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THE: [H 1 ICAGURIE S B 48, SR EAT 8 HUS PR AN SR At L R 2 B e 2R A A . (D7 ¥R JRAAS R BAR )
R AERL, &2 PG S A A R EUREE 2R FE ISR A B 1~21; PP 45892 'H NMR, “"C NMR 1 ESI-MS 43
M 5 s K F IR W20 52 B FR =958 /N Plutella xylostella A3 M s W AL &4 1. 54 12 A1 16 X H420& Apis
cerana WAL DT, [ERIMEY 1.5, 12 F1 16 A F/NEHE 24 h 1) LCso 4514 0.26+ 0.95, 0.33 F1 1.10 mg-L™,
oAb &Y 1A 12 % NS v PR T 9 U o & 5. 12 A0 16 % Hr AR g 1 Stk 26 10 2 M LU SRS (0.05
mg-L™") &, E475)8 T B3, LCso 2051759 0.21. 0.22 A1 0.09 mg-L™. ¥ R, ZEIF BTN A SE 0 2 4b &4
HITE MRS AR K, 24 2RISR A7 /E—Cl 8—Br. X 7 N—Cl. —CF5 5k—OCF; I, 1h & 75 /N SRk 3 B H A 4 1) 3%
Mo (4510 Vi HURS 25 PR EUA I 1 B e mT DASRE e /N SR R AL P 1 B AR X P A A 3 18, TF 0 485 SR 4 I 75 St s
PR HFFF R Gt B — e 58 .
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Synthesis, insecticidal activity and toxicity to
bees of phenylpyrazoles

YANG Shuai, JIANG Xunyuan, ZHANG Yue, ZHAO Chen, XU Hanhong
(State Key Laboratory for Conservation and Utilization of Subtropical Agro- Bioresources, South China Agricultural University/
Key Laboratory of Natural Pesticide and Chemical Biology, Ministry of Education, Guangzhou 510642, China)

Abstract: [Objective] To obtain phenylpyrazoles which have insecticidal activities and are eco-friendly based
on fipronil framework. [Method] Using anilines with different substituents as materials, phenylpyrazole
compounds 1-21 with different substituents were synthesized in two steps. The product structures were confirmed
by '"H NMR, "C NMR and ESI-MS analysis. The biological activities of target products against Plutella xylostella
were determined by leaf immersion method. Acute oral toxicities of compounds 1, 5, 12, and 16 to Apis cerana
were determined. [Result] After 24 h treatment, LCs, of compounds 1, 5, 12, 16 against P. xylostella were 0.26,
0.95, 0.33 and 1.10 mg-L™" respectively. The activities of compounds 1 and 12 against P. xylostella were higher
than that of fipronil. Compounds 5, 12 and 16 showed lower acute oral toxicities to 4. cerana compared with
fipronil(0.05 mg-L™), but still were highly toxic with LCs, of 0.21, 0.22 and 0.09 mg-L™ respectively. The
structure-activity relationship indicated that the substituent of the phenyl-ring had a great influence on the activity

of the phenylpyrazole compound. When the ortho position of the benzene ring was —Cl or —Br, the para position
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was —Cl, —CF; or —OCF;, the compound had excellent activity against P. xplostella. [ Conclusion] Repl-

acement of substituents on the phenyl-ring of fipronil can improve the biological activity against P. xylostella, and

reduce the toxicity to 4. cerana, which has certain guiding significance for the development and structural

optimization of arylpyrazole insecticides in the future.

Key words: phenylpyrazole; chemosynthesis; insecticidal activity; Plutella xylostella; Apis cerana

R S R A T A AR S I e 2R
A, Bes 5 R v T (GABA) 4G,
FHIWT GABA il & & 78, TP E 240
[ IE 5 ThRe, 1580 R BB T AR 2 F
I H iy Rt AR AR PR AN R AF, Je A
RXRAEEYFEESED . BRES RN
HERN, ERPESRKRE TP RIEEEREE
IVE L, NG BRAE AR 24 nT R 2 fe S B g A e, n
R A E R HAERAT N, NS R HIEE
R B AERSS B TAE 2 R BE R A
T8 AR TRT BT 011, g [ A0 27 2 ) 55 9k UG &6 4 3
1T 1 U, Ik th RS Spodoptera exigua B
R G R R Rt R b 54 7-pyrazolop-
yridines!"”, NFATH—PHF K GABA Hifiil#ett 1
JBEE . N T FERATR SIS RO IR AT 2 (2R
Bt R A1), B I AB I AR A B K, Bt I
AT 21 DRI IR EUAR S (1) 2R L AL S 4,
iH3d'H NMR. "C NMR 1 MS % iX $64k, &453k 17 44
PS5, FEXF I HE T RO 28 0 1) B P AT 9T 9

1 RS

1.1

Bruker-600 ##IL4RAX (Hii +: Bruker A #]); Z-
MR IA 7K AR GR A IR T 5 PR A 7] )
Bruker maxis 4G ESI-Q-TOF Jii i {% & (Bruker
Datonics A A ); Jig 4% 25 KA (18 E Heidolph A #);
1702-MPS B /543 2 —HF RV (4% Srrtorius
Gmbh Gottingen A #); GF-254 & 3 2 2 HT IR

(1) H,SO,, NaNO,, AcOH

NH,
2 (2) CH,(CN)CH(CN)CO,Et, AcOH, H,0
@ (3) NH,H,0, CH,Cl,

(TLC) B AEEMTHEIR (F B 1)) 97%(w) 6
W R (et A IR A F)); 355135 R 4 A 4,
T 22 5 4 2 B P E LR A R A ] .

