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Synthesis and bioactivity evaluation of novel urea derivatives
of arylpyrazoles

SHENG Qingqing, ZHAO Chen, YAN Ying, XU Hanhong
(Key Laboratory of Natural Pesticide and Chemical Biology, Ministry of Education/College of Agriculture, South China
Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To explore new active compounds targeting the central nervous system of insects via
structural modification of fipronil, and provide practical experience and theoretical guidance for development of
new insecticides. [Method] Using fipronil as the primary material, six new urea derivatives of arylpyrazoles
(2a-2f) were synthesized through two step reactions according to intermediate derivatization strategy. The
structures were identified by MS, '"H NMR and "C NMR. The bioactivities of the target compounds on third
instar larvae of Plutella xylostella were evaluated by the leaf immersion method. The toxic effects of these target
compounds on central olfactory neurons in P. xylostella were detected by patch clamp technique. [Result] The
preliminary bioassay showed that compound 2a had the most toxicity with 6.17 pg-mL™" LCs, after 12 hours.
Electrophysiological data showed that compounds 2b, 2d, 2e and 2f acted on the neurons in a different manner
compared to the parent compounds. The membrane potential of the neurons displayed a transient depolarization,
and gradually hyperpolarized accompanying with the inhibition of self-generation activities. [ Conclusion]

Introducing urea structure to bioactive molecules is a potential strategy to change the way pesticides act on the

central nervous system of insects, and provides a guidance for the development of new pesticides.
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Bruker—600 #% 3L 4R A (3 1 Bruker 2 7);
Bruker maXis 4G ESI-Q-TOF i #i#4% (4% & Bruker
Daltonics 24 #); 1702-MPS # J54y 2 — L F K
(f#[% Srrtorius Gmbh Gottingen A 7]); X—6 & B 1l
K5 i I E A (AL AR 22 7]); GF-254 w24 /=
JEHTR (5 B ) BXSTWI IE & [ & 8
H &M %B (Olympus, Lehigh Valley, PA);
Multiclamp700B K% (Molecular Devices, Foster
City, CA); Digital 1440A D-A #:#: 2% (Molecular
Devices, Foster City, CA).

AR I I FH R S s 770350 i A 43 A 4, b
(NEES T rpre o
12 #HiRH
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KFPRIRRL G A5 308 5 R SR = 97
st
1.3 7
1.3.1  BAfeahaybmb Smiie  Hirfbd
YR E R e W 1 Fras . BASR RIS N UKL, S E
2 WAl BAC I I N A H AR S .

B (4.37 g, 10 mmol) B A 100 mL ki
H, IIN 50 mL PN B 78 20 W R DK SR TR INNE
EHALHT (1.68 g, 30 mmol), ZA J5 25 I & R 2K
fi (1.88 g, 12 mmol), 0°C 26 N ML 1 h, =il N R
R o N SR RV D A v S E L AT
BT 24 JEANER KT R 00 VU SR (THF) H, A
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Fig. 1 Synthetic routes of target compounds
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FET-R = x 100%,

FEIEAET R = x 100%.

BRI HEALIEZ) . fr4fuFe e S min 58 N4
2511077 B SN RS N, FF [R5 1 S 40 B i
HLIG B 45 24 5 20 min. BT CsRAE iR T,
14 HUELIE

Hem ab R T7 V52 R [16], FF 7 AR H % 24
7 A T7 R BOAE IR BE (LCso)s AR R
(r) LK LCsq 1 95% B A5 XAl

2 FER505H

2.1 BfREINEE

HFr P )45 /22 'H NMR F1'°C NMR %5, If
2 MS Wil At &9 2a~2f, HEER AR ILE 2.

