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B B AFLEMFANSALRAEKAT A, ABUSEE IR (EcR) A ¥eitr, vARALAF 4
KI5 7 BACEM 1T (N-(4-F - 1-F - Hovtbod -5 40)-2- K TBRAE) 85, &iHART 20 4
1-R R -5-R At R o4, SM¥Y 2 ALK EE (HNMR). ALK& E (°C NMR)
FoZ 5 $ i (HRMS) #E. & REHEN LR ALY, 144 M10. M17. M18 /£ 250 mg/L
JRE IR T AF s 33K Plutella xylostella 3L F 85651664 17 (60%) 35 T 20% vA L, H ¥4
a4 M10 7 RAE, £ 125 mg/L JERE T3 FE L E (60%) R TAR R ERETH
Sl 2 7 REBEME (70%), HLHAZE)E 690 Rk 2 I h A SR F R b R, o RS
B & %Ak (P xylostella EcCR, PxEcR) ¥eAr#s & &4 R AW, 1L44% M2, M6. M9.
M12. M13. MI15 f= M20 & #ei5ss &% MR T 17, 1844 M15 (ICs)(PxEcR) =
2.02 umol/L) #4 ¥eirst &% MR AL 17 (ICso(PxEcR) = 23.21 umol/L) 49 11.5 4%; @i oF
B, 2T FRNEFERE—F 5T EY 17, M10. M15 5 EcR k#9444 A AL
|, YT A4 326 EcR ¢ % kA KA A AR RAEAE,

KRR SUEORE KA, RegoTFikit; D EM; X REMH, 2T T30 F4EN
hEH S RI84.31 TRAAFERE: A

Synthesis and insecticidal activity of 1-phenyl-5-aminopyrazole

ecdysteroid analogs

LI Xiuzhen, JIN Binyan, CUI Jialin, FENG Yanjiao, ZHANG Xiaoming, ZHANG Li

(Innovation Center of Pesticide Research, Department of Applied Chemistry, College of Science,
China Agricultural University, Beijing 100193, China)

Abstract: To develop highly efficient and structurally novel insect growth regulators, 20 1-phenyl-5-
amino pyrazoles were designed and synthesized using ecdysteroid receptor (EcR) as the target and 17
(N-(4-cyano-1-phenyl-1H-pyrazol-5-yl)-2-phenylacetamide), a highly active compound discovered by
our group, as a lead. All synthesized structures were confirmed by '"H NMR, "C NMR and HRMS. The
insecticidal activity of the compounds showed that the lethality of compounds M10, M17 and M18 was
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more than 20% higher than that of lead compound 17 (60%) at a concentration of 250 mg/L. Compound
M10 was the most active, exhibiting a lethality rate of 60% at 125 mg/L, which is slightly lower than
that of the commercial tebufenozide (70%), and Plutella xylostella treated with this compound showed
typical symptoms of ecdysteroid analogue poisoning. The results of the target binding activity of P.
xylostella EcR(PxEcR) showed that the compounds M2, M6, M9, M12, M13, M15 and M20 were
better than that of compound I7, and that the target binding activity of compound M15 (IC5y(PxEcR) =
2.02 umol/L) was 11.5 times higher than that of compound I7 (IC5o(PxEcR) = 23.21 pumol/L). The
binding mechanism between compounds 17, M10, M15 and EcR receptor was further analyzed by
molecular docking and molecular dynamics simulation, which will provide guidance for the further
research on insect growth regulators targeting EcR.

Keywords: ecdysteroid analogs; pesticide molecular design; Plutella xylostella; insecticidal activity;
molecular docking; molecular dynamics simulations
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IGRs) &1l TPt B HUEH K & #hm - F BT 1)
—RAF IR SGR, BRAMREN. Sk, X
IEE 2 ERHA, RYE IGRs 1EH 77 LA L 45
%ﬂi%%i’sﬁ%%iﬁ%%’ém% JUT i & B )
FURE 7 R AU S, Forp, W R B 2R A
I 5w R AR (BEcR) &5 A 5HATTEA
(USP) J¥ i 5 — SR AR 35 B e et pz i e -t
PRI, EcR A M FF Rt B2 IR il B e Ak
KA — A ZLREAR

FRT, £1%F EcR $EARTF A B it A4 245 771 B
e RSN, i REEE (tebufenozide). 5
H LM (halofenozide) R HUEBEF (fufenozide) 55
(B0 1), xSt ant ik B F B BRI 5&
quUE e, HEIGNE R —, KWMEH 5 5T
PR JL4Ek, BN 53 AS B B S A 0L e

RACEDN L — S, )R A IG5 A 0 e 2

UL

tebufenozide

S

halofenozide

O

20-F3 LI 2 i 20-E
ERX 1 SHERE. SREH. RESREE. PonA. 20-EEYZET. BYI06830 1 BYI08346 HIZEH#3X
Scheme 1 Chemical structures of tebufenozide, halofenozide, fufenozide, PonA, 20-E, BYIO6830 and BY108346
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4F & B2 35 1tk & W BYIO6830 il BYIO8346 %5
(B 1). MHZEH EcCR/USP 5 BYI08346 &)
f AR S5 #) (PDB ID: 7BJU) LR, fifk 523
% Thr343. Asn504 Al Tyr408 ¥ Jk & 8 4 H.AF
F 55 T i e AR 110 25 3 — W e X 35 A7 7 0 7K A
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o 1R I -5 R I I SRt R R SR AU ) B of ERE R 453

FRRCAR -2 R SR HAE R ) 3 o s LR, T
A3 - T R B K B ] g gk — A0 2 gk T A4 FT 52
RIS A, X R B R B T o FR it
T EENEIR K.

