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Design, Synthesis and Bioactivity of Sulfonyl Hydrazides and Hydra-
zides Containing Fragment 1,2,3,4-Tetrahydroisoquinoline

Xu, Huan Wu, Hongfei Zhang, Xiaoming Lu, Xingxing Sun, Tengda Qi, Yue

Lin, Yufan Yang, Xinling Zhang, Li Ling, Yun*
(Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193)

Abstract In order to find agricultural fungicide candidates with lassase as potential target, 14 unreported sulfonyl hydrazide
and 9 hydrazide derivatives were designed and synthesized by replacing tetrahydroquinoline skeleton of the lead compound
4-methyl-N"-(1,2,3,4-tetrahydroquinoline- 1 -carbonothioyl)benzenesulfonohydrazide (4bg) with active fragment 1,2,3,4-tetra-
hydro-isoquinoline. The structures of the target compounds were confirmed by 'H NMR, *C NMR and HRMS. The in vitro
bioassay showed that 2-methyl-N"-(1,2,3,4-tetrahydroisoquinoline-2-carbonothioyl)benzenesulfonohydrazide (4b) showed
excellent fungicidal activity against V. Mali and S. sclerotiorum with ECso values of 4.81 and 1.57 pg/mL, respectively, which
were better than that of lead compound 4bg. In addition, 5-methyl-N'-(1,2,3,4-tetrahydroisoquinoline-2-carbonothioyl)pyra-
zine-2-carbohydrazide (5i) showed good broad-spectrum fungicidal activity against V. Mali, S. sclerotiorum, B. cinerea, M.
oryzae and F. graminearum with ECso range of 12.88~28.65 ug/mL. Moreover, compounds 4b and 5i exhibited moderate
laccase inhibitory activity (37.07%, 35.49%), which were similar to that of cysteine (43.10%) at 50 pg/mL. Furthermore, the
binding modes of compounds 4b and Si with laccase protein were simulated by molecular docking method, which provided
guidance for further modification of compounds.

Keywords laccase inhibitor; 1,2,3,4-tetrahydroisoquinoline; (sulfonyl) hydrazide; fungicidal activity; molecular docking
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Figure 1 Medical highly active compounds containing 1,2,3,4-
tetrahydroisoquinoline fragment
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Figure 2 Crystal structure of compound 5f
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Table 1 Fungicidal activity in vitro of the target compounds (50 pg/mL, inhibition rate/%)

MR

Compd. V. mali 8. sclerotiorum  B. cinerea R. solani  F. graminearum M. grisea  P. aphanidermatum  P. capsici
4a 70.17+1.30 56.89+t4.97 31.47+0.00 25.86*t2.17 33.33+0.00 36.95%0.00 45.57+0.71 35.22+0.50
4b 80.98+1.22 79.22+3.42 46.70+0.00 29.31%£2.17 38.33+1.00 38.98%0.00 63.07+1.12 37.71+0.83
4c 87.03+0.50 80.44+1.22 5850+2.77 41.38%2.50 53.75+2.28 43.05%+0.71 74.41+0.43 61.13+0.50
4d 88.33+1.30 79.33%£2.28 50.51%£1.50 15.86%+1.00 50.0010.00 42.5441.30 75.701+0.83 57.1440.87
4e 98.27+£1.00 69.78+1.87 34.524+0.00 32.764+2.17 55.00+2.12 38.9840.00 50.76+0.71 48.67%1.09
4f 80.98+1.00 68.44+0.71 58.12+£1.80 15.5242.17 43.75+0.83 24.2441.48 67.931+0.83 45.18+2.50
4g 48.13+£0.00 70.22+1.30 17.39%+1.30 35.524+2.05 14.17+0.87 13.56%+2.50 44.92+1.12 27.74£1.30
4h 69.31+043 61.33%£0.83 25.00%£1.30 29.31%+1.30 23.334+1.00 28.81+1.58 44.28+0.71 19.77+1.09
4i 68.88+1.41 76.00£1.50 34.52+0.00 26.55+2.05 30.83+1.50 25.254+2.28 69.22+0.43 44.19£0.00
4j 40.35+0.87 77.44+1.48 20431043 43.79+1.30 24.17+0.87 0 18.36+1.58 16.28+0.71
4k 86.60+1.79 80.78%2.50 50.89+£0.83 26.90+2.50 43.75+1.30 35.4240.83 68.901+0.71 66.11+1.22
41 67.15+122 69.78+3.08 32.23%1.12 10.34%0.00 34.17+1.66 32.884+2.00 76.6710.71 64.121+0.71
4m 67.15+1.22 60.00£2.50 26.52+0.83 34.48+1.80 43.33+0.00 50.6840.83 57.24+1.58 53.16+0.87
4n 79.25+0.00 77.78%t3.57 34.52+2.00 17.24%£0.00 42.08+0.83 25.76+3.57 58.53+1.41 44.681+1.48
5a 93.81£0.00 100 86.48+1.30 66.04+1.79 58.02+0.83 80.95+0.00 67.09+1.92 49.77%+0.71
5b 67.01+0.71 66.82+2.5 54.65+1.22 41.04%+2.87 58.02+0.83 59.0510.50 17.95£0.00 35.81£0.50
5¢ 58.96+043 39.74+0.87 1642+1.80 9.58+2.86 25.3840.50 33.73+1.22 19.42+0.50 33.10+0.83
5d 77.36+0.00 58.52+0.83 30.06%3.27 12.924+3.70 30.00+1.66 37.3130.00 27.67£0.43 50.9940.43
Se 56.70+0.71 43.60£1.09 33.72+1.22 44.03+2.50 33.15+1.00 57.14%0.50 20.941+0.43 35.81+0.50
5f 79.97+0.50 59.72%+1.30 60.76%+0.87 653%2.05 49.05+0.83 78.57%+1.30 61.11+0.43 54.881+0.83
5¢ 77.04+0.50 68.12+1.09 39.55+2.05 52.84+1.30 36.65+0.00 42.61+1.00 27.75+£1.92 68.12+1.09
5h 57224130 53.55+0.87 32.41%£1.09 3843+1.30 38454043 50.9540.83 14.96+0.43 50.70%0.50
5i 100 100 100 67.54+238 97.15+043 82.86+0.87 50.434+1.00 71.63+1.09
4bg 88.40+0.50 92.70%1.00 —a 71.70+0.80 59.30+£1.00 39.70%+0.40 43.10+1.00 47.10£3.60

