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Abstract Twenty one new heterocyclic chalcone derivatives were synthesized by the Claisen-Schmidt condensation and
ammonolysis of acyl chloride using heterocyclic aldehyde and amino substituted acetophenone as well as acyl chloride as raw
materials. The laboratorial bioassay of the insecticidal activity of the synthesized compounds was performed using Aphis crac-
civora and Pieris rapae as targets. The results showed that most of them had significant insecticidal activity against the two
pests. Among them, the median lethal concentration (LCsp) of compound 21 was 1.6 pg/mL against Aphis craccivora, whose
insecticidal efficacy was superior to imidacloprid with LCs, of 1.8 pg/mL. The insecticidal efficacy of 1b, 1f, 2j and 2n was
also close to imidacloprid against Aphis craccivora. The LCsy values of compounds 1f and 2m against Aphis craccivora and
Pieris rapae were 6.6 pg/mL and 8.5 pg/mL, respectively and their insecticidal activity exceeded f-cypermethrin, whose LCsq
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was 9.2 ng/mL.
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Scheme 1 Synthetic route of target compounds
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R drha G s H PR A 1f B IESZ S0 45 R
Table 1 Orthogonal test results of synthesis of target com-
pound 1f from intermediate

No. T/C MEF 45T BEEERER W%
1 50  PUSRmE  BREQEH PR 66
2 50 ko Afikin  TKLEE 92
N A7 Y T
350 Ol LB (go~90 0y T3
A Y T
4 60 PUSBRI MW go—99 ¢) 76
5 60  TKZE W 1! 85
60 M R KB 68
70 PUSMKN  ZmEey EKOEE 83
. " A7 Y T
8 70 TKZEE  BRIRHT (60~90 C) 65
9 70 oNE AR P 78

HRMS X H a5 My AT 1 k.
1.2 B EYmEL T

PLHAREEY 21 79 "H NMR F1 °C NMR #4151
HATULH. 7E 6 10.08 ALyl NH EEUITR g,
5 8.10 7.92 &b NAIR E DY AR R 5 7.82,

7.57 KLU N CH=CH _E NI, e A TH |
FRARE& s BB 5> R 15.2 F115.6 Hz, ¥ KT 12 Hz, 7]
PLHIWT CH=CH XU AN E B, HARMAY) CH=
CH XUBE 4 2R (1) P T 25 5 BEARABL; 6 7.53+ 7.34 Abfry B
NBEWY IR AN, 5 5.74 AbRBAIE N FRIEA
(RIS, o 4.05 [EIFIXNE ISy CH, _EAURIIR IS IE;
1E 6 187.37 Wb I AR IA 5510 C=0 FRRJE 7 1{5 514,
5 172.09 Kb g Ik g B S kSR 145 5 0&; o 143.51
Aab P UG A T BRI A A A R 1 (A S 6 142,24
135.58. 133.73. 121.44 AbrJUEAmeamy 38 F ik I 1 115
FUE; 6 132,69+ 132.43 Ab[IE R C=C XU Ak IR+ 1
E5UE; 5130164 119.43 ARG AFIR FRRIE T 155
;& 116.13 Kb R NEFEBRFEAL R IA FRRE T 15 5
UEE; 5 62.48 AbIIE N IER R kIR 7 015 504
1.3 BfrtEPRIRHENE

G RN 21 NI REAATAEYIAT TR IR
BN, BARYAT 95%, LRI E %N 2.5 ng/mL
i, BEARARRKT 30%, FEHlEb &Y 21 FARN
40%, HE—BIFE UL 7 MEE YR A G ) B
FE(LCsp), 5N 2. (LAY UL 2j. 2n XSG

F2  HIMLEYIX TR GRS RAEE

Table 2 Insecticidal activity of the target compounds against 4. craccivora

Compd BEIEFET 3R Y% LC50(95%§1§ FR)/
) 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pg/mL (ugemL™")
la 50.4 39.6 31.8 26.7 18.1 —
1b 97.4 85.2 71.8 445 30.5 2.6 (2.1~2.8)
1c 96.6 87.5 69.3 44.5 31.9 5.2 (4.2~6.0)
1d 35.7 19.0 11.2 9.1 7.6 —
le 40.2 30.9 23.5 18.7 13.6 —
1f 96.1 88.9 70.0 55.6 30.6 2.3(1.9~2.7)
1g 42.2 325 20.1 13.8 8.2 —
2a 36.6 22.4 17.1 11.6 9.5 —
2b 58.6 453 30.6 23.7 18.0
2c 98.2 85.2 65.5 40.9 31.7 3.0(2.5~3.3)
2d 68.5 40.2 32.6 24.5 19.4 —
2e 36.0 22.4 18.2 11.9 9.2 —
2f 46.7 32.8 23.1 17.5 11.5 —
2¢g 68.4 53.2 42.2 324 249 —
2h 46.9 342 25.7 19.3 10.7 —
2i 56.4 44.7 31.8 26.6 19.3 —
2j 98.0 85.7 73.2 51.8 36.0 2.2(1.9~2.6)
2k 56.9 42.6 31.0 239 18.2 —
21 99.1 93.3 71.4 50.8 40.0 1.6 (1.2~2.0)
2m 70.2 56.6 41.8 36.9 24.1 —
2n 96.6 89.1 72.0 50.8 33.9 2.3(2.0~2.6)
Compd. RIEFET % “/% Lc50(95%§1§ B/
20 pg/mL 10 pg/mL 5 pg/mL 2.5pg/mL 1.25 pg/mL (ugemL ")
L HIbk 99.2 87.1 74.7 58.2 43.1 1.8 (1.4~2.1)
 ZIRESHFHE.
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HEPEIRR, MRS, 21 MBS PR AS [ 2
HER A FREE R ARG WAL R nk 2. & 3
Frs. 3 2 25 R0 AR IR A 40 ng/mL B, LAY
1b. lc. 1f. 2¢. 2 21, 2n ¥YFRHH 04 Gl K471
LCso 57374 2.3. 2.2. 2.3 pg/mL, & 704K Tk Humbk
1.8 pg/mL, LA 21 X2 G LCs EN 1.6 pg/mL,
B 7B ATk Ok,

