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Synthesis of Yakuchinone Derivatives and Their Inhibitory Activities
on Nitric Oxide Synthesis

Joung Wha Yoon, Hanna Ahn, Jae-Ha Ryu* and Hee-Doo Kim*
College of Pharmacy, Sookmyung Women's University Seoul 140-742, Korea

Abstract — Novel yakuchinone derivatives have been designed, synthesized and evaluated their inhib-
itory activity of NO production in lipopolysaccharide (LPS)-activated macrophages. From this study, some
enone compounds have been found to be highly active in the assay. In view of the importance of NO in sep-
tic shock and inflammation, these compounds may be useful candidates for the development of new drug
to treat endotoxemia and inflammation accompanying overproduction of NO.
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Nitric oxideMNO)y= 571 282} efjz=A 4734
P, AT @ YRS, YAIE didst
= "7l FolMe el deiA|a vk a3
NOS A= &ANOS : nitric oxide synthase)=
AE] AEF 715s A% NOWAYE B3k
constitutive NOS(c-NOS)e} E83 4ol F=
+ inducible NOS(G-NOS)8| = 7Rz =4 E&7d
ot} iNOSE Ca?*9&Ao] glon, Hies A%
o] EA8kx] erov) 99 Fesd A7 9k o
ZFY NOE A3t ol9) 22 iNOSE ¥4+
of tidt g T AFpe Aolr)Ae vt 7
A& w7881 cytokines?] interleukin 1 ©Ju} tumor
necrosis factor, 85 Y¢! W5 A(lipopolysaccharide:
LPS) Sl 98 $-5531 glucocorticoidsell &3] 1
A0 FEt AdEE Aoz auAgig P

£3] i-NOSell & A€ #AE3 NO= Ao
tFet fEze-S vehdi &, HE85 SloAlN

# 2 =B #3 BoE o] AAelAR
(A3} 02-710-9567 (H2) 02-703-0736

16

9] gdAgFoT Qg gt Fekds}, cyclooxy-

genase®] 843259 prostaglandins® 22 FZw)
ALY g oz Q3 AF9 A3

AlzheimerdS $IA3 tiokst wzlghe] A3} So)”®
HE3k NO9| AT s tudd Hss &
“goirt.

m2ba -NOSOl 28t NO2| A4S AAlsh= 23
S graal o|F gekEo® AUl o] tk
s = ok AA7EA] LeiR NOS AsA|=
£ NOS9| 7149 L-arginine®] FEHARIEA,Y N°-
monomethyl-L-arginine(L.-NMMA), N -nitro-L-arginine
methyl ester(L-NAME), aminoguanidine,'*'? S|
St} 28] ZE FSAEA 2 A7 i-NOS A
HAZE RuEn gow,*W JABNM Fet i
NOS A3 A Z:= cepharanthine?2 hisbenzyliso-
quinoline alkaloids,'” nicotinamide,'® benzoguinone,'”
sesquiterpene lactone,'®  polyacetylene 5, lignan
Fo)?) gloH, o}E e iNOSY mRNA 4
< AFFeEN 1 S Yehddh

°l5 % ¥ HZingiberaceae) H=7} 2} § ©



Yakuchinone # 7 #=419) ¥4 ¥ Nitric Oxide 4 Aslas 17

ZHE vanilloidF$ diarylheptanoid®ol &t #H=
3 IFEEC] iNOSY 58 JAEH? 428928
7} ol 38 vehles Aoz deiAn gick o
AR SIEEX Curcuma longaollX £218 curcu-
mine EAIEE RN NOSEA] IS
A3ta,? NOo| $43& AAIgo=N oiget
Asfsh= 2102 By glen, vakuchinone A
= CRRXE Alpinia oxyphylladld E2E A=
7 diarylheptanoid2A] holidlasdr) Qe Aog
FAHJATED Hxpolof E#H  epigallocatechin
gallate SJA] B9t A AEo A HHARIAR] NF-
kBS] i-NOS promotorof|?] A3 Waigo 74 |-
NOSZEE Al 7 wade iNOSS| EATYT
Al AAFo] BR1ER )2

