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Design, Synthesis and Fungicidal Activity of Novel Piperidine
Containing Cinnamaldehyde Thiosemicarbazide Derivatives

Zhang, Xuebo Lei, Peng
Yang, Xinling Zhang, Xiaoming Ling, Yun*

(Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193)

Ma, Hangyu Sun, Tengda

Abstract In order to find new lead compound with higher fungicidal activity, a series of novel cinnamaldehyde thio-
semicarbazone derivatives were designed and synthesized according to scaffold hopping strategy, based on the lead of the
thiosemicarbazide derivatives containing piperidine discovered in our preliminary studies. Their structures were confirmed by
'H NMR, "*C NMR, IR, elemental analysis or HRMS. The bioassay results indicated that some compounds exhibited excellent
fungicidal activities. In particular, N'-((1E,2E)-3-(4-chlorophenyl)allylidene)piperidine-1-carbothiohydrazide (3a) and N-((1E,
2E)-3-phenylallylidene)piperidine-1-carbothiohydrazide (3p) showed above 95% inhibitory rate against Cyfospora sp, S.
sclerotiorum, P. aphanidermatum and T. cucumeris at 50 pg/mL with ECs, values lower than 10 pg/mL. The preliminary
structure-activity relationship indicated that cinnamaldehyde contributes more to the bioactivity than benzaldehyde.

Keywords natural product; cinnamyl aldehyde; thiosemicarbazide; synthesis; fungicidal activity
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Figure 1 Structures of some fungicide come from natural

products
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Figure 2 Some fung1c1des containing cinnamaldehyde fragment
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AR, FERE R NAGRISCH AR 2. HAstb
Y 3a~3p WL Pial k2 SRR KA 40 6 RN AT

—
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CH,Cl Y HoN—NH,
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1a~1p R?
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s N N
N ONHp  CH;CH,OH HN—(
N N S
] X CHO —
X R
1
R ",
2a~2p 3a~3p

a: R'=H, R*=4-C|; b: R'=H, R*=2-CH;; c¢: R'=H, R*=2-OCHj;
d: R'=H, R?=4-OCHj3; e: R'=H, R*=4-NO;; f: R'=4-COOC.Hs,
R®=4-Cl; g: R'=4-COOC,Hs, R*=2-CH3; h: R'=4-COOC;Hs,
R?=2-OCHys; i: R'=4-COOC;Hs, R*=4-OCHyg; j: R'=4-COOCHs,
R?=4-NOg; k: R'=3-CHs, R*=4-Cl; I: R'=3-CH;, R®*=2-CHjs; m
R'=3-CH;, R*=2-OCHs; n: R'=3-CH;, R®?=4-OCHj; o: R'=
3-CHs, R?=4-NOy; p: R'=H, R*=H
B 1 HIREWN G s

Scheme 1 Synthetic route of target compounds

1.2 iEERH

H stk &4 imid '"H NMR. C NMR. IR.
JCER S HTEL HR-ESI-MS #iE. HARIH IR i EoR,
3200~3100 cm ' 4t N—H Z4E4RzHIMRILIE, 1700
cm ' PR C=S MH4EHR BN KL%, 1650 cm ™' BT A

Chin. J. Org. Chem. 2019, 39, 2965~2972



Chinese Journal of Organic Chemistry

NOTE

C=N ARz il

HEsPH) "H NMR %8R, (L2008 7E 6 10.0~
12.0 b Ea gy NH ERIA, SR 752 26 s A
N sz, 1 ia#%sh; N=CH 1) H %
N R T BT K35 8, B E o
7.8~8.0 2 [a]; KIF EEANLFETE 5 7.0~8.0 2 [A]; CH=
CH b2 72 52 K 8 EARBUR BRI, BAECK,
—MRKAE § 6.0~8.0 Z[H]; WREEIS b5 %R FAER 4 4>
H, 5% N JEFWR BT K583, W AiBE o
3.0~5.0 Z|f].
1.3 H45EMH

XTS5 FEEAE R D B AR R T R G, 4
B(GE DEYW, £ 50 pg/mL IKE T, BisbEWXE 5 Fh
PR B R R B B A CR. b L& 9 3a.
3c. 3f. 3h. 3k Al 3m XF/KFESUR I B A H0 0 35 P R I
S, T REIN 100%; LA 3a. 3d. 3n Al 3p X
ST R0 B R4 27 98% A b5 kA% 3a. 3b. 3c.
3d. 3e. 3h. 3k. 3m. 3n. 30 A 3p X 3% 5L L2955 1 411
HRITE 90% LA L. A Ak & WIAII 25 B8 44K 0 401 B 3% 2
BT RS EY. FlEAERERNE, EY 3a f
3p RIS, HAEEMR)T, XSERBE R E . KRS
FEa TR TSRS o 250 T A I S TR ARG T 4 o B TR A 23
BITE 95%LA .