F 3 45 FRWLENHRIR E N 200 pg/mL B 9 Mk
A1) 1b. e 1f. 1g. 2f. 2g. 2k. 21, 2m XI5
FEARFAIE 96% LA b, MIRE N 12.5 pg/mL B, {h&
V) 1£.2g.2m )P EBE 20 51N 50.0%+40.0%+41.7%,
%3 4 IR G 2g 1 BB FE(LCso) A 15.3 pg/mL,
BEARGOR S T = RS, (& 1f. 2m 1 LCso 8
3N 6.6+ 8.5 pg/mL, BRI BT @A AT S
fis.

SER RO R AR K 1a. 1d. 2e.
2a. 2j (ARG 1by 1es 2f. 2b. 2k #ETHE
BT AR B, 4 R IR R A ) S R B AR S, T TR
FIRE, 70 AIELEE 1es 2f, 2k AT 1f. 2g. 21 (45 R AT 50, 24
WEMY IR 5 A7 AR RIS, A B M TG e
SRR ER S AR T RE TG 1. 2g X3¢

FHHRMFRFEN 98.3%. 98.3%, NERETHIILEY
2i BEARECH 30.0%, BT WIRE TR B S THhEYD
MIEE A, S5t & e 11 &4 2h, 2i R HRAK
()2 HOE PR 2 TE G 1 G548 B R JE AE X A7 1)
&M 21, %Ak A AR S A 7 R P EE R A I
RITERAAL LAY A &, TS E A& 1f 3800
YEE TR A 21

TEARR U, R R GEHR B0 C 45 5152 (8]
A H R R, HAEIAE SRR B4 H BT
WAL R B AR K, T HL i T X ek &)
HIEE TR B, 2B LIRS 5, BT LA EATT AT AR IR
R T EY, XHEMBHATRA R EGE, B RCE 21
A, Wit — SRt A s ) 5 i 2 R AR CE, N
RINTE Z SR m R REERE BR R —
(IR,

2 i

KRBT T ER ISR T 21 ANH 2R
BREARTAEY), 3:H IR, '"H NMR. *C NMR fl HRMS
st ST TN, RILT 12 MAa G e
HEARGHEREERLEY, Fralete &9 1f. 21 f

R3 HAREYEGE R E ARG

Table 3 Insecticidal activity of the target compounds against P. rapae

Comp. KIEFETS R Y% Iﬂﬁ%%ﬁﬁ@y
200 pg/mL 100 pg/mL 50 pg/mL 25 pg/mL 12.5 pg/mL (ugemL )
1a 41.6 35.0 21.7 8.3 1.7 —
1b 98.3 86.7 78.3 73.7 333 24.3 (18.9~29.9)
1c 283 16.7 6.7 33 0 —
1d 68.3 41.7 35.0 18.3 6.7 —
le 98.3 81.7 68.3 50.0 31.7 24.5(19.1~30.1)
1f 98.3 88.3 78.3 70.0 50.0 6.6 (3.9~9.1)
1g 98.3 86.7 733 51.7 31.7 25.0 (19.2~31.0)
2a 433 31.7 20.0 13.3 0 —
2b 583 433 31.7 20.0 8.3 —
2c 40.0 283 15.0 6.7 33 —
2d 583 383 25.0 13.3 5.0 —
2e 68.3 55.0 433 283 15.0 —
2f 96.7 86.7 68.3 41.7 35.0 25.5(19.7~31.4)
2g 98.3 86.7 78.3 733 40.0 15.3 (10.1~20.3)
2h 51.7 433 283 13.3 3.3 —
2i 30.0 183 6.7 1.7 0 —
2j 65.0 533 41.7 23.0 5.0 —
2k 96.7 88.3 733 433 333 23.4 (18.0~29.0)
21 95.0 81.7 66.7 41.7 30.0 23.2 (18.0~28.6)
2m 98.3 88.3 78.3 58.3 41.7 8.5 (5.8~11.1)
2n 36.6 233 15.0 6.7 1.7 —
Compd. BEIEFET 3 Y% ]ﬁﬁ%%ﬁﬁ@y
80 pg/mL 40 pg/mL 20 pg/mL 10 pg/mL 5 pug/mL (ugemL™")
o A A B 98.3 88.3 70.0 50.0 35.0 9.2 (7.1~11.3)

= IREE T,
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2m, B AT Fr G BT R R TR T A LAY
PLBChRitE. BN, AR T — LA SR R S T A
HRAMEE . Fra X emt suas R B T 2830 &R
AT D R AW TE 5T A

3 SEES

3.1 SR

FEF: A= RARAFR UG R, SR A
FREAE N IR 22~24 C, MIXHEEE 60%, &I 14/10
hOEHE 14 h, FEEE 10 h). SZEGH SR 8 RE 0 o Ry

FH M NS E BRI RBUR G R, L0 A
FhAME N B 22~24 °C, MIXTIBEE 60%, I
14/10 h(OEHE 14 h, SEE 10 h). 2GR R HERRT) 3 #2
4.

