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42 compounds such as ester, sulfonyl ester, phosphoyl ester and ether derivatives of 4-isopropylphenol
(I) and 2-isopropylphenol (II) were synthesized. These derivatives were identified by IR, GC/MS and
'"H-NMR spectra. Their in vitro antifungal activities were tested against 10 plant pathogenic fungi.
Among them, several compounds showed potent in vitro antifungal activity. The selected compounds
showing potent in vitro antifungal activity were tested for their in vivo antifungal acitvities against 5
plant diseases such as rice blast, rice sheath blast, cucumber anthracnose, cucumber gray mold and
tomato late blight. As a result, 2-isopropylphenyl piperonyloate (II-7a) showed a potent in vivo anti-
fungal activity against cucumber anthracnose and tomato late blight, 4-isopropylphenyl 4-methoxy-
benzenesulfonate (I-6b) effectively inhibited the development of rice blast.
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A A\efekint. et oleld s A7, 8, 2Ee

9F, oEE E olfel et oJF, Abt FEo tig
3, EFolt AT Rt 1 9] 7% e #A
o] Fxp F-AgoR Yehtr] AlFeiith Y olHg AR
< 4s7] 98] A s (alternative pesticides)e] = 2A10]
A4ds] aFEon, AXseMe d ARE oHg Zof
o #AE 7K AAE e vERTE I 715l
ah] 7Kg e o] W& Foks Nustaat she Al &
we] zl8y FolokY

AQE oA AEY w2 o] 7e mono B
sesquiterpenoid’} TFEF $HrEo] Qo o]zjdt AEQUE
Azt 2Hgol| tiste] BHeiA]
geranium, lemongrass, rosemary®} tea tree 52 HELULS

i o Ut 1o

Ir

o

3L 3tk Ajowan, dill, egyptian

Aspergillus niger, Trichoderma viride®} Penicillium chrysogenum
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HEed=w e ok of
EE4S Adshs XA Wdstol tiste] mentha, pine,
cinnamon¥} tea tree LUES F5ol ofgt ey ¥ WHAw
H7h Eob AA| FES AFeted ok AAE FeR AL
|7Fs/d0] A7IEAL YT HZo = cassia?} thyme 20|
Alternaria alternata®)] E37F .01, thyme Y] Fw<
thymol©] Monilinia fiucticola®| &7} Johes AMEe] HHA
TR w2 AFAdME AELYS ol8sie] AEHY
ol gk A aE dolrr] S5 o7 A= LYES
tdos AEgddel el dFHES AL 1 F
thyme 20| 2]EE Aol A 53 dFEdo] I
Akom, thyme U] FJEER] thymold} carvacrolo]
s Uelle F2 =2ds ¢ 4 JUrh Thymolst
carvacrol®] FAFEZ2] 4-isopropyl-3-methylphenol, 5-isopropyl-
3-methylphenolel] tgh S ER1sH A3} FARRE w8
< YERIASEO HA7EA] A=A alkylphenol OH7]¢]
H thAl ester, sulfonyl ester 522 WH3IAZ] FEAES T4
st &adde A A3}, 2-isopropyl-5-methylphenyl
acetate’= Borytis cinerea®} Pyrcularia oryzaed) 8732 LFERN
2., methyl(2-isopropyl-5-methylphenoxy) acetate:=Rhizoctonia

oro
o

solani®| A, ethyl 4-(2-methyl-5-isopropylphenoxy) crotonate’=
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Phytophtora infestans®| 41, 4-isopropyl-3-methylphenyl(2-amino-
thiazole-4-yl) methoxyiminoacetate”} P. oryzae| methyl(4-isopropyl-
3-methylphenoxy) acetate®} methyl(5-isopropyl-3-methylphenoxy)
acetates= B. cinerea®l =& WAIEAHS YERAATEY

2 Aol E oA AEdmtel 2ol thymol B cavacrol
3} 772 isorpropylmethylphenol S}3HEE°] 78S zhal §)
=00 ARtete] FAHTFXR] AEARCRE A e 4-
isopropylphenol(I) % 2-isopropylphenol(Iell ™3t IJFEEE
el e SISt B3, (D () skEEe] OH
719] Fatidl ofE BHEE X$AA - ester(I-1a~1-8a, 1I-1a~1I-
8a), sulfonyl ester(I-1b~I-6b, II-1b~II-6b), phosphoyl ester(I-
le~-2¢, 11-1¢~1-2¢)9}F etherAl(I-1d~1-5d, 11-1d~1-5d) =]
PES FHAACH, oI5 FEASO ekl LoleF
(Colletotrichum orbiculare)?] 9&<] AEHAFY] da4E4S

FAFBIH.

g R UH

Aok, £ AollA] AME AR AldrichAte] AlF-S AME-SE
o, FAIHAQl FubA|4=81A] (thiobendazole 60%)2} XE4~
314 (dimethomorph 25%)= o2 AEFS ARSI, ¢t
ER-Al (etridiazole 25%), 212215814 (polyoxin B 10%), <t
E&}Z(propineb  70%), A F(pencycuron 25%), -3l
(dichlofluanid 50%)2} H<=8HA (tricyclazole 75%)= & 7-$H52]
AFS ARSI

A7), fr=A FEe EAL 918l GCMSE GCMS-
QP5050(shimadzvA e ARSSIN O™ EAZ7AL Table 19] Y
ERNIATE. IR spectrophotometer= FT/IR-4100(JASCOA}), 'H-
NMR2 Bruker 200 NMR spectrometer(BrukeA S AM-31%1
ok e AFS 9% I2E@|E HVE-25(HirayamAA}),
Fdt CB-20H(jeio techAl), ®l¥7]= HB-301S(Hanbaek
ScientificAhyS ARSIt

N@EF. Aol A3 C. orbiculares 9%2] AEHIIF
58 AFF LAY EHEAE (Korean Agricultural Culture
Collection, KACC)oIA] EFito} AL8-513AT.

