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Design. synthesis and antifungal activity of novel furancarboxamide
analogues containing a diarylamine moiety

WANG Hong-Yu, ZHANG Xiao-Xiao, GAO Xu-Heng ., JIN Hong ., TAO Ke, HOU Tai-Ping
(Key Laboratory of Bio-resource and Eco-environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract: Carboxylic amides are one of the most important classes of agricultural fungicides. To discover
new carboxylic amide analogues with high activity against plant pathogenic fungi, twenty novel furancar-
boxamide analogues containing a diarylamine moiety were designed, synthesized and characterized by '
NMR. Their antifungal activities in vitro were evaluated against four phytopathogenic fungi(Rhizoctoni-
a solani , Sclerotinia sclerotiorum , Pythium aphanidermatum and Fusarium oxysporum ) by mycelium
growth inhibition method. Most compounds showed significant antifungal effect on R. solani and S.
sclerotiorum, however, slightly weak antifungal effect on P. aphanidermatum and F. oxysporum.
Compound 1i exhibited the most potent antifungal effect on S. sclerotiorum with EC;, value of 1. 9229
mg/L, superior to commercial fungicides boscalid (EC;,= 2. 6736 mg/L) and lead fungicide fenfuram
(ECs = 9.9667 mg/L.). The present work demonstrated that furancarboxamide analogues containing a
diarylamine moiety could be used as a lead structure for further developing novel fungicides.
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2.1 # #

2 25 20 Bh =55 B S vk g IR B S AR A W G
B4 laj. 2ajCnE 1 Ak D
2.2 /&
2.2.1 P4k AR

(1) 2 FH 35-3- ) g FY %2 11 5

HARZ BSCHY 7= 35 75%. "HNMR (400
MHz, DMSO-d;): 2.51 (s, 3H, —CH,), 6. 61
(d, J = 1.94 Hz, 1H, =CH—).7.56 (d, J =
1.93 Hz, 1H, —O—CH=),5 12.55 (s, 1H, —
COOH).

(2) 4-FRHUAR &R 2 3 = 55 e 1) 5 B

FLAR AR B S W SCk- ", iR R . 50 ~
85 %.

(3) 4~ AR AR & Ik — 5 e i) 45 B

HLAR P2 9 2 W SCHR™ I R 50 ~

70 %.
2.2.2 BiRttASHmeas s HiEEEW la &

WA IR 2 R SRR A B 10 mmol 2-F
F-3-memg FH AR, 15 mL oK & W 4.3 ~5 T
DMF.8 mL. & W . JEE K 70 °C;10 mmol

FEBUR AR I, 3~5 mL = Z B 15 mL G
K ZEWEE JREE 0 °C. Birfb &Y 2a- & BUIRAE
HBRESZHE HE G W 1aj 108 D 3R,

2.3 AEpiEEn

2.3.1 WHEFE®EWFHET RAEKERE
Mg 20 Ffb &P TEMRE R 20mg/ L B XF 4 FkE 4
g I L A P 00 T T e Rt TR R 43 0l A K R S A
Wi (Rhizoctonia solani) . 3 ih 45 J& 3% B (Pythium
aphanidermatum) | M 3% B ¥ W B (Sclerotinia
sclerotiorum ) F1A 4% T1 5 W (Fusarium oxyspo-
rum) YRR ETE. HAE G YT 3 IR I E
P F HEL S e Sy W T T e A ok e e

2.3. 2 el A P R E(EC;)m 2 F
AL & W = 25 me, SR A% Wi R 0%
ZCC ) i B2 B B g 50 mg/L, 25 mg/L, 12,5
mg/1.6.25 mg/L.3. 125 mg/L {7 R 45 35 . 45
FALA P AT E 3 TR IEM . Bk
TR 5 BEOCHRYT

3 GRE5HH

3.1 & W
HArfb &% 1a-j.2a-) B4 FR IR MR B
BT .
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Fig. 2 Synthesis of the target compounds la-j and 2a-j

N- (4= 5-2- CR g ) 28 56 ) -2- F 3-3-nk i Y
e 1a

FEH 60,700 FIRI AR s M 124.5-125. 4
°C; '"H NMR (400 MHz, DMSO) § 9. 10 (s,
1H), 7.67 (dd, J = 10.6, 3.0 Hz, 1H), 7.57
(d, J] = 2.0 Hz, 1H), 7.48 (s, 1H), 7.29 (dd,
J =8.9.5.9Hz, 1H), 7.17 (dd., ] = 8.4, 7.4
Hz, 2H), 7. 00 (td, J = 8.5, 3.0 Hz, 1H),
6.80~6.71 (m, 4H), 2.51 (s, 3H).

