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Synthesis and insecticidal activities of diamides

containing monofluoromethoxy group

ZHANG Donglin, YANG Sen, YANG Ren, PEI Dan, ZHANG Fan,
LIU Jie, LIJianye, TAN Chengxia’
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310004, China)

Abstract: Fifteen novel diamides containing monofluoro methoxy group compounds were synthesized
using 2,3-dichloropyridine as the starting material by hydrazinolysis, cyclization, oxidation,
substitution, hydrolysis, cyclization and amine hydrolysis. The structures of the title compounds were
characterized by '"H NMR and HRMS. Preliminary bioassay results indicated that all the target
compounds showed insecticidal activities. At the concentration of 100 mg/L, all compounds exhibited
100% insecticidal activities against Oriental armyworm. When the concentration was reduced to 4 mg/L,

compounds 8a, 8d, 8¢, 8k and 8n still exhibited 100% insecticidal activities against O. armyworm.

Keywords: new agrochemical; monofluoromethoxy; diamide insecticide; pyrazole; insecticidal activity
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Scheme 1 The structural formula of diamide pesticides
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Scheme 2 The synthetic route of compounds 8a-8o

1 SEESY

1.1 &5

Bruker AVANC 11l 500MHz #% 3L %1% (LA
CDCI; M1 DMSO-dg N 7], TMS AWNHR): X-4
BB B IE RE A GRE T ARELIE), LS
ER AU H R AT ; LCQ-Advantage Jii i X
(ESI-MS);: LOOYE ZX98-1 jieft 75 %1%, b b
H A RACRBENE R A A

FEEHT AR N H A (200~300 H, gt
0.045~0.075 mm), T AT s B HEGRHAD

BRI A a. (hEY 2. 3. 4. 5H 6 =1
SCHR[13-1515 ¥ A L. MR 2577 99% Bl 4 5 3=
(abamectin) %4, WiiLifg IE4L T ERA A .
1.2 EYIHNERK

121 &4 7 6k LA Ta &R0 75 SOmL
BRI A o 2-(3- G e -2- 3% )-5- 5 95 H 41
FENHEME-3-F R (6)1.28 g (5 mmol) % 8.5 mmol =7,
feanttne, F 20 mL ZI5H M, TEOKIE T 180
hi4 0.74 g (6.5 mmol) CH;SO,C1 ) Z 5V (V
(CH;80,C)) : V(ZJE)=1:5), M 10min. 7£ 100 mL
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= B NN 0.93 g 2-2 JE-3- I RS- A A
12 % 17 mmol = Z fZantiE, FH 20 mL Z 5%
fiff, TEUKI FLEEWH NG 0.74 g (6.5 mmol)
CH;SO,Cl [ ZIE T (V (CH380,Cl) : V (Zi) =
1:5), KM 10 min. ¥ =R A FIRA R
BN B, FIRIS RS e TS B ] 4
Ta, NG, HEHT N B RN,

1.22 HAithe4 8 Ak Ll 8a & vl
FREL 0.2 g (0.5 mmol) L &%) 7a, H 5 mL PUERK
WV MR, WA 1 mL RN 40% 1) R
W, FWRTNHAE 10 min, BLV CAEE) - V(LR
LHE) =11 MIREWERCE R AT ZE N 5,
BEIAEHK 8a. FEAMER BB LED. H
GV ES B

&1 BirtkEY) 8a~80 MRS RUE
Table 1 Melting points and yields of the title compounds 8a-8o

&M R R R S K L e

Compd. Appearance m.p./'C Yield/%
8a Me Cl Me F kR White powder 223~224 91
8b Me Cl Et H B4 K White powder 207~208 89
8c Me Cl n-Pro (1) K White powder 194~195 86
8d Me Cl i-Pro F kK White powder 211~212 93
8e Me l n-Bu F a8} K White powder 213~214 89
8f Me H Me (1 ) K White powder 202~203 94
8g Me H Et FI K K White powder 195~196 91
8h Me H n-Pro H B4 K White powder 197~198 92
8i Me H i-Pro (1 ) K White powder 194~195 91
8j Me H i-Bu FI K K White powder 203~204 87
8k Me I Me H 543 K White powder 204~205 92
81 Me I Et 1 ) K White powder 222~223 93
8m Me I n-Pro FI 8 K White powder 227~228 87
8n Me I n-Bu H 543 K White powder 233~234 89
8o Me I i-Bu Fi a8 K White powder 226~227 86