Xof 5 I A B R AE 80% LA AL S kAT B 4k
ECso i TEMNR, 25 5(F£ 2~5)EH]: L&Y 3a W H

2955 B A 35 P (ECso=4.94 pg/mL)f T 7 S Ak X 18 24
I B BR(ECso="5.17 pg/mL) X 5 F A WYI(ECso=12.61
pg/mL). A 3d kI JE 55 w0 1)V 1 (ECso =
4.35 pg/mL)E T X) B8 24 751 5% B 6 (EC5o=16.88 pg/mL)
Je e S B WI(ECso=5.37 pg/mL). tL&%) 3a. 3c. 3f.
3h. 3k. 3m 1 3p XKFESORG A B HD 35 P (ECso BITE
5 pg/mL PAPDHIE T2 B EPI(ECs=5.60 pg/mL), {H
AN Fe o} HE 245 751 Ak WA ik 74 156 (EC5o=0.03 pg/mL). #J5 K
BT R I WIRIE IR L H 20O 0 S S
IKFELSURE o T+ TS B A% 9 B R TSR 5 B BT P4 B 0
YA EERW, 2OH R ARSI SR TR =
H, 3-CH3)>W LT3R =4-COOC,Hs) AN, ZK3F E
(A= VRNV OAS R o8 N Y ST N E i R R
MR E WA B, 2P IR 2 A EUR A
(R*=2-OCH;)>4 fiEUCHE(R*=4-OCH;), K¥F R* TEHL
AR FE B BT UM (R =H, 4-Cl) > %5 i T B AR 3
(R*=4-OCH,) [y Hifd, {HEEH AIF R> BURIEIR i 7 fg
JI345E, FIRE S PR (4-NO,<4-Cl).

T R SR AR R B R S LA R R
BRI VG PR RIS, AR S BT M B 1 RV 1 4R 14k
A1) 3a F1 3p SRS AR HEBEERANEY A P
AT BRSO EL 4). AR s v 2 1
(K 2~5)KW: LAY 3a XF I FLE B0 1 - 150 B A%
R KABSURG TR R 39 A A0 TR PR A1) 5 PR (ECso 23
W8 9.04, 4.94, 2.35 F15.53 pg/mL)HE T4 SUIUAC 2 H

1 HIMLAEY 3a~3i BRI PEEDH Z/%)"
Table 1 Antifungal activity in vitro of target compounds 3a~3i (inhibitory rate/%)

Compd. R! R? JNER B 25 IKFESUEE SFE R HISE TR A% T IKFEE W
3a H 4-Cl 96 100 99 99 68
3b H 2-CH; 46 78 91 47 44
3¢ H 2-OCH,4 93 100 100 70 63
3d H 4-OCH, 94 84 95 99 100
3e H 4-NO, 80 85 95 66 53
3f 4-COOC,Hs  4-Cl 92 100 78 59 49
3g 4-COOC,Hs  2-CH,4 30 71 55 54 35
3h 4-COOC,Hs  2-OCH, 95 100 91 47 51
3i 4-COOC,Hs  4-OCH, 86 82 85 69 79
3j 4-COOC,H;  4-NO, 82 88 80 51 73
3k 3-CH, 4-Cl 83 100 98 89 60
3l 3-CH, 2-CH; 31 76 80 42 45
3m 3-CH, 2-OCH,4 85 100 98 81 54
3n 3-CH, 4-OCH, 84 81 95 98 94
30 3-CH, 4-NO, 70 81 93 77 75
3p H H 100 95 98 100 95
A 44 100 91 62 49
P 35 87 71 49 45

Lead compound 99 93 86 85 64
L e ik 1 T 47 100 100 100 79

¢ WEH 50 pg/mL.
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K2 E0 A AR A Y SR A B AR T I P ECso