/INZEWR Plutella xylostella J W 1E W Apis
cerana 35 AR L K5 RIRAR 25 540 22 A ) %
B TR AL = A IR PR
1.2 7%

WEYE B 1 B a4 b 14k
SR [13] 7. KA 1E R IR ER GRAR R
30 mL, VK Z 8 30 mL) AN 4.14 g WASEREN
HHPE, ARG 2B 0 30 mLE& A 0.04 mol b &4
a UK LRSI, 20 min N 5E. JNIRINFAEE 55 °C
FORFE 1 ho B R BRI BRI % F R &
23— "HIEEERE 2.0 (7.30 )i 0 N 26% VK .18
T R B =R 4 he BN 50 mL —
AT LEAEL 3 Ik, A IHA VLA, AHLAHH 200 mL
H,0 ¥E¥ 3 I, SR JE A HAEF A 30 mL #RE K,
FEimPEEE 24 he RMAEHR G 1 mol- L' [1H: 2R
TR LV, AR5 F 200 mL H,O ¥4 SN 3 1K,
LA TC K BREREA T8 kB8 W R IR 46, fEAR (o
A 2 AT Al Ak B A [ AR R A R E AR b, [RICR
75%~96%

HARF= 1~21 BIE S 2% Sk [14] 7%
0.01 mol fL&4) b I 3.47 g — XS FORREIRVE T
40 mL F R A, SR 2.13 g =& 3 T A
RS T I 50 °C, #itdE 5 h, NS G
PEIRGAR 22K, ARG 50 mL LR LB F1 100 mL
H,0 ZEHY 3 IR, A MU JC /KB R BN I 3o 8. I8
NC  SOCF,

V5
N NH,

NN, I

S
F,C7 >l
B PhMe

B a
Compound a

R R
wEM b feaw 1~-21
Compound b Compound 1-21

R;: 2—Cl, 4—CFj3; R,: 2—Cl, 4—CIl; R5: 2—Cl, 3—CI; R4: 3—Br, 2—Cl; Rs: 2—Br, 4—0OCF;, 6—Br; Ry: 2—Br, 4—Cl, 6—Br; R;: 2—Br, 4—NO,,
6—Br; Rg: 2—Br, 4—CN, 6—Br; Ry: 2—Br, 4—F, 6—Br; R : 2—Cl, 3—CFj3; R;: 2—Cl, 5—CIl; R},: 2—Br, 4—CF;; R|3: 2—Br, 5—O0CF3; R4 2—Br,
4—Br, 6—Br; R5: 2—Cl, 4—0CF;, 5—CI; R 4: 2—Cl, 4—Cl, 6—CI; R ;: 2—Cl, 4—Br, 6—CIl; R4: 2—Cl, 4—NO,, 6—CI; Rg: 2—Cl, 4—CN, 6—CI; Ry:

2—Cl, 4—COCH;, 6—Cl; Ry;: 2—Cl, 6—Cl

1 BfitaYamgsk

Fig. 1 Synthetic routes of target compounds
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JEIR4E, R AT E M alith, Hoh v R (2
R ClE)=10:1~5:1. FrfREARD N B A5 =4 1~21,
eI H NMR F1°C NMR #i 5%, IR 61%~91%.
1.2.1 FkEwal g SRAHRBEE WELEY
2% HE M . W10 RIS 29 VR E 7 VE I R AL E
W) 121, GG BE T — AR (DMSO) fit &
BB E Y 10 000 mg- L IERE, 285 K BH
T 0.1%(w) I iE-80 F It S/ BRI L B A 100 A1
25mg- L' 25 -

WEERAFE IR 25 B 0 N L& 1. 5.
12 #1116 S dUiE 40 i T — W 2 AR (DMSO) B
B RURERE A 10 000 mg L HIRRE, SR 5 KRR
&5 0.1%(w) HIE—-80 FI M S0 /K 7 B8 - ic B Ak
25.00. 12.50- 6.25. 3.125. 1.56. 0.78. 0.39. 0.195 Al
0.097 5 mg-L™" HIZ47K .

FH et 5 e BT A S O T ) K /N — B
e, BN 10 s, BUHE H i B AR BET e N e A
10 3k 3 W8 /NI i 355 5 L, A4S Ab BRI B2 B
3, WEEA 0.1%(w) HiT—80 it & K /E NI
PEXT IR, U 7 N PH X B 24 77), BT 26 C. A
HHEE 85%- Y FIMA 16 h 618 h WG 26 1F 1 8%
Fto 24 h Jo il LI I T 2.

o, AEHEL
=

SEERH BT R X RSB T R

100Xt AL BB T2 %
122 sz oiuag wmRUELYERY
BT 2 A VPRI HE U (F At ) ). B T M
U BRI AT RS, 43 A B A H AR S 2
FULH 2 A IR 2L 5 70 At B 24 70 20, 3 b HE R
2 3W(EWELMLA 30 X %), H AR E
10 000 mg- L' fBER, A 50%(w) BEREVE MR 2
FIT 5 TR B () 24 SR A M A T, B TIRESN (30+
2) ‘C. HIXHEE N 50%~70% OGS T, kb3
24,48 h Ja MLELE WA Toh BERIR KR T-ILA, 12
SEZE RIS EAE AT Givt, 13 48 hi st
WEE (LCso) [ 95% B AF XA,
1.3 HUEAE

T EHE 4 Excel 23, A3 T 7RSSR [17],
R AL A EE 1 AT FE LCso MK REL (r) K
LCsq 1] 95% B 15 X [H], {1 F SPSS 21.0 #A-#E4T 5
IR 2 5 224307, K HSD kit T 2 H .

