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(Development of novel insecticides to inhibit sterol metabolism

essential for the growth and exuvium of a feeding pest)
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SUMMARY

Synthetic organic insecticides were widely used for improving production yields of
agricultural crops, eliminating noxious insects, particularly in forests. However,
continuous use and abuse of these insecticides for several decades have resulted in
destruction of biological protection systems using natural enemies, abnormal occurrence
of noxious insects or the development of a resistance to the insecticides, development
of toxicity in non—target organism including humans, enviromental contamination, etc.

Due to their adverse effects, the synthetic organic insecticides have been gradually
reduced in use and 1in particural, their domestic use was to be reduced to 50% in 2004,
compared to their use in 1993. Therefore, there is an urgent need for the development
of new insecticides as a tool for enhancing the yields of agricultural products. Also,
the size of the world market for biological insecticides is expected to enlarge to
about 94 billion Korea won.

In an efforts for the development of novel insecticides, researchers have studied on
metabolism-associated enzymes or receptors by menas of the molecular biological
methods. As a result of such studies, cholesterol was found to be, in  insects,
required for the formation of plasma membrane and waxes on the cuticle and lipid
transports in the blood or lymph. Because insects are unable to synthesize sterols,
they require sterols as essential nutrients. Most insects use plant sterols by
converting them into cholesterol. Cholesterol 1is required for the biosynthesis of
molting hormones, as well as participating in the formation of the plasma membrane
together with phospholipids.

Acyl CoA:chloesterol acyltransferase (ACAT) inhibitors are known to have the effects
of preventing and treating hypertension in humans. In particular, they are under
development as a therapeutic agent for hypertension, which has a new action mechanism
related with a mechanism of the onset of arteriosclerosis. Based on the fact that
insects essentially require sterols for growth and reproduction, the present studies
revealed that insects might be killed when a sterol-acylating enzyme participating in
storage or transport of sterols is inhibited, and might make the development of novel
safe insecticides possible, which are capable of killing insects by the newly
identified action mechanism.

The extracts of Parthenocissus tricuspidata, extracts of Diospyros kaki and its
pheophorbide A methyl ester ingredient, and Rosemary extracts and its verbenone
ingredient were found to inhibit ACAT enzyme. The extracts and ingredients were assayed
for the inhibitory activity against Plutella xylostella Larvae, in which the extracts
and ingredients exhibited insecticidal effects in comparison with each control.

The synthetic analogues of the known ACAT inhibitor, pyripyropene A, and

naphthoquinoe analogues were also prepared and found to show potent ACAT inhibitory



activity. The pyripyropene A analogues exhibited the insecticidal activity against
Trialeurodes vaporariorum (Greenhouse whitefly). The naphthoquinone analogues were
found to show insecticidal effects against Plutella xylostella Larvae.

This study introduce a new concept of inhibiting target, a sterol-acylating enzyme,
known to play a critical role in production of sterols for storage or various hormones
during sterol metabolization in the larval stage of insects. The results clearly
indicated that compounds having an inhibitory effect on ACAT activity can be used as
effective ingredients of novel insecticides.
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NEA ¢F FEEE ACAT A3 B4

Plant nams Seientific nams Used part Fraction Inhibition(%e)
LR =R MMe0H B 12%
TREILLE S MeOH Ea. 7%
Zo]miiE =2 MeDH Ex %
Folaug 2 MeOH Ex. 8%

1340] o) & tOH |
ke ol 24 MeOH Ex =
£ H MeOH Ex. =
= 3 MeOH Ex. -
AL l=OH =
R 3 MeOH E=. -
e EtoH Ex 18%
Al i B0 MeOH Ex. 19%
g i L A E MeDH Ex. -
B s MeOH Ex, =
p— 2 2
=2 e MeOH Hax. =
H S 2 MeOH Ex. -
o = iMeOH K. 44%
%] 5 23 =] H20 Ex. -
o & = 12%
| = CHCI 3

2) A=A F=E9 ACATEAE 2¥

ol Fool: FYHE ofd EdATEAl AT (ACAT) EHo FAHFAHS BoA
(Brecher )& o7t 424 3slo] AF&3} Y[ Brecher .P and C. Chen; Biochimica Biophysica
Acat 617:458~471, 1980]. “&7] W2 o FHelol: ZH~HE ofd EdAveA &4 |
Ao REE O ERY FF AAG vlo]laxES ARSI oH, AR E FYAHEY WAL

o7 #AHE 292 9(oleoyl) Foo](Co-A)E W % N7)E= Ao, WS AAdES Zd A
= o] ~H Z(cholesterol ester)ol] EZdtE HWAl59 o7 HI-EATE =43519 T},
TAHo R oM E KA ZFHUHEH ofAEo &3s|AIZ] Triton WR-13395 &9

HEYA A oA EL AATtAaz AAZ T K-EAHE 58 (pH 7.4, HFEE 0.1 WS
A7 Y. aAW-SS otASA 717l €15Fe] bovine serum albuming HEEEZE 30 pMS

DMSO = MeOHZ 591 Al&& Agdo] 37 TolA 30 &3 dn] w-gA AT, A7) 4
S F H g2 71491 [1-"Cloleoyl-Coenzyme AZ 0.04 pCiZk A 9L 37 ColA 30
HESAIZ T, Hhg ¢bd F oA EdE-FE 1 mE 2ol vhES AAAA §r 3
.6 m¢2t KPB bufferf 0.4 m¢ & ¥ 2 4 & 283 WAk, ZhH™ s 200 n
= FH3to] scintillation vialell Yot 7] €No] scintillation cocktail(Lipoluma,
Lumac Co.) 4 m¢E Y] scintillation counter(Packard Delta-200)llA A% cholesteryl

oleate®] & SAsIAN oM AL dE st7] 84 1o wet ALtatdltt.

d% o

e Z
ri E

— O
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A (%) = [ 1 - (T-B/C-B) ] =100
(7] Aol A,

T : gavkgdo] AlRE Jdof A9 cpmdt,
C: gagrgde ANas ¥A &2 Hx72 cpnit,
B &aadds ¥4 21 A8E ¥ tE72] congh)

VS 9A e AT AREE A 2 AFHS BASH A
g8 ALY, agla Aol oA tERT O ZE obovatol S AFESEe] ACAT A&
S 54 A Gk 44 pM= YERT).

Gﬂt 100ug/ml—E— '%ﬂé}‘}i%ﬂﬂ 49.29% B 2A }” ﬂoi Zﬁﬂ%l 2T FAiEE
A&, EEJE‘%]E-]%4ﬂﬂL_%%*EiLWVJ%~AEw]§i36 e
100ug/ml = 21\1]3}%\3% o —}7} 66.89%, 67.30%, 9.69%, 46.94% ?ﬂ OH O]-T: Hnoz SAHEHA

) /é X{'

ol =22 oy

% % % % %
\f;z% &% ﬁ% %0 /&%
R % &
N\ o oS @
% N
% S5
5
cHxio| E & 22| X2l = (100ug/ml)
AMEES 67.89
Szz=85zE 67.3
o ZotME 0| EFES 9.69
2= 46.94
UBF2EE 49.29
a9 1 FAel F2EY &l R ACAT A3 24
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wEst. g, % L Axstel goe A% FEE 12 ¢ (o3, D' FPIL S5
o]
PN

el 2FEE 100 g= 1000 ml o] =ol A7l £, 5000 mle] L& Z7]o] ¥ v,
T SREESS VISt & 4lolEE E50] 259 FEEXSIOR FHsglen, o 1
Qe 747 33 HEslnh. 4, wF 2 Axst e FREIE FEF 15 g (98,
“DKC"e} B )& TS

1 nle] EHAW He o,

= E50] 853 odolAHolEFon Rejaigle
g o grele] ojeolAEol EFEE 25

=

(¢}

%3slo] 75 g (o]sF, “DKW"E} ¥

7 SuFEE T ACAT As] Ao 7Hg =34 dEolAHolE E3E(DKE)S #ds
Z3alo] AL wE 300 g& AYIA 29 FRuEIHIE 7] Yeto] AgIkA 1,500 g
S EFREYEFMEE=100:1 &3 95 AFEEte] 7 (10x50 cm)oll FX1g &, A E
TS A Aggtded FERA7I X A e Yo Fa FEREyXEvuEE
(100:0~0:100 (v/v))<& &=&m=Z AMEste] 139 Ag7ta 2§ AZntEaH9E 33}
GdEES Kol 1 g& FHs8lY. 7] @48 8S §E8 9 (CHCL;:MeOH=1:1) & ©] &3}
Algtd 2 o o] X204 2rlE 1] & AAste] SRS 0.3 ¢S 5533