P B 100 100 93.8440.50 94.58+2.86 100 100 57.77+1.48 66.76+1.12

4 —: Not determined.
5i X 3B PG (ECso=14.81, 13.06 pg/mL). JHZEH MW AL &0 4b, 51 SRR E AN SHR, K

¥ 95 T (ECso = 18.61, 12.88 pg/mL). % A K 25 9% 5
(ECso=12.59, 22.37 pg/mL). F&J& % # (ECso = 15.71,
26.84 pg/mL)¥ RV AFHHEVE. BRIk A8, (&
5i %t /NE SR B B (ECs0=28.65 pg/mL) R L H — & )
PR PE. WD, BT BT 3 R 2 97 T R 7l
S PR AZ I8 B AR T MR — 5 AR RO, T 20 (%) 0 Rk Tk
Fr B 5] N SRR 08 B B S I, il g
FIRACTE B T 7 .
1.5 REGHIHIEM

2% Zhang SR FH B ) S A B s, ME T
EETEAL G 4b, 4d, 5a, 5i 0 EE BRI, 0E
PEMERSE R GR 3)ER M, HABRGFIREEERN H s &
VIR — s BRGNS L, 7E 100 pg/mL IKEE N4
FIR L 50%, 556 FIE Y 4bg M2, (ER K FHE
SRR R 2R (Cys). SR, 49 B P K 42 50 pg/mL
B, HARE P IR B S 1 T B B D, Hi 2
9 37.07%~50.24%, 5 ¥ MR 43.10%) 4.
1.6 DFXHE

ST UAERTFURIL, HEW) 4b A1 Si B HA BUF
PG VR AR S 1, Rk, N Ty
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K2 AR EYIRT TR IR B ) ECso {H
Table 2 ECso of target compounds against five phytopathogenic fungi

D3 B Ao wEY ECso/(ugemL ™) 95% &7 X [H] Al EIlEyay r
4b 481 3.27~7.14 y=—1.05+1.62x 0.96
4c 4.50 3.77~5.34 y=—0.94+1.47x 0.98
4d 4.90 3.24~7.23 y=—0.88+1.41x 0.98
4e 7.32 5.98~9.01 y=—1.014+1.17x 0.99
p— af 6.44 4.97~8.23 y=—0.89+1.10x 0.99
4k 5.54 4.58~6.77 y=—0.98+1.33x 0.98
5a 14.81 11.75~20.07 y=—1.60+1.38x 0.98
5i 13.06 10.39~18.33 y=—2.12+1.89% 0.99
4bg 9.67 7.39~12.70 y=—4.05+3.92x 0.98
PR B e 0.13 0.05~0.36 y=129+1.46x 0.95
4b 1.57 0.52~2.72 y=—0.24+0.99x 0.94
4c 8.04 5.39~11.13 y=—0.83+0.92x 0.96
4d 7.58 5.54~10.53 y=—0.68+0.78x 0.98
S selorotionm 4k 13.03 10.90~15.60 y=—2.05+1.84x 0.99
5a 18.61 15.15~24.33 y=—2.09+1.64x 0.96
5i 12.88 10.79~14.64 y=—4.36+3.90x 0.99
4bg 13.69 8.21~23.63 y=—3.09+2.79x 0.97
TR B 0.15 0.11~0.20 y=129+151x 0.99
5a 12.59 10.62~14.95 y=—1.83+1.67x 0.98
B. cinerea 5i 22.37 16.41~35.00 y=—1.58+1.18x 0.98
PR B 4.90 3.52~7.09 y=—0.5940.85x 0.99
5a 15.71 13.20~19.55 y=—2.38+1.99x 0.97
M. grisea 5i 26.84 20.70~38.58 y=—2.29+1.58x 0.98
PR B 3.61 2.72~4.85 y=—0.59+1.04x 0.99
F. graminearum 5i 28.65 20.71~46.88 y=—1.82+124x 0.98
A B P 1.52 1.09~2.14 y=—0.134+0.79x 0.98