W& R R AR KR 4 R

&Y 2a, FAFEE (775 87%), 1 (Melting
point, mp): 156.6~158.7 C. "H NMR (600 MHz,
DMSO-dg) 6 10.32 (s, 1H), 8.35 (d, J=1.8 Hz, 1H),
8.31 (d, J=1.8 Hz, 1H), 6.63 (s, 1H), 3.70 (s, 3H). “C
NMR (150 MHz, DMSO-dg): 6 154.59, 142.31,
135.78, 135.39, 133.85, 133.63, 127.11, 125.64,
125.00, 123.53, 121.72, 119.90, 111.39, 31.56.
C,4H(C1,F(N5O,S [M-H] [#] ESI-MS H i1 : 492.2;
T E1E: 492.3,

AW 2b, FHEAFEAR (7% 81%), mp: 219.3~
220.6 ‘C. '"H NMR (600 MHz, DMSO-dg): § 9.59 (s,
1H), 8.46 (d, J=1.8 Hz, 1H), 8.41 (d, J/=1.8 Hz, 1H),
6.61 (t, J=5.8 Hz, 1H), 2.98~3.07 (m, 2H), 1.36~1.42
(m, 2H), 0.81 (t, J=7.4 Hz, 3H). *C NMR (150
MHz, DMSO-d): 6 152.44, 141.83, 136.08, 135.76,
134.64, 134.21, 127.46, 126.42, 125.24, 123.50,
121.68, 111.68, 106.04, 41.74, 22.83, 11.51.
C,¢H,(Cl,F(N5;0,S [M-H] K ESI-MS H i 1H:
520.0; M &=AH: 520.3.

W& 2¢, AEREE (772 82%), mp: 217.9~
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Fig.2 Structures of target compounds

219.5°C . '"H NMR (600 MHz, DMSO-dj): 6 9.44 (s,
1H), 8.46(d, J=1.9 Hz, 1H), 8.42 (d, J=1.9 Hz, 1H),
6.53 (d, J=7.5 Hz, 1H), 3.68~3.72 (m, 1H), 1.07 (d,
J=6.6 Hz, 3H), 1.04 (d, J=6.5 Hz, 3H). "C NMR
(150 MHz, DMSO-dg): 6 151.58, 141.65, 136.09,
135.85, 134.57, 134.28, 127.44, 126.53, 125.24,
123.47, 121.65, 111.69, 105.73, 42.55, 22.58(2C)-

C,¢H,(CI,F(NsO,S [M-H] 1] ESI-MS i1 :

520.0; M EAH: 520.3.

A 2d, FEAREE (73 92%), mp: 208.5~
210.8°C . 'H NMR (600 MHz, DMSO-dj): 6 9.26 (s,
1H), 8.47 (d, J=1.8 Hz, 1H), 8.45 (d, J=1.8 Hz, 1H),
6.52 (s, 1H), 1.23 (s, 9H). *C NMR (150 MHz,
DMSO-d): 0 151.21, 141.37, 135.99, 135.93,
134.55, 134.33, 127.52, 126.60, 125.25, 123.47,
121.65,111.72,105.34, 51.10, 28.71(3C).
C,7H,,C1,F¢N5O,S[M-H]™ [ ESI-MS H i {f : 534.2;
M EAE: 534.4.

A 2e, AL (7% 78%), mp: 201.9~
202.5°C. "H NMR (600 MHz, DMSO-dy): 6 8.86 (s,
1H), 7.63 (d, J = 1.8 Hz, 1H), 7.59 (d, J=1.8 Hz,
1H), 5.92 (t, J=5.8 Hz, 1H), 4.93~4.99 (m, 1H),
4.22~4.28 (m, 2H), 2.84~2.91 (m, 2H). “C NMR
(150 MHz, DMSO-dg): 0 152.02, 141.48, 135.75,
135.39, 134.86, 134.28, 133.89, 127.15, 126.04,
124.89, 123.17, 121.35, 115.53, 113.31, 106.03,

41.91. C,4HgCl,F¢N5O,S [M-
fH:518.0; M EAH: 518.3,

& 2f, AEFEAE (772 75%), mp: 212.9~
214.5°C . '"H NMR (600 MHz, DMSO-dj): 6 9.80 (s,
1H), 8.45 (d, J=1.8 Hz, 1H), 8.40 (d, J=1.8 Hz, 1H),
6.97 (t, J=5.8 Hz, 1H), 3.84~3.92 (m, 2H), 3.15 (s,
1H). C NMR (150 MHz, DMSO-dy): 6 152.25,
141.66, 136.07, 135.68, 134.58, 134.22, 127.42,
126.37, 125.19, 123.48, 121.67, 111.59, 106.64,
80.93, 74.05, 29.77. C,HcC1,F(N5O,S [M-H]
ESI-MS Hi${H: 516.0; M EAH: 516.3,
2.2 BFrEIX RN ERIEMN