3.2 {XEEFIAF

2L A0 A8 L 21 78 % A (Nicolet380) ik 47
SE. NP A LTQ Orbitrap Elite i . "H NMR Al
PC NMR f#iff] Bruker #%WiFLHRI(AM-400MHz)il 2.
3BT R F(BT224S, bR ZFMUHE R A AR A ).
X-4B WA s A 58 (Ab 5 2R e A AT PR A F]). ik Lk
(LN 95%, WL R—RAAERA AL, M
TR(AUEE N 95%, 2 Rk BT R AL IR 5T A 7 2 44%).
Fe TR 9 rat, 16T ReEs iR il Tl
AL AR P A 2 Tl A PRA A
3.3 ZWHE
3.3.1 Bl AR Ay A AR

SEER[221075E K, B2 EEAR ZFFH0.01 mol)iE
FE (10 mL)J5, JIAE] 50 mL =FiflH, k=
WG mLYIIANBRZIER . EVKIB AR R,
It &0(0.015 mol) A1 — &L FKE(5 mL) VR A ¥ 18 3% i
JRHEE N =80k, EHR PR 0~5 C, I
R (TLO) A I 28 5. N 5E A, I
ERIR(10%) M E A BN(10%) BE NI, TeEE 28 KR4
AT, A5 B RS B T TS K 20155 25 45 i B 45 38 e o
[ 44
3.3.2  ERERAP ARG S A%

S CHR[23) A G R, IR 4HH(0.01 mol)i
FHKZEEA0 mL)J5, IIAE] 50 mL =Ffi+,
NaOH Z VR (10%, 5 mLYINARZ IR . LRI Al
PEREAAE R, KEE0.01 mol)FITE/K ZEE(10 mL) R &
Mz N2 RS, B R BREE 0~5 T,
I 2R AR (TLOR I 28 5. IR SE G, TR
NERAPI I B Z KA KRBT, H 10%
HCLUE 0 pH B AT 29008 7, 1 P8I0 i [ 44 5
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AR BRER, 1330 HHL™ i oK Ol 45 a0 45 2 2
7K F ) A
333 Hirs 4 la~1g. 2a~2d. 2j~2n #95&

B R ) 442(0.005 mol)¥ T TE /K Z. (20 mL), il
AF| 50 mL =#UHH, ¥ NaOH LEVEH(10%, 2.5
mL) A ZHZE . FEFE T, #E(0.005 mol) Ik
IK (10 mL) VR B 0 P L ¥ 00 12 12 i N — 33
W, Pl SN IR A 50 C, FFma R R (TLC)
Rl 28 i, R SERE, MTRA I 3~4 5 ARFR 1
TR, H 10% HCUR SR ) pH AT 248 7, A
PERUTENTH, IUE. Pedk, 133 BR S FH JoK B
g A
3.3.4  BiRLEA 2e~2i 894 &

425 JR B o ) 442(0.005 mol)¥A T =& I E#(10 mL),
IIAF] 50 mL =0 H, PRk =213 mL)InAZ|iZi
W, RO AR R, B S0(0.015 mol) Al =&
FE(5 mL) TR A W 18 S 5 VRS <1 18 18 0\ = S0
b, PR SR EAE 0~5 °C, JFilid 2 R (TLC)
Rl 26 /. R TE R, WK 3R (10%) 1A E AL
BN(10%)Be ik [ LI, el 28R bR 2206 7, 19 2 1R ™
wi P TG 7K e B 285 it R 75 7= b

(E)-3- 58 HE-N-(3-(3-( R e -2- 5 ) P Js Tk ik ) 2 ik )
P (1a): HRER R R, 1R 90%. m.p. 103~105 C;
'H NMR (400 MHz, DMSO-d) §: 10.21 (s, 1H), 8.29 (s,
1H), 7.95 (d, J=12 Hz, 1H), 7.91 (dd, J=1.2, 1.2 Hz,
1H), 7.76 (d, J=8.0 Hz, 1H), 7.60 (d, J=15.6 Hz, 1H),
7.51 (d, J=7.6 Hz, 1H), 7.47 (d, J=15.2 Hz, 1H), 7.12 (d,
J=3.2Hz, 1H), 6.72 (dd, J=1.6, 2.0 Hz, 1H), 3.68 (t, J=
6.0 Hz, 2H), 3.48~3.42 (m, 2H), 2.58 (t, J=6.0 Hz, 2H),
1.10 (t, J=6.8 Hz, 3H); *C NMR (100 MHz, DMSO-d;)
J5: 188.81, 170.16, 151.50, 146.78, 140.21, 138.45, 131.04,
129.82, 123.78, 123.45, 118.91, 118.85, 117.89, 113.65,
66.37, 65.87, 37.72, 15.54; IR (KBr) vma: 3435, 3336,
1684, 1662, 1599, 1556, 1482, 1384, 756, 686 cm';
HRMS (ESI) caled for C;sH,NO, [M+H]": 314.1387,
found 314.1385.