Ester +X3]; 4-Isopropylphenyl acetate(I-1a)2] 4. 4-
Isopropylphenol(I) 1.0 g(7.34 mmole)2 oI EUEZ 30 m/oll

Table 1. Analytical conditions of GC/MS

Column CBP5-M25-025

Carrier gas Helium

Flow rate 1.5 m/min

Injection volume 1.0 W/

Injector temp. 250°C

Oven temp. start at 120°C
stand for 5 min
increase 10°C/min
stand for 5 min

Terminal auxI temp. 260°C

Total running time 25 min
Dectector voltage 13kV

Library NIST. shimadzu Co.

7kete] ¢bds] GajAlZinh Eedol S 1.1 mE 7t 30
B For wwk 5 0°CE %43t} Acetyl bromide 0.65 m/
(8.81 mmole)S 3°C olalellr] AA3] H7pstal 1A7F &<t vt
SR SR 20t G 30 miE et 208 F
Qb Wk & {7155 EElsih {715 SR 20miE
7Ftal 2087 wkek & 23} welsiditt. EElE Rl -
TS 0.8 g2 2087 APl g & AAg F
Z3lo] FFES silica gel ¥ A2vIEIHY] HERHEVEH
CTRT =4 )R AAlSt] EAE(-1a) 0.89 g(67.6%)y &
AT}, 3k, 4-isopropylphenol(I)2} 2-isopropylphenol(IlyS- o]
3l ester 3}9HE(I-2a~1-8a, II-1a~[[-8a)E % [-1a8} fA}3 WY
o8 skt

Sulfonyl ester f-=A; 4-Isopropylphenyl methanesulfonate
(-1b)9] 4. 4-Isopropylphenol(I) 1.0 g(7.34 mmole)S- oA E
HEZ 20mpl 7kt 28] BalAlzith. Egedols 1.1
m/E 7I5le] 308 FoF wwHe 3 methanesulfonyl chloride
0.63 m/(8.81 mmole)g A3 5Smiet T3] A1413] A
7RSI 2417E &}k WESAIZITE SR 20 msh Ashe A
20miE 7hete] 108 E9F Rkl 7152 2 Stk fr
715 FrEAlE 08 g2 1007 Agstal oHgt &
ojols T3} silica geld ARvETHY] HEMHEUEZ
DT =4 D)2E FAS] HHE(1-1b) 1.12g(722%) 4
ST} 3 4-isopropylphenol(T)@} 2-isopropylphenol(Ilyg ©]&
3l sulfonyl ester S}F3HE(1-2b~1-6b, 1I-1b~11-6b)E= I-1b9}
ARE e s SHdsiitt.

Phosphoyl ester +-5=4)|; Diethyl 4-isopropylphenoxyphosphate
@-1¢)9] FA. 4-isopropylphenol(I) 1.0 g(7.34 mmole)2 A3}
&l 20mpl 7kete] €8] EsiAIZATE EgodollS 11
miE 71sted 304 %t WHHSIAL diethyl chlorophosphate 1.27
m/(8.81 mmole)E FspH|A&A 5me}l E3tste] AA38] H7kst
3 2NZE FE AT SR 20miE Thske] 10 Y
kel f715-2 sl 7150 Akl 0.8
g 1027 Astal A#Ag F oAdS sl HES
silica gel FZvIETH T HEMEYVEL S/ =4: 1)
2 A FHE(-1c) 1.34 g(67.35%)y AUtk T3, 4-
isopropylphenol(T)Z} 2-isopropylphenol(IT)2 ©]-8-3F phosphoyl
ester 33E(1-2¢, 1-1c~1-20) 2% 1-1c9} FASE W oz 3
Skt

Ether +=A; 4-Isopropylmethoxybenzene(I-1d)2] 4. 4-
isopropylphenol(I) 1.0 g(7.34 mmole)S A3 AA 20 mell &
A7IAL EskEE 05 g8 et 107 A2ollA awkst
St} Tetrabutylammonium bromideE 048 g 7}8kal 10&7F
Hkt & jodomethane 0.9 g(14.68 mmole)yS 7}sle] 2417+ &
HEEAIZATE W 5 Fspl Al 10 met S5 20miE B

1587 ksl 47158 Hsld SFF 20miE 7hskaL
7155 wElsiiith f71%0) Frdiladlg 14 g5 st

ot ANE APEF3IAL silica gel ¥ AZPFED
o] HEHEYER S/ =4: )eF AAlstd F2E(-
1d) 0.96 g(87.09%) AT}, 3k, d-isopropylphenol(1)3h 2-
isopropylphenol(Il)2- ©]-8-3t ether 3}-3=(1-2d~1-5d, 1-1d~1I-

—

e Y
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(I-l1a~1-8a) (II-1la~1I-8a) H
Ester
OR, R, /
—i-O O—E= ()
R, OR,
(I-1c~1-2c) (II-1c~1I-2c)

Phosphoyl ester

(e}

| g
—R, ?_ —R,
(8]

H / (1-1b~I-6b) ( II-1b~II-6b)

Sulfonyl ester

N g
0

(I-1d~I-5d) (II-1d ~II-5d)

—h=

O

(1)

Ether

R, : -CHj, (la), -CH,CI (2a), -CH,Br (3a), -CH,CH, (4a), -C(CHy), (5a), —O (6a),

.
{ﬁo va, —cH, Y (sa)

Ry & -CH, (1b), -CH,CH; b)Y @ab), —( Y1 av), —{-cr,60), —Q—OCHR(&‘L

R, : -CH,CH, (o),

O

3

R, : -CH, (1d), -CH,CH, (2d), -CH,CH,CH,CH, (3d), _C”fD (4d), —CH,CHCH, (5d)

Fig. 1. Synthesis of 4-isopropylphenol(I) and 2-isopropylphenol(Il) derivatives.