ol ¥ =Fojr:= yakuchinoneS 7|EFZoE
3l 1 FEAE Pk oj59 LPSE #AEE
DiAAE N NO AN IS Horeiedct <=3
24 7 A= NOg §4As1E 53 2%, &
&, HE@Fe] o 9 X859 HEHow &89 4 9)
< Zo= Y€

i to, mjo 12
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4-Hydroxy-3-methoxycinnamaldehyde(1) %! 4-(4-
hydroxy-3-methoxyphenyl)but-3-en-2-one(7)<  Aldrich
ALl AFCE X 98% ol R ARSSISIch
THF (tetrahydrofuran) = A4 7]53}elA4] benzop-
henone sodium ketyl®2 HE] S§F-3fe] ARSIt
'H-NMR spectra:= Bruker-300 2 Bruker AMX
500 spectrometers ©]8-310] tetramethylsilaneg U]
FEEEEE AN 5433007, chemical shift
£ & unit¥, coupling constant= HzHH2 JER)
ltt. IR spectra: Jasco FT/IR-430% ZX&lion,
frequency= cm'® EA|STE Mass spectra™
JMS AX505WAE AM31¢] EI ¥ CI modeZ =%
3ttt Thin layer chromatography: Kiesel gel
60F254(Merck)E, column chromatography+<=silicagel
(Kiselgel 60, 230~400 mesh, Merck)yS AFg-al3ic}.
¥7%< Buchi melting point B-5452 A3l =4
st o HASER] 29trh. Dulbecco's Modified
Eagle's Medium(DMEM) Gibco Laboratories(De-
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troit, MI)ollA, LPS(Escherichia coli, 0127 : B8),
bovine serum albumin, sodium nitrite, N-(1-naphthyl)
ethylenediamine, N®-monomethyl-L-arginine(L-NMMA)
and L-arginine Sigma*HSt. Louis, MO)°IA 7<)
3%t ELISA #%57]): Dynatech*}e] MR5000 =
W& Ahgac.

&y

3-[4-(tert-Butyldimethylsilanyloxy)-3-methoxy-
phenyl] propenal (2) - AA7}Ag X|&E 7™
Xz}~ 39 cinnamaldehyde 1(1.71g, 9.6 mmol)&
THF 15 miell 3438to] cannularE 3] 7}3tal
NaH(60% dispersion in mineral oil, 1.15g, 28.7
mmoly 7}k ¥ 302 F<F mRkEitE 0°CE g &
tbutyldimethylsilyl chlorideZ THF 5mioll =] A
A8 F7Kkn 7ARE Ik g & TLCE whe e
gelaka ¥x3}t NH,Cl §94& 718le] whe-g FAgt.
EtOAc(100 mDZ FZ3t ¥3} NH,Cl £-<4(15 m),
H,0(15m/X3), brine(15mHS 2 HAHsn F
Na,SO,Z %% the A 5538t dodl K=
Z A 2olE 219 (n-Hexane : EtOAc=20:1, SiO,)
3o 2.78 g(99.3%)2] W MAARES AT} :R=0.72
(n-Hexane : EtOAc=2:1, SiO,); IR (KBr) cm™ 3430,
3007, 2857, 2748, 1674, 1621, 1596, 1511, 1465,
1288, 1128; 'H NMR (300 MHz, CDCL,):7.22
(1H, d, /=15.8), 6.89 (2H, dd, /=8.2, 2.3), 6.70
(1H, d, /=7.9), 642 (1H, dd, /=15.8, 7.8), 3.67
3H, s), 0.82 (9H, s), 0.00 (6H, s).