R3O E YRR )

Table 3 Inhibition rate of some compounds on laccase

Inhibition rate/%

Compd. 100 pg/mL 50 pg/mL

4b 58.37 37.07
4d 62.38 50.24
5a 62.00 47.45
5i 50.14 35.49
4bg 72.30 52.40
Cys 94.45 43.10

A \{;64 (B).. %

[ J [62.25

‘\L 2.50 /P/hemz /ﬁ] . Lt:l 3.6(& /Phe162
Asp206 e 3t U T R

Asn264

3.05),
L TS

HisASS%\ 4,\4_01 3-30'0: ‘7\ /,\Hi5458 '//
: o
Gly392 4 GIySQZ% ./ Gly392 %
% /\O N\{»

Pro391 = 9
'y Pro391 Pro391

B3 S EW 4bg (A). LAWY 4b (B)FI 5i (C) 5B AL S
Figure 3 Binding mode of lead compound 4bg (A), compounds 4b (B) and 5i (C) with laccase protein
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4.86 (s, 2H), 4.75 (s, 2H), 3.89 (t, J=6.0 Hz, 2H), 2.84 (t,
J=5.9 Hz, 2H).

322 BARLAEH &

PL N'-(1,2,3,4- DU S S5 A k-2~ e Tt T 2k ) 4% ik Tt
(4a)Nfl, 7€ 50 mL R IUfRH, AR TEE 3 (2.50
mmol), 8 mL & F%E, MEIE(2.75 mmol), ZiEHi:. &
VK AR R R N 2R S(2.75 mmol), 30 min f5
FUKIG, EiSHE 4 h, HEAUER(TLC) M 2 e B 58 B,
RNESERUR, A F TR EUN 10%01 HCL KRB %
PRIR, WA NaCl ZKIERGEE— IR, A IANUAH, BRI
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wha, HENTAith, T, BEER LAY 4a 035 g,
A, WE 40.3%. mp. 131.8~133.6 C; 'H NMR
(500 MHz, DMSO-ds) 6: 10.08 (s, 1H), 9.20 (d, J=2.4 Hz,
1H), 7.79 (d, J=7.6 Hz, 2H), 7.62 (t, J=7.4 Hz, 1H), 7.42
(t, J=7.6 Hz, 2H), 7.29~7.21 (m, 4H), 4.84 (s, 2H), 3.86
(t, J=5.9 Hz, 2H), 2.82 (t, J=5.7 Hz, 2H); *C NMR (126
MHz, DMSO-ds) &: 183.4, 137.2, 135.2, 133.8, 133.2,
129.1, 128.8, 128.6, 127.3, 126.8, 126.7, 50.7, 46.8, 28.1;
HRMS caled for C16HisN30,S, [M+H]" 348.0840, found
348.0838.

[FEHIS H R &Y 4b~4n, = 28 LIE
FISL B Sa~5i, HICTRAL B b 45 K % & Bk o
.

2-FAJE-N"(1,2,3,4- VY 5 WA B - 2- e i I 4 ) 4% ik Tk
[k (4b): FOE K, R 65.5%. mp. 146.0~147.5 C;
'H NMR (500 MHz, DMSO-ds) 0: 9.91 (s, 1H), 9.26 (s,
1H), 7.73 (d, J=7.7 Hz, 1H), 7.44 (td, J=7.5, 1.0 Hz,
1H), 7.29 (d, J=7.6 Hz, 1H), 7.22~7.09 (m, 5H), 4.77 (s,
2H), 3.79 (t, J=5.9 Hz, 2H), 2.75 (t, J=5.8 Hz, 2H), 2.65
(s, 3H); 3C NMR (126 MHz, DMSO-d;) J: 183.5, 138.8,
136.0, 135.2, 133.7, 133.3, 132.9, 130.9, 128.6, 127.3,
126.8, 126.6, 126.1, 50.6, 46.7, 28.1, 21.3; HRMS calcd
for C17H20N30,S, [M+H]" 362.0997, found 362.0994.

