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& 1,2,3-E — IR (E)-B-farnesene LUMIHNE T & B R E B MHFR
REMC MBS AR BEB

(P ERM I BN R 6 100193)
¢ T E M RFERF SRR TABFF T b5t 100091)

WE N T RN FERE RO R EE A A, LA RS B K (E)-p-famesene (EBF) AL SALED), 1 1,2,3-E M
HEAQ EBF S5 Wb A RasE ML, Wit AT 15 4 EBF 204, Fra & m4itii@id '"H NMR. °C NMR,
IR J HRMS HiiiE. AEY0GE AL SR LW (& Y0 Bkt 30 s (0 SR a5 1%, b B N-((B)-3,7-Z I £E-2,6-F
- 1-FE)-N-(2-Z5 5)-4- H JE-1,2,3- 18 PRS- LIS (8d) . N-((E)-3,7- P 3-2,6-3F —f5-1-35)-N-(4- F - g -2- ) -4-
Feo 1,2,3-88 S HEEREBD AT N-((E)-3,7- " H 3£-2,6-2 7 -1-35)-N-(5- B FE - g -2- 38 )-4- FE 31,2, 3188 — k-5 F
[ (8m) B N T35, BREER NN 63.1%. 61.3%F1 63.4%; (LEPIXT BRI 5 ATE Y ST EBF, i N-(B)-3,7-—H
H-2,6-3F - 1-58)-N-(4-FFE TR I )-4-FF 31,2, 3-8 e S-FA A% (8b)  N-((E)-3,7- FF J:-2,6- 3 )i~ 1-9)-N-(6-Fi 2~
Mg -2 )-4- HE E-1,2,3- M8 -5 FE B (8g) « N-((E)-3,7- - FH 25-2,6-3F M- 1-25)-N-(PHE g -2- 45 )-4- F 2k - 1,2, 3-8 k-5
FHBEIZ(8))~ N-((E)-3,7- = i 3:-2,6-°F —)fi-1-2%)-N-(3- F & - b W -2- 3% )-4- FE BE-1,2, 3-8 — -5 Il (8k) « 81 8m Al
N-((E)-3,7- W 3£-2,6-3F " J-1-3E)-N-(5-F 3-1,3,4-¢ -2 FE)-4- 1 31,2, 3-8 — 15— T ik Jld (80) 1) 3% B vl i B e 5
H(LCso 27 B2 1021 9.0, 25.1. 31.7. 8.4, 12.8 F1 9.6 pg/mL), {E G PHERSAK T % F8 25750tk WeF BR(LCso 15 7.1 pg/mL).
R4giE  1,2,3-ME M EBF K0I4; GG SREEENE; R HIEME

Design, Synthesis and Biological Activity of (E)-B-Farnesene
Analogues Containing 1,2,3-Thiadiazole

Zhang, Jingpeng®’ Yang, Zhaokai” Qin, Yaoguo* Yang, Xinling™*“
(“ Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193)
(® Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091)

Abstract In order to discover novel compounds with high-activity to control aphid, aphid alarm pheromone (E)-f-farnesene
(EBF) was chosen as lead compound and 15 EBF analogues were designed and synthesized by replacing unstable conjugated
double bond of EBF with 1,2,3-thiadiazole. Their structures were confirmed by 'H NMR, *C NMR, IR and HRMS analysis.
Repellent activity results indicated that analogues displayed better repellent activity against Myzus persicae (Sulzer). Among
which compounds N-((E)-3,7-dimethyl-2,6-octadien-1-yl)-N-(2-naphthyl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (8d),
N-~((E)-3,7-dimethyl-2,6-octadien-1-yl)-N-(4-methyl-pyridine-2-yl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (81) and N-((E)-
3,7-dimethyl-2,6-octadien- 1-yl)-N-(5-methyl-pyridine-2-yl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (8m) exhibited excel-
lent repellent activity of 63.1%, 61.3% and 63.4% respectively. The aphicidal bioassay results showed that most analogues
exhibited considerable aphicidal activity against Myzus persicae. Especially, analogues N-((E)-3,7-dimethyl-2,6-octadien-
1-yl)-N-(4-CN-phenyl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (8b), N-((E)-3,7-dimethyl-2,6-octadien-1-yl)-N-(6-methyl-
pyridine-2-yl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (8g), N-((£)-3,7-dimethyl-2,6-octadien-1-yl)-N-(2-pyridyl)-4-methyl-
1,2,3-thiadiazole-5-carboxamide (8j), N-((E)-3,7-dimethyl-2,6-octadien-1-yl)-N-(3-methyl-pyridine-2-yl)-4-methyl-1,2,3-
thiadiazole-5-carboxamide (8k), 8, 8m and N-((E)-3,7-dimethyl-2,6-octadien-1-yl)-N-(5-methyl-1,3,4-thiadiazole-2-yl)-4-
methyl-1,2,3-thiadiazole-5-carboxamide (80) exhibited high activity with LCs, values of 10.2, 9.0, 25.1, 31.7, 8.4, 12.8 and 9.6
pg/mL, respectively, which were higher than the lead compound (E)-S-farnesene, but lower than commercial insecticide
pymetrozine with LCsy of 7.1 pg/mL.

