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Design, Synthesis and Fungicidal Activity of Pyrazinamide Analogs

WANG Gang, LIANG Shuang, SHAN Zhonggang, YING Junwu,
LYU Liang, LI Bin, YANG Huibin’
(National Engineering Research Center of Pesticide , State Key Laboratory of the Discovery and Development of
Novel Pesticide, Shenyang Sinochem Agrochemicals R&D Co. , Lid., Shenyang 110021, China)

Abstract Pyraziflumid was a novel pyrazinamide analog fungicide developed by Nihon Nohyaku Co. In this work,
16 pyrazinamide analogs were synthesized using substituted pyrazine acid and 2-methyl-3-nitrophenol as initial
materials through 4 steps. The structures of the target compounds were confirmed by nuclear magnetic resonance
('"HNMR, "C NMR) and high resolution mass spectrometer(HRMS). The results of fungicidal activity at greenhouse
showed that pyrazinamide analogs had excellent fungicidal activities against corn rust at 6.25 mg/L. Among them, the
fungicidal activities of compounds 4, 5, 7, 8, 15 and 16 against corn rust at 6.25 mg/L. were 100%. Molecular
docking simulations revealed that compound 16 interacted with TRP-173 of succinate dehydrogenase (SDH) through
hydrogen bonding, which could explain the probable mechanism of action between compound 16 and the target
protein. These results indicated that compound 16 might be a promising fungicide candidate and provide valuable
reference for further investigation.
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BRI 0 S0 1 77 (SDHI) A% B 791 J 5 Dt G 1 I i 59, L 3k - Hen il i AL 36 5 52
PRI b0 = RGN IR D RE , DA BES 5 LR i A= 122, BRI 18h 28 A
(FRAC)Zr M55 7 4.

SDHI A B 7 1 5 DLZ5AE 3222t =30 o0 2, A48 LA B K R o L AR89 A Sy i AR 1 1
Je . AR, I SDHI R I TR ABEGE K B, AL — 2= A ik Ak SDHI S B 751 2 15 A5 ik v -4-
PRI Fr Bt . BTG — S L e 22 R BRI &tk , QB PRz 1R 2 i Nihon Nohyaku 23 #] 2018
AEFF R I R ISR B . A5 R SDHIs PR MR 43, MEWE PRG35 TR0 50 SRR 22 ] g 27
77, i HA B FRcs R ERITEAE DR N & SRS A, NI s bt S ROR

WFFTUESE , Bs VT WG 5 | TS 5 A4 J2 T 2 SDHI Y B 71 A A R s -2, DR, 2 Ik e
FELE R AL A BT SDHI S B 71 & PR & — A~ S 2EF 58y 1)

BT 0T, A2 A EYNEHE A 2 A A AR, 2k IR 25 F 2 W 1 i
RN A 2 — 30 5 —Fp I R ik, BB 2R BT SR ms (AN A= ) S HER R A ), S VA
Se LAY B IR AL T vk, DT n] S RCR M T B s p Ak A e

T ST SDHI, A SOKG IR ML 1/ e 5 3G IR R 22 38 25 A A i e b & (e & 15) 1,
IF G A AR ERAT F R A U R BB 4 S A 5 0 15 v ) 2- 0 2R (Scheme 1), 3 35— ] B
WA, WA LT — RV BRI -4- B2 AT A= 9 (Scheme 2) , P74 T HEREAPIXT E oK
PR BTN, e T HAROE R (SARs).
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Scheme 1 Design strategy of target compounds
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1: R'=3-Me, R?>=Me; 2: R'=3-Me, R*=Et; 3: R'=3-Me, R?=i-Pr; 4: R'=3-Me, R*=s-Bu; 5: R'=3-Me, R?=s-Pent; 6: R'=3-Me, R*=S-s-Pent;
7: R'=3-Me, R?>=R-s-Pent; 8: R'=3-Me, R’=s-Hex; 9: R'=H, R?=s-Pent; 10: R'=H, R*=s-Hex; 11: R'=5-Me, R?=s-Pent; 12: R' =5-Me,
R%=s-Hex; 13: R' =6-Me, R?=s-Pent; 14: R'=6-Me, R*=s-Hex; 15: R]:3-CF3, R?=s-Pent; 16: Rl:3-CF3, R?=s-Hex
Scheme 2 General synthetic route for target compounds
Reagents and conditions: a. SOCL,, toluene, r. t. to 80 “C; b. R*X (X=Br, I), K,CO,, DMF, r. t. to reflux; c. hydrazine hydrate(85%),
CH,CH,0H, . t. toreflux. ;d. ELN, CH,CL,,0 Ctor. t.
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1 SEIGERS