AR A T B S LR L, I 12K -5
LM 2 5 BeR HEAR 45 & Hp S G B FH 1 2
M, EFHRITEGRBLEY 17, BH /KK
EcR/USP 45 &3 1 (ICso = 23.21 pmol/L), H. %}/
SRR I — 2 FIEEIE T (LCs = 102.7 mg/L)!",
BRIk, & 1- 8 5E-5-E R e /) Ak &4 17 1]
VENB B e fe B R e =, AT it — g
MR

IHTAE Y 1T 5 BeR ZARKI 4> X e =
A B (K 2), A B G b S R B R
Asn504. Tyrd408 U BEAH TAER, MEMEIR 4 A7
TN A Uit 2K 2 AT R AR LS A i i B K X 35k (A
) SEAARFEERAMHEIEN . B, A&RTAE
DA 1T R R &Y, KTHEMEER 3, 4 fi745)
AIHEAT-CH; (R") -CN (R?) AR, FHxF A b
BUARHE (RY) #4780, 51 N KRR L [,
DA 38 o 5 AL 5 BeR 52 44 M s 19 558 /K AH B
ER, WS, it T M &2IbEY.
BETT DA G 1- 2R -4 k- S-S ke e . 12K 0
3- FH -5 -G e nk e N SR JEURL B e ML R AL S
Y. Hirtb &Y M P g e 2, A ik
WK 3. WE T MR EYE 3k
EcR/USP $EAR 25 & d PEAI 2% duyd v, JEh by 2%
KEBATHILWE T, DR IG5 14 37 B = 2K 1-
-5 -G I M Rt 7 R R

7K AH EAE

= Hydrophobic interaction

i)wd

Jﬂakw
> N

IC50(PxEcR) 23.21 pmollL [
LCs(Px)=102.7 mg/L ¢ &

ExX 2 E*ﬂké%%?iﬁﬁ%ﬂﬁ

Scheme 2 Design strategies of the target compounds
1 MR5ERHE
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Scheme 3 Synthetic routes of the target compounds M
B AR (. 1F Bruker 2 #]), JARET L TMS A
MFR, DMSO-dg 1ENIER]; FTICR-MS 7.0 JF %
CEE TR A A]); X-5 BB BoR BAUE AR
AL EIARA A, BERKIE); WAL
T8 Hidex-300SL (2 min/filter, %% Hidex 2A])o

2 b BE B (0% fL £ 0.050~0.075 mm,
200~300 H), W HFH & T [*H] PonA
(tritiated PonA, 95 Ci/mmol, 3£ [ PerkinElmer 2
H ) R A 4 RO (NC45, 1 [H Merck
Millipore A & ); Aquasol-2 ¥ ¥ /N il (3
PerkinElmer A F]). HBEHF (tebufenozide) J5 25 (4k
fE=99%, g T A RN B A R A A,
At 1k 570 55 S 1T 5 A A Al Bl A A 4l ) S
Plutella xylostella, 3% 185 /N2 d OF J5 76 S50
BRI
1.2 BHRUEYRER
12.1 By M1-M9 th& 5 ¥ 1- 5345
Fe-5-Z Fn e (1 mmol) M= 2% (Et;N,
WS (S mL) 1, UK PRI RS (1.5 mmol)
&M (3 mL) ¥, W, 65 °C HI R FIERH .
HZJZHT (TLC, V(A : V(LR 4B =3:1)
WIS SETERE, 7KBE 3 IR, 1 mol/L Figh IRk 2 Ik,
MOARR FR AN VE 3 Wk, WA E R KYE 3 Ik, EK
IRERAN T, DR, FEET (V CRiEE) -V (&
R W8)=15:1) 2litk, EP1S HAR L&Y M1~M9.

1 mmol)
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122 EAFfhe4 M10~M20 th &5 K 1-58 %
3- FJL S (1 mmol) fI=Z % (E;N, 1 mmol)
WA SmL) F, KB R In B EE A (1.2
mmol) & 3 mL) ik, W, EExMNT
W o TLC (V (F Bk : V(L8R B8 =3 : 1) Wil
NSERCE, K¥E 3 K, 1 mol/L #dhEewt 2 Wk, 1l
FIBRER VNG 3 W0, AT /KWL 3 Wk, /KA
FRENTIEE, RIS, T (V CRED : V(BRI =
12 : 1) 4ift, BI1§ Hirtb &4 M10~M20.
1.3 REEMENE

K B WHE R E H AR A A IR B
PE. HERAARE — & BB AT 2550, DL H AR
(DMSO) M7, T Hi) 5% 5 & 3 BN 5000 mg/L
IR, AR5 & 2 2 20 0.05% i hi il (X-
100) B9 7K B MRS 500 mg/L TAFW . fEEFRm
HHEONJEAC, S R S SR RO B AT ) T
VEW R 78 0275 5~8 s, HARBE TN LRk K 3= 1L
W PN IR (CK) I ZE B AR 2], 7510 HE 40
I3 A B BN 0.05% A il 4z 38 7K 9 R A
[F] 9 B2 1) DMSO A, AFINLEE 10 3k 3 @3/
KR, BN EMIRER IHES. KBAEEN
FEME TR 26 C. MBI 60% M55 7246 W 15 77
W%, 96 h JGguit b5, LIBEMIIHIE, T
AN WL A

SR A (1) Q) tFEIET-F (P, %) Al
RIEFETIE (Pyy %)o

K
P1/%= 5 x 100 (1)
Pi—-Py
Py /% = 1 2
2/% =P, * 00 (2)

A KRR B8 NN L Py
N AR RRARBET R FE AR P, %
1.4 EcR/USP EHL AR

SRR VER ), 38 F KA B R M S
PE1F 2] PxEcR. /NS 1EE (PxUSP) , i
17 [’H] PonA JEUR MEFCAR S & 5256 . SRI0d E Te 4
ZE 44 (SB), g a4l (TB) FldRdr R dEgh A4
(NSB), HHKE 3 MER. SBAH: 8uL FI/ K
it B R S AR R I AR (EcR + USP), 4.8 uL
PH]PonA ZEE¥# W (& 10 nmol/L), 3.2 uL 40
mg/L I IALEY): TB 4. 8 ul KI/Neigdi Bz
WEZMAEA TAEM® (BeR + USP), 4.8 uL
[H]PonA LA (AW 10 nmol/L), 3.2 uL K

