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4-Isopropyl, 5-isopropyl-3-methylphenol ®E=AE2| &t
(=] o =] = =
AlE HAT0 CHet g &N
AP Bes - HEN - HZY - 0l8E' - LEHE' - BEN
AN AAgs g AT, 'TRed sAEAT
ok ¢ Aol 9l 4-isopropyl-3-methylphenol( I )3} 5-isopropyl-3-methylphenol(Il)& EWEZZ s}
ester, sulfonyl ester, carbamate, ether & phosphoyl esterdl 8] 5070 FFEES FAsF oY, IR, GC/MSS}
IH'NMR spectrum s ©]-&3ted A3E ISt o] FEAE N3 in viro BT EH APE 1059 Y=

dol tieted AAg 2% 2 U gfEo] $58 eSS et ol IUES 57HA HE
Bé(tqlx:— ¥, EvtE, Qo] AWIgold, v AT uEgH, oA )el] et in vivo FTEEEE
ARSI 1 A3, 4-isopropyl-3-methylphenyl (2-aminothiazole-4-yl)methoxyiminoacetate( I -7a)&= B =W

(Pycularia oryzae)®ll methyl (4-isopropyl-3-methylphenoxy)acetate( I -4d)$} methyl (5-isopropyl-3-methylphenoxy)

acetate (I1-4d)=
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sHisE 43 230 W 5
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AR=E HH, 84, 1_‘5—4 3F, oM E ¥ 01
gol U ok, Ags BB K@ B4, B
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1971; Brown, 1978; Sylverstre9} Fournier, 1979; Muller,
1988).
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#A2 Axge 2 WE WIdE, dF
g3 2B A A2 3y A
g 59 /fgo]l AxEI glom A
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Qo] ANFFo|H(Botrytis cinerea)ll F WAEAHE JERITE (20060 d 10€ 239 A

d, 4-isopropyl-3-methylphenol, 5-isopropyl-3-methylphenol

2l
S
o|thAgrios, 1997, Lee =,
2001a; Lee 5, 2001b; Duke & 2002; Tajima &, 2002;
KIBREZE, 2003; Lee 5, 2004; ).

B AFHNNE HAES o] &3 MEL AFAE
Adsl7] 93l 98 AE FFAES st
F4E ZARIAT, 1 F thyme 29o] Q0] AYE
go| B (Botrytis cinerea), W U F-HvIEYE T (Rhizo-
ctonia solan)®} A3 AX-E G H(Alternaria alter-
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natay) AREHE ehie} 1 9) A2RAFIAE
$FEe 21 9ee FUsg
Thyme 999 F4REE HIF 2, thymols}

AATHF 5, 2006).

wel B Ao M= thymol, carvacrol®} AR
7}AH SFEFA7} U 4-isopropyl-3-methylphenol
3} 5-isopropyl-3-methylphenol 3&8 ELEAZ &}
o] -OH”7|E H3}A|A ester, sulfonyl ester, carbamate,
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Ay A3 Colletotrichum  orbiculare(2.0) €24
9] 105 AEHYATT 52 IS5 LEUYERE
AlE](Korean Agricultural Culture Collection, KACC)ol| A
oo} 21831t

AleF gl 717]

T AHEE Aok Aldrich(USA)ALS] AEL, 7
A|kA| 2 Fuba)4=3H4 (thiobendazole 60% : E&
ol EE<8Al(dimethomorph 25% : 15 )
© Bt IE(Korea) AFE AHESIAA, AEHTA
(etridiazole 25% : YW ), EE|S4153H(polyoxin
B 10% : AMETHI S ), HE - (propineb 70%
: 0] exWH), EAW(pencycuron 25% : B UYFE
PHEH ), f3(dichlofluanid 50% : o] AWE
Fo|Hm# W48 (tricyclazole 75% : ¥ =EHW T
FREEKoen)) AFS AL 2ol A}
# SEE A9 94 ¥EE Tdslel 4989
ohoREA gAY A 9 A8E coMSE
GCMS-QP5050(Shimadzu, Japan), IR-spectrophotometer+=
FT/IR-4100 (JASCO, Japan)¥ 'H-NMR-E Bruker 200
NMR spectrometer(Bruker, Germany)E- ©|-&3}%jt}.

oo i a1t

FEA F4
Ester +=A4&9 A4
4-Isopropyl-3-methylphenyl acetate (I -1a)2] 343
Acetonitrile 15 mL®]l 4-isopropyl-3-methylphenol( I) 2
g (1331 mmol)e &3HA)7] ¥, triethylamine 2.22 mL
(1597 mmol)-& 7}3}3 acetyl bromide 0.98 mL (13.31
mmol) & A7} 3t AFoA SAIZHEE awRkERT
go] 928 ¥ 2 20 mLd AP 20 mle
7HE $ 308 B 2Rt #71 3§ veEdn
23} 2FE 20 mLE AHF F, B gAepadg
o B A% A st s &3] A A
2271 % ZZrE 125 (hexane : acetone =
LDE FAsted EHE 160 g (625%)S LUk &
g, 4-isopropyl-3-methylphenol( I )3  5-isopropyl-3-
methylphenol(I1)= ©]&3F ester FFE (1-2a~1-Ta,
[O-la~II-7ay% 4-isopropyl-3-methylphenyl acetate( I
-la)et AR W o2 A28,

f

Sulfonyl ester &S 359 ¥4

4-Tsopropyl-3-methylphenyl ~ methanesulfonate (I -1b)
o

4-Tsopropyl-3-methylphenol( 1) 2 g (1331 mmol)¥}
methanesulfonyl chloride 1.03 mL (13.31 mmol)S Al
sto] BFE ([-199 22 WHozE HPsq =3
B 180 g (592%)% LAtk =3,
methylphenol( 1)3}  5-isopropyl-3-methylphenol(I1)& ©]
43} sulfonyl ester 33E (I-2b~1-6b, II-1b~II-6b)
€% 4-isopropyl-3-methylphenyl methanesulfonate( I -1b)
& Ak e s Az