SAEE I-1de fAkeE W= dMdsieict

FEAEY FH8Y. 7 92T PDA(potato dextrose
aganZ Zfroll galatel bda(121°C, 1583 - ujx2]
LEE 50°C7F %2 453 DMSOd)| 591 FEAS wix e}
Egel] AFEEE 100 pym/ FEE 3 F BT 20
mA 5319 PDA EFIAE Az A EHYFe] F
T3 e A T #F A7 A H gEs
AE 5mme] agar discE FEHACH HETE wiAE FE=
Z125°C, F= 5%l wig etk FHEAL TS A
0] AR EC] 80(+5)mm7t B wi7kA] wjdet & A
AAANES Zgslslon RE AL 33 o} AAjsle] 1
Bghs SHUCE ST FAA S-S tha 2 2
o o]t &3t

AP AA&(%) =
A FAEAE - A2 FAMAE
el AAPAE

In vivo A, Al AR Qo|(EF: Wittr))e} Erle

)X 100

EZ: B9 29719 REA0-15em)E ARSI OH, HE
Z: AdFy= 349719 FE25-30 cm)E ARSI 49}
= 29| BAH(Colletotrichum orbiculare), 2.°] AH=go|H
(Botrytis cinerea), EVYE ¥ (Phytophthora infestans), ¥ =
GY (Pycularia oryzae)t v QAZFEw1E (Rhizoctonia solani)
S ez T HEYNORE C orbiculare= PDAR|A|
of HE F AFHICIE(20°C, F=Z)eA 797 vt 5 A
AE BAEAE 4335 Tween 20°] 1000 ppm FHH-&
1 x 10° sporesm/e] FENS vh5o0] 297] 0] fHe| £
o I2A AEIIATE B. cinereaS PDARIA]O] HEe & <l
FllolE 20°C, FERAPIA 1497 widst = AE BAE
A2 4-8+5le] PDB(potato dextrose broth)Z Tween 20°]
1000 ppm $H-E 1 x 10° spores/m/2] ¥AFHERIS: TS0 293
7] Qo] FHE 2l yEA At EvkE B
V8HIA] (V8-juice 200 ml, CaCOy 4.5 g, Agar 20 g, ZF 800
m)ell HERE F JAFHIE 20°C, F=Z el 77 Wi F-
AWAE AAAS] 715HARE spreader® A|AZE $ QlFH|olH
(25°C, BxpIA 297k widet § IFE FFAbds st
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Table 2. Analytical data of 4-isopropylphenol(I) derivatives

Compound IR (cm™) 'H-NMR (ppm) GC/MS (m/e)
Lla 1750 (C=0), 1.29(d, 6H), 2.18(s, 3H), 178(M"), 136,
) 1240 (C-0O) 2.90(m, 1H), 7.23(m, 4H) 121(base)
I-2a 1740 (C=0), 1.23(d, 6H), 2.94(m, 1H), 212(M"), 197, 177,
1240 (C-0O) 4.32(s, 2H), 7.11(m, 4H) 121(base)
L34 1760 (C=0), 1.32(d, 6H), 3.13(m, 1H), 256(M"), 177,
) 1265 (C-0), 4.21(s, 2H), 7.08(m, 4H) 121(base)
1750 (C=0), 1.08(t, 3H), 1.34(d, 6H), 192(M"), 136,
I-4a 1165 (C-0) 2.25(s, 2H), 3.12(m, 1H), 121(base)
7.08(m, 4H)
L5a 1750 (C=0), 1.19(s, 9H), 1.30(d, 6H), 220(M"), 136,
1213 (C-O) 3.12(m, 1H), 7.21(m, 4H) 121(base)
L6a 1740 (C=0), 1.26(d, 6H), 3.13(m, 1H), 2400M"), 197,
) 1260 (C-0O) 7.14(m, 4H), 7.65(m, 5H) 105(base)
1725 (C=0), 1.35(d, 6H), 3.24(m, 1H), 284(M"), 241,
I-7a 1265 (C-0O) 5.90(s, 2H), 7.14(m, 4H), 149(base)
7.48(m, 3H)
1745 (C=0), 1.21(d, 6H), 3.54(s, 2H), 254(M"), 136,
1-8a 1230 (C-0) 3.12(m, 1H), 7.16(m, 4H), 118(base)
7.22(m, 5H)
L1b 1375 (S=0), 1.29(d, 6H), 2.94(s, 3H), 214(M"), 199,
1182 (S-0) 3.18(m, 1H), 7.14(m, 4H) 121(base)
1375 (S=0), 1.24(d, 6H), 1.39(t, 3H), 228(M"), 213, 199,
1-2b 1175 (S-0) 3.16(m, 1H), 3.45(m, 2H), 121(base)
7.14(m, 4H)
13b 1378 (S=0), 1.23(d, 6H), 3.24(m, 1H), 276(M"), 261, 135,
1190 (S-0) 6.81(m, 4H), 7.64(m, 5H) 77(base)
Ldb 1390 (S=0), 1.28(d, 6H), 3.08(m, 1H), 310(M"), 295, 175,
1195 (S-0) 6.84(m, 4H), 7.81(m, 4H) 171(base)
1380 (S=0), 1.30(d, 6H), 2.42(s, 3H), 290(M"), 275, 155,
I-5b 1180 (S-O) 3.14(m, 1H), 6.81(m, 4H), 91(base)
7.56(m, 4H)
1377 (S=0), 1.27(d, 6H), 3.12(m, 1H), 306(M"), 291,
1-6b 1198 (S-O) 3.83(s, 3H), 6.86(m, 4H), 171(base)
7.44(m, 4H)
1290 (P=0), 1.11(m, 6H), 1.28(d, 6H), 272(M"), 229,
I-lc 1041 (C-0), 3.10(m, 1H), 3.84(m, 4H), 257(base)
790 (P-O) 6.92(m, 4H)
1305 (P=0), 1.16(m, 6H), 3.14(m, 1H), 368(M"), 325,
I-2¢ 950 (C-0), 6.85(d, 2H), 7.25(m, 12H) 353(base)
764 (P-O)
L1d 1250 (C-0), 1.28(d, 6H), 3.14(m, 1H), 150(M"), 120
1150 (-C=C-O-) 3.73(s, 3H), 7.12(m, 4H) 135(base)
1470 (-CH,-), 1.24(d, 6H), 1.33(t, 3H), 164(M"), 135,
1-2d 1165 (-C=C-0-) 3.12(m, 1H), 3.98(m, 2H), 149(base)
6.81(m, 4H)
1453 (-CH,-), 0.96(t, 3H,), 1.27(d, 6H), 192(M"), 177, 149,
L3d 1152 (-C=C-0-) 1.33(m, 2H), 1.71(m, 2H), 121(base)
) 3.24(m, 1H), 3.94(t, 2H),
6.81(m, 4H)
1456 (-CH,-), 1.26(d, 6H), 2.35(s, 2H), 226(M"), 211, 183,
1-4d 1152 (-C=C-0O-) 3.12(m, 1H), 6.83(m, 4H), 91(base)
7.08 (m, 5H)
1291 (C=C), 1.35(d, 6H), 3.10(m, 1H), 176(M"), 133,
1-5d 1159 (-C=C-0O-) 4.61(d, 2H), 5.23(d, 2H), 161(base)