£k buffer (pH =7.9); NSB 2. 8 pL fJ /S idkiii 57
B 2 TAEW (BcR + USP), 4.8 uL ['HJPonA &
FE 7 (2R 2 10 nmol/L), 3.2 uL ASH5 brid (1)
PonA, &R 16 uLo fiKEE buffer 5 : 5 mg/L
& 2 Bk B8 (aprotinin). Smg/L Ik & A
(pepstatin). 5 mg/L k% (leupepton) A1 100 mg/L
PRAEER AR (RIS, BSA). FEAT 25 °C
TEE 90 min J5 L HE I IR AT 4E R L g, I
M 3 mL UKl 3 I N 3 mL INEREL
IRINBR T BGRICEE . 456% (R A (3)
AT MR . N T4 amEmrea Y, B EIK
WRE, 2/ 5 MNKREE, BANKRE3 RES, i
FEANKREE T 25 & R0 G I 263543 1Cso 1E -
- R, (SB) —R,(NSB)
R,(TB) —R,(NSB)

RJ%:( )xum 3)

1.5 ¥

K H MOE (Molecular Operating Environment,
2018.01 version) # A H1 1) DOCK Bidk, T H il
WA /NS R R 2 AR B Y A S ), DR
TR N EEE H,  H A E R SR R
Helicoverpa armigera Wi F #1252 & 5 B Ak & +
BYI108346 1] it A 2 A% (PDB ID: 31XP) 1E X}
B A, $8E BYI108346 A [ 4.5A FrfE XA &
H4ia H58. RAFEFMEX KT, Bt
NGy TR BRI o e, T AR R SR AR
FEWIPEZS ¥ . SR EET 13711 GBVI/WSA dG ¥
SR (AR 4, HTIFERAENS S EHEE
(AG, kI/mol) . &R HR TR MMFF94x
J13 AT R E ML, RS YK EE
M RAE RN F XM WIER R, %58 G &
ASNGE T H k30 AN 0E R RS R R RN 4T
SN

2
AG=c+a [5 (AEcoul + AEgo1) + AEgw+

:8 ASA weighted] (4)

e o e AT B8 i (10 1 35 1 25 /45 0%
oy BNEE; Ecou NECHEHET], FIR 487 NE
IR & =1 BT RS M Egy NIEF
e S, B GB/VI VA ALK R 3 545
Eyqw NTLAEHEAE ] I B B 5THR: SAyeighted /Y
T 2 FE TR R AN o
1.6 SFahIIFIEM

55 30 1 A At 12 i AMBER12% i



No. 3 EHYL L |- H-5- 7 I

L IS A 58 B 85 R AR T 45 1 5 0% R 1k 455

1T K& 17. M10. M15 5 EcR A E &Y
(PDB ID: 3IXP) it 7 X #3815 1) & HL 45 &
GAER I FENIIFRWAIE R G . AR R
N Na™ AR R 2P, &% TIP3PR
PIK & TFRIEEANZ SRR, DN TR
Ry, KEFHMAEMIIE 10Ax10Ax10A (1A=
0.1 nm) FJVEFE N . RIATRERE &ML, FHE,
100 ps £ A KA RFHIRZE 298 K, F ek RACIRE
fH5E N 298 K, JE5RN 1 AMhriE R SIER &M T,
¥ AMBERI12 1) PMEMD #2522 J1 4643 1
B IR . B KR B FAE TR A A
R #BTE N 10 A, BEHEK N 2.0 fs, 4 1 ps
R — AP S, XSSP 17. M10 Fl M15 i3F
1T 20 ns 73131 J1 24440

2 RS9
2.1 LAMIER

AL G 1- -4 k-5 L L 1R B
3- FP kS B I ARG N R SO IR, = Ol

TER T, SEifEER, 65 C Rlek =R fE il
WML, ZAEENT (V CREE) - V(LR OB =15 :
1~12: 1) &4k, [ HRCEY. B E
WA FRAEEIE I .

N-(4-F 2L -1-2 B -1 H-IH w5288 )-2-F 366 3% R %
M1): B @EA; P F 349%; mp. 188.2~189.5 C; 'H
NMR (300 MHz, DMSO-d): 6 11.00 (s, 1H), 8.38 (s, 1H),
7.61 (m, 4H), 7.58~7.49 (m, 1H), 7.47~7.36 (m, 2H), 7.32 (t,
J=6.7Hz,2H),2.30 (s, 3H); “CNMR (75 MHz, DMSO-d;):
5 168.50, 142.47, 141.25, 137.50, 136.14, 134.48, 131.03,
130.78, 129.59, 129.21, 127.26, 125.90, 124.38, 112.80, 90.62,
19.31; HRMS C,gH4N,O [M + Na]', 518 325.1063, =Z
IE 325.1060.

N-(4-T0 H -1- B -1 H-E e -5- 05 )-3- Y 5 O Y i fi
M2): B, 7% 59.8%; m.p. 148.6~150.1 ‘C; 'H
NMR (300 MHz, DMSO-d): 6 10.96 (s, 1H), 8.38 (s, 1H),
7.71 (m, 2H), 7.61~7.50 (m, 4H), 7.50~7.39 (m, 3H), 2.38 (s,
3H); “C NMR (75 MHz, DMSO-dy): § 166.21, 142.55,
141.50, 138.34, 137.61, 133.51, 132.18, 129.59, 129.00,
128.76, 128.48, 125.12, 123.89, 112.82, 90.81, 20.98; HRMS
CigHN,O [M +Na]", 15 {H 325.1060, sL{E 325.1063.