1-[4- tert-Butyldimethylsilanyloxy]-3-methoxy-
phenyl]-7-phenylhept-1-en-3-0l (3) — o}2Z 7}A~F
Agd 71x 29 ZEbAFo] magnesium turning
(63.2 mg, 2.6 mmoDE FI 7Y A 7FE it
FEH150°C~200°C, ©k2A]Zh). THF 1mi& Y1
1,2-dibromoethane® 1'-& Wolrglm wyis) 1-
Bromo-4-phenylbutanes THFo 34J8le] A43] 7}
s}, o] Wl THF 1.3 mi& AR5t 1.0M solution
& UE 108 AR M F, ko] FEsA 4o
W7l AlEsbd AdEelA whE @d § .78°CE
coolingdt T, 2(203.4mg, 0.7 mmol)E THFe| 3]
Mgty A8l 7HE o2 30%7F wNE F AAE A
o2 gl TLCE WA S Qlsln sat.
NH,CIZ ¥-2S $75l7 ¥eESES EtOACE 3
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Aete] H,0, brine® 2 Al&3l] <= Na,S0,8 7
%3 & ZRFEE3sle] Z-tg 2olE 781 (n-Hexane
:EtOAc=15:1)3}] 260.3 mg(85.0%)2] ©]4 BALE
AL A8t :R,=020 (n-Hexane : EtOAc = 6: 1);
IR (neat) 3392, 3027, 2930, 2857, 1600, 1512,
1280; 'H NMR (300 MHz, CDCly) 7.15~7.00(m,
5H), 6.75 (d, 1H, /=19), 6,70 (dd, 1H, /=19,
8.1), 634 (d, 1H, J=8.1), 6.34 (d, 1H, /=15.),
593 (dd, 1H, j=158, 7.0), 415~4.05 (m, 1H),
3.68 (s, 3H), 249 (t, 2H, J=7.7), 1.58~1.10 (m,
6H), 0.86 (s, 9H), 0.02 (s, 6H).

1-[4-(tert-Butyldimethylsilanyloxy)-3-methoxy-
phenyl]-7-phenylhept-1-en-3-one (4) — Allyl alcohol
3(R=CH,CH,CH,CH,Ph, 110.0 mg, 0.25 mmol)<
n-pentane®]l 31Xt & A3 wyIS!® manganese
dioxidleMnO,, 2174 mg, 2.5 mmol)= 43| 7|5t
ok 2AIKE B4t refluxA|7]al TLCE wHE9HES gkl
gtk MnO,E oFE AAT F AdsFalo] gL
AL 7 2elE 789 (n-Hexane : EtOAc=30:1)
ato] A4 102.8 mg93.9%)S LT : Ri=051
(n-Hexane : EtOAc =6:1); IR (neat) 2930, 2857,
1654, 1594, 1572, 1285 'H NMR (300 MHz,
CDCL) 7.30 (H, d, J=16.1), 7.13~6.92 (m, 5H),
6.88~6.84 (m, 2H), 6.67 (1H, d, /=86), 3.66 (s,
3H), 251~243 (m, 4H), 1.62~1.50 (m, 4H), 0.82
(s, 9H) 0.00 (s, 6H).

1-(4-Hydroxy-3-methoxyphenyl)-7-phenylhept-
1-en-3-one (5: Yakuchinone B) —Enone 4(93.8
mg, 0.22mmol)S THF 5miell &31A17] ¥ tetra-
butylammonium fluoride (1M solution in THE 0.45
ml, 0.45 mmolyE AA3] 7}ala 2087+ w¥t 3 o}
= TLCE 9hg-eg ERldith EtOAcE F&3}0]
H,0 ¢4 m/X2), brine 4 m)2] +22 AHsn
Na,S0,= Zz% o AksEsle] & e 2
A R20HE 1219 (n-Hexane : EtOAc = 7: 1, Si0,)3}
o &8 FAAY 62.7 mg(90.3%) LUTH:R; =
0.34 (n-Hexane : EtOAc =3:1); 'H NMR (300 MHz,
CDCl) 7.20(d, 1H, J=16.1), 7.04~6.87(m, 5H),
6.82(dd, 1H, /=19, 82), 6.77(d, 1H, J=1.9),
6.66(d, 1H, /=82), 6.32(d, 1H, J=16.1), 5.66(s,
1H) 3.66(s, 3H), 2.42~2.37(m, 4H), 1.48~1.37(m,
4H).