N-CA-F5-2- (A-F AR 24 ) 2K 3L ) -2- FT -3k i
F R 1b

PR 53,9005 AR JE AT . 145, 1~145.
6 °C; '"H NMR (400 MHz, DMSO) § 9. 24 (s,
1H), 7.62 (d, J = 1.9 Hz, 1H), 7. 58 (s,
2H), 7.20-7.14 (m, 2H), 7.07 (t, ] = 8.8 Hz,
2H), 6.97-6. 91 (m, 2H), 6.89 (d, J = 1.4
Hz, 1H), 2.53 (s, 3H).

N-(2-((3, 4= g AR 24 H)-4- 9 R 5L ) -2-H -
3~ R kR 1c

FEER 61,200 M E AR I A 149. 9—150. 5
°C; "H NMR (400 MHz, DMSO) § 9.17 (s, 1H),
7.67 (s, 1H), 7.63 (d, J = 10.3 Hz, 1H), 7. 57
(s, 1H), 7.31-7. 25 (m, 1H), 7. 20 (dd, J =
19.1, 9.5 Hz, 1H), 7.03 (t. J = 6.9 Hz, 1H),
6.79 (s, 1H), 6.69 (dd, J = 10.6, 6.7 Hz, 1H),
6.54 (d, J] = 7.5 Hz, 1H), 2.51 (s, 3H).

N-(2-(2, 4- UK & ) -4-F 2K 3)-2- 1 3-3-
kg e 1d

FEEL 52, 1% MR AR JE . 14304 —
116.4°C; '"H NMR (400 MHz, DMSO) § 9. 47

(s, 1H), 7.60 (s, 1H), 7.54 (dd, J = 10. 2,
2.4 Hz, 1H), 7. 24 (d, J = 11.9 Hz, 2H),
7.16-7.10 (m, 1H), 7.03 (td, J = 8.5, 2.5
Hz, 1H), 6.94-6. 83 (m, 3H), 2.54 (s, 3H).

N-(4-5-2- (3G R E AL 2R JL)-2- F JE-3-1k i
HEE 1e

PR 49, 200 s kR R s M5 138. 1138,
9 °C; '"H NMR (400 MHz, DMSO) § 9. 14 (s,
1H), 7.74 (s, 1H), 7.67 (dd, J = 10.6, 3.0
Hz, 1H), 7.57 (d. J = 2.0 Hz, 1H), 7. 32
(dd, J = 8.8, 5.9 Hz, 1H), 7.15 (t, ] = 7.9
Hz, 1H), 7.04 (td, J = 8.5, 3.0 Hz, 1H),
6.77 (ds J=1.9 Hz, 1H), 6.73 (d, J = 8.4
Hz, 1H), 6.72-6.61 (m, 2H), 2.51 (s, 3H).

N-(2- (A5 A B FE ) -4- G A8 Ik ) -2- F -3k I
H kR 1f

FERR L 7308005 AR OEAR I 136.2-137. 1
°C; '"H NMR (400 MHz, CDCl,) 8 8. 24 (dd, J
= 10.7, 2.9 Hz, 1H), 8.13 (s, 1H), 7.20 (d,
J =2.0Hz, 1H), 7.17 (d, J = 2.1 Hz, 1H),
7.16-7.13 (m, 2H), 6.83-6.78 (m, 1H), 6. 61
(d, ] = 8.8 Hz, 2H), 6. 16 (d, J = 2.0 Hz,
1H), 2.55 (s, 3H).

N-(2-(2,4- G R & ) -4- 5K 3 -2- 1 -3~
W R R 1g

FER L 56, TV IR AR M. 112, 9-
113.6 °C; '"H NMR (400 MHz, DMSO) § 9. 70
(s, 1H), 7.60 (d, J = 2.0 Hz, 1H), 7.51-7. 45
(m, 2H), 7.37 (dd. J = 8.9, 5.9 Hz, 1H),
7.31 (s, 1H), 7.17-7.10 (m, 2H), 6.85 (d, J
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= 2.0 Hz, 1H), 6.68 (d. J = 8.9 Hz, 1H),
2.54 (d, J = 4.8 Hz, 3H).

N-(2- (4= % B8 ) -4 AR 56 ) -2~ Y -3k g
FBERE 1h

PR 60,100 AR I 139, 2-140.5
°C; '"H NMR (400 MHz, DMSO) & 9. 14 (s,
1H), 7. 61 (d, J = 29.5 Hz, 3H), 7. 29 (s,
3H), 7.02 (s, 1H), 6. 83-6. 63 (m, 3H), 2.51
(s, 3H).