2 FRETH

21 BHiEYINEZE
H x5 494 'H NMR F1°C NMR 347 &5 F 7

x 100%,

FEIEFETS 3 = x100%.

5B, GER LI 2, HRIESIE I T

a1 N 5s—RAE-1-Q-F—4 ZFF K
H)—4— = G R 5 Tl R b e 3R, VR B L[ A,
[E % 61%. 'H NMR (600 MHz, Chloroform-d) &
7.93 (d, J=1.9 Hz, 1H, Ph—H), 7.79 (dd, J=8.3, 1.5
Hz, 1H), 7.68 (d, J=8.2 Hz, 1H, Ph—H), 5.18 (s, 2H,
—NH,); ”"C NMR (151 MHz, Chloroform-d) §
150.21, 135.64, 135.04 (q, J=34.1 Hz), 133.32,
130.72, 128.70 (q, J=3.8 Hz, Ph—C), 125.82 (q, J=3.7
Hz, Ph—C), 125.66 (q, J/=335.8 Hz, —CF;), 125.55,
122.53 (q, J=273.5 Hz, —CF3), 110.44, 93.87 (d,
J=2.6 Hz); C;,HsCIE,N,0S [M+H]" ESI-MS m/z ¥
R 1H: 402.98, M EA{H: 402.97,

&Y 2 N 5-RFHE-1-2,4- —HAER)-4-=
SRR ST T S e k-3 - B, VR [ A, PR R
70%. 'H NMR (600 MHz, Chloroform-d) § 7.65 (d,
J=2.2 Hz, 1H, Ph—H), 7.50-7.43 (m, 2H, Ph—H), 4.84 (s, 2H,
—NH,); "C NMR (151 MHz, Chloroform-d) §
150.29, 138.69, 133.42, 131.31, 131.09, 130.69,
129.19, 125.67 (q, J=335.9 Hz, —CF3), 125.20,
110.54, 93.65; C,;H;C1,F;N,OS [M+H]" ESI-MS
m/z BRBAE : 368.95, M EA{H: 368.99.

& 3 Ry 5—aF-1-2.3- A HFEH)-4-=
SRR L ST T T S e k-3 - B, vk O R [ AR, R
79%. "H NMR (600 MHz, Chloroform-d) & 7.75-7.72
(m, 1H, Ph—H), 7.46 (t, J/=7.7 Hz, 2H, Ph—H), 5.17 (s, 2H,
—NH,); "C NMR (151 MHz, Chloroform-d) §
150.16, 135.55, 134.04, 133.55, 131.72, 128.72,
128.14, 125.67 (q, J=335.8 Hz, —CF3), 125.14,
110.58, 93.60; C,;H;C1,F;N,OS [M+H]" ESI-MS
m/z PR {H : 368.95, il F{H: 368.98.

& 4 N S—RH--1-3-R-2-FHKH)-
d— = 5, P 3 ST 8 3 e nee— 3, YR B AL A, 7
K 82%. "HNMR (600 MHz, Chloroform-d) § 7.90 (d, J=
8.1 Hz, 1H, Ph—H), 7.47 (d, J=23.0 Hz, 1H, Ph—H),
7.38 (t, J=8.0 Hz, 1H, Ph—H), 5.18 (s, 2H, —NH,);
C NMR (151 MHz, DMSO-d,) & 151.06, 136.25,
134.47, 132.62 (d, J=27.8 Hz), 129.93, 129.63, 125.40
(q, J=336.9 Hz), 123.57, 123.32, 111.64, 93.38;
C,,HsBrCIF;N,OS[M+H]" ESI-MS m/z FL {14 :
412.90, M EfE: 412.93.

&Y 5 N 5-EH-1-2,6- R4 =FTFH
FEOR IR ) —4— G I T G S e -3 I, VR
@44, 73 64%; 'H NMR (600 MHz, Chloroform-d)
8 7.64-7.63 (m, 2H, Ph—H), 5.14 (s, 2H, —NH,);
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NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF,
. TS T3 ‘A \ 'a S
N ~NH, N~ NH, N~ ~NH, ‘N~ ~NH, N~ ~NH, N ~NH,
cl cl @[Cl i al Br B Br Br
Cl Br
CF, Cl OCF, Cl
1 2 3 4 5 6
NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF NC  SOCF, NC  SOCF,
1\?{;§\NH2 I\KN\ NH, T\I{N\ NH, NN NH, I\KN NH, N{N NH,
Br Br Br Br Br Br @[Cl /©/C1 Br
CF, Cl
NO, CN F CF,
7 8 9 10 11 12
NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF, NC  SOCF,
B 7_& { { I at
N NH, N ~NH, T\‘{N NH, N{N NH, ‘N~ ~NH, N P~NH,
/@Br Br Br cl ca cl cl cl cl cl
F,CO
Br OCF, cl Br NO,
13 14 15 16 17 18
NC SOCF, NC SOCF, NC SOCF,
g 7\ >_\§\
N\N\ NH, NN NH, I\{N NH,
c1\©/c1 cl cl c1\©/c1
CN o
19 20 21

