 4c 3.7 gl & it 1 &=
S ek o RIS AR E D 7273 1
0.22 um g M@ g A Zeo i * 512 » FBS 10%~L-glutamine
1% ~ P/S 1% -

C. Hifs ¥ 7% Phosphate buffer saline » (PBS)

KCl 020 ¢
NaCl 800 ¢
Na,HPO, 1.14 ¢
KH,PO, 020 g

ok A kEEl S 1 22 10 RenPBS A AR @& ¥

WK EARFRLR  BRAALRY o
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¥
N
%n;

2 ¥ d -80°Crk4a P Bl 3t 37°Ckis T iRk o
Bedllm e %R & S5ml2 8 &R 15 mlgg ¢ ¢ 5111200 rpm
o 5o B3 PR o e 10ml &R > Rwe 1 10
DARERY N 3TC o 5 5% COyeus % fad 1 o

B.

a. fmPE 1 A&

¥

IRESE F A ns =18 Wi LR A L RS o
FRI2ml 2FTr 10 AE R > 4 2 IR AR K
e d i R R R EdomEE 4 37°C 2 5% CO, ¢ & o

C. e fcp a3ty

er“)

f 37\%/ /l’z’

—

S0P 105ml BN HcR e F ¢
B 15l & % 8 e Trypanblue J® £ 353 » £ w0 15 pl 2~
EORFECE L o A R E RS T2 b 225 | fh2 s
il F Rz KT HE

Bime o = (TI2E /4)x2x10° B/ ml -
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2. w3 MR
(1) MTT A 452 R 2
1§ ¢ MTT Bipitidmee RN 2 4 s aE R
formazan & % 2 4 28 (4cB 1) 2 7 0.04 N Btz B3 A s-id

dp A fF 0 & 600nm k£ TR ERE > 3 E e 3 E S o

N—N
/ | Dehydrogenase ~ HN\_
N=N" Br ——>
=N NN
YN
S / CH; S )\
2 cH,
CH;
CH;
MIT Formazan

Bl 16 MTT 4% /& fw e 2 R4 p sh2 & s 7 28 B 2 Formazan 2. 32 -

(2) MTT 7% i chpe

H 450 mg MTT > 4r ~ 10 ml 1% PBS /3 f&{s » 12 0.22 um g
Wil 0 R AC KR T o
(3) ~ 7 3

-5 fm e 48 5 24-well plate » %% i 2x10° cells/well » 4¢ > 10
ng/ml LPS 2 % [k & 2. (Fip| &4 > B0 37C ~ 5% CO 8 % fa ¥
44 ] pEts > #3315 ml o] #re F 0 1200 rpm Hre 10 4 480 4
i 0 12200 pl PBS # £ m¥e > 1200 rpm dtes 10 4 46 > (53 ¢
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Fi o 4o~ 180 wl 3 & % - 20 pl MTT (5 mg/ml) > % 37°C ~ 5%
CFNMARERT ORE 4 RN ES L e

AR 150 pl o E e r 150 pl § 0.04 N Bpzz B R SR
f3 > Breo fS e B} /%‘/p’i 150 pl » 72 microELISA- spectrophotometer

k£ 600 nm TR H ek R (O.D.E) e
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4-2 ¥ F |

R

osthol(1)

10 21

ﬂ\?ﬁ

0 X
)\)J\
(@) (@) o
X X X
HO (0] o HO (6) @] HO (6]
2 9 11
HO O 6] HO (0] 6]

16 3
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o] X 26:

R 27:
X (¢} (¢} o 28

o X 29:

. 30:
’ X o o o 31:

o X 32
N 33:
X o o [e] 34:

I R1:OCH3, RzZOH, R3:H
36;
b R1:OCH3, RZZOCH3, R3:H

Rs

35~37

38:
39:

[ m
A X (o) o [e] 40:

Ri 38~40

RIZOCH3, RZZOH, R3:H
RIZOCH3, RZZOH, R3:OCH3
R1:OCH3, R2:OCH3, R3:H

RIZOCH3, RZZOH, R3:H
RIZOCH3, RZZOH, R3:OCH3
RIZOCH3, RZZOCH3, R3:H

R1:OCH3, R2:OH, R3:H
R1:OCH3, R2:OH, R3:OCH3
RIZOCH3, RZZOCH3, R3:H

R1:OCH3, RzZOH, R3:OCH3

RIZOCHS, RZZOH, R3:H
R,=OCH;, R,=OH, R;=OCHj
R]ZOCH3, RzZOCH3, R3:H

B17 B4 (=)
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1 wred BRESES (-)

