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BN FT AR AU R & R R WA 1

RER B A 0 E R BXEs H#hwE  F B
(L2 Y B st = BRI T KRR LIl 200237)

WE WIS T AN H A, Mg 'H NMR, BC NMR, & 20 J 50 A i S5 M0 H bR Wik 454
HHAT T RAE. VR AT PENREE W 78 500 mgeL " WKSE T, HEMLAY 6a, 6c~6f X G (Aphis craccivora) AR
R OGP, T X e LR AR T H AR L5 6a RNtk Bk ) b PE R VE AR ) 22 5, Hgh IR BARb &4
6a [HILIE PR FISZ TR IL VR 147 105 I UEE R A n-nERRE L, Btk bkt /R 7 U e — e 22 5.

B BTSSR NS TR BRI TR

Synthesis and Insecticidal Evaluation of Neonicotinoid Ana-
logues with Bicyclic Ring System
Chen, Yinbo Li, Zhong™

(Shanghai Key Laboratory of Chemical Biology, School of Pharmacy, East China University of
Science and Technology, Shanghai 200237)

Fan, Jie Xia, Shuang Cheng, Jiagao Xu, Xiaoyong

Abstract Six novel neonicotinoid analogues with bicyclic ring system were designed and synthesized, and their structures
were characterized by 'H NMR, *C NMR, HRMS and single crystal X-ray diffraction analysis. Preliminary bioassays showed
that five target compounds 6a, 6¢~6f exhibited good insecticidal activities against cowpea aphids (Aphis craccivora) at 500
mgeL"". Docking study was applied to investigate the effect of the bicyclic ring system of the target compound 6a on the bio-
logical activity, and compared with mode of action of imidacloprid (IMI) and compound 6a. It was found that the only n-n
stacking interaction was found between the plane of pyridine of the target compounds 6a and the aromatic side chain of Tyr

147, which was different binding mode with that of IMI.

Keywords neonicotinoid analogue; synthesis; bioactivity; crystal structure; molecular docking

294, AR s O A QR FRUBI MRS % BUGE 4R AT HL
s AU 2 R e AU U A e e FL AT SRR
SCERPEr— AR B B HBRS BRI RAT E M Bt 1k
JUBUHIAE . R RS X FLEh AN 2SRk A A 4
Ary IRETRGE LUK R (K P A RS S R A
CZ DN T AL T IR« Sh RO A BT
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HHT, TR s RIS SR 7 S, R
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F]). SR, XUER G5 AL 1) 35 M 2% L) B v PR R TR
T S

Ak = T2 LR FT BB SS AL & ) 5 B £ 1 ALk =2
A (nicotinic acetylcholine receptor, nAChR) ]/ Fi 4 2,
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i, ML B A 5 TR bR BB BB P 2 - (e
LT HIIRE. 2008 4F, Casida F11 Sattelle 251819153 5]
73 3 T g A= £ Wk B B 25 5 25 H (acetylcholine  binding
protein, AChBP)-5 0tk bk 52 & W0 di iR 45 4, 3 m] LA
R — 7 AR b (1) 48U R 5 1) G SRR VR L T 1l S
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YRR, a7, nte Bk AL b R AR BRI 1 5 2 1 45
B R En-n HERRE . AR 2 5 1 n-n
HERERIR, Bl ss b & R I T 525 1% ik
P, %R0 S5 SRS FR TR TR A
FEM 2. [, AWFTA R BRI T ot g
WWTHE T — RIS, a8 1A 2 1
A IRV EERR L T 0t k22 U2, (A 1 AR E
PEBRBIILE fh AL, AWFTRAEL S 1 G E ke
BB ERER(E 1), Ay B s L RUE L.

AR T NASE BSORH RIS B, H
fEF AT 1 MRENER - fERUE I RE. Hbx
AW & ek 20 Scheme 1 7R, i) 'H NMR, °C
NMR Hl 73 F B0 H AR P G 34T R AL, 3k
7 AL EY) 6a MR SRS, X HFMEEY) 6a~6f
BHAT TP G TEINK, JFREAT T 707X L.