1 5= 1-(2—- 54 =9 P R )—4— = S MR RE IbE P — 31 s 2 53U 1-(2,4— U ) —4— = S Rk bt e — 311 3 5%~
1(2,3~ 5B~ 4~ = 50 5 T TR TR BE L 3 s 42 S0 — 1~ (B—TR -2~ UK B )—4— = i PP SRR Btk 35 52 5L~ 1-(2,6- iR—4- =K
P G0 i ) —4— = g5 PR B S R TR S 31 s 62 S— 50— 1—(2,6— — IR —4— T B ) —4— = G5 AP B A A B ik e =3« 7: 5—BUE—-1-(2,6- R4
FHE)—4— = P I AT BE 3 fig s 8: SR IE—1-(2,6— - IR—4—KJi)—4— = i T RE WA Lt 31 s 9: S—EIE—1-(2,6- —IR—4— TR IE) 4=
Y S AR P —3— i 5 102 5= AR —1-(2— -3 — = 0 2 0 )y~ 4— = 0 PP 5 W TR R bt e —3— M5 112 530 —1-(2,5— SR )—4— = 9 P 2k I ik e
FENE M3 12: S—FF—1-(2—IR—4— =5 P 2L 2R 38 ) —4— = 5 P B Tt SR e e —3 15 13 SR 2 —1-(2— IR —5— = P AR B R 0k )y —4— = 9 P 26 T Tt 7
BENEME—3— i 14: 5—EHE—1-(2,4,6— = IR R )—4— = J5 FF B MU BE S ML 3G 5 15 S—BUHE—1—(2, 5~ 4~ = 530 P AU B 4 ) —4— = 5 Y 8 P A 7 5
MM —3— 5 162 S35 —1(2,4,6~ = SR HE)—~4— = J5C PP 3 SRR e bt 135 172 S—BU0E—1—~(4—15-2,6— SR )—4— = 5 FFY 0 T Tk T B 3«
18: 5— R H—1-(2,6— — S —4— T E IR B ) —4— = i 1 22 W R PE B L I —3—JF 5 19 S— R 1—(2,6— — S —4— TR AL IR B ) —4— = Gl 11 2 W A Pt bt e —3— f s
20: 1-(4— LB HE—2,6—~ SR ) —5—5FE—4— = G50 TP 5 0 TR B 31 s 21+ 5303 —1-(2,6— IR AR ) —4— = G PP 6 1 g e bt e —3— s

1: S-amino-1-[2-chloro-4-(trifluoromethyl)phenyl]-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 2: 5-amino-1-(2,4-dichlorophenyl)-4-
[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 3: 5-amino-1-(2,3-dichlorophenyl)-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 4: 5-amino-
1-(3-bromo-2-chlorophenyl)-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 5: 5-amino-1-[2,6-dibromo-4-(trifluoromethoxy)phenyl]-4-
[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 6: 5-amino-1-(2,6-dibromo-4-chlorophenyl)-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 7:
5-amino-1-(2,6-dibromo-4-nitrophenyl)-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 8: 5-amino-1-(2,6-dibromo-4-cyanophenyl)-4-
[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 9: 5-amino-1-(2,6-dibromo-4-fluorophenyl)-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile;
10: 5-amino-1-[2-chloro-3-(trifluoromethyl)phenyl]-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 11: 5-amino-1-(2,5-dichlorophenyl)-4-
[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 12: 5-amino-1-[2-bromo-4-(trifluoromethyl)phenyl]-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-
carbonitrile; 13: 5-amino-1-[2-bromo-5-(trifluoromethoxy)phenyl]-4-[(trifluoromethyl)sulfinyl]- 1 H-pyrazole-3-carbonitrile; 14: 5-amino-1-(2,4,6-
tribromophenyl)-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 15: 5-amino-1-[2,6-dichloro-4-(trifluoromethoxy)phenyl]-4-
[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 16: 5-amino-1-(2,4,6-trichlorophenyl)-4-[(trifluoromethyl)sulfinyl]- 1 H-pyrazole-3-carbonitrile; 17: 5-
amino-1-(4-bromo-2,6-dichlorophenyl)-4-[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 18: 5-amino-1-(2,6-dichloro-4-nitrophenyl)-4-
[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile; 19: 5-amino-1-(2,6-dichloro-4-cyanophenyl)-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile;
20: 1-(4-acetyl-2,6-dichlorophenyl)-5-amino-4-[(trifluoromethyl)sulfinyl]-1 H-pyrazole-3-carbonitrile; 21: 5-amino-1-(2,6-dichlorophenyl)-4-
[(trifluoromethyl)sulfinyl]-1H-pyrazole-3-carbonitrile

2 BiriLE 1~21 iR
Fig. 2 Structures of target compounds 1-21
"C NMR (151 MHz, Chloroform-d) & 151.46 (d, J=
2.0 Hz, Ph—C), 150.23, 132.05, 125.75 (q, J=336.2
Hz, —CF3), 125.6, 125.57, 125.38 (Ph—C, 20),

