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AZE BopIRe A3 124 Bsdont Ray
A "W (random approach), %A Y (me-too
approach) 2 A3le]2 ¥ (biorational approach) £o|
24T} (Propst, 1989).

2 AP Ak |
B2 4% & EA7x H43) #e7] A% 5
A FAs A Estd 848 S ST
SAZ A 3284 FHAA(QSAR, Quantitative
structure and activity relationship)E ZE3td A5 1
itk o]% HEAQ & Elliotr} 2719 Fgizol=
AT 2HE SRl 72A BT AFEA] U A
HHAE AL o), AA AFAEE A28 e
AoR st1 FeAQd FEA A2 F2E HIPA
a4 dyargol= AL E 4 o} (Huff, 1980; Ford
%, 1989; Plummer, 1991).
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o, Al 1A 2= 1949d AHE3HE allethrino] o) A
cinerin [ 9] allyl group WA 2 F2 b2 %A 9}
EFAZ Az 7P Lo 2 AHEHM pyrethrum
B} ekgsith A 2Ht) 2 & tetramethrin, resmethrin 71
2l 11 bioallethrin $°] X3 %M tetramethrind}
resmethrin® 217} 19654, 19679 &4 Adg oz
allethrin Bt} #Z3o] )& knockdown &#7} 73t}
19694 A7)% bioallethrin allethrin®] 38lo] Al | 24
714 SAEE WAl SR o] & Ha lom, 24t 34
gy 2Zo|l=e F3 F7ld U3 FEAHCE FHEL
2 ol &¥A Radoh A 3AdE 1972d "
fenvalerate 2} 197332} permethrin . 24| & ol A%
3 F IEHCR Ao r wYEoR AHHUT Al 44
Ul 1980 fluvalinate ©| ¥ bifenthrin, ethofenprox &
o] glom Uvt {7 TURT AL AIXFoR &
A%58E et (Ware, 1983; Fi, 1985). o2& 74
FAAE B3 vlE AFAA gy 22olee SUel &
WA 7E 7Hs st Addo] wAEA] gon, o] =49
74, FREOE {7IFA ] A AAY Fol 87H
At} (Cullen¥} Sieburth, 1995; Meier, 1995).
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Ricinine EXI71X fAL 21812 &M
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t}. BP-3& A7E49 313HE (S2) 4.0 g(23.5 mmol)&
MeOH 50 nioll §3)A17] % 3.42 g (24.1 mmol)2] CH;l
9} 3.36 g(24.3 mmol)¢] K.COsE 7}5t3L 70T lM 64
T g 3 Ao H yrsiginh o7)e) IN-H.S0.E
A7kt 424 3 BdEE Ao

CarbamateH| =4 &4

olz & 7baz 239 flaske] chloronorricinine (S2),
norricinine (S3)2 72 10 mmol g ¥ §4 THF 30
nl, triethylamine 0.1 m/E #7}8te] wykepolct. &
A 0.51 g (10 mmol)9] CH.NCOZ FA7| 2 A 7}éta 5
AIZE Bk wheAIZ T WhEo] TZE F 2N-HCI &4 10
nlE 76t NaHCO; L35goied FoA7 AL &
dlo] ol A BtOACE 23] % F &3S At Ratd
AEE ATk

Phosphate| f+=A| &4

AT-EA (S2), (S4), (S5) 10 mmol & o} 2 7tA=R 5
AAZ flaskdl] 7+t @31 CH,CL 30 mlE 718k -70T
Z §A Ak Triethylamine 0.1 mlE ¥babaA 27}
3+ % diethyl chlorophosphate 10 mmolg 713+ & A&
oA 12417 wRte Y. ¥go] B EHE 5%-
NaHCO, gl 02 Z3lA7] T Fdlo Fol|A EtOAcE 2
3 FE3MYh $9E2 AhsEe ) CH.Cl/hexane
o2 AAAHANA F%4 BP-6,9, 102 Ak A AT
24 (S2), (S4) 10 mmolE 717} flaskel P31 o}2 2 7}
22 223 9 DMF 30 nl ¢ K,CO; 10 mmol& 7}
t}, 7o dimethyl ¥+ diethyl chlorothiophosphate
10 mmol & #H7}ste] ALox] 3087 wykel & AFES
T Fox] EtOAcR 23] FE8l1 AdEsH AU F
CH.Cl,/hexane &2 A ARt %4 BP-7, 8, 11, 12&
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SEEY F48UE AF N EHN L GC/MS g
FT/NMR € o] £3}4t}t. GC/MSE Finnigan Mat model
4510B 24 ]111 column® DB-5 (0.25 mm I. D. x 30
m L)Z AHgsign ZEexE 80CoA 581 fA1%
% 250C7HA] 5C/minl g $2tt F9719 e
250, He 7}* &% 30 mi/min® 2 3} o3} A
£ 70evVolgitt. FI/ NMRE| 42 Bruker AM 2002
2A FHEDE NMRE &rjol &3)/7] | ZEEE
Tetramethylsilane(TMS) & A}-4-3le] 'H-NMR S 7% 3}
k.
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2712 02 uE G A% FEF Azlst] 2447 &
o AR E ZARIATE WFE e 25
UHEOM 500 ug/ml F&H& ZAEIL co