4-isopropyl-3-

Carbamate =4 E2] 4
4-Tsopropyl-3-methylphenyl ~carbamate ( I-1c) §/3
Acetonitrile 15 mLol| 4-isopropyl-3-methylphenol( 1) 2
g (1331 mmol)E £3AIZl 5, o] Ao chloro-
sulfonyl isocyanate 1.59 mL (13.31 mmol)S A7} 3}
Ao SAIMERE waksldY) whgo] $Ad 3
(I-1a)¢} 2 Wyog Al ZFHE 200 g
(777%)& Atk E3), 4-isopropyl-3-methylphenol( I )
¥} 5-isopropyl-3-methylphenol(I1)S ©]-8-3F carbamate
SIME (I1-2c~1-3¢c, O-1c~I-3c0)E%  4-isopropyl-3-
methylphenyl carbamate( I -1c)9} FAFSE WHoZ A2

EFies

Ether A E9 §4

2-Isopropyl-5-methoxytoluene ( I-1d) &3

Dimethyl sulfoxide 5 mL9} tetrahydrofurane 5 mL<]
EF-8Ho] 4-isopropyl-3-methylphenol(I) 2 g (1331
mmol)S 2HH3) &3 AZHT o] &4l iodomethane
1.0 mL (1597 mmol)? KOH 089 g (1586 mmol)<
74k F LA 2A1ZESE wekse Bhgo] &
29§ (I-la¢ 22 ez H¥sld EHE
150 g (68.6%)e AAUTE T3}, d-isopropyl-3-methyl
phenol( 1)3}  5-isopropyl-3-methylphenol(I1)-&  ©]-&-3F
3E (1-2d~1-6d, [O-1d~IT-6d)E= 2-
isopropyl-5-methoxytoluene( I -1d)%} FAFSF WHog

A z3H4 )

ether

Phosphoyl ester =359 34
Diethyl(4-isopropyl-3-methylphenoxy)phosphate
A

4-Tsopropyl-3-methylphenol( 1) 2 g (1331 mmol)¥}
diethyl chlorophosphate 2.32 mL (1597 mmol)2 A}
sto] SE(I-1a)3 2 WHoE APt BHE

(1-1e)
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E \£/0 R, ;5 N )];(")
OH /
(1-1a~I-7a) (1I-1a~ II-7a) on (1-1b~T- 6b)( I1-1b~TI-6b)

(1) (1) \
Y

0~ C—NR o—c NR, \ O-P-R,  O-P-R,
OR,
OR,
(I-1c~1-3¢) (T-lc~II-3¢) (1-1le~I-3e)( H-Te~1I-3e)

(1-1d~1-6d)( I-1d~I-6d)

O.
p! Ney
R, : -CH, (1a), -CH,CH, 2a), —{) (3a), (50 taw), —cn(C) sa, —crn_Y 6a).
N.
~—NH 7
—E—Q" 2 (7a)

OCH,

R, : -CH; (1b), -CH,CH, @), — ) 3b), — Y-c1(am), Y-, sb), —{-0CH,(6b),

Van

R; : -H,(le), -CH,CH,CH,CH; (2¢), N-CH,CH; (3¢)
db

o

R, : -CH, (1), -CH,CH; 2d), —CH,{ ) Bd). —CH,~¢-0-CH,4d),

0 0
—CH,-CH=CH-C—OCH,CH, (5d), H3C—H(|J—O—C—OCH2CH3 (6d)

R : Y=0, —(OCH,CH,), (le), ——(0@ )2 (2¢), Rs:Y=8,—(OCH,CH;), (3¢)

Scheme 1. Synthesis of 4-isopropyl-3-methylphenol( 1) and 5-isopropyl-3-methyl- phenol(II) derivatives.
280 g (735%)2 <AA;. w3l 4-isopropyl-3- A 844382 PDA(potato dextrose agar) 3.9 g2
methylphenol( 1 )2} 5-isopropyl-3-methylphenol(I1)& ©] 100 mLY ZHo &8st TJdEF121TC, 158)
83} phosphoyl ester 3}3HE (1-le~ -3¢, H-le~1-3e) 3 & iR LEE S0T7 H§=E 431 DMSO
% diethyl (4-isopropyl-3-methylphenoxy)phosphate( 1 (dimethyl sulfoxide)ell =% FEA& HHX]Q]- =3she

-le)9} A W o g A3k HE2ETE 100 pg mL7t 952 3 F HEUSH
of 20 mL¥ #F3}o PDA EELBHX]E Az
FEAEY ATBHLY AE2gAe) HAEH WFe WA T oF AR

in vitro 23 Byl WAy 222 XE 5 mme agar discE



AESgEe HEE wiAe= HEFHEST, &
5% vk shch AR EXETd
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Aste O BEFE FAURE sET oA AR
AAES vt 2L Yo st ASsHTRA,
2002)