Keywords 1,2,3-thiadiazole; EBF analogues; synthesis; repellent activity; insecticidal activity
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B 1 (E)-p-farnesene HI45H
Figure 1 Structure of (E)-f-farnesene
ER—KEZENE N, SHEY, 1,23-E-HES
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EPE R EENE . RBEENE. BRELEMEA RGP
SEHHA TRZHOES DL UTJUE, KRR 1,2,3-8
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FIE IR EE R 1,2,3-188 —IRATAEM, BB AL ANt
NSRS ) R R B 5 BB 24 3 1. Fan 20
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) — R AT AR R — 5 I8 s, 51k
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T R AU, RERSAR 2% 5 0 I R TR S R AR RN
TEIMLEY, J+ BRI R, BTl
B 5 bR, PREEM a1,

AR IET IR EBF 45 M BGE BT T 5E
R TAE, M5 NREPRIR ., BRIGEA, WEMEIA, =WBRIR
SERFI AR KRR EA EBF 20 b Lya i, &t
W EZ A Z 5 EBF W), IXLeb A9 K5 5 ief s 3%
P BT A R P, T L AR E RO e, 3 H (]
. XIAE T EBF MA@ SLHi XU IR N o5 &
IRIX — SRS A AT AT 1. 1 3 20 ) P ok S s B i ik
T—RHE 1,2,3-WE IR N-REE FEEL IS EBF 2510
W), SRR EE R E R AR ELr, B A Y ir
g HA —5E A OKREVE M, (B e E R S MR, AT
TESRET LRGSR, N T ROUEMEE s &9 Kk —5
W N EAFEZRBEREE K S e, &t &
BT — RAE 1,2,3-ME IR EBF 244, FEXTA R
(1115 A~ EBF A HEAT 17 SRtk A A0 2% e v 2 1 4k
H bR &I & % 2k W, Scheme 1.
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Scheme 1 Synthetic route of target compounds
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Hurd-Mori & GEPLE A EER S RNV AR I
i A R T AR £ 0k 7 vk & b (a4 S.
U1 Scheme 1 fizn: DLBKIER — W EE MR 4G IR RE, £k
N 46 E N I SRR AR B I P A 1145 H A 5,
MR 68.2%; HHIAMA Ta~To & A7 W VEATR
8, Hh 7a~7g SRl L 5 F IR N-F Rl N
HIFR42) Th~70 St % 5 A S A SR e 2 I o)
2 R B R Al AA 5 3 et AN SR S0 RS ) e ]
6, BRZIEFEIE S F AA Ta~T0 VS E) H AR &
Y1 8a~8o.
1.2 HirEYRESHRIE

Hirtk &4 4t 'TH NMR. °C NMR. IR
J% HRMS #fiiE. CAEHFREY) 81 Jofl, xfH k4T B ik fig
.

£ 'H NMR H, HEBE3R B H 55 HILE R,
C-19 1 H 3222040 N B B 7 ROBE sz, =0 o
1£8.27, RILNMWELE, 1HH7%45.04 Hz, [FFEC-18 1
1) H RN EE, (L2008 6 75 7.02, lEHECH
5.04 Hz, {h2%40%% 6 75 6.82 bR BAEIE Ky C-16 F1I H;
IE —PRIR SR IE IR b ) R L R IO B I, (b RS
O 43N 2.71 F12.27; C-4 LK) H 52 FIFHAR K H 3 7
TR EEHR Y N2 HIE, (AR 6 7F 4.96~4.99
Z[f], C-9 L) H 2 2AH A I H B 5o me 250 — H %,
2B # 0 & 5.27, 156 %N 6.54 Hz; C-10 R H
ZRFALH C-9 _E/ H M N RISemifL 24085 6 1F 4.59
FA, Bor RENE, A ECh 8.46 Hz, C-5 fil C-6
PN 2 T AR I & N — e, NZ EIE, L
iR 0 7F 1.93-2.02; C-1. C-2 Fl C-7 B AHIE, BATH
H 4T 537, thSA00F8 o 76 1.54 Bbilz, 50 ik,

£ PC NMR 1, WA 8 A, WA 6 451
983, 11.1, 12.6, 15.9, 20.6, 21.3, 34.4, 41.6; MRIL
H 124, th240% 6 43508 113.0, 117.9, 118.6, 119.3,
126.6, 136.1, 138.2, 143.8, 145.3, 148.6, 154.5, 155 4.

7E IR B3k, EBF i H 1) AR B A0 AR BL (1) C—H At
GEIR BN H BLAE 2926 F1 2855 em ™' 247 BRFE I
PRI U IRAE 1738 em™ 'y WE IR 5 E
ENRENR IS U IRAE 1652, 1603, 1440, 1377, 1227 F
834 cm ' KA.