Table 2 ECs, of some target compounds against Valsa mali in vitro

Compd. ECso/(pgemL ") AL WL i R’
3a 5.53 y=2.2927x+3.2971 0.98
3b 15.17 y=2.2541x+2.3389 0.97
3¢ 8.56 y=1.7871x+3.3347 0.98
3d 6.09 y=1.6526x+3.7034 0.98
3e 17.60 y=0.9497x+3.8172 0.95
3f 16.62 y=1.3833x+3.3123 0.99
3h 14.23 y=1.3574x+3.4357 0.97
3i 51.81 y=0.8067x+3.6170 0.97
3j 24.72 y=1.2658x+3.2367 0.91
3k 5.22 y=1.8442x+3.6777 0.98
31 8.64 y=1.8229x+3.2947 0.99
3m 6.04 y=1.4877x+3.8395 0.98
3n 33.53 »=0.9639x+3.5296 0.98
30 19.95 y=0.9814x+3.7242 0.93
3p 5.20 y=2.0812x+3.5097 0.96

Lead compound 6.58 y=1.8537x+3.4834 0.98
A 5.70 y=1.3559x+3.9746 0.99
P 16.70 y=1.0628x+3.7005 0.96
W% TR 1 0.01 y=0.7677x+6.4285 0.94
L 14 T R 0.01 y=1.2443x+7.4561 0.96
R3S HEML AW KRGS9 B A0 B & T ECso
Table 3 ECs, of some target compounds against Rhizoctonia solani in vitro

Compd. ECso/(ugemL ™) LT R’
3a 2.35 y=1.3663x+4.4942 0.96
3¢ 2.20 »=0.9405x+4.6784 0.95
3d 6.17 y=1.1077x+4.1249 0.97
3e 6.80 y=1.1765x+4.0206 0.99
3f 4.04 y=1.4348x+4.1311 0.97
3h 3.66 y=1.2256x+4.3109 0.98
3i 7.7 y=1.2411x+3.8950 0.95
3j 8.60 y=1.5194x+3.5798 0.99
3k 1.22 »=0.9178x+4.9219 0.95
3m 1.46 y=1.1335x+4.8152 0.99
3n 10.49 y=1.1615x+3.8146 0.94
30 10.22 y=1.2466x+3.7418 0.95
3p 1.02 »=0.9761x+4.9881 0.98

Lead compound 5.60 y=0.6868x+4.4864 0.91
A 3.12 y=1.3133x+4.3346 0.92

P 5.60 »=0.9895x+4.2629 0.91

PEL A K 14 P 0.03 »=0.7435x+6.1470 0.99

ZERIILEY) A (ECso 20514 50.00, 24.21, 3.12, 5.70 2 Zig

wg/mL); FIREALAYD 3p %t 4 Fi U ubms JEL B 0 00 o
BT & RS LAY P, W) R W A RS
L PN IR T RS PNt ey & N S L e
T 3a (7 A-SUATRERE B 30X KRB SCR R L 3
LIS A0 5 5 0 A e 0% e P
LERIEAL A By C R D HHFRILLCE 5), RIS
3a [ REELA B B IO RE, JE— 0 0 PR B 2 4 H
OB N R T 1 % 0
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Table 4 ECs, of some target compounds against Sclerotinia sclerotiorum in vitro

Compd. ECso/(pgemL ") LWL R?
3a 4.94 »=0.8204x+4.4318 091
3d 7.41 y=2.1292x+3.1484 091
3k 7.55 »y=1.0553x+4.0749 0.99
3m 9.57 »=1.3686x+13.6580 0.94
3n 47.43 y=1.1461x+3.0791 091
3p 5.10 y=2.8944x+2.9508 0.94

Lead compound 12.61 y=0.7568x+4.1669 0.94
A 24.21 y=1.1892x+3.3541 0.98

P 60.40 y=1.0606x+3.1111 0.92

1% A i 5.17 y=0.5026x+4.6425 0.91

RS H AR A TR JE 5200 2 AT T 1 ECso

Table 5 ECs, of some target compounds against Pythium aphanider-matum in vitro

Compd. ECso/(ugemL ™) LT R’
3a 9.04 y=2.1430x+2.9500 0.93
3c 35.15 y=1.3196x+2.9617 0.98
3d 435 y=1.2912x+4.1757 0.94
3e 23.72 y=2.1148x+2.0921 0.97
3f 26.43 »=2.9907x+0.7485 0.92
3h 2221 »=3.0688x+0.8690 0.95
3i 10.12 y=1.0758x+3.9186 0.91
3 18.27 y=1.5940x+2.9888 0.97
3k 21.65 y=2.6595x+1.4494 0.98
3m 17.72 y=2.2467x+2.1962 0.94
3n 10.49 y=1.5598x+3.1988 0.99
3p 8.40 y=4.9150x+0.4688 0.92
Lead compound 5.37 y=2.3678x+3.2722 0.90
A 50.00 y=1.0501x+3.2140 0.92
P 189.60 »=0.6994x+3.4069 0.93
V% 7R 1 16.88 »=0.3656x+4.5528 0.92
VoRpONYe Nop BV Ne
WN/NTN @AN,N\H/N /@/\AN,NTN @N/NTN
S s S S
cl 3a cl A cl 3a cl g
IKFREUR: ECso = 2.35 png/mL JKFGLUH: ECsp = 15.2 pg/mL
HT'\O H O SERIER ECso=5.53 pg/mL 3L ECs =10.5 pg/mL