1-(4-Hydroxy-3-methoxyphenyl)-7-phenylhep-
tan-3-one (6 : Yakuchinone A) - Yakuchinone B(5)
(31mg, 0.1mmol)E ethanole] 3]4 % palladium
on activated carbon(Pd/C, 10 mg)S 23 AaskE
H2 gasZ X|&AJA mRigict. 241 & TLCE W
HAE Ik PA/CE T2 AAsk sZsh
o dL AAE ZE 32 ulE 789 (n-Hexane ;
EtOAc =5: )3l 74 S35 28 mg0%)yE @
St} :R;= 0.6 (n-Hexane:EtOAc=2:1); IR (neat)
3423, 3021, 2935, 1710, 1604, 1516, 1270; 'H
NMR (300 MHz, CDCl,) 7.58~6.87(5H, m), 7.05
(AH, d, /=79), 6.99~6.84(2H, m), 5.73(1H, s),
4.08 3H, s), 3.07~2.992H, m), 2.93~2.78(4H, m),
2.65~2.60 2H, m), 1.84~1.78(4H, m).
1-(4-Hydroxy-3-methoxyphenyl)pent-1-en-3-one
(8) ~R;= 044 (n-Hexane: EtOAc=2:1); IR (neat)
3418, 3069, 2970, 1850, 1662, 1602, 1515 'H
NMR (300 MHz, CDCly) 751 (1H, d, J=16.1),
711 (1H, dd, /=82, 1.8), 7.07 (1H, d, /=1.8),
694 (1H, d, /=8.2), 6.63 (H, d, J=16.1), 6.02
(1H, s), 395(3H, s), 2.74~2.65(2H. m), 121~1.14
(3H, m).
3-(4-Hydroxy-3-methoxyphenyl)-1-phenylpro-
penone (9)—R;=0.16 (n-Hexane:EtOAc=3:1);
'H NMR (300 MHz, CDCl;) 8.04~8.01 (m, 2H),
7.76 (d, 1H, /=225), 763~749 (m, 3H) , 7.39
(d, 1H, J=156), 724 (dd, 1H, /=82, 1.9), 7.19
(d, 1H, /=1.9) 6.98 (d, 1H, /=8.2).
(E)-1-(4-hydroxy-3-methoxyphenyl)-5-phenyl-
pent-1-en-3-one (10) -R;=0.24 (n-Hexane : EtOAc
=2:1, Si0y); IR (KBr) 3395, 3027, 2937, 1680,
1647, 1586, 1514, 1454, 1429, 1281, 1157; 1H
NMR (300 MHz, CDCl;) 748 (1H, d, J=16.1),
732~718 (GH, m), 7.07 (1H, dd, /=82, 1.9),
703 (1H, 4, /=1.9), 692 (1H, d, /=8.2), 659 (1H,
d, /=16.1), 590 (1H, s), 3.93 (3H, s), 3.00 (4H,
m).
1-(4-Hydroxy-3-methoxyphenyl)-6-phenylhex-1-
en-3-one (11)-R;=0.2 (n-Hexane:EtOAc = 3:1);
IR (neat) 3422, 2930, 2857, 1688, 1597; 'H NMR
(300 MHz, CDCl;) 7.36 (d, 1H, J=16.1), 7.24~7.10
(m, 5H), 7.00 (dd, 1H, /=8.1, 1.8), 6.96 (d, 1H,
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J=18), 684 (d, 1H, J=8.1), 582 (s, 1H), 3.86
(s, 3H), 2.64~2.56 (m, 4H), 2.00~1.90(m, 2H).

4-(4-Hydroxy-3-methoxyphenyl)-butan-2-one
(12) -R;= 038 (n-Hexane:EtOAc =2:1); IR (neat)
3418, 3004, 2939, 1711, 1602, 1517, 1272; 'H
NMR (300 MHz, CDCly) 6.84(1H, d, /=8.0), 6.71
(1H, d, J=19), 6.68(1H, dd, J=8.0, 1.9), 3.33
3H, s), 287~281 (2H, m), 2.77~2.71 (2H, m),
2.15 (3H, m).