1.1 RFI 5

AN TRVECA P Ik W -2- R TR . 2- FP L -3- M BRIy | pi A BE R2-X T 10% (53 1 43350 48 Bk, Sl 3R
98%, FaL MR A BRA F] s N, N-Z H L H e (DMF) | 85% (it 7380 K& HF, & ke . —
R FACTIN . 2 AR BRIRET | JOKBRIREE . LR LBRFNA ik, b4k, 28R k2sna
BRAH].

INM-ECZ600R B4 4% % He 4% i 3% 4% ("H NMR #1°C NMR), H 7S JEOL A w5 M-565 B AN, Fig -1
Buchi 23 Al ; Q Exactive focus LC/MS/MS BY 25733 f 1A (HRMS ) , ZE[# Thermo Fisher 23 Al ; ZF-20D IR
FER LI, BT TR FRAF] .

1.2 SKIEEiE

1.2.1 W ERM2 88 & [ RS 1. 04 mmol AS R B A Ik EE-2- % . 30 mL H 21 2 mL 4
AN, [E19 S 4 b, BERE 2% & B 2= 2 A EAL WA ANA 7, KR W T 10 mL S b is
.

122 o JE A MA W H & 8] R R AR A 12. 25 g(80. 00 mmol ) 2- F BE-3- i FL KL [ F1 88. 00
mmol R*-X, # H AT 80 mL DMF 1, Jil A 13. 27 g(96. 00 mmol ) Bkl B J5 AT+ 2 80 “C, fRIE 2
2h5, FEZ R (TLC) W 2 52 b 58 B . B SR A A VKK A, A R a1 e [ AR s e € il 44 by
g TR, 53T EA M4,

123 wWREAMS B # & a ST IA 50. 00 mmol HRENA M4, #HE T 50 mL Z B, BEJE A
0.5 g 10% 4865k , PKIEHEEE T 0 20. 02 g(400. 00 mmol ) [T 43500 85% 197K AR , T o2 LIS TT
MR, V4 h, FTLC W 2 S 0 58 A . 2o 98 S N R Bk 24k, e e 28 R B 25 R )R, R 2
i £, (500 mLx2) FI7K (250 mL) ZEHL, B HLZ LM E K VER, DLIICKBRBREE T, IR 4s, ik
KA TR V(LR CER) - VOCAThEE) = 1:3], #3351k MS.

124 EApfeadnE 4 RSO IA L 04 mmol FPEIAMS, FH 10 mL — 4 AEiA S A 1 mL
SO B B A e AR R R, FE RN 2 he B SOV AR A SO mLKH,

HAGERAL V(ZTROHER) : V£ = 1:5 ], 8 HARfbaY) .
FIARE & P BEAC R S 70 BRI )i 5 T2 1, 'H NMR and “C NMR Zdfa81) T4 2.

