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Synthesis and Fungicidal Activity of 1,2,4-Triazole Derivatives
Containing 2-Fluorophenyl Moiety
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Abstract A series of novel 1,2,4-triazole derivatives were synthesized from o-fluorobenzoic acid, hydrazine hydrate, phenyl

isothiocyanate by multi-step reactions. Their structures were characterized by 'H NMR, MS and elemental analyses. The target

compounds were evaluated for their fungicidal activities against Corynespora cassiicola, Pseudomonas syringae pv. Lachry-

mans, Pseudoperonospora cubensis and Sclerotinia sclerotiorum in vivo, and the results indicated that some of the title com-

pounds displayed excellent fungicidal activities.

Keywords 1,2,4-triazole; synthesis; fungicidal activity; o-fluorobenzoic acid
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triazole
1 LS
RS
AR el ). REALBE, HEATH].
JER B A A R AR X-4 $07 WoR BAUE HAL,
WLV R I IE; BRUKER AV-400 78 4% i 35 4% 3 (400
MHz) (CDCl;y J#%7l, TMS SAW#R); Thermo Finnigan
LCQ Advantage 4 fii{%; Yanaco MT-3CHN JC# 7 #7
1%; 3£ CEM /A 7] Discovery ™ it & L.
1.2 LEMIMENR

3% P 1R P R 08 38 PRI I 22 SOk (10077
HAT SR R . FAL TR, KA WSS R, AR i
PR WRZ 2% SCHR[ 1179 %
12,1 5-(2- AR A)-4- K -4H-1,2,4- = v 3-Fi B (4)
EREESOY

100 mL = FUfi AN 10 mmol 285U HBEIERT 40
mL Jo/K L, A 10 mmol ZEHE A FUREE, 7R 3
h, HIPLKE A AR g AEE, WA EE-T T—

F O F O
&m EtOH, SOCl, @)ko/\
1
F S
H NaOH/reflux
b )
H H HCl
o
3

1.1

4

F NN
@/EN;\SH

A L 50 mL [ RS 10 mmol 54 3 F1 15
mL 2 mol/L NaOH ¥, [FI%i 4 h, 4 mol/L £h#&H A4
P, AR RE A G A 4, D98, TE, HZRERUKE L
0 AR A, 77 73.5%. mp. 111~112 C; 'H
NMR (CDCls, 400 MHz) 6: 6.99 (t, J=9.4 Hz, 1H, ArH),
7.18 (t, J=7.6 Hz, 1H, ArH), 7.27~7.29 (m, 2H, ArH),
7.38~7.46 (m, 5H, ArH), 11.94 (brs, 1H, SH); MS (ESI)
m/z: 270 (M—1) . Anal. caled for C 61.98, H 3.72, N
15.49; found C 62.14, H 3.43, N 15.74.
122 3-(BRARFAAL)-5-(2- AR H)-4- K K -4H-1,2 4-
= ok (5a~5j) e Ak aE ik
25 mL FJEFSH 1A 2 mmol L& %) 4, 2 mmol HL
fREE, 8 mL DMF 1 2.4 mmol ] K,CO;, ZW#HE,
TLC A 5 Sk . ROV SERE G, OV 30 mL vk
K, B A, R, T, SR L.
3-(2,4- AR FE)-5-(2- AR F )-4- K F-4H-1,2,4-
=M (5a): AR, 5 91%. mp. 115~116 C; 'H
NMR (CDCl;, 400 MHz) o: 4.57 (s, 2H, SCH,), 6.94 (t,
J=9.2 Hz, 1H, ArH), 7.03 (t, J=7.3 Hz, 2H, ArH), 7.17~
7.20 (m, 2H, ArH), 7.34~7.41 (m, 5H, ArH), 7.53~7.59
(m, 2H, ArH); MS (ESI) m/z: 431 (M+1)". Anal. calcd for
C 58.61, H 3.28, N 9.76; found C 58.98, H 3.12, N 10.09.
3-(3-5 RO IR )-5-(2- A )-4- A KR -4H-1,2,4- = W
(5b): F{O Rk, P7% 83%. mp. 53~54 C; 'H NMR
(CDCls, 400 MHz) &: 4.46 (s, 2H, SCH,), 6.93 (t, J=9.5
Hz, 1H, ArH), 7.02 (t, J=7.6 Hz, 2H, ArH), 7.17~7.24
(m, 3H, ArH), 7.33~7.42 (m, 6H, ArH), 7.57 (t, J=
5.9Hz, 1H, ArH); MS (ESI) m/z: 397 (M+1)". Anal. calcd
for C 63.71, H 3.82, N 10.61; found C 63.45, H 3.52, N
10.43.
3-(3-FIERILAL)-5-(2- AR I )-4- K -4 H-1,2,4-—
M(Se): MO ERAK, 7% 86%. mp. 95~96 C; '"H NMR
(CDCls, 400 MHz) 6: 4.49 (s, 2H, SCH,), 6.92 (t, J=8.8
Hz, 1H, ArH), 7.03 (t, J=6.9 Hz, 2H, ArH), 7.17 (t, J=