HE dAFEES (Column:J'sphere ODS H-80, 250 x20 mm)ol] &= SwjzA HES:E
=98:28 6 ml/Eo® ZeFHA HPLCE AAetlar, Ae)dE&d3+E7] (SHIMADZU, Diode
array detector)’dolA & =339 Y. a4 A AHEZDLS 13.4 Fo] &9 FEo|
o =7 24=54 3.8 mgs
A7l 5T e 159 T4 AFEAY (FABMS, Vacuum Generator
spectrometer, VG70-VSEQ), F23:MA7)Ew  EAW  (H-NMR, 500MHz, Varian Unit 500
spectrometer) % EFA3Hz}7 AW (BC-NMR, 125MHz, Varian Unit 500 spectrometer )2

ol-&3st FAst 7] =dAE Aol ZH| = ofo] MEdAY SgtES 5T,

of
ok
AN Hro
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e
rlo
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ofo
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Uvmax :

408 nm 2} 666 nm;
FAB-MS () Mass (m/z):
' NMR(CDCl3):

607 [M+HI';
6§ 1.52 (3H, d, J7.2 Hz, H-31), 1.72 (3H, d, J=7.2 Hz, H-25), 2.15

(2H, m, 2-H), 2.54 (2H, m, 1-H), 3.00 (3H, s, H-29), 3.23 (3H, s, H-26), 3.44 (2H, q,

J=7.3 Hz,
dq, J~7.2, 1.9 Hz,
Hb-28), 6.14
s, H-6), 9.13 (1H, s,
§ 189.56 (s, C-20),

1.2 Hz,

BC-NMR:

161.06 (s,

C-14),
C-9),

(s,

122.65 (t,

C-6),
C_l) )
C-32),

C-23),
142.00 (s,
131.79 (s,
C-28), 105.11 (s,
64.64 (d, C-21),
29.54 (t, C-2),

12.01 (q, C-26),

Cc-7),

H-30), 3.53 (3H, s,
H-4), 6.01 (1H, dd, ~17.8, 1.2 Hz, Ha-28), 6.14 (1H, dd, J=11.5,

(1H, s,
H-11),

155.56 (s,
137.86 (s, C-17), 136.43 (s, C-13), 136.15 (s, C-10), 136.06

C-8),

23.09

H-32), 3.78 (3H, s, H-34), 4.11 (1H, m, H-3), 4.34 (1H,

H-21), 7.77 (1H, dd, J/=17.8, 11.5 Hz, H-27), 8.43 (1H,
9.29 (I1H, s, H-16), -1.92 (br, s, NH);
178.05 (s, €-35), 172.03 (s, C-5), 169.60 (s, C-33),
C-12), 150.88 (s, C-15), 149.61 (s, C-24), 145.09 (s,

128.95 (s, C-18), 128.95 (s, C-19), 128.95 (d, C-27),
C-22), 104.31 (d, C-16), 97.43 (d, C-11), 93.06 (d,

52.85 (q, C-34), 51.01 (d, C-3), 50.07 (d, C-4), 30.82 (t,

(q, C-25), 19.32 (t, C-30), 17.33 (q, C-31), 12.05 (q,

11.10 (q, C-29).

LJ*— ;Uh ' uLNt _J;

oy 3&
(chlorin ring)e] H]d~7|e] wd¥
2 8.439 4 HEAFo2H T2y

Tk, C-4, C-8, C-13, C-189 z+zt Adfsta = wWE7| 9

§1.72, 3.00 %

3.23,

% 3,

Z2397

skt

3.53%

Fo]xu|= oo e 2~E el 'H NIR

TZoA M ERZHC ¢ e Exstd =" a1y
2 (vinyl methine proton)”7} 7F& A A<l §9.29, 9.13
AT},

(methyl protone)”} Z}z}
o&7]e] 424 (ethyl

rir k%

LER Az, 140 Atstar 3l
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proton)7} §3.44 @ 1.520|4 Hola, wtd site] & 7)9 44 (olefinic proton)$l
28-H7} §6.01¢14] 28-H¥ AAH T s}t S#w7|9] FA(olefinic proton)Sl 27-H7F &
7.7790 A e

X =

(|

W pxolA B ThE 549 TE Uie] e 44 TAT §-1. 92011*1 Bagon
W, T2 e fat A7 el ZaA AdEe] e B = AU

7 4. Ao Eu = o] wEo] e o] FC-NIR

a% 58 zERA §3EQ Holxus do] wdd syl EFolkel olste] 9y
U= AL o]&3k DEPT (Distortionless Enhancement by Polarization Transfer) A~HEH

(CDCls, 125.75 MHz)S vFERA Aoz 6 /o] wWe, 3 7] wE A (methylene), 3 7He] W&

(metine), 1 712 sp® WE @ (methylene), 4 702 sp® W ¥ (metine), 15 712 sp” 4 7 EFA
309 ZtE2rdr]e] ©Aavl #EES.
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O curbass

sl protanited carbons

-
¥
£
[
-
:
-
s
e
1.

8 5, Ho]EZH|= oo] wEo]| ~E ¢ DEPT AHEH

a8 62 Y2WA 3ITEQA FHoj¥u= oo wed 282l HMBC('H-"C-heteronuclear
multiple-bond correlation spectroscopy)& YEFH HOo =z §2.54 (20, m, 1-H) WeEdo=
KBl §178.05 (s, C-35), 51.01 (d, C-3) % 29.54 (t, C-2) &A= A#A, 2.15 (2H, m,
2-H) WgdogrE §178.05 (s, C-35), 161.06 (s, C-23), 51.01 (d, C-3), 50.07 (d,
C-4) 2 30.82 (t, C-1) &A2=9 A#A, 4.11 (1H, m, H-3) WEoZRE 172.03 (s, C-5),
161.06 (s, C-23), 50.07 (d, C-4), 30.82 (t, C-1), 29.54 (t, C-2) % 23.09 (q, C-25) &
A0 AWA, 4.34 (IH, dq, ~7.2, 1.9 Hz, H-4) Wg€logX¥E 172.03 (s, C-5), 161.06
(s, C-23), 51.01 (d, C-3), 29.54 (t, C-2) % 23.09 (q, C-25) ®A=Ze] ¥, 1.72 (3H,
d, /7.2 Hz, H-25) Wl =H-E 172.03 (s, C-5), 51.01 (d, C-3) % 50.07 (d, C-4) 2=
o] AA, 8.43 (IH, s, H-6) #l®l o =R¥E 172.03 (s, C-5), 142.00 (s, C-7), 131.79 (s,
C-8)2 50.07 (d, C-4) ©hx29] A4, 3.23 (3H, s, H-26) WEEFE 142.00 (s, C-7),
136.06 (s, C-9) % 131.79 (s, C-8) &rx=o] Ao, 7.77 (1H, dd, ~17.8, 11.5 Hz,
H-27) wl®le =X E 136.15 (s, C-10), 136.06 (s, C-9), 131.79 (s, C-8) 2 122.65 (t,
C-28) &tx®eo] A 6.01 (1H, dd, J=17.8, 1.2 Hz, Ha-28), 6.11 (1H, dd, J=11.5, 1.2
Hz, Hb-28) WMo = HE 136.06 (s, C-9) % 128.95 (d, C-27)&rax=2e] ¥4, 9.13 (1H,
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s, H-11) Wlglo g X E 155.56 (s, C-12), 136.43 (s, C-13), 136.15 (s, C-10) % 136.06
(s, C-9), &&=z A#A 3.00 (3H, s, H-29) wWld=%¥E 155.56 (s, C-12), 145.09 (s,
C-14) % 136.43 (s, C-13) &A= a4, 3.44 (20, q, /7.3 Hz, H-30) wEdd o ZHE
150.88 (s, C-15), 145.09 (s, C-14), 136.43 (s, C-13) % 17.33 (q, C-31) ©x=29o A
A, 1.52 (3H, d, ~7.2 Hz, H-31) W€ 2%E 145.09 (s, C-14) ¥ 19.32 (t, C-30) &&=
o A4, 9.29 (1H, s, H-16) WE o 2HE 150.88 (s, C-15), 145.09 (s, C-14), 137.86
(s, C-17) % 128.95 (s, C-18)®tAE ] ¥4, 3.53 (3H, s, H-32) W€ = KB 137.86 (s,
C-17) % 128.95 (s, C-19) &rx=o] A#A, 6.14 (1H, s, H-21) #Wgo=RE 189.56 (s,
C-20), 169.60 (s, C-33), 161.06 (s, C-23), 149.61 (s, C-24), 128.95 (s, C-19) % 105.11
(s, C-22) &kxgo] A 1ea 3.78 (3H, s, H-34) w2 KB 169.60 (s, (-33) @A &
o] ol TEH AT