Table 1 Physical properties of compounds 1—16

Compd. Appearance Yield(%) m. p./'C HRMS(ESI)
1 White solid 73 153—154 Caled. for C,H,(N,0, [M+H]*: 258.1164, found: 258.1234
2 White solid 73 123—125 Caled. for C,;H, N0, [M+H]*: 272.1321, found: 272.1391
3 White solid 79 117—119 Caled. for G, ;H,N,0, [M+H]*: 286.1477, found: 286.1548
4 Yellow solid 84 76—77 Caled. for C,,H,,N,0, [M+H]": 300.1634, found: 300.1703
5 Brown oil 78 52—54 Caled. for C,H,,N,0, [M+H]": 314.1790, found: 314.1859
6 Yellow solid 75 59—61 Caled. for C,H,,N,0, [M+H]": 314.1790, found: 314.1860
7 White solid 76 59—60 Caled. for C,(H,,N,O, [M+H]*: 314.1790, found: 314.1859
8 Light yellow oil 76 Calced. for C ,H,N,O, [M+H]*: 328.1947, found: 328.2016
9 Black solid 84 67—69 Caled. for C,H,,N,0, [M+H]*: 300.1634, found: 300.1703
10 Red oil 70 Caled. for C,(H,,N,0, [M+H]*: 314.1790, found: 314.1860
11 Brown solid 63 68—70 Caled. for C,H,,N,0, [M+H]": 314.1790, found: 314.1860
12 Red oil 66 Caled. for C,gH,(N,0, [M+H]": 328.1947, found: 328.2015
13 Red solid 71 70—71 Caled. for C,(H,,N,O, [M+H]*: 314.1790, found: 314.1859
14 Red solid 50 43—45 Caled. for C (H, N0, [M+H]*: 328.1947, found: 328.2018
15 White solid 69 109—111 Caled. for C H, F,N,0, [M+H]*: 368.1508, found: 368.1580
16 White solid 74 91—93 Caled. for C oH,,F,N,0, [M+H]": 382.1664, found: 382.1734
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Table 2 'H NMR and “C NMR data of compounds 1—16
Compd. "H NMR (600 MHz, CDCI3) , 0 C NMR(151 MHz, cncly), 6
1 9.87(s, 1H), 8.56(d, J=2.5 Hz, 1H), 8.35(d, J=2.5 Hz, 1H), 7.72(d, J=8.0 Hz, 162.22, 157.82, 156.04, 146.17, 142.64,

10

11

12

1H), 7.14(t, J=8.2 Hz, 1H), 6.64(d, J=8.2 Hz, 1H), 3.77(s, 3H), 3.00(s, 3H),
2.18(s, 3H)

9.90(s, 1H), 8.63(d, J=2.5 Hz, 1H), 8.42(d, J=2.2 Hz, 1H), 7.74(d, J=8.1 Hz,
1H), 7.17(t, J=8.3 Hz, 1H), 6.69(d, J=8.3 Hz, 1H), 4.03(q, J=6.9 Hz, 2H),
3.04(s, 3H), 2.23(s, 3H), 1.82(s, 1H), 1.41(t, J=7.0 Hz, 3H)

9.86(s, 1H), 8.56(d, J=2.5 Hz, 1H), 8.35(d, J=2.5 Hz, 1H), 7.71(d, J=8.2 Hz,
1H), 7.12(t, J=8.2 Hz, 1H), 6.67(d, J=8.2 Hz, 1H), 4.47 (hept, J=6.1 Hz, 1H),
3.00(s, 3H), 2.18(s, 3H), 1.29(d, J=6.2 Hz, 6H)

9.87(s, 1H), 8.57(d, J=2.6 Hz, 1H), 8.36(d, J=2.4 Hz, 1H), 7.70(d, J=8.2 Hz,
1H), 7.12(t, J=8.1 Hz, 1H), 6.67(d, J=8.3 Hz, 1H), 4.26(h, J=6.1 Hz, 1H),
3.01(s, 3H), 2.20(s, 3H), 1.72(dp, J=14.3, 7.2 Hz, 1H), 1.61(dq, J=13.8, 7.0
Hz, 1H), 1.25(d, J=6.2 Hz, 3H), 0.95(t, J=7.6 Hz, 3H)

9.89(s, 1H), 8.61(d, J=2.6 Hz, 1H), 8.40(d, J=2.5 Hz, 1H), 7.72(d, J=8.1 Hz,
1H), 7.15(t, J=8.2 Hz, 1H), 6.70(d, J=8.3 Hz, 1H), 4.35(h, J=6.1 Hz, 1H),
3.03(s, 3H), 2.21(s, 3H), 1.78—1.68(m, 1H), 1.59—1.50(m, 1H), 1.52—1.43
(m, 1H), 1.45—1.35(m, 1H), 1.27(d, J=6.1 Hz, 3H), 0.92(t, J=7.3 Hz, 3H)
9.89(s, 1H), 8.61(d, J=2.6 Hz, 1H), 8.40(d, J=2.5 Hz, 1H), 7.72(d, J=8.5 Hz,
1H), 7.15(t, J=8.2 Hz, 1H), 6.70(d, J=8.3 Hz, 1H), 4.35(h, J=6.1 Hz, 1H),
3.04(s, 3H), 2.21(s, 3H), 1.78—1.69(m, 1H), 1.59—1.35(m, 3H), 1.27(d, J=
6.1 Hz, 3H), 0.92(t, J=7.4 Hz, 3H)