(E)-3- LA FE-N-(3-(3-(E Wy -2- ) IR A It 32 ) A% )
N WERZ(1b): BEER AR, UK 88%. m.p. 86~87 C; 'H
NMR (400 MHz, DMSO-d) 6: 10.21 (s, 1H), 8.24 (s, 1H),
7.96~7.93 (m, 2H), 7.82~7.79 (m, 2H), 7.70 (d, J=3.2
Hz, 1H), 7.52 (d, J=8.0 Hz, 1H), 7.47 (d, J=15.2 Hz,
1H), 7.21 (t, J=4.4 Hz, 1H), 3.68 (t, J=6.0 Hz, 2H),
3.47~3.42 (m, 2H), 2.58 (t, J=6.0 Hz, 2H), 1.10 (t, J=
6.8 Hz, 3H); >C NMR (100 MHz, DMSO-d) J: 188.92,
170.13, 140.19, 140.15, 138.46, 137.40, 133.63, 130.94,

http://sioc-journal.cn/ 1767
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129.75, 129.25, 123.86, 123.65, 120.67, 118.84, 66.39,
65.88, 37.73, 15.54; IR (KBr) vpa: 3434, 3337, 1691,
1656, 1583, 1547, 1484, 1384, 972, 794, 711 cm™'; HRMS
(ESI) calcd for C;sH,)NO;S [M—|—H]+: 330.1158, found
330.1154.

3- LA FE-N-(3-((REAE)-5-(W i -2- 35 ) [ -2,4- —Jii
) R I N e iz (1e): AUk R, YR 92.3%. m.p. 80~
81 ‘C; '"H NMR (400 MHz, DMSO-d;) 6: 10.19 (s, 1H),
8.23 (s, 1H), 7.87 (dd, J=0.8, 0.8 Hz, 1H), 7.82 (d, J=1.2
Hz, 1H), 7.71 (d, J=7.6 Hz, 1H), 7.56~7.47 (m, 2H),
732 (d, J=14.8 Hz, 1H), 7.11 (d, J=15.2 Hz, 1H), 7.02~
6.95 (m, 1H), 6.76 (d, J=3.2 Hz, 1H), 6.62 (dd, J=3.2,
3.2 Hz, 1H), 3.67 (t, J=6.4 Hz, 2H), 3.47~3.42 (m, 2H),
2.57 (t, J=6.0 Hz, 2H), 1.10 (t, J=6.8 Hz, 3H); °C
NMR (100 MHz, DMSO-ds) d: 189.30, 170.10, 152.43,
145.33, 144.61, 140.18, 138.71, 129.66, 129.10, 125.51,
123.74, 123.49, 118.77, 113.40, 113.15, 66.38, 65.87,
37.70, 15.52; IR (KBr) viax: 3338, 1690, 1650, 1578, 1549,
1479, 1384, 999, 752, 682 cm™'; HRMS (ESI) calcd for
CaoH2oNO, [M+H]: 340.1543, found 340.1538.

(E)-N-(3-(3-(MR R -2-J25) P A It 0% ) R Ok )-2- 12 L 4
EiZd): KRR, IR 85.7%. mp. 105~106 C;'H
NMR (400 MHz, DMSO-d;) 6: 9.98 (s, 1H), 8.43 (s, 1H),
8.05 (d, J=8.0 Hz, 1H), 7.95 (s, 1H), 7.76 (d, J=7.6 Hz,
1H), 7.60 (d, J=15.2 Hz, 1H), 7.53-7.47 (m, 2H), 7.12 (d,
J=3.2 Hz, 1H), 6.72 (s, 1H), 5.75 (t, J=6.0 Hz, 1H), 4.04
(d, J=6.0 Hz, 2H); *C NMR (100 MHz, DMSO-d;) o:
188.83, 171.83, 151.52, 146.73, 139.53, 138.40, 131.01,
129.70, 124.43, 123.68, 119.80, 118.99, 117.85, 113.65,
62.39; IR (KBr) viax: 3427, 3331, 1649, 1605, 1548, 1482,
1384, 981, 752, 723 cm™'; HRMS (ESI) calcd for CysH, 4
NO, [M—+H]": 272.0917, found 272.0913.

(E)-2-F23E-N-(3-(3-(MEW; -2-38) N M ok 38 ) K 3 ) &4
PEfe(1e): FREFEA A, KK 89.4%. mp. 167~168 C;
'H NMR (400 MHz, DMSO-ds) 0: 9.95 (s, 1H), 8.39 (s,
1H), 8.06 (dd, J=1.2, 1.6 Hz, 1H), 7.94 (d, J=15.2 Hz,
1H), 7.81 (t, J=4.8 Hz, 2H), 7.70 (d, J=3.6 Hz, 1H),
7.53~7.47 (m, 2H), 7.22 (dd, J=3.6, 3.6 Hz, 1H), 5.76 (t,
J=6.0 Hz, 1H), 4.04 (d, J=6.0 Hz, 2H); >C NMR (100
MHz, DMSO-d¢) d: 188.91, 171.79, 140.16, 139.49,
138.40, 137.41, 133.69, 131.00, 129.68, 129.27, 124.48,
123.86, 120.70, 119.76, 62.38; IR (KBr) vpax: 3434, 3312,
1676, 1655, 1593, 1560, 1489, 1384, 964, 801, 716 cm™";
HRMS (ESI) caled for C;sH;sNOsS [M+H]": 288.0689,
found 288.0687.
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(E)-N-(3-(3-(5-1RWE Wy -2-F ) TR J Bk 325 ) 2K 36 )-2- 3%
B O WD RO AR, IKE 92%. mp. 156~
158 C; 'H NMR (400 MHz, DMSO-d) : 9.93 (s, 1H),
8.37 (s, 1H), 8.06 (d, J=7.6 Hz, 1H), 7.86 (d, J=15.2 Hz,
1H), 7.81 (d, J=7.6 Hz, 1H), 7.54~7.49 (m, 2H), 7.46 (d,
J=15.2 Hz, 1H), 7.35 (d, J=3.6 Hz, 1H), 5.76 (t, J=6.0
Hz, 1H), 4.04 (d, J=6.0 Hz, 2H); *C NMR (100 MHz,
DMSO-d) o: 188.78, 171.77, 142.06, 139.49, 138.26,
136.33, 134.23, 132.56, 129.65, 124.62, 123.98, 121.41,
119.82, 116.44, 62.40; IR (KBr) v 3428, 3347, 1655,
1586, 1544, 1489, 1384, 968, 790, 711 cm™'; HRMS (ESI)
caled for C;sH;sBrNOsS [M + H] ": 365.9794, found
365.9795.