N-(4-F 2 -1- 2K B -1 I k-5 -0 )-3,5- — R 3 2% HR R i
(M3): E A, ™% 86.3%; m.p.179.8~181.6 ‘C; 'H
NMR (300 MHz, DMSO-d): ¢ 10.87 (s, 1H), 8.37 (s, 1H),
7.55 (m, 4H), 7.51 (s, 2H), 7.49~7.43 (m, 1H), 7.28 (s, 1H),
2.33 (s, 6H); "C NMR (75 MHz, DMSO-dy): ¢ 166.32,

142.53, 141.53, 138.16, 137.64, 134.21, 132.15, 129.58,
128.98, 125.70, 123.89, 112.83, 90.86, 20.88; HRMS
CoHgN,O [M +H]', T 4E 317.1389, TM{E 317.1397.

N-(4-F0 5 -1-2R 3 -1 H-IE W o505 )-4- 1 25 2K it i
(M4): B K, % 503%; mp. 159.7~161.4 ‘C; 'H
NMR (300 MHz, DMSO-dy): & 10.89 (s, 1H), 8.37 (s, 1H),
7.82 (m, 2H), 7.53 (m, 4H), 7.47~7.40 (m, 1H), 7.34 (d, J=7.8
Hz, 2H), 2.36 (s, 3H); “C NMR (75 MHz, DMSO-dy): &
165.96, 143.27, 142.55, 141.51, 137.62, 129.57, 129.40,
129.23, 128.97, 128.06, 123.87, 112.86, 90.91, 21.17; HRMS
CigHN,O [M +H]', 5 4E 303.1236, SZM{E 303.1240.

N-(4-50 FE - 128 5 -1 H-E e -5- 0k )-4- 20 8 O WY fie
(M5): B EE; PE 76.7%; mp.151.3~152.8 'C; 'H
NMR (300 MHz, DMSO-dy): & 10.90 (s, 1H), 8.39 (s, 1H),
7.85 (s, 2H), 7.55 (s, 5H), 7.40 (s, 2H), 2.60 (d, J = 45.3 Hz,
2H), 1.19 (s, 3H); “C NMR (75 MHz, DMSO-dg): o
165.96, 149.36, 142.55, 141.50, 137.61, 129.58, 128.98,
128.26, 128.16, 123.88, 112.84, 90.90, 28.24, 15.34; HRMS
CioH 6N,O [M +H]", TH54A 317.1392, S{E 317.1397.

N-(4-3FE -1 -5 JE - 1 I e -5 -3 )-4- 350 2K R BEZ (MI6):
HE s, 773 442%; mp. 173.5~175.1 'C; 'H NMR
(300 MHz, DMSO-dg): & 10.90 (s, 1H), 8.38 (s, 1H), 7.86 (d,
J = 8.3 Hz, 2H), 7.57 (m, 3H), 7.56~7.49 (m, 3H), 7.48~7.37
(m, 1H), 1.29 (s, 9H); "C NMR (75 MHz, DMSO-dy): 6
165.91, 156.04, 142.54, 141.50, 137.61, 129.59, 129.40,
128.97, 127.93, 125.71, 123.88, 112.82, 90.91, 34.92, 30.93;
HRMS C;H,,FN,O [M + H]", %5 {f 307.0986, 5l {E
307.0990.

4-1R -N-(4-%80 3k -1-58 FE -1 H-IE M o523 ) 26 R i
(M7): [ €[] 44 Fzﬁ 66.1%; m.p. 180.7~182.0 ‘C; 'H
NMR (300 MHz, DMSO-dy): ¢ 11.05 (s, 1H), 8.39 (s, 1H),
8.07~7.94 (m, 2H), 7.63~7.50 (m, 4H), 7.49~7.33 (m, 3H);
BC NMR (75 MHz, DMSO-dy): 6 165.41, 142.73, 142.55,
137.85, 132.18, 131.82, 130.11, 129.48, 128.65, 126.49,
123.76, 113.21, 89.78, 79.30; HRMS C;;H;;BiN,O [M +
HY*, 5A4E 389.0008, =ZillfE 389.0008.

4-GRUT B )-N-(4- 5 Jk - |- 2R B - L H-nL -5k ) 2% F B fi
(M8): [ [ K, 7% 853%; m.p. 184.0~185.6 ‘C; 'H
NMR (300 MHz, DMSO-dy): & 11.14 (s, 1H), 8.32 (s, 1H),
7.86 (d, J = 8.6 Hz, 2H), 7.75 (d, J = 8.6 Hz, 2H), 7.67~7.57
(m, 2H), 7.52 (m, 2H), 7.47~7.40 (m, 1H); “C NMR (75
MHz, DMSO-dg): 6 165.41, 142.73, 142.55, 137.85, 132.18,
131.82, 130.11, 129.48, 128.65, 126.49, 123.76, 113.21, 89.78,
79.30; HRMS Cy HyN,O [M + H]*, 518 345.1705, =
W 345.1710.

O-(4-F F -1-25 3 - L H-ME Mk -5-6)-2,3- & 2K 3F [b][1,
4] ZE o -6-F B (M9): A FEER 59.2%; m.p.
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148.8~150.2 °C; 'H NMR (300 MHz, DMSO-dg): ¢ 10.78
(s, 1H), 8.37 (s, 1H), 7.62~7.50 (m, 4H), 7.50~7.38 (m, 3H),
7.09~6.94 (m, 1H), 431 (dd, J = 8.9, 4.9 Hz, 4H); "“C NMR
(75 MHz, DMSO-dg): & 165.11, 147.59, 14331, 142.50,
141.55, 137.63, 129.57, 128.96, 124.93, 123.87, 121.75,
117.39, 117.02, 112.84, 90.84, 64.62, 64.14; HRMS
CoH14N,O3 [M + Nal, il 5 {8 369.0959, =& ¥l {4
369.0958.

N-(3-FR 2 -1-2K 5k -1 RNk me o508 )38 L T I A%
(M10): AGREAK; 7% 25.4%; mp.107.6~108.9 C; 'H
NMR (300 MHz, DMSO-dg): ¢ 9.90 (s, 1H), 7.50~7.39 (m,
4H), 7.38~7.27 (m, 3H), 7.27~7.18 (m, 3H), 6.23 (s, 1H), 2.88
(t, J=7.5 Hz, 2H), 2.61 (t, J = 7.5 Hz, 2H), 2.23 (s, 3H); “C
NMR (75 MHz, DMSO-dg): 6 171.01, 148.01, 141.05,
138.86, 136.37, 129.16, 128.45, 12838, 127.00, 126.13,
123.45, 102.16, 37.08, 30.80, 13.88; HRMS C;oH;oN;0 [M +
H]', H5AE 306.1600, Sl 306.1601.

