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Synthesis, Structure Characterization and Fungicidal Activity of
1,3-Disubstituted-1H-1,2,4-triazole-5-amines

Su, Wangcang” Xu, Yanjun* Liu, Jiping* Qin, Zhaohai™*
(“ College of Sciences, China Agricultural University, Beijing 100193)

(® Henan Academy of Agricultural Sciences, Zhengzhou 450002)

Jia, Changqing”

Abstract A novel series of 1,3-disubstituted-1H-1,2,4-triazole-5-amines were synthesized via hydrazinolysis, condensation,
alkylation and acid-catalyzed intramolecular cyclization starting from nitroguanidine 1. Their structures were characterized by
IR, 'H NMR, "*C NMR and HRMS analysis. The preliminary bioassay indicated that most of them showed certain extent of
growth inhibition in vitro against six phytopathogen fungi. Compared with other target compounds, 1-(n-butyl)-3-
(4-chlorophenyl)-1H-1,2,4-triazole-5-amine (6y) was found to have high activity and the widest fungicidal spectrum. Its inhi-
bition rates to five pathogens were all above 53%. This kind of compounds could be synthesized and derived easily, and were
valuable as lead structure for future developing novel fungicides.
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ASCHRIE T —Fp LA FE N9 2 46 5 k) G AN & I
) 1,3- “EUR-1H-1,2,4- = M-5-Z B &R 7 ik, H
FeAURIBI R 45 A MU RS0 IR B H bRt
4 ¥)(Scheme 1). %7775 Hbr LAY AR I SCHRRE,
LG T — N FOE 2R 1 53 P AR A 08 o R it i 2
PR, HALERBE T IRA R 7 SOk, ASCHRiE B bRt
BB TV AR
NoH,, H,0 NH;

Mofle, O N NO
260°C,05h - \HJ\\N/

2

aldehyde, CH3;OH

NH,

NO. )

HzN)\\N/ CH3CO,H, 80°C, 2 h
1

NH; NH
2 2 2
RIN A NO, RECIOrRANaH oy
N DMF, 10°C, 12 h NN

3 R?

.
NH,CI ,  NH;
15% HCl_ R& L CHiOH, NaOH R
- PN T N N
60 ~ 90 °C N rt,1h <
\& (,

5 6

a: R'=Et, R?=2-chlorothiazole-5-methyl; b: R'=n-Pr, R*=2-
chlorothiazole-5-methyl; c: R'=i-Pr, R2:2-ch|orothiazole-5-methyl;
d: R'=n-Bu, R?=2-chlorothiazole-5-methyl; e: R'=(CH3),CHCH,,
R?=2-chlorothiazole-5-methyl; f: R'=CeHs, R*=Et; g: R'=CgHs,
R’=n-Pr; h: R'=C¢Hs, R°=n-Bu; i: R'=CeHs, R*=Allyl; j: R'=
2-CH;0CeHs, RZ=Et; k: R'=2-CH;0C¢H,, RZ=Allyl; I: R'=
2-O,NC¢Hs, R®=Et; m: R'=2-O,NCeH,, R®=n-Pr; n: R'=
2-O;NCeHs, R®=n-Bu; o: R'=2-O,NC¢Hs, R®=Allyl; p: R'=
2-CIC¢Hs, R*=Et; q: R'=2-CIC¢Hs, R®=n-Pr; r: R'=2-CICsH.,
R®=Allyl; s: R'=4-CH;0C¢H,, R?=Et; t: R'=4-CH;0CgH,, R?=
n-Pr; u: R'=4-CH;0C¢H,, R°=n-Bu; v: R'=4-CH;0C¢H,, R*=
Allyl; w: R'=4-CIC¢H,, R?=Et; x: R'=4-CIC¢H,, R*=n-Pr; y: R'=
4-CICsHs, R®=n-Bu; z: R'=4-CIC¢H,4, R*=Allyl

B1 Hise e e m

Scheme 1 Synthetic route of target compounds

1 #R51t8
11 HEEK

A SO I FRAEA B 2T ORI R B AR 1,3- B
R-1H-1,2,4- =M -5-JZ KA &0 6, TR M 254 vT i
5%~20% [P EREE KR LI, HA A 15%1)Eh8
ISR TRAE. S ERBRKIE R R T 30%K), WK
HREZ, SRR TR R EEHE 60~
90 Cxli), AEitm, HNFEFSFE=REE G
HREMAR 4 7E 15%SRBR KV RO AT, 2 duigi A Bk 1,3-
THUAR-1H-1,2,4- = W5 E BRI £R(5), FF H AR L
AT HL. B A AN G R T, BN A R AR SR
Hbr, WATHBA ZIE L%, ShieE: 5 A s,
SRR, Wi, B4, e E2200 Bisb &9 6.
1.2 {IEEME

76 50 mg/L FIRET, X HARLEY 6 F15 347 T
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PRI E I e, ARWER 1 o, aTRURIE, ()%
RE, 2 R NXTEEIEN (6w~ 62), 1bEYINt /TR
i PR R B i 1 B v T A E AR A . ) v SR
B 12995 1 16 2R 90 A 43.1% 57.7%- 70.4%- 58.9%,
e HABL &Y. AT W, R BEEIER LG C1 BUAR
XTACA VDA R T PR 3 A ARARAE A, X th IRl — k&
V) R R £R (Sw~ Sz) FIiE 25 i (6w~ 6z) A B Vs 14, W]
DL RS R0 A DA B V5 R AN K, AN SR DA
6y i, S B A% B A 3N 70.4%, HiL Sy
N 68.7%; T 6y X FE I B ()40 260 57.2%, HEh Sy
P ZE 70.5%, 5 HFEIHAHM(70.4%); G)MHEEETHALH
FRAE &Y, 1-1E 7T 3 -3-(4-F R E)-1H-1,2,4- —M-5- %
(6y)RILH & B PG R, XTHCE R . TR
TR FEIE B MRAESIRG B R AR 20 TR R
RIME 53%LA b PSR B B %N 70.4%, 5 H
BRI A 2 (71.6%). R E B2 B IR 228 53.1%, T
Z W R (41.2%). ZWAE D HE RN S E AT —
EAELY AL R RTINS