F O
NoH,e Hy0 n-NH2 - PhNCS
H Reflux
2
F
N-N
K,CO3, DMF (]
N S X
ArCH,CI 1 | R
5a ~ 5]

R =2,4-Cly (a), 3-Cl (b), 3-CN (c), 3-F (d), 2-Cl (@),

2-F (), 2-Me (@), 4-Bu (h), 4-F (i), 4-OMe (j)
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7.6 Hz, 1H, ArH), 7.35~7.41 (m, 5H, ArH), 7.53~7.57
(m, 2H, ArH), 7.65~7.66 (m, 2H, ArH); MS (ESI) m/z:
387 (M+1)". Anal. caled for C 68.38, H 3.91, N 14.50;
found C 68.55, H 4.03, N 14.41.

3-3-F NI IE)-5-(2-F A IR )-4- Kk -4H-1,2,4- = W
(5d): AR, P73 89%. mp. 87~88 C; 'H NMR
(CDCls, 400 MHz) J: 4.49 (s, 2H, SCH,), 6.94 (q, J=8.6
Hz, 2H, ArH), 7.03~7.08 (m, 3H, ArH), 7.13~7.25 (m,
3H, ArH), 7.34~7.40 (m, 4H, ArH), 7.58 (t, J=7.4 Hz,
1H, ArH), 7.65~7.66 (m, 2H, ArH); MS (ESI) m/z: 380
(M~+1)". Anal. calcd for C 66.48, H 3.98, N 11.07; found
C 66.76, H 4.03, N 10.89.

3-(2-F N IE)-5-(2- AR I )-4- R I -4 H-1,2,4- = 1
(5e): FEA, P25 92%. mp. 113~114 ‘C; '"H NMR
(CDCls, 400 MHz) o: 4.62 (s, 2H, SCH,), 6.93 (t, J=8.5
Hz, 1H, ArH), 7.01 (d, J=7.6 Hz, 2H, ArH), 7.16~7.24
(m, 3H, ArH), 7.31~7.40 (m, 5H, ArH), 7.53~7.57 (m,
2H, ArH); MS (ESI) m/z: 397 (M+1)". Anal. calcd for C
63.71, H 3.82, N 10.61; found C 64.01, H 4.13, N 10.54.

3-(2-F RO I )-5-(2- T AL )-4- K KL -4 H-1,2,4- — W
(56): AfEE, P75 74%. mp. 111~112 C;'H NMR
(CDCls, 400 MHz) 0: 4.54 (s, 2H, SCH,), 6.93 (t, J=9.0
Hz, 1H, ArH), 6.99~7.09 (m, 4H, ArH), 7.18 (t, J=7.6
Hz, 1H, ArH), 7.22~7.28 (m, 1H, ArH), 7.32~7.40 (m,
4H, ArH), 7.48 (t, J=6.1 Hz, 1H, ArH), 7.48 (t, J=5.8
Hz, 1H, ArH); MS (ESI) m/z: 380 (M—+1)". Anal. calcd
for C 66.48, H 3.98, N 10.01; found C 66.75, H 4.13, N
9.97.