RUI I B (1‘7ﬂ 7.5 cm) 20) 2 okolo] 3027+ 2R
8kal A 6087 ST E2 l%{ 471(373 8.0
4.5 cm)dl AHAE 711-}51 a9l Hede ?,1‘7 LEES5E
W 2~3%R% 100t AR & 78 Ha HE] 24
13t Fol| A4S ZAbelAT) Huto] &
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ork borer = 2z}

>

Aol i gk 4w

B4 500 ug/ml 2] acetone Mol cork borer= ZEidl
AT (474 2 cm) 2902 3027 WAk 6083 &
stk A2l 2ol ke 32 olested 4% 30vkld Bl
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5 L 93 AY 24402 Fol A35E AR
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In vitro 248

SAE 32l W in vitro A8 H7e RS
A 1,000 wg/mi £ 5mlE H& LaAAAN 95 mio
PDA uj# ¢} 2 E£33}e] 200 ug/ml 9] kN T4 WA E
ZAF & PDA iAol A] vjokd AT T AHH7
5 mm)E F3k] o ujz] FLol 28 ¥ 26T 2,
447 wioFste] AL AFAAES ZARIATH oA
2% dimethomorph$} difenoconazoleS AF&-3}9%3.C
ZAFEE ARG (Alternaria mali), _T!_?}"—d,
¥ I (Phytophthora capsici), ¥ = %W 1 ¥ ¢

(Physalospora baccae), A} 34 F 948 ¥ o
(Botryosphaeria dothidea), 1284 ¥ (Glomerella
cingulata), ¥ =G F(Pyricularia grisea), 1 AFFH
vl 4 I (Rhizoctonia solani), B7) Ve ¥ i (Fusarium
moniliforme), ¥ 9 318 F(Rhizopus sp.), 2.01ALF70|
W I (Botrytis cinerea) 5 10%°] It}

In vivo 23

In vivo Z7AdAMe AFEY AL HEdH (rice
blast), B9 F v} 29 (rice sheath blight), Lo AYF
o] W (cucumber graymold), EvtE S (tomato late
blight), U= (wheat leaf rust), K237} (barley
powdery mildew)S ez a9]th. ﬂﬂ%&‘: 250
winl 2 Z S93T AF e A RFAERYY
e At (oAl e el 4
A x 100)2 EA8g o

29 18

Ricinine fr=A|2] &4

AA BAHEA ricinined NEEHZ 3l 18YE Y
chil A8 Bt dsick BAPE FAATE
S W23 Fhutdo|EA|, 57124 ricinine F=A9] WA
Aol AL e 13 13 gk BAFE A
3}3+8-¢ butadienedicarbonitrile 12| 31Hg-oA 4R
ols} #AHS ¥h2-A|7] 3 chloronorricinine?] OH7|&
methylation 3} pyridine ring 724 9] X&71E B
el g

A AA AL T YE YEAQ AEA £ T E
At §719A 2 AA 60%E AAsta gom F A
oA B% Z&9 acetylchohnesterase(AChE) g4 A3
A2 LA ek (Ware, 1983; A3t 1, 1990). webA] &
o] Fo)| A% ricinine ¥A}7-%9) carbamyl”] (R-N-COO-)
¢} phosphorus?] (RO,-PO-OR-)E AFA|A 1L AL
Jehl = shuldo] EAg §7190A f2A @S At
%t