125.34, 120.25 (q, J=261.8 Hz, —CF;), 110.45, 94.05;
C,,H,Br,F¢N,0,S [M+H]" ESI-MS m/z FE 1A :
540.83, M EAH: 540.85.
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EY 6 N S—FIH—1-(2,6— 4T3
B ) —4— B FE L R R L e 3R, R B L LE A,
722 78%. '"H NMR (600 MHz, Chloroform-d) § 7.77
(s, 2H, Ph—H), 5.14 (s, 2H, —NH,); "C NMR (151
MHz, DMSO-dj) & 150.81, 137.59, 132.82, 132.60 (d, J=
3.0 Hz), 125.37 (q, J=336.5 Hz, —CF;), 124.97, 124.82,
124.09, 111.46, 93.24, 79.13; C;,H,Br,CIF;N,OS
[M+H]" ESI-MS m/z it {H:490.81, Il & {4 :
490.85.

a1 hS-FH-1-(2,6—- ~H-4-FF
S e W B L Y L S B i R T KN
P23 78%. 'H NMR (600 MHz, DMSO-d;) & 8.75 (d,
J=5.7 Hz, 2H, Ph—H), 7.53 (s, 2H, —NH,); “C NMR
(151 MHz, Chloroform-d) & 150.71, 149.88, 137.56 ,
137.34, 135.77, 126.52, 125.97 (q, J=336.8 Hz,
—CF;), 125.78, 125.38, 111.23, 93.07;
C,H,Br,F;Ns0;S [M+H]" ESI-MS m/z FEi{ 14 :
501.83, M EAH: 501.86.

&Y 8 N S—FFE-1-(2,6— ~H—-4—K
i) —4— = 5 P 2 S O S P e —3— i, 9k B £ [ 44,
7% 65%. 'H NMR (600 MHz, DMSO-d;) & 8.58 (d,
J=4.4 Hz, 2H, Ph—H), 7.49 (s, 2H, —NH,); "C NMR
(151 MHz, DMSO-d,) 8 150.58, 137.71, 136.55 ,
136.53, 125.35 (q, J=336.9 Hz, —CF3), 125.27,
125.11, 124.4, 116.65, 115.48, 111.31, 93.44;
C,,H,Br,F;N;OS [M+H]" ESI-MS m/z # i {H
481.85, & {H: 481.87,

&9 N S—RAFE-1-(2,6— ~IR-4—F
) —4— == G0 PP 5 Il T R bk 3, A e A, 7
# 62%. 'HNMR (600 MHz, Chloroform-d) § 7.53 (d, J=
7.2 Hz, 2H, Ph—H), 5.14 (s, 2H, —NH,); °C NMR
(151 MHz, Chloroform-d) 6 161.04 (d, J/=125.7 Hz,
Ph—C), 137.03, 136.79, 132.42, 127.35, 125.44 (q, J=
335.8 Hz, —CF3), 125.31, 125.23, 125.06, 110.32,
92.83; C,,;H,Br,F,N,0S [M+H]" ESI-MS m/z # it
{E: 474.84, M E(H: 474.86.

&M 10 N 5—FH-1-Q-F-3- = %
) —4— =55 R B L e 3R, R B L[ A,
% 61%. 'H NMR (600 MHz, Chloroform-d) & 7.99
(d, J=7.8 Hz, 1H, Ph—H), 7.72 (dd, J=26.2, 7.2 Hz,
1H, Ph—H), 7.65 (t, J=7.9 Hz, 1H, Ph—H), 5.18 (s, 2H,
—NH,); "C NMR (151 MHz, DMSO-dy) & 151.80,
135.57, 135.30, 135.22, 131.05 (d, J=28.0 Hz),
130.80, 129.78, 125.82 (q, J=336.6 Hz, —CF3),
124.34, 122.88 (q, J=273.4 Hz, —CFj;), 112.05, 93.93;
C,,HsCIF(N,OS [M+H]" ESI-MS m/z B i1 :

402.98, Wl EE: 403.00.

WEW 11 R 52 H-1-2,5-ZF R E)4-=
SR HR 2 P e e -3 i, B A AR, 7R AR 68%
"H NMR (600 MHz, Chloroform-d) § 7.58 (d, J=8.7
Hz, 1H, Ph—H), 7.56 (d, J=2.3 Hz, 1H, Ph—H), 7.54
(d, J=6.7 Hz, 1H, Ph—H), 5.20 (s, 2H, —NH,); "°C
NMR (151 MHz, Chloroform-d) é 150.25 (d, J=3.2
Hz), 134.50 (d, J=2.6 Hz), 133.36 (d, J=9.2 Hz),
132.98 (d, J=6.6 Hz), 132.17 (d, J=2.9 Hz), 130.75,
130.08 (d, J=2.9 Hz), 125.67 (qd, J=336.0, 2.3 Hz,
—CF3), 125.30 (d, J=6.4 Hz), 110.51 (d, J=8.3 Hz),
93.68 (d, J=20.1 Hz); C,;HsCl,F;N,0OS [M+H]" ESI-
MS m/z B {H: 368.95, M E1{H: 368.97.