N-(3-((2E, 4E)-5-( "R IR -2- &) [ -2,4- — I k) 7K
H)-o-F2 B AWk (1g): B AR, R 83%. mup.
157~158 °C; "H NMR (400 MHz, DMSO-dj) J: 9.93 (s,
1H), 8.36 (s, 1H), 8.00 (dd, J=1.2, 1.2 Hz, 1H), 7.82 (d,
J=1.2 Hz, 1H), 7.73 (d, J=8.0 Hz, 1H), 7.56~7.48 (m,
2H), 7.33 (d, J=14.8 Hz, 1H), 7.11 (d, J=15.2 Hz, 1H),
7.01~6.94 (m, 1H), 6.76 (d, J=3.2 Hz, 1H), 6.63 (dd, J=
2.0, 1.6 Hz, 1H), 5.74 (t, J=6.0 Hz, 1H), 4.03 (d, J=6.0
Hz, 2H); “C NMR (100 MHz, DMSO-d;) 6: 189.33,
171.75, 152.42, 145.38, 144.58, 139.47, 138.66, 129.60,
129.11, 125.61, 125.49, 124.41, 123.76, 119.67, 113.44,
113.19, 62.37; IR (KBr) v 3328, 3298, 1647, 1589,
1580, 1551, 1488, 1384, 1000, 754, 722 cm™'; HRMS
(ESI) m/z: caled for C1;H;(NO, [M-+H]": 298.1074, found
298.1070.

(E)-3- 58 F:-N-(4-(3-(PR W -2- 25 ) T A I 25 ) AR % )
PIBE I (2a): IRER K, IR 90%. m.p. 58~60 C;
'H NMR (400 MHz, DMSO-d;) 6: 10.34 (s, 1H), 8.07 (d,
J=8.8 Hz, 2H), 7.92 (d, J=1.6 Hz, 1H), 7.79 (d, J=8.8
Hz, 2H), 7.56 (s, 2H), 7.10 (d, J=2.8 Hz, 1H), 6.70 (dd,
J=2.0, 1.6 Hz, 1H), 3.68 (t, J=6.0 Hz, 2H), 3.47~3.42
(m, 2H), 2.61 (t, J=6.4 Hz, 2H), 1.10 (t, J=7.2 Hz, 3H);
3C NMR (100 MHz, DMSO-dq) : 187.45, 170.44, 151.73,
146.42, 144.03, 132.62, 130.34, 130.09, 119.23, 118.96,
117.04, 113.49, 66.31, 65.88, 37.85, 15.49; IR (KBr) Vinax:
3318, 1658, 1600, 1528, 1477, 1384, 972, 819 cm';
HRMS (ESI) caled for C;sH,NO, [M+H]": 314.1387,
found 314.1382.

(E)-3- 38 5 -N-(4-(3-(WEWy -2- 328 N A It 428 ) AR )
HBERZ(2b): AR, IE 86%. mp. 119~120 C;
'H NMR (400 MHz, DMSO-d;) d: 10.34 (s, 1H), 8.10 (d,
J=8.8 Hz, 2H), 7.90 (d, J=15.2 Hz, 1H), 7.80~7.78 (m,
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3H), 7.69 (d, J=3.6 Hz, 1H), 7.58 (d, J=15.2 Hz, 1H),
7.20 (dd, J=3.6, 3.6 Hz, 1H), 3.68 (t, J=6.4 Hz, 2H),
3.47~3.42 (m, 2H), 2.61 (t, J=6.4 Hz, 2H), 1.10 (t, J=
6.8 Hz, 3H); *C NMR (100 MHz, DMSO-dj) §: 187.42,
170.45, 144.05, 140.33, 136.55, 133.04, 132.55, 130.62,
130.21, 129.13, 120.74, 118.88, 66.31, 65.89, 37.83, 15.51;
IR (KBr) v 3433, 3309, 1697, 1655,1589, 1527, 1384,
965, 820 cm™'; HRMS (ESI) calcd for Ci3H,0NO;S [M+
H]": 330.1158, found 330.1158.

(E)-3- 5 H-N-(4-(3-( M IE - 3-8 ) A s I ) 8 k)
PRI (2¢): B EOFA, BE 90%. mp. 165~167 C;
'H NMR (400 MHz, DMSO-dq) 6: 10.37 (s, 1H), 9.04 (d,
J=1.6 Hz, 1H), 8.62 (dd, J=1.6, 1.2 Hz, 1H), 8.37 (d, J=
8.0 Hz, 1H), 8.19 (d, J/=8.8 Hz, 2H), 8.10 (d, J=15.6 Hz,
1H), 7.81 (d, J=8.8 Hz, 2H), 7.76 (d, J=15.6 Hz, 1H),
7.51 (dd, J=4.8, 4.8 Hz, 1H), 3.68 (t, J=6.0 Hz, 2H),
3.48~3.42 (m, 2H), 2.62 (t, J=6.4 Hz, 2H), 1.10 (t, J=
6.8 Hz, 3H); *C NMR (100 MHz, DMSO-dj) §: 187.71,
170.52, 151.34, 150.76, 144.27, 140.34, 135.50, 132.39,
131.10, 130.52, 124.36, 124.31, 118.85, 66.29, 65.89,
37.83, 15.52; IR (KBr) viax: 3433, 3243, 1688, 1660, 1610,
1588, 1535, 1481, 1384, 803 cm'; HRMS (ESI) calcd for
C1oH5N,05 [M+H]": 325.1547, found 325.1541.

