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. | Abstract |

Sixty compounds such as alkylphenyl fluorobenzoate esters from thymol(l), 5-isopropyl-3-methylphenol (II),
4-isopropyl-3-methylphenol (I11), 2-sec-butylphenol (IV) and 4-sec-butylphenol (V) were synthesized. These
derivatives were identified by IR, 'H-NMR spectrometer and GC/MS. Their in vivo antifungal activities were
tested against phytopathogens such as Phytophthora infestans, Botrytis cinerea, Colletotrichum orbiculare and
Rhizoctonia solani. As the result, 2-sec-butylphenyl 2,5-difluorobenzoate (IV-6) and 4-sec-butylphenyl 2,5-
difluorobenzoate (V-6) showed 90% above antifungal activity against Botrytis cinerea. 2-Isopropyl-5-methylphenyl
2,3,6-trifluorobenzoate (I-11), 2-isopropyl-S-methylphenyl 2,4,5-triflucrobenzoate (I-12), 5-isopropyl-3-methylphenyl
2,3,6-trifluorobenzoate (II-11), 4-isopropyl-3-methylphenyl 2,3,6-trifluorobenzoate (I1I-11) and 4-isopropyl-3-
methylphenyl 2,4,5-trifluorobenzoate (I11-12) showed 90% above potent antifungal activity against Colletotrichum
orbiculare.

Key words Antifungal activity, Botrytis cinerea, Colletotrichum orbiculare, 4-isopropyl-3-methylphenyl 2,3,6-
trifluorobenzoate, 2-sec-butylphenyl 2,5-difluorobenzoate
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Fig. 1. Synthesis of alkylpheny!l fluorobenzoate derivatives.
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g A2 A o] 243t 4-isopropyl-3-methylphenyl
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gl Table 3). T3k, 90% oA 52 in vivo F4E3AS
et SEEY B9 s E(EC)S Uo7 913 7
%9 3igrao] st 20] EWH*?T% o] el Fgo| Y+
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Condition items

Analytical condition

Column CBP5-M25-025
Carrier gas Helium

Flow rate 1.5 mL/min
Injection volume 1.0 L
Injector temp. 250C

Oven temp.

Terminal auxl temp. 260°C

Total running time 25 min
Dectector voltage 1.3 kV

Library

NIST. shimadzu Co.