Nishino®® }% Bowers?"" 2% — 46 EBF 74403347 T
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WL, g EBF KU B HEVE I 2% B ARd
4 P ) R XS A 0 SR 5 A AN S e v P, RSB TE,
AN, N T BB IAE B AR S SIARGE R, 7R
4 CIE il 2184 k5575 T BAREY) 8b I HL 4.
JRFRRERE TLEY 8b EHEWE 2 fis, H
C(13)F1 C(14)Z Ia A B R I X, 38Uk 1A s H
brEY5 % S G EBF M AU E], X2 fRE K EBF
A LA DR S M 1 0 B 2R A

B2 f&7) 8b ki1
Figure 2 Crystal structure of compound 8b

1.3 Bir&PrRREds i

S GG Y EBF 4 7R g A fa e, 1E
IR PG R 2 A T 5 A S B i 24 h S BEAR 77%, 5
23S i 45 h AR R ik 94% %Y. FEIRA TR IR 58 b
RILT MRS R EBF 75 =R K PGS 2644 T, 48 h
O 58 4 B R BATTR P w6 RGBUM € 3 (HPLC) J7 1
FL T #% EBF uUMifase vk, scibss Rk, Bisd
YIE GBS N 5235 B 48 h e, J0K WL BR i e A
MEEHEFHFE ). Hl, 5S4 EBF fag
PEAHLE, A TAERIE &I H A EBF 24 i fa e 1
KMEHE .

#1  HBirfbaiaE s

Table 1 Stability data of representative compounds

Content/%

Compd. 0h 48h
8a 100.00 100.00
8b 100.00 99.45
8d 96.19 96.13
8e 98.03 97.03

© 2020 Chinese Chemical Society & SIOC, CAS
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Figure 3 'H NMR spectrums of compound 8e
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Figure4 '>C NMR spectrums of compound 8e

1L, BTG 4 IR PC NMR %18 C 5 S kA kg
BHEAMAEN, £4 C ZHIES®REEES % Lk
RAMTRY, HisEWEA RIFHRRE .
1.4 BRaYEDEY
1.4.1 BREEEK

DIBkIF Xt 5, 765 pg & Nl 7 B AL &0
ORIEENETE, g5 R 2. WNR2ATLLEH, BEsEWxtHk
0o R A R L R IR 1, FLHR DL 8d, 81 AT 8m N T
= KRR N 63.1% 61.3%F1 63.4%. BARBEAREY)
ORRETE AN R S S LB ) EBF (87.4%), 1EAasE M35
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Pem. HROCR DT (1) R AMEEFRFIZEARARH H b5
BVETELE G, AP 8d, 81 F1 8m, R 435K
2-ZERE . AW LR NE-2-FE AN 5-FR LA IE-2-3E; (2)MHEnEER
b R B A7 BV AT S X [ M e PR A
Hbr &9, IREE T : 8m (5-CHs)>81 (4-CH3)>8g
(6- CH3)>8k (3-CHs); (3) R A 1,3,4-W MR HUAC I H
bramEtE Rz, WHEY 8n (5-182E-(1,3,4-1 —
E)-2-FE) Al 8o (5-FH FE-(1,3,4-18 —1)-2- 3 ) BB 14X
9 30.3%H 21.5%, 1E&FHECARIA I B AR& P i 1
w99, X AR R EAT R BEAIRES, R MR ZE T
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HARCEDD . S6 T A0 AP RIS HE 24 7006 Bk i (1) 355 2%
WEHEEGE LR 2. EYTEENRAS BRI RIS
YIAE 200 pg/mL MERIREE N IR EFEER E, A E
VIR RS M s T e 34 &) EBF, G54 8b.
8g. 8j. 8k. 8l. 8m Fll 8o FUFVEHEIITE 80% LA b, 4
MR RN (DETHIIRIE™ N B R R BUR 15
1,2,3-WE — 38 EBF SRAUA, AR S 1t e A1)
TE 70%LAN, AR5 H FR-E9 0 3 B PR A I e
70%LA F, BRI REARL 80%MEFEE, XUl N
R IR EAR IR A SR A A, S 1 3k
MG Z PR B 15 (2) N _EARIBARA IR B br
BRI A R0 5 e, FLA e 2R 1,3,4-1E
MR EUAR Y B AR G0 R, MR B ARG 8g, 8j,
8k, 81, 8m i1 8o AUFIEVELIZE = T 80%, ATFHEMLIA
BANEIR ., RUT HEEURH B ARG S R 2, MR E A&
Y 8c, 8e Fl 8h [ KIS T 70%; )X N LA
mtnE SRR B AR EPIEEAT 708, RKIIERE IR b F R
AZRORERES AR N E

NIENVEN R SRR EHENE, SF ik 7 AN A
TETETE 80% LA [ H bR &Pk AT T R I8 e, &
2 g5 B IR AW 8b, 8g, 8j, 8k, 81, 8m £l 8o 1) LCsy 5
W72 10.2, 9.0, 25.1, 31.7, 8.4 12.8 11 9.6 ng/mL, JuH &
1k &%) 8g, 81 A1 80 1] LCso SMLEFAR LCsp (7.1 pg/mL){E
[ — g, A AR gt FnlER oEr)
A&, A UK I H [ B F I HE T A v ) K v R 7

FAENE, BT A 1,2,3-18 IR N-Z< 314 EBF
FAULE B H By 45 p BT 3 — 2B R 7.