2 i

AROCHRAE T — Pl AR ISR TE H R A A 43 1 A SR
M AN E W 1,3- ZHUR-1H-1,2,4- = 1-5- e R &
Y6 NI EYIRERIREL 5 MUTE. UL
1,2,4- =M J7RAREL, 1207 VR REJT (S HIAE = IR 1
BLAL 3 A5 N2 FhAS R Y B ERE, X I K v i A
1,2,4- = W-5- R A WA BRI SR A, BARIE
TETE E 45 R R, E 50 mg/L KEE N RE s BAntb &
YR — E ST, ERrA Btk e e s
Y 6y R B MRS TR A T, B 1E
N e AP REAT B — P SR OME. 1,3- —HUR-
1H-12,4-=M-5-J R Sl T BA 1,1- R4,
W oA, FTUMENF S &Y E B A ANE R )
A ERIATAEY), BAR R A
3 WS
3.1 UESIF

Yanagimoto MFG Co.J& 5l %€ 1%; Bruker Avance
DPX300 # i3 AR1(LL TMS AW AR, CDCl;w DMSO-d;
R, VECTOR22 ZLAMGIEA(KBr & i), HRMS
F Thermo Scientific LTQ Orbitrap Discovery (Bremen,
Germany) = 73 B S A 5E .

BT A R o i 27, ARGt — B AR
3.2 ZWHE

AL £ 4 BB HCRR(19, 201974,
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Table 1 The fungicidal activities of compounds 6 and 5

Relative inhibition (50 mg/L, %)

Compd. SS PA PG RS FO BC
6a 130 631 235 395 21 132
6b 173 257 255 462 119 94
6¢ 120 151 148 207 198 89
6d 113 255 235 255 54 140
6e 77 214 261 293 49 194
6f 234 228 189 48 129 195
6g 115 289 289 615 188 126
6h 101 199 235 384 177 97
6i 121 189 195 325 149 129
6 66 209 235 379 93 91
6k 201 158 118 60 141 314
6l 85 170 269 202 93 204
6m 117 162 208 229 174 185
6n 66 274 295 307 86 129
60 155 189 195 529 74 59
6p 141 393 322 320 144 169
6k 99 250 275 320 168 234
6r 9.7 194 248 309 105 83
6 85 194 128 317 228 43
6t 344 95 189 187 300 205
6u 207 184 189 0 153 254
6v 234 190 124 36 212 178
6w 431 352 330 621 551 263
6x 577 345 262 492 498  26.1
6y 704 534 572 640 593 338
6z 589 444 463 T34 474 476
5a 79 138 255 296 116 3.7
5b 69 221 342 274 149 37
5d 147 160 195 194 198 67
sk 48 189 222 360 193 65
5n 85 265 309 239 102 113
55 79 204 154 253 263 8.1
5¢ 89 204 175 220 295 41
Su 127 335 322 226 293 116
Sv 238 129 436 223 237 350
Sw 331 296 309 352 379 263
5x 405 299 309 384 435 247
5y 687 442 705 492 523 444
5z 40.1 257 396 384 372 215

Carbendazim 100 412  41.0 100 100 83.1
Chlorothalonil 71.6 558 704 919 77.0 78.0

“SS: Sclerotinia sclerotirum; PA: Pythium aphanidermatum; PG: Phyricularia

grisea; RS: Rhizoctonia solani; FO: Fusarium oxysporum f. sp. vasinfectum
(Atk.) Snyder & Hansen; BC: botrytis cinerea.

321 1,3-ZBAR-1H-1,2,4- = -5-fe 2 2 8% 2 (5) 49
AR

£ 250 mL = RePt, InAHELED 4 3 g)fl
15%) LR KA 60 mL, BRIRSI{ERE S 3ERE T
F] 60~90 C, FFEEF 0.5~2 h, TLC Kl je i 2k,
151k L, K e B4 B SR, AT, FhE.
8 A 3] A8 I TR L 2 R AR B A A S.
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1-(2- G EME-5- N FE 3E)-3- 2, -1 H-1,2,4- = M -5-fi%
R EL(5a): R K, 77K 71%. m.p. 188~190 C;
'H NMR (DMSO-d;, 300 MHz) ¢: 8.71 (brs, 2H, NH,),
7.83 (s, 1H, thiophene-H), 5.60 (s, 2H, CH,N), 2.59 (q, J=
7.54 Hz, 2H, CH,), 1.17 (t, J=7.59 Hz, 3H, CH;); IR
(KBr) v: 3520, 3325, 3074, 2983, 2830, 1687, 1670, 1593,
1527, 1415, 1051, 967, 793 cm ™.

1-(2- G ME e -5 3V F 366)-3- T k-1 H-1,2,4- = k-5 i
FEEH M Gb): REOHM K, FE 69%. mp. 170~
171 ‘C; '"H NMR (DMSO-d,, 300 MHz) §: 8.73 (brs, 2H,
NH,), 7.83 (s, 1H, thiophene-H), 5.60 (s, 2H, CH,N), 2.55
(t, J=7.35 Hz, 2H, CH,), 1.70~1.57 (m, 2H, CH,), 0.89
(t, J=7.32 Hz, 3H, CH;); IR (KBr) v: 3506, 3235, 3074,
2970, 2820, 1686, 1670, 1591, 1414, 1362, 1049, 1020,
748 cm” .

1-(2-FUME M5 3 A 36)-3- 1F T FE-1H-1,2,4- = W-5-
JHz £ 2 £ (5d): R E Ok R, &% 73%. mp. 160~
161 ‘C; '"H NMR (DMSO-d,, 300 MHz) §: 8.89 (brs, 2H,
NH,), 7.87 (s, 1H, thiophene-H), 5.66 (s, 2H, CH,N), 2.59
(t, J=7.38 Hz, 2H, CH,), 1.65~1.55 (m, 2H, CH,),
1.36~1.24 (m, 2H, CH,), 0.88 (t, J=7.28 Hz, 3H, CH;);
IR (KBr) v: 3229, 3106, 2954, 2933, 2871, 1686, 1618,
1591, 1417, 1386, 1254, 1155, 1049, 1033, 821 cm .