start at 120°C, stand for 5min, increase 10°C/min, stand for 5 min
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Table 2. GC/MS and spectral data of alkylphenyl fluorobenzoate derivatives
Name IR (cm™) "H-NMR (ppm) GC/MS (m/e)
111 1262(C-0) 1.27(d, 6H), 2.32(s, 3H), 3.07(m, 1H), 7.05-7.14(m, 2H), 308(M"), 135,
1735(C=0) 7.05-7.14(m, 2H), 7.16(m, 1H), 7.34(d, 1H), 7.89(m, 1H) 281, 158(base)
12 1260(C-0) 1.22(d, 6H), 2.36(s, 3H), 3.04(m, 1H), 7.02-7.11(m, 2H), 308(M+), 134,
1731(C=0) 7.37-7.41(m, 2H), 7.76(m, 1H) 283, 159(base)
1-11 1262(C-O) 1.25(d, 6H), 2.35(s, 3H), 2.61(m, 1H), 6.84(m, 1H), 308(M"), 132,
1733(C=0) 7.10(s, 1H), 7.24-7.26(d, 2H), 7.74(m, 1H) 282, 160(base)
1112 1264(C-0) 1.20(d, 6H), 2.31(s, 3H), 2.69(m, 1H), 7.11(d, 1H), 7.26(d, 1H), 2720M), 135,
1731(C=0) 7.35(s, 1H), 7.48-7.50(m, 2H), 7.76(m, 1H), 7.98(m, 1H) 244, 124(base)
1119 1273(C-0) 1.18(d, 6H), 2.29(s, 3H), 2.62(m, 1H), 6.87(m, 1H), 2000M"), 132,
1755(C=0) 7.08(d, 1H), 7.27(d, 1H), 7.11(m, 1H), 261, 141(base)
-1 1262(C-0) 1.25(d, 6H), 2.38(s, 3H), 2.66(m, 1H), 7.11(m, 1H), 308(M+), 135,
1733(C=0) 7.15(m, 1H), 7.26(m, 1H), 7.33(s, 1H), 7.99(m, 1H), 282, 158(base)
11112 1264(C-0) 1.23(d, 6H), 2.35(s, 3H), 2.60(m, 1H), 7.10(m, 1H), 308(M"), 132,
1731(C=0) 7.14(m, 3H), 7.24(m, 1H), 7.30(s, 1H), 7.92(m, 1H) 281, 159(base)
v-4 1263(C-0O) 0.73(t, 3H), 1.29(d, 3H), 1.51(m, 2H), 2.56(m, 1H), 7.25(m, 1H), 290(M+), 135,
1738(C=0) 7.30(d, 2H), 7.45(m, 1H), 7.54(d, 2H), 7.99(n, 1H) 260, 141(base)
V-6 1271(C-0) 0.75(t, 3H), 1.24(d, 3H), 1.53(m, 2H), 2.58(m, 1H), 7.28(d, 1H), 200(M"), 130,
1752(C=0) 7.38(m, 1H), 7.44(m, 1H), 7.53(d, 2H), 7.79(d, 1H) 261, 143(base)
V-9 1273(C-0) 0.78(t, 3H), 1.20(d, 3H), 1.58(m, 2H), 2.53(m, 1H), 7.26(d, 1H), 2000M"), 133,
1755(C=0) 7.39(t, 1H), 7.55(d, 2H), 7.76(d, 1H), 7.94(d, 1H) 262, 142(base)
V-5 1272(C-0) 0.77(t, 3H), 1.19¢d, 3H), 1.50(m, 2H), 2.59(, 1H), 6.88(m, 1H), 290M"), 134,
1751(C=0) 7.14(m, 1H), 7.32(d, 2H), 7.60(d, 2H), 8.15(m, 1H) 265, 142(base)
V-6 1253(C-0) 0.71(t, 3H), 1.26(d, 3H), 1.53(m, 2H), 2.48(;, 1H), 7.27(d, 2H), 290(M"), 130,
1733(C=0) 7.38(m, LH), 7.44(m, 1H), 7.55(d, 2H), 7.76(d, 1H) 261, 140(base)
V-7 1257(C-0) 0.80(t, 3H), 1.28(d, 3H), 1.51(m, 2H), 2.57(t, 1H), 290M"), 133,
1731(C=0) 7.10(t, 2H), 7.25(d, 2H), 7.51-7.55(m, 3H) 260, 141(base)
V-9 1273(C-0) 0.72(t, 3H), 1.24(d, 3H), 1.58(m, 2H), 2.59(t, 1H), 7.28(d, 2H), 290(M+), 131,
1755(C=0) 7.36(t, 1H), 7.59(d, 2H), 7.82(d, 1H), 7.96(d, 1H) 264, 143(base)
V-11 1267(C-0) 0.77(t, 3H), 1.25(d, 3H), 1.55(m, 2H), 2.52(t, 1H), 308(M"), 135,
1734(C=0) 7.14(m, 1H), 7.27(d, 2H), 7.44(m, 1H), 7.53(d, 2H) 283, 158(base)
SIS e ERISHITE 5, 2006¢; 3 5, 2006d; oFokE2 benzeneilzjo] E4vt 370 Z|2HE oA
5 2007, e, & G USSR R B o) A bomenenalol A8 e £ 51
oA AN vjgo alkylphenyl flyorobenzoate 3}3}H&2] = 23,6-9A4 2,4,5-Y A UL FL7 52 FAE UE
o] F=AES 471 Y8 benzoate?] benzeneEjof B4 elom 2,34-942 o) EWT Aeole FoEol & A
7F 170, 278 = 37] X8k 313221 alkylphenyl mono-, < g 4 itk o] AdlEFolEito| A= alkylphenyl
di-&} trifluorobenzoate 6022 3+4j5lo] AFH4TALS 2ARH fluorobenzoate2] benzoate2| benzeneitlo| 2| EA