3-FHE-N"(1,2,3,4- VY 5 WA AR - 2- e i IS 4 ) 4% i Tk
Wr(de): FEEEE, WE 64.4%. mp. 130.0~131.6 C;
'H NMR (500 MHz, DMSO-ds) d: 10.04 (d, J=3.9 Hz,
1H), 9.09 (d, J=4.0 Hz, 1H), 7.56~7.50 (m, 2H), 7.37 (d,
J=17.6 Hz, 1H), 7.28~7.16 (m, 5H), 4.79 (s, 2H), 3.82 (t,
J=5.9 Hz, 2H), 2.76 (t, J=5.8 Hz, 2H), 2.16 (s, 3H); 1*C
NMR (126 MHz, DMSO-de) J: 183.4, 138.8, 137.0, 135.2,
134.4, 133.2, 129.0, 129.0, 128.6, 127.3, 126.8, 126.6,
126.0, 50.6, 46.8, 28.1, 20.9; HRMS calcd for C;7H2oNs-
0,S; [M+H]" 362.0997, found 362.0992.

4-FJE-N"-(1,2,3,4- VY 5 7 W2 A - 2- e it I 4 ) 4% ik T
r4d): FOE A, R 81.5%. mp. 123.2~1252 C;
'H NMR (500 MHz, DMSO-ds) d: 10.03 (d, J=4.0 Hz,
1H), 9.04 (d, J=4.1 Hz, 1H), 7.59 (d, J=8.1 Hz, 2H),
7.25~7.16 (m, 4H), 7.09 (d, J=7.8 Hz, 2H), 4.78 (s, 2H),
3.81 (t, J=5.9 Hz, 2H), 2.73 (t, J=5.7 Hz, 2H), 2.27 (s,
3H); 3C NMR (126 MHz, DMSO-ds) J: 183.4, 144.2,
135.2, 134.0, 133.2, 129.5, 128.9, 128.6, 127.3, 126.8,
126.6, 50.7, 46.8, 27.9, 21.5; HRMS calcd for C;7H2oNs-
0,S; [M+H]" 362.0997, found 362.0991.

40T H-N'-(1,2,3,4- DY &1 5 e Wb -2 T et T 26 ) 2 Mt
ik ik (de): KK, UK 64.5%. mp. 170.9~1722 C;
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'H NMR (300 MHz, DMSO-ds) d: 10.06 (s, 1H), 9.00 (s,
1H), 7.60 (d, J=8.3 Hz, 2H), 7.28 (d, J=8.3 Hz, 2H),
7.25~7.12 (m, 4H), 4.78 (s, 2H), 3.81 (t, J=5.8 Hz, 2H),
2.72 (t, J=5.6 Hz, 2H), 1.17 (s, 9H); 3C NMR (75 MHz,
DMSO-ds) d: 183.3, 156.6, 134.7, 133.5, 132.9, 128.5,
128.4, 126.9, 126.5, 126.2, 125.4, 50.4, 46.6, 34.8, 30.8,
27.4; HRMS caled for CaoHa6N30,S, [M+H]" 404.1466,
found 404.1461.

3- =5 H 2 -N-(1,2,3,4- DY &5 55 A R -2 - T Tt T 2 ) 2
Tl 15 Bk (4): 3 8 [ AR, UZE 57.6%. m.p. 139.7 ~
140.9 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 10.06 (s,
1H), 9.53 (s, 1H), 8.06~7.96 (m, 3H), 7.68~7.62 (m,
1H), 7.24~7.13 (m, 4H), 4.78 (s, 2H), 3.82 (t, J=5.9 Hz,
2H), 2.79 (t, J=5.8 Hz, 2H); 3C NMR (126 MHz,
DMSO-ds) d: 183.3, 139.0, 135.1, 133.1, 132.7, 130.7,
130.4, 130.0, 128.5, 127.3, 126.8, 125.3, 124.9, 122.7,
50.6, 46.7, 28.2; HRMS calcd for Ci7H7F3N;0,S, [M+
H]" 416.0714, found 416.0710.

4-FH H:-N"-(1,2,3,4- VU 50 53 WA K- 2 -l o O ) 4 Tk P
k(4g): AIlEE, CE 47.6%. mp. 158.5~159.1 C;
'H NMR (500 MHz, DMSO-ds) d: 10.05 (s, 1H), 9.67 (s,
1H), 8.17 (d, J=8.7 Hz, 2H), 7.99 (d, J=8.8 Hz, 2H),
7.26~7.13 (m, 4H), 4.80 (s, 2H), 3.83 (t, J=5.9 Hz, 2H),
2.78 (t, J=5.7 Hz, 2H); '3C NMR (126 MHz, DMSO-ds)
5: 183.5, 150.4, 143.8, 135.2, 133.3, 130.4, 128.6, 127.4,
126.8, 126.7, 124.3, 50.8, 46.8, 28.0; HRMS calcd for
C16H17N404S; [M+H]" 393.0691, found 393.0693.