1- 45 P9 5 -3-(2- AR R 0 )- 1 H-1,2,4- — -5 fie 26
FREh(5k): HOEMREE, % 62%. mp. 178~179 C;
'H NMR (DMSO-d,, 300 MHz) d: 8.54 (brs, 2H, NH,),
7.85~7.08 (m, 4H, 2-CH;OPh), 6.04~591 (m, 1H,
=CH), 5.32~5.24 (m, 2H, CH,=), 4.81 (d, J=5.44 Hz,
2H, CH,N), 3.98 (s, 3H, OCH3); IR (KBr) v: 3376, 3105,
1690, 1595, 1553, 1477, 1439, 1261, 1162, 1015, 926, 762,
746 cm .

1-1F T 2E-3-(2-fif 3k 2K 36 )-1H-1,2,4- — W5 i 3t b
FREh(5n): MK, 7F 67%. mp. 176~178 C; 'H
NMR (DMSO-ds, 300 MHz) J: 8.02~7.71 (m, 4H,
2-NO,Ph), 4.00 (t, J=6.93 Hz, 2H, CH,), 1.73~1.63 (m,
2H, CH,), 1.36~1.24 (m, 2H, CH,), 0.90 (t, J=7.26 Hz,
3H, CHs); IR (KBr) v: 3265, 3088, 2968, 2940, 2863,
2683, 1660, 1610, 1578, 1464, 1361, 1075, 974, 787 cm .

1- £ -3-(4- F AR R K BE)-1H-1,2,4- = W5 flg B 26
R 2h(5s): AEZUREE, 7% 60%. mp. 156~157 C;
'H NMR (DMSO-d;, 300 MHz) 6: 8.17 (brs, 2H, NH,),
7.93~7.08 (m, 4H, 4-CH;OPh), 4.09 (q, J=7.20 Hz, 2H,
CH,), 3.83 (s, 3H, OCHs), 1.32 (t, J=7.11 Hz, 3H, CH;);
IR (KBr) v: 3356, 3079, 2842, 2671, 1682, 1611, 1529,
1502, 1466, 1358, 1299, 1260, 1179, 1029, 966, 833, 683

Chin. J. Org. Chem. 2016, 36, 830~837



Chinese Journal of Organic Chemistry

ARTICLE

-1
cm

1- P 2 -3-(4- F AR 2 DR 0 )- 1 H-1,2,4- — k-5 e Bk #h
FRER(5t): AEMAE, PR 65%. mp. 157~158 C; 'H
NMR (DMSO-ds, 300 MHz) &: 8.17 (brs, 2H, NH,),
7.92~7.07 (m, 4H, 4-CH;OPh), 4.04 (t, J=7.02 Hz, 2H,
CH,), 3.83 (s, 3H, OCH3), 1.79~1.70 (m, 2H, CH,), 0.91
(t, J=7.33 Hz, 3H, CH;); IR (KBr) v: 3355, 3115, 3012,
2969, 2837, 2687, 1699, 1614, 1530, 1500, 1310, 1256,
1184, 1030, 838, 679 cm .

1-1E T 2 -3-(4- AR B R B )- 1 H-1,2,4- — -5 Jli ik
IR (Su): B EZARE K, ~FE 67%. mp. 130~
131 °C; '"H NMR (DMSO-d,, 300 MHz) &: 8.17 (brs, 2H,
NH,), 7.92~7.07 (m, 4H, 4-CH;OPh), 4.05 (t, J=7.02
Hz, 2H, CH,), 3.83 (s, 3H, OCH3), 1.77~1.68 (m, 2H,
CH,), 1.40~1.30 (m, 2H, CH,), 0.91 (t, J=7.29 Hz, 3H,
CH;); IR (KBr) v: 3351, 3114, 2968, 2653, 1670, 1621,
1501, 1461, 1307, 1260, 1187, 1031, 970, 938, 738 cm .

105 TR 2 -3-(4- PR AR B R 38 )- 1 H-1,2,4- — -5l ik
IR (Sv): B O ZOREE, F2F 64%. mp. 146~
147 °C; 'H NMR (DMSO-d,, 300 MHz) d: 8.02~7.06 (m,
4H, 4-CH;0Ph), 6.04~5.91 (m, 1H,=CH), 5.29~5.18
(m, 2H, CH,=), 4.70~4.65 (m, 2H, CH,N), 3.84 (s, 3H,
OCH,); IR (KBr) v: 3448, 3285, 3186, 1614, 1574, 1513,
1480, 1431, 1391, 1312, 1260, 1237, 1209, 1185, 1026,
838, 708, 677 cm .

1- £ 3E-3-(4- G R F)-1H-1,2,4- — W5 i 36 b g 26
(5w): WEEEHER, 77F 70%. mp. 173~174 C; 'H
NMR (DMSO-ds, 300 MHz) d: 8.00~7.59 (m, 4H,
4-CIPh), 4.10 (q, J=7.17 Hz, 2H, CH,), 1.33 (t, J=7.17
Hz, 3H, CHs); IR (KBr) v: 3312, 3126, 2995, 2876, 1670,
1521, 1487, 1470, 1366, 1244, 1115, 1089, 966, 849, 732,
678 cm L.