A}, 459 A et SollA o] ehyFt Q0] AUE
Ao Uehitk 20| Bhawg
ol X3= alkylphenyl fluorobenzoate 2] benzoate ] benzene il
2ol E47 171 A2k st 27) A3k el
LR o.n 90% o) TS e

Folrgto] £ o] w&

& Stz
‘l-l"q_]—

(ke S EE

=02

o) =7F 17 4= 370 o Kbz 2709 SRkEolA B =&
P DS vEriglen, 2719
Fdo] ajol7t 98- U9ttt BenzeneilZlof 27)¢]

2,5-94x]0 2FH - D4o] 90% ofFor me &
Ao yehhal §lom 2,3-1} 2,4-9]2of A|gt Q"?}

wa7h A §A]of uket
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Table 3. Antifungal activities of alkylphenyl fluorobenzoate derivatives

Substituents Antifungal activity (%) (mean=SD)”
Compounds 5
Ry R R; Pi Be Co Rs

s? - - - 953£08Y  963+04° 93.7+10"  88.0+05Y
I-11 2-Isopropyl ~ 5-methyl  2,3,6-trifluorobenzoate 127421 15.8+4.2 92.4+0.9 324+£3.1
1-12 2-Isopropyl  S-methyl  2,4,6-trifluorobenzoate 24.6+32 15.0+3.0 91.3+1.2 24.0+2.8
-1 S-Isopropyl ~ 3-methyl  2,3,6-triflucrobenzoate 23.0+14 28.7+29 93.7+0.8 79.1+1.9
112 4-Isopropyl ~ 3-methyl 3-fluorobenzoate 224+11 31.3+2.0 212412 84.6x1.7
1119 4-Isopropyl ~ 3-methyl 3, 5-difluorobenzoate 249+0.7 23.8+3.1 87.1+£2.0 135+2.8
III-11 4-Isopropyl  3-methyl 2,3,6-trifluorobenzoate 22.3+09 279+ 1.7 97.0£0.5 87.5+14
1I-12 4-Isopropyl  3-methyl  2.4,6-triflucrobenzoate 34127 24.8+3.8 96.8+0.7 120+2.9
v-4 2-sec-Butyl H 2,3-difluorobenzoate 26.2+3.6 21.0+1.1 248+33 75.3£3.0
V-6 2-sec-Butyl H 2,5-difluorobenzoate 253+1.2 98.2+0.8 27.0+2.4 36.3+4.8
V-9 2-sec-Butyl H 3,5-difluorobenzoate 27.8+34 28.6+3.2 89.1+£1.6 234+2.1
V-5 4-sec-Butyl H 2,4-difluorobenzoate 12.5+47 84.0x1.6 233+£39 358+1.8
V-6 4-sec-Butyl H 2,5-difluorobenzoate 215425 903+1.1 144+33 327+13
V-7 4-sec-Butyl H 2,6-difluorobenzoate 84.6+0.4 244+34 23.0+4.1 22.0+2.7
V-9 4-sec-Butyl H 3,5-difluorobenzoate 124+39 12.1+£22 864+23 31.3+0.9
V-11 4-sec-Butyl H 2,3,6-trifluorobenzoate 22.7+2.6 31.0+£40 813+24 334+17

¥ Means followed by the same letter are not significantly different at P<0.05 (Student t-test).
& Pi; Phytophthora infestans, Be; Bowrytis cinerea, Co; Colletotrichum orbiculare, Rs; Rhizoctonia solani.
©'S; Commercialized fungicides, ® Dimethomorph, ® Dichlofluanid, ? Propineb, ® Pencycuron.