3-L A HE-N-(4-((2E, AE)-5-(WRMR-2-38) [ -2,4- — )i
) R I e iz (2d): ARk R, YRR 93%. mup. 115~
116 ‘C; '"H NMR (400 MHz, DMSO-dy) : 10.33 (s, 1H),
8.02 (d, J=8.8 Hz, 2H), 7.81 (d, J=1.6 Hz, 1H), 7.78 (d,
J=8.8 Hz, 2H), 7.53~7.40 (m, 2H), 7.08 (d, J=15.6 Hz,
1H), 7.00~6.93 (m, 1H), 6.73 (d, J=3.2 Hz, 1H), 6.62
(dd, J=1.6, 2.0 Hz, 1H), 3.68 (t, J=6.0 Hz, 2H), 3.47~
3.42 (m, 2H), 2.61 (t, J=6.0 Hz, 2H), 1.10 (t, J=6.8 Hz,
3H); *C NMR (100 MHz, DMSO-d) J: 187.77, 170.45,
152.46, 145.20, 143.92, 143.72, 132.77, 130.01, 128.57,
125.62, 125.59, 118.85, 113.16, 113.11, 66.31, 65.89,
37.81, 15.51; IR (KBr) viax: 3434, 3321, 1658, 1596, 1529,
1474, 1384, 998, 823 cm™'; HRMS (ESI) calcd for
CaoH2NO, [M+H]': 340.1543, found 340.1539.

(E)-N-(4-(3-( MR W -2- 325 ) 1 s 5 338 ) 2% 326 ) J0R 1k e
(2e): FEOH A, WE 92.3%. mp. 182~184 C; 'H
NMR (400 MHz, DMSO-dg) 6: 10.78 (s, 1H), 9.15 (d, J=
2.0 Hz, 1H), 8.80 (dd, J=1.6, 1.6 Hz, 1H), 8.35~8.32 (m,
1H), 8.14 (d, J=8.8 Hz, 2H), 8.00 (d, J=8.8 Hz, 2H), 7.93
(d, J=1.6 Hz, 1H), 7.62~7.59 (m, 3H), 7.12 (d, J=3.2
Hz, 1H), 6.71 (dd, J=2.0, 1.6 Hz, 1H); *C NMR (100
MHz, DMSO-dg) o: 187.53, 165.01, 152.83, 151.70,
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149.29, 146.54, 143.76, 136.09, 133.28, 130.76, 130.51,
130.01, 123.98, 120.15, 119.11, 117.29, 113.57; IR (KBr)
Vinax: 3427, 1658, 1592, 1523, 1473, 1384, 977, 831 cm™';
HRMS (ESI) calcd for CioH;sN,O; [M+H]": 319.1077,
found 319.1075.

(E)-N-(4-(3-( M8 Wy -2~ Jk ) TA] 75 1t ik ) 24 2% ) 0] 1 iz
2f): EREOHAE, WX 91%. mp. 194~195 C; 'H
NMR (400 MHz, DMSO-dq) 6: 10.79 (s, 1H), 9.15 (d, J=
2.0 Hz, 1H), 8.81-8.79 (m, 1H), 8.34~8.32 (m, 1H), 8.17
(d, J=8.8 Hz, 2H), 8.00 (d, J=8.8 Hz, 2H), 7.93 (d, J=
15.2 Hz, 1H), 7.80 (d, J=5.2 Hz, 1H), 7.71 (d, J=3.2 Hz,
1H), 7.63~7.59 (m, 2H), 7.21 (dd, J=3.6, 3.6 Hz, 1H);
BC NMR (100 MHz, DMSO-ds) o&: 187.55, 165.01,
152.83, 149.30, 143.77, 140.32, 136.74, 136.10, 133.25,
133.17, 130.77, 130.74, 130.08, 129.16, 123.98, 120.71,
120.12; IR (KBr) v 3337, 1671, 1644, 1595, 1524,
1384, 973, 824 cm™'; HRMS (ESI) caled for Ci9H;sN,O,S
[M+H]": 335.0849, found 335.0847.

(E)-N-(4-(3-(5-TRWE Wy -2-F5 ) P I 19 255 ) 2 366 ) Mk 1
& (Q2g): EF O, IR 91%. mp. 228~230 C; 'H
NMR (400 MHz, DMSO-dg) 6: 10.79 (s, 1H), 9.14 (d, J=
1.6 Hz, 1H), 8.80 (dd, J=1.6, 1.6 Hz, 1H), 8.35~8.32 (m,
1H), 8.17 (d, J=8.8 Hz, 2H), 7.99 (d, /=8.8 Hz, 2H), 7.84
(d, J=15.2 Hz, 1H), 7.62~7.58 (m, 2H), 7.54 (d, J=4.0
Hz, 1H), 7.35 (d, J=4.0 Hz, 1H); *C NMR (100 MHz,
DMSO-ds) o: 187.38, 165.00, 152.84, 149.29, 143.87,
142.23, 136.09, 135.71, 133.83, 133.09, 132.46, 130.74,
130.16, 123.98, 121.38, 120.08, 116.22; IR (KBI) Vi
3321, 1677, 1640, 1597, 1561, 1527, 1479, 1384, 967, 834
cm™'; HRMS (ESI) caled for CioH 4BrN,O,S [M+H]":
412.9954, found 412.9959.