1 ) A
S S

Bl 4 (&Y 3a, 3p, A, P RIS

. . F c D
Figure 4 Chemical structures of compounds 3a, 3p, A, P ,K %r’:@( Hi: ECsg = 11.6 pg/mL /K m@( fii: ECsp = 8.4 pg/mL
FIL S S B, VB HNCE R R T, HRE R ECs = 12.2 pg/mL RS ECsp = 18.1 pg/mL
FR B R RO O B A R TR VE A R IR A RE B 1 2R 45 1, B 5 (L& 3a, B, C Al D 4= AR
BRI TSRS, [EEE— B, Figure 5 Chemical structures and fungicidal activities of com-
’ pounds 3a, B, C and D

SPIs — . S S A
3 XLu#Eksy EL I 5520710 Bruker APEX IV 40 HH i1
31 (RS FE T RER(200~300 H YRR AR M TE SR AL T

PR~ w] A2, i kR 22 0 T 5 20 B 40 s 2 4t

Fukai & W04 s AR T A4 1E); Bruker DPX 300
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3.2 ZLWAHE
3.2.1  WlEAREg Ak

(LH-TR M- 1358 ) (MR e - 1- 38 ) F AR e (1a~ 1p) AR BE -
1-B AR B JF (22~ 2p) # HE SCHR (18] 1) 77 v il %, RALE
Bl 5 S0k — 2L
322  HARL A4 3a~3p 8946 %

¥ 3.4 mmol BT AAEES 3.1 mmol H[A]4A 2,15 mL
TR CEEIA 50 mL =0, =iRHiFE, 0.5 h J5IEHR
ARVEM, A AR A B R A R, A e AR 2
RLTEA S, A IR, RN I 9 S WACER [ A4, R
MmN EERNOEE) @ VIESk) =1 : 2)4itk, #T
RI1S H 54

N-[(1E,2E)-3-(4- 58 FE) I T8 5= 1R g - 1- B 4 7k JF
(3a): FEOEK, 7% 93%. mp. 167.4~168.1 C; 'H
NMR (300 MHz, DMSO-d) J: 10.89 (s, 1H), 7.95 (t, J=
4.4 Hz, 1H), 7.64 (d, J=8.6 Hz, 2H), 7.42 (d, J=8.6 Hz,
2H), 6.94 (d, J=4.4 Hz, 2H), 3.83 (d, J=5.3 Hz, 4H), 1.56
(d, J=3.2 Hz, 6H); “C NMR (75 MHz, DMSO-d,) J:
180.04, 145.71, 136.48, 135.16, 133.04, 128.89, 128.72,
126.53, 51.08, 25.79, 24.01; IR (KBr) v: 3126, 3040, 1624,
1593, 1532, 1504, 1246, 810 cm™ . Anal. caled for CysHg-
CIN;S: C 58.53, H 5.89, N 13.65; found C 58.38, H 5.76,
N 13.56.

N-[(1E,2E)-3-(2- F 3 28 3 ) I 74 228 ) IR 1 - 1- B A Pk
HE@Eb): FEGEE, 7K 75%. mp. 115.8~1162 C; 'H
NMR (300 MHz, DMSO-dj) 6: 10.93 (s, 1H), 7.90 (s, 1H),
7.50~7.35 (m, 4H), 7.33~7.28 (m, 1H), 6.74 (s, 1H),
3.83 (d, J=5.5 Hz, 4H), 2.06 (d, J=0.9 Hz, 3H), 1.61 (s,
6H); >C NMR (75 MHz, DMSO-ds) J: 180.32, 148.42,
136.54, 135.99, 134.39, 129.34, 128.52, 127.63, 51.55,
25.92, 24.06, 12.85; IR (KBr) v: 3145, 3037, 1617, 1594,
1574, 1501, 1243, 753 cm™ ', Anal. calcd for C;¢H, N5S: C
66.86, H 7.36, N 14.62; found C 66.81, H 7.23, N 14.55.