9.88(s, 1H), 8.58(s, 1H), 8.37(t, J=3.2 Hz, 1H), 7.71(d, J=7.7 Hz, 1H), 7.13
(t, J=82 Hz, 1H), 6.68(d, J=8.3 Hz, 1H), 4.34(q, J=6.2 Hz, 1H) , 3.02 (s,
3H), 2.20(s, 3H), 1.72(ddd, J=16.2, 8.7, 5.0 Hz, 1H), 1.53(dq, J=14.5, 5.3
Hz, 1H), 1.45(t, J=6.5 Hz, 1H), 1.43—1.35(m, 1H), 1.26(d, J=6.1 Hz, 3H),
0.91(t, J=7.2 Hz, 3H)

9.90(s, 1H), 8.64(d, J=2.4 Hz, 1H), 8.43(d, J=2.4 Hz, 1H), 7.72(t, J=8.8 Hz,
1H), 7.17(t, J=8.2 Hz, 1H), 6.71(d, J=8.3 Hz, 1H), 4.35(h, J=6.1 Hz, 1H),
3.05(s, 3H), 2.23(d, J=3.2 Hz, 3H), 1.80—1.63 (m, 2H), 1.58 (ddt, J=14.7,
10.8, 5.2 Hz, 1H), 1.44(ddd, J=16.4, 8.7, 4.2 Hz, 1H), 1.41—1.31 (m, 2H),
1.28(d, J=6.1 Hz, 3H), 0.91(dt, J=18.3, 7.4 Hz, 3H)

9.67(s, 1H), 9.43(s, 1H), 8.69(d, J=2.6 Hz, 1H), 8.50(d, J=2.4 Hz, 1H), 7.73
(d, J=8.1 Hz, 1H), 7.11(1, J=8.2 Hz, 1H), 6.66(d, J=8.3 Hz, 1H), 4.32(h, J=
6.1 Hz, 1H), 2.19(s, 3H), 1.74—1.65(m, 1H), 1.52(ddd, J=14.3, 10.6, 5.5 Hz,
1H), 1.48—1.32(m, 2H), 1.24(d, J=6.2 Hz, 3H), 0.89(t, J=7.2 Hz, 3H)

9.69(s, 1H), 9.46(s, 1H), 8.74(d, J=2.6 Hz, 1H), 8.54(s, 1H), 7.76(1, J=7.6
Hz, 1H), 7.15(t, J=8.2 Hz, 1H), 6.69(d, J=8.0 Hz, 1H), 4.33 (h, J=6.0 Hz,
1H), 2.23(d, J=4.4 Hz, 3H), 1.78—1.61(m, 2H), 1.56(ddt, J=14.6, 10.4, 5.0
Hz, 1H), 1.42(id, J=11.0, 10.5, 5.5 Hz, 1H), 1.40—1.24(m, 5H), 0.88(t, J=6.9
Hz, 3H)

9.64(s, 1H), 9.34(s, 1H), 8.41(s, 1H), 7.78(d, J=8.0 Hz, 1H), 7.16(t, J=8.2
Hz, 1H), 6.70(d, J=8.3 Hz, 1H), 4.35(h, J=6.1 Hz, 1H), 2.64(s, 3H), 2.22(s,
3H), 1.78—1.69(m, 1H), 1.59—1.51(m, 1H), 1.51—1.35(m, 2H), 1.27(d, J=
6.1 Hz, 3H), 0.92(t, J=7.3 Hz, 3H)

9.63(s, 1H), 9.32(s, 1H), 8.39(s, 1H), 7.76(t, J=7.7 Hz, 1H), 7.14(t, J=8.2
Hz, 1H), 6.68(d, J=7.9 Hz, 1H), 4.33(h, J=6.0 Hz, 1H), 2.62(s, 3H), 2.21(s,
2H), 1.78—1.61(m, 2H), 1.56(dp, J=15.0, 5.1 Hz, 1H), 1.42(1d, J=11.3, 10.3,
5.9 Hz, 1H), 1.40—1.28 (m, 3H), 1.26(d, J=6.0 Hz, 3H), 0.88(q, J=6.9, 5.9
Hz, 3H)