Table 4. Antifungal activities of alkylphenyl fluorobenzoate derivatives in various concentration against Colletorichum orbiculare
and Botrytis cinerea

Antifungal activity (%) (mean=SD)”

Compounds -
Colletorichum orbiculare Botrytis cinerea
Conc. (mM) 0.8 0.4 0.2 0.1 0.05 0.8 0.4 0.2 0.1 0.05
s” 96.3+04 93.7+10 84.0+05 704+09 553+14 - - - - -
s - - - - - 99.0+£04 963+04 91.7+04 724+0.7 53.8+3.0

I-11 933+0.7 924+09 82.1+0.8 632+23 464+15 - - - - -
I-12 927+12 913+12 80.6+13 580+2.0 42.1+35 - - - - -
II-11 95.1+£0.6 93.7+08 835+1.1 647+14 493+20 - - - - -
III-11 98.8+14 97.0+05 86.0+0.7 722+03 574=14 - - - - -
11-12 97605 96.8+0.7 848+02 67.0+1.0 52.8+08 - - - - -
V-6 - - - - - 99.4+0.1 982+0.8 913+12 752425 554+22
V-6 - - - - - 97.1+£0.7 903+1.1 77.8+£2.0 525+1.8 402+13

 Means followed by the same letter are not significantly different at P<0.05 (Student t-test).
® Propineb WP, © Dichlofluanid WP.
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Table S. ECs; of alkylphenyl fluorobenzoate derivatives against Colletorichum orbiculare and Botrytis cinerea

Compounds ECso (mM)
Colletotrichum orbiculare Botrytis cinerea
Propineb WP 0.044 -
Dichlofluanid WP 0.045
I-11 0.056 -
I-12 0.068 -
1I-11 0.052 -
-1 0.042 -
1m-12 0.047 -
Iv-6 0.044
V-6 0.089
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Alkylphenyl fluorobenzoate RIS &4dat B 7IX| AlSHaR0| Cfgt gHzatd
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SAPUST Adshst Ao, HELUD) FYATL, (D) FEstold SAYATA

2 9 Thymol(I), 5-isopropyl-3-methylphenol(IT), 4-isopropyl-3-methylphenol(Ill), 2-sec-butylphenol(IV)Z} 4-sec-
butylphenol(V)Z Z4EZ 2 3}o] alkylphenyl fluorobenzoate”| ester ST} 6022 A6ttt o] LLEA S TS
IR, H-NMR} GO/MSE o|43to] galstalet. o] % slaHESol diste] Ente 9w, o] Adamo|d, Cof BAY
Wit B QR FHTE o] i FHEAE 2ARISITE Q0] AL B ol tol] 2-sec-butylphenyl 2,5-difluorobenzoate
(IV-6)2} 4-sec-butylphenyl 2,5-difluorobenzoate(V-6)5-0] 90% o]Ake] 026} gh7ahS Uehllt}. 90| ehAlslato] tis}
o} 2-isopropyl-5-methylphenyl 2,3,6-trifluorobenzoate(I-11), 2-isopropyl-5-methylphenyl 2,4,5-trifluorobenzoate(I-12),
5-isopropyl-3-methylphenyl 2,3,6-trifluorobenzoate(II-11), 4-isopropyl-3-methylphenyl 2,3,6-trifluorobenzoate(I1I-11)
€} d-isopropyl-3-methylphenyl 2,4,5-trifluorobenzoate(III-12)7} 90% o]Aro] & 058t gh43-48 LeRyiQlct.

MOI0{  4-isopropyl-3-methylphenyl 2,3,6-trifluorobenzoate, 2-sec-butylphenyl 2,5-difluorobenzoate, £.0] AdZ}o]
B, 20| eAEE, A