3-(2- AL NR 5 )-5-(2- A IE )-4- R k-4 H-1,2,4- =
M (5g): A, 775 93%. m.p. 90~91 C;'H NMR
(CDCls, 400 MHz) d: 2.33 (s, 3H, Me), 4.52 (s, 2H, SCH,),
6.93 (t, J=9.2 Hz, 1H, ArH), 6.99 (d, J=7.2 Hz, 2H,
ArH), 7.11~7.20 (m, 4H, ArH), 7.28~7.39 (m, 5H, ArH),
7.56 (t, J=5.5 Hz, 1H, ArH); MS (ESI) m/z: 376 (M+1)".
Anal. caled for C 70.38, H 4.83, N 11.19; found C 70.54,
H 4.66, N 10.97.

3-(4-BUT FERH I )-5-(2- AR )-4- R -4H-1,2,4-
M (Sh): IR, PRE 89%. mp. 183~184 C; 'H
NMR (CDCls, 400 MHz) d: 1.29 (s, 9H, Me), 4.49 (s, 2H,
SCH,), 6.95 (t, J=9.4 Hz, 1H, ArH), 6.99 (d, J=7.5 Hz,
2H, ArH), 7.18 (t, J=7.6 Hz, 1H, ArH), 7.25~7.28 (m,
3H, ArH), 7.35~7.40 (m, 5H, ArH), 7.56 (t, J=5.7 Hz,
1H, ArH); MS (ESI) m/z: 418 (M+1)". Anal. caled for C
71.91, H 5.79, N 10.06; found C 72.08, H 5.66, N 10.34.

3-(4- 9N A )-5-(2- AR IR )-4- R FE -4 H-1,2,4- =
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(51): AR, 7% 91%. mp. 118~119 ‘C;'H NMR
(CDCls, 400 MHz) 6: 4.48 (s, 2H, SCH,), 6.91~6.99 (m,
3H, ArH), 7.03 (d, J=7.8 Hz, 2H, ArH), 7.18 (t, J=7.6
Hz, 1H, ArH), 7.32~7.41 (m, 6H, ArH), 7.56 (t, J=7.4
Hz, 1H, ArH); MS (ESI) m/z: 380 (M+1)". Anal. caled
for C 66.48, H 3.98, N 11.07; found C 66.65, H 4.13, N
11.34.

3-(4- FAR LRI 3L )-5-(2- AR Fk )-4- K Fh -4 H-1,2,4-
=M5)): AR, PP 92%. mp. 123~124 C; 'H
NMR (CDCl;, 400 MHz) d: 3.78 (s, 3H, OMe), 4.48 (s,
2H, SCH,), 6.82 (d, J=8.5 Hz, 2H, ArH), 6.93 (t, J=8.8
Hz, 1H, ArH), 7.04 (d, J=7.0 Hz, 2H, ArH), 7.14~7.25
(m, 2H, ArH), 7.31~7.40 (m, 4H, ArH), 7.56 (t, J=7.4
Hz, 2H, ArH); MS (ESI) m/z: 392 (M—+1)". Anal. calcd
for C 67.50, H 4.63, N 10.73; found C 67.81, H 4.43, N
11.01.

1.3 HEMENR
1.3.1 #H#

B RP: F 2 % R TR A A T (K AR
20 DIEFREN, EFREFE 10 cmX 10 cm, fF54F 3
R ZER T, PRUERRER 2 BRT, M7 KE 2 1 1 O
LR

PPk, BT &N R . TR 1 2 TN B
P A1 TR0 TR AR T T R [ o L AR L R 2 Bt i 5
TEIFIE T R AT, BARRM S0 7).