2-F-N"~(1,2,3,4- U 51, 57 1 bR -2 e i I 328 ) 2 sk 7
(4h): FEOEAE, IER 40.9%. mp. 137.4~138.8 C; 'H
NMR (500 MHz, DMSO-ds) 0: 10.04 (s, 1H), 9.50 (s, 1H),
7.74~7.67 (m, 1H), 7.66~7.61 (m, 1H), 7.28~7.23 (m,
1H), 7.22~7.13 (m, 5H), 4.79 (s, 2H), 3.81 (t, J=5.9 Hz,
2H), 2.77 (t, J=5.8 Hz, 2H); 3C NMR (126 MHz,
DMSO-ds) 6: 183.3, 159.6 (d, J=256.0 Hz), 136.7 (d, J=
8.5 Hz), 135.2, 133.2, 131.5, 128.6, 127.3, 126.7 (d, J=
18.5 Hz), 125.9 (d, J=13.6 Hz), 124.8 (d, J=3.2 Hz),
117.6 (d, J=21.4 Hz), 50.6, 46.7, 28.1; HRMS calcd for
C16H17FN30,8, [M+H]" 366.0746, found 366.0740.

3-5-N"-(1,2,3,4- U & 7 W k-2 - i 7 I 2 ) 2 Tk gk
(4i): REJEEK, UCE 68.4%. mp. 142.4~144.0 C; 'H
NMR (500 MHz, DMSO-ds) 6: 10.02 (s, 1H), 9.40 (s, 1H),
7.63~7.52 (m, 2H), 7.49~7.39 (m, 2H), 7.23~7.15 (m,
4H), 4.81 (s, 2H), 3.83 (t, J=5.9 Hz, 2H), 2.80 (t, J=5.8
Hz, 2H); '*C NMR (126 MHz, DMSO-ds) J: 183.5, 161.9
(d, J=247.8 Hz) ,139.8 (d, J=6.9 Hz), 135.2, 133.2, 131.4
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(d, J=7.9 Hz), 128.6, 127.3, 126.8, 126.7, 125.0 (d, J=2.5
Hz), 120.9 (d, J=21.3 Hz), 115.7 (d, J=24.5 Hz), 50.7,
46.8, 28.2; HRMS calcd for Ci¢H7FN;0,S; [M+H]"
366.0746, found 366.0743.
2-5-N"~(1,2,3,4- U 5 57 W k-2 i T I 25 ) 2R Tk 7k
(4j): FrefEE, R 57.5%. mp. 126.1~127.8 C; 'H
NMR (500 MHz, DMSO-ds) 8: 9.99 (s, 1H), 9.47 (d, J=
45.1 Hz, 1H), 7.89 (d, J=7.6 Hz, 1H), 7.60~7.54 (m,
2H), 7.35~7.29 (m, 1H), 7.21~7.12 (m, 4H), 4.80 (s,
2H), 3.81 (t, J=5.9 Hz, 2H), 2.78 (t, J=5.8 Hz, 2H); 13C
NMR (126 MHz, DMSO-ds) J: 183.2, 135.9, 135.2, 135.1,
133.3, 132.8, 132.4, 132.3, 128.6, 127.6, 127.3, 126.8,
126.6, 50.7, 46.7, 28.2; HRMS calcd for Ci6H7CIN;O,S;
[M+H]" 382.0450, found 382.0447.
3-5-N"(1,2,3,4- U 5 7 e k-2 i I 25 ) 2 Tk 7k
(4K): R fEfA, U 55.8%. mp. 128.3~129.8 C; 'H
NMR (500 MHz, DMSO-ds) 6: 10.03 (s, 1H), 9.41 (s, 1H),
7.74 (s, 1H), 7.72~7.63 (m, 2H), 7.41 (t, J=7.9 Hz, 1H),
7.25~7.14 (m, 4H), 4.81 (s, 2H), 3.84 (t, J=5.9 Hz, 2H),
2.80 (t, J=5.8 Hz, 2H); '*C NMR (126 MHz, DMSO-ds)
0: 183.4, 139.6, 135.2, 133.9, 133.6, 133.2,131.1, 128.6,
128.3, 127.4, 127.3, 126.8, 126.7, 50.7, 46.8, 28.2; HRMS
caled for Ci6Hi7CIN;O,S; [M+H]"™ 382.0450, found
382.0447.
4-5-N"(1,2,3,4- DY 51 57 W IR -2 e Tt T 3 ) 2 T e i
4l): REJEAE, W 53.7%. mp. 142.1~1439 C; 'H
NMR (500 MHz, DMSO-ds) 6: 10.03 (s, 1H), 9.41 (s, 1H),
7.87 (s, 1H), 7.77 (dd, J=29.4, 7.8 Hz, 2H), 7.35 (t, J=
7.9 Hz, 1H), 7.19 (dd, J=21.1, 6.5 Hz, 4H), 4.81 (s, 2H),
3.84 (t, J=5.6 Hz, 2H), 2.81 (t, J=5.3 Hz, 2H); '*C NMR
(126 MHz, DMSO-ds) J: 183.4, 138.8, 136.2, 135.2, 133.2,
130.7, 129.2, 128.7, 128.2, 127.3, 126.8, 126.7, 126.4,
50.7, 46.9, 28.00; HRMS calcd for Ci6H;7CIN;O,S, [M+
H]" 382.0450, found 382.0446.
3-PR-N"(1,2,3,4- U 5 57 e k-2 - i T I 25 ) 2 Tk 7k
(4m): AMEAE, WK 78.5%. mp. 125.1~126.6 C; 'H
NMR (500 MHz, DMSO-ds) 0: 10.04 (s, 1H), 9.27 (s, 1H),
7.72 (d, J=8.5 Hz, 2H), 7.38 (d, J=8.3 Hz, 2H), 7.24~
7.16 (m, 4H), 4.80 (s, 2H), 3.83 (t, J=5.9 Hz, 2H), 2.77 (t,
J=5.7 Hz, 2H); '3C NMR (126 MHz, DMSO-d;) J: 183.4,
139.7, 136.5, 135.2, 133.2, 131.3, 131.1, 128.6, 127.7,
127.3, 126.8, 126.7, 122.1, 50.7, 46.8, 28.3; HRMS calcd
for C16H17BrN30,S; [M+H]" 425.9945, found 425.9940.
3,4- Z5-N-(1,2,3,4- VU & 57 W Wk -2 - e it Tt 2 ) 2 ik
e fik(4n): AR, UK 49.8%. m.p. 140.8~142.6 C;