an  FAHEZY FAARAE -
w  TEEd DIRAE L w0
A& FAel7 P ARAE

in vivo 4%

Ao AR Qo|(FF - WYT)et EWEF
£ . B 29709 FHE (1015 em) AHEHHO
H, HES . EHT 349719 FEE (2530 cm)
AMe-3tPE, Y7 Qo] EA T (Colletotrichum
orbiculare), 2.0 AW FBo|W i (Botrytis cinerea), E
v\& W (Phytophthora infestans), B TG
(Pycularia oryzae)® W ARF-H w5 T (Rhizoctonia
solaniys 302 THHGT AFAow ool ©
¥ 72 PDA(potato dextrose agan)Bi |l HZ H
FHlolE1(20C, FZ)olA 747 wigF 3= AAH
AEAE 83l Tween 20°] 1,000 ppm &
1x10° spores mL'¢] HEAL 950] 197] 9]
T2 29 127 spraydtivh. 20) ALFFo
& PDARIAY HF H QFHolH@0T, Fx1)ol
A 1497wt 3 A" BAZIAE F83Y
potato dextrose brothZ Tween 20°] 1,000 ppm 372
1x10° spores mL'¢] EAHEGAE THE0] 147] 2.9
FEo B nZ2A spraystAth. EvtE TS
VSHHZ](VS-juice 200 mL, CaCO; 4.5 g, Agar 20 g,
distilled water 800 mL)el HF H <IFHCIHE0T,
BN 7490 wE F ARE AR TER
AFE spreader® A AT = IFHIOIE(25TC, BET)
oA 297 Wi H FAE FEAdE FEste
Tween 20°] 1000 ppm 378 1x10* sporangia mL"9)
et S whgo] B4 23¢9 EvtE {FEY g9
3% spraydtith. ¥ EEH-2 RPA(rice polish 20 g,
dextrose 10 g, Agar 15 g, distilled water 1Ly#}=]ol 7
Z F AFWoHEQIT, FX)NAN 1497 vk &
AE dAH Q) 715 TARE spreaderZ A AT
FHOIE@R5T, F2DIA 23t Wi H FA4
BAZAE 8315 Tween 20°] 1,000 ppm Tt
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1x10° spores mL'S) HEAE wrSo] 48719 UFH
Age] T spraystdrhk W YFFHUEHAS
PDARIA] 28°CollA 2zt wigsty e TAH 6
mmAAE Hojo] 121ToA 3084 23] Ead 2
7)&(wheat bran medium : wheat bran 200 g, %7 100
g, 275 100 mDui= o] HE 5 wjgd IAE B
SR 7HRe HEdd THE FEAAG. A4S
HEE FHEL dew chamber(27C, 95%, SE1)oA
48 At BB I3 ZgH54A5T, 80%)AM B2,
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4-Tsopropyl-3-methylphenol( I )}
phenol(11)&} ester( [ -1a~ I-7a, T-1la~T-7a), sulfonyl
ester( | -1b~6b, II-1b~6b), carbamate(I-1c~1-3¢c, I
-1c~1-3¢c), ether( I-1d~ I -6d, I-1d~II-6d)$} phosphoyl
ester Al(I-le~1-3e, I-le~II-3¢) BTEES] g%
He Scheme 13 2t} AMZE IFEEL GOMS,
IR spectrum® 'H-NMR spectumS ©]-§3} Ao
HASS BQ3AY. 3 d & 4-isopropyl-3-methyl
phenyl acetate( I -1a)9] 7% IR spectrumol|A] 1760
em’ (C=0)%} 1213 cm(C-0)9) peakES BN,
GC/ MS spectrum®]A18] RT(retention time) 11.2%TH
DA peakts 55 FAHRAES HeRT gleH,
mass spectrumol A o] BFE EAFL 1920,
B2}Z7F 135(base peak), 177, 150, 105, 777 659 &
A9 peakSS B8tk E3 HNMR spectrum
A7} 650 ppm (s, 1H)] peaks aromatic 51 $]X]<]
17) 4, 632 ppm (s, 2H)2] peak aromatic®] 2%
Ax1eF 6 X9 2709 F4E YERAH 3.12 ppm

5-isopropyl-3-methyl
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Table 1. Analytical data of ester( I-la~1-10a, II-la~11-10a) derivatives

Compound IR (cm™) NMR () MS(m/e)
I-la 1760(C=0)  125(m, 6H, isopropyl CH(CHy)), 208G, 3H, COCHy), 235(s, 3H, 3-CH3), 3.12(m, IH, isopropyl 192(M"),
1213(C-0)  CH(CHs)), 6.32(s, 2H, aromatic 2-H, 6-H), 6.5Xs, 1H, aromatic 5-H) 150(base)
I-2a 1760(C=0) 109G, 3H, CH:CHy), 125(m, 6H, isopropyl CH(CHs)), 227(q, 2H, CH:CHy), 240(s, 3H, 3-CH), 206(M"),
1162(C-0) 3.10(m, 1H, isopropyl CH(CHa)), 6.30-6.50(m, 3H, aromatic H) 150(base)
I-3a 1740, 1.27(m, 6H, isopropyl CH(CHa)), 2.35(s, 3H, 3-CHg), 3.15(m, 1H, isopropyl CH(CHs)), 620-6.50(m,  254(M"),
1263(C=0)  3H, aromatic H), 7.00-7.15(m, 5H, aromatic H) 150(base)
I -4a 1725(C=0)  1.25(m, 6H, isopropyl CH(CH)), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, isopropyl CH(CH3)), 5.90(s, 298(M"),
2H, piperonylonyl 9-CHa), 6.70-7.54(m, 6H, aromatic H) 149(base)
[-5a 1750(C=0)  125(m, 6H, isopropyl CH(CHa)), 235, 3H, 3-CHi), 2.59(s, 2H, benzyl CH), 3.12(m, 1H, 268(M"),
1235(C-O)  isopropyl CH(CHs)y), 6.30-7.19(m, 8H, aromatic H) 150(base)
I -6a 1776(-000)  1.25(m, 6H, isopropyl CH(CHs),), 2.35(s, 3H, 3-CHz), 3.12(m, 1H, isopropyl CH(CHs)), 3.75(s, 260(M"),
1492(-CHy-)  2H, tetrazolyl acetyl CHy), 6.30-6.50(m, 3H, aromatic H), 8.50(s, 1H, tetrazolyl CH) 150(base)
1-7a 1739(C=0)  125(m, 6H, isopropyl CH(CHs)), 2.36(s, 3H, 3-CHs), 3.49(m, 1H, isopropyl CH(CHs)), 3.89(s, 3H, 333(M"),
3-CHs), 4.10(s, 3H, O-CHy), 6.80-6.90(m, 3H, aromatic H), 7.00(s, 1H, aminothiazole CH) 150(base)
II-1a 1768(C=0) 125(m, 6H, isopropyl CH(CHs)), 2.08s, 3H, COCHy), 2.32(s, 3H, 3-CHy), 325@m, 1H, isopropyl 192(M"),
1210(C-0)  CH(CHz)y), 6.30-6.50(m, 3H, aromatic H) 150(base)
1I-2a 1762(C=0) 110, 3H, CH:CHs), 1.27(m, 6H, isopropyl CH(CHs)), 2.27(m, 2H, CH:CHy), 2.35(s, 3H, 3-CHy), 206(M"),
1153(C-0)  325(m, 1H, isopropyl CH(CHs),), 6.30-6.50(m, 3H, aromatic H) 150(base)
-3a 1737(C=0)  125(m, 6H, isopropyl CH(CHy)), 2.35(s, 3H, 3-CHy), 3.12(m, 1H, isopropyl CH(CHs)), 6.30-7.10(m,  254(M"),
1260(C-0) 8H, aromatic H) 150(base)
1I-4a 1725000 125(m, 6H, isopropyl CH(CHh)), 2.35(s, 3H, 3-CHy, 3.12(m 1H, isopropyl CHCHyy), 600, 2H,  298(M),
piperonylonyl 9-CHy), 6.30-7.60(m, 6H, aromatic H) 149(base)
11-5a 1757(C=0)  125(m 6H, isopropyl CHQIE)), 235, 3H 3(Hp), 259, 2H, benzyt (Fb), 3.02m 1H, isopropyl  268(M),
1237(C-0)  CH(CHa)), 6.31(s, 1H, aromatic 2-H), 6.00-7.20(m, 8H, aromatic H) 150(base)
II-6a 1777(C=0) l.ZSEm, 6H, isopropyl CH(CHggz,), 2.35(55 3H, 3-CHj), 3.1%§m, 1H, iscigropyl CH(CHyy), 260M"),
3.75(s, 2H, tetrazolyl acetyl CHz), 6.30-6. C)(m, 3H, aromatic H), 8.50(s, 1H, tetrazolyl C 150(base)
11-7a 1735(C=0) I.ZSEm, 6H, isopropyl CH(CHz),), 3.49(m, 1H, iso r081 CH(CHy)), 3.92(s, 3H, 3:CHy), 333(M),
4.09(s, 3H, O-CHs), '6.70-6.90(m, 3H, aromatic H), gAO é, 1H, aminothiazole CH) 150(base)