T T T
F2 [ |
(ppn. ! ! = 4 = =

i

280 180 150 148 120 108 L1} 1] a H] [
FL (ppa)

a9 6. FojxEn|= oo] wEoe~E 2] HMBC

Aol EAAEVIR AT Ax, zERA sghEe] 54 9251 7 SelA 408 nm
2666 nme] V] A7F RFEI, AL HAS HoloRN Shekwe] 7 Ul 223 age] &4
= 49 5 sl

= 607.2 m/z °]™, o] o]&H A9} 0.3 mD2
o= XMy, IES| FAB-MSS] =743 A3, EAx21o] CoallyONs= ol A= AT},



AAY 4 9o, dghEe] aW 7

|€lol| ~E] (pheophorbide A methyl ester)

% (chlorin macrocycle) 7+%& Zr+=
2 A H = X237 sgEe HojxH= o]

e FA}G L

e
[
e
Xl
o
o M
e
(il
u

a9 7. Ho]EH| = ofo] wWE|AE 2] 38kt
3) ACAT 499 Ax

Aldof] ARS8 ACAT @4 Yo 2 3 FH(Male Sprague-Dawley rats 250~300 g)o] 7HS- H2|3}
of mfo]aAZF 458N A (0.25 M FELZ 22 (sucrose), 1 mM EDTA, 0.01 M E]2=-<d4k, pH
7.4)02 AAHSL MR 1-2 o’ A7IE AEEe] HIE-FYR o|Fon #EF)
(homogenizer, IWAKI, homogenizer, 7720 HMOGT, ASAHI TECHNO GLASS SCITTEECH. DIV)= ®4j
sholl A 55 ¢ A s}skel ).

A7) A NS 14,000 < gol| A 1585t A EE] (Beckman, JS-21M)3Fe] A5 S Ro} t}
100,000 < gol| Al 1A 7HEQt 211 Y4

Al 2] (Beckman, L8-80M)3}3iTt. ACAT ax g4l
I3 vholAaRE (microsome)s wElshy] fla] 2k AT FAdEol vlola=E €
&N B (0.25 M 7222, 0.01 M EgA-4k, pll 7.4)5 20FS 71ske] & 4o v
HEPAIZIE 100,000< goll Al 1A 7HE S ThAl QA2 83l

AlA] aade] did w2 & xTstelr] flste] diAst RS S =d, 94E
H HAE vlo]|A2% 958 BE A3 7lele] &lA7]a @ d gEEAE 4A8A
ot ul(bovine serum albumin, Sigma, A1653) AF&EFaL o ]

eN
protein Assay kit)oll 2Jsle] whild FxZ AR 2}
gl FEE 10 mg/mlE 23Sk 2 ml violde] 1 meA EFske] -70ColA HshHaA A
gl A3k},

4) ACAT g4d 54
TEAA Y FHo|EH = oo] Wee ~Ed o8 ACAT &4 A AL [1-1c]LH S
d-Foole} FHAHES 7|ARE &, 7o FXH WHE dF S SAHATY.

K. Kim, et al., J. Antibiotics, 49, 31-36, 1996].
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W3 R o == 7] AAld 19 Al 10 , AolA AHAT F 2] wlo]|aRFL
a4 (liver microsomal enzyme) 4.0 ul, E_?f % g (assay buffer)[0.5 M KH:POs, 10
mM DTT(Dithiothreitol), pH 7.4] 20.0 wxl, A 7 <HFT (bovine serum albumin, Sigma,

A1653) AHAAlel HQa o]ige] AWile] Eo7HR E® % A Ake] B3] Al AH
(essentially fatty acid free) EF 2% 40 mg/mle 15.0 w0, 20 mg/mle] Z#H2H= 2.0
w, ST 41.0 pE 7hske] 2 4le] 37CoA 2023t on] whgS AAsk3iT

= uCi, AF+s= 10 u)= H7tst
1 mo] olara e Ae=4:1 (v/v)& 7Iste] &
= A3 BF 458N 0.4 mE H7lste] 94l

ACAT &2 A9 AL ARSI d& FEsTolA HHSAAES sk 100 ul
o] ZHH| Y (scintillation cocktail, Lipoluma, Lumac Co.)<S #
i (liquid scintillation counter, Beckman, LS-6000TA)E

ACAT &4 84 Adlms Al o R FA3 714 2 g4 #AM
o] WAL EHS AlESle] Axkear, 7] 82 25 o] 835te] ACAT &4 &

Arsrl

(?i*—l 2]

b B A = > [1-{CPM(T)-CPM(C2) /CPM(C1)-CPM(B) }]
CPM(T). Alg 2 feli% A71el9 S w CPM(counter per minute);
CPM(CD): AlBx H7skA &, axE A7 ekdS u CPM:
CPM(C2): NBE H7tetal, aate H7FekA 293 o CPM:
CPM(B): A& ¥ 45 H7IeHA] &S w CPM

olu, RE WL 0CoA AASG L, U Yo 2E Q2 WHlE(obovatol ) S AFE-s)
Ath(Planta Med. 63, ppb50-551, 1977).

25 o]&sto] ACAT &4 A& @4& S4ste] Hgk+£S. Doz vepd A,
G dxQl L REHFE (obovatol)@] ICs (Inhibition Concentration) #h< 44 pMe]$lar,
o ZH| = oo] W] 2B 9 ICy &= 2.2 pM= YEptow | ARRH FHojZuH| = ofo] HY
2E O] e oEste] ACAT &4 Al €4S Hlo (19 8 #x).
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¥ 5.9 o] ¥n]= o] weof ~E]9] ACAT &4 A &4

&5 (pug/ml) ACAT A3l =73 (%)
33 81.6+1.65
11 78.7+0.59
3.3 67.2+1.83
1 29.7+1.98

ACAT X sf &

90

80

70

60

50

40

ACAT % 24 X5H5

30

20 r

10 F

O 1 1 1
1.1 3.3 11 33
S= (ug/mi)

719 A2 HEY, =237 HoEZH|= oo] HEo e tdk ACAT a4 &4 A=
5 SA% A9, v ofFEHow A FAE Holal, 10 #t°l 2.2 uMEA, ¥4 UFzTH
oF A= gk ACAT Al avts Selaltt

=37 Holxnj= oo] HEo2E B o]F Eiete A FEES FEATSE
ate 2AES 54 84 A 2 AeAES ste 7%te] sk, 2HE dAIA A=

150 a7} glom = Qhiletar AREE = Qe 34 2l S A4 2AAER ALE

5) wiFEY (Plutella xylostella L.)fZ0°l gk & A3

W\EEU (Plutella xylostella L)S%o td B4R APEZEoR MFEUE 90

whe) S Abgstel AEAWS Stk
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3.0 cm)= Zef
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N
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fiie)

N
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o= §3 olEAA 1072l 3

o

el

=
=

o Eg]E X-100 100 ppm =& 9ul

oN

=

LA E 10% &

T

9
pl

9]

10 mg/m12 =Y

[e)

tH 24, 48A17ke] 2t

[e)

=

<]

(DK)

Aeld FE52

40-45%, 16L:8D) oA AFS

0|

L

oj

T

fie)
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_ZTI

]
H

g

2 A

ACAT A& &4d(%)
55.0

IDAT(%)

76.8+18.4

1IDAT*(%)

38.7£17.5

DK

_ZT.C

|

-t

[€)

£ %% 50 ug/ml

B

10 mg/ml, 244 7t

P Hel ¥ AR

C

#}7} vEbte)
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=

o

=
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=
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S oo] WU 2HE Foldt FRAAE SolF Wt A

3w, gostey A, RALd SR mgusis B

BB REAA 0.1 g/gt SHNRRE ehlA gom 4T T
0.1 g/kg o4 AT BAE WUk,

3. 2Zve| (Rosemarinus officinalis L.)8] €T FE&E 9 ¢F FEEZ5HH &3 2=

H 237 3FEQ W= ACAT A&y ¢4 dF3ad dF

1) opdstolo]: Fe| 2HE o Ed Ay Asjzdo] Alx

zxobe F3Ee) Axs A AN T F AE BRANA ARG wol B2 A
A% ¥ e Az F, BAVE RUs Ao 2wt 8 2xcke 39 w9 of
Vg shte] 7% ALl 25 F olusiodnt, Y] onelg dgelueg slshuA
W wESe] 2 ARE AR

woetE 2z=vhE|ele] 100ge FHate] dx A 3ulel sEoh= ol®E 300mlE 7fske]
NS St A2olM 7dRr FET F o3 5 S w5t e MY AV =25
Z=o JdEdH=E Yo7t At 5] £ FE=S 520mge Hof 50uFe] Ayt
(230-400 mesh, Art. 9385, MerckAh)S Pz A7l AL 2vkE 189 (2x 10m)E 5
Aasch. ol BFEULA w2WANS 27 BU(1000)2 o] o ElopAHol =gl %2
ZANA A3 oHebAElOlE BRI ¢ A FAS SeEA BEE wgth o ¥
5% opd molo] : BalsHE olAEWAN A AABUS SAse 1 FoA g A
AfAazvtE g9 (2x 10em)E 3