5.64(m, 1H), 6.81(m, 4H)

o] Tween 20°] 1000 ppm &2 1x 10* sporangia/m/e] HE-
og wsol v 297) ErlE ful Age] 2% ALl
t}. P oryzae= RPA(rice polish 20 g, dextrose 10g, Agar
15g, SF 1) wiAel HF 5 AFHlelE 27°C, B4 )PlA
1497 vl & AAE FAHAY 71F5FAE spreader® Al A

& F AlelEesc, FEAPIM 293 Wide 5 34
BEAEAE 4831 Tween 20°] 1000 ppm T 1 x

spores/m/®] HEFAS WHEo] 3-4%3719] AEH AHAe] F A
319k R solan’= PDARIA] 28°Colx] 297+ wiekatar A
A FAA 6mm ARL Hojo] 121°CelA 3084 23] F
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Table 3. Analytical data of 2-isopropylphenol(1l) derivatives

Compound IR (cm™) 'H-NMR (ppm) GC/MS (m/e)
Ll 1750 (C=0), 1.28(d, 6H), 2.08(s, 3H), 178(M"), 136,
1240 (C-0) 3.12(m, 1H), 7.08(m, 4H) 121(base)
1124 1740 (C=0), 1.23(d, 6H), 2.97(m, 1H), 212(M%), 197,177,
1240 (C-O) 4.28(s, 2H), 7.01(m, 4H) 121(base)
L3 1760 (C=0), 1.25(d, 6H), 3.12(m, 1H), 256(M"), 177,
1263 (C-0), 4.26(s, 2H), 7.14(m, 4H) 121(base)
1750 (C=0), 1.09(t, 3H), 1.28(d, 6H), 192(M+), 136,
1I-4a 1165 (C-0) 227(s, 2H), 3.25(m, 1H), 121(base)
7.08(m, 4H)
-5a 1750 (C=0), 1.19(s, 9H), 1.37(d, 6H), 220(M"), 136,
1213 (C-O) 3.12(m, 1H), 7.20(m, 4H) 121(base)
L 1740 (C=0), 1.33(d, 6H), 3.21(m, 1H), 240(M"), 197,
1265 (C-0) 7.14(m, 4H), 7.65(m, SH) 105(base)
1725 (C=0), 1.30(d, 6H), 3.11(m, 1H), 284(M"), 241,
1I-7a 1265 (C-0) 5.90(s, 2H), 7.12(m, 4H), 149(base)
7.48(m, 3H)
1745 (C=0), 1.29(d, 6H), 3.68(s, 2H), 254(M), 136,
II-8a 1230 (C-0) 3.14(m, 1H), 7.16(m, 4H), 118(base)
7.22(m, SH)
b 1375 (S=0), 1.24(d, 6H), 2.94(s, 3H), 214(M"), 199,
1182 (S-0) 3.16(m, 1H), 7.16(m, 4H) 121(base)
1375 (S=0), 1.26(d, 6H), 1.37(t, 3H), 228(M"), 213, 199,
11-2b 1175 (S-0) 3.22(m, 1H), 3.42(m, 2H), 121(base)
7.12(m, 4H)
1136 1378 (S=0), 1.27(d, 6H), 3.11(m, 1H), 276(M"), 261, 135,
1192 (S-0) 6.74(m, 4H), 7.84(m, SH) 77(base)
b 1390 (S=0), 1.32(d, 6H), 3.12(m, 1H), 310M"), 295, 175,
1195 (S-0O) 6.81(m, 4H), 7.72(m, 4H) 171(base)
1380 (S=0), 1.26(d, 6H), 2.35(s, 3H), 290(M"), 275, 155,
1I-5b 1180 (S-0) 3.12(m, 1H), 6.79(m, 4H), 91(base)
7.54(m, 4H)
1377 (S=0), 1.24(d, 6H), 3.00(m, 1H), 306(M"), 291,
11-6b 1190 (S-0) 3.73(s, 3H), 6.83(m, 4H), 171(base)
7.41(m, 4H)
1290 (P=0), 1.21(m, 6H), 1.29(d, 6H), 272(M"), 229,
II-lc 1033 (C-0), 3.20(m, 1H), 3.91(m, 4H), 257(base)
790 (P-O) 6.81(m, 4H)
1305 (P=0), 1.17(m, 6H), 2.94(m, 1H), 368(M"), 325,