(m, 1H)2 isopropyl®] CH-, 235 ppm (s, 3H)°lA
aromatic®] 3H $|X]2] -CH;, 2.08 ppm (s, 3H)2| peak
© -COCH;, 125 ppm (m, 6H)2 isopropyl7]2] + 7§
o -CHy/t =g 82 2 7 U

4-Tsopropyl-3-methylphenol( 1)#}  5-isopropyl-3-methyl
phenol(I1)®] ester, sulfonyl ester, carbamate, ether$}
phosphoyl ester Al FE=AE9 BAAH= Table 1~5
o aoksanh

A g

4-Isopropyl-3-methylphenol( 1)@}  5-isopropyl-3-methyl
phenol(I1)ZHE 433 ester(I-la~1-7a, [I-la~TI
-7a), sulfonyl ester( I -1b~ I -6b, II-1b~11-6b), carbamate
(I-1c~1-3¢c, O-lc~U-3c), ether(I-1d~1-6d, II-1d~0
-6d)9} phosphoyl ester Zl(I-le~1-3e, II-le~1-3e)f-
SASE Q0| EAE T (Colletotrichum orbiculare)2} 9
o] AEHAT et FHEEE SHEU

Ester7d] S}HEE0] g AE¥dde] 2dade
Table 63 2Th Table 604 HE nigf o]

4-isopropyl-3-methylphenyl ~ phenylacetate( I -5a)%}  5-
isopropyl-3-methylphenyl phenylacetate( [I-5a)= A4
oA FAlternaria alternata)o| A FAI LA
22253 (polyyoxin B 10%)9} Hl=d Jd89&
Vel o™, 4-isopropyl-3-methylphenyl  (2-aminothia
zole-4-yl)methoxyiminoacetate( I -7a)y=  ILFEHAH T
(Colletotrichum gloeosporioides)?| A1 FA ARl T EF
314 (dimethomorph  25%)9F  FALSEL, :Eiiy
(Pycularia  oryzae)?lA=  FAGAA H

(tricyclazole 75%)2.cF -5 I EA4S YERAATH
E3 AY BE esterdl FEAEC] B A &%
A9t AVg AR IS dH(Alternaria alternata), EF}
E AW T (Phytophthora infestans), 0] BARTE
orbiculare) T}
(Colletotrichum  gloeosporioides) 1) W =EuT

(Pycularia oryzae)| X B8 Yeh| At

(Colletotrichum a3
al
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Table 2. Analytical data of sulfonyl ester( I-1b~1-6b, II-1b~II-6b) derivatives