2 i

g 1,2,3-E IR E A EBF 701 R A RE
JEHIXEE, BEit. ART 15 MR ILSCERIRIE ) EBF 24
. PrE e &WssEs 'TH NMR. °C NMR. IR
K HRMS i, b &4 8b 45 5@t 5 S RT3 i,
I His R HE T By el T b & B g i fa e
M. AW TEIRSE R L] B ARk &Y pkig £ B
BT R BGEEE T, HoA L 8d, 8L 8m B B35, KR
I3 HIN 63.1%. 61.3%H1 63.4%:; FTA AW R 0HE
#hm T2 &Y EBF, HA1b54) 8b, 8g, 8j, 8k, 8,
8m Fll 8o AU TE MR LLEE I, JUH A 81 R VG P S5 %)
Ay o e I = S S i i S Y K= S e A 01
Fe. MR R BN N Yt ne R R ZE R BRI B AR &4
DR PRI N B RE IR AT 1,3,4-M8 R EREAR 1)
ARSI A 1B . %280 & Py (3 PR LA
R ef RS R HH R I R A R

3 SERSY
3.1 R 5EH

Bruker DPX 300 MHz #%#Z3E4HR1(EL TMS NN FR,
CDCl; N¥77); Bruker APEX IV {837 25 i i85 43 Hi o
b ASZIG BT AR EHTEE AR (200~300 H) AN Z R A
P TR A 7 AR, BUCEIW B L s B &

R2 HIMCEYIRISKEE Ko ISPk

Table 2 Repellent and insecticidal activity of target compounds (Myzus persicae)

Compd. Het Repellent rate’/% Screening mortality“/% LCso (95% FL)/(pgemL™")
8a 4-OCF;-phenyl 51.3%+1.7 60.4+6.2 nt’
8b 4-CN-phenyl 42.1+53 86.016.1 10.2 (6.3~15.8)
8c 2-Benzothiazolyl 47.6+34 67.9+3.7 nt
8d 2-Naphthyl 63.1+2.4 75.0+2.3 nt
8e t-Bu 43.4+0.7 67.61+59 nt
8f 5-Me-thiazole-2-yl 47.7+7.6 73.2+3.38 nt
8g 6-Me-pyridine-2-yl 43.5+5.1 85.9+2.7 9.0 (5.5~13.8)
8h 2-Pyrimidinyl 40.3+7.1 68.4+3.7 nt
8i 2-Thiazolyl 55.7+4.2 78.2+17.7 nt
8j 2-Pyridyl 48.5+6.3 80.0+5.1 25.1 (16.1~38.0)
8k 3-Me-pyridine-2-yl 36.5+4.5 81.4%5.4 31.7 (19.8~50.3)
8l 4-Me-pyridine-2-yl 61.31+4.0 92.7+2.6 8.4 (5.1~12.9)
8m 5-Me-pyridine-2-yl 63.4+2.7 89.1+0.4 12.8 (7.8~19.9)
8n 5-Pr-(1,3,4-thiadiazole)-2-yl 30.3£8.9 78.2+4.5 nt
80 5-Me-(1,3,4-thiadiazole)-2-yl 21.5+7.0 87.3%2.6 9.6 (5.7~15.0)
EBF — 87.4+23 58.8+2.9 nt
PY? — 87.142.1 7.1 (43~11.1)

“ Average of three replicates; ” repellent activity was tested at a dose of 5 pg/test; ¢ aphicidal activity was tested at a concentration of 200 pg/mL; ¢ PY: pymetrozine
was used as a positive control; ¢ nt: not test

Chin. J. Org. Chem. 2020, 40, 2971~2979
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BHEA IR A\ 80 H R B FHE ARG IR A F. B A
R A Al Ak A, BRI B AL, i
KL TCKAEHE.
3.2 ZLWAHE
32.1 PR H &

4-FHE-1,2,3-E k5 iR (5) 2 HE SRR [23] ) 4%,
P2 68.2%. HIAMA Ta~To S SCHR[24, 25/ 4.
322 HARGEH &

£ 100 mL = 1 [F G i 8.60 g (0.05 mol) 4-
FH R -1,2,3- 18 — k-5 B R AN AL IEAR(30 mL), Ji#A el
WAL 6 h. P85 28 2 0d B R S AR, G &
FR 2R 7 Bk B ST, 6 AR iR B ORIy 4- F K-
1,2,3-1 e S-HIEE(6), EEH T F—25.

PL N-((E)-3,7- - FH 5:-2,6-2F —4-1-38)-N-(5- H -
M PR - K )4 PP RE 12,3198 — M -5 R Tk i (81) P oIl %
Bl: W 50 mL = I 0.75 g (3.0 mmol) 7f. 20 mL
ZEMWEEA 2 mL = Ok, PREEE R, NGB ik
RARWNEIETHINE R 6 M &P Heial, BN 4h, #
JEEGH(TLOM MR B, [ FEEE, WH R =R, Tk,
BV 53 790 F VAR Tt T S v YR R R S A B R B
ToKBRER AN T, W4, HEM B[N LK LER) :
VR M) =20 : 1143 0.76 g B EOMRBIE, IR 67%.
'H NMR (CDCl;, 300 MHz) d: 1.49 (s, 3H, CH;-C), 1.59
(s, 3H, CH;-C), 1.68 (s, 3H, CH;-C), 2.02~2.06 (m, 4H,
C-CH,-CH,-C), 2.35 (s, 3H, CH;-Thiazole), 2.84 (s, 3H,
CH;-C-N), 4.46 (d, J=7.20 Hz, 2H, CH,-N), 5.02~5.06
(m, 1H, CH=C), 5.31 (t, J=6.69 Hz, 1H, CH=C), 6.95
(d, J=8.18 Hz, 2H, Thiazole-H), 7.13 (d, J=8.16 Hz, 2H,
Thiazole-H); *C NMR (CDCls, 75 MHz) 6: 6.6, 8.1, 11.1,
12.6, 20.6, 21.1, 34.3, 42.6, 113.0, 118.5, 126.8, 130.4,
135.9, 136.3, 152.2, 154.1, 155.6; IR (film) v: 2969, 2920,
1645, 1473, 1376, 1218, 837 c¢cm '; HRMS calcd for
C1sHpsN,0S, (M+H)" 377.1464, found 377.1467.