1- P9 FE-3-(4- G R FE)-1H-1,2,4- = Mp-5- fig 3t 35 8 6
(5x): AR, 7 63%. m.p. 168~169 C; 'H NMR
(DMSO-dj, 300 MHz) 6: 8.00~7.50 (m, 4H, 4-CIPh), 4.04
(t, J=6.98 Hz, 2H, CH,), 1.81~1.73 (m, 2H, CH,), 0.91
(t, J=7.32 Hz, 3H, CH;); IR (KBr) v: 3346, 3266, 3072,
2964, 2877, 1672, 1487, 1465, 1250, 1093, 970, 834, 733
-1

1-1F T 3-3-(4- 5 K FE)-1H-1,2,4- = M5 fii L Hh iR
#h(5y): AELIRMEE, 723 60%. m.p. 148~149 C;'H
NMR (DMSO-ds, 300 MHz) J: 7.94~7.55 (m, 4H,
4-CIPh), 4.01 (t, J=7.04 Hz, 2H, CH,), 1.76~1.66 (m,
2H, CH,), 1.36~1.29 (m, 2H, CH,), 0.91 (t, J=7.33 Hz,
3H, CH;); IR (KBr) v: 3363, 3266, 3091, 2964, 2877,

cm
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1672, 1487, 1365, 1247, 1092, 969, 832, 733 cm ™.

1-45 TR 2 -3-(4- IR 5L )- 1 H-1,2,4- = Mg -5 fii Bk Eh iR
ih(52): ATEPRGE, 7% 66%. m.p. 167~168 C;'H
NMR (DMSO-ds, 300 MHz) o: 7.98~7.57 (m, 4H,
4-CIPh), 6.01~5.88 (m, 1H, =CH), 5.28~5.20 (m, 2H,
CH,=), 4.74~4.72 (m, 2H, CH,N); IR (KBr) v: 3372,
3258, 3083, 1673, 1487, 1361, 1242, 1092, 969, 935, 837,
733 cm” L.

322 BARMLEY 1,3-=BAX-1H-1,2,4- = -5-J(6)
ERRENA

Jrik—: 78 250 mL =G, IO AR A
V)4 (3 @) 15% KR /KIE 60 mL, MLiRAYITERL )
PHE T IN#AE] 60~90 C, FHREF 0.5~2h, TLC Rl )z
RN O, B2 i i ROCAE B, TR T
T S BRI RN BR SV A, P R, BTk R
M. EERMN pH=7, fF1EmA. A, ik
BT, e 2 B A =Y, B ES R N(LR O
) - VORI =1 : 3]8EEHT [N LR LER) © V(A H
if)y=1 : 41320461 Hbr b 540 6.

Jrik T F 100 mL BRI 1,3- HUR-
1H-1,2,4- = M5 HE B R #6(5) (1 g), HEE 10 mL, 4k
SEAIEAR, LI EE A 1 mol-L™! NaOH /K%
W, HEXNB pH=12. KRS EIE T KM
30 min. MR, MRBEAFIIN 50 mL K. ZRFLE
IREYIH 2/ CEEREEL(30 mLX3), &IFANAE, K
TRERAN T2, HhIE, WL2SIE5, M. Pyt =
dim[ N CRR CHR) - V(ATEE) =1 : 3144615 2 B Anfh
&) 6.

1-(2-FU e M5 F 356)-3- 2, -1 H-1,2,4- = W-5- 1%
(6a): WREE O AK, F7F 45%. mp. 182~183 C; 'H
NMR (CDCl;, 300 MHz) o: 7.46 (s, 1H, thiophene-H),
5.15 (s, 2H, CH,N), 4.65 (brs, 2H, NH,), 2.57 (q, J=7.65
Hz, 2H, CH,), 1.25 (t, J=7.59 Hz, 3H, CH;); “C NMR
(DMSO-ds, 75 MHz) d: 162.16, 155.54, 150.95, 140.17,
136.99, 41.88, 21.65, 12.54; IR (KBr) v: 3363, 3094, 2976,
2934, 2765, 1660, 1582, 1531, 1472, 1419, 1385, 1054,
869, 723 cm '; HRMS caled for CgH,oCINsS 244.0418,
found 244.0418.

1-(2-FU e e -5 3 F 356)-3- T4 Jk -1 H-1,2,4- = M-5- 1%
(6b): T A, P7H 43%. m.p. 130~131 C; 'H NMR
(CDCl;, 300 MHz) ¢: 7.45 (s, 1H, thiophene-H), 5.16 (s,
2H, CH,N), 5.02 (brs, 2H, NH,), 2.50 (t, J=7.29 Hz, 2H,
CH,), 1.75~1.62 (m, 2H, CH,), 0.95 (t, J=7.35 Hz, 3H,
CH,); °C NMR (DMSO-d;, 75 MHz) J: 161.04, 155.54,
150.91, 140.10, 137.06, 41.90, 40.66, 30.23, 21.08, 13.91;
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IR (KBr) v: 3377, 3115, 2962, 2931, 2871, 1665, 1577,
1532, 1465, 1418, 1376, 1348, 1055, 866, 723 cm ';
HRMS calcd for CoH,CIN;S 258.0575, found 258.0577.

1-(2- G ME M -5 F 26 )-3- 5t T 2 -1 H-1,2,4- — k-5
fiEz(6c): RBEK A, IF 47%. mp. 147~148 C; 'H
NMR (DMSO-dg, 300 MHz) o: 7.61 (s, 1H, thiophene-H),
6.36 (br s, 2H, NH,), 5.26 (s, 2H, CH,N), 2.74~2.65 (m,
1H, CH), 1.15 (s, 1H, CH3), 1.13 (s, 1H, CH;); *C NMR
(DMSO-d,, 75 MHz) d: 165.82, 155.51, 150.94, 140.06,
137.08, 41.94, 27.92, 21.63; IR (KBr) v: 3356, 3099, 2976,
2931, 2876, 2768, 1659, 1577, 1524, 1475, 1419, 1369,
1304, 1055, 866, 724 cm '; HRMS calcd for CoH;,CINsS
258.0575, found 258.0577.