N-G-W B: -1-28 Bk -1 -k M o505k )-4-2% Bk T M ik
M11): A B FE A, 775 68.3%; mp.96.6~98.1 C; 'H
NMR (300 MHz, DMSO-dg): ¢ 9.80 (s, 1H), 7.44 (m, J =
4.2 Hz, 4H), 7.34 (m, 1H), 7.21 (m, 5H), 6.16 (s, 1H), 2.53 (s,
2H), 2.27~2.13 (m, 5H), 1.85~1.70 (m, 2H); “C NMR (75
MHz, DMSO-dg): 6 171.68, 147.93, 141.66, 138.90, 136.44,
129.11, 128.42, 127.11, 125.92, 123.60, 102.49, 34.78, 34.55,
26.61, 13.88; HRMS C,H,N;O [M + HJ', it & {
320.1753, SEPUME 320.1757.

N-(3-FF 3 -1 Jk -1 H-0E e 538 ) 3R 2 e O IBE A
(M12): A@EAK; 792 382%; mp.117.1~118.7 C; 'H
NMR (300 MHz, DMSO-dy): ¢ 7.31 (m, 1H), 6.18 (s, 1H),
2.29 (m, 1H), 2.22 (s, 3H), 1.72 (m, 4H), 1.62 (m, 1H), 1.29
(m, 3H), 1.17 (m, 2H); "C NMR (75 MHz, DMSO-dg): 0
174.80, 147.87, 138.92, 136.53, 129.01, 127.05, 123.56,
102.70, 43.86, 28.93, 25.49, 25.23, 13.87; HRMS C;H,,N;0
[M+H]", {1514 284.1756, S2ifl 284.1757.

2-3F 3 -N-(3-FF AL -1 AL - - k53 ) 2 T i
(M13): A®EAK; 7% 52.7%; mp.113.7~1154 C; 'H
NMR (300 MHz, DMSO-dg): & 9.77 (s, 1H), 7.49~7.42 (m,
4H), 7.37 (m, 1H), 6.17 (s, 1H), 2.20 (s, 3H),2.10 (d, J = 7.0
Hz, 2H), 1.59 (m, 6H), 1.14 (m, 3H), 0.87 (m, 2H); "C NMR
(75 MHz, DMSO-dg): ¢ 171.18, 147.88, 138.86, 136.44,
129.03, 127.10, 123.72, 102.63, 99.67, 43.22, 34.74, 32.53,
25.90, 25.67, 13.87; HRMS C;gH,3N;0 [M + HT, i 518
298.1913, SZ{A 298.1914.

N-(3-H 5 128 -1 H-IE M 558 ) BRI e B Ik %
(M14): [, P2 % 64.8%; m.p.102.0~103.2 C; 'H
NMR (300 MHz, DMSO-dy): 6 9.76 (s, 1H), 7.52~7.41 (m,
4H), 7.40~7.30 (m, 1H), 6.18 (s, 1H), 2.81~2.64 (m, 1H), 2.21

(s, 3H), 1.77 (m, J = 14.8, 7.5 Hz, 2H), 1.55 (m, 6H); “C
NMR (75 MHz, DMSO-dg): & 174.98, 147.88, 13891,
136.54, 129.03, 127.05, 123.49, 102.75, 44.36, 29.78, 25.62,
13.89; HRMS C,H;oN;0 [M + H]", 51 270.1597, £
MI1E 270.1601.

2-0 [ K -N-(3-F 2 108 k-1 HnE e -5k ) 2 T i
(M15): O E A, 77 % 72.1%; m.p.98.3~99.6 C; 'H
NMR (300 MHz, DMSO-dg): 6 9.77 (s, 1H), 7.46 (m, J =
4.6 Hz, 4H), 7.41~7.30 (m, 1H), 6.18 (s, 1H), 2.28~2.18 (m,
5H), 2.12 (m, 1H), 1.73~1.39 (m, 6H), 1.17~1.01 (m, 2H); "C
NMR (75 MHz, DMSO-dg): & 171.56, 147.90, 138.88,
136.46, 129.06, 127.09, 123.63, 102.60, 41.51, 36.59, 31.96,
2457, 13.87; HRMS C;;H,;N;0 [M + HJ, it & {4
284.1753, SZill{E 284.1757.

3-3A I8 B -N-(3-FF 3 <108 KR - LA e 53R ) D I8E ik
(M16): FH ORI 752 20.9%; 'H NMR (300 MHz,
DMSO-dy): 6 9.81 (s, 1H), 7.47 (d, J = 4.5 Hz, 4H), 7.36 (m,
1H), 6.19 (s, 1H), 2.27 (d, J = 7.6 Hz, 2H), 2.21 (s, 3H), 1.68
(d, J = 4.4 Hz, 3H), 1.60~1.42 (m, 6H), 1.04 (s, 2H); "C
NMR (75 MHz, DMSO-dg): ¢ 172.00, 147.91, 138.92,
136.50, 129.04, 127.05, 123.58, 102.46, 39.19, 34.75, 32.10,
31.24, 24.82, 13.86; HRMS C;H,3N;0 [M + HJ", it & {4
298.1910, SZll{A 298.1914.

2-F BE N-(3-FF 3 -1 3 -1t me 5 ) 2R R
(M17): B@RME; 722 227%; mp.134.4~1348 'C; 'H
NMR (300 MHz, DMSO-dg): 6 10.22 (s, 1H), 7.58~7.44 (m,
4H), 7.44~7.31 (m, 3H), 7.27 (t, J = 6.5 Hz, 2H), 6.30 (s, 1H),
2.25 (s, 3H), 2.24~2.09 (s, 2H); "*C NMR (75 MHz, DMSO-
dg): 9166.32, 147.99, 139.13, 137.81, 136.37, 133.45, 129.09,
126.97, 12552, 123.11, 103.97, 20.93, 13.95; HRMS
CigH7N;O [M + H]', 115 ME 292.1443, SZI{HE 292.1444.