[ HI17346 59 8a~8e Fil 8g~8o.

N-((E)-3,7-—F1 3£-2,6- % —)fi-1-F5)-N-(4- = FH 4
FE-FE L )-4-F JE-1,2,3- 188 -5 PRl (8a): E (OHDIR
WAk, WK 62%. "H NMR (CDCls, 300 MHz) d: 1.47 (s,
3H, CH;-C), 1.58 (s, 3H, CH;-C), 1.67 (s, 3H, CH;C), 2.02
(s, 4H, CCH,CH,C), 2.83 (s, 3H, CH;CN), 4.47 (d, J=
7.23 Hz, 2H, CH,N), 5.00~5.03 (m, 1H, CH=C), 5.29 (t,
J=6.78 Hz, 1H, CH=C), 7.11~7.26 (m, 4H, Ar-H); “C
NMR (CDCls, 75 MHz) d: 13.8, 15.9, 17.4, 25.4, 26.1,
39.3, 47.8, 117.4 (2C), 118.3, 121.8(2C), 123.5, 130.1,
131.6, 139.1, 141.4, 141.7, 149.1, 160.0, 160.8; IR (film)
v: 2966, 2926, 2857, 1645, 1506, 1447, 1403, 1225, 1058
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em ~'; HRMS caled for CyHysFiN;0,S (M + H) ©
440.1614, found 440.1617.

N-((E)-3,7- — F F£-2,6-F —fi-1-3%)-N-(4- B 2K
J)-4-FJE-1,2,3-E WS- FI R A% (8b): B[4, m.p.
40~42 C, W% 85%. 'H NMR (CDCls, 300 MHz) ¢:
1.45 (s, 3H, CHs-C), 1.51 (s, 3H, CH;-C), 1.60 (s, 3H,
CH;-C), 1.89~1.98 (m, 4H, C-CH,-CH,-C), 2.59 (s, 3H,
CH;-C-N), 4.51 (d, J=6.98 Hz, 2H, CH,-N), 4.91~4.93
(m, 1H, CH=C), 5.21 (t, J=6.79 Hz, 1H, CH=C), 7.50~
7.54 (m, 2H, Ar-H), 7.80~7.84 (m, 2H, Ar-H); *C NMR
(CDCls, 75 MHz) §: 160.1, 159.8, 144.8, 141.9, 141.7,
133.3, 131.7, 128.9, 123.4, 117.2, 112.4, 47.9, 39.2, 26.0,
25.5,17.5,16.0, 13.5; IR (film) v: 2954, 2913, 2228, 1651,
1601, 1505, 1378, 1226, 850 cm '; HRMS calcd for
C,1HosN4OS (M+H) " 381.1744, found 381.1748.

N-((E)-3,7- W 3£-2,6- 3 —H5-1-3L)-N-(H FFge e -2-
F)-4-F 3 -1,2,3- 188 — 045 FF G i (8e): 5 (20 H IR YR A4,
K 69%. 'H NMR (CDCls, 300 MHz) d: 1.56 (s, 3H,
CH;-C), 1.58 (s, 3H, CHs-C), 1.64 (s, 3H, CH;-C), 1.99~
2.06 (m, 4H, C-CH,-CH,-C), 2.80 (s, 3H, CH;-C-N), 4.80
(d, J=6.00 Hz, 2H, CH,-N), 5.01 (d, J=6.54 Hz, 1H,
CH=C), 5.22~5.26 (m, 1H, CH=C), 7.36~7.51 (m, 2H,
Ar-H), 7.88 (t, J=8.16 Hz, 2H, Ar-H); >C NMR (CDCl;,
75 MHz) o: 8.1, 11.1, 12.6, 20.6, 21.0, 34.3, 43.2, 113.0,
116.1, 117.0, 118.5, 119.7, 121.3, 126.9, 136.0, 136.2,
143.0, 153.4, 153.9, 157.0; IR (film) v: 2967, 2926, 2856,
1727, 1652, 1495, 1267, 1220, 759 cm™'; HRMS calcd for
C>1HasN4OS, (M+H)" 413.1464, found 413.1467.

N-((E)-3,7- - H 3£-2,6-2F —Jfi-1-3&)-N-(2- 25 5 )-4-
FRE-1,2,3- 8 -5 FR TG fl (8d): 38 IR VLA, e
70%. '"H NMR (CDCls, 300 MHz) §: 1.47 (s, 3H, CH;-C),
1.58 (s, 3H, CHs-C), 1.67 (s, 3H, CH;-C), 2.02 (s, 4H,
C-CH,-CH,-C), 2.88 (s, 3H, CH;-C-N), 4.59 (d, J=17.14
Hz, 2H, CH,-N), 5.02~5.05 (m, 1H, CH=C), 5.39 (t, J=
6.79 Hz, 1H, CH=C), 7.16 (dd, J=8.52, 1.98 Hz, 1H,
Ar-H), 7.54~7.88 (m, 6H, Ar-H); °C NMR (CDCls, 75
MHz) d: 13.9, 16.0, 17.5, 25.5, 26.2, 39.4, 47.9, 117.8,
123.6, 125.8, 127.0, 127.2, 127.7, 127.8, 129.9, 131.5,
132.7, 133.1, 138.0, 141.2, 141.8, 160.2, 161.0; IR (film)
v: 3057, 2967, 2926, 1645, 1506, 1442, 1398, 1224, 751
cm'; HRMS caled for CoyHysN;OS (M+H)™ 406.1948,
found 406.1951.