1-(2- G ME Mg -5 3 A J6)-3- 1F T FE-1H-1,2,4- = W-5-
f(6d): VMR, 5% 41%. mp. 84~85 C; 'H
NMR (DMSO-dg, 300 MHz) o: 7.60 (s, 1H, thiophene-H),
6.33 (br s, 2H, NH,), 5.24 (s, 2H, CH,N), 2.35 (t, J=7.28
Hz, CH,), 1.58~1.48 (m, 2H, CH,), 1.34~1.22 (m, 2H,
CH,), 0.86 (t, J=7.29 Hz, CH,); *C NMR (DMSO-d, 75
MHz) d: 161.19, 155.53, 150.91, 140.10, 137.06, 41.89,
29.91, 27.84, 21.96, 13.92; IR (KBr) v: 3392, 3309, 3104,
2961, 2926, 2857, 2761, 1648, 1574, 1534, 1465, 1413,
1383, 1300, 1057, 760, 715 cm '; HRMS caled for
C1oH,4CINSS 272.0731, found 272.0732.

1-(2- G WE M -5 H JE)-3-(2- FH 3 T 3)-1H-1,2,4- =
Me-5-f(6e): IRIEURIR, 77% 40%. mp. 117~118 C;
'H NMR (DMSO-d,s, 300 MHz) &: 7.44 (s, 1H, thio-
phene-H), 5.16 (s, 2H, CH,N), 4.92 (brs, 2H, NH,), 2.40
(d, J=7.17 Hz, 2H, CH,), 2.05~1.96 (m, 1H, CH), 0.95
(s, 1H, CH3), 0.95 (s, 1H, CHj); *C NMR (DMSO-d, 75
MHz) d: 160.46, 155.51, 150.89, 140.02, 137.06, 41.95,
37.41,27.41, 22.57; IR (KBr) v: 3370, 3320, 3102, 2962,
2867, 2763, 1655, 1576, 1529, 1462, 1429, 1416, 1379,
1366, 1057, 849, 720 cm™'; HRMS caled for C,oH;4CIN;S
272.0731, found 272.0731.

1- £ 5-3-F8 3 -1H-1,2,4- = -5- i (6f): K K,
FEH 57%. mp. 99~100 C; 'H NMR (DMSO-ds, 300
MHz) §: 7.88~7.32 (m, 5H, Ar), 6.28 (brs, 2H, NH,), 3.93
(q, J=7.17 Hz, 2H, CH,), 1.27 (t, J=7.14 Hz, 3H, CH;);
C NMR (DMSO-ds, 75 MHz) §: 157.21, 155.60, 132.32,
128.58, 128.41, 125.44, 41.02, 14.50; IR (KBr) v: 3458,
3321, 3178, 1975, 1666, 1576, 1523, 1505, 1470, 1373,
1258, 1133, 788, 743, 703, 695 cm '; HRMS caled for
C1oH 2N, 189.1135, found 189.1136.

1-TH FE-3- K KL 1H-1,2,4- = ME-5- i (6g): A (L) K,
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FEE 47%. m.p. 169~170 ‘C; '"H NMR (DMSO-d, 300
MHz) J: 7.88~7.30 (m, 5H, Ar), 6.28 (br s, 2H, NH,),
3.86 (t, J=6.97 Hz, 2H, CH,), 1.78~1.66 (m, 2H, CH,),
0.88 (t, J=7.34 Hz, 3H, CHs); C NMR (DMSO-d;, 75
MHz) J: 157.19, 156.06, 132.34, 128.58, 128.40, 125.46,
47.49, 22.35, 11.06 ;IR (KBr) v: 3372, 3310, 3252, 3160,
1653, 1593, 1549, 1430, 1367, 1315, 1227, 1095, 1047,
874,727 cm™'; HRMS caled for C;;H;4N, 203.1291, found
203.1292.

1-1E T HE-3- 2K Fe -1 H-1,2,4- = M5 (6h): [ {0k
K, PEF 45%. m.p. 144~145 C; '"H NMR (DMSO-d;,
300 MHz) §: 7.88~7.30 (m, 5H, Ar), 6.28 (br s, 2H, NH,),
3.89 (t, J=7.05 Hz, 2H, CH,), 1.73~1.63 (m, 2H, CH,),
1.34~1.27 (m, 2H, CH,), 0.90 (t, J=7.28 Hz, 3H, CH;);
C NMR (DMSO-d,, 75 MHz) &: 157.16, 155.97, 132.34,
128.57, 128.39, 125.45, 45.72, 31.05, 19.45, 13.77. ;IR
(KBr) v: 3282, 3095, 2956, 2872, 2737, 2672, 1660, 1561,
1524, 1469, 1457, 1247, 117, 971, 727, 688 cm'; HRMS
caled for C,H N, 217.1448, found 217.1446.

-5 TR 2 -3- 2K - 1H-1,2,4- = M -5- i (6): ()
K, P2 53%. mp. 101~102 ‘C; '"H NMR (DMSO-dj,
300 MHz) §: 7.88~7.30 (m, 5H, Ar), 6.28 (br s, 2H, NH,),
5.97~5.88 (m, 1H, =CH), 5.20~5.07 (m, 2H, CH,=),
4.59~4.56 (m, 2H, CH,N); “C NMR (DMSO-d;, 75
MHz) J: 157.49, 156.13, 133.31, 132.20, 128.60, 128.51,
125.50, 117.28, 48.43; IR (KBr) v: 3292, 3143, 1670,
1576, 1523, 1504, 1442, 1375, 1260, 1128, 917, 725, 695
cm '; HRMS caled for Cy;H;,N; 201.1135, found
201.1137.

1- 23 -3-(2- F 41 3 25 3L )- 1 H-1,2,4- — W -5- 1% (6j):
Ho ik, 7% 42%. mp. 191~192 C; '"H NMR
(DMSO-d, 300 MHz) 6: 7.64~6.92 (m, 4H, 2-CH;0Ph),
6.16 (brs, 2H, NH,), 3.92 (q, J=7.17 Hz, 2H, CH,), 3.77
(s, 3H, OCH3), 1.25 (t, J=7.17 Hz, 3H, CH;); *C NMR
(DMSO-ds, 75 MHz) o: 157.36, 156.12, 154.78, 130.31,
129.70, 121.93, 120.29, 112.44, 55.83, 14.61; IR (KBr) v:
3358, 3130, 2978, 2936, 2837, 1660, 1590, 1515, 1502,
1427, 1367, 1277, 1243, 1096, 1023, 775, 760 cm ';
HRMS calcd for C;;H,4N,0 219.1240, found 219.1238.