1.3 FRHEFEMHNE

ZHR (EZ AR 0] A AR HERE )
HEATUO YRR B — i Jo R 1 (R A A R e 4
B RIRZ FEHIE 0.000 1 g), 23S 1% MR-
80 [¥] DMF Vi, ol s & 508 1% &%
RER, SR )5 P28 TK R R B R SR IR EE, % H

*i 8 Oriental armyworm M E 15 4F Aphis
craccivora Koch 5] B [E 5 Fd 5 4R 25 61 il vp o i
HO TR FR IR AL
13.1 bRty R B EN R SRARMET, K58
B ORI TE RS A R 29V R S B ARBE . T
NBAT PR RE IR, B2 KGR 3 8 b 3 %)
10 &/, BT 24~27 C MEEHNEIE, 3d
SRR SR, LB M Ak, RN AL AR
deo MR BB E 2> 5 100, 20 F14 mg/L. LA
4 mg/L (PB4 B8 2 25N 2RI BRG DA S A V7
ITC 7K 7S E X R (CK).
132 MNEREHOREEENE RABZET,
O3 WK AT B E I 2 S T Potter S ES T

BT FALTE, BT 20~22 C MR NETE, 48h
JEREL R, ULBEME) Rk, TE RS
g MR EIREE 3 1002 20 F14mg/L. LA 4mg/L
) B 4 1 R 2GRN 2RI R LS B VA A B
KA X (CK).

2 HR5WE

2.1 HEMHEREKEIEHE
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HE AN EY, BB 1 FKE D
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(96.1%); {EL LG T HE, RIABEIKFIR
I SE A R R, PR
CLEbRLAY) 8a IAZ 4R 00 A 5 L 45
FIEAT AT SR IR A 2 () e e B TE Ik A AL
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U SRy 5 2 A e % b sk & ke 3F -
ANZHEIE, (F07.37~8.46 26, I AL
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57.22~7.26 2 Ia]; MEMEIARR F S LI A 2 NH AHE /) 3 A 3% 3k A AR T R ILAE 6
AE 6 6.70 4b; CFH, H ) 2 NMEH T 522 F 5% 2.95 by ZRIA L H TR TR A DA S0 BIAE 6
m L T 24y, J=55 Hz, HIAE 65914 5 2.20 4k,

#*2 BREY 8a~80 MM ILIRSIE RS2 YIBIERIE
Table 2 The "H NMR and HRMS of the title compounds 8a-80

1T P
ey HRMS[M+H]", m/z
C - # 'HNMR (500 MHz, CDCls), &
ompd. HipE SEAE
Calcd. Found

8a  9.95(s, 1H, Ph-NH), 8.46 (d, J = 4.5 Hz, 1H, Py-6-H), 7.84 (dd, J = 8.0, 1.0 Hz, 1H, Py-4-H), 7.37-7.35 (m, 1H, Py-5- 452.0687  452.069 2
H), 7.26 (d, J = 2.0 Hz, 1H, Ph-4-H), 7.22 (d, J = 2.1 Hz, 1H, Ph-6-H), 6.70 (s, 1H, Pyrazole-CH), 6.18 (d, J=3.2 Hz,
1H, NH), 5.91 (d, J= 55 Hz, 2H, CH,F), 2.95 (d, J= 4.4 Hz, 3H, CH,), 2.20 (s, 3H, Ph-CH,).

8b  9.96 (s, 1H, Ph-NH), 8.46 (d, J = 3.8 Hz, 1H, Py-6-H), 7.83 (d, J = 10.1 Hz, 1H, Py-4-H), 7.37-7.35 (m, 1H, Py-5-H), 466.0843  466.085 1
7.24 (d, J = 2.3 Hz, 2H, Ph-4,6-H), 6.67 (s, 1H, Pyrazole-CH), 6.11 (s, 1H, NH), 5.91 (d, J= 55 Hz, 2H, CH,F), 3.45-
3.42 (m, 2H, CHy), 2.21 (s, 3H, Ph-CHy), 1.23 (d, J = 7.2 Hz, 3H, CH,).