N-[(1E,2E)-3-(2- F 48 B 4 25k ) 075 P4 B8 1R I - 1- At A
BEE(3e): A, 77% 69%. mp. 154.6~155.6 C;
'H NMR (300 MHz, DMSO-dq) d: 10.87 (s, 1H), 7.95 (d,
J=9.1 Hz, 1H), 7.63 (d, J=6.3 Hz, 1H), 7.33~7.28 (m,
1H), 7.16~6.85 (m, 4H), 3.98~3.75 (m, 7H), 1.58 (s,
6H); *C NMR (75 MHz, DMSO-ds) J: 180.00, 156.85,
146.72, 132.81, 130.14, 127.35, 126.14, 124.45, 120.83,
111.66, 55.68, 51.09, 25.78, 24.03; IR (KBr) v: 3149,
3035, 1619, 1598, 1575, 1487, 1243, 781 cm . Anal. caled
for C16H,N;0S: C 63.34, H 6.98, N 13.85; found C 63.07,
H6.91, N 13.97.

N-[(1E,2E)-3-(4- F 58 FE < 38 ) I3 7 FE iR g - 1- A AR

2970 http://sioc-journal.cn/
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FEik(3d): s GEA, P2 73%. mp. 117.4~118.6 C;
'H NMR (300 MHz, DMSO-d;) d: 10.83 (s, 1H), 7.94 (d,
J=8.9 Hz, 1H), 7.53 (d, J=8.8 Hz, 2H), 6.97~6.70 (m,
4H), 3.83~3.79 (m, 4H), 3.77 (s, 3H), 1.65~1.51 (m,
6H); *C NMR (75 MHz, DMSO-d,) d: 179.95, 159.87,
146.51, 137.92, 128.86, 128.57, 123.32, 114.40, 55.34,
51.04, 25.79, 24.04; IR (KBr) v: 3131, 2943, 1596, 1535,
1500, 1340, 1247, 745 cm ™ '; HRMS (ESI) caled for
CysH1oN,0,S (IM+H]") 319.1223, found 319.1226.

N-[(1E,2E)-3-(4-iif 5 7% 5 ) I 79 B85 1 IR W - 1- ot £ Tk
E3e): FEOFEE, 773 80%. m.p. 168.2~169.5 ‘C; 'H
NMR (300 MHz, DMSO-dg) 6: 11.05 (s, 1H), 8.18 (d, J=
8.8 Hz, 2H), 8.00 (d, J=8.4 Hz, 1H), 7.84 (d, J=8.8 Hz,
2H), 7.21~7.00 (m, 2H), 3.84 (d, J=5.4 Hz, 4H), 1.59 (d,
J=6.1 Hz, 6H); *C NMR (75 MHz, DMSO-d;) §: 180.04,
146.78, 145.03, 142.92, 135.18, 130.27, 127.92, 124.06,
51.12, 25.79, 23.99; IR (KBr) v: 3142, 2937, 1604, 1576,
1497, 1238, 1173, 819 cm '; HRMS (ESI) caled for
C16HN;0S (IM+H]") 304.1478, found 304.1481.

L3 1-2-((1E,2E)-3-(4- 5 75 55 ) 45 TR 38 Bk - 1- B it
RES) IR IE -4- R IR BE (3D): A BEAMAK, PR 73%. mp.
127.2~128.0 C; 'H NMR (300 MHz, DMSO-d;) ¢:
11.06 (s, 1H), 8.04~7.87 (m, 1H), 7.65 (d, J=8.6 Hz,
2H), 7.42 (d, J=8.5 Hz, 2H), 6.96 (d, J=4.8 Hz, 2H), 4.50
(d, J=13.1 Hz, 2H), 4.09 (q, J=7.1 Hz, 2H), 3.24 (t, J=
11.3 Hz, 2H), 2.77~2.60 (m, 1H), 1.89 (d, J/=10.4 Hz,
2H), 1.66~1.55 (m, 2H), 1.20 (t, J=7.1 Hz, 3H); "°C
NMR (75 MHz, DMSO-dg) J: 180.42, 173.96, 146.04,
136.81, 135.12, 133.10, 128.87, 128.77, 126.45, 60.12,
49.27, 40.06, 28.01, 14.20; IR (KBr) v: 3123, 1732, 1625,
1593, 1536, 1489, 1249, 807 cm ™ '; HRMS (ESI) calcd for
C1sH2;CIN;O,S (IM+H]") 380.1194, found 380.1192.