Aol e LHEL wol wHae] 23 WA
Foact, olm §E8u=A A4k o DolAHoES 2]
: A3k ol ol Ao = £33 1 D7

oo o®
=)

(100:1) 2 3}o] o dolAE o] E
WA BEg wol,

4
o,
fjo

o] LEES o} Fdo] ¢ FH2HE oMHEMNAH A AEHS FHst 1 FollA
55 Hol sFst] 120mges vk, A7t AylAZvtE 7]
Alahd 2~ LH-2024 H A Hgtes &Edos J=2nEadyE
2119 FAEH(80mg) S Halat3itt.

o Foflo] ¢ FHUAHE ofHEWNAHHAE At S = ol 5SS B4
At BEAES =As7] 95e] (electrospray ionization mass spectrometry, Fisons VG
Quattro 400 mass spectrometer, USA)E ©]&3}3itt. FAEA FXE Lolr 7] 9sle] &)

47189 e ol g,

NRE A2 2k Al2E (DCl; 50 5 mn MR FHOAM ¢4 2 g4 27 gv AHES

— 4
SAstglon, Z+ &uje] yo]aE  Ttetramethylsilane®] ¥o|aE 7|Fo=  FA3IUH.
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A3t E tste] 229 A, BEAE, Bx4 9 JES B A S5 d
fraolw | (MHNa) = 174.3m/z:né =ZAwo], 3gtEo] A 151.302 FAHE Q).

S A CoHu= FAFAG. oglsty 545 3
A FAHELS (DClIol Fo] B4 4 dxp)ey ~FEA 1o 47}
protons (1.00ppm (A), 1.49ppm (B), 2.0lppm (C), each 3H, s), (2.07ppm (D), 1H, d),
(2.41ppm (E), 2.64ppm (F), each 3H, t), (2.8ppm (G), 1H, m), (5.72ppm (H), 1H, s)°lA
SAHAT(H 9).

T

19 9. Biu=9] 'H NMR

s ey A E-A 10709 BAT7H22 (C-1), 24 (C-2), 27 (C-3), 41 (C-4),
50 (C-5), 54 (C-6), 58 (C-7), 122 (C-8), 170 (C-9), 191 (C-10)ZSAH Y 1& 10). 'H
-'H COSY =~HE-A (A -B), D -6, (E-G, F), (FE, &, (GD, E, )7} #& 3%
UEFRAL(ZE 11, HMBC A~ EA (Y 12)& #AX st Sd=4de 25 F4% 49, &
A 3= (Passaro LC and Webster FX., J. Agric Food Chem. (2004) 19; 52 (10):
2896-2899 )oll A %3+ Verbenone¥}t AAEATH Y 13).
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18

160 148 (4 ] Lo L1 i 4 I ppE

29 10, #HE=e] PC MR

F2
[ppm

Fl fopm)

g 11, W=e] ' -'H oSy AHEH
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9 12,9 8]=e] IBC AHEY

CH,

1R 13, Wl=e) shekra
3) ACAT &A9el Az

Acyl-CoA: cholesterol acyltransferase &4 YO 2= 2F (Male Sprague - Dawley rats
250 -300 g)¢] 7+e E23}e] microsome buffer A (0.25 M sucrose, 1 mM EDTA, 0.01 M
Tris-HCl, pH 7.4)& AAH& 1 7}99=E HG3] A A&a teflon-glass homogenizer = 2 3}
ShATH. A elE 14,000 x goll A 158 /b A4 ZEjste] HAEE AAS L Feds ¥

e | -
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o} 100,000 x gollA] 1A17Fs<r YA Eeskth. ACATo] £33 microsome HEE s <4
223 A HAES microsome buffer B (0.25 M sucrose, 0.01 M Tris-HCl, pH 7.4)E 7}3}]

A A3 AZFE 100,000 x goll Al 1A17FHEQE ThA] 94 Helekgdtt.

BE w4 2H 3] %3 skt o
EFEAR bovine serum albuming AFE3le] Lowry Wl o&f vwld w2 AA3 I
84U microsome buffer B2 3]4sle] vl d w5 10 mg/ml= 243t 1 ml wpo] Lol
BEEto] =70 CollA] BaaslHA Aol AL&-stlth

4) 3}3FE] ACATEA 23

ol Fofo]: Y 2HE obd EdtadeiA AN ELY SHF54LS B H (Brecher) W
WS o7t =AsFe] ARESFY U Brecher. P and C. Chen; Biochimica Biophysica Acat
617:458~471, 1980]. Z7] W o} Fojo]: ZHUAEHE ofd EdadA 4 a4rdo
2 3F9 o zHFy FE AAG vlo]a=EES AREElglen, VdEE iﬂ]/\‘iﬂiﬂr WAL

oz #AHE Y 2Y(oleoyl) FZolo](Co-A)E BANSAIZIE Aoz, HEgAALER] =4
~HE o 2~H Z(cholesterol ester)el Z3Hd WAL Fo= 49 WA EE %73 Fa

ol[‘
ofs

[

TAZHOR ol E Al —g—eﬂwﬂiﬂ olAlEo] 83471 Triton WR-1339Z =i
HAEAA oMMES AL7FEE AT § K-EAHoE $F8 (0l 7.4, HF5% 0.1 D=
A7VEA T, EASS kA3t Al7]7] 98Fe] bovine serum albuming HEFEE 30 uME
Ual, DMSO HEE MeOHE 3591 A28 Hekdo] 37 CollA] 30 £7F o v w3 A Z o,

271 |t 21 [1-""Cloleoyl-Coenzyme AZS 0.04 uCi7} A 9iL
37 Colld 30&7F wHgAI AT, ¥hE 92 5 o]AZRRE-Fek 1 ME Fo| veSs FAA
e 0.6 meeF KPB bufferf 0.4 ml & ¥ & 412 $ 233F AT, &0 &
HOdEH 200 plE FHASFY] scintillation vialdl @At 7] &Hel scintillation
cocktail(Lipoluma, Lumac Co.) 4 m¢E ] scintillation counter(Packard Delta—200)ol 4|
A E cholesteryl oleate?] %S =Hstglom AL 317 484 3¢ et ALY
=

N
o

[t 3]

A g (%) = [ 1 - (T-B/C-B) ] =100

(7] AelA,
T BAREEAo AZE Yo AT cpmak
C: &aNgdo N85 YA &2 Nx+9] cpmit,
B: gaads ¥4 &1 AEE ¥ x99 cpmib)
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ojuff FAIFLE EAYS YA ¥ AFAUH AEE WA 2 AFHS Bt A
4E Axtetsith. 18a Ao S dxT 22+ obovatol S ARESEe] ACAT A& €
S S5A% A [Codk2 44 pMzE Yelgtt. 22uke] FE2E3 #Huli=S opa Fojo] 2y

A EdadeiA] gho] wEROEAR AEd S B FAT. ERugERY &
gato] ofA ool ZFH AHE ol EdAdIA AAEAHAEE SANNS W Hul=9
[Cso @S 2.3 uMZ AXEAJATH(ZH 14).