8¢ 9.97(s, IH, Ph-NH), 8.46 (dd, J=4.7, 1.5 Hz, 1H,Py-6-H), 7.84 (dd, 1H, J = 10.0 Hz, Py-4-H), 7.37-7.34 (m, 1H, Py- 480.1000  480.100 0
5-H), 7.27 (d, 1H, J=2.5 Hz, Ph-4-H, ), 7.23 (d,J=2.2 Hz, 1H, Ph-,6-H), 6.67 (s, IH, Pyrazole-CH), 6.15 (t, /=
5.6 Hz, 1H, NH),5.91(d,J=55Hz, 2H, CH,F),3.37-3.33 (m, 2H, CH,), 0.98 (t,J=7.4 Hz, 3H, CH,), 0.91-0.86
(m, 2H, CH,).

8d  10.08 (s, 1H, Ph-NH), 8.45 (dd, J=4.7, 1.5 Hz, 1H,Py-6-H), 7.83 (dd, J = 8.0, 1.5 Hz, 1H, Py-4-H), 7.36-7.34 (m, 480.1000  480.101 3
1H,Py-5-H), 7.20 (d, /= 2.2 Hz, IH, Ph-4-H),7.16 (d,J=2.3 Hz, 1H, Ph-6-H), 6.80 (s, |H, Pyrazole-CH), 6.00 (d,
J=17.8Hz, 1H, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 4.21-4.11 (m, 1H,CH), 2.17 (s, 3H, Ph-CH), 1.20 (d, J = 6.6
Hz, 6H,(CH,),.)

8e  10.04 (s, 1H), 8.45 (dd, J=4.7, 1.6 Hz, 1H), 7.83 (dd, J= 7.9 Hz, 1.6 Hz, 1H), 7.36-7.34 (m, 1H, Py-5-H), 7.21 (d, J= 494.1156  494.116 4
2.3 Hz, 1H, Ph-4-H),7.18 (d,J=2.5 Hz, 1H, Ph-6-H), 6.77 (s, IH, Pyrazole-CH), 6.18 (t,J= 5.6 Hz, 1H), 5.90 (d,
J =50 Hz, 2H, CH,F), 3.39-3.35 (m, 2H, CH,), 2.18 (s, 3H, Ph-CHj), 1.58-1.50 (m, 2H, CH,), 1.40-1.33 (m, 2H,
CH,), 0.94 (t, J=7.4Hz, 3H, CH;).

8f  10.13 (s, IH, Ph-NH), 8.45 (dd, J=4.6 Hz, 1H, Py-6-H), 7.84 (dd, J=8.1Hz, 1H, Py-4-H), 7.36-7.34 (m, 1H,Py-5- 418.1077  418.1076
H), 7.27 (d, J = 2.5 Hz, 1H, Ph-4-H), 7.22 (d, /= 7.3 Hz, 1H, Ph-,6-H), 7.13 (t, J= 7.6 Hz, 1H, Ph-,5-H), 6.67 (s,
1H, Pyrazole-CH), 6.23 (q, 1H, NH), 5.91 (d, J = 55 Hz, 2H, CH,F), 2.93 (d, J = 4.5 Hz, 3H,NHCHj), 2.22 (s, 3H,
PhCH;)

8g  10.17(s, IH, Ph-NH), 8.45 (dd, J=4.7 Hz, 1H, Py-6-H), 7.82 (dd, J=8.0 Hz, 1H, Py-4-H), 7.36-7.34 (m, 1H, Py-5- 432.1233  432.123 6
H), 7.22 (d,J = 10.2 Hz, 2H, Ph-4,5-H), 7.12 (t, J = 7.6 Hz, 1H, Ph-,5-H), 6.70 (s, 1H, Pyrazole-CH), 6.21 (t, 1H, J =
10.0 Hz, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 3.43-3.37 (m, 2H, CH,),2.20 (s, 3H, Ph-CHy), 1.18 (t, /= 7.3 Hz, 3H,
CH,).