DL B B TR, e T B ARtk &9 2a~
20 X /NI IR Ay, MRSE R IR 1. NER 1 ]
PAE H, th & 2a~2f ) B — 58 (5% Ui, Hod
1 &) 2a # J18 K, 12 h LCso 155 6.17 pg-mL ™,
95% () B A5 X I8N 4.76~7.99 pg-mL™"' e HZE
¥ 2e, 12 h LCs fH N 11.42 pg-mL ', 95% H {5 X |A]
N 9.42~13.85 ng-mL "o WIBHIZE RFR I, BRI
AR AN NP S S P SR SR N
FUNH, 51N S AT A BLRE H 3 (Th &4 2a) 351
. BARLAY) 2b. 2d. 2f (B {55 1 R/NEE B
ZE 5, HONHUS S XA, (H Bk B AL &9
XT3 e /NSRRI — 8 AR BRI, HAE KR
XTHRAH LS o DRI, FRATTIA N P e v -6 B B4 i 28
SR R A A DX /N SR 4 RRT Re R — e AR
KAHHIER
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Tab.1 Toxicity of target compounds (2a—2f) against Plutella xylostella
CaERi A=Y B AAATTREY LCs/(ng'mL™") LC5095% {5 [X [1]/(ng-mL ™) XA
2a Y=3.544 6+1.842 1.X 6.17 4.76~7.99 0.996 1
2b ¥=2.588 0+1.960 0.X 17.01 12.49~23.16 0.998 7
2c ¥Y=1.802 3+2.234 8X 26.97 19.73~36.86 0.990 1
2d Y=2.111 2+2.393 0X 16.11 12.86~20.20 0.988 1
2e Y=1.752 2+3.070 5X 11.42 9.42~13.85 0.986 0
2f ¥Y=2.660 2+1.870 8X 17.81 13.31~23.83 0.990 1
U ¥=4.806 2+1.391 4X 1.38 0.96~1.99 0.990 9

D)7 2 R A RIS 120 2)X ARG FRESHAL, Y AT JLRIA

2.3 BRI EHIXT /K P IRAR SI LR TTAYRZ I

T8 N g5 25 1 5 X AL S R R 4 T
RN B R BIE SN s . B 3 25 R EoR (LA
&Y 2e A, G Wx 48 n i S s AL 1 R
FHATE & HL I 21 E A W BRI TR AR, AL &4
TP (I3 T, R 2 W A R FE R R FRL TS Bl
V) %) T T 1 T, A L B T ) S a0
5 Ik B

FLEE T 6 AN AW B a6 i 48 7 2 o 1
s & AR 5 3, B 4A~4H 43 5L A Y 2a.
AP 2bs EY) 2¢cs WG LEW) 2d. (L&D

A:300 pmol-L™!

P
e

B: 30 pmol-L™

C: 3 umol-L™!

2e. tb & W 2f Je DMSO X # 2 Je i AL A A
TSR . AL A SR E A 00 2 Al A A
X, —Fp (L& 2a. (b & 2¢) 1E A LT
SRR, FHAh T e AT M i, F R H AT 2R
b K B R LTS BT 3G 0, 1 R T S i H 7 25 A
b2 B KB IR BE R LG 30 58 A i A, $RoR A
S A FIREBANT . 7 —Fh (Wt &9 2b L EW)
24 6B 26 A B 26) VERTE S BT R ) T 96 R
I, I P 2 0 R F A A T s Ak, 4k T R LA
BB (L0 E S TR R AL B AL, R
B B RIS SR .

9 mV
2 min

2 min

8§ mV
2 min

R il
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Fig.3 Effects of different concentrations of compound 2e on resting membrane potential and self-generation activities in

olfactory neurons
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Fig. 4 Comparison of the effects of compounds 2a-2f on neuronal excitability
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