N-CA-F5-2- (4- R B 58 ) 28 ) -2- i J-3- 1 i
H e 1i

FEEE L 63,0200 BRAER; M. 111. 3-121.
5°C;'H NMR (400 MHz, DMSO) § 9. 12 (s,
1H), 7.63 (dd, J = 10.6, 3.0 Hz, 1H), 7.57
(d, J] = 2.0 Hz, 1H), 7.31 (s, 1H), 7. 22 (dd,
J = 8.9, 5.9 Hz, 1H), 7.02-6. 91 (m, 3H),
6.76 (d, J] = 2.0 Hz, 1H), 6.73 (s, 1H), 6.71
(s, 1H), 2.51 (s, 3H), 2.19 (s, 3H).

N- (49502 ( (4 F 4 R O 2 i) 8 i ) -2- Y B
31K e FHY Bt e 1

FEEE L 49. 8% AR, KA 15, 7-144.6
°C; '"H NMR (400 MHz, DMSO) 8 9. 14 (s,
1H), 7.61-7.52 (m, 2H), 7. 16 (s, 1H), 7.11
(dd, J = 8.9, 5.8 Hz, 1H), 6.94 (td, J =
8.5, 3.0 Hz, 1H), 6. 83 (s, 5H), 3. 68 (s,
3H), 2.52 (d, J = 5.4 Hz, 3H).

N-(4-50-2- R 3 2R 36 ) -2- FF 3-3- g FH
e 2a

FEE 610100 YLl A 5 . 114, 5-115. 2
°C; "H NMR (400 MHz, DMSO) § 9. 24 (s, 1H),
7.68 (d, ] = 2.5 Hz, 1H), 7.61 (s, 1H), 7.57
(d, ] = 2.0 Hz, 1H), 7.28 (d, J = 8.7 Hz, 1H),
7.24-7.19 (m, 2H), 7.17 (dd, J = 8.7, 2.5 Hz,
1H), 6.93 (s, 1H), 6.90 (d, J = 11.0 Hz, 1H),
6.86 (d, J] = 1.9 Hz, 1H), 6.82 (t, ] = 7.3 Hz,
1H), 2.52 (d, J = 5.5 Hz, 3H).

N-(4-58-2- (A-G5 2R 2 ) R I ) -2- H JL-3-1k I
I BERE 2b

FEE 671005 FIEA R I8 119, 2-120.5
°C;'H NMR (400 MHz, DMSO) § 9. 13 (s,
1H), 7.64 (dd, J = 10.5, 2.5 Hz, 1H), 7.57
(s, 1H), 7.45 (s, 1H), 7.23 (dd, J = 8.6, 6.0
Hz, 1H), 7. 06-6. 95 (m, 3H), 6. 84-6. 75 (m,
3H), 2.52 (s, 3H).

N-(4-58-2-((2, 4~ — i K & )
31 g HH i B 2

FER 69. 7005 HE AR a5, 127.7-128. 9
“C; "H NMR (400 MHz, DMSO) § 9.51 (s, 1H),
7.60 (d, J = 2.0 Hz, 1H), 7.55 (d, J = 2.5 Hz,
1H), 7.40 (s, 1H), 7.29 (ddd, J = 11.6, 8.9,
2.8 Hz, 1H), 7.18 (dd, J = 8.7, 2.5 Hz, 1H),
7.05 (td, J = 9.2, 5.9 Hz, 1HD, 6.99 (d, J = 1.
2 Hz, 1H), 6.97 (d, J = 1.2 Hz, 1H), 6.95 (d,
J = 2.0 Hz, 1H), 2.54 (s, 3H).

N-(4-50-2-( (3, 4~ 35 K G k) 2K 3 ) -2- 11 3~
3- 1k g R ke 2d

PR 60,700 AR A M T 140, 7-141. 9
C; '"H NMR (400 MHz, DMSO) § 9. 27 (s,
1H), 7.80 (s, 1H), 7. 66 (d, J = 1.9 Hz,
1H), 7.57 (d. J = 1.1 Hz, 1H), 7. 31-7. 17
(m, 3H), 6.92-6.79 (m, 2H), 6.68 (d, | =
8.7 Hz, 1H), 2.52 (d, J = 6.4 Hz, 3H).