1-(4-Hydroxy-3-methoxyphenyl)-5-phenylpen-
tan-3-one (13) - 74 754, Ri=0.19 (n-Hexane
:EtOAc=2:1, Si0,); IR (neat) 3445, 3026, 2935,
1711, 1604, 1515, 1453, 1431, 1270; 'H NMR
(300 MHz, CDCly):7.20~7.06 (5H, m), 6.74 (1H,
d, J=79), 659 (1H, 4, /=19), 656 (1H, dd,
J=79, 19), 541 (1H, s), 3.78 (3H, s), 2.81 (2H,
t, J=74), 274 (2H, t, J=7.1), 2.66~2.58 H,
m); Mass (E) m/e(relative intensity) 284(M*) 179
(26), 137 (100), 91 (30).

RAW 264.7 M| Z29] Hlief Y A2 X2

MacrophageZ|€2] RAW 264.74E= American
Type Culture Collection(Rockville, Maryland, USA)
oAlA kol AME3Ilom, DMEMS w4 (10%
fetal bovine serum, 2mM glutamine, 1 mM pyru-
vate, penicillin 100 U/mL 2 streptomycin 10 ug/
mlL¥3H ©2 37°C, 5% CO, incubatorollX I3}

3 157Ul 28 Adhuiersi] AT

RAW 264.7 MXFZE 10% FBS DMEMCZ 8
x10° celym! & k) 24well plateo] 1 mi¥y ¥
ste] 2417 B FFAA7[Z AMEL 10% FBS
DMEMC® w#% v (-LPS, (+)LPS, AgA2]
o2 Wro] 27t 3 welly Elsiitt. 37°C, 5%
CO, 7)oM) 207M7F wijekst 5 2 well®] vkl
o2 f2¥ NOE SH3Isitt. AM-& Ale] o
A Z73)7) S8l vigel ¥-aE AEE PBSE
23] A|H3tx 05N-NaOH 500 wE o]-&3}o
100°Colld 3087 eials 23)1815ict. Bradford
022 BSAS EFEAR slo] B9 kg FA
Eipr=g

Griess A|2/2 0|88 NO 2| M

RAW 264.7 AEFel LPSY AlE5E A3l 20
A7 wljokst Bkl 100 WE 96well plate] FH3IT
GriessA2F2.5% AArel 1% sulfanilamide, 0.1%
naphthylethylenediamine £4% 150 W& 713t3 10
B &< whe-& AZIthE ELISA reader® 570 nmell
A FREE S8l 2RSS A S8t
o] sodium nitriteZ NQO, 2] EFEEOZ ARE3ISITh

HEdy o ng

!

Yakuchinone ¥ #¢# §54¢] 4L Scheme 1

TBSCI PR MgBr
——-
imidazole TBSO
OCH,3 OCHjs
Ph
MnO, TBAF
1BS0 pentane  1ggO
OCH; 3 OCHj
o) 0
= Ph H,/Pd-C Ph
——
HO 5 HO 6

OCH3  yakuchinone B
Secheme 1 - Synthesis of Yakuchinone A and B.

Vol. 45. No. 1. 2001

OCH3;  yakuchinone A



20 248} - ek} - R QAT

o] EAIS 3H A 43513 cHScheme 1).
29229 4-hydroxy-3-methoxypcinnamaldehyde(1)
2] phenolic OH”|&(TBSCl, NaH, THF)°llA] TBS
ether FEIZ W FAIZT) olgA| dfo] oA 29
phenylbutylmagnesium bromideA|<kS o]-€3l 1,2-%
7Hkg-E& 3te] allyl alcohol 3& FA3IATE 3&
MnO,Z 4Hksle o, B-EX3} AE@S s
TBAFZ AzJale} H57]Q1 TBS[E AATCEHN 5,
Zyakuchinone BE 43131 ojo] Fejo)-g o) g3t
43} W8-S 54 yakuchinone AQ) 6 HE A
3l3itt. 8-139] ES AR WHoz IsIsi

i 7 c
: R'=CHy
X R' 8: CHch3
9: Ph
HO 10: PhCH,CH,
OCH4 11; PhCH,CH,CH,
0
R 12. R"=CH,
OCH,