http://sioc-journal.cn/ 731



BIKE

MRILX

'H NMR (500 MHz, DMSO-ds) d: 10.04 (s, 1H), 9.55 (s,
1H), 7.91 (d, J=2.1 Hz, 1H), 7.68 (dd, J=8.4, 2.1 Hz,
1H), 7.60 (d, J=8.4 Hz, 1H), 7.23~7.15 (m, 4H), 4.82 (s,
2H), 3.86 (t, J=5.9 Hz, 2H), 2.80 (t, J=5.8 Hz, 2H); 1*C
NMR (126 MHz, DMSO-dq) d: 183.4, 138.2, 136.8, 135.1,
133.2, 132.2, 131.4, 130.4, 129.3, 128.7, 128.6, 127.3,
126.8, 126.7, 50.7, 46.8, 28.1; HRMS calcd for C6Hi6Clo-
N30,S, [M+H]" 416.0061, found 416.0055.

N'=(1,2,3,4- VU 51 7 W bk -2 - i i 5 2% ) 2K HH 1k i ()
HEE A, WE 25.7%. mp. 157.2~159.0 “C; 'H NMR
(500 MHz, DMSO-ds) d: 10.44 (s, 1H), 9.74 (s, 1H),
7.94~7.86 (m, 2H), 7.60~7.54 (m, 1H), 7.50 (t, J=7.5
Hz, 2H), 7.25~7.17 (m, 4H), 5.03 (s, 2H), 4.02 (t, J=5.9
Hz, 2H), 2.93 (t, J=5.9 Hz, 2H); '3C NMR (126 MHz,
DMSO-ds) d: 183.9, 166.2, 135.5, 134.0, 133.6, 132.1,
128.9, 128.7, 128.0, 127.3, 126.8, 126.7, 50.6, 46.3, 28.5;
HRMS caled for Ci7HsN;0S [M~+H]" 312.1165, found
312.1175.

N'-(1,2,3,4- VU 51 57 W IR -2- e T I % )-2- = PP R %
FE Bk (Sb): 1 B T A, % 47.4%. mp. 157.9 ~
159.2 “C; 'H NMR (500 MHz, DMSO-ds) d: 10.44 (s,
1H), 9.79 (s, 1H), 8.08 (d, J=7.4 Hz, 1H), 7.81 (t, J=8.2
Hz, 2H), 7.70 (t, J=7.6 Hz, 1H), 7.26~7.15 (m, 4H), 5.02
(s, 2H), 4.03 (t, J=5.5 Hz, 2H), 2.93 (t, J=5.7 Hz, 2H);
13C NMR (126 MHz, DMSO-dq) : 184.0, 166.1, 135.4,
135.0, 133.9, 132.8, 130.9, 130.1, 128.6, 127.3, 127.2,
126.9, 126.8, 5: 124.1 (q, J=273.7 Hz), 50.6, 46.5, 28.5;
HRMS caled for CisHi7FsN3OS [M+H] ™ 380.1044,
found 380.1039.