Verbenone

100 r

Inhibition (%)

0 1 1 1 ]
0.01 0.1 1 10 100

Conc.(uM)

9 14, WH|=2] ACAT A& &Ad

5) wiFEYH(Plutella xylostella L.)r=o°l o3 A3

e
re
—
=2
>
ofo
)
>
(g
ofj
o
it

3 NF=ZEUv(Plutella xylostella 1.) 2.2 2009W 9¢
AEEFTA 3} AFHo| A AFAHS STk, B Aol ACAT A 3|EAd
_]

¥ o ox

tlo
o
A

i
K
=
W
oh
T
ol
[N}
ol
do
ol
tlo
ofy
i—";
N
0%
ol
N

[e) =] o =
Fem FEYE X

A
o
N
o,
rob
O
o
Y
i
—
(@)
=
ofo
12
2
—
-
=
(@]
=
O
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(e}
(e}
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=
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o 3t A= E 7o YeEFHRAT.
3F 73 2 1794 Hewkel o] E Aol AREE WWl=S 509 100 ppm® Wi FF o
Zo)| Agstn 193 2do] AEAEE SASPS w FLAg e vlusie] A &3
Fa4) depton v, A% lEdes 4% it veny
7. 9= A g% viEEul 5 AEad
A O == >~
e o ]ﬂ_% 5 ﬂ T8 T D ZE 7
] (ppm) WA 12 29 ay 458(%)
1 10 8 4
50 2 10 8 5 33.3
3 10 8 8
| =
M 1 10 6 4
100 2 10 9 5 56.7
3 10 5 4
1 10 0 0
FAe gz 2 10 0 0 0.0
3 10 0 0

a3 15, W= A2l ot Hﬂ?ﬁu‘/}‘ﬂ
14 HHli= 50ppm & 48A17H4 3}

o; M= 100ppm A& 4847+
T g 4841717 2}

3, W=
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OMe O OMe O OMe O OMe O OMe O
O‘ _CH, O‘ _CH,CH,3 O‘ _(CH),CH; O‘ _(CHp)sCH; O‘ _(CH,)sCH3
/,S\\ /,S\\ /,S\\ /,S\\ /,S\\
OMe 0 O © OMe 0 O O OMe O O © OMe O O O OMe 0 O ©
75021 7S02-2 7S02-3 75024 75025
OMe O OMe O OMe O OMe O OMe O
O‘ _(CHp)5CH3 O‘ _(CH2)sCHs O‘ _(CHp),CH, O‘ _(CHp)sCH3 O‘ _(CHy)oCH3
/,S\\ /,S\\ /,S\\ /,S\\ /,S\\
OMe O O O OMe 0 O O OMe 0 O O OMe 0 O O OMe 0 O O
7S02-6 7S02-7 75028 75029 7502-10

a7 16, At Axd YZEAERY SgE] 72

D YZEF=7 gz 94

obd ool el AHE ofd EtAdebAlY AsdAde e dgE w1y 94

Y2 gaa 2

OH OMe Br  OMe OMe OMe
a b c
_— —_— —_—
OH OMe OMe Br OMe OMe
1 2 3 4
dj
OMe O OMe O OMe O
9@ Q0 — 0
e -
g,R S’R
1]
OMe O O OMe O OMe O
Ta-k 6a-k 5

aReagents and conditions: (a) NaOH, (CH3),SOy,, i, 2h; (b) NBS, rt, 3h; (c) CH3;ONa, Cul, reflux 30h;
(d) CAN, rt, 1h; (e) RSH, Na,Cr,0;, H,SOy, rt, 4h; (f) MCPBA, tt, 8h.

a9 17, A Axd YZEF =72 315E Ax v
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1,5-Dimethoxynaphthalene(2) 9] A

2Le] 2 S Zgpage HAavbx~o] & FbelA  1,5-dihydroxynaphthalene 1 100g
(0.62mol)S 10% NaOH 500ml (1.25mol)oll =<2 % dimethyl sulfate 156g (1.24mol)< 1A%+
=ol A3 A7 sk the 2817 HoF M AH T, AAdE HALS et #Ete] 5% KOH 200ml
Hoz 23 AHF TS A 255 20mM oz 33 AR T AXAZT. AXRAZ B}
of WAl 1.5LeF &% 300gs ¥ol 80Tl 3] o] AL o o33k 5 WA|sto] )
A 73ges DA

5 63%, =7 181.9~182.3TC

Rf: 0.49 [FAF:ol”opAlE o] E(5: D]

"H-NMR (CDCls, 400MHz): &7.70(d, J=8.8Hz, 2H), 7.38(t, J=8.0Hz, 2H), 6.98(d, J=8.0Hz,
2H), 3.94(s, 6H)

éfi“

4,8-Dibromo-1,5-dimethoxynaphthalene(3) 2] A

1000m1 &) 2}+=2Zg~=o] 1,5-dimethoxynaphthalene 2 10g (0.05mol)& ¥ il 160ml<] ofAl

EHE‘“J of &3jAlATE. o 7]olIN-bromosuccinimide(NBS) 21g (0.12mol)& 180ml1<] ofAl:=UE
A7 LNS A3 A7 EHA] wwksG T, HES SRS A Lo A 3A17F HoF wuk

D%LO%F%B‘}O% Add Ade oHAEYE-R AlFsta datow F i o AlFste] A
H

Rf: 0.20 [WP o olAEH o] E(50:1)]
"H-NMR (CDCls, 400MHz): &7.68(d, J=8.4Hz, 2H), 6.72(d, J=8.4Hz, 2H), 3.91(s, 6H)

1,4,5,8-Tetramethoxynaphthalene(4)2] &4
4,8-Dibromo-1,5-dimethoxynaphthalene 3 14.5g (0.04mol)¥} sodium methoxide 7.5g
(0.14mol), copper(l) iodide 26.3g (0.14mol)<S YWl EFolu]= 50% W& & 700ml el

5o]aL 30A1%F B33l —8— Fas AN oS A= 1ol ¥a AdEHE AHES
oq:ﬂr, A sl Ao S AxA F WedZFzdols (Lo Ho B82S ofnA| At
AesEsglth. widle= xﬂﬁﬂéékﬁ WA AR 6,58 AT}
T8 62.5%, HE=H: 168~169T

Rf: 0.14 [Arxh:-HEAF 2o =(1:4)]
"H-NMR (CDCls, 400MHz): &6.85(s, 4H), 3.90(s, 12H)

5,8-Dimethoxy-1,4-naphthoquinone(5)¢] ¥4

250ml 14 2f+= Zgf~3el 1,4,5,8-tetramethoxynaphthalene 4 10g (40.28mmol)<S ¥ 3L o}
AEYEZ 450ml, 22X F 160ml &38q¢ =2 F ceriumdiammonium nitrate 54g
(98.5mmol)& 250ml 2] =ol o] 3027 HH3 A7beitt. weEde 3023t U WAl
A FHF 500mE ¥ F FERIEE S0mIRoR A W FEI F FEUxE @A
oA gt o MES FhehksSHete] 42 XS HEeteE At A2 dEA 4.80gs A
=

T 54.6%, 57 122~123T
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Rf: 0.22 [&AF: o HolAEH O] E(1:2)]
"H-NMR (CDCls, 400MHz): &7.33(s, 2H), 6.79(s, 2H), 3.97(s, 6H)

2-Alkylthio-5,8-dimethoxy-1,4-naphthoquinones(6a-k)< A

175 100ml 9] g}s-= ZefF9 5,8-dimethoxy-1,4-naphthoquinone 5 1.38mmolS FH &S
30mlel]l &3fA171 % alkylmercaptan 1.65mmolS YW il 4A)7F F<oF WHEAIFTE, HE-§-E oo
sodium dichromate 0.23mmol¥} BAF 0.76mmolS Eol &3iAA A3 H7eh & 2204 3
E7F 2Nkt whrgE o) ¥3F AYEFEN 50mlS ¥Yail FEEIXE 100ml=E 33 F=
g F fUsS FrYUERE gAY —r@44“q oAt o NS s FHate] a2 AL
& WEEE AAdAst] HA4sts A4 6akE AAUTEH.

2-Methylthio-5,8-dimethoxy-1,4-naphthoquinone(6a)

T 46.8%, =4 167~169TC

Rf: 0.28 [S4k:olDopAH o] E(1:4)]

'H-NMR (CDCls, 400MHz): §7.33(d, J=9.2Hz, 1H), 7.27(d, J=9.2Hz, 1H), 6.41(s, 1H),
3.97(s, 3H), 3.96(s, 3H), 2.31(s, 3H)

2-Ethylthio-5,8-dimethoxy-1,4-naphthoquinone(6b)

5 61.2%, x4 130~131C

Rf: 0.23 [34F:olHobAlH o] E(1:4)]

'H-NMR (CDCls, 400MHz): §7.32(d, J=9.2Hz, 1H), 7.26(d, J=9.2Hz, 1H), 6.44(s, 1H),
3.94(s, 6H), 2.78(q, J~=7.2Hz, 2H), 1.38(t, J=7.2Hz, 3H)

2-Propylthio-5,8-dimethoxy-1,4-naphthoquinone(6¢c)

T 60%, =7 80~81T

Rf: 0.28 [HAF:oldolAlH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.34(d, J=9.2Hz, 1H), 7.27(d, J=9.2Hz, 1H), 6.45(s, 1H),
3.96(s, 6H), 2.74(t J=7.2Hz, 2H), 1.81~1.72(m, 2H), 1.08(t, J=7.2Hz, 3H)

2-Butylthio-5,8-dimethoxy-1,4-naphthoquinone(6d)

T 53.5%, 5= 104~105T

Rf: 0.32 [ 4kl HobAlHe] E(1:4)]