132 RKIEFHiE

TR B A ARV R 27 B i S A6 T I T BT S
IS =R B = N, RIS R AT

WRIE 255, P IRRE SR 500 pg/mlL.

it 2 K B T SR BN A s A B 1R R A
TR TF IR 55 P, i TCAN B 2 A TR0 1T R HH AT Ak v
SRR, TR A% 1R R T D 22 8w 5 e b, TSR
PRI R Son) B2 ) Wit T s I B, 2 h
SRR R, RIR R R

WAL RPN R G &R A~

X B — A B

X I 17 100%

Bt R (%)=

2 ZR5VE
21 &/

B PR B R AR SRS YR 55 S A S AR B N T4,
E AT A TR A1, J5 & 5K E MR PR R
BRI TBEIE 2. PR 2 L oRRE S URR IR A N 42
PP N-AIE-N-RB A IE-2- 2k T BLAERR IR 3; v 1)
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BHlLE

R ek

& 3 TEabR A& T IR G AR 1,2,4- =M a)fk 4.
B ECPAR 4 I, BRAG DI R PR A, 1Y
pH=7 ZeA3, W [al4A 4 (172 FEAR.

SUREEE eSS ¥ & R e g S = W VA TP TN
AR E S, R B T AR L A
SCAEG R E bR E D) S I, Kk 4 500 T SR
%1 DMF NUKPIRG I, CLERIREIE ) 4R 7, SR
Jo BT R T A O Y. 10 min, 52 HARML &9,
FERIRE] 90%, 5 M ERBHE ORI A 24
h, F=E 89%)AH Y, H & KNI ) K K46 R
22 REEM

1 N BE (Corynespora cassiicola) T8 JAAH B P £
B (Pseudomonas syringae pv. Lachrymans). %)\ FE %%
W (Pseudoperonospora cubensis) 1 ¥ JI\ % %
(Sclerotinia sclerotiorum) & AR BIETES T2 1, WA
WA 500 pg/mL. & 1 A, HALS YL 500
pg/mL P55 X} 3 N B (Corynespora cassiicola)
i JICAH TR M A BE 5 (Pseudomonas syringae pv. Lachry-
mans)~ 3% JAFE #9 (Pseudoperonospora cubensis)F1 JI
%W (Sclerotinia sclerotiorum)ZE I B AR BV .
M T FR R, LA 5b (83%)F1 5d (71%)% i AR BT
i B B iR, 50 IR R w IR (54%), JFIXEE =

(78%), HHIEFEATHEL(79%)H 1, th59) Sc, Se, S, 5i %) %
JIHS B TR BT 3 60% LA L. tb&4) 5b, Se, 5d, 5i X}
BTN B AR B IR BT 2073 A 72%, 60%, 68%, 67%,
LU X B 24 B 380 57 B IR (38 %), FEXIEEF(—11%), HIIEHT
M (54%) . 0 T RFEEH, LAY 5d (64%)F1 Se
(66%) 1) B1i 280 55 %) HE 24 53 B IR (56%), I X 85 35 (56%),
HH IR FEATHE(69%) AH . TR T 38 AL i s, T A&
W1 B7 0T B AT %) HE 24 5 1R IR (98 %), 1 X1 85 35 (27 %)),
HH I FEATHE(83%) If . MWHID IR RO R AW B %)
T T B 9 R S5 JTCAN 1 P A B, 2R R b 3R ARG
PEOLF LA BB, A LR, RN b RO
i, WS TEAR TR b A, X0 — P et TAER
H—EmrfEsEX.

3 it

AL W N T — RIS IRAIEN 1,2,4-
ZIEATAE, S AR IR B i RENE K e
SN TR 3% AR A PR S g W, 793 H sl & rxt
S JRAR B« i TR G A R B4 JTCRE 0 A 24 IR
IR B B Rk, RYIBOE R Bk U
ALY 5b A 5d, AR S AT HE L
W

R HFMLA WG AR IS (500 mg/mL)
Table 1 Fungicidal activity of title compounds in vivo (500 mg/mL)

. . Pseudoperonospora Sclerotinia
Compd. Corynespora cassiicola Pseudomonas syringae pv. Lachrymans cubensis S —
S5a 53 57 59 73
5b 33 72 50 29
5¢ 67 60 60 37
5d 71 68 64 71
Se 65 34 57 -10
5f 67 34 30 55
Sg 50 49 66 47
5h 43 49 41 7
5i 62 67 47 64
5j 14 4 43 13
ST IR 54 38 56 98
M ER 78 -11 56 27
FIEAEA 79 54 69 83
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