3- PR -1 PR REN-(1,2,3,4- DU 5 1 R -2- i
P 32 )- 1 - e -4- R R (Se): A e[RRI 36.5%.
m.p. 177.8~178.9 °C; 'H NMR (500 MHz, DMSO-ds) :
10.26 (s, 1H), 9.71 (s, 1H), 8.39 (s, 1H), 7.35 (d, J=54.0
Hz, 1H), 7.25~7.17 (m, 4H), 5.01 (s, 2H), 4.02~3.98 (m,
2H), 3.96 (s, 3H), 2.92 (t, J=5.7 Hz, 2H); '*C NMR (126
MHz, DMSO-ds) J: 183.9, 161.1, 145.4 (t, J=23.1 Hz),
135.4, 133.9, 133.0, 128.6, 127.3, 126.8, 126.7, 114.5 (t,
J=3.1 Hz), 110.0 (t, J=234.5 Hz), 50.6, 46.3, 39.9, 28.4;
HRMS calcd for CiH sF2NsOS [M~+H]" 366.1200, found
366.1196.

1-H JE-N"-(1,2,3,4- DU 51 7 W IR -2- T s T 2% )-3- — 9k
L1 - e -4- PR R B (Sd): A B lE 4k, R 50.6%.
m.p. 173.2~173.9 °C; 'H NMR (500 MHz, DMSO-ds) :
10.24 (s, 1H), 9.72 (s, 1H), 8.43 (s, 1H), 7.25~7.18 (m,
4H), 5.01 (s, 2H), 4.06~3.99 (m, 2H), 3.99 (s, 3H), 2.92
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(t, J=5.9 Hz, 2H); '3C NMR (126 MHz, DMSO-ds) o:
183.9, 159.8, 140.0 (q, J=37.5 Hz), 135.4, 134.6, 133.9,
128.6, 127.2, 127.1, 126.8, 121.3 (q, J=269.2 Hz), 114.8,
50.6, 46.3, 40.4, 28.5; HRMS calcd for CicH;7F3NsOS
[M+H]" 384.1106, found 3384.1101.

N'~(1,2,3,4- U 5, 57 W Wbk - 2 s it Pk 368 ) G P - 2- PP R i
(5e): FEAR, ER 26.7%. mp. 166.5~168.9 C;'H
NMR (500 MHz, DMSO-ds) 0: 10.31 (s, 1H), 9.70 (s, 1H),
7.90 (d, J=0.9 Hz, 1H), 7.26 (t, J=5.0 Hz, 1H), 7.24~
7.15 (m, 4H), 6.66 (dd, J=3.4, 1.7 Hz, 1H), 5.00 (s, 2H),
4.00 (t, J=5.8 Hz, 2H), 2.91 (t, J=5.9 Hz, 2H); '*C NMR
(126 MHz, DMSO-ds) 5: 183.8, 157.7, 147.0, 146.1, 135.4,
133.9, 128.6, 127.3, 126.8, 126.7, 114.8, 112.3, 50.6, 46.4,
28.5; HRMS caled for CisH;sN30,S [M+H]" 302.0958,
found 302.0966.

N'~(1,2,3,4- U 5, 57 W Wbk - 2 s it Pk 368 ) M 17y - 2- FF G i
(5f): A, B 50.6%. mp. 173.2~173.9 C; 'H
NMR (500 MHz, DMSO-ds) 0: 10.46 (s, 1H), 9.73 (s, 1H),
7.90 (dd, J=3.7, 0.9 Hz, 1H), 7.83 (dd, J=5.0, 0.9 Hz,
1H), 7.26~7.16 (m, 5H), 5.02 (s, 2H), 4.00 (t, J=5.9 Hz,
2H), 2.92 (t, J=5.9 Hz, 2H); “C NMR (126 MHz,
DMSO-ds) J: 184.0, 161.1, 138.3, 135.4, 133.9, 131.8,
129.4, 128.7, 128.6, 127.3, 126.8, 126.7, 50.6, 46.4, 28.4;
HRMS calcd for Ci5sH;sN30S, [M+H]" 318.0729, found
318.0737.

2- FEE-N'(1,2,3,4- VU & 5 1 k- 2- B B 9 255 )-4- =980
FF R I IS PR G R (Sg): A LA, UCE 62.5%. mup.
187.0~188.2 “C; 'H NMR (500 MHz, DMSO-ds) o:
10.69 (s, 1H), 9.89 (s, 1H), 7.25~7.17 (m, 4H), 5.00 (s,
2H), 3.99 (t, J=5.6 Hz, 2H), 2.91 (t, J=5.8 Hz, 2H), 2.75
(s, 3H); 3C NMR (126 MHz, DMSO-ds) J: 183.6, 168.8,
158.9, 140.4 (q, J=36.2 Hz), 135.4, 134.0 (q, J=132.8
Hz) , 128.6, 127.3, 126.8, 126.7, 120.7 (q, J=271.7 Hz),
50.7, 46.5, 28.4, 19.1; HRMS calcd for CisH 6F3N40S;
[M-+H]" 401.0712, found 401.0710.