Compound IR (cm™) NMR (&) MS(m/e)
1-1b 1371(S=0) 1.25(m, 6H, isopropyl CH(CHs)y), 2.35(s, 3H, 3-CH), 2.94(s, 3H, methanesulfonyl CHj), 3.12(m,  228(M),
1178(S-0) 1H, isopropyl CH(CH,),), 6.30-6.50(m, 3H, aromatic H) 150(base)
1-2b 1367(S=0) 1.25(m, 6H, isopropyl CH(CH:);), 1.39(t, 3H, ethanesulfonyl CH:CH:), 2.35(s, 3H, 3-CHs), 3.12(m,  242(M),
1172(S-0) 1H, isopropyl CH(CH3)2), 3.45(m, 2H, ethanesulfonyl CH,CHs), 6.30-6.50(m, 3H, aromatic H) 150(base)
I-3b 1378(S=0) 124(m, 6H, isopropyl CH(CH)), 2.35(s, 3H, 3-CH;), 3.15(m, 1H, isopropyl CH(CHi)), 290(M"),
1190(S-0) 6.30-7.15(m, 8H, aromatic H) 149(base)
1-4b 1387(S=0) 125(m, 6H, isopropyl CH(CH:)»), 235G, 3H, 3-CHy), 3.12m, 1H, isopropyl CH(CHz)), 325(M),
1190(5-0) 6.30-7.15(m, 7H, aromatic H) 149(base)
1-5b 1381(S=0) 1.20(m, 6H, isopropyl CH(CHs),), 2.35(s, 6H, 3-CHj, p-tolunesulfonyl CHs), 3.12(m, 1H, isopropyl 304(M"),
1177(S8-0) CH(CH3),), 6.30-7.15(m, 7H, aromatic H) 150(base)
1-6b 1373(5=0) 1.20(m, 6H, isopropyl CH(CHs),, ), 2.35(s, 3H, 3-CH3), 3.10(m, 1H, isopropyl CH(CHa)), 3.73(s, 3200M"),
1193(S-0) 3H, methoxy OCHs), 6.20-7.15(m, 7H, aromatic H) 150(base)
1i-1b 1371(S=0) 1.25(m, 6H, isopropyl CH(CHj),), 2.32(s, 3H, 3-CHs), 2.94(s, 3H, methanesulfonyl CHi), 3.25(m, 228(M),
1185(5-0) 1H, isopropyl CH(CH3),), 6.31-6.50(m, 3H, aromatic H) 150(base)
1-2b 1365(S=0) 1.27(m, 6H, isopropyl CH(CH3),), 1.39(t, 3H, ethanesulfonyl CH:CHs), 2.35(s, 3H, 3-CH3), 3.12(m,  242(M)),
1173(S-0) 1H, isopropyl CH(CHs)2), 3.45(m, 2H, ethanesulfonyl CH,CHz), 6.31-6.50(m, 3H, aromatic H) 150(base)
II-3b 1375(S=0) 1.25(m, 6H, isopropyl CH(CHs)), 2.35(s, 3H, 3-CHy), 3.12(m, 1H, isopropyl CH(CHsy), 290(M)),
1191(S-0) 6.30-7.15(m, 8H, aromatic H) 149(base)
11-4b 1386(S=0) 1.25(m, 6H, isopropyl CH(CHs)), 2.35(s, 3H, 3-CHs;), 3.12(m, 1H, isopropyl CH(CHs)), 325(M)),
1192(S-0) 6.30-7.14(m, 7H, aromatic H) 149(base)
11-5b 1375(S8=0) 1.25(m, 6H, isopropyl CH(CHs)), 2.35(s, 6H, 3-CH3, p-tolunesulfonyl CHa), 3.12(m, 1H, isopropyl  304(M)),
1191(S-0) CH(CHs3)), 6.30-7.15(m, 7H, aromatic H) 150(base)
I1-6b 1373(S=0) 1.25(m, 6H, isopropyl CH(CHy)z), 2.33(s, 3H, 3-CHj3), 3.12(m, 1H, isopropyl CH(CH3):), 3.73(s, 3H,  320(M"),
1170(S-0) methoxy OCH3), 6.30-7.15(m, 7H, aromatic H) 150(base)
Table 3. Analytical data of carbamate (I -lc~1-3¢c, II-1c~II-3¢) derivatives
Compound IR (cm-1) NMR (&) MS(m/e)
1-1c 1740 1.25(m, 6H, isopropyl CH(CH3)2,), 2.35(s, 3H, 3-CH3), 3.12(m, 1H, isopropyl CH(CH3)2), 193(M+),
(-OCONH-)  6.32-6.56(m, 3H, aromatic H) 150(base)
1-2¢ 1727 096(t, 3H, butyl CH2CH2CH2CH3), 1.25(m, 6H, isopropyl CH(CH3)2,), 1.33(m, 2H, butyl 249(M+),
(-OCONH-)  CH2CH2CH2CH3), 1.55(m, 2H, butyl CH2CH2CH2CH3), 2.35(s, 3H, 3-CH3), 2.96(m, 2H, butyl 1350(base)
CH2CH2CH2CH3), 3.12(m, 1H, isopropyl CH(CH3)2), 6.30-6.50(m, 3H, aromatic H)
1-3¢c 1675 1.19(m, 9H, isopropyl CH(CH3)2, N-CH2CH3), 231(s, 3H, 3-CH3), 3.10(m, 1H, isopropyl 318(M+),
(-CO-CO) CH(CH3)2), 3.60(m, 4H, piperazine ring CH2CH2), 4.12(m, 2H, N-CH2CH3), 6.90-7.12(m, 3H, 150(base)
aromatic H)
I-1¢ 1747 1.27(m, 6H, isopropyl CH(CH3)2), 2.35(s, 3H, 3-CH3), 3.12(m, 1H, isopropyl CH(CH3)2), 193(M+),
(-OCONH-)  6.30-6.48(m, 3H, aromatic H) 150(base)
I-2¢ 1727 096(t, 3H, butyl CH2CH2CH2CH3), 1.25(m, 6H, isopropyl CH(CH3)2,), 1.33(m, 2H, butyl 249(M+),
(-OCONH-)  CH2CH2CH2CH3), 1.55(m, 2H, butyl CH2CH2CH2CH3), 2.35(s, 3H, 3-CH3), 2.96(m, 2H, butyl 150(base)
CH2CH2CH2CH3), 3.12(m, 1H, isopropyl CH(CH3)2), 6.30-6.50(m, 3H, aromatic H)
-3¢ 1676 1.23(m, 9H, isopropyl CH(CHs),, N-CH2CH3), 2.36(s, 3H, 3-CH3), 2.90(m, 1H, isopropyl CH(CHs),), 318(M+),
(-CO-CO) 3.65(m, 4H, piperazine ring CH2CH2), 4.17(m, 2H, N-CH2CH3), 6.85-7.00(m, 3H, aromatic H) 150(base)
Table 4. Analytical data of ether( I-1d~1-8d, II-1d~II-8d) derivatives
Compound IR (cm™) NMR (6) MS(m/e)
1-1d 1251(C-0) 1.25(m, 6H, isopropyl CH(CHs)y), 2.40(s, 3H, 3-CHs), 3.20(m, 1H, isopropyl CH(CHs),), 3.73(s, 3H,  164M),
1151(C-0) methoxy OCH3), 6.30-6.50(m, 3H, aromatic H) 149(base)
I-2d 1240(C-0) 1.20(m, 6H, isopropyl CH(CHa)), 1.33(t, 3H, ethoxy OCH,CHs), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, 178(M"),
1165(C-0) isopropyl CH(CHs)), 3.98(m, 2H, ethoxy OCH,CHs), 6.30-6.50(m, 3H, aromatic H) 150(base)