N-(4-5-2-C3-F AR B0 R )~ 2-F JL-3-nk
Wi FY It i 2e

FEEE L A9 100 B ER; M 132.4-133.9
C; '"H NMR (400 MHz, DMSO) § 9. 23 (s,
1H), 7.87 (s, 1H), 7.75-7. 68 (m, 1H), 7.58
(t, ] = 6.3 Hz, 1H), 7.32 (d, J = 8.7 Hz,
1H), 7.25-7.15 (m, 2H), 6.87-6.77 (m, 4H),
2.52 (d, J = 4.6 Hz, 3H).

N-(4-51-2- CCA-GR ) 2R ) -2-HF Jk-3-nk
e FFY It e 2£

PR 63,6205 AR R M. 107, 2-108. 1
“C; "H NMR (400 MHz, CDCL,) & 8.24 (d, J =
2.3 Hz, 1H), 7.93 (s, 1H), 7.22 (d, J = 2.0
Hz, 1H), 7.18 (q, J = 3.1 Hz, 1H), 7. 16 (t, J
= 2.6 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 7.07
(dd, J = 8.5, 2.3 Hz, 1H), 6.71-6.66 (m, 2H),
6.20 (d, J = 2.0 Hz, 1H), 2.57 (s, 3H).

N-(4-5-2-((2, 4~ " EOR E ) A3 -2-H 3
3- 10K e HH Bt e 2

W 540 205 A [ ARG 4 . 1200 3-
121.6°C ;'H NMR (400 MHz, CDCL,) & 8.26 (d, J
= 2.4 Hz, 1H), 7.36 (d, J = 2.1 Hz, 1H), 7. 12-
7.18 (m, 1H), 7.14 (d, J = 2.1 Hz, 2H), 7. 29-
7.15 (m, 1H), 7.12 (dd, J = 8.7, 2.4 Hz, 1H),
6.55 (d, J = 8.6 Hz, 1H), 6.21 (d, J = 2.1 Hz,
1H), 6.03 (s, 1H), 2.57 (s, 3H).

AEL)-2- TP B
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N-(2-CC4-JR 4 B4 ) -4-50 7K ) -2- 1 J-3-mk:
Wi FFY /5 e 2h

FEE 6304005 AR R ST 147.1-148. 3
°C; "H NMR (400 MHz, CDCL,) §8.05 (d, J =
8.0 Hz, 1H), 7.85 (s, 1H), 7. 32-7. 30 (m,
1H), 7.29 (d, J = 1.8 Hz, 1H), 7. 26-7. 21
(m, 2H), 7.21-7.16 (m, 1H), 7. 14 (td, J =
7.6, 1.5 Hz, 1H), 6.69 (d, J = 3.0 Hz, 1H),
6.66 (d, J = 3.1 Hz, 1H), 6.25 (d, J = 2.0
Hz, 1H), 2.58 (s, 3H).

N-(4-58-2- (4-F BR A G BE) 8 5L ) -2- Y Jk-3-mk
IR R ke 2i

FEER 59,7V MR AR 5 AT 1380 9-140. 2
°C; "H NMR (400 MHz, DMSO) § 9. 25 (s, 1H),
7.60 (d, J = 13.0 Hz, 2H), 7.45 (s, 1H), 7. 16
(d, J = 18.3 Hz, 2H), 7. 04 (s, 2H), 6. 87 (s,
3H), 2.54 (s, 3H), 2.21 (s, 3H).

N- (4582 CC4- P4 L R A R ) R k) -2- T k-

3=V i F T e 25

PR 713005 FIEEAR I 125.7-126.5
C; 'H NMR (400 MHz, DMSO) § 9. 27 (s,
1H), 7.58 (s, 1H), 7.47 (d, ] = 45. 6 Haz,
1H), 7.34 (s, 1H), 7.09 (s, 1H), 7.05 (d., J
— 8.2 Hz, 1H), 6.94 (d, J = 20.8 Hz, 3H),
6.87 (d, ] = 7.4 Hz, 2H), 3.70 (s, 3H), 2.53
(d, J = 11.9 Hz, 3H).
3.2 BRUEUREEENLTGE