3, 5- I -N-(3-F k- 1- 2R J- 1 - -5- 0 ) 2 RV fi
(M18): HATEE; 7% 65.2%; m.p. 108.9~110.3 C; 'H
NMR (300 MHz, DMSO-dy): 6 10.23 (s, 1H), 7.47 (m, 6H),
731 (t, J = 7.1 Hz, 1H), 7.22 (s, 1H), 6.25 (s, 1H), 2.32 (s,
6H), 2.25 (s, 3H); C NMR (75 MHz, DMSO-dy): 6
166.32, 147.99, 139.13, 137.81, 136.37, 133.45, 129.09,
126.97, 12552, 123.11, 103.97, 20.93, 13.95; HRMS
CoHoN;O [M + H]", 5 1H 306.1598, sLll{E 306.1914.

4-2, B -N-(3-H FE -1-7% & -1 -t me -5k ) 3K F R i
(M19): B EFE; 72% 433%; mp. 1244~125.7 C; 'H
NMR (300 MHz, DMSO-dy): ¢ 10.28 (s, 1H), 7.82 (d, J =
8.1 Hz, 2H), 7.59~7.51 (m, 2H), 7.45 (m, 2H), 7.32 (m, 3H),
6.29 (s, 1H), 2.67 (q, J = 7.6 Hz, 2H), 2.27 (s, 3H), 1.19 (t, J =

7.6 Hz, 3H); “C NMR (75 MHz, DMSO-dy): 0 165.96,
149.36, 142.55, 141.50, 137.61, 129.58, 128.98, 128.26,
128.16, 123.88, 112.84, 90.90, 28.24, 1534; HRMS



No. 3 EHBE -

HRHE-5- 0 R M SIS R R SR ) 1 5 % G 457

CioHoN;O [M + H]', 1151H 306.1606, SZIIE 306.1601.

N-G3-FP B -1- 2 -1 e -5-38)-2, 3- & 2K 3F [b][1,
4] "R -6- T BE IR (M20): (B E K, 7R ER 28.7%:
m.p. 155.3~156.9 “C; 'H NMR (300 MHz, DMSO-dy): &
10.16 (s, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.43 (m, 4H), 7.31 (t,
J=17.2Hz, 1H), 6.97 (d, J=8.9 Hz, 1H), 6.27 (s, 1H), 4.29 (q,
J = 4.8 Hz, 4H), 2.26 (s, 3H); “C NMR (75 MHz, DMSO-
dg): 6165.14, 147.99, 146.93, 143.13, 139.13, 136.39, 129.10,
126.95, 126.22, 123.11, 121.44, 117.13, 116.84, 104.01, 64.53,
64.12, 13.95; HRMS CH,N;O;[M + H], il & &
336.1345, SZME 336.1343.
22 FRHUEM

AN R HOE PRI E A5 R (R 1) KRB, 20
H AR A WXt NSk ) BA — @ MBUEEE, 1
500 mg/L BLEWKE N, HAH 9 MG
IR BIER K T25T 80%; 1F 250 mg/L Jii SRk
T, LA M10. M17. M18 Xf /NSl i 808 %

F1 500, 250 #1125 mg/L [REKE T BirLEXT )
S BSE R
Table 1 In vivo insecticidal activity of target compounds
against Plutella xylostella at 500, 250 and 125 mg/L

RIEFET:H
A Corrected mortality/%
Compound
500 mg/L 250 mg/L 125 mg/L
M1 60 / /
M2 30 / /
M3 40 / /
M4 50 / /
M5 70 / /
M6 80 50 /
M7 80 / /
M8 20 / /
M9 60 / /
M10 100 100 60
Mi11 90 60 /
M12 80 40 /
M13 80 40 /
M14 90 50 /
M15 70 / /
M16 50 / /
M17 100 80 40
M18 100 100 50
M19 70 40 /
M20 70 40 /
17 90 60 /
HERE tebufenozide 100 100 70

e IR KRBT IE N

Note: "/" means that no relevant activity test was performed.

PTIRTEET 80%, T FHEY 17 (60%); H
i &4 M10 1E 125 mg/L I X /)N S ) B4 %
L E] 60%, BEAKT R AL 257 R BERE (70%), &
I H BT () /NSRBI o WP R ROR R A dir
AT, MR AN [E) AL B A A R X A R
Wi, WEPRIR A 3-CHy HUA B AL & W03 4 27 HE 1t
B AR T 4-CN BRI &9, s R A 2-
CH3Ph HUARZE I, Xf /N SR B AL & M17 (R =
CH;, R*=H)>M1 (R'=H, R*=CN). HIrtk&
YIS EMEBE R BRI A AL R =
CH;, R*=HI, R JyZ IR B S I 00 35 P A
FI, il SRk AL M10 (R® = CH,CH,Ph) >
M14 (R*= CsH,,) > M12 (R* = C¢H,,), HAEEKIHN
SR HUEPE, 9 W /N SEIREUE R M10 (R =
CH,CH,Ph) > M11 (R® = CH,CH,CH,Ph). [d K,
IR 1 AR R AN A7 B AR X v A R,
WX R =H, R®=CNH, Xf/NEkEILE M6
(R’ = 4-FPh) > M7 (R® = 4-BrPh) > M4 (R’ = 4-
CH;Ph) > M8 (R® = 4-C(CH;);Ph); M1 (R’ = 2-
CH;Ph) > M4 (R® = 4-CH;Ph) > M2 (R® = 3-
CH;3Ph), R Y2RI b W H 1 B R B %) v
AR, IR g B BUREERE, QA BT
EHEAF.