1I-2¢ 960 (C-0), 6.92(d, 2H), 7.31(m, 12H) 353(base)
765 (P-0O)
1d 1250 (C-0), 1.27(d, 6H), 3.23(m, 1H), 150(M"), 120
1150 (-C=C-0-) 3.73(s, 3H), 6.75(m, 4H) 135(base)
1473 (-CH,), 1.21(d, 6H), 1.33(t, 3H), 164(0M"), 135,
11-2d 1165 (-C=C-0-) 3.12(m, 1H), 3.95(m, 2H), 149(base)
6.84(m, 4H)
1453 (-CH,-), 1.01(t, 3H,), 1.24(d, 6H), 192(M"), 177, 149,
113 1152 (-C=C-0-) 1.33(m, 2H), 1.71(m, 2H), 121(base)
3.15(m, 1H), 3.94(t, 2H),
6.91(m, 4H)
1456 (-CH»-), 1.25(d, 6H), 2.35(s, 2H), 226(M"), 211, 183,
11-4d 1152 (-C=C-0-) 3.12(m, 1H), 6.81(m, 4H), 91(base)
7.08 (m, SH)
1302 (C=C), 1.27(d, 6H), 3.16(m, 1H), 176(M"), 133,
11-5d 1159 (-C=C-0-) 4.61(d, 2H), 5.28(d, 2H), 161(base)

5.89(m, 1H), 7.12(m, 4H)

¥ wheat bran medium(27]& 200g, 4A 100g, /T
100 m/piAlel] JEg - v #AE B B 7IAFel
Fafo] WS AT 27 JEE FHES dew chamber
Q7°C, 95%, F=Z)PIA 4817F B F 5 (25°C,
80%)IM Fx7, E2E 77 124702 A g wE A9

3k & grealRAl(25°C, 80%)PlA BRA, d4FRAS 47 12
Ak 2 g 7R AHsigen, FAEwte] WS FE
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= 2Ee] A= IHAAFZRE WRl

¢



Isopropylphenyl F=A152] 34 2lE8dstol gk e 183

Table 4. Phytopathogenic activities for 4-isopropylphenol(I) derivatives

Pathogen Growth Inhibition (%)
Compounds Aa® Pe Py pi® Cg Rs® B&® Co* Po° Tv
bcgﬁg‘;‘iizs'al 38.8° 60.0° 23.5° 47.0° 41.0° 29.4° 58.8° 52.9° 553° 70.6°

I 29.4 16.5 - 43.1 37.6 17.6 - 25.9 4.4 -
I-la 24.7 282 8.7 247 12.9 . . . . .
-2a 9.4 10.6 . . 35 12 2.4 212 12 .
-3a . 2.4 . 94 212 25.9 523 12 . .
T-4a 9.4 29.4 y 2.4 17.6 y y 153 247 y
I-5a 11.8 29.4 92 29.4 26.4 y y 59 25.9 .
I-6a 2.4 y y 29.4 y y y y y y
I-7a 313 - - - - - - 27.4 - -
I-8a - - - - - - - - 36.5 -
I-1b 27.1 282 59 247 94 - - 29.4 - -
1-2b . . - 17.6 232 - - - - -
1-3b 35 20.0 - 16.5 17.6 - 24.7 25.9 - -
I-4b - - - - - - - 59 - -
1-5b 7.1 18.8 35 29.4 235 . . . . .
1-6b . 15.3 . 235 . 26.1 16.8 . 482 .
I-lc . 82 . 18.8 11.8 11.8 224 212 . .
I-2¢ 12.9 2.4 y 1.8 28.2 212 - - - -
I-1d 10.6 212 59 10.6 10.6 . 7.1 25.9 . .
I-2d 47 329 7.1 16.5 82 y 2.4 y y y
1-3d 7.1 2.4 - 59 24 224 . 7.1 - -
I-4d . - - - 22.8 - 243 38.8 27.1 -
I-5d 24 y y y y y y y y y

-: non-effective

*Aa: Alternaria alternata, Pc: Phytophthoa capsici, Pu: Pythium ultimum, Pi: Phytophthora infestans, Cg: Colletotrichum gloeasporioides, Rs:
Rhizoctonia solini, Be: Botrytis cinerea, Co: Colletotrichum orbiculare, Po: Pyrcularia oryzae, Tv: Trichoderma virens