139.97, 136.52, 126.66,
107.13, 55.72, 24.05, 9.7
162.29, 157.28, 156.17,
140.00, 136.52, 126.65,
108.43, 64.10, 24.08, 15.
162.18, 156.26, 156.03,
139.97, 136.73, 126.51,
110.50, 70.85, 24.06, 22.
162.20, 156.47, 156.05,
139.98, 136.70, 126.51,
110.18, 75.69, 29.36,
10.06, 9.85

162.24, 156.52, 156.13,
139.99, 136.69, 126.54,
110.18, 74.36, 38.86,
18.85, 14.21, 10.10
162.24, 156.52, 156.13,
139.99, 136.69, 126.54,
110.18, 74.37, 38.86,
18.85, 14.21, 10.11
162.21, 156.50, 156.07,
139.98, 136.70, 126.52,
110.14, 74.33, 38.85,
18.84, 14.20, 10.09

162.26, 156.54, 156.20,
139.99, 136.68, 126.53,
110.23, 74.67, 36.40,
18.74, 14.29, 10.12, 9.63

160.63, 156.48, 147.52,
142.55, 136.31, 126.62,
110.28, 74.33, 38.82,
14.19, 9.97

160.66, 156.50, 147.54,
142.55, 136.30, 126.66,
110.34, 74.65, 36.36,
14.30, 9.99, 9.61

161.01, 157.41, 156.50,
142.14, 136.45, 126.64,
110.22, 74.40, 38.85,
18.85, 14.20, 9.97

160.98, 157.40, 156.48,
142.12, 136.46, 126.62,
110.20, 74.64, 36.37,
18.72, 14.29, 9.97

117.36, 114.57,
9

146.17, 142.80,
117.77, 114.57,
04, 9.89
146.15, 142.70,
118.80, 114.48,
32, 10.09
146.15, 142.73,
118.72, 114.37,
24.06, 19.44,

146.16,
118.78,
24.09,

142.79,
114.40,
19.96,

146.16,
118.79,
24.09,

142.79,
114.41,
19.96,

146.14,
118.73,
24.06,

142.75,
114.37,
19.94,

146.17,
118.83,
24.11,

142.85,
114.43,
19.99,

144.75,
118.55,
19.91,

144.62,
114.29,
18.82,

144.81,
118.57,
19.96,

144.70,
114.31,
18.72,

143.66,
118.46,
21.93,

142.32,
114.27,
19.95,

143.63,
118.42,
21.90,

142.31,
114.24,
19.96,
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Continued

Compd. '"H NMR(600 MHz, CDCL,), & C NMR(151 MHz, CDCL,), 8

13 9.73(s, 1H), 9.23(s, 1H), 8.58(s, 1H), 7.74(d, J=8.2 Hz, 1H), 7.12(t, J=8.2 160.84, 156.49, 152.09, 147.48, 143.62,
Hz, 1H), 6.67(d, J=8.2 Hz, 1H), 4.33(h, J=6.1 Hz, 1H), 2.59(s, 3H), 2.20(s, 141.37, 136.41, 126.60, 118.51, 114.23,
3H), 1.75—1.64(m, 1H), 1.57—1.49(m, 1H), 1.49—1.33(m, 2H), 1.25(d, J= 110.25, 74.38, 38.83, 21.54, 19.93,
6.1 Hz, 3H), 0.90(t, J=7.5 Hz, 3H) 18.82, 14.19, 9.91

14  9.74(s, 1H), 9.23(s, 1H), 8.59(s, 1H), 7.74(t, J=7.9 Hz, 1H), 7.12(t, J=8.2 160.85, 156.49, 152.09, 147.48, 143.63,
Hz, 1H), 6.67(d, J=8.3 Hz, 1H), 4.31(h, J=6.1 Hz, 1H), 2.60(s, 3H), 2.21(d, 141.38, 136.41, 126.61, 118.52, 114.23,
J=5.6 Hz, 3H), 1.77—1.60(m, 2H), 1.56(ddt, J=14.6, 10.4, 5.1 Hz, 1H), 1.45— 110.26, 74.64, 36.36, 21.55, 19.95,
1.36(m, 1H), 1.38—1.24(m, 5H), 0.91—0.84(m, 3H) 18.71, 14.29, 9.92, 9.59