N-((E)-3,7- - FH 5£-2,6-2F —Jfi-1-F5)-N-U T F-4-H
JE-1,2,3- 168 — WS- R 9 (8e): B EOHUIR VR AR, R
78%. '"H NMR (CDCls, 300 MHz) 6: 1.31 (d, J=0.93 Hz,
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3H, CHs-C), 1.54 (s, 9H, (CH;);-C), 1.60 (s, 3H, CH;-C),
1.69 (d, J=0.90 Hz, 3H, CH;-C), 1.98~2.09 (m, 4H,
C-CH,-CH,-C), 2.70 (s, 3H, CH;-C-N), 3.78~3.80 (m,
2H, CH,-N), 4.99~5.06 (m, 2H, CH=C); “C NMR
(CDCls, 75 MHz) d: 12.5, 15.8, 17.5, 25.5, 25.8, 28.4 (4C),
39.0, 45.7, 58.5, 121.8, 123.4, 131.7, 137.7, 145.5, 156.3,
161.9; IR (film) v: 2967, 2926, 1643, 1446, 1395, 1224,
1198, 825 cm '; HRMS caled for C,gHzoN;0S (M—}—H)+
336.2104, found 336.2105.

N-((E)-3,7- . F 3£-2,6-2F —fis-1-F5)-N-(6- FF 3L -tk
WE-2- 3 )-4- i -1,2,3- 1 — IS FA Bk % (8g): T R IR
AR, BE 61%. '"H NMR (CDCls, 300 MHz) 6: 1.47 (s,
3H, CHs-C), 1.51 (s, 3H, CH;-C), 1.59 (s, 3H, CH;-C),
1.93~1.99 (m, 4H, C-CH,-CH,-C), 2.25 (s, 3H, CH;-Py),
2.65 (s, 3H, CH;-C-N), 4.55 (d, J=7.05 Hz, 2H, CH,-N),
5.23 (d, J=1.38 Hz, 1H, CH=C), 5.22~5.26 (m, 1H,
CH=C), 6.82 (d, J=8.04 Hz, 1H, Py-H), 7.34~7.38 (m,
1H, Py-H), 6.18 (dd, J=1.68, 0.69 Hz, 1H, Py-H); "C
NMR (CDCls, 75 MHz) §: 8.3, 11.0, 12.6, 12.9, 20.6, 21.2,
34.3,41.3, 113.1, 116.6, 118.7, 126.5, 128.0, 133.7, 135.9,
138.3, 144.6, 146.2, 154.3, 155.3; IR (film) v: 2969, 2925,
2854, 1651, 1595, 1479, 1378, 1226 cm™'; HRMS calcd
for C,0H,;N,OS (M~+H)" 371.1900, found 371.1904.

N-((E)-3,7- — 1 5 -2,6- 3¢ — I -1- 2 )-N-( % W -2-
B)-4-F BE-1,2,3- 8 M-S HI R A (8h): YR B B RAA, IR
# 41%. '"H NMR (CDCls, 300 MHz) J: 1.52 (s, 3H,
CH;-C), 1.59 (s, 3H, CHs-C), 1.71 (s, 3H, CH;-C), 1.93~
2.02 (m, 4H, C-CH,-CH,-C), 2.52 (s, 3H, CH;-C-N), 4.82
(d, J=6.96 Hz, 2H, CH,-N), 4.95 (t, J=1.32 Hz, 1H,
CH=C), 5.30~5.34 (m, 1H, CH=C), 7.00 (t, J=4.83
Hz, 1H, Pyrimidine-H), 8.44 (d, J=4.83 Hz, 2H, Pyrimi-
dine-H); *C NMR (CDCls, 75 MHz) d: 7.7, 11.3, 12.6,
20.5, 21.2, 34.4, 40.4, 112.7, 113.5, 118.6, 126.5, 135.8,
141.0, 152.4, 152.9, 155.0, 156.7; IR (film) v: 2973, 2916,
2856, 1643, 1568, 1415, 1223, 823 cm™'; HRMS calcd for
CisHauNsOS (M+H)" 358.1696, found 358.1696.