MTT assay 1

HeLa | AGS | HT-29 | HeLa | AGS | HT-29
osthol(1) | 95.52 | 93.45 56.4 80.97 | 68.56 | 88.86
2 9932 | 88.72 | 8894 | 5893 | 31.55 61
3 11.92 | 2881 5.63
9 90.46 82.1 77.93 | 4695 | 31.03 | 8588
11 3.11 29.68 | 28.08
16 84.65 57 20.14 | 49.83 | 4193
20 96.08 70.6 3132 | 6481 | 71.63
21 4193 | 5134 | 3499 81.77

osthol(1)

2

B 18 BliEE%E (- )

58
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22 me A BplEeEs (2)

MTT assay 2
HelLa AGS | HT-29 | HelLa AGS HT-29
osthol(1) | 95.52 93.45 56.4 80.97 68.56 88.86
2 99.32 88.72 88.94 58.93 31.55 61
3 11.92 28.81 5.63
9 90.46 82.1 77.93 46.95 31.03 85.88
11 3.11 29.68 28.08
16 84.65 57 20.14 49.83 41.93
26 89.54 99.38 92.04 40.99 41.97 68.6
29 24.08 60.4 59.94 51.26 75.37
32 1.63 58.67 38.82
35 93.54 97.39 90.86 23.38 31.81 77.49
38 10.5 48.13 31.79
ElS )
MTT assay-2
120
100
80 ]
60
40 H —
20 1
07
osthol(1) 2 9 11 16 26 29 32 35 38

B 19 Ry (2)
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# 3 e HpREEE (2)
MTT assay 3
HelLa AGS HT-29 | HelLa AGS HT-29
osthol(1) | 95.52 93.45 56.4 80.97 68.56 88.86
26 89.54 99.38 92.04 40.99 41.97 68.6
27 12.73 51.21 33.71 86.19
28 10.27 54.35 18.64 91.37
29 24.08 60.4 59.94 51.26 75.37
30 10.76 49.02 57.29 52.26
31 22.69 53.95 56.09
32 1.63 58.67 38.82
33 19.21 69.05 84.5 65.73 60.91
34 29.49 45.64 48.06
35 93.54 97.39 90.86 23.38 31.81 77.49
36 35.51 49.67 46.62
37 28.77 48.51 24.66
38 10.5 48.13 31.79
39 8.66 61.47 48.67 80.04
40 9.95 57.35 46.06 96.04
‘MTTassay—S
120
100
80 H [
60 H
40 1M
20 H =
O |- .
& ST N T SR SR S O: (AN Y. R R O SR HE T

B 20 Rl % (=)

60

O Hela
W AGS
OHT-29




24 wred PRl s ()

MTT assay 4

HeLa | AGS | HT-29 | HeLa | AGS | HT-29

osthol(1) | 95.52 | 93.45 56.4 8097 | 68.56 | 88.86
3 11.92 | 2881 5.63

10 0 29.14 45.79
21 29.25 52.75 39.88 85.49
22 6.6 37.66 46.35
38 47.02 41.08 29.61
MTT assay-4

O Hela
W AGS
OHT-29

osthol(1) 3 10 21 2 38

B 21 pliER s ()
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FIF BEEEH
B L 3V 44 Osthenol (2) F evisoprenyl ki 7333 » 4 %
Eadiit & (2)~(3)~(9)~(11)~(16) 2 (21) k43t SAR-
¥ 12 4 osthenol (2) +F C8 i % sivisoprenyl 4 4% H group (3)
2 Z_allyl group( 11 )B~ % 2 {5 7E 5 224 P Bgen™ *% o & #b > - osthol
(1) C8 =% F ehisoprenyl & i+ 2 {3 {FF[1* &4 (20) 7F BLET| ¥
* AGS cells 2 HT-29 cells criE {23 P Ag ™ "5 4840 > d pt 7 7 5

osthol (1) C8 =% } thisoprenyl group 1>t m* 3 [+ 2 5 fp§ £ &

[ E; gé‘rg
m,ﬁ/-ﬁ- °

X X X X
\O 0 o HO (o) (o) HO (&) o HO' O o
| | | |

osthol(1)
oL .
HO’ (¢} o] HO (¢} (o) \O (¢} [e]
16 3
21

B122 2 (Z)
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5 mrea BplEREs (1)

HeLa | AGS | HT-29

Osthol 1 95.52 93.45 56.4

2 99.32 88.72 88.94

3 11.92 28.81 5.63

9 90.46 82.1 77.93

11 3.11 29.68 28.08

16 84.65 57 20.14

21 96.08 70.6 31.32
100uM/48hrs

pteb s A & 2l jsoprenyl group 23t C6 B it & 4
demethylsuberosin (16) » ¥ osthenol (2) ‘“ f&fs BT % » %