&% 12 7 5—E - 1-Q-1R—-4— = P R
) —4— = G0 Y R IV gt R bt 3, B £ A,
% 68%. 'HNMR (600 MHz, Chloroform-d) & 8.09
(d, J=1.9 Hz, 1H, Ph—H), 7.83 (dd, J=8.3, 1.9 Hz,
1H, Ph—H), 7.65 (d, J=8.1 Hz, 1H, Ph—H), 5.17 (s,
2H,—NH,); °C NMR (151 MHz, Chloroform-d) &
150.11, 137.43, 135.24 (q, J=34.0 Hz, Ph—C), 131.86
(q, J=3.8 Hz, Ph—C), 130.75, 126.49 (q, J=3.5 Hz,
Ph—C), 125.74 (q, J=336.1 Hz, —CF;), 125.49,
122.81, 122.45 (q, J=273.7 Hz, —CF3), 110.45 ,
94.18; C,,HsBrF¢N,0S [M+H]" ESI-MS m/z B 1H -
446.93, M E1H: 446.95.

& 13 8 5—E H-1-Q-R-5-=F F H I
R ) —4— = G R A e e P3RS, B L A
7% 71%. "H NMR (600 MHz, Chloroform-d) & 7.84
(dd, J=14.1, 8.9 Hz, 1H, Ph—H), 7.39 (d, J=9.0 Hz,
2H, Ph—H), 5.19 (s, 2H, —NH,); '*C NMR (151
MHz, Chloroform-d) ¢ 149.89, 149.06, 135.50,
135.07, 125.74 (q, J=336.1 Hz, —CF3), 125.23,
125.12, 122.68, 122.45 (q, J=273.7 Hz, —CF3),
119.69, 110.33, 93.71; C,,HsBrF¢N,0,S [M+H]" ESI-
MS m/z B {H : 462.92, NI E{H: 462.94.

EY 14 8 5—RH-1-(2,4,6— = IR FIH)—-
A— = G F 35 ST i T ke -3, R L A4, 7R
% 65%. '"HNMR (600 MHz, Chloroform-d) § 7.92
(s, 2H, Ph—H), 5.12 (s, 2H, —NH,); "C NMR (151
MHz, Chloroform-d) 6 150.04, 136.03, 135.99,
132.46, 127.30, 125.69 (q, J=335.8 Hz, —CFj),
125.51, 125.25, 125.08, 110.52, 93.81;
C,H,Br;F;N,OS [M+H]" ESI-MS m/z ¥ 1{H -
534.76, Ml &EAH: 534.78.

&M 15 8 5—AH-1-2,5- & —-4-=%F
AL TR FE ) —4— = G0 FP I I A I L v -3, At
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44, 772 73%. 'H NMR (600 MHz, Chloroform-d)
3 7.44 (s, 2H, Ph—H), 5.16 (s, 2H, —NH,); "C NMR
(151 MHz, Chloroform-d) 6 151.26 (d, J/=2.2 Hz),
150.65, 136.91, 136.81, 12891, 125.83, 125.67 (q, /<3359 Hz,
—CF;), 121.67 (Ph—C, 2C), 120.17 (q, J=261.7 Hz,
—CF3), 110.42, 93.61 (d, J=2.5 Hz);
C,,H,C1,F(N,0,S [M+H]" ESI-MS m/z ¥ i$14:
452.93, Wl E{H: 452.95.

thEW 16 8 5-—FE-1-(2,4,6- =5 K
) —4— = G P I R I 3, A R A, 7
% 71%. 'H NMR (600 MHz, Chloroform-d) § 7.58
(s, 2H, Ph—H), 5.13 (s, 2H, —NH,); *C NMR (151
MHz, Chloroform-d) & 150.61 (d, J=2.9 Hz), 139.15
(d, J=2.3 Hz), 136.28, 136.17, 129.72, 129.71, 129.15,
125.79 (d, J=4.9 Hz), 125.71 (q, J=336.3 Hz, —CF};),
110.45 , 93.76; C,,;H,C1;F;N,OS [M+H]" ESI-MS
m/z BB AR : 402.91, & A{H: 402.93,

&M 17 N 5—AF—-1-(4—IR-2,6— &K
) —4— =55 PR I B T R L e 3R, R B LA A,
P2 # 76%. '"H NMR (600 MHz, Chloroform-d) & 7.73
(s, 2H, Ph—H), 5.15 (s, 2H, —NH,); *C NMR (151
MHz, Chloroform-d) ¢ 150.34, 136.15, 136.05,
132.37,132.22, 129.34, 126.54, 125.60, 125.51 (q, J=336.1 Hz,
—CF3), 110.31, 93.45; C,,H,BrC1,F;N,0S [M+H]'
ESI-MS m/z HLi1H: 446.86, M & 1H: 446.88.