1- 0 TN 5 -3-(2- H 480 0k OR R )-1H-1,2,4- = M -5- 1%
(6k): FTIAE, 7% 38%. mp. 141~142 C; 'H NMR
(DMSO-d, 300 MHz) 6: 7.65~6.92 (m, 4H, 2-CH;0Ph),
6.20 (br s, 2H, NH,), 5.95~5.86 (m, 1H, =CH), 5.19~
5.06 (m, 2H, CH,=), 4.57~4.54 (m, 2H, CH,N), 3.75 (s,
3H, OCH;); *C NMR (DMSO-ds, 75 MHz) 6: 157.39,
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156.41, 155.37, 133.49, 130.34, 129.85, 121.73, 120.31,
117.22, 112.39, 55.81, 48.34; IR (KBr) v: 3420, 3327,
3119, 1663, 1590, 1501, 1465, 1366, 1348, 1291, 1240,
1094, 1018, 778, 763 cm '; HRMS caled for C;,HsN,O
231.1240, found 231.1242.

1- 23 -3-(2- 4 FE R HE)- 1 H-1,2,4- = ME-5-f (6]):
R, 77H 52%. m.p. 149~150 C; "H NMR (DMSO-
ds, 300 MHz) 8: 7.90~7.53 (m, 4H, 2-NO,Ph), 6.38 (brs,
2H, NH,), 3.92 (q, J=7.17 Hz, 2H, CH,), 1.25 (t, J=7.16
Hz, 3H, CH;); °C NMR (DMSO-d,, 75 MHz) d: 155.71,
153.78, 149.03, 131.85, 129.64, 129.62, 124.79, 123.48,
41.24, 14.40; IR (KBr) v: 3404, 3326, 3140, 2966, 1657,
1571, 1573, 1498, 1431, 1380, 1145, 775, 738 cm ';
HRMS calcd for C,oH;N5O, 234.0986, found 234.0985.

1-THFE-3-(2- T K HE)-1H-1,2,4- = ME-5-f{% (6m): 75
AR, 723 45%. m.p. 148~149 C; '"H NMR (DMSO-
de, 300 MHz) 8: 7.90~7.53 (m, 4H, 2-NO,Ph), 6.39 (brs,
2H, NH,), 3.85 (t, J=6.93 Hz, 2H, CH,), 1.75~1.63 (m,
2H, CH,), 0.86 (t, J=7.35 Hz, 3H, CH3); “C NMR
(DMSO-ds, 75 MHz) ¢: 156.15, 153.76, 149.07, 131.84,
129.67, 129.59, 124.86,123.47, 47.64, 22.29, 10.98; IR
(KBr) v: 3444, 3297, 3130, 2970, 2930, 2879, 2742, 1647,
1568, 1520, 1502, 1371, 1149, 777, 740 cm '; HRMS
caled for C;H5NsO, 248.1142, found 248.1142.

1-1F T E-3-(2- A FE K 3 )-1H-1,2,4- = M:-5-i% (6m):
AR, PP E 40%. mp. 136~137 C; 'H NMR
(DMSO-ds, 300 MHz) &: 7.89~7.53 (m, 4H, 2-NO,Ph),
6.38 (br s, 2H, NH,), 3.88 (t, J=6.96 Hz, 2H, CH,),
1.70~1.60 (m, 2H, CH,), 1.34~1.22 (m, 2H, CH,), 0.89
(t, J=7.26 Hz, 3H, CH;); C NMR (DMSO-d,, 75 MHz)
J5: 156.06, 153.71, 149.05, 131.83, 129.65, 129.58, 124.84,
123.47, 45.84, 30.93, 19.36, 13.73; IR (KBr) v: 3416,
3321, 3147, 2963, 2872, 1657, 2568, 1530, 1499, 1371,
855, 738 c¢cm !; HRMS caled for C;,H;sNsO, 262.1299,
found 262.1298.

1- 45 9 25 -3-(2-fiF 2 2K 2L )- 1 H-1,2,4- — M -5-% (60):
FOBOREE, 775 44%. mp. 154~155 ‘C; 'H NMR
(DMSO-ds, 300 MHz) J: 7.88~7.55 (m, 4H, 2-NO,Ph),
6.42 (br s, 2H, NH,), 5.96~5.84 (m, 1H,=CH), 5.20~
5.02 (m, 2H, CH,=), 4.58~4.55 (m, 2H, CH,-N); "*C
NMR (DMSO-ds, 75 MHz) §: 156.15, 153.76, 149.07,
131.83, 129.68, 129.58, 124.87, 123.46, 47.64, 22.30,
10.97; IR (KBr) v: 3414, 3325, 3127, 1660, 1575, 1520,
1499, 1430, 1409, 1370, 994, 920, 731 cm™'; HRMS calcd
for C;1H;NsO, 246.0986, found 246.0984.

Chin. J. Org. Chem. 2016, 36, 830~837

© 2016 Chinese Chemical Society & SIOC, CAS

1- 2. 5E-3-(2- G A I )-1H-1,2,4- = M:-5-i(6p): {0
BK, P7F 39%. m.p. 161~162 C; 'H NMR (DMSO-d,
300 MHz) : 7.80~7.35 (m, 4H, 2-CI-Ph), 6.32 (brs, 2H,
NH,), 3.96 (q, J=7.16 Hz, 2H, CH,), 1.29 (t, J=7.14 Hz,
3H, CH;); “C NMR (DMSO-ds, 75 MHz) o: 156.07,
155.16, 131.51, 131.28, 131.11, 130.67, 129.78, 127.08,
41.14, 14.50; IR (KBr) v: 3292, 3139, 2979, 2935, 1658,
1570, 1518, 1496, 1443, 1420, 1365, 1266, 1150, 1056,
1035, 845, 770, 748 cm™'; HRMS caled for C,oH;;CIN,
223.0745, found 223.0745.