8h  10.18 (s, IH, Ph-NH), 8.45 (dd, J=4.7 Hz, 1H, Py-6-H), 7.83 (dd, J=8.0 Hz, 1H, Py-4-H), 7.36-7.34 (m, 1H, Py- 446.1390  446.1389
5-H), 7.23 (d, J=9.0 Hz, 2H, Ph-4,6-H), 7.13 (t,J= 7.6 Hz, 1H, Ph-,5-H), 6.69 (s, lH, Pyrazole-CH), 6.26 (t, 1H,
J=10.0 Hz, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 3.32 (q, /= 6.7 Hz, 2H, CH,), 2.21 (s, 3H, Ph-CH,), 1.60-1.53 (m,
2H, CH,), 0.94 (t,J=9.9 Hz, 3H,CH,).

8i  10.18 (s, 1H, Ph-NH), 8.46 (dd, J=4.7 Hz, 1H, Py-6-H), 7.82 (dd, J= 8.0 Hz, IH, Py-4-H), 7.36 -7.34 (m, lILPy- 446.1390  446.140 4
5-H), 7.25-7.22 (m, 2H, Ph-4,6-H), 7.12 (d, J= 7.6 Hz, 1H, Ph-,5-H), 6.72 (s, IH, Pyrazole-CH), 5.98 (d, J=7.7
Hz, 1H, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 4.24-4.14 (m, 1H, CH), 2.21 (s, 3H, Ph-CH,), 1.21 (d,J = 6.5 Hz,
6H, (CHy),).

8j  10.13 (s, 1H, Ph-NH), 8.47 (dd,J=4.6 Hz, 1H, Py-6-H), 7.83 (dd, /= 8.0 Hz, 1H, Py-4-H), 7.36-7.34 (m, 1H,Py-5- 460.1549  460.155 1
H), 7.31 (d, J= 7.6 Hz, 1H, Ph-4-H), 7.26 (d, J=1.5 Hz, H, Ph-6-H), 7.16 (t, J=7.7 Hz, IH, Ph-5-H), 6.62 (s,
1H, Pyrazole-CH), 6.16 (t, J= 6.0 Hz, 1H, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 3.23 (t, /= 6.4 Hz, 2H, CH,), 2.24
(s, 3H,” Ph-CH3), 1.90-1.83 (m, 1H, CH), 0.97 (d,J= 6.7 Hz, 6H,(CH,),).

8k 10.01 (s, IH, Ph-NH), 8.46 (dd, J=4.7 Hz, IH, Py-6-H), 7.84 (dd, J= 8.0 Hz, IH, Py-4-H), 7.61 (d,J= 1.4 Hz, 544.0043  544.004 9
1H, Py-5-H),7.53(d,J=1.9 Hz, |H, Ph-4-H), 7.36-7.34 (m, 1H,Ph-6-H), 6.72 (s, IH, Pyrazole-CH), 6.19 (q, J =
4.6 Hz, 1H, NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 2.94 (d, J = 4.9 Hz, 3H,CH), 2.16 (s, 3H,Ph-CHj).

81 10.06 (s, IH, Ph-NH), 8.46 (dd, J = 4.7 Hz, 1H, Py-6-H), 7.83 (dd, J = 8.1 Hz, 1H, Py-4-H), 7.60 (d, /= 1.5 Hz, 558.0200  558.021 1
1H, Py-5-H),7.52 (d,J= 1.6 Hz, 1H, Ph-4-H), 7.36-7.34 (m, 1H, Ph-6-H), 6.74 (s, 1H, Pyrazole-CH), 6.15 (t, J =
5.2 Hz, 1H, NH), 5.90 (d,J =50 Hz, 2H, CH,F), 3.44-3.39 (m, 2H), 2.16 (s, 3H, Ph-CHy), 1.20 (t, J = 4.9 Hz, 3H).

8m  10.05 (s, IH,Ph-NH), 8.46 (dd, J = 4.7 Hz, 1H,Py-6-H), 7.83 (dd, J = 8.0 Hz, 1H, Py-4-H), 7.61 (d, J= 1.4 Hz, IH,Py- 572.0356  572.0365
5-H), 7.53 (d, J = 1.7 Hz, 1H,Ph-4-H), 7.36-7.34 (m, 1H,Ph-6-H), 6.72 (s, 1H,Pyrazole-CH), 6.16 (t, J = 5.6 Hz,
1H,NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 3.34 (t, J = 6.9 Hz, 2H,NH-CH,), 2.17 (s, 3H,Ph-CH,), 1.62-1.55 (m, J = 7.2
Hz, 2H,CH,), 0.96 (t, J = 10.0 Hz, 3H,CH;).