'H-NMR (CDCls, 400MHz): &67.33(d, J=9.6Hz, 1H), 7.27(d, J=9.6Hz, 1H), 6.44(s, 1HHH),
3.95(s, 6H), 2.76(t, J=7.2Hz, 2H), 1.76~1.68(m, 2H), 1.54~1.45(m, 2H), 0.96(t, J=7.2Hz,
3H)

2-Pentylthio-5,8-dimethoxy-1,4-naphthoquinone(6e)

T 42.1%, 5= 101~102C

Rf: 0.48 [HAF:olHolAlH o] E(1:4)]

'H-NMR  (CDCls, 400MHz): &7.33(d, J=9.6Hz, 1H), 7.27(d, J=9.6Hz, 1H), 6.44(s, 1H),
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3.95(s, 3H), 3.95(s, 3H), 2.75(t, J=7.6Hz, 2H), 1.77~1.33(m, 6H), 0.92(t, J=7.2Hz, 3H)

2-Hexylthio-5,8-dimethoxy—1,4-naphthoquinone(6f)

T 42.1%, 557 139~140T

Rf: 0.33 [SAk:olDopAH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.33(d, J=9.2Hz, 1H), 7.27(d, J=9.6Hz, 1H), 6.44(s, 1H),
3.96(s, 3H), 3.95(s, 3H), 2.75(t, J=7.6Hz, 2H), 1.73~1.48(m, 2H), 1,47~1.30(m, 6H),
0.90(t, J=7.2Hz, 3H)

2-Heptylthio-5,8-dimethoxy-1,4-naphthoquinone(6g)

T 62.5%, 5= 125~126TC

Rf: 0.32 [HAF:ol”obAlE o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.33(d, J=9.2Hz, 1H), 7.26(d, J=9.2Hz, 1H), 6.45(s, 1H),
3.96(s, 3H), 3.95(s, 3H), 2.75(t, J~=7.2, 2H), 1.75~1.26(m, 10H), 0.89(t, J=6.8Hz, 3H)

2-0ctylthio-5,8-dimethoxy-1,4-naphthoquinone(6h)

TE 44.2%, =7 109~110C

Rf: 0.52 [ ool H o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.33(d, J=9.2Hz, 1H), 7.26(d, J=9.2Hz, 1H), 6.44(s, 1H),
3.96(s, 3H), 3.95(s, 3H), 2.75(t, J~=7.2, 2H), 1.77~1.27(m, 12H), 0.88(t, J=6.8Hz, 3H)

2-Nonylthio-5,8-dimethoxy-1,4-naphthoquinone(6i)

28 7%, BEA 7576

Rf: 0.45 [ HolAEH O] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.33(d, J=9.6Hz, 1H), 7.27(d, J=9.6Hz, 1H), 6.44(s, 1H),
3.96(s, 3H),3.95(s, 3H), 2.75(t, J=7.2Hz, 2H), 1.77~1.27(m, 14H), 0.89(t, J=7.2Hz, 3H)

2-Decylthio-5,8-dimethoxy-1,4-naphthoquinone(6j)

T 64.5%, 5= 97~98 T

Rf: 0.45 [SAF:olDopAH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.33(d, J=9.6Hz, 1H), 7.27(d, J=9.2Hz, 1H), 6.45(s, 1H),
3.97(s, 3H), 3.96(s, 3H), 2.75(t, J=7.2Hz 2H), 1.76~1.26(m, 16H), 0.88(t, J=7.2Hz, 3H)

2-Phenylthio—-5,8-dimethoxy—-1,4-naphthoquinone(6k)

5 58%, 54 105~106C

Rf: 0.30 [AF:olHobAlHo] E(1:4)]

'H-NMR (CDClz, 400MHz): &7.52~7.47(m, 5H), 7.31(s, 2H), 5.97(s, 1H), 3.98(s, 3H),
3.92(s, 3H)

2-Alkylsul fonyl-5,8-dimethoxy-1,4-naphthoquinones(7502 3}IFEE)9] A
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21 2o A 2-alkylthio-5,8-dimethoxy-1,4-naphthoquinone 6a-k 0.19mmol < 10ml¢] WEANZF

2ol =o] Hola 77% MCPBA 0.43mmolS ¥ 8A17F WS A Z T, whSZle 10%9] sodium

93 75 AFUEF 8 5nle Ye ¥ FRREE Snl 33 FE849

dx2 GeA7l T odygste] ofdS AghEFele] d2 IAE APA=v)
0

L A=
Aste] BAss g BA 7502 SPRES AU

bicarbonat
. f71=
e B

(@]
Mo oy

2-Methylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7502-1)

TE46.9%, HF 0 211~212TC

Rf: 0.18 [4F:oHobAlH o] E(1:4)]

H-NMR (CDCls, 400MHz): §7.49(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.37(s, 3H)

2-Ethylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7502-2)

T 65.9%, =4 164~165T

Rf: 0.21 [ olMH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.50(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 2.05(q, J=7.6Hz, 2H),
1.35(t, J=7.6Hz, 3H)

2-Propylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7S02-3)

T8 20.7%, =7 208~209C

Rf: 0.25 [ 4kl HobAlHe] E(1:4)]

"H-NMR (CDCls, 400MHz): 67.50(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.53(t, J=8.2Hz, 2H),
1.82~1.78(m, 2H), 1.07(t, J=7.6Hz, 3H)

2-Butylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7502-4)

T8 60.3%, =4 112-113TC

Rf: 0.26 [t EolAMH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.48(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.54(t, J=8.0Hz, 2H),
1.79~1.71(m, 2H), 1.49~1.44(m, 2H), 0.94(t, J=7.6Hz, 3H)

2-Pentylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7S02-5)

TE 33.3%, HEAl 42~43TC

Rf: 0.37 [ 4kl HobAlH o] E(1:4)]

'H-NMR (CDCls, 400MHz): 67.50(s, 1H), 7.42(s, 2H), 3.99(s, 6H), 3.54(t, J=8.0Hz, 2H),
1.80~1.72(m, 2H), 1.44~1.37(m, 4H), 0.88(t, J=7.2Hz, 3H)

2-Hexylsul fonyl-5,8-dimethoxy—1,4-naphthoquinone(7S02-6)

TE 32%, 554 40~41TC

Rf: 0.33 [HAFoldolAlH o] E(1:4)]

'H-NMR (CDCls, 400MHz): §&7.49(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.54(t, J=8Hz, 2H),
1.79~1.71(m, 2H), 1.42~1.40(m, 2H), 1.30~1.25(m, 4H), 0.87(t, J=7.2Hz, 3H)
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2-Heptylsul fonyl-5,8-dimethoxy-1,4-naphthoquinone(7502-7)

T 29.7%, 5= 79~80T

Rf: 0.38 [k Eol M H o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.49(s, 1H), 7.40(s, 2H), 3.98(s, 6H), 3.55~3.47(m, 2H),
1.79~1.71(m, 2H), 1.41~1.39(m, 2H), 1.30~1.21(m, 6H), 0.86(t, J=7.2Hz, 3H)

2-Octylsul fonyl-5,8-dimethoxy-1, 4-naphthoquinone(7502-8)

TE32%, 5= 92~94TC

Rf: 0.41 [t EolMEH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.49(s, 1H), 7.41(s, 2H), 3.99(s, 6H),3.53(t, J=8.0Hz, 2H),
1.79~1.71(m, 2H), 1.45~1.36(m, 2H), 1.30~1.20(m, 8H), 0.86(t, J=7.2Hz, 3H)

2-Nonylsulfonyl-5,8-dimethoxy—1,4-naphthoquinone(7S02-9)

5 40.1%, x4 101~103C

Rf: 0.38 [3AF:ol olAH o] E(1:4)]

'H-NMR (CDCls, 400MHz): &7.49(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.53(t, J=8.4Hz, 2H),
1.79~1.72(m, 2H), 1.58~1.56(m, 2H), 1.41~1.39(m, 2H), 1.28~1.24(m, 8H), 0.89(t,
J=8.4Hz, 3H)

2-Decylsul fonyl-5,8-dimethoxy—-1,4-naphthoquinone(7502-10)

T5: 31.4%, HoF: 127~128T

Rf: 0.57 [4F:olHobAlHo] E(1:4)]

'H-NMR (CDCls, 400MHz): 67.50(s, 1H), 7.41(s, 2H), 3.99(s, 6H), 3.53(d, J=8.4Hz, 2H),
1.79~1.71(m, 2H), 1.43~1.37(m, 2H), 1.30~1.24(m, 12H), 0.87(t, J=6.8Hz, 3H)