P2 H bRk A P00 4 Flors 9 9 D B B A 30 B
T S5 R AR 1 iR FE 20 mg/L kB
FoAbE&Y 1b.1h 1,15 F1 2b X9 3% B 4% 0 1 Y
e TE A ) 2 4% 31 2k 92, 86 %5, 90. 48%,93. 09, 90.
7450 H0 93,96 %6 , 24y iR T 4 5 R A A B T H Ok 7
(65. 61%0), th = F & b A B I 0E Wk B e (89.
T1%0). [RIBHEE Y Ta 7K S0 B A 30 B IS
P 79. 6500 i T2 5 % TR 7 R Ik R e R R
A TR 71 WE T AT e

x1 BHRALESYWE 2 mg/L RETXOMHENREREENKENEE

Tab.1 The correct inhibition of target compounds against four phytopathogenic fungi at 20 mg/L
s R, R, _ M E PER () ' ]
IR B 5 TR 1 3R B A% 7 A 408 JB5 o T A7t 5% 7195 TR
la F H 79. 65 82.09 71.78 30.63
1b F 1-F 70.73 92. 86 64. 68 0.11
lc F 2,4-F, 24.19 80. 23 7.32 28.22
1d F 3,4-F, 41. 46 64.00 19. 34 12. 65
le F 3-Cl 64.02 53.97 10. 82 11.78
1f F 4-Cl 70. 33 82.07 65. 27 32.71
1g F 2.4-Cl, 58. 54 83. 22 32.77 39. 64
1h F 4-Br 70.12 90. 48 54. 37 42.27
1i F 4-CHs 65. 24 93.09 51.07 7.16
1j F 4-OCH; 56.09 90. 74 33.13 24.37
2a Cl H 70. 68 79.74 74.96 41. 46
2b Cl 4-F 71.41 93. 96 79.43 38.29
2¢ Cl 2,4-F, 64.79 70.25 77.29 30. 64
2d Cl 3,4-F, 51.12 89.63 76.53 32.38
2e Cl 3-Cl 67.77 56.25 64.48 33.62
21 Cl 4-Cl 63.41 26. 65 29.62 5.58
2g Cl 2,4-Cly 65.12 34.78 51.79 31.72
2h Cl 4-Br 54.43 81.32 58.58 35.00
21 Cl 4-CH; 52.77 65.23 65. 22 33.04
2j Cl 4-OCH; 52.02 73.37 68. 24 34.39
A 1k 1k e — — 75.63 65.61 21.44 9.34
W I D I - - 70. 52 89. 71 46. 92 19. 28

3.3 E#MUEYXHEREZBER ECs UE

Fie 3. 27 L R et B W R M B TS PR S Ak
A (1b.1h 1115 F1 2b) , X =2 B AZ G B (S, sclero-
tiorum) AT T ECs (E M E &5 K W 2 P 5 Fp

A W I SE R 1 EC (IR T5E S A3 H
FH ke (9. 9667 mg/L). Hifb &4 1i i) ECs (H
(1. 9229 mg/ L) i 2P0 T b A% TR WE BB 7T i g EXCs,
{E(2. 6736 mg/ L), AT B 30 BRI 0% 1.
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x2 AMEESYNHERERRE EC &

Tab.2 EC;, values of five compounds against S. sclerotiorum

&Y FAHLERIA TR (mg/L) MR/ r ECso
1b y=4,3825+1.0131x 0.9825 4.4993
1h y=4,0483+1.5812x 0.9821 3.9982
1i y=4,47857+0. 7547x 0.9917 1.9229
1j y=4.5967+0.6629x 0. 9825 4.0585
2b y=4.0814+1.5062x 0.9919 4,0727
ke Pk e y=4.2876+0.7231x 0.9637 9. 9667
I P TR e y=4.4910+1.1916x 0.9780 2.6736
4 7 e

A AT 20 Ml AW, 4 EE
i H-NMR it Ho 45 ¥ 15 15 8 22 IF % & itk & 9
PEAT T A o 9 9 5 L TR B4 2 0 0 T T L 4
FALA Y 1b, Th, i, 15, 2b X T =5 1R A% 9 1 28
H AR I B TR M ARV BN 20mg/ L B EY R TR
A% TR 700 Pk I e (65. 61 %) o HL i T 7 A% T 0 e
Pk TR e (89. 71%0). 4 R, JEH b —F i, X 3 i
R o LA B AR S . U3 — CLE, %
PEA BT REAG. ARAE EC,, B9 45 5K K7, 20 Fib &9
e X ISR TR AZ I TR A ROR B =R A L
(EC5,=1.9229 mg/L) .24 R, BUR 7 &7 4 1B,
XoF {3 TR AR AR ORI LY 4
B —CH, BUREHM ARG o B 3. SRR %
B 75 0k I P R 254k A 9 b IO 05 e 5 1A
YNNG = K R I i e SR B e 9
(3% 254k B T A Ay T S TR A% S R B R 1R 1Y) ke
FLER AT R — A AR
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