I-3d 1249(C-0) 1.25(m, 6H, isopropyl CH(CHs)2), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, isopropyl CH(CHs)), 5.20(s, 2H,  240(M"),
1151(C-0) benzyl CH,), 6.30-7.20(m, 8H, aromatic H) 150(base)
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I-4d 1205(C-0) 1.25(m, 6H, isopropyl CH(CHs)y), 2.35(s, 3H, 3-CH;), 3.12(m, 1H, isopropyl CH(CHs),), 3.24(s, 3H,  222(M"),
1168(C-0)  COOCHs), 4.64(s, 2H, OCH,CO0), 6.30-6.50(m, 3H, aromatic H) 150(basc)
1-5d 1261(C-0) 1.23(m, 6H, isopropyl CH(CHa),), 1.30(t, 3H, ethyl COOCH,CHs), 2.35(s, 3H, 3-CHj), 3.12(m, 1H, 262(M),
1152(C-0) isopropyl CH(CHs)), 4.19(m, 2H, ethyl COOCH.CH3), 4.61(d, 2H, crotonoyl CHCHCHCO), 6.04(d,  150(base)
1H, crotonoyl CH;CHCHCO), 6.30-6.50(m, 3H, aromatic H), 7.07(q, 1H, crotonoyl CH.CHCHCO)
1-6d 1761(C=0)  1.27(m, 6H, isopropyl CH(CHs);), 1.30(t, 3H, diethyl carbonyl CH(CH;)OCOCH.CHj), 1.70(d, 3H, 266(M")
1242(C-0) diethyl carbonyl CH(CH;)OCOCH.CHj), 2.35(s, 3H, 3-CH;), 3.12(m, 1H, isopropyl CH(CH;)), 150(base;)
4.20(q, 2H, diethylcarbonate), 6.30(m, 4H, diethylcarbonate, aromatic H)
Ii-1d 1251(C-0) 1.25(m, 6H, isopropyl CH(CHs)s), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, isopropyl CH(CHs)y), 3.73(s, 3H,  164(M"),
1149(C-0) methoxy OCHz), 6.70-6.85(m, 3H, aromatic H) 149(base)
I1-2d 1291(C-0) 1.23(m, 6H, isopropyl CH(CHs)), 1.33(t, 3H, ethoxy OCHCHy), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, 178(M"),
1159(C-0) isopropyl CH(CHs)z), 3.98(s, 3H, ethoxy O CH.CH3), 6.70-6.90(m, 3H, aromatic H) 150(base)
1-3d 1291(C-0) 1.27(m, 6H, isopropyl CH(CHs),), 2.35(s, 3H, 3-CHj), 3.12(m, 1H, isopropyl CH(CHy)»), 5.20(s, 2H,  206(M"),
1164(C-0) benzyl CH,), 6.70-7.20(m, 8H, aromatic H) 150(base)
11-4d 1231(C-0) 1.20(m, 6H, isopropyl CH(CH,),), 2.35(s, 3H, 3-CHa), 3.15(m, IH, isopropyl CH(CHs),), 3.24(s, 3H,  222(M"),
1160(C-0) COOCH3), 4.64(s, 2H, OCH,COO), 6.70-6.90(m, 3H, aromatic H) 150(base)
11-5d 1252C-0)  1.24(m, 6H, isopropyl CH(CHs)), 1.30(t, 3H, ethyl COOCH,CHs), 2.35(s, 3H, 3-CHs), 3.12(m, 1H, 262(M"),
111(C-0) isopropyl CH(CH3)2), 4.19(m, 2H, ethyl COOCH,CH3), 4.61(d, 2H, crotonoyl CH.CHCHCO), 6.04(d,  150(base)
1H, crotonoyl CH,CHCHCO), 6.70-6.90(m, 3H, aromatic H), 7.07(q, 1H, crotonoyl CH,.CHCHCO)
11-6d 1761(C=0)  1.26(m, 6H, isopropyl CH(CHa)), 1.30(¢, 3H, diethyl carbonyl CH(CH;)OCOCH:CHy), 1.70(d, 3H,  266(M"),
1242(C-0) diethyl carbonyl CH(CH;)OCOCH,CH3), 2.35(s, 3H, 3-CH3), 3.12(m, 1H, isopropyl CH(CHs),),  150(base)
420(q, 2H, diethyl carbonyl CH(CH;)OCOCH.CHz), 6.34(m, 1H, diethyl carbonyl
CH(CH3)OCOCH,CHs), 6.70-6.90(m, 3H, aromatic H)
Table 5. Analytical data of phosphoyl ester ( I-le~ I -3e, II-le~II-3e) derivatives
Compound IR (cm™) NMR (6) MS(m/e)
I-le 1289(P=0) L.11(m, 6H, diethoxy (OCH.CH:),), 1.25(m, 6H, isopropyl CH(CHs)y,), 2.35(s, 3H, 3-CHs), 3.12(m, 286(M"),
1H, isopropyl CH(CHz)2), 3.57(m, 4H, diethoxy (OCH-CHs)), 6.36-6.50(m, 3H, aromatic H) 271(base)
I-2e 1301(P=0)  1.27(m, 6H, isopropyl CH(CHs),), 2.35(s, 3H, 3-CH3), 3.12(m, 1H, isopropyl CH(CH:);), 6.35-7.10(m,  398(M")
13H, aromatic H) 212(base)
1-3e 1172(P=S)  L1l(m, 6H, diethoxy (OCHCHs);), 1.24(m, 6H, isopropyl CH(CH:),,), 2.35(s, 3H, 3-CH3), 3.12(m, 382(M"),
1H, isopropyl CH(CHs)2), 3.57(m, 4H, diethoxy (OCH,CHs),), 6.30-6.50(m, 3H, aromatic H) 367(base)
II-le 1286(P=0)  1.11(m, 6H, diethoxy (OCH:CHs),), 1.25(m, 6H, isopropyl CH(CHa)), 2.35(s, 3H, 3-CH3), 3.12(m, 286(M),
1H, isopropyl CH(CHs)), 3.57(m, 4H, diethoxy (OCH,CHs),), 6.70-6.90(m, 3H, aromatic H) 271(base)
-2 130L(P=0)  1.23(m, 6H, isopropyl CH(CHs),), 2.32(s, 3H, 3-CH3), 3.25(m, 1H, isopropyl CH(CHy)), 6.30-7.10(m,  398(M")
13H, aromatic H) 212(base)
11-3e 1175(P=8)  L.11(m, 6H, diethoxy (OCH,CHs)), 1.25(m, 6H, isopropyl CH(CHs)y), 2.35(s, 3H, 3-CH3), 3.12(m,  382(M"),
1H, isopropyl CH(CH:)2), 3.57(m, 4H, diethoxy (OCH,CHs),), 6.70-6.85(m, 3H, aromatic H) 367(base)
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chlorobenzenesulfonate([1-4b) 3FE-L EntE AW
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Table 6. Inhibitory activities of ester derivatives of 4-Isopropyl-3-methylphenol and S-isopropyl-3-methylphenol against
various plant pathogenic fungi