Fiulw o) EA AZA| = 384 ZF carbamic acid
(HO-CO-NH,)¥-2¢] N-Rojx Re] FR/ nt& delg
o] N-methyl7|7} ethyl, propyl 2t} 231 7}-Ea &
% o] =2 ARlgA-E Ho|n N-benzyl, phenyl’|=
gA0] A gk AMIE H, 1990; K& 5, 1990)°]
w2} N-methyl7] & A4 3tE methyl isocyanate 9}
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Table 1. 'H-NMR spectral data of synthetic ricinine derivatives

Code no. of compound Proton Chemical shift (ppm, 0)?
BP-1,2,3 Ar-H 6.42 (d), 8.10 (d), 6.51 (s)
OCH; 3.90 (s)
OcH,
e S e I NH, 6.75 (br s)
NH 12.30 (s)
N " HO a OH 2.90 (br s)
BP-4,5 Ar-H 6.33 (d), 8.39 (d), 5.92 (s)
e FaoR, NH 7.60 (brs)
NHCH; 2.51(s)
HO' - OH 5.40 (brs)
BP-6,7, 8 Ar-H 6.51 (s)
cotoNOC Y o OH 5.27 (br s)
5 OPISHOCH,,
o o . OCH, 4.19 (@)
a CH, 1.28 (t)
e e OCH, 338 (s)
BP-9, 10, 11,12 Ar-H 6.42 (d), 8.10 (d), 6.52 (s)
OPIONOCH),  OPISXOCHY, (SXOTHY, NCH; 3.36 (s)
o “rl o OCH, 4.19 (9
Moy " W a CH;, 1.28 (1)
e, o o, OCH; 3.83 (s)

39 TMS as internal reference in acetone-ds.

IPyo] FAlo] Hal A71d F20) Te fE(S)]

& 279 R © alkyl7|7} X|$HE
Ht}. GHkA 0 2 thiono (P=S)¢] 313HE&
£ oxon (P=0)30] W3l Re WlgHER da 23
9| AChE #|s} &/do] AsteA/t Hgsta S40] w7
wj&ol] in vitroo) X AChE A& 2Hgo] okata Aaue]
A At o] EAdo] &3 B<ehdd phosphate (PO-O)th
phosphorothiolate (PO-S)= o] 243} dctn deA
Atk vl 1990;% 5, 1990). webr] hydroxy7)7} )
+ chloronorricinine, norricinine, chlororicinic acid,

o 2 mx o
oot
1
=)
A

ricinic acide] dialkyl chlorophosphate 3 dialkyl
chlorothiophosphate & ¥-2-A1# oxon¥} thionod 9]
ricinine f7|<UA FEAE deHh F5E&2 oxon
o] 65% o]4¥el w4 thionod & 20%7|5He 24 o
g 57194 v Boh 2 e &2 HIAth o|& diFEY

phosphoro-thioate Al£9] 3852 sodium methylate

Table 2. Physicochemical properties of synthetic
ricinine derivatives

Co;lngds. M.E.® M.W.>? ii;l)d Appearance
BP- 1 GHN:O 149.2 92 Brown solid
BP- 2 CHNO, 1501 88  yellow solid
BP- 3 CH;CIN,O, 1846 70 Brown solid
BP- 4 CHsCIN;O; 227.6 56 White solid
BP- 5 CH:N;Os 193.2 69 Brown solid
BP- 6 C,HCINOsP 3066 68  White solid
BP- 7 CioHpCINOPS 3227 20 white solid
BP- 8 CHiCINOPS 2947 19 White solid
BP- 9 C,H.CIN,OsP 320.7 70 White solid
BP- 10 C,;H;sN,OsP 286.2 70 White solid
BP-11 C,H.CIN,OPS 336.7 20 White solid
BP-12 CH,CIN,O.PS 3087 20  white solid

4 MLF. : Molecular formula, Y M.W. : Molecular weight.
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Table 3. Insecticidal activity of synthetic ricinine
derivatives against brown planthopper
(Nilaparvata lugens), diamond back moeth
(Plutella xylostella) and two-spotted spider
mite (Tetranychus urticae)

% Mortality®

Compds. No. ;
Nilaparvata lugens  Plutella xylostella  Tetranychus urticae

BP- 4 0 0 0
BP- 5 0 0 0
BP- 6 0 0 0
BP- 7 100 0 70.4
BP- 8 100 63.3 100
BP- 9 0 0 0
BP- 10 0 0 0
BP-11 0 0 0
BP- 12 100 30.0 96.3

» Mortality was given by treatment of 500 ug/ml of the
chemicals.