PAll chemical were treated at a control of 100 pg/m/

‘Aa: polyoxin, Pc; Pi; Cg: dimethomorph (25%), Pu: Etridiazole, Rs: pencycuron, Be: dichlorofluanide, Co: propineb 70%, Po: tricyclazole, Tv:

thiobendazole

9] HIEo|E A5l TS 7+e 2o 93 WAle-S Ak
Z3th BE A2 33 o) HAls =
o7 3O

Hol—xﬂ% =
FAET WA ()&% — AT WA Zo)E%
Ao FUAAE %

2

F=AEY P8 . sI5E 1 119 ester(l-1a~1-8a, 1I-
la~I1-8a), sulfonyl ester(I-1b~I-6b, II-1b~II-6b), phosphoyl
ester(I-1c~1-2¢, 1-1c~I1-2¢)2} etherAl(I-1d~I-5d, 11-1d~11-5d) 3}
e 4255 Scheme 17+ 22 WRow AT GOMS,
IR-spectrum®} 'H-NMR-spectrum2 ©]-&3l] o] =42
golstact 3k o & 4-isopropylphenyl acetate(I-12)2] 73-%-
GC/MSOIA EzlFo] 178(M* R.T: 102 min)E IX]|3-S <=
AR Aslkmlee] 136, 121(base peak)s! 5422 peak
52 Folgd 4 JAh R-spectrumo A= 1750 cm™(C=0),
1245 cm™(C-0) peakE ERI38}ATE HESH 'H-NMR-spectrum®]]
x| 732 ppm(4H, m) peaki= phenyl”7]9] 47 £, 2.90 ppm

(1H, m)°l A isopropyl®] CH-& F+4&E, 235ppm(H, s)<
peake CH;9] 45, 1.25ppm(6H, d)IA isopropyl”]<]
-CHy719] 45 8]l st ol HAS Ldtth ook 2
2 o E 9 REAES BAEIeH, 1 Y Table
29} 30] QoFskitt.

In vitro FFEA. ()} IDEFE AR F=A Sl dist
o C orbiculare®] 9E°] A=W Atol| tiete] FHEHES =
Atk (O (D] FEAE] g AEH Y] dwras
= Table 49} 59 YERNRATE Esters}e-E% 1-3a= B. cinerea
o thated 52.3%9] S VERH BN FAIAIQ] fukl
F3AI7E YeRd 58.8%< AR dtES JERSIem, TI-
7ax= P infestans®| W3t 632%2F C. orbiculare®| 3}t
533%°] FtES Ueplozyn zizke] TRl EETS
A 472%9} AQFEBFTIA 52.9%2] FFH BT S5 A
S JERNSIEE Sulfonyl esterSlEHE-ES -6 P oryzae
off FAIHAQ] "I 55.3%2] FHol= RXA] X319
9h, 482%0] IS HAFOEMA HwF w& dES U
ERNSICE. Phosphoyl esterSlEHE5-2 SEA] tiFklo] whe A
S YERAY Al E4d0] IITE. Etherslols ol
E 1447} C. orbiculared) 38.8%%] TS LERS oL,
FAICHAIRD AEE T30 52.9%E U= o] Wit
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Table 5. Phytopathogenic activities for 2-isopropylphenol(Il) derivatives
Pathogen Growth Inhibition (%)
Compounds Aa’ Pc? Pu? Pi* Cg* Rs* B¢? Co* Po* v
*Commercial 38.8° 60.0° 23.5° 47.2¢ 41.2¢ 29.4¢ 58.8° 52.9° 55.3° 70.6°
chemicals
I 27.1 18.8 - 41.2 329 - - 24.7 30.6 -
Il-1a 7.1 27.1 11.3 16.5 25.8 - - 22.4 23.5 -
11-2a 10.6 8.2 - 5.9 153 5.9 2.4 4.7 12 -
1I-3a 2.4 - - 7.1 23.5 47.1 224 3.5 - -
1I-4a 9.4 32.9 - 12.9 94 - - 294 30.6 -
II-5a 11.8 20 - 19.4 253 - - 59 28.2 -
11-6a 47 - - 19.4 - - - - - -
1I-7a 36.7 - - - - - - 533 - -
11-8a - - - - 17.6 - - 37.6 27.1 -
1I-1b 59 27.1 - 12.9 11.8 - 59 7.1 - -
11-2b - - - 17.6 28.2 - - - - 17.6
11-3b 1.2 353 9.4 247 10.6 - 27.1 29.4 - -
11-4b 235 - - - 23.5 - - 30.6 294 -
11-5b - 17.6 2.4 15.3 - - 4.7 282 - -
11-6b 153 - - 235 23.1 11.3 12.4 40.0 17.6 -
II-1¢c - - - 17.6 10.6 1.2 - - - -
1I-2¢ 3.5 - - 17.6 23.1 7.1 - 7.1 7.1 -
1I-1d 9.6 20.2 79 11.6 12.4 - 7.5 26.9 - -
11-2d 2.7 35.9 7.1 17.5 8.6 - 34 - - -
11-3d 7.1 - - 11.8 153 - - 2.4 2.4 -
11-4d 153 - - 20.0 259 29.4 - 21.2 21.2 -
11-5d 2.4 - - - - - - - 17.6 -

-: non-effective

*Aa: Alternaria alternata, Pc: Phytophthoa capsici, Pu: Pythium ultimum, Pi: Phytophthora infestans, Cg: Colletotrichum gloeasporioides, Rs:
Rhizoctonia solini, Be: Botrytis cinerea, Co: Colletotrichum orbiculare, Po: Pyrcularia oryzae, Tv: Trichoderma virens