EM 18 N 5—E Ha—1-(2,6— A —4-THE%
B —4— = 55 R L B L e 3R, R B L LE A,
P Z 65%. 'H NMR (600 MHz, Chloroform-d) & 8.42
(s, 2H, Ph—H), 5.22 (s, 2H, —NH,); "C NMR (151
MHz, Chloroform-d) 6 150.46, 149.57, 137.27,
137.20, 135.66, 126.41, 125.65 (q, J=335.8 Hz,
—CF;), 124.58, 124.47, 110.20, 94.09;
C,,H,C1,F;N50;S [M+H]" ESI-MS m/z ¥ it {4
413.94, Wl E1H: 413.95,

tEW 19 N 5-EH—-1-(2,6— ~H—-4-FHE
B —4— =5 L A SR e -3, VR B L LE AR,
2% 60%. "H NMR (600 MHz, Chloroform-d) 5 7.86
(s, 2H, Ph—H), 5.18 (s, 2H, —NH,); *C NMR (151
MHz, DMSO-dy) 8 151.12, 135.72, 135.57, 134.83,
133.31, 133.26, 125.41 (q, J=336.6 Hz, —CF3),
124.94, 116.21, 115.78, 111.26, 93.36;
C,,H,C1,F;Ns0OS [M+H]" ESI-MS m/z ¥ i1
393.95, M EAH: 393.97,

&Y 20 N 1-(4- LBk 3E-2,6—- &R IE) —
5—Z FE—4— = T I P R P L 3, VR € [
%, 723 59%., '"H NMR (600 MHz, DMSO-d;) &

8.20 (s, 2H, Ph—H), 7.16 (s, 2H, —NH,), 2.69 (s, 3H,
—CHjy); *C NMR (151 MHz, DMSO-d) 8 195.62,
153.54, 140.17, 134.98 (2C) , 134.88, 131.44, 128.68
(q, J=312.3 Hz, —CF;), 128.49 (2C), 112.09, 79.59,
26.98; C,3H,C1,F;N,0,S [M+H]" ESI-MS m/z ¥ i{
{E:410.96, M EAH: 410.98.

WEW 21 N 5—RAHE-1-(2,6- —FHHH)—4—=
S P 3 ST R T S -3, vk R AR, R R
91%. 'H NMR (600 MHz, Chloroform-d) & 7.58-7.51
(m, 3H, Ph—H), 5.11 (s, 2H, —NH,); *C NMR (151
MHz, Chloroform-d) 6 150.35, 135.45, 135.31,
133.15, 130.18, 129.44, 129.43, 125.53 (q, J=336.0
Hz, —CF;), 125.31, 110.46, 93.32; C;;HsC1,F;N,0S
[M+H]" ESI-MS m/z i {f:368.95, Ml & 14
368.99.

22 BiUEIRRHEN

DL 3 e /N i B, XA 1~21 0%
PEREAT WP 0 i, (b &Y R IR E N 25,100
mg-L', Ab3 24 h JGHITHEE R IWAE 1. K 1 AL
F L AA Y 3 76 25,100 mg- L' ALFE T 5Nk
BT LAY 44 627294104 114 13,20 F1 21 7E
25 mg L™ A B O /N R E TS PE, 7E 100 mg L 4k
R 6N R T, HRCRAE LAY 2415,
17 7E 25 mg-L™" R0 /NS ik 35 2 Bt ok 553 1100 12k
{HTE 100 mg-L™" AbFE R 5% /N2 ik = It 5 4 1 vty
PE; ALEW 1. 54 124 16 LEARAR B AN i MR B X /)N S i
By I BT S 1, ET- R AIE E] 100%.

AP 125212116 Xf /NI ALFE 24 h, LCs,
ERE2. HER2TUEHBRLEGY | 01ENHE R
&, LCso N 0.26 mg-L™', 95% B A5 X[y 0.20~
0.34 mg-L", 0 T 0 B i s 4b &4 12 %5 /32 ik
) LCsy N 0.33 mg-L™", 95% BEEXI N 0.21~
0.49 mg-L', S5 HEH 4; L& 5. 16 XF /i
) LCso 234 0.95 F1 1.10 mg-L ™", 3 95% BEIEIX
6] 7351 9 0.78~1.17 F1 0.82~1.47 mg-L™", % du Jis
TS5 o WP RO REW, RN AE HUAR
oA FE N—COCH;. —F. —Br. —CN.
—NO, B, A0 AR /NS b 5 A T i P B3 PR A
# MR AR AL AFAE—C1 Bi—Br. XAz N—Cl.
—CF; Bi—OCF; I}, f &0t /N el R I R AT 1)
TR, g A 1. 5. 124 16, 6 H R 2 IR IR LA
E—CF; MR RE 2 fifFE—Br 8l—Cl i}, fb&
Ykt /NS 0 T U
2.3 BirkEPx i S

M3 3 WA, 0 AR g Tt LR AR
&) 1.5, 12, 16 Fa R IEALFE 48 h 1) LCso 43701
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Table 1 Corrected mortality rates of Plutella xylostella after 24 h treatment of compounds %,
&Y R¥ pl(mg-L™)
Compound R group 25 100