L 3E-1-Q2-((1E,2E)-3-(2- H 35 2R 58 ) I T4 228 ) B Jk-1-
BB AR R ) IR BE -4- R R R 3g): A B E K, 77K 63%.
m.p. 136.0~138.0 ‘C; '"H NMR (300 MHz, DMSO-d) §:
11.05 (s, 1H), 7.91 (s, 1H), 7.47~7.38 (m, 4H), 7.31 (d,
J=7.0 Hz, 1H), 6.76 (s, 1H), 4.51 (d, J=13.2 Hz, 2H),
4.09 (q, J=7.1 Hz, 2H), 3.25 (t, J=11.1 Hz, 2H), 2.79~
2.59 (m, 1H), 2.06 (s, 3H), 1.90 (d, J=10.4 Hz, 2H),
1.68~1.57 (m, 2H), 1.18 (t, J=7.1 Hz, 3H); *C NMR (75
MHz, DMSO-ds) d: 180.67, 173.96, 148.79, 136.50,
136.26, 13432, 129.37, 128.53, 127.68, 60.11, 49.62,
40.09, 28.14, 14.19, 12.85; IR (KBr) v: 3157, 3027, 1725,
1614, 1596, 1500, 1208, 756 cm™'. Anal. caled for CioHas-
N;0,S: C 63.48, H 7.01, N 11.69; found C 63.47, H 6.91,
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N 11.73.

LB -1-Q2-((1E,2E)-3-(2- F A8 25 2R 8 ) 0 TR 22k ) I k-
1-B AR AR HS UK IE -4- 72 BR g (3h): [ i, 723 59%.
m.p. 152.8~153.5 “C; 'H NMR (300 MHz, DMSO-dj) §:
10.98 (s, 1H), 7.95 (d, J=9.2 Hz, 1H), 7.65~7.62 (m,
1H), 7.39~7.24 (m, 1H), 7.17~6.90 (m, 4H), 4.50 (d, J=
13.3 Hz, 2H), 4.09 (q, J=7.1 Hz, 2H), 3.85 (s, 3H), 3.24
(t, J=11.2 Hz, 2H), 2.81~2.57 (m, 1H), 1.88 (d, J=10.4
Hz, 2H), 1.76~1.45 (m, 2H), 1.19 (t, J=7.1 Hz, 3H); "°C
NMR (75 MHz, DMSO-dy) J: 180.38, 173.96, 156.86,
147.03, 133.08, 130.21, 127.37, 126.03, 124.41, 120.82,
111.67, 60.12, 55.68, 49.27, 40.08, 28.01, 14.20; IR (KBr)
v: 3141, 1733, 1616, 1596, 1539, 1486, 1248, 755 cm .
Anal. caled for C;oH,sN;0;S: C 60.78, H 6.71, N 11.19;
found C 60.50, H 6.62, N 11.10.

LB -1-Q2-((1E,2E)-3-(4- 48 25 DR 8 ) 0 TR 22k ) I k-
1-FRER AR R )R I -4- FR BR R (3i): iE B [EAA, P2 64%.
m.p. 126.7~128.2 “C; 'H NMR (300 MHz, DMSO-dj) §:
10.94 (s, 1H), 7.93 (d, J=8.9 Hz, 1H), 7.54 (d, J=8.8 Hz,
2H), 6.94~6.73 (m, 4H), 4.50 (d, J=13.2 Hz, 2H), 4.08
(q, J=7.1 Hz, 2H), 3.77 (s, 3H), 3.26~3.19 (m, 2H),
2.73~2.61 (m, 1H), 1.91~1.85 (m, 2H), 1.67~1.54 (m,
2H), 1.19 (t, J=7.1 Hz, 3H); C NMR (75 MHz,
DMSO-dg) 6: 180.32, 173.98, 159.91, 146.84, 138.25,
128.83, 128.63, 123.24, 114.39, 60.12, 55.34, 49.23, 40.09,
28.01, 14.20; IR (KBr) v: 3137, 2978, 1732, 1718, 1595,
1509, 1336, 744 cm'; HRMS (ESI) calced for C sH3Ny-
0,S (IM+H]") 391.1435, found 391.1436.