O,N

1 RIS
1.1 UEFES5IRF
P4 BAXCR B 1 Biichi 28 ) 2E 7= ) BS40 UG 25 A, A
Z 1 0F; Bruker AM-400 (400 MHz)#% i L9 AX, LA
CDCl; 5 DMSO-ds #5711, TMS K W r; #E 281K A
JEMTEERZ(200~300 H). BT FH AR 0 i85 34 4L
12 &
12,1 N-[(6-Ftr-3-2) F A R-1,2- = (4) 896 &
FAMT, B 2-5-5-FUFEEMERE3, 1.0 mmol)
WRAE S mL I, 281214828 —f#%(2.0 mmol),
BRIREA(1.2 mmol) ) £ (5 mL) A, Wnsete, 7
HEE 60 C, 4REENN 4 h, KNSERE, BETH,
M SRR, FKAE, WA NUAH, HIGK 6 R
BT, ShOE, WRAE RNV, FATIMEER S LR Lk

B 1 b e i it

Figure 1 Molecular design of the neonicotinoid analogues
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VR, AT JE T AR B H ARG A 4, AR
WA, 723 50%. '"H NMR (400 MHz, DMSO-d) J: 8.44
(s, 1H), 7.81 (d, J=8.0 Hz, 1H), 7.44 (d, J=8.0 Hz, 1H),
6.63 (t, J=4.4 Hz, 1H), 6.48~6.46 (m, 2H), 6.38 (t, J=
4.4 Hz, 1H), 5.19 (t, J=4.8 Hz, 1H), 4.59 (bs, 2H), 4.34
(d, J=4.8 Hz, 2H); “C NMR (100 MHz, DMSO-d;) o:
149.5, 149.1, 139.3, 136.0, 135.9, 135.4, 124.3, 118.1,
118.0, 114.9, 111.1, 44.2.
122 (BE)-1-[(6- A v -3- X)) F A 2-(AA T F
#)-2,3- = 8- 1H-FRF[d]KE(5) 896 A%,

] 25 mL RS I A 4K 4 (1.0 mmol),
1,1- 7% FE-2-fi 38 2045(1.0 mmol) A1 5 mL ZBE, fn#t
Bl 12 h RS H)G A H N, BT, g,
/b fe ARE VR GRIEYE, TR HAsb 54 5, Bt il
&, P73 80%. m.p. 183~184 ‘C; '"H NMR (400 MHz,
DMSO-d;) 6: 8.43 (d, J=2.4 Hz, 1H), 7.67~7.61 (m, 3H),
7.49 (d, J=8.4 Hz, 1H), 7.32~7.26 (m, 3H), 5.49 (s, 2H),
3.37 (s, 1H); C NMR (100 MHz, DMSO-ds) §: 150.3,
149.2, 149.0, 147.4, 139.0, 131.9, 131.3, 130.6, 125.0,
124.3,124.2,113.2, 110.4, 43.2.
1.2.3  HAMMLE4) 6a~6f & mid ik

¥k 5 (1.0 mmol), 3 mL /K2, TLICAFR
(1.2 mmol), fEALE IR IS 25 mL 51
Fei, =i NHLEE, TLC MFs v, VSR, et
I, SN LRI Bl R S0 PRI v T pHL N 8
r, ZERBEACEL, WA N, FH G R T,
HHOE, Wi N, H AR R OFR R, 8
IR IR AT 20T 43 549 2 H ARk &4 6a~6f.

(E)-1-[(6- FMEIE -3-F ) T HE1-2-[2- (WK IR -2- 35 )- 1 - i
i OIRFE)-TH-2R IF[d]K M (6a): B A [ 44, R 78%.
m.p. 183~184 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.40 (s,
1H), 8.26 (d, J=2.4 Hz, 1H), 7.95~7.92 (m, 1H), 7.44~
7.38 (m, 3H), 7.35 (dd, J=8.4, 2.4 Hz, 1H), 7.33~7.30
(m, 1H), 7.15 (d, J=8.4 Hz, 1H), 6.70 (d, J=3.6 Hz, 1H),
6.49 (dd, J=3.6, 1.6 Hz, 1H), 5.26 (s, 2H); *C NMR (100
MHz, CDCl;) 6: 151.5, 149.1, 148.3, 145.8, 143.2, 142.9,
137.6, 134.9, 134.6, 129.7, 128.4, 124.7, 124.4, 123.4,
123.3, 121.4, 113.9, 110.4, 45.4; HRMS (EI+) calcd for
C1oH3N405°Cl 380.0676, found 380.0678; caled for
C1oH3N,405"'Cl 382.0647, found 382.0668.