(E)-N-(4-(3-( Nk g -3- % ) TR 7 1 i ) 24 38 ) 0] 7 iz
(2h): O AE, WK 90%. m.p. 234~236 C; 'H NMR
(400 MHz, DMSO-dg) 5: 10.79 (s, 1H), 9.14 (d, J=1.6 Hz,
1H), 8.80 (dd, J,=1.6, 1.6 Hz, 1H), 8.35~8.32 (m, 1H),
8.09 (d, J=8.8 Hz, 2H), 7.98 (d, J=8.8 Hz, 2H), 7.82 (d,
J=1.6 Hz, 1H), 7.61 (dd, J=4.8, 4.8 Hz, 1H), 7.49 (d, J=
9.2 Hz, 1H), 7.10 (d, J=15.6 Hz, 1H), 7.01~6.95 (m,
1H), 6.74 (d, J=3.6 Hz, 1H), 6.63 (dd, J=1.6, 2.0 Hz,
1H); *C NMR (100 MHz, DMSO-d;) d: 187.91, 165.02,
152.84, 152.46, 149.27, 145.27, 143.91, 143.63, 136.10,
133.50, 130.78, 129.88, 128.71, 125.60, 124.00, 120.11,
113.26, 113.15; IR (KBr) v 3431, 1663, 1595, 1529,
1477, 1384, 981, 838 cm™'; HRMS (ESI) calcd for
CaoH N30, [M+H]": 330.1237, found 330.1234.
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N-(4-((2E, 4E)-5-(FRM-2-38)1%-2,4- I ) 3
JHME R (20): IRFEER R, WK 95%. m.p. 198~199 C;
'H NMR (400 MHz, DMSO-d;) 6: 10.79 (s, 1H), 9.14 (d,
J=1.6 Hz, 1H), 8.80 (dd, J=1.6, 1.6 Hz, 1H), 8.35~8.32
(m, 1H), 8.09 (d, J=8.8 Hz, 2H), 7.98 (d, J=8.8 Hz, 2H),
7.82 (d, J=1.6 Hz, 1H), 7.61 (dd, J=4.8, 4.8 Hz, 1H),
7.56~7.44 (m, 2H), 7.10 (d, J=15.6 Hz, 1H), 7.01~6.95
(m, 1H), 6.74 (d, J=3.6 Hz, 1H), 6.63 (dd, J=1.6, 2.0 Hz,
1H); “C NMR (100 MHz, DMSO-d;) J: 187.91, 165.02,
152.84, 152.46, 149.27, 14527, 143.91, 143.63, 136.10,
133.50, 130.78, 129.88, 128.71, 125.60, 124.00, 120.11,
113.26, 113.15; IR (KBr) vy 3433, 1658, 1594, 1521,
1472, 1384, 82 3 cm™'; HRMS (ESI) caled for C,1H7N,0;
[M+H]": 345.1234, found 345.1228.

(E)-N-(4-(3-(": MR -2-F55 ) TR I Tt 2 ) R % )-2- 74
LIEREQ2)): AR A, UK 87.9%. m.p. 165~167 C;
'H NMR (400 MHz, DMSO-d;) d: 10.08 (s, 1H), 8.07 (d,
J=8.8 Hz, 2H), 7.93 (s, 2H), 7.90 (s, 1H), 7.57 (s, 2H),
7.11 (d, J=3.2 Hz, 1H), 6.70 (dd, J=2.0, 1.6 Hz, 1H),
5.73 (t, J=6.0 Hz, 1H), 4.05 (d, J=6.0 Hz, 2H); *C NMR
(100 MHz, DMSO-dg) 6: 187.55, 172.05, 151.72, 146.49,
143.40, 132.90, 130.41, 129.99, 119.50, 119.23, 117.12,
113. 53, 62. 48; IR (KBr) vmax: 3423, 1696, 1652, 1596,
1532, 1384, 820 cm™'; HRMS (ESI) caled for CsH sNO,
[M+H]": 272.0917, found 272.0914.

(E)-2-F2 F-N-(4-(3-(WEWy -2-55 ) N M T 2 ) R k) &
Bkl (2k): #EH A, WF 89.6%. m.p. 173~174 C; 'H
NMR (400 MHz, DMSO-dg) 6: 10.08 (s, 1H), 8.10 (d, J=
8.8 Hz, 2H), 7.93~7.89 (m, 3H), 7.79 (d, J=5.2 Hz, 1H),
7.70 (d, J=3.2 Hz, 1H), 7.59 (d, J=15.2 Hz, 1H), 7.21
(dd, J=3.6, 3.6 Hz, 1H), 5.74 (t, J=6.0 Hz, 1H), 4.06 (d,
J=6.0 Hz, 2H); C NMR (100 MHz, DMSO-d;) o:
187.52, 172.09, 143.43, 140.32, 136.61, 133.09, 132.84,
130.70, 130.09, 129.15, 120.74, 119.45, 62.48; IR (KBr)
Vinax: 3435, 3308, 1685, 1651, 1597, 1542, 1384, 972, 818
cm™'; HRMS (ESI) m/z: caled for CsH,NOsS [M+H]":
288.0689, found 288.0688.