2-5-N"-(1,2,3,4- VU & 57 g bk -2- o 7 7 225 ) A0 7
(5h): AEEE, WE 52.9%. mp. 114.1~115.7 C; 'H
NMR (500 MHz, DMSO-djs) 0: 10.55 (s, 1H), 9.88 (s, 1H),
8.53 (dd, J=4.8, 1.9 Hz, 1H), 8.18 (dd, J=7.5, 1.9 Hz,
1H), 7.59 (dd, J=7.5, 4.8 Hz, 1H), 7.29~7.16 (m, 4H),
5.02 (s, 2H), 4.01 (t, J=5.8 Hz, 2H), 2.93 (t, J=5.9 Hz,
2H); 3C NMR (126 MHz, DMSO-ds) J: 183.7, 164.6,
151.3, 147.6, 139.4, 135.4, 133.8, 131.7, 128.6, 127.3,
126.8, 126.7, 123.5, 50.6, 46.4, 28.5; HRMS calcd for
CisH16CIN,OS [M+H]" 347.0728, found 347.0737.
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5-FJE-N"-(1,2,3,4- VU & 7 P WK - 2- sk o Pk 258 ) Pk g -2-
FROE W (S1): B R, i 72.8%. mp. 186.5 ~
187.8 C; '"H NMR (500 MHz, DMSO-ds) J: 10.66 (s,
1H), 9.93 (s, 1H), 9.06 (d, J/=1.2 Hz, 1H), 8.68 (d, J=0.6
Hz, 1H), 7.28~7.11 (m, 4H), 5.01 (s, 2H), 4.01 (t, J=5.9
Hz, 2H), 2.93 (t, J=5.9 Hz, 2H), 2.61 (s, 3H); *C NMR
(126 MHz, DMSO-dg) o: 182.8, 162.1, 158.0, 143.7, 143.0
142.0, 135.5, 133.8, 128.6, 127.3, 126.8, 126.7, 50.5, 46.4,
28.4, 22.0; HRMS caled for C;H;gNsOS [M+ H] "
328.1227, found 328.1238.

3.3 REHIHIEMEME

A oV Tl ) A0 #6112 36 22 B SRR (1318047
ff W B Sigma-Aldrich( b ¥, ) §# € #
(Trametes versicolor)2ZEEEME. ISIRGYIE S 120 puL
Fr 6 R - B2 2% v (pH=4.5)~ 40 L 2l 20 pL 2,6-
SR BRI (BRI R e IR 20 uL ARl S,
T 468 nm P K R HAE 20 min (18] FF 120 )P IR
JEARAAE. kST abg KR IDE R 1F A PH AT B,
DMSO fE BRI, ARSI EE 3 K, 54
LES

I 2(%) =[(AOD,—AOD;)/AOD,] X 100%

AOD, N FAYEXS 20 min IR AZALAE, AOD; Jyill
AL EY) 20 min AIROEEEARLAE.
3.4 RESHWEMNE

K FH R 22 A AT A3k 20, g H bR S AR IR
450 pg/mL X 8 i WA A S B A s
OB SESR LR B (Valsa mali)~ 12 TR A% 99 T (Scle-
rotinia sclerotiorum). 75 hi /K27 & (Botrytis cinerea)-
IKFESUR I B (Rhizoctonia solani)~ /N2 755299 W (Fusa-
Hum graminearum Sehw). & # (Magnaporthe gri-
sea)~ JNIRJE B9 B (Pythium aphanidermatum)~ FRARE
#2973 # (Phytophthora capsica Leonian).

] I EE (B Cso) BN E : JEHAM A KT 80%1H)
&Py e F A R FEAE, 4 R R 25.00,
12.50, 6.25, 3.12, 1.56, 0.78 pg/mL I {FMI5, FHHAME
SPSS 26.0 T+ A K E ECso.

3.5 HFxHE

M PDB J# (http://www.rcsb.org) N % z 2 (Trametes
versicolor) Bl 5 2,5- — W 3 2R i 1 2 & & /4 (PDB
ID:1KYA)[#) PDB 2. B Ak &P g /a4 1k DL
T A B AL EE I FE Molecular Operating Environ-

Chin. J. Org. Chem. 2023, 43, 725~733
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ment (MOE) 2019.0102 ¥ fFrpit47. R4+, RH
Induce fit (1777245 5 B B B = AL I 285 6 40 S48 FH o
T 15 D1 W 5 T A, R T W
GBVI/WSA dG #7177 sR3L, E— B0k =2 G
FHEARRZ R W45 A H HBE, A HRATITHE
. BJ5, K Sort/ascending Bk A 45 &4 %
FIRFT (MR B = P E T HES ), F T J5 S AL

HHBhA Bl (Supporting Information) {454 5 ()41
4, HhEMAR 'H NMR PLKE H stk &4 4a~4n, Sa~
5i [f) 'TH NMR, '*C NMR 1 HRMS i, X264kl a Lo
G % MASTI] 9 3 (http://siocjournal.cn/) b T %%,
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