N-((E)-3,7- — W 5 -2,6- 3¢ = Ji -1- F& )-N-( W& M4 -2-
He)-4- L -1,2,3- M8 -5 R g i (8): B R THIR A,
% 49%. 'H NMR (CDCls, 300 MHz) d: 1.57 (s, 3H,
CH;-C), 1.60 (s, 3H, CH5-C), 1.67 (s, 3H, CH;-C), 1.99~
2.06 (m, 4H, C-CH,-CH,-C), 2.79 (s, 3H, CH;-C-N), 4.69
(d, J=17.74 Hz, 2H, CH,-N), 5.01 (d, J=6.72 Hz, 1H,
CH=C), 5.21 (t, J=5.28 Hz, 1H, CH=C), 7.16 (d, J=
3.54 Hz, 2H, Thiazole-H), 7.60 (d, J=2.57 Hz, 2H, Thia-
zole-H); *C NMR (CDCl;, 75 MHz) ¢: 8.1, 11.1, 12.6,
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20.6, 21.0, 34.2, 43.0, 111.4, 113.1, 118.5, 126.8, 132.8,
135.8, 136.1, 153.9, 155.9; IR (film) v: 2919, 1645, 1497,
1433, 1373, 1218, 709 cm™'; HRMS caled for C,;Hys-
N,0S, (M+H)" 363.1308, found 363.1311.

N-((E)-3,7- — W 3 -2,6- 3¢ — fi5 -1- 3 )-N-( Wit i -2-
F)-4-F J-1,2,3- 1 IS FE B i (8j): B C TR IR AR,
% 51%. 'H NMR (CDCls, 300 MHz) J: 1.53 (s, 3H,
CH;-C), 1.56 (s, 3H, CH;-C), 1.65 (s, 3H, CH;-C), 1.98 (s,
4H, C-CH,-CH,-C), 2.69 (s, 3H, CH3-C-N), 4.64 (d, J=
7.05 Hz, 2H, CH,-N), 4.99 (s, 1H, CH=C), 5.29 (t, J=
6.57 Hz, 1H, CH=C), 6.98 (d, J=7.92 Hz, 1H, Py-H),
7.16~7.20 (m, 1H, Py-H), 7.59 (td, J=7.62, 3.12 Hz, 1H,
Py-H), 8.42 (dd, J=4.74, 2.04 Hz, 1H, Py-H); *C NMR
(CDCl;, 75 MHz) o: 12.5, 15.3, 16.8, 24.8, 25.4, 38.6,
457, 117.4, 121.1, 122.1, 122.9, 130.8, 137.4, 140.3,
142.7, 148.6, 153.0, 158.4, 159.7; IR (film) v: 2929, 1738,
1647, 1435, 1366, 1227, 1217 cm™'; HRMS caled for
C1oH,sN,0S (M+H)" 357.1744, found 357.1750.

N-((E)-3,7- - F 3£-2,6- 3% — Mi-1-F5)-N-(3- FF 2 -t
Mg -2- 3 )-4- H 3 -1 2, 3-8 — -5 R i (8K): (R TiIR
Wik, WCE 46%. "H NMR (CDCls, 300 MHz) 6: 1.42 (s,
3H, CH;-C), 1.50 (s, 3H, CHs-C), 1.59 (s, 3H, CH;-C),
1.90 (s, 4H, C-CH,-CH,-C), 2.04 (s, 3H, CH;-Py), 2.82 (s,
3H, CHs-C-N), 4.54 (d, J=33.15 Hz, 2H, CH,-N), 4.94 (s,
1H, CH=C), 5.25~5.31 (m, 1H, CH=C), 7.18 (dd, J=
7.62, 474 Hz, 1H, Py-H), 7.44 (d, J=7.35 Hz, 1H, Py-H),
8.35 (dd, J=4.59, 1.17 Hz, 1H, Py-H); *C NMR (CDCl;,
75 MHz) 6: 8.7, 10.9, 12.2, 12.5, 20.5, 21.2, 34.4, 41.0,
112.2, 118.6, 119.4, 126.5, 127.0, 135.3, 136.3, 136.6,
142.6, 147.4, 155.0, 156.4; IR (film) v: 2970, 2923, 1738,
1650, 1376, 1227 cm™'; HRMS caled for C,oH»N,OS
(M~+H)" 371.1900, found 371.1900.

N-((E)-3,7- ~H 3£-2,6-2F —ffi-1-FE)-N-(4- B FE -t
Mg -2 )-4- F 31,2, 3-8 — -5 PR Ae(8I): 3 (o PR
&, W& 56%. '"H NMR (CDCls, 300 MHz) 6: 1.51 (s, 3H,
CH;-C), 1.54 (s, 3H, CH;-C), 1.63 (s, 3H, CH;-C), 1.93~
2.02 (m, 4H, C-CH,-CH,-C), 2.27 (s, 3H, CH-Py), 2.71 (s,
3H, CH;-C-N), 4.59 (d, J=8.46 Hz, 2H, CH,-N), 4.96~
4.99 (m, 1H, CH=C), 5.27 (t, J=6.54 Hz, 1H, CH=C),
6.82 (s, 1H, Py-H), 7.02 (d, J=5.04 Hz, 1H, Py-H), 8.27
(d, J=5.04 Hz, 1H, Py-H); >C NMR (CDCl;, 75 MHz) ¢:
8.3, 11.1, 12.6, 15.9, 20.6, 21.3, 34.4, 41.6, 113.0, 117.9,
118.6, 119.3, 126.6, 136.1, 138.2, 143.8, 145.3, 148.6,
154.5, 155.4; IR (film) v: 2926, 1738, 1652, 1603, 1440,
1377, 1227, 834 cmfl; HRMS calcd for CyH,7N,0S (M+
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H)" 371.1900, found 371.1897.