1-1E T 5E-3-(2- A 3 )-1H-1,2,4- =M-5-i% (6q): 1
O EUREE, P2 42%. mp. 137~138 C; 'H NMR
(DMSO-dg, 300 MHz) §: 7.79~7.33 (m, 4H, 2-CIPh), 6.27
(br s, 2H, NH,), 3.91 (t, J=7.00 Hz, 2H, CH,), 1.73~1.64
(m, 2H, CH,), 1.37~1.25 (m, 2H, CH,), 0.90 (t, J=7.30
Hz, 3H, CH;); *C NMR (DMSO-d,, 75 MHz) d: 155.97,
155.49, 131.51, 131.30, 131.09, 130.65, 129.76, 127.07,
45.75, 31.04, 19.46, 13.80; IR (KBr) v: 3396, 3318, 3326,
3129, 2960, 2927, 2869, 2745, 1657, 1570, 1509, 1492,
1357, 1262, 1052, 773, 747 cm™'; HRMS calcd for Ci,H; -
CIN, 251.1058, found 251.1058.

1475 P9 Fe-3-(2- A 3L )- 1 H-1,2,4- = 4:-5-F& (6r):
Ok K, 7% 37%. mp. 149~150 C; 'H NMR
(DMSO-dg, 300 MHz) §: 7.78~7.34 (m, 4H, 2-CIPh), 6.33
(br s, 2H, NH,), 5.99~5.87 (m, 1H,=CH), 5.20~5.07 (m,
2H, CH,=), 4.60~4.58 (m, 2H, CH,N); *C NMR
(DMSO-ds, 75 MHz) o: 156.37, 155.67, 133.27, 131.57,
131.21, 131.15, 130.65, 129.91, 127.11, 117.30, 48.44 ; IR
(KBr) v: 3306, 3150, 1655, 1580, 1515, 1492, 1434, 1372,
1353, 1304, 1057, 990, 914, 772, 748 cm™'; HRMS calcd
for C;;H,,CIN,235.0745, found 235.0744.

1- 2, FE-3-(4- F A1 FE 3 58 )-1H-1,2,4- = I:-5- 1% (6s):
HEF R, 7% 42%. mp. 130~131 C; 'H NMR
(DMSO-ds, 300 MHz) §: 7.81~7.76 (m, 2H, 4-CH;OPh),
6.96~6.92 (m, 2H, 4-CH;0Ph), 6.22 (br s, 2H, NH,), 3.91
(q, J=7.16 Hz, 2H, CH,), 3.77 (s, 3H, OCH3), 1.26 (t, J=
7.11 Hz, 3H, CH;); “C NMR (DMSO-d;, 75 MHz) o:
159.59, 157.08, 155.41, 126.84, 125.01, 113.99, 55.31,
40.91, 14.53; IR (KBr) v: 3438, 3296, 3131, 2973, 2934,
2836, 1656, 1614, 1577, 1563, 1500, 1460, 1365, 1295,
1240, 1024, 840, 759 cm™'; HRMS caled for C;;H;N,O
219.1240, found 219.1241.

1- 9 26 -3-(4- FH AR R 2R 2L )-1H-1,2,4- = -5 fi% (6¢):
HEk AR, % 37%. mp. 115~116 C; 'H NMR
(DMSO-ds, 300 MHz) §: 7.80~7.75 (m, 2H, 4-CH;OPh),
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6.96~6.91 (m, 4H, 4-CH;OPh), 6.21 (br s, 2H, NH,), 3.82
(t, J=6.95 Hz, 2H, CH,), 3.77 (s, 3H, OCHj), 1.74~1.65
(m, 2H, CH,), 0.84 (t, J=7.41 Hz, 3H, CHs); "C NMR
(DMSO-d,, 75 MHz) d: 159.58, 157.08, 155.88, 126.84,
125.06, 113.98, 55.32, 47.37, 22.37, 11.08; IR (KBr) v:
3466, 3329, 3168, 2966, 2934, 2874, 2836, 1668, 1614,
1590, 1505, 1457, 1425, 1368, 1250, 1171, 1030, 838, 760
cm 'y HRMS caled for C;,H;¢N4O 233.1397, found
233.1400.

1- 1 T 56 -3-(4- 480 2k O R )-1H-1,2,4- = M -5- iz
(6u): AWK, P7H 49%. mp. 118~119 C; 'H NMR
(DMSO-ds, 300 MHz) 0: 7.79~6.92 (m, 4H, 4-CH;OPh),
6.20 (br s, 2H, NH,), 3.85 (t, J=7.05 Hz, 2H, CH,), 3.77
(s, 3H, OCH3), 1.69~1.61 (m, 2H, CH,), 1.33~1.23 (m,
2H, CH,), 0.89 (t, J=7.41 Hz, 3H, CH;); “C NMR
(DMSO-d,, 75 MHz) d: 159.58, 157.06, 155.80, 126.84,
125.06, 113.98, 55.32, 45.61, 31.08, 19.46, 13.79; IR
(KBr) v: 3316, 3137, 2958, 2932, 2871, 2838, 1664, 1612,
1574, 1506, 1456, 1372, 1257, 1170, 1034, 836, 760 cm ';
HRMS calcd for C;3HsN,O 247.1553, found 247.1554.