Pathogen Growth Inhibition (%)
Compounds A P P P’ ¢ R B’ € P 0T
"Commercial chemicals 41 60 23 338 41 29 58 52 55 70
I 31 30 7 28 34 23 8 32 29 -
11 33 32 11 29 11 9 9 32 49 -
I-1a - 25 - 32 - - - 44 -
I-2a 18 - - - - - - - 5 2
I-3a 24 - - - 17 - - - 25 17
T4a 14 - - 9 24 20 - - - -
1-5a 39 - - 32 28 20 36 - 43 -
1-6a 23 - - 24 17 - - - 32 18
I-7a - - - - 41 - - 28 58 -
1I-1a 30 32 - 25 8 - - 40 2
11-2a 21 - - - - - 5 - - 2
1I-3a 29 - - - 30 - - - 22 11
[I4a 17 - - 28 29 - - - - -
11-5a 35 - - 24 29 17 17 - 16 -
I1-6a 30 - - 22 - 22 22 18 41 20
II-7a - - - - 27 - - 5 42 -

- @ non-effective

YAll chemical were treated at a control of 100 pg mL",

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

Table 7. Inhibitory activities of sulfony! ester derivatives of 4-Isopropyl-3-methylphenol and 5-isopropyl-3-methylphenol
against various plant pathogenic fungi

Pathogen Growth Inhibition (%)
Compounds A P Pu’ P’ c® R B O PO v
‘Commercial chemicals 41 60 23 38 41 29 58 52 55 70
I 31 30 7 28 34 23 8 32 29 -
Il 33 32 11 29 11 9 9 32 49 -
I-1b - 17 10 - 18 - - 32 28 -
1-2b 23 - - - 34 - - 17 23 -
I-3b 17 - 5 4 36 - 33 24 22 -
I-4b - - - 29 28 37 - 16 25
I-5b 27 - - 10 28 35 27 11 29 7
I-6b 15 - - - 24 - - - 7 32
1I-1b - 9 - - 14 - - 29 24 -
I1-2b 29 - - - 27 - - 30 28 -
I1-3b 21 - - 5 32 - 7 12 25 -
[1-4b - - - 37 21 12 - 35 23
II-5b 29 - - 12 18 23 - 27 27 2
11-6b 17 - - - 28 - - 34 - 29

- : non-effective

YAll chemical were treated at a control of 100 ug mL”.

YAa : Alternaria alternata, Pc : Phytophthoa capsici, Pu : Pythium ultimum, Pi : Phytophthora infestans, Cg :
Colletotrichum gloeasporioides, Rs : Rhizoctonia solini, Bc : Botrytis cinerea, Co : Colletotrichum orbiculare, Po :
Pyrcularia oryzae, Tv : Trichoderma virens.
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Table 8. Inhibitory activities of carbamate derivatives of 4-Isopropyl-3-methylphenol and 5-isopropyl-3-methylphenol against

various plant pathogenic fungi

Pathogen Growth Inhibition (%)

Compounds A p” m R ¢ RY OB G P TV
Commercial chemicals” 41 60 23 38 41 29 58 52 55 70

I 31 30 7.1 28 34 23 8 32 29 -

11 33 32 11.8 29 11 9 9 32 49 -

I-1c - 11 - 8 36 2 9 24 22 -

I-2¢ 28 - - - 34 - - - 19 -

I-3c 38 - - 27 - 18 - - - -

II-1¢ 26 11 - 8 - 8 9 21 38 5

I1-2¢ 11 12 - 24 5 - - - 22 -

II-3¢ 25 - - 12 - 17 25 - - -

- : non-effective

YAll chemical were treated at a control of 100 pg mL".
Phytophthoa capsici, Pu : Pythium ultimum, Pi : Phytophthora infestans, Cg :
Colletotrichum  gloeasporioides, Rs : Rhizoctonia solini, Bc : Botrytis cinerea, Co : Colletotrichum orbiculare, Po :

YAa : Alternaria alternata, Pc :

Pyrcularia oryzae, Tv :

Trichoderma virens.