NO &+ Xafigt Y T=EEEA

RAW 264.7 MEFE 24-well plated] 8x10°
cel/mL EEF P27 F LPSE 1ugmiE A
3l MEE Bt T 20A7HEQ vk & wjokd
o2 {29 NO9 55 NO,FE|Z Griessh o
o]l g3l At o= NO7F wl¢ E<Hyslod
NO, Z ZA HEE7]) "otk Al§E dimethyl
sulfoxide (DMSO)°ll &3lst & FASHTE o83t
o k= FEE A5l ARSIl T, DMS02] #
FTEEIT 01%E 2SS o 9738 A I
& A e RS Ao gRlEch A
Hiofl thzFe) A9 NO, 9 557} 0.5 uMo|skal
9 LPS 9 Azlel o8 oF 20~30 M= #A|3]
ZF7FI3iet. o9} o] LPSE MXE #45e u
HIHEE ANEE AMElsta Al 23 NOo<| 44
o] T THY TEISHE BT, g4
et A MES] NOFA AsiEd LPS tzTol
gk Mg (%2 B o AIAS o 2

=
=

ﬂll

¥

’

Table I -Inhitition of nitric oxide production in LPS-
activated macrophages by yakuchinone clerivatives

Inhibition (%)

Compounds IG5
25 uM 50 uM

1 84.6 . 90
5 65.5 . 18.0
6 26.6 ND"
7 99.8 . 5.3
8 - 246 ND®
9 95.1 - 4.1
10 71.0 - 8.6
11 96.3 - 8.1
12 - 48 ND®
13 50.4 - 33.2

*Concentration (uUM) needed for the 50% inhibition of NO
production in LPS-activated macrophages.
"Not determined

A3l (%) = 100X [ODy, ~ OD ;o MOD s~ OD, ]

olj OD#E& Z ARE AHe AETujtdE
GriessA|2F0 2 ¥kAgE & ELISATHEY]o)4 570 nm
A FF% FHxoltk oF UFFOE NOS9 A
Az g4 U= NC-monomethyl-L-arginine(L-
NMMA)E 0.1 mME A2J3i%lE o NOAAYAEA
o] 65%°12H, NO9 A3& 504 sk S5
IC, 02 EHT AF= Table o YERACH

Az o2 IC,%ke]l 10 uMolstE ulwz 7&
NO3AEE& Yepfdct. o]F2a%e] fle 12,
132 &Xo] mji§- ot Ao 2 YePdt} £ enoned
g9 313E 5 71 vidold wdrivt e 7 Y
97} =& A S vehd oz BAFch ko
2 52 el di=A OH1Y &4 B4, 249
dol, wiAge] HAEE Foll Y& &3] B
F e FEAE FHE ool olF 3ES NO
AA NGl ek 287173 NOSE 3 #yo)
U= cycloxygenaseZA, TNF-o 4 S A% =
PRl HAES B AL oz $8Ukse 528
o Ao|ct,

4 e
E =EofAq= yakuchinoneS 7|EZHOE &l
I FEAE P 0159 LPSE #4933 tiyA)
HEolA NO 94318498 4715131tk Enoned e

e 2= =47} vHou) HAdr)7 9= 7 2 9v}
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ICs7} 4~5 uM HES) %& AsBYE ehigict
2F 4TS Fo BT} S50 B R BAE )
g ) gole] o)F HYEEE FIHOE NOo &
HASNE B 4%, B, ABZ ot L Hz9
Exow 249 4 9le o= st

ZAel m#
o] ATE TSPIER Fo BHATANIARIL of

At AT7INE ESAR] @A E : 00-B-WB-07-A-
05l g3l T3 e oo e 7S =y},

Ao
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