1- 0 VA 2 -3-(4- W A0 6 OR 8 )-1H-1,2,4- = 52 fi%
(6v): FERIRAE, 72 35%. mp. 108~109 C; 'H
NMR (DMSO-ds, 300 MHz) &: 7.79 ~6.92 (m, 4H,
4-CH;0Ph), 6.26 (br s, 2H, NH,), 5.96~5.86 (m, 1H,
=CH), 5.19~5.06 (m, 2H, CH,=), 4.55~4.53 (m, 2H,
CH,-N), 3.77 (s, 3H, OCHj); “C NMR (DMSO-d,, 75
MHz) 6: 159.66, 157.39, 155.97, 133.42, 126.89, 124.91,
117.22, 114.00, 55.33, 48.34; IR (KBr) v: 3318, 3126,
1660, 1611, 1570, 1507, 1455, 1427, 1419, 1371, 1248,
1182, 1173, 1035, 925, 837, 759 cm '; HRMS caled for
C1oH14N,O 231.1240, found 231.1242.

1- 3 3-(4- K H)- 1 H-1,2,4- = M-5-f(6w):
WA, 775 44%. m.p. 162~163 °C; 'H NMR (DMSO-d;,
300 MHz) 0: 7.87~7.43 (m, 4H, 4-CIPh), 6.32 (br s, 2H,
NH,), 3.93 (q, J=7.17 Hz, 2H, CH,), 1.27 (t, J=7.08 Hz,
3H, CH;); “C NMR (DMSO-ds, 75 MHz) 6: 156.29,
155.74, 132.96, 131.17, 128.70, 127.12, 41.09, 14.45; IR
(KBr) v: 3426, 3313, 3114, 2981, 1651, 1568, 1500, 1439,
1365, 1135, 1085, 935, 752, 665 cm'; HRMS calcd for
C1oH,,CIN, 223.0745, found 223.0747.

1-TR 3 -3-(4- G K HE)-1H-1,2,4- = -5-iZ (6x): {0
MR, 772 46%. m.p. 151~152 °C; 'H NMR (DMSO-d;,
300 MHz) §: 7.87~7.41 (m, 4H, 4-CI-Ph), 6.31 (br s, 2H,
NH,), 3.85 (t, J=6.97 Hz, 2H, CH,), 1.75~1.68 (m, 2H,
CH,), 0.87 (t, J=7.33 Hz, 3H, CHs); *C NMR (DMSO-d,
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75 MHz) J: 156.25, 156.18, 132.94, 131.17, 128.70,
127.13, 47.52, 22.31, 11.06; IR (KBr) v: 3435, 3309, 3114,
2966, 2873, 1648, 1564, 1498, 1413, 1366, 1134, 1086,
835, 750, 728 cm '; HRMS caled for C;;H;;CIN,
237.0902, found 237.0905.

1-1E T FE-3-(4- 5 K 3E)- 1 H-1,2,4- =51 (6y): H
ok K, 7% 39%. mp. 142~143 ‘C; 'H NMR
(DMSO-ds, 300 MHz) ¢: 7.87~7.42 (m, 4H, 4-CIPh), 6.31
(brs, 2H, NH,), 3.89 (t, J/=7.05 Hz, 2H, CH,), 1.75~1.63
(m, 2H, CH,), 1.36~1.23 (m, 2H, CH,), 0.90 (t, J/=7.29
Hz, 3H, CHs); °C NMR (DMSO-d,, 75 MHz) 0: 156.23,
156.09, 132.94, 131.17, 128.69, 127.13, 45.76, 30.99,
19.43, 13.76; IR (KBr) v: 3428, 3310, 3120, 2966, 2952,
2869, 1648, 1564, 1500, 1455, 1412, 1368, 1134, 1086,
1013, 835, 749, 728 cm'; HRMS calcd for C;,H;sCIN,
251.1058, found 251.1055.

1-J65 TR 2 -3-(4- K FE)-1H-1,2,4- = M:-5-{% (62): 1
BHR, 7% 43%. m.p. 128~129 C; "H NMR (DMSO-
dg, 300 MHz) o: 7.88~7.42 (m, 4H, 4-CIPh), 6.37 (br s,
2H, NH,), 5.99~5.86 (m, 1H, =CH), 5.20~5.07 (m, 2H,
CH,=), 4.58 (d, J=5.38 Hz, 2H, CH,-N); “C NMR
(DMSO-ds, 75 MHz) o: 156.56, 156.24, 133.20, 133.07,
131.03, 128.72, 127.18, 117.38, 48.47; IR (KBr) v: 3435,
3362, 3139, 1644, 1567, 1499, 1411, 1368, 1192, 1086,
917, 841, 753, 737 cm'; HRMS caled for C;;H;,CIN,
235.0745, found 235.0748.
3.2.3  APHE F MK

H bRt &9 — B TR FRRC 1 % 20000 mg/L
P e B2 BRI 4 B — g MR BERR BE, K2 RN
ZREIFAHE 55 CLEAM DA EH %P IE(PDA)
BraR kiR S), BIAKEIRIN, SRS 259N 50 mg/L
(PR BRI AN & 2L B A R R, A A B
=R VARG 2 5 R AE s B2 7 E 471 P
.

K V& BLARVE. (RS 255 R 5 A ey il e —
7H 2 B A% 06 B (Sclerotinia sclerotirum)~  JI\ 3 Ji& 72995
(Pythium aphanidermatum)~ KFERGIEIR B (Phyricularia
grisea)~ FRAESLHI B (Rhizoctonia solani)~ FRAEKE 2295
W (Fusarium oxysporum f. sp. vasinfectum (Atk.) Snyder &
Hansen)F# JNIK 2299 1 (Botrytis cinerea) W) 4 42 B
Wk, WL, EEERE IR, 25 CHERET A
MR B VR ARG IR 2/3 LA B, e SOl Ak
B EAR. ZRES, DUIPFHBAR B 8RN,

27 A0 TGS &0 TR A B 22 AR KA R S LT
i 2 3
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¥ Bh#1 Bl (Supporting Information)

B 22 A A 2R (%) = (25 F R Vi LA — 2571 Ak B
VA ELAR)/(25 VA BLAT — W R ELAE) X 100%
Hizfe &M 'H

NMR. “CNMR. IR. HRMS 538 &, ixLb$ 3w a] L4
B WAST P 36 (http://sioc-journal.cn/)_. N .
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