15 9.38(s, 1H), 8.79(s, 1H), 8.76(s, 1H), 7.67(d, J=8.2 Hz, 1H), 7.15(t, J=8.2 159.47, 156.57, 145.30, 145.04, 144.80,
Hz, 1H), 6.72(d, J=8.3 Hz, 1H), 4.36(h, J=6.1 Hz, 1H), 2.21(s, 3H), 1.74 136.00, 126.65, 121.92, 120.10, 119.18,
(ddt, J=15.8, 11.5, 5.7 Hz, 1H), 1.56(ddt, J=14.4, 10.8, 5.6 Hz, 1H), 1.52— 114.71, 110.72, 74.42, 38.82, 19.88,
1.36(m, 2H), 1.28(d, J=6.2 Hz, 3H), 0.93(t, J=7.5 Hz, 3H) 18.82, 14.17, 10.04

16 9.39(s, 1H), 8.82(d, J=2.5 Hz, 1H), 8.78(d, J=2.5 Hz, 1H), 7.69(d, J=7.8 Hz, 159.42, 156.56, 145.33, 145.03, 144.74,
1H), 7.16(t, J=8.2 Hz, 1H), 6.73(d, J=7.8 Hz, 1H), 4.35(h, J=6.1 Hz, 1H), 136.00, 126.67, 119.10, 114.68, 110.72,
2.22(d, J=4.7 Hz, 3H), 1.80—1.63 (m, 2H), 1.59(ddq, J=14.6, 10.5, 5.4 Hz, 74.70, 36.35, 27.81, 2278, 19.92,
1H), 1.43(1q, J=12.1, 6.6, 6.2 Hz, 1H), 1.40—1.32(m, 2H), 1.34—1.23(m, 18.72, 14.27, 10.06, 9.58
3H), 0.91(dt, J=18.6, 7.0 Hz, 3H)

1.3 SFatsE
MR VT (https ://www. tesb. org) T 235 AR i U (PDB 4w 4 2FBW ) ¥ fh IR 254, R
StarDrop (2024 ) F£7 1) SeeSAR R BEA 7 X AU 5T .

2 #HR5iTiE

2.1 REEMENEGEERPESESZR)

SR AR AR A eI A T2 . e A A — SO P A R K IV Sy K B 1) 2 96 2 F2 A
Y. FEbRME G P B B I TS S5 AR 3 s SR /K A 2s FIXT IR, A 3k, e —
PEATIR TR . FERNE RO N T = Fp ORI SR GRUEE . /825 °C, 5220 C; AHRHREE : 95%~
99%). SEERMERESR 24 WG, TiRE SRR, HICH RS IR IR B HAE R = PR IF 35 . Rex
WEAREAS 3873 A9 i G 7 d I TRD) JEAT A6 -G MBI SCR DAL . 45 R 8 4 2 I8 56 A 7 9 5 1
{A Manual of Assessment Keys for Plant Diseases )17, F 100~0 /R, PL“100"RACE TR, “0"HAE
T R AR

B ARG YIS BTG T KRGS B AR TG PRI 2 45 R T4 3. R3GIREKH], & B bR meE 2L Y
X B KR LA UL S R RS P, R8O R A0 Scheme 3 BT/ . IR IR ML 30 | R B SE AR B
3R T 5 ALIBURFN 6 LA, DT H 2 1TE R* S 2- LI, WS HEIUT Ak 59 5>46 590 11=1k
BWIBEY 9, 26 I L T 2450 TR (b B 15> G 55 haW 16>165118) 5 24
AR > RPI, ARG TEREE RO Mg R &Y 1~k & 2~ 5 W 3< b 5 4~1L &
W5~tbaW8); Mt TE RPIBUCEER], RIGENE R T SR (L& 1>k a1 6).