8n  10.04 (s, IH,Ph-NH), 8.46 (dd, J = 4.7 Hz, 1H,Py-6-H), 7.84 (dd, J = 8.0 Hz, 1H, Py-4-H), 7.63 (d, J= 1.4 Hz, IH,Py- 586.0513  586.0520
5-H), 7.54 (d, J = 1.6 Hz, |H,Ph-4-H), 7.36 (d, 1H,Ph-6-H), 6.68 (s, LH, Pyrazole-CH), 6.10 (t, J = 5.5 Hz, IH,NH),
5.90 (d, J = 50 Hz, 2H, CH,F), 3.38 (d, J = 6.0 Hz, 2H,NH-CHy,), 2.17 (s, 3H,Ph-CHy), 1.55-1.52 (m, 2H,CH,,), 1.39 (q,
J=17.7Hz, 2H,CH,), 0.95 (t, /= 9.8 Hz, 3H,-CHj).

80  10.06 (s, 1H,Ph-NH), 8.45 (dd, J= 4.7 Hz,1H, Py-6-H,), 7.83 (dd, J = 8.0, 1.5 Hz, 1H, Py-4-H), 7.60 (d, J= 1.4 Hz, 1H, 586.0513  586.052 1
Py-5-H), 7.51 (d, J = 1.7 Hz, 1H, Ph-4-H), 7.36-7.34 (m, 1H,Ph-6-H), 6.75 (s, 1H, Pyrazole-CH), 6.21 (t, J = 5.9 Hz,
1H,NH), 5.90 (d, J = 50 Hz, 2H, CH,F), 3.20 (t, J = 6.5 Hz, 2H, 2H,NH-CH,), 2.16 (s, 3H,Ph-CHy), 1.82 (dt, J = 13.5
Hz, 1H,CH), 0.94 (d, J = 6.7 Hz, 6H,(CH;),).
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2.2 REGEM

MR EE R (58 3) R HARL A Poxt kG
HORIE 8 238 — € R dOg e, Forh bRt dr
L. 75 100 mg/L R, ATA b A0k B )
IR 100%, H 53 A VIR E 78 I S
15 80% LA b, 2 MEEWNIE 100%. I &k

*3 BRUEYUERTAMHARREYT
Table 3 The activities of title compounds against

A. craccivora and O. armyworm

o Tk Mortality rate/%
Compd. Mass conc./(mg/L) Kk I
O. armyworm  A. craccivora
8a 100 100 0
20 90 0
4 100 0
8b 100 100 /
20 100 /
4 50 /
8c 100 100 /
20 100 /
4 10 /
8d 100 100 100
20 100 60
4 100 0
8e 100 100 /
20 100 /
4 10 /
8f 100 100 90
20 100 40
4 50 0
8g 100 100 90
20 100 70
4 100 0
8h 100 100 /
20 80 /
4 0 /
8i 100 100 /
20 100 /
4 0 /
8j 100 100 100
20 100 50
4 90 0
8k 100 100 0
20 100 0
4 100 0
81 100 100 /
20 90 /
4 50 /
8m 100 100 /
20 90 /
4 50 /
8n 100 100 90
20 100 50
4 100 0
80 100 100 0
20 100 0
4 80 0
i 4 3
Egéﬁl?ii 4 100 100
CK - 0 0

FEFE N 4 mg/L B, h&4) 8a. 8d. 8g. 8k
8n AL BB R AR 100%, BFTHE L&Y%
1 W P RIS

WP S SR R MR, HirLE
VIR B3 5 R IR EUAR R I R — e ok
R, MR S A R B REE RO TG R
T, BRI N: 1>Cl>H, BFE—DHR
I 1E -

3 Zig

DL 2,3- Gk mE Syt i SRRk, e Ak AR
N, Ak BURL KRS AR RN, A
BT 15 AN STRR A DR P 25 7 g0 P 4 00 XL fr
KA, VPR EN RS RER, rE
HFr b & Y7E 100 mg/L R 4EKG gt ) 8008 R 2 R
100%, BIfH7E 4 mg/L &, L&) 8a. 8d. 8g.
8k 1 8n X Hh I BAE AN 100%, H i —2t
FHIME
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