L FE-1-Q-((1E,2E)-3-(4-Firf 3 2% 38 ) I 74 228 ) I JF -1 -
BB A QB IR -4-FR IR R (3)): P& R, 7% 54%. m.p.
124.6~1258 ‘C; '"H NMR (300 MHz, DMSO-ds) o
11.17 (s, 1H), 8.19 (d, J=8.9 Hz, 2H), 8.00 (d, J=8.3 Hz,
1H), 7.86 (d, J=8.9 Hz, 2H), 7.21~7.04 (m, 2H), 4.50 (d,
J=13.1 Hz, 2H), 4.08 (q, J=7.1 Hz, 2H), 3.27 (t, J=11.2
Hz, 2H), 2.72~2.64 (m, 1H), 1.89 (d, J=10.3 Hz, 2H),
1.68~1.54 (m, 2H), 1.19 (t, J=7.1 Hz, 3H); *C NMR (75
MHz, DMSO-d;) &: 180.45, 173.94, 146.83, 145.36,
142.88, 135.51, 130.19, 127.98, 124.07, 60.14, 49.30,
40.03, 28.01, 14.20; IR (KBr) v: 3121, 2955, 1717, 1603,
1508, 1498, 1198, 821 cm '; HRMS (ESI) caled for
C1oH26N;05S (IM+H]") 376.1689, found 376.1692.

N-((1E,2E)-3-(4-F 2R 55 ) 5 T4 Jik )-3- F BE OR g - 1- B
REBEPEGK): ALK, 7% 39%. mp. 99.0~100.0 C;
'H NMR (300 MHz, DMSO-d;) d: 10.96 (s, 1H), 8.05~
7.90 (m, 1H), 7.64 (d, J=8.5 Hz, 2H), 7.42 (d, J=8.5 Hz,
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2H), 7.04~6.84 (m, 2H), 4.55~4.45 (m, 2H), 3.06 (t, J=
11.0 Hz, 1H), 2.85~2.68 (m, 1H), 1.85~1.39 (m, 4H),
1.31~1.01 (m, 1H), 0.88~0.86 (m, 3H); *C NMR (75
MHz, DMSO-ds) 6: 179.98, 145.78, 136.52, 135.14,
133.06, 128.90, 128.74, 126.49, 57.03, 50.57, 32.54, 31.17,
25.05, 18.84; IR (KBr) v: 3123, 1732, 1625, 1593, 1536,
1489, 1249, 807 cmfl; HRMS (ESI) caled for Ci¢Hy -
CIN;S ([M+H]") 322.1139, found 322.1138.
N-((1E,2E)-3-(2- F BE 2R B ) M T 25k )-3- F L R g - 1-
o AR Wk 3D): 38 [ AR, 7% 60%. mp. 130.8~
131.8 C; 'H NMR (300 MHz, DMSO-dy) d: 10.94 (s,
1H), 7.91 (s, 1H), 7.51~7.36 (m, 4H), 7.35~7.25 (m,
1H), 6.75 (s, 1H), 4.59~4.48 (m, 2H), 3.08~2.99 (m,
1H), 2.78~2.70 (m, 1H), 2.06 (d, J=0.9 Hz, 3H), 1.87~
1.39 (m, 4H), 1.24~1.11 (m, 1H), 0.87 (d, J=6.6 Hz,
3H); “C NMR (75 MHz, DMSO-d,) J: 180.20, 148.47,
136.52, 136.05, 134.34, 129.35, 128.53, 127.65, 57.50,
51.09, 32.59, 31.28, 25.26, 18.82, 12.80; IR (KBr) v: 3157,
3028, 1615, 1597, 1503, 1243, 758 cm . Anal. calcd for
C7H;3N5S: C 67.73, H 5.69, N 13.94; found C 67.77, H
5.78, N 13.93.
N-((1E,2E)-3-(2- F 4 2R Ik ) s P ik )-3- R L IR g -
1-BARHE I (3m): 3 (L AA, 7% 40%. m.p. 76~78 C;
'H NMR (300 MHz, DMSO-d;) d: 10.87 (s, 1H), 7.95 (d,
J=9.2 Hz, 1H), 7.63 (d, J=6.6 Hz, 1H), 7.34~7.29 (m,
1H), 6.98~6.88 (m, 4H), 4.50 (t, J=13.6 Hz, 2H), 3.85 (s,
3H), 3.10~3.02 (m, 1H), 2.83~2.71 (m, 1H), 1.84~1.45
(m, 4H), 1.28~1.13 (m, 1H), 0.88 (d, J=6.6 Hz, 3H); °C
NMR (75 MHz, DMSO-ds) d: 179.93, 156.87, 146.76,
132.85, 130.15, 127.40, 126.15, 124.45, 120.83, 111.67,
57.08, 55.69, 50.61, 32.55, 31.18, 25.05, 18.81; IR (KBr)
v: 3165, 3042, 1616, 1597, 1548, 1456, 1239, 749 cm .
Anal. caled for C,;H,;3N;0S: C 64.32, H 7.30, N 13.24;
found C 64.15, H 7.33, N 13.01.
N-((1E,2E)-3-(4- H 480 2R T ) s 7 26 )-3- FH D R g -
1-B AR E E3n): 38 L B4R, 2% 49%. mp. 92.1~
93.7 ‘C; "H NMR (300 MHz, DMSO-d;) d: 10.85 (s, 1H),
7.95 (d, J=8.9 Hz, 1H), 7.53 (d, J=8.8 Hz, 2H), 6.96~
6.72 (m, 4H), 4.50 (t, J=13.2 Hz, 2H), 3.76 (s, 3H),
3.12~2.96 (m, 1H), 2.79~2.71 (m, 1H), 1.81~1.59 (m,
3H), 1.54~1.42 (m, 1H), 1.22~1.09 (m, 1H), 0.86 (d, J=
6.6 Hz, 3H); C NMR (75 MHz, DMSO-d) 6: 179.91,
159.88, 146.55, 137.94, 128.85, 128.58, 123.30, 114.40,
57.02, 55.34, 50.54, 32.57, 31.16, 25.05, 18.83; IR (KBr)
v: 3132, 2964, 1732, 1716, 1594, 1511, 1335, 745 cm ';
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HRMS (ESI) caled for CisH;N4,O,S ([M+H]+) 333.1380,
found 333.1382.