(CH:ONa)Z A7E2 9 OH7)E sodium salt3} A|7] ©}
= A AgATIE W] 2 A ofE
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potassium carbonate (K,CO:)E ©]-£35}o] salts} A]#H ¥
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Table 4. In vitro fungicidal activity of synthetic ricinine derivatives against some plant pathogens®

% Mycelium growth inhibition

Compds. No.”

Am Pc Pb Bd Gce Pg Rs Fm Rh Bc
BP- 1 94 85 95 94 94 100 100 95 85 96
BP- 7 11 55 32 39 47 60 0 5 15 52
BP- 8 0 45 14 17 29 67 0 5 10 30
BP- 11 6 55 23 0 6 7 6 5 0 4
BP- 12 11 45 36 11 24 100 12 23 10 0
Dimethomorph 50 100 73 78 76 67 32 73 35 78
Difenoconazole 100 90 96 100 94 100 38 100 100 100

3 Am : Alternara mali, Pc : Phytophthora capsici,

Pb : Physalospora baccae, Bd : Botryosphaeria dothidea,

Gc : Glomerella cingulata, Pg : Pyricularia grisea Rs : Rhizoctonia solani, Fm : Fusarium moniliforme,

Rh : Rhizopus sp. Bc : Botrytis cinerea.
Y Treated with 200 ug/ml.
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Table 5. Control value of synthetic ricinine
derivatives against some crop diseases

% Control value®

C No

ompds. No."p ~E RSB CGM_TLB WLR BPM
BP-1 2 40 72 12 66 86
BP-2 61 20 17 4 0 33
BP-3 4 10 51 0 0 16
BP-4 2 10 3 4 0 0

9 RCB : Rice Blast (Pyricularia grisea), RSB : Rice
Steath Blight (Rhizoctonia solani), CGM : Cucumber
Gray Mold (Botrytis cinerea), TCB : Tomato Late
Blight (Phytophthora infestans), WLR : Wheat Leaf
Rust (Puccinia recondita), BPM : Barley Powdery
Mildew (Erysiphe graminis).

® Treated with 250ug/ml.
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Synthesis and pesticidal activity of ricinine derivatives

Oh-Kyung Kwon*, Soo-Kil Lim', Su-Myeong Hong, Sung-Eun Lee? and Suk-Hun Kyung?
(National Institute of Agricultural Science and Technology, RDA, Suwon 441-100, Korea,
'Department of Agricultural Chemistry, Korea University, Seoul 136-701, Korea, *Department of
Agricultural Chemistry and Soil Sience, The University of Sydney, Sydney 2006, Australia,
*Department of Agricultural Chemistry, Kon-Kuk University, Seoul 133-140, Korea)

Abstract : Chemical derivative synthesis of ricinine, an active compound of Ricinus communis
which showed high mortality against brown planthopper (Nilaparvata lugens), was performed to
improve its pesticidal activity and the toxicity of 12 synthetic derivatives against major insect pests
and phytopathogenic fungi were examined. Carbamate derivatives of ricinine could be synthesized
from the precursor of ricinine, chloronorricinine and norricinine, whereas the derivatives were not
synthesized from chlororicinic acid and ricinic acid having ketone group of pyridine ring. In
organophosphates, reaction with oxon type of phosphate gave better yield than thiono type. Among
the organophosphate derivatives of ricinine, thiono type of derivative structure gave 96.3%~ 100%
mortality of the brown planthopper and the two-spotted spider mite (Tetranychus urticae) at 500 ug/
ml level. On the other hand, carbamate derivatives did not show insecticidal activity. In the
fungicidal activity of ricinine derivatives, the derivative having amino radical at the 2 position of
ricinine gave 85 to 100% of mycelium growth inhibition effect against ten major plant pathogens at
the 200 ug/ml level. In particular, the control value of the derivative on the rice blast (Pyricularia

grisea) and barley powdery mildew (Erysiphe graminis) at the 250 ug/ml level in vivo under
greenhouse conditions was 92% and 96%, respectively.

* Corresponding author