(E)-1-[(6- UL g -3- 56 ) FT L ]-2-[2-(3- HT BE BE Wy -2-
F)-1-TH 2 LR - 1H-2R T [d] K Me(6b): i f5 8] 44, i
£ 70%. m.p. 179~180 ‘C; '"H NMR (400 MHz, CDCl;)
5: 8.86 (s, 1H), 8.31 (s, 1H), 7.97 (d, J=8.0 Hz, 1H),
7.46~7.38 (m, 4H), 7.33~7.31 (m, 1H), 7.13 (d, J=8.0
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Hz, 1H), 6.94 (d, J=5.2 Hz, 1H), 5.24 (s, 2H), 2.50 (s,
3H); *C NMR (100 MHz, CDCly) d: 151.5, 150.0, 148.5,
143.4, 142.1, 137.9, 135.1, 134.9, 134.2, 134.1, 131.2,
129.4, 127.8, 125.0, 124.4, 123.5, 121.6, 110.6, 45.4, 15.0;
HRMS (EI+) caled for CooH;sN40,S*°C1 410.0604, found
410.0601; caled for CyH;sN,0,S’Cl 412.0575, found
412.0576.

(E)-1-[(6- ML WE -3- 45 ) A i ]-2-[2- (W g -3- 5 )- 1- K
LI I TH-ZR T [d]K M (6c): s A4, IR 74%.
m.p. 169~170 °C; 'H NMR (400 MHz, CDCls) d: 8.51 (s,
1H), 8.26 (d, J=2.4 Hz, 1H), 7.96~7.94 (m, 1H), 7.78 (s,
1H), 7.46~7.39 (m, 2H), 7.34~7.30 (m, 2H), 7.28~7.27
(m, 1H), 7.16 (d, J=8.0 Hz, 1H), 5.42 (d, J=1.6 Hz, 1H),
5.23 (s, 2H); *C NMR (100 MHz, CDCl) 6: 151.6, 149.8,
148.4, 145.6, 142.9, 142.6, 137.6, 137.4, 134.5, 133.5,
129.5, 125.1, 124.5, 123.6, 121.5, 117.9, 110.5, 108.2,
45.4. HRMS (EI+) caled for CoH;3N405°Cl 380.0676,
found 380.0651; caled for CoH;3N,O5°'Cl 382.0647,
found 382.0674.

(E)-1-[(6- S ML W -3-H ) A KL ]-2-[2-(5- A 6k e Wy -2-
FE)- 103 LM -1 H-Z8 5 [d] K M (6d): i (Al 44, 1
% 68%. m.p. 182~184 ‘C; '"H NMR (400 MHz, CDCl;)
5: 8.72 (s, 1H), 8.31 (d, J=2.4 Hz, 1H), 7.99~7.96 (m,
1H), 7.46~7.38 (m, 3H), 7.33~7.31 (m, 2H), 7.15 (d, J=
8.4 Hz, 1H), 6.79 (d, J=3.6 Hz, 1H), 5.24 (s, 2H), 2.38 (s,
3H); *C NMR (100 MHz, CDCLy) d: 153.4, 151.5, 148.5,
143.4, 142.2, 140.2, 137.9, 136.3, 134.8, 133.8, 131.2,
129.5, 127.5, 124.9, 124.4, 123.4, 121.6, 110.6, 45.6, 16.2;
HRMS (EI+) caled for CooH;sN40,S*°C1 410.0604, found
410.0593; caled for CyH;sN,0,S’Cl 412.0575, found
412.0597.