EAERENE, 24069 M10 42 5/
i 52 A LY )t B A R TR B R (W 1),
KIANKE®E, kPR, KEERES, 5
Xof PR 275751 kP R AL 3L PR PR A AL
2.3 EcR/USP #irgE &5 M

LA — W E T Histb &5 /DR
EcR/USP MI#EFRESE &G E . 40 mg/L JARIRIZE T,
Xt 20 A H sk & 5 /N2 EcR/USP 145 &7
PEFEAT IR 000, SR 2. WIHKRE T, 20

Cephalic sh

e Epiden;;a]
7 I It M10
CK tebufenozide
1 £ M10 B E /SRR h ERER
Fig. 1 The poisoning symptoms of Plutella xylostella
treated by M10
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ARG SR
Receptor-binding capacity/%
NOsE o ®
[=) (=] f=] (=) [=)
M3 ———————
M —————
M5 —————

tebufenozide

k44 Compounds
2 20 DMERUEIRT NI MR Z NS S TEN
Fig.2 Binding activity of 20 target compounds against
ecdysone receptor of Plutella xylostella

N E VGV S /N R EcRIUSP A —E M4 &
B, WANERHNESZHREGRIIKT
80%, HH 6 MLEW (M2, M6. M7. M3,
M15 f1 M20) 5 /) 2Z ik EcR/USP 145 & 66 1N
100%, [F] Lk k5 /N 32 8% EcR/USP 145 & 6
(100%) +H4.

XT38 48 R 11 M SR S EY)
17 AT ICso (M 5E (R 2), 1Cso H /N, TR
b g A m e s, BRI AL A W5 D 32
EcR/USP #br 4l &3 1 3 AL T &4 17 (ICs, =
23.21 umol/L). t£&%) M7. M10. M11. M14 H
HHREEAWEE; LS M2, M6, M9, MI12,
M13. M15. M20 B 55D, F5G0E M, Rl
G MI1S 1 1Cso 1H N 2.02 pmol/L, & M5
WwEW TR T 11.5 . B2, Histbaw5/h
Sk EcR/USP [ 8 A5 &5 & 7% PR 35 11 T H 1k i
(ICso = 0.85 pmol/L), ¥ A5 & & 3 M 415 28 5 1%
FEiE o

w2 BHBFUAWE PXECR &5
Table 2 The PxEcR-binding activity of some target

compounds
wE AR L Lacy AR L
Compound ICs /(umol/L) Compound ICs /(umol/L)

M2 2.75+0.52 Mé 1526 £ 1.03
M7 59.57+1.16 M9 6.38 £1.27
M10 36.34 +£0.52 Mi1 58.73 £0.35
M12 3.04+0.22 M13 441+0.11
M14 26.95+0.63 M15 2.02+0.75
M20 12.44 +£ 0.85 17 23.21+9.01

HEAE

tebufenozide 0.85£0.77

2.4 {ERNSIERR
454 EcR/USP SUR 45 & 1% T 45 F AN /N Sz %
HIETESE R, BRI EY M10. M15 3E1T4)

T3 15 (MD), 3T H 5 EcR 45 & 1E AL
#l. LAY M10. M15 4355 EcR SiAE &4
(PDB ID: 3IXP) 17 r FX1 %, REGHEMLE S
IS, WA ZAE VIR G 3EAT 20 ns 4> 1))
A2 L

SFFEN IR E RS, THE 20 ns BB A A
AW IR ZE (RMSD), K& AMEE iR
EMEL R AHM. K 3 () Fiw, ZEEZ2RERT
) RMSD {H7F 2.3~3.1 AJulE| W iFsh, Bkt &
I7 ) RMSD fH7E 0.9~1.4 AJEHE N ES), K RAXT
FoE: w3 (b) s, R EE T RMSD 1H
£ 2.5~3.5 AVE Bl N30, B &Y M10 11
RMSD fH7E 0.5~1.4 AJa [ W3, 1R REC N
SEs W 3 (o) i, ZAE SR 1) RMSD fEAE
3.0~3.5 AJu [ TFESh, BLARL &4 M15 ) RMSD
B1E 1.0~1.4 AJEREINIES), hRfaE. RIZE 20 ns
P F B JFAE4L, R R B T RE RS

Xt o3 F- 8 1 AR R B S B B R 58]
R R IEAT X M. Wi 3 (d) B, B
M10 733l 1 A0 5 B 1) b Eg, T i
ZE K5 Tyrd08 Fll Asn504 {REFEEEAHEAEH, [F
B REER 2 5 N T 5 Thr343 F2 0 B hrif
P TEBCH M EEEE s W 3 (e) B, theaw)
M10 75 3)) /3 5 B4 5 A 53 1) A2 JA T A 2
3, R 5EIERR Asn504. Tyrd08. Thr343 (4
BEAHEAEH, BAM S WA K WE 3@
N AED) M1S 531 8 71 S B F- i I B iy H
BB G KA, TR RS AR
Asn504. Tyr408. Thr343 A HAEH . FMH
BAEE TR RN AW GRS Bt
SEAETEM]

PR T8 )1 S M- &, B A
AW 17, M10. M15 5 EcR 2K/ F ML . G
4(a) Fron, & 17 Bk —NH 1 C=0
435 EcR 2161 Asn504. Tyrd08 J¥ Rl & 82 1
. WEPEER 2 5 N 5 Thr343 JE S SEE A,
1-25 Jk -5-28 & ik e 28 47 T Phe336. 11e339.
Thr340. Trp526. Met380 Fll Met381 J& i I i 7K
PEOSST, AR Met413. Val416. Leud20 Fll
LeuS00 JE B KAEH : W&l 4 (b) Fios, &Y
M10 e B —NH f1 C=0. MtM3fr 2 5 N &
T3 95 Asn504. Tyrd08 F1 Thr343 J& i & gt 1k
H, 1R EE-5-S e 2847 T Phe336. 11339,
Trp526. Met380 Al Met381 & i Y i /K 1 11 4%
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— I7_lig — I7_rec

i 4
<3 <3
22 22
21 Z1
0 0

— M10_lig — M10_rec

— MI15_lig — MI15_rec

(©

5000 10000 15000 20000 5000

i ] Time/ps

© f’(_{k
‘Asn504,
b

10000 15000 20 000
i ] Time/ps

RMSD/A
S = N WA

10000 15000 20 000
ff 18] Time/ps

® rﬁsnsm _

5000

Thr343
Tyrd08 Tyr408
— 17 > TR S — M10 T 5 — MI15 57X 5
17 Docking binding conformation M10 Docking binding conformation M15 Docking binding conformation
17 MD “FH 5 M10 MD -5 M15 MD ik 4