2) UXEF| =72 ACATEA A7

olal Fojo]: ZY AHE ola ETdAT A A A (o]t "ACAT “&F A3} )EAo A
5742 B A (Brecher) & ot A8t AF&3ttHBrecher.P and C. Chen; Biochimica
Biophysica Acat 617:458~471, 1980]. A7) WL o} Fojo]: Fd A E o} EgtAye}
A g aAdo=2ZE HorRY FiE FAG vlola2ES AEsIolon, VdRE FH~

HEY WAbso® 3248 282 U(oleoyl) Feo](Co-A)E WHSAIZIE Zo=, WA E
ol ZFY~HE o 2H Z(cholesterol ester)o] X3 WALz oz WMEAHEE ZAHIA

o}

mim

TAF o2 oAM= &3|AIZ] %i’ﬂ*ﬂ]iﬂr oAl Eo &3fA1Z] Triton WR-1339&5 <=9l
HAEAA oMHES ALTFARE AAG F K-XAHoE $F &0l 7.4, HFT5%E 0.1 <
A7l @AWs-S okg3st Al717] $18FY] bovine serum albuming FHFEHE=2 30 pMS

Yo, DMSO E& MeOHZ 591 Al8E AaFdo] 37 CTollA 30 B3 dnuk-gAlF . 7] o]
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o

s 1 [1-"Cloleoyl-Coenzyme AZ 0.04 pCiZ} HA @3 37 ColA 30%

s}
o s
ARG, whE Sd F oAz ede-FE 1 mE Yol B AAAN T ofe
=

s

= wee 71

o

R

e

s Sl

.6 m¢2} KPB bufferf 0.4 m¢ & 91 & 4l & 283 WAk, Eq=W 5 200 n
15 #FH3}e] scintillation vialel YA}, A7) &9l scintillation cocktail(Lipoluma,
Lumac Co.) 4 méE o] scintillation counter(Packard Delta-200)olA A% cholesteryl
oleate®] & Ao AL 317] 782 4o whetp ALkttt

olo

(e

[5:344) 4]
AASd (%) = [ 1 - (T-B/C-B) ] =100
]

T : @4sdd AlgE Yo AldT9 cpmit,
C: BANkgdd ABE YRS 79 cpmit,
B: aAds ¥X &3 AaE ¥ =79 cpmih)

F7] ACAT Asl&S =4 & A3 A71sa2] 7502-1 ~ 7502-100.= o] Folzl 1F¢] 3
FEE ACAT AdES 54 3 A7 SFEES suoE4d AAEHS BTt 7} 85

s} .
9] ACAT Al xE 29 189 vebith. Alde] ARg3 318H4] 7502-1 ~ 7502-10 ¢ ACAT
axo AAFAAS 50 % AdetE = 7502-10 3HgEo] /M Aol =& AR U

EFsk Tt

ACAT activities on some compounds

100

(%)

——7S502-6
—=— 7502-7

50 —e— 7502-8
—— 7502-9
——7S502-10

ACAT inhibition

0 1
1 10 100

Final concentrations(ug/ml)

1 18, EAsIRtEE  ACAT A 24



3) wlFE v (Plutella xylostella L.)r%ol thal & A3

(e
9
—
=2
>
ofo
it
>,
jai}
ri
o
o

A

4 3 o

A 2 W EEF P (Plutella xylostella L.) 3BT HFA
Sgtn FAAE A NE FAEH oA AFATS . & dsurn® ACAT A &S
%l FAE o AAES =<2 5 triton X-100 100ppm

1g A FAT.

O

oo
12
©
=
o
Flot
e
ol
ol
2
)
B
2
o
e
O
1z
ol
ol
[
_}]‘_:‘
o, o
ok
et
oX,
oY,
1
i
i)
oo
(o}

= Q.

| T R

(25£1C, 5% 40-45%, 16L:8D)AlAl AFS3lH 24, 48A17Fe] AF&& ZAFSIG.
=25 A 93 olAE 10 % Mol triton X-100 100ppm &

sto] SAAMEZ Ay 2o whHo g Ay, S M 36t

%31 Finney(1982)2] probitAlXF el ola] W= A5 %= (LCs) S AHE3FS L.

AL
Y
e
_}1‘_1‘
©
i
X
i

i
il

H 8olA Bz wmpe} o], K oubrgo] ALR3F ACATAS|Al ZFoll 7502-8% 1, 10, 100PPM #
Hj = Sl 3ol MElstar 24 AR itAeR AFALEE SASAS W vaTtet Hlaus)

20l AFddo]  UERTE. 100ppm, 10ppme A E]gh Aol Ao 4ZF Aol 1PPM
2 Agg Ao Bop A5t AS olfre AREE 3eHETS02-89] T adE Ho
FaL 1PPM A g el = Ao 8502 ofF =S AE3AS yehit.

w2
oo

off
O

ot ww | owm |y dEr DT E
1D | 2D | 3D | 4D (%) £SD
1 9 0 0 1 5
100 2 10 | 0 0 2 2 | 51.9£30.2
3 10 | 0 0 2 8
1 7 0 1 3 7
7502-8 10 2 10 | 0 0 1 4 | 73.3%30.6
3 10 | 1 1 4 8
1 10 | 2 7 7 7
1 2 6 0 4 4 6 | 85.8%15.1
3 8 0 3 7 7
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5. Y Y 29 =A< ACAT A& L A=53 A
1) Jga =3 A A4

oA Algd @AFA vy EA A AN dAydale agAL
F1959(Penicillium griseofulvum F1959)+ thatdl= ZAE = &4t A = gt

3 o7 fwetA AFE Penicillium griseofulvuml. 2 B E o] A FEA A TaE
3ol Penicillium griseofulvum F1959% 7]€3fe] 7|EFH S KCTC 0387BPE H-of wkqtt).

Ys Bad A7 #5010 9 284S, -80C)E Aol dA] (baffle)”} A+ 1 L A4&ek~
o 100 ml S A (EEY 0.5%, o|~E F=E 0.2%, ZHNE 0.5%, QAAZHF 0.1%, 3+

) 1
Abetidlse vl A4S 0.05%, pH 5.82 A F Hah)dl HFste] 29T 18AI1F &<t X
okttt A7) mldE T 20 mlE AR A2 g AdE 5
FAEA AR IL(FEA AR 2%, AolE 0.4%, Fvbvjt]o}l 0.3%, SAHAE 0.1%, ¢
vl g ZAwl A4S 0.05%, HAFEE0.3%, YEFSZIE 0.2%, pH 5.82 =4 & Ht)d
A&k 26TCAIA 120417 &< AFo = G w3t

A7 A v o] Bk dgde FFe| od olAEH o] E(EtOAc) = wWREFE3 & 7 E
A =55 A7 A (MerckAl, 9385) Ad A =nE

'3, 95:5, 90:10 V/V %, Ag7tAe] 4k E 43
- :

ol
K
i1
=
Jo
0%
o
A
e
e
o
ne.
32
O
0x
~
A

= =
vitro ACAT A&l &AL =H3 T A&y HFES Hygs

04 AAAZTLE LIS Aol B 3
A BESET FAROR, n% AAARrE TS 2
2 galgom, AEIE AAMAEE ALga

:!

juits)
o rlo
Lo
o,
o2
>
~
—<
=
'S
N
>~
>
1o
o
]
L2
Do
(@)
>

7] A GPAELS oA EYO|EH/E(45/55, FIH])E& &R dlo] &
ol =4 A(pyripyropene A)E &3t A7) 4oz §E94E& s
O gAste] FAe] A< meu 23 AE A, s EEEd =3 Ao A
F2 12071 wi et Ha ) 1L 30 mg AUt
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2) Jeu A fEAe T4

JevEd AF FREAR Sl i FRYE E HFEES TARA.