(E)-1-[(6- Mk g -3- 55 ) FFY KL ]-2-[ 1-fiFd s -2-(1E Wy -3-
I LR FE]-LH-ZR T [d] K P (6e): B (AL lEl 14, E 66%.
m.p. 176~178 °C; '"H NMR (400 MHz, CDCl5) J: 8.57 (s,
1H), 8.21 (d, J=2.0 Hz, 1H), 7.96~7.94 (m, 1H), 7.55 (d,
J=2.0 Hz, 1H), 7.45~7.40 (m, 2H), 7.35~7.32 (m, 1H),
7.23 (dd, J=8.4, 2.4 Hz, 1H), 7.17 (dd, J=5.2, 2.8 Hz,
1H), 7.06 (d, J=8.0 Hz, 1H), 6.32 (d, J=5.2 Hz, 1H), 5.20
(s, 2H); *C NMR (100 MHz, CDCly) §: 151.5, 148.3,
143.1, 142.8, 137.5, 137.1, 135.8, 135.7, 134.6, 131.5,
129.5, 128.1, 127.0, 125.0, 124.4, 123.6, 121.5, 110.5,
45.3; HRMS (EI+) caled for CioH 3sN40,S¥Cl 396.0448,
found 396.0446; caled for C;oH;3N40,8”'Cl 398.0418,
found 398.0432.

(E)-(5-(2-(1-((6- S w: -3- 3 ) FH 56 )-1H- 2K ) [d] ik

http://sioc-journal.cn/ 411



BHLLE

R E R

-2 )2 il 2,975 5 ) Wk i -2- 35 ) PRV (66): 2% £ [ £,
W% 68%. mp. 189~191 C; '"H NMR (400 MHz,
CDCls) 6: 8.29 (s, 1H), 8.11 (s, 1H), 7.93 (q, J/=2.8 Hz
1H), 7.47~7.39 (m, 3H), 7.36~7.34 (m, 1H), 7.18 (d, J=
8.4 Hz, 1H), 6.70 (d, J=2.4 Hz, 1H), 6.38 (d, J=3.2 Hz,
1H), 5.28 (s, 2H), 4.29 (s, 2H), 2.63 (bs, 1H); *C NMR
(100 MHz, CDCLy) &: 161.8, 151.3, 148.2, 145.0, 142.9,
142.8, 137.6, 134.5, 134.3, 129.9, 128.4, 125.0, 124.9,
124.4, 123.6, 121.1, 111.5, 110.2, 57.2, 45.3; HRMS (EI
+) calcd for Cy0H,sN,0,%°Cl 410.0782, found 410.0785;
caled for Co0HsN,04°"C1 412.0752, found 412.0773.
1.3 EMEMENE

LA W (Aphis craccivora) 3TNRN %, KR 1L
MR, VERIRR = SRS, LA FT DMSO FIFGRE (1)
Triton X-100 (0.1 mgeL "7k, FCHIKE N 500 A
250 mgeL ™' ZHZ5H DMSO FIFGEE) Triton X-100
(0.1 mgeL ™ ")YFIZKBCHI T B, 45 BT — 5 Hoht i A
M A G IR R 5 s, BRI, Rl de— Ik
AT gy, & EEK R SN, 48 h AR Al
BT 0. RS0 AR =R, 45RO ME. Dt
bR Ay of JE 24 ST A (R R 45 AF T e JE A=k
14 DFWERE

M PDB J%E (http://www.rcsb.org) I % Aplysia cali-
fornica AChBP (Ac-AChBP)Lj it d ik &2 & 5 4k (4 5
3C79, 4r#ERA 2.48 A PDB U1, 8 45 K Tkt
PIAE Maestro 7.5 H1[f] Protein Preparation Wizard FEilk
17, BIEG MR AN G B 225, B AT LK.
LS. R H Maestro ' Ligprep £t H brib &
Y 6a AT EERINAL, KA OPLS-2005 7137 1H B4k AE
F T =R S5 H pH 5~9 IS /N TRl BE IR TT 7400k
B, AR IEMOTE. SrRE. AENEK
. R GOLD v3.2 #f}(The Cambridge Crystallo-
graphic Data Centre, Cambridge, U.K.)UE4T 5> F X415, ¥
3C79 fnAREs kit bk 5 B B g5 A T L 10 A 9T
JR e O 4847, KA GoldScore §17reki%k, il
20 IS, IET o3 d5 i IR B B AT 3 #
2 #R5ie
21 BirLEY X TS ERERESENEE