17 MD Equilibrium conformation

M10 MD Equilibrium conformation

M15 MD Equilibrium conformation

El3 I7(a). M10(b). M15(c) 5 EcR ZAESMERN HF T2+ RMSD ELLE; 17(d). M10(e). M15(f)
DFNENMSFANFEIZTS ER HESHREER
Fig.3 The changes of RMSD in molecule dynamics of I7(a), M10(b), M15(¢c) with EcR; the comparation of
modes of 17(d), M10(e), M15(f) with EcR in docking and dynamics

(b)

(©)

B4 sHhAZEHAETI. M10. M15 5 EcR HIEEER
Fig. 4 Binding patterns of I7, M10, M15 and EcR after kinetic optimization

i, K% 235 Valdl6. Tle417. Leud20 Al
Leu500 & Mg KER s Wil 4 (o) i, t&EW
M15 [ FE 545 5 Asn504. Tyr408. Thr343 ik
13 NESIER, 12K 5S-SRk e e AL T
Phe336. 11e339. Leu518. Trp526. Met380 Al
Met381 JE B 1B /K 14 148 rh A g HA 5 2R 13 e
5 Leu420. Met507. Ile417 Al Valdl6 J& /& B 7K
YEH .

12 Fl MOE 507 A= SV AR LA FH 1) J5 ¥ [a) R
BRNAH EAE I BE (B, k/mol), 4558 (% 3) £,
A M1S 505 B S B IR BE B R, AT T
TSR EAAHEER T, G M15 5 EcR
ARG G T RE, B aEEEIL, HEN R X
S K AR T SRR 1

g Bk, WA T 5 & R Tyrd08.
Asn504. Thr343 (& EEAME A2 (R R bR 45 & 06 1

#3 &AYIT. M10. M15 5 EcR
ZHEREEEREE
Table3 Hydrogen bonding interaction data of
compounds 17, M10, M15 with the EcR receptors

6% 2k B RS AR RE
Ligand Receptor Distance/A E/(kJ/mol)
Ni12 Asn504 3.06 -9.62
M10 NI11 Thr343 3.16 -7.95
O16 Tyr408 3.08 -3.35
N12 Asn504 2.77 —29.71
M15 N11 Thr343 2.76 —8.37
0o16 Tyr408 2.60 —10.46
Ni12 Asn504 2.82 —15.48
17 NI11 Thr343 3.06 —8.34
O15 Tyr408 2.82 —8.34

FIRBE, 1-2R 5 -5 kbt e 1 8 55 A i A IR 2 4]
B4 T Be A4 45 s BB K FUAR X 88k, 38 5 1t [X 35
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HORACH SLAE A R TR, FLA 21 =SS MARILILEL, 4252721, 2010, 1260383350
/\% Ki jJD A IS% ']'E\E iE *}ﬁ %ﬁ ‘ﬁ jj ): ,T ’t N tl:% YIN B, ZHANG L, CUI Z N, et al. Progress on quantitative structure-
activity relationship of ecdysone analogues and the three-dimensional
E&LTTE{/\ E % . . .
structure of ecdysone receptor[J]. Chin J Pestic Sci, 2010, 12(4): 383-
3 Q -LQ 390.
[5] DHADIALLA T S, CARLSON G R, LE D P. New insecticides with
KI u'f’t/ﬁ\tf% 17 (N'4-§\%-1-$%-1H-Hkt@-5- ecdysteroidal and juvenile hormone activity[J]. Annu Rev Entomol,
)2 HE W) N S A, R IFART 20 1998, 43: 345-560.
/I\ 1-%%-5-?\%”&%@%@%ﬁ%ﬁ%%Tu#@7 /ﬂ\:éé:*/] [6] BILLAS I M L, BROWNING C, LAWRENCE M C, et al. The

¥J% 3 'TH NMR. *C NMR Al HRMS #fiE. Xt H
AL D IEAT /NS HUE PRI, S5 SRR L
A9 M10. M17. M18 7 250 mg/L Jii &R T %t
NSRBI R B AA D 17 (60%) $E
20% LA L, Hrfb &Y M10 iEERAE, 7E 125 mg/L
J R B R X /NSRBI (60%) BEAR T 1 Ak
i HRBEE (70%), AR (1) /NS S I e 7Y
W8 R R AU R B R . 6 H bRk AT/
S EcR/USP bR 25 A 5 MR, JF0 5 35 4k
EW ICs 1, LAY M2, M6. M9. MI2,
M13. M15. M20 [ EcR/USP b5 &5 &3 M 4110
TG &Y 17 (ICs) = 23.21 umol/L), b &
¥) M15 (2.02 umol/L) 1] ICs, HE A 17T A
11.5 5K 4E T, B B AR LA Y1 EcR/USP 2
PR&h A il HE AR T e (ICso = 0.85 umol/L), ¥
P G IE ARG e b o 2k — 2 70 1 L
W C R, Bk 5>+ 5 2 LR Tyrd08. Asn504.
Thr343 WSS A F 2 DR 3R SR AR 45 & 05 Ve 00 X 4

1-25 J -5 e ik M B 240 55 R i A PR Ik [ 3 Ak T AT
REh A I B K D8 IX 3k, 38 58 b DX 385 174 6 7K A
HAEFA R T bR s S e, ELMPEE S B K

BN o FEAREEARTE VE,  ASHEFE A VHE R EcR K E
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