®All chemical were treated at a control of 100 pg/m/

‘Aa: polyoxin, Pc; Pi; Cg: dimethomorph (25%), Pu: Etridiazole, Rs: pencycuron, Bc: dichlorofluanide, Co: propineb 70%, Po: tricyclazole, Tv:

thiobendazole

In vivo I3FEA. In virod oA vnH
1I-7a, 1-3a, 1-6b%k 1-4dsteheEe] thote] 552 A=zl
o WAL EE AT A= Table 634 Z2Th -3a®
cinerea®l] 68.8%% HWAEHE ERAI LW, II-7a=
orbiculare®} P infestans®ll 88.2%, 972%=Z 3A| A ?l’E?'/]r
5 723%F EEFEA 92.4% Hoh 8 AR

Aol =

rlo

Q.w

Table 6. Curative effect of some derivatives on phytopathogen (In
vivo)

Pathogen Control value (%)
Compounds CAN" TLB* CGM®° RCB" RSB’
Commercial 723° 924 863° 9665 977
chemicals
I-3a - - 68.8 5.6 -
1I-7a 88.2 97.2 - 64.6 59
1-6b 17.6 8.0 50.0 98.3 853
I-4d 63.2 - 62.5 674 -
-: non-effective
?All chemical were sprayed at a concentrate of 500 pg/m/
®CAN: Cucumber anthracnose, TLB: Tomato late blight, CGM:

Cucumber gray mold, RCB: Rice blast, RSB: Rice sheath blight
‘CAN: propineb 70%, TLB: dimethomorph (25%), CGM: dichlorofluanide,
RCB: tricyclazole, RSB: pencycuron

< Yehldth 1-6b= P oryzaeSt R. solanioll 98.3%<}t
85 3%9] HAIEAES JERNY oM, P orzaed] FAIEAIQ] |l

A 96.6%ETE $58F ZAS eSO R solanidl] T
e FAIHAIRD ZARFSIA] 97.7% WA SRS tha
HojR= WA g}E HAFAH.

LA

sSiRHE 12 1] OH719] HojAl ofe] Alge] feA| 4235
sl 'H-NMR, IR, GC/MSE °]-&-5to] R
ERIBHITE A= o] g Aegds AR A3 11-7a
7} C. orbiculareS} P infestans, 1-6b= P oryzaedllA] FA|F
ABct 75k HAEdS eI

Thymol, carvacrol, 4-isopropyl-3-methylphenol3} 5-isopropyl-
3-methylphenolsl3HE52 F=AES sl SddS oA
T3 AF} esterAlDe] 2-isopropyl-5-methyl-phenylacetate”} B.
cinerea$t P oryzae®| Z¥Z; 86%% 95% d4-isopropyl-3-methylphenyl
(2-amino-thiazole-4-yl)methoxyiminoacetate”} P oryzae®| 93%,

phenoxy ester AlFe]l methyl(2-isopropyl-5-methylphenoxy)
acetate”} P oryzae®l 97%2] /3ol AN, methyl4-
isopropyl-3-methylphenoxy) acetate”} B. cinerea® 88%<| WA
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A YERHATEY o]e} o], Mg A isopropyl-
methylphenolo] Y} ¥ 9] isopropylphenol3}3H=2] ester,
alkylphenoxy ester 2 sulfonyl ester A|E 3}5-&E0] AEHAL
of et $=r3 gt e BAEES e o, &
g o] methyl7] 7} §l=
isopropylphenol F+=AHE% ester 2 sulfonyl ester]] DollA A
ZEde S gttt TS 2-isopropylphenyl piperonyloate
(I-7a)= C. orbiculare$} P infestans®l W3] 88.2%, 97.2%
2 FZAHARI PESZFSIA 72.3%9F EETSAl 92.4% K
o o s WAIEAES JERIIS™, 4-isopropylphenyl-4-
methoxybenzenesulfonate(I-6by= P oryzae®] EA12EA12l W<=3}
A 96.6% Hu 3t A4S BAY. IHEE, isopropyl-
methylphenol®|Y} isopropylphenoldl 3}5tE BT A2 At
AL Mdste SLEHE 082 F JoH, ol =9
-OH712] HulAl ester, phenoxy ester % sulfonyl ester’] &2
=48 §F=AE9°] B. cinerea, C. orbiculare, P infestans$} P
onzae SOl E2 FFEAHE AT wEbA, ol&
alkylphenol®] ester, phenoxy ester % sulfonyl esterA|€ =A]
58 Hr} AAIZHOoRE AFStO 2N B, cinerea, C. orbiculare,
P, infestans®} P. oryzae] MZE- FePldo] 78 F10 2 o
1=y

isopropylmethylphenol 3= o]|

x B

a-ad@Ado] AL 4-isopropylphenol(Iyz} 2-isopropylphenol
()2 ZHEA=R 319 ester, sulfonyl ester, phosphoyl ester2}
etherAld Al 4255 FsIlem, #R1e IR, 'H-NMR}
GC/MSE °1&3I3t). o8 F=AEdl et in viro FdEA
A QoA (Colletotrichum orbiculare) ] 9% T}
o} AAJEIETE. 2 A3}, 2-isopropylphenyl piperonyloate(ll-7a)
7t QOVeEA W (Colletotrichum orbicularey’t EVIESInEE
(Phytophthora infestans)®ll 237+ AN, 4-isopropylphenyl
bromoacetate(I-3a)7} 2| AL FFo1H - (Botrytis cinerea), 4-
isopropylphenyl-4-methoxybenzenesulfonate(I-6b)= ¥ =8 W
(Pycularia oryzae)| B43t a35 YER M, 4-isopropyl-
phenylbenzyl ether(I-4d)7} - O1E-A¥E<H(Colletotrichum orbiculare)
o 958k 3= YeRNSItE In vivo A= 2-isopropylphenyl
piperonyloate(Il-7a)7} .01 €4 ¥ (Colletotrichum  orbiculare)>}
E vt E QD ulE-H (Phytophthora infestans), 4-isopropylphenyl 4-
methoxybenzenesulfonate(I-6b)7} ¥ =& ¥ (Pycularia oryzae)l
vl ek AFEdS JERNSITE