Table 3 In vivo antifungal effects(%) against corn rust(Puccinia sorghi Schw.) of all target compounds”

Antifungal effect(%)
Compd.
400 mg/L 100 mg/L 25 mg/LL 6.25 mg/L. 1.56 mg/L. 0.04 mg/LL
1 100 100 100 50 — —
2 100 100 100 40 — —
3 100 100 80 60 — —
4 100 100 100 100 70 —
5 100 100 100 100 50 —
6 100 100 100 90 20 —
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Continued
Antifungal effect(%)
Compd.
400 mg/L 100 mg/LL 25 mg/L 6.25 mg/L 1.56 mg/L 0.04 mg/L
100 100 100 100 50 —
100 100 100 100 70 —
70 — — — — —
10 40 — — — — —
11 100 0 0 0 — —
12 0 — — — — —
13 100 10 0 0 — —
14 0 — — — — —
15 100 100 100 100 90 50
16 100 100 100 100 100 70
Pyraziflumid 100 100 100 95 80 20
* — means not tested.

High antifungal effects: R'=2-CF;, 2-CH;

0]
. . N2 @
Middle antifungal effects: R'=5-CH;, 6-CHs ¢:®:: ])LE l ¢
N ﬂ

Low antifungal effects: R'=H

High antifungal effects:RE\)\/ \)\A M

Middle antifungal effects: R>= \g\ \(\ \(

Scheme 3 Structure-activity relationships for pyrazole-4-carboxamide derivatives

22 LM

MK T 16 4> H AR AL & P08 R BUE Ve 28 1R 2B BB i (LD,) (H, &5 R 3R W H LD, ¥ K F
500 mg/kg, K 16 MEA WX R R EEIL G .
23 SFXEMR

T = TR AL G5 SDH BYZE SR, PRt R Rl RIS 16 2517 1
I3 TR (8 1~ 3). {8 StarDrop #AFFUIN 1 3 Fp 4315 SDH G A s 25 SR, IR T4
TR S SR TR ZaWt T . WA AMIRKE , 34570 T 1EMLIE IR S IRk L e, 1R
b =B AL P R, R P RPR LS. N HEE BRI H 2 AR, 34
PR . B 3N PRI EU LT X 55 . XMk 1 300 B B LS R 3
GIREN BV

OrTRRREE IR, IR R TR | TR BERE AL G ) 16 IO LR ER MIME AR K A 2545 F14%
UL O 55 SDH T YL B9 TRP173 1 U AR AT . BKOR L R TR i AL 54 16 5 TRP173 JE
B E N 0. 172 nm, RS 5 TRP173 T2 AR S Z 0 0. 185 nm. BRIR LR R 5 24 2L 1R

Fig.1 The molecular 3D space superimposition diagram(A), hydrogen bond donor diagram(B) and hydrogen

bond acceptor diagram(C) of pyraziflumid, wu jun xian an and compound 16
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Fig. 3 Binding model of pyraziflumid(A), wu jun xian an(B) and compound 16(C) in the active
site of SDH(PDB entry: 2FBW)

Rk SER39 ULIE iU , 5 SER39JE LAY ZUHE K HE 0 0. 203 nm. FEXHEI R, By 735 BORBRER 43
FLAARTR] 64 £ E M 1) (AR SR PR 4R

(EFTEERE, (LB Y 16 1 RGP HEA T E AR — A F4L, SRR R A R T 75
) AR, 3R] BE R G P 28 5 8 2R, 55— A5 TR 1 X T RO RERERR 23, HASHE TS 1
T REE RSN . X Rh s S AR EAE T B0 22 53 0T LU R G 1 16 SR B HE B v AR TG T A DL )

3 & &

PAIRCAC I R R R 2- R IR -3-RiS LR A AR T k), 83 4 25 O & i T 16 IR LRSS Rl , ok
Fo #4548 'TH NMR, “C NMR & HRMS #iE. #1516 P aas L0, 124> HAR LS 7E 400 me/LIRJE T
X EAGRBEA RAFBTARSCR , HA b G4 16 76 1. 5625 me/L ik B F X KRR I B 340CH 100%.
TIAh, G4, 5,7, 8, 15116 7E 6. 25 mg/L UK FE T X F KGRI BT RO 100%. 73 F X4 R BoR,
G 16 SRR TR . 1 PAMERE7E — 4E2s AR b E AR, (HUETE R I AL & FASHT, R
M4 RS- AT A S 22 5%, MHLfi Rt TS 16 AT SIS YRR BRI . iR e 54k & 4 KA i 70
AT, AE RS E T TIRABIGR .
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