H #2 HT-29 cells 9% (77 B "% 1< > ¥ v isoprenyl group >+ C8 11

-—\

B G A PR

£ koA 24 (2)2(3)(9)~(11)~(16) C7 =% +
c1OH 4%+ ferulic acid (23):k 25 S dFen47 2 $ (26)~(29)~(32) ~
(35)~(38)c FREFRET I g4 (29) 27 > Hapenjrd p30

AR i SR dn P MO R 0 AT PR E U ALie B e M R o

Bt o m EST EF (D) B3 M EF (9) BACIEE D §
To BT AR AR R P (20) L B A AT 0

RED L i anthmated gy T & H iRl -
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~ ~
26
B 23 B4 (=

% 6 e pERE (&)
HeLa | AGS | HT-29
2 99.32 88.72 88.94
9 90.46 82.1 77.93
26 89.54 93.72 73.46
29 24.08 60.4 59.94

100puM/48hrs

FHFAP SN E SRTET AL 2140 ket &4 (26)~(29)~
(32)~(35)~(38) waiE 1 Heanbtdiow 18 vy ferulic ester * benzene

ring * 7 OH A4k w4 kpF (352 OCHy) > H 2 M ARBE §.7 5 e s
d 07 0 FRFOHAH Rpwiz 3 BME 3 4p§ £ & «niF* > & § benzene
group + % 41— B OCH; P > H B ARF 7 8 7 " cho Jash R ¥t

TR ATA Ponp R A R e g Mok € i T R Al

o
o A | o AN o AN
QA\J\O o N °3©A\)ko ) QA\)K; o N
0. ‘ - 0. ‘ T 0. ‘
~ ~ ~
26 27 28

® 24 B4 ()

Zh
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Fobo it 54 (33) 2 1 & (B 10 & 3 (32) i HHiRl 3R
S ErA A g e g e

Ao i Lk R

27 med PR (5)

HeLa | AGS | HT-29
26 89.54 99.38 92.04
27 12.73 51.21 33.71
28 10.27 54.35 18.64
100puM/48hrs

G

Fl25 B4 (1)

etk % o

‘ o x o X
° NN o N N N o N
C | T |

33

2 8 iz A PERELR (M)

Hela"|""AGS | HT-29
32 1.63 58.67 38.82
33 19.21 69.05 84.5
34 29.49 45.64 48.06
100puM/48hrs

34

Bofo PR lnre 2 MRIET A S AR 5 8- 9 ik

ICS() m e 5 w r} /P pé‘ ’ ;? EH_,E‘J

(26) &2 i- &4 (35) frosthol (1) - fad= ke iR £ 3

e §E _ICso & 'ﬁ

65

RIE_MTT assay iy &

LA E (26) ¥ (35) s 4

i

FlaTd s EARE AR B ok

7o

’ﬁf&‘/"ﬁf""

FE5 Y

U & 4 (26) B2 1 £ 4 (35) ehlicdp & ¢ osthol (1)



osthol(1) 26

HO. |

20 35
B 26 ERD
% 91Cs
1Cs0 (M)
HelLa AGS HT-29
osthol 1 80.97 68.56 88.86
16 49.83 41.93
20 64.81 71.63
21 >100 >100
26 40.99 41.97 68.60
35 77.49
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55 0 2 >
¥ F W

*

A%

& d— % Fenosthol (1) 4 $ 5 d mie 3 HPET

Beis it B E T M %k (SAR) . § T BB R

1. osthol (1)  evisoprenyl group > st s £ & 5 o

2. Isoprenyl group i*** osthol (1) C8 F e3i= B b =% Co i ¥ & 5
{45 a4 TR o

3. osthol (1) } £3,4-olefinic bond i s it3 R 5 & 7% 4]
Ao LAk HATF IR

4 F7A F F ch OH A %50 3 BUp m e Bg Ap £ & chiv® o

5. % it & % osthenol (2) vdemethylsuberosin (9 ) 4} freulic acid (23)
Ay A P (26) (35 )4 v Fimis et 2 > ¥ ICsoeniE f! B e ™
% o

Bi6 > Fl2FF % (curcumin) # W AFR> & ZIRBER - 30
Fug W T G R g end IR F A 4R B H R0 A A i £ 4
ferulicacid (23) #i 5 B~ o1 & & k- k7|74 F (26~40)

MR UL g F A BB
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