Table 9. Inhibitory activities of ether derivatives of 4-Isopropyl-3-methylphenol and 5-isopropyl-3-methylphenol against

various plant pathogenic fungi

Pathogen Growth Inhibition (%)

Compounds A Pc’ Py’ Pi° cg R B P ™
*Commercial chemicals 41 60 23 38 41 29 58 52 55 70

1 31 30 7 28 34 23 8 32 29 -

II 33 32 11 29 11 9 9 32 49 -

I-1d - - - - 12 - - - 21 -

1-2d 17 - - - - - - - 5 -

1-3d 29 - - - - - - 11 5 -

1-4d 17 - - 46 21 - - 5 18 -

1-5d 31 - - - - - - - 27 -

I-6d - - - - 24 - - - 5 -

1I-1d - - - - 8 - - - 4 -

1-2d 5 - - 5 - - - 10 - -

I-3d - 9 7 - 29 - 5 9 5 -

I-4d 21 - - 44 17 - - 5 12 -

I1-5d 36 - - - - - - - 16 -

1-6d 15 - - 27 20 - - - 5 -

- : non-effective

YAll chemical were treated at a control of 100 pg mL’.
YAa : Alternaria alternata, Pc . Phytophthoa capsici, Pu . Pythium ultimum, Pi : Phytophthora infestans, Cg :
Colletotrichum gloeasporioides, Rs : Rhizoctonia solini, Bc : Botrytis cinerea, Co : Colletotrichum orbiculare, Po :

Pyrcularia oryzae, Tv :

Table 99} ZT}h Table 994 HE

Trichoderma virens.

H}9} o] methyl

(4-isopropyl-3-methylphenoxy)acetate( I -4d)$} methyl (5-
isopropyl-3-methylphenoxy)acetate( [1-4d) 3}3-E©] Er}
E AW A (Phytophthora infestans)o| A 3A FA| 2 =2

4=3}4)(dimethomorph 25%)E.t} $-473F &S
ERITE 3 ether A @ A€ 9] tiE-Ro] 15
A (Colletotrichum  gloeosporioides)™ ¥ T A

(Pycularia oryzae)ol| thate] 24-& JER ATt
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Table 10. Inhibitory activities of phosphoyl ester derivatives of 4-Isopropyl-3-methylphenol and 5-isopropyl-3-methylphe

nol against various plant pathogenic fungi

Pathogen Growth Inhibition (%)

Compounds A PP Pu’ Pi° C® R" B € P v
*Commercial chemicals 41 60 23 38 41 29 58 52 55 70

1 31 30 7 28 34 23 8 32 29 -

I 33 32 11 29 11 9 9 32 49 -

I-le 27 - - 8 - - - 31 - -

I-2 . . - - 17 ; ; 31 5 -

1-3¢ - ; - - 5 ; - 21 9 ;

I1-1e 7 - - 7 - - - 35 - -

112 - - - - 12 - - 21 - -

I1-3e - - - - - - - 17 - -

- : non-effective
YAll chemical were treated at a control of 100 pg mL".
YAa : Alternaria alternata, Pc

Pyrcularia oryzae, Tv . Trichoderma virens.

Phosphoyl esterA] 3lgtESo] thsh AEydFel 2
THEH= Table 103 2T} Table 10904 By w9}
%] phosphoyl esterAlE Fr=A S th3l A3 &
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G N e He gol e FEAS 454
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culare), EPYE Y1 (Phytophthora infestans), 2.°] A
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Table 11. In vivo antifungal activities of some derivatives of 4-Isopropyl-3-methylphenol and 5-isopropyl-3-methylphenol

against 5 plant pathogenic fungi

Pathogen Control value (%)
Compounds CAN” TLB” cGM” RCB” RSB”
Commercial chemicals” 70 98 87 97 97
1-5a - 73 59 58 38
1-7a 50 - 15 93 17
1-4d 17 73 88 63 )
I1-5a - 76 68 61 45
11-4d 15 75 86 65 67

- ¢ non-effective.

YAll chemical were sprayed at a concentrate of 500 pg mL™,

YCAN : Cucumber anthracnose, TLB : Tomato late blight, CGM : Cucumber gray mold, RCB : Rice blast, RSB :

Rice sheath blight.

o]F ol A 4-isopropyl-3-methylphenyl phenylacetate( I
-5a)2} 5-isopropyl-3-methylphenyl phenylacetate(II-5a2)+
AV RAE G W(Alternaria  alternata)®l]  4-isopro-
pyl-3-methylphenyl  (2-aminothiazole-4-yl)methoxyimino
acetate( 1 -7a)= W =G (Pycularia oryzae)ol| )
o] 73 RE Uty w3 FHippzHon
(D), (MSFE] HEFE ester 31FE0] AHZE ester
Hod we Ae 4L vehidoh Sulfonyl ester 7
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sporioides), 2.°| ©ABH(Colletotrichum orbiculare)™F
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BRI} o]5 oA 4-isopropyl-3-methylphenyl 4-chloro
benzenesulfonate( I -4b)2}  4-isopropyl-3-methylphenyl 4-
toluenesulfonate (1-5b)7} W UFFH w9 F(Rhizoc-
tonia solani)*| 4] 5-isopropyl-3-methylphenyl 4-chloroben-
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Antifungal activities for derivatives of 4-isopropyl-3-methylphenol and 5-isopropyl-3-methylphenol against
plant pathogenic fungi

Won-Sik Choi’, Soon-Ho Jang, Do-Yeon Jang, Kyoung-Gil Choi, 'Byung-Ho Lee, 'Tae-Jun Kim, 'Bong-Jin Jung
(Department of Genetic Engineering, Soonchunhyang University, Asan, Choong-Nam 336-745, Korea, 'Dongbu
Advanced Reasearch Institute, Moonjindong, Daeduck Science Town, Daejon, 305-708, Korea.)

Abstract : Fifty compounds such as ester, sulfonyl ester, carbamate, ether and phosphoyl ester derivatives of
4-isopropyl-3-methylphenol( I ) and 5-isopropyl-3-methylphenol(11) 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, 4-isopropyl-3-methylphenyl(2-amino-thiazole-4-yl)methoxyiminoacetate( I -7a) showed a potent in
vivo antifungal activity against rice blast. Both methyl (4-isopropyl-3-methylphenoxy)acetate( I -4d) and methyl
(5-isopropyl-3-methylphenoxy)acetate( I1 -4d) effectively inhibited the development of cucumber gray mold.

Key Words : 4-isopropyl-3-methylphenol, 5-isopropyl-3-methylphenol, Antifungal activity, phytopathgenic fungi.
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