T

Key words: 2-isopropylphenol, 4-isopropylphenol, 2] <
7+, a4

2Atel 2
2 ATE SUTH(MAF) F971EHAEARPC) 48] A7

H|(ZFAIR S 203129-3)0] o] 3fo] o]Fofxl Zo|m= ofof ZF
AP=guth,

Ju—

10.

11.

12.

13.

14.

15.

16.

17.

. Nychas,

2
o

{1

.Heling, G S., P. C. Kearney and M. Alexan (1971), Behavior

of pesticides in soils, Acva. Agron. 23, 147-240.

.Brown, A, W. (1978) A Ecology of Pesticides. John Wiley &
Sons.
. Sylverstre G. S., and J. M. Fournier, (1979) Effects or pesticide

on the microflora. Advan. Agron. 31, 1-18.

.Muller, P, (1998) Effects of pesticides of fauua and flora in

pestcide., In Food and Environmental Implications, 1AEA.,
Vienna, 11-27.

. Kurahashi, Y., S. Sakawa, T. kinbara, K. Tanaka and S. Kagabu

(1997) Biological Activity of Carpropamid (KTU 3616): A
New Fungicide for Rice Blast Disease, J Pesticide Sci. 22,
108-112.

.Duke, S. O., A. M. Rimando, S. R. Baerson, B. E. Scheffler,

E. Ota and R. G. Belz (2002) Strategies for the Use of Natural
Products for Weed Management, J. Pesticide Sci. 27, 298-306.

.Lee, B. H., C. P. Annis, F. Tumaalii and W. S. Choi, (2004)

Fumigant toxicity of essential oils from the Myrtaceae family
and 1,8-cineole against 3 major stored-grain insects, J. Stored
Prod. Res. 40, 553-564.

.Motoyama T., K. Imanishi, T. Kinbara, Y. Kurahashi and I.

Yamaguchi, (1998) Inhibition of Scytalone Dehydratase in
Melanin Biosynthesis by Carpropamid, a Novel Rice Blast
Controlling Agent, J. Pesticide Sci. 23, 58-61.

G E, & Tassou, C. C. (2000) Traditional
preservatives-.oils and spices. In R. K. Robinson, C. A. Batt,
and P. D. Patel (eds.), Encylopedia of food microbiology
London, UK: Academic Press 1717-1722.

Ormancey, X., Sisalli, S., and Coutiere, P. (2001) Formulation
of essential oils in functional perfumery., Parfums, Cosmetiques,
Actualites 157, 30-40.

Vina W. Yang and Carol A. Clausen (2007) Antifungal effect
of essential oils on southern yellow pine, International
Biodeterioration & Biodegradation 59, 302-306.

Kumar, R., Dubey, N. K., Tiwari, O. P., Tripathi, Y. B., Sinha,
K. K. (2007) Evaluation of some essential oils as botanical
fungitoxicants for the protection of stored food commodities
from fungal infestation, J. Sci. Food Agric. 87, 1737-1742.
Szczerbanik, M., Jobling, J., Morris, S., Holford, P. (2007)
Essential oil vapours control some common postharvest fungal
pathogens, Australian J. Exper. Agric. 47, 103-1009.

Wu F. and Xiaodong Z. (2007) Essential oils to control
Alternaria alternata in vitro and In vivo. Food Control 18,
1126-1130.

Antonet M. Svircev, R. J. Smith, T. Zhou, M. Hernade,
Weitang L. and C. L. Chu (2007) Effects of thymol fumigation
on survival and ultrastracture of Monilinia fructicola,
Postharvest Biology and Technology 45, 228-233.

Choi, W. S., Kim, K. Y,, Jang, D. Y., Um, D. Y., Jung, B. J.
and Kim, T. J. (2006) Activeties of essential oils and their
main compounds, Korean J. Pesticide Sci. 10, 201-209.

Choi, W. S, C. J., Jung, D. Y., Jang, K. M., Cha, D. Y., Um,
T. J. Kim, and B. J. Jung (2006) In vitro and In vivo antifungal
activaties of derivatives of thymol and carvacrol against
phytopathogenic fungi, Korean J. Pesticide Sci. 10, 237-248.



186 A4 - A - 47 - ol - AeE - AA

18. Choi, W. S., S. H,, Jang, D. Y., Jang, K. G, Choi, B. H., Lee, D., Eilam, Y. et al. (1997) Influence of CaCl, on Penicillium
T. J. Kim, and B. J. Jung (2006) Antifungal activities for digitatum, grapefruit peel tissue, and biocontrol activity of
derivatives of 4-isopropyl-3-methylphenol and 5-isopropyl-3- Pichia guilliermondii. Phytopathology 87, 310-.315.
methyphenol against plant pathogenic fungi, Korean J. 20. Lewis, R. J. (1992), Sax’s Dangerous Properties of Industrial
Pesticide Sci. 10, 249-261. Materials, 8th Ed., Van Nostrand-Reinhold

19. Droby, S., Wisniewski, M. E., Cohen, L., Weiss, B., Touitou,