50% NaOMe
in MeOH

vgg 29 A 1

2323 A (75 mg, 0.129 mmol)2] MeOH (5 mL)-&<oll NaOMe (50%, 110 ml, 8eq.)ZE 7}
Far 2ol A 124 3ksE adksdit. wHhgo] A E AL TC2 S2eds Ilslt. &2
shet=o] 1o] & A& &Rl o NHCl 78 (1 nb)S ¥ &, #dsssta 42

A 2HEFe] EtOAc= 3| Astal, of3}sle] 3h§he 1(54mg, 92%)&

o

beor
e
_]>4
ko
i‘—'a
el
ne
32
v

¢

(Me),C(OMe),
PPTS, DMF
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3Fet= 1 (10 mg, 0.022 mmol)2] DMF (1.0 mL) &9 dimethoxypropane (28 ml, 10 eq) ,
PPTS (5.5 mg, 1 eq)E& Yl 20AXFEt 2o wwkstgich. whgE3Es 75l
DMFE A AGa, A g2utE 18]y (EtOAc:MeOH = 12: 1)3}9] acetonide 2 (1lmg, 100%)Z
A2 AT,

valelyl chloride
TEA, DMAP, CH.Cl,

(8.5 mg, 0.017 mmol), EtsN (23 mL, 10eq.), 4-DMAP (2 mg)2] CHsClo(1 mL)
S EFZA WIAZ Z valeryl chloride (4.2 mg, 2 eq.)S Y 3A7F
HES- o35S EtOAc (10 mL) & 3|23k & & brinel =2 MZH3FaL, MgSOs

2 Axd 5, o¥sta AgES ev. Aol WAE Aughd ARlamviEIgy
=y
=

358 3 (12 mg, 0.0206 mmol)ol 60% AcOH (1 mL)E 7}star, AF-2olA 20A1%F &<t nk
Hth. WS 8 Foll NalHCO; =84S 718te] AcOHE F8lstal, WHEE3dES ds53
Gt dojd FHALES EtOAc®E 3A3 & & brinel® Al F 3L, MgSO,= AZx3 &, o3
2 ebsE stk dojxl AtEs AP A =ZnlE 199 (EtOAc:MeOH = 12:1)3}] 31E 4
(10.5 mg, 95%)E A= AT},
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5% 4 (13 mg, 0.024 mmol),
0 ColA MsCl (4.2 mg, 1.5 eq.)E Y11
, PILC (EtOAc:Hex:MeOH = 20:20:1) 3} =3+& 59} 6(6.7 mg, 45%)€
4-DMAP (2 mg) <]
ENA=] 21K A SR =] =3

(1/2, 1 mL) |99,
FEe dgEs
AAZ AT},
CH.Cly (1 mL) &
IFES AgEE

H
.

FM

JN' &

o)
H

jr_
sl =2
H =

I,
i3

Et:N (33 mL, 10eq.), 4-DMAP (2 mg)Q]Pyridine/CH2Clz
Sulsrel T, ke

Ac,0, TEA
DMAP, CH,Cl,

34X 7HEOF

5¢} 6 (6.6 mg, 0.011 mmol), EtsN (16 mL, 10eq.),

0
koA

85%) ¢} 6 (0.9mg, 15%)=

d71¢] Bet= 3

=

3

T oA AcO (1.6 mg, 1.5 eq.)S YL

ADIZrE 189 (EtOAc:Hex:MeOH = 20:20:1)3}] 7 (6.0 mg,
aAZ AU,

k]

5

(o]}
=

Eis

Hol—

=3
H

butyryl chloride
TEA, DMAP, CH,Cl,

KeX
=

L AR 7= QF

2 25

/\]’ O]'O% 8 (92%)E C}\/\E]—
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Ac,0, TEA
DMAP, CH,Cl,

ACAT Asll=de 542> B X (Brecher)HS okt 43t AFE-3F o [Brecher . P
and C. Chen; Biochimica Biophysica Acat 617:458~471, 1980]. A}7] W o} o] &
dlEE obd Edtavoid €4 gAhdoRs o2 HE BE AAY wo]AREFS ALES
gom, 7d2e FHaHEY s or 34E S d(oleoyl) Follo](Co-A)E WHEA

7= Ao R WrSAAES Fy2HE o ~H Z(cholesterol ester)ol] XE3te WAlF9] %o
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= S AEE SASAY. TAHeR, ofAEd SeiAl FHAHEI opAlEe] &A1
= &

7.4, HEEE 0.1 DS AT, EAaNEES kst A1717] $181e] bovine serum albumin
S HFEER 30 pMS 23, DNSO = MeOHE 39 A|5Z A #do] 37 oA 30 £7F o

A A ZI T

2 & B umeoe A [1-"Cloleoyl-Coenzyme AZS 0.04 uCiZ} A Y
37 CollA 30w3F WhEAIZATE. W 9d § olhxeaS-u 1 mE Yol ¥hEE FAA
6 met KPB buffer 0.4 mt & Wil & 42 & 283 A&, o] 5
WS 200 plE FHEF scintillation vialoll ¥tk 7] &9 scintillation
cocktail(Lipoluma, Lumac Co.) 4 m¢{E ] scintillation counter(Packard Delta—200)ol 4|
A E cholesteryl oleate®] & SAsIA oW A& b7 82 1o wet ALbstad

AN (%) = [ 1 - (T-B/C-B) ] =100
A& 9] cpm#k,

a ul
= el
55 ¥4 &2 dE29 cpmdt,

k-3
A8 YA G AREE ¥ WET cpmdh)

ACAT inhibitory activity on synthetic compounds

oo
&7
= a0 |
=
5
i
=
L B0
O
=T
am
T AC-Ms-Ya)
—B—{{{Ac-Ms-Eu)
a0 & Eibds—hAs-Va)

1 10 100

Final concentration (ng/mi}

a9 29, Py 2 A =319 ACAT A8 g
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r°*'

%7194 o SEHAES] ACAT AslES 54 o 244, Iz Ax a9 24

B 3% = [0 35 ng/mlE FApEFo] 5830 1 2 60 nM= AL r:} )
5“49 3}etE 6a, 6b, 6al o] ‘wAC XS 50 % A= %= 4.9 ng/ml, 5.3 ng/ml,
7.8 ng/ml 2 Webom(2d 31), 3E 7, 6, 119 EAFEFo] 719, 815, 70702 & 50 %
A smS A 100 2H2F 6.8 nM, 9.6 nM, 7.5nM&E AAFE AT, = g 29 o] =
F71FA A o R FxWEsle] 8,84, 6.31], 8ulle] Aol F7IEATE.

4) Greenhouse whitefly2] %o gt AFA]d
GAEZo] AEIAAHIIY AL A|FELEFL 2AVLFolr sWo]l  Trialeurodes

5)
vaporariorum®] 1. ARFH-E Greenhouse whiteflyo]™ 223 2006\ 7Y =AHELE HF
Al FEUEN FAAESAUY sAEHAA HFTATS HI S

AT ACAT AsigAde 7H stdES BEetA FAIE S8ete] okAEdd AAFES
=0l & triton X-100 100ppm =& 9uje} E3tsle] iAo M A B
24 goe zAsge,

SHTE AA gnx7F 2" A EU A (55%20mm) o SHANEAo] Ay IS SHE
3] ol A FF5 24 (25£1T, AUlHFE 40-45%, 16L:8D)lA A58t 9
S AT, FAE T Agdl FEES AQS ofHE 10 % 24 triton

Aglste] AN ED Ay e WHoeE HYskgitt.

dAANEEL o2 AASAAL Finney(1982)9] probitZAlibyel  ofsf Wk AbE

2 AT AREsH ACATA8IAl 7, 6, 115 1ppm, 10ppm, 100 ppm¥ =4 7}Fo]of A g
1Y FHFe 2 ASAHEE FAHSYS w vaFe} Hluste] A E&HQ AFd o] YER e
H T oFEHoR At ojEXH R AFgIUt YERGT (K 1)

35 7, 6, 119 in vitro ACATE A A& 7, 11, 69 £o& YEYWOH™ | in vivo
AEsAde 11, 7, 69 o7 YET
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F 9. YR FeAEY] 24 7HRolo tig dFad

b | T les o T T T [ ep | D AFE®
N T T A T

O e - A
O O
1007 s 0 o5 ars ] 9%

H 10 ; 13218 ? 131 156 156 158 158 151
O 2 T e s
100 ; 12494 108 201 205 206 209 SOO 10.4

6 10 é ?g 126 126 137 147 147 147 99 4
! é 13028 ; ; 173 174 175 175 17.9

control ; 17627 é é i 411 411 411 1.9
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TE | A= AF-ATAL Hx gA = B7re] Ak 2 7E
ACAT A3l =49 8 A 100 5| ACAT A A aAe F=Ex7 Y
AL Tx A4 (2 gy olag B4
15‘]‘ - AN A] AL B A Bl a1l
e | 2007 ACAT A3 @4 ZAle] @100 [T ANRY SabE 24 B 2
1l 1l’0
ACAT Asl &4 Ao dFa| o AT Asl &4 FE2e] dgast =5
3} 37t |3
ACAT Adl &dE-de 28 A 100 | ACAT A Ao FE=x1 94
AL T A4 NEE R IR I

Zi]' _ AN A] AR A Ela w1l

o | 2008 |ACAT s &4 Aol w100 %igg T3 24 sabe a4 24 A

1l 1’0

ACAT A3 &4 A 258 ACAT A8l &4 FE=9 A45ad =

g 100 %)

ACAT A&l gd&e-de e A 1 ACAT A& AAl9 F&x7 &4

A Fx A O Pl g oy v
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