(E)-N-(4-(3-(5-TRMEWy -2- ) T I It 3% ) 2R 6 )-2- 32
B OB R @) R A, IE 95.3%. mp. 181~
183 “C; 'H NMR (400 MHz, DMSO-d;) 6: 10.08 (s, 1H),
8.10 (d, J/=8.8 Hz, 2H), 7.92 (d, J=8.8 Hz, 2H), 7.82 (d,
J=15.2 Hz, 1H), 7.57 (d, J=15.6 Hz, 1H), 7.53 (d, J=4.0
Hz, 1H), 7.34 (d, J=4.0 Hz, 1H), 5.74 (t, J=6.0 Hz, 1H),
4.05 (d, J=6.0 Hz, 2H); *C NMR (100 MHz, DMSO-dy)
5: 187.37, 172.09, 143.51, 142.24, 135.58, 133.73, 132.69,
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132.43, 130.16, 121.44, 119.43, 116.13, 62.48; IR (KBr)
Vimax: 3379, 1698, 1645, 1595, 1530, 1384, 959, 828 cm™';
HRMS (ESI) caled for C;sH;sBrNO;S [M + H] ' :
365.9794, found 365.9790.

(E)-2-F2FE-N-(4-(3-(ME g -3-38) I M Ik 38 ) R %) &
PEfe(2m): A &SR, I 93%. mp. 231~232 C; 'H
NMR (400 MHz, DMSO-dg) 6: 10.10 (s, 1H), 9.04 (d, J=
2.0 Hz, 1H), 8.63 (dd, J=1.6, 1.6 Hz, 1H), 8.38~8.36 (m,
1H), 8.19 (d, J=8.8 Hz, 2H), 8.11 (d, J=15.6 Hz, 1H),
7.94 (d, J=8.8 Hz, 2H), 7.76 (d, J=16.0 Hz, 1H), 7.51
(dd, J=4.8 , 4.8 Hz, 1H), 5.75 (t, J=6.0 Hz, 1H), 4.06 (d,
J=6.0 Hz, 2H); “C NMR (100 MHz, DMSO-d,) :
187.79, 172.15, 151.38, 150.80, 143.67, 140.40, 135.54,
132.66, 131.09, 130.40, 124.39, 124.30, 119.42, 62.47; IR
(KBr) vimax: 3381, 1689, 1659, 1610, 1587, 1550, 1384,
986, 804 cm™!; HRMS (ESI) caled for Ci¢H sN,O; [M+
H]': 283.1077, found 283.1078.

N-(4-((2E,4E)-5-( W% T -2- FL ) 1] -2,4- — I Bk ) 2%
H)-2- 2 K OB E (2n): AR AR, ICE 87%. mup.
163~165 °C; '"H NMR (400 MHz, DMSO-dj) d: 10.07 (s,
1H), 8.02 (d, J=8.8 Hz, 2H), 7.91 (d, J=8.8 Hz, 2H), 7.81
(d, J=1.6 Hz, 1H), 7.54~7.41 (m, 2H), 7.09 (d, J=15.2
Hz, 1H), 7.00~6.93 (m, 1H), 6.74 (d, J=3.2 Hz, 1H),
6.62 (dd, J=1.6, 2.0 Hz, 1H), 5.74 (t, J=6.0 Hz, 1H), 4.05
(d, J=6.0 Hz, 2H); *C NMR (100 MHz, DMSO-d;) o:
187.85, 172.08, 152.45, 145.27, 143.77, 143.30, 133.04,
129.88, 128.64, 125.62, 119.42, 113.23, 113.15, 62.45; IR
(KBI) vimax: 3310, 1652, 1580, 1540, 1474, 1384, 830 cm™';
HRMS (ESI) caled for C,;H;(NO, [M+H]": 298.1074,
found 298.1073.

335 FRFEMEGNE

Zx LA (I g i ARYEIK AN BT ERY,
M EROIR A bU B b e, A DU VA T — IR AR
0.1%Mm i1 -80 AKWEWMRER 5 NAFIFIRE, DA
DURE S P AF S VAR P XS IR SRAE IO R & 5
e, AT 4HBkIGE R 3 B 5 (30~40 k)BT L,
B M EE TR AR 5 s JEETF, Wit
JEF AR A BRI R IR (6 em)h, WBEIREN 22~
24 °C, FHXHZEEN 60%, YGHERT A 14/10 h [F5E50 =
HHAREEEFR, 24 h FICFAETE DL, BRI SEEG E
523 RIF4% Abbott ARG FET AT IE. BRI LR
T, RA SPSS BRI LCs (L HBAF XA,
F3R HAH DG RN EE Sy A 5 2.

ST BRI E i ARYEIK A AR TR,
e A E R e o L bR, KRR S A AT AR
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HH 0.1%NM:47-80 KIEEMRERL 5 NSRRI, DA
IS AR 5 () A R 8 R B ko) L AACH i Bk ik
20 SRR 3 W4 B T —/NEW, IR H—RIR AL
WA 5 s Ja =TT, K4 R N R IE AR5 77
M5 cm)H, BEERE N 22~24 C, FHXTIREH
60%, YEHEITA Y 14/10 h(JGHE 14 h, FEE 10 h)HISEL:
EHGEEFE, FMEEHEEHIEMN. 24 h JFIdRIET:
1EL, IR S E R 3 IRIE% Abbott A R XTFIET
FRPATRIE. PR LRAE ik, R SPSS & Fit
BHOLCso H A HBAF X, HR AR BRI 2 /7B
JTE.

4 B 44 kL (Supporting Information) FiH Hirfb &4
IR. 'HNMR, "CNMR I HRMS [, X418 m] L4
i AT W 33 (http: //sioc-journal.cn/) b T %K.
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