H bk &1 6a M ZBERN A I P 15 9745 213 (0 T 1.
TEEUN ST 0.386 mm X 0.369 mm X 0.235 mm (1) 8 {7 i
PRCEAE X2 S g AT A L, Wi 20 °C,
B 2 s, diRgi i ™, B a 6a Ky sg)
ik, SIS ECH a=8.8305(9) A, b=20.802(2) A, c=
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9.9504(10) A, a=90°, f=112.852(2)°, y=90°, u=0.257
mm ', V=16843(3) A’, Z=4, D,=1.502 Mgem °,
F(000)=784, 2.43°<0<26.00°. HArLAY 6a 1l LLUIE
ok B AR AT R AL S R, A 1 b T AR E
TCIEF B g5, ARt 2 B & & E Diels-Alder
S A B N KT 1,2-a] i BE AT A, A TAE
HARME S 6a 73 RES S, v LAFS 3 9 gL 4544, 1R
FEUE WA 5 | N XU S5 R SR G A &0 1 RS e P —
Pl B Tt

Ci(1) c(18)

B2 Hisfbs 6a (7)1 4k ]
Figure 2 Molecular structure of compound 6a
22 HMEMN
M 1 %0, 78500 mgeL ' WKJE T, Hizxtb &) 6a,
6¢~6f e HU A AR R 50%~100%; 494 i FEAIS
F 250 mgeL ™', HARMLAY 6e Al 6f Kpef i) 4% dym vk
PN 72.9%H1 42.6%. A5 RN, ZIRIBARHE Ay I
Wy PRI I, W 1 2 e S AN K. HE, HWEWY K 347
FINFIEES, HARMEEY) 6b A3 TEm K AL,
R 1 HEMLEY) 6a~6f Fntk subhoxnif i (1 5% syg ok

Table 1 Insecticidal activities of compounds 6a~ 6f and imida-
cloprid against pea aphids

© 2014 Chinese Chemical Society & SIOC, CAS

A FET-H )%
Htnd) 500 mgeL " 250 mgeL '
6a 50.0 N.t.“
6b 7.9 N.t.
6¢ 70.9 N.t.
6d 65.5 N.t.
6e 100 72.9
6f 82.8 42.6
L ek 100 100
Nt AL

23 HFXIE

4, B nAChR E &Y s A A s, ik,
A TAER 45 At Bk i) Ac-AChBP (R &) ik S:
FPE A AU e 3 o, B 3a S HARE &) 6a
5 AChBP [ EAEH, K 3b W HBRLEY 6a 5
AChBP g it k& 4 . Hrh, Histb &9
6a [RIRLBERR n] 5 (588 147 189538 im-m HEARAH HAE
FH, Tk ERORR R K e PR B R 188 (15 M JE -
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H, HHBEACEY 6a MFEHIBIEAR. HHTRE
RO KAy F T LM AR AN ekt e B U5t
THRRSEEIR 118 IR T A2 2R 106 M4 T
JREBE R 2%, T OB R 7T R R 190 IR
R TR XA A H e &) 6a 5
AChBP [ R KL, Pk, HARMES) 6a Lt
SRR R 5 SR B A AE R 22572

a) b)
Trpl47
Tyrl88 Is Tyrl88 l h
3.0

B3 (a)Histb &Y 6a 5 ACKBP [#AH FLAE FIFI(b) H brdk A
) 6a 15 AChBP i A £ A4 it bk 2 77 141

Figure 3 (a) The predictive binding site interaction of com-
pound 6a with AChBP and (b) the conformational comparison of
6a and IMI as observed in the AChBP binding pocket.

3 &g

W =00 N T NS BSCA B AR B 2 A4,
HAERIB I "H NMR, "C NMR, 24335 00 i Rl o i &5 1)
BHATRAE. VRIS TEMRE . 75 500 mgeL 'K
KR, BB 6a, 6c~6f X Wf(Aphis craccivora) L
AAIRGF AR BRI TE. B AR 5IAXCGA S AR
TROMAEY 1 EErE. XM IRV B
&Y 6a Lt Uk 1E 7 AEAE—E 2257, FIAX
IR T B B AL, XS BAREY) 6a 151K
KBEACIR AT RE SR R 22—
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