N-((1E,2E)-3-(4- i B 2 J5k ) o A 22 )-3- FH D R g - 1-
o AR Bt W (30): 20 [ 4, F= % 52%. mp. 153.8~
155.0 ‘C; '"H NMR (300 MHz, DMSO-d;) &: 11.06 (s,
1H), 8.17 (d, J=8.8 Hz, 2H), 8.00 (d, J/=8.2 Hz, 1H), 7.85
(d, J=8.9 Hz, 2H), 7.26~6.97 (m, 2H), 4.45 (t, J=12.6
Hz, 2H), 3.17~2.98 (m, 1H), 2.83~2.75 (m, 1H), 1.84~
1.58 (m, 3H), 1.55~1.43 (m, 1H), 1.24~1.11 (m, 1H),
0.87 (d, J=6.6 Hz, 3H); *C NMR (75 MHz, DMSO-d;) 5:
180.01, 146.79, 145.10, 142.92, 135.21, 130.24, 127.93,
124.07, 57.07, 50.63, 32.51, 31.19, 25.04, 18.82; IR (KBr)
v: 3169, 3043, 1734, 1602, 1508, 1238, 1173, 819 cm ';
HRMS (ESI) caled for C;sHysNsOS ([M+H]") 318.1635,
found 318.1646.

3.3 HYEMNE

R B 2 42 O ZR I 5E H AR AL S R S5 5 B
(it 3R UL (R B b 2 S IR SR S B9 1 (Pyehium
aphanider-matum)~ KRGS B (Rhizoctonia solani)-
SS9 W (Valsa mali)~ I 2% B 1% 9% B (Sclerotinia
sclerotiorum) « 7K & 3% T W W (Fusarium moniliforme
Sheld). V& B T8 A1 AL W ok ] I8 22 H AT T 3% b Al i S
JUREME R A, SRR T ORI O, Rk X
AT AR TR TR S BE P R

FALE P T AR, BC) ER 10000 pg/mL 1)
A, 1 mL R HZ5 199 mL PDA i 7R4E1R
51, 2% B BE N 50 pg/mL 1 & B R R AL B BIAE
%890 cm MG FRILAF, REILRZ) 25 mL, fpdLE L5,
ENEWF PR IR L E RO, BT 25 CHFHRFAP R,
T REEEBRCON IR, CR AT BXTIE, BN
HE 3 R LB R ARAE, e E S
R EKE, TFRXXEERNEEEA, B
B, =ML A E R 2 A KA 2.

I (%) = O T v AR — KL PR v ELAR )/ OO

F V% B2 — W UFEAR) X 100%

] A B (B Cs0) O E - B HUA] A KT 80%1H
G e A R AR, AR Bk U7, RA SR
FRe, 23 mIIRKREE N 25.00, 12.50, 6.25, 3.12, 1.56,
0.78 ug/mL I (R 2, SRJE & SPSS i B4
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WEE ECso.

HHBh# kL (Supporting Information) Hirfb &%) 3a~
30 [ 'THNMR. “CNMR, PLKAb&4 3p. AL P 'H
NMR. X EAPEEAT P4 2% AT 35 (http://sioc-journal.
cn/) BN #L.
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