1 2—Cl, 4—CF; 100.00+0.00a 100.00+0.00a
2 2—Cl, 4—C1 77.33+£4.04b 100.00+0.00a
3 2—Cl, 3—Cl1 0.00+0.00f 0.00+0.00h
4 3—Br, 2—Cl 0.00+0.00f 61.00+5.20b
5 2—Br, 6—Br, 4—0CF; 100.00+0.00a 100.00+0.00a
6 2—Br, 6—Br, 4—NO, 0.00+0.00f 31.00+4.58cde
7 2—Br, 6—Br, 4—C1 0.00+0.00f 31.33£7.51cde
8 2—Br, 6—Br, 4—CN 9.33+0.58¢ 47.00+9.85bc
9 2—Br, 6—Br, 4—F 0.00+0.00f 48.33+2.89bc
10 2—Cl, 3—CF; 0.00+0.00f 8.67+8.51fgh
11 2—Cl, 5—Cl 0.00+0.00f 5.67+4.93gh
12 2—Br, 4—CF, 100.00+0.00f 100.00+0.00a
13 2—Br, 5—O0CF; 0.00+0.00f 25.67+5.13def
14 2—Br, 4—Br, 6—Br 6.00+5.20ef 20.00+4.36efg
15 2—Cl, 5—Cl, 4—O0CF; 42.00+5.20d 88.00+10.39a
16 2—Cl,4—Cl, 6—Cl 100.00+0.00a 100.00+0.00a
17 4—Br, 2—Cl, 6—Cl 67.00£5.20¢ 94.00+5.20a
18 2—Cl, 6—Cl, 4—NO, 13.33+£5.77¢ 43.33+5.77bed
19 2—Cl, 6—Cl, 4—CN 9.33+0.58¢ 42.00+5.20cd
20 4—COCH3, 2—Cl, 6—Cl 0.00+0.00f 12.00£5.20fgh
21 2—Cl, 6—Cl 0.00+0.00f 20.67+13.87¢efg

LI Fipronil 100.00:0.00a 100.00::0.00a

D P 538 A T AR R £, BIA 5B R BB TR T £ 7 2 5(P<0.05, HSD#)
1)The values in the table are means + standard deviations, different lowercase letters in the same column indicate significant
difference (P<0.05, HSD test)

=2 WEAYAIE 24 h 3SR A IE M

Table 2 Biological activities of compounds against Plutella xylostella after 24 h treatment

e EVAIC VRV LCsy/(mgL ) 95%E {5 X [Fl/(mg-L™") IR H(r)
Compound Regression equation 95% confidence interval Correlation coefficient
1 Y=6.217 4+2.094 9X 0.26 0.20~0.34 0.9800
5 ¥=5.061 6+2.967 8X 0.95 0.78~1.17 0.9855
12 Y=5.833 0+1.710 9X 0.33 0.21~0.49 0.982 6
16 Y=4.928 0+1.815 5X 1.10 0.82~1.47 0.986 9
S JUi Fipronil Y=5.4612+1.023 5X 0.36 0.25~0.48 0.973 0

DX 25 F RS, YRR e LR
1) X indicates the logarithm of the drug concentration and Y indicates the probability of death
®3 LEYILIE 48 h W FEENEMEOSN

Table 3 Acute oral toxicities test of compounds to Apis cerana after 48 h treatment

&Y B JJE TR LCy/(mg L) 95% & {7 X [A]/(mg-L™) L0
Compound Regression equation 95% confidence interval Correlation coefficient
1 Y=7.782 5+2.053 2X 0.04 0.05~0.05 0.9374
5 Y=7.330 8+3.583 1X 0.21 0.19~0.24 0.970 8
12 Y=7.926 0+4.419 7X 0.22 0.20~0.24 09513
16 Y=6.528 0+1.481 1X 0.09 0.08~0.11 0.937 1
F HUR Fipronil Y=9.252 2+3.352 6 X 0.05 0.05~0.06 0.994 0

D)X T 25 3 R T, VAR Se T LR
1) X indicates the logarithm of the drug concentration and Y indicates the probability of death
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4 0.04,0.21.0.22,0.09 1 0.05 mg-L™'. tL&H) 54
12, 16 f Fp A2l () 25 M LU S RS 55, 1L &9 1 X
He b () BEPE RO R A B A e R R VR AR
HE, TS A b A Y 1. 50 12, 16 g U
KNI R R o

3 g

N T AR R HUTE T RO PR A B ) 2R
FEME MR AN A, FE TR SR, DUA R
B R e N R, ARG T 21 ANAFEIZRER
IR R ) A SR I SAL B 4, IR 4 AT HUAR B X 4K
B b 5 = G R I S SR PR R AT AR KR
Wi, 2RI 4 LA AEAE BUAR IR I B B P Ze de e o A
MM BR | 5] N = 60 FF 356 S0 FRs T 3 1 it 2 i 1 1, &
113 ] 7 77 CF,SOCI, i%J5 5 /N, AR fRi {3
RILEIF=)/0, Rz RIMGE) & R B ik .

MAED PRI 2 45 R, AR IR AR ER ) 2R
BENE A S D RTE PR AR K . 1% REIE I
BHMEERZHLAD 1.5 12, 16(4LFE 24 h [
LCso 20514 0.26.0.95. 0.33 A1 1.10 mg-L ") XF /N3
ik 15 A AR 4 O R SRR, o EL R U B S5 0, 2R 3R
QAL A A7 AR B AT T B e, P& 1.
12 555 /NSl 1 B s L 6 T I i, A B 1 TS
Bl HMbFE 24 h ) LCs 153 T 0.26 mg L', I &
I, P B 1. 5012, 16 S R At t8 R BN 5, H
LAY 1 ALFE 48 h X R 4RI 2 T EE I LCsy A
0.04 mg L™ JHUNGE AR PR EUARIL 1) 3 4 — J T mT LA
PE TN A TS, 5 — 5 TR R B3 % R
PR LR b AT B X Hh SR B B 1, X4 S 7 2R
MR AR St B — iR S E L.
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