N-((E)-3,7- - F 3£-2,6-2F —fis-1-F5)-N-(5- FF 3L -t
WE-2-F)-4- B 1,2, 3-8 — WS- FH B i (8m): 2 CE v iR
WAk, BE 55%. '"H NMR (CDCls, 300 MHz) 6: 1.51 (s,
3H, CH;-C), 1.53 (s, 3H, CH;-C), 1.61 (s, 3H, CH;-C),
1.92~2.01 (m, 4H, C-CH,-CH,-C), 2.40 (s, 3H, CH;-Py),
2.66 (s, 3H, CH;-C-N), 4.58 (d, J=7.11 Hz, 2H, CH,-N),
4.96 (t,J=1.32 Hz, 1H, CH=C), 5.27 (t, J=6.79 Hz, 1H,
CH=C), 6.74 (d, J=7.83 Hz, 1H, Py-H), 6.99 (d, J=7.65
Hz, 1H, Py-H), 7.45 (t, J=7.74 Hz, 1H, Py-H); *C NMR
(CDCls, 75 MHz) d: 8.2, 11.1, 12.6, 18.9, 20.6, 21.2, 34.4,
413, 113.2, 113.6, 117.4, 118.7, 126.5, 133.2, 135.8,
138.6, 147.9, 153.7, 154.0, 155.4; IR (film) v: 2924, 1738,
1651, 1459, 1375, 1227, 1218, 780 cm ™ '; HRMS calcd for
C,oH»7N,0S (M+H) " 371.1900, found 371.1902.

N-((E)-3,7- — W 2 -2,6- 3¢ - Jfi -1- 2 )-N-(5- T4 2 -
1,3,4-M8 M2 F)-4- B L1 2 3168 — I4E-5- R i (8m):
WA E AR, mp. 70~71 C, WZE 61%. 'H NMR
(CDCls, 300 MHz) 6: 1.03 (t, J=7.35 Hz, 3H, CH;-C),
1.32 (s, 3H, CH;-C), 1.54 (s, 3H, CH;-C), 1.63 (s, 3H,
CH;-C), 1.80~1.88 (m, CH,-C), 1.96~2.03 (m, 4H,
C-CH,-CH,-C), 2.75 (s, 3H, CH;-C-N), 3.05 (t, J=7.44
Hz, 2H, CH,-Thiadiazole), 4.71 (d, J=16.27 Hz, 2H,
CH,-N), 4.99 (t, J=5.37 Hz, 1H, CH=C), 5.18 (t, J=6.36
Hz, 1H, CH=C); “C NMR (CDCl;, 75 MHz) J: 12.5,
13.0, 15.5, 17.0, 22.4, 25.0, 25.4, 31.0, 38.7, 47.7, 116.8,
122.8, 131.4, 139.7, 140.1, 158.6, 160.7, 167.7; IR (film)
v: 2969, 2928, 1737, 1655, 1462, 1377, 1218 cm™'; HRMS
caled for CjoHxNsOS, (M + H) ©  406.1730, found
406.1730.

N-((E)-3,7- — W % -2,6- 3¢ = Jfi -1- 2 )-N-(5- H 2% -
1,3,4-M88 — W2 JE)-4- F JE-1,2,3- W€ — 5 F 5k % (80):
@ E A, mp. 107~108 C, W 64%. 'H NMR
(CDCls, 300 MHz) d: 1.31 (s, 3H, CH;-C), 1.53 (s, 3H,
CH;-C), 1.63 (s, 3H, CH;-C), 1.92 ~2.02 (m, 4H,
C-CH,-CH,-C), 2.71 (s, 3H, CH;-C-N), 2.73 (s, 3H, CHs-
Thiadiazole), 4.70 (d, J=6.24 Hz, 2H, CH,-N), 4.98 (t,
J=5.43 Hz, 1H, CH=C), 5.16 (t, J=6.33 Hz, 1H, CH=
C); “C NMR (CDCls;, 75 MHz) ¢: 8.1, 10.1, 11.1, 12.6,
20.6, 21.0, 28.6, 34.2, 43.2, 112.4, 118.4, 126.9, 135.3,
136.5, 154.1, 154.3, 156.3, 157.8; IR (film) v: 2927, 2853,
1738, 1654, 1462, 1377, 1218, 836 cm™'; HRMS calcd for
C17H24NsOS, (M+H) " 378.1417, found 378.1415.

3.2.3 A& MWK
AR s vk S R E AR A Vs T g F
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Fist, FERSAULA A S AR, BIVAE 25 50R B AR % IR 56 454
N, SR EE R 0 A1 48 h 5, RAWBH GRS LS
MRARILLEE . WO C18 At IERE, 250 mm X 4.6
mm, [EEARAEAS um; AR 25 C; BRI
FREE ALK (LR SR &P E);  WE N 0.7 mL/min;
LRHMRUSCH KN 254 nm; FEFEESE S pl, RATARE—
FITE SR,

AR Bl s IR AU H bR & YIS EAE CDCl,
R EIR R N HREEBRRCT, SRlfESE
1,3,5 A7 d AR R R AR 4R B AR 54210 'TH NMR
A1 PC NMR, HRAE A AR KA HLIE 24478 CDCls.
3.2.4  AdpEHENER

KA T EVENE B ARl &P ok vE v, IR 4t
N B ANk (Myzus persicae), AR J5 % 3 T 5E 7
=2 SCHR[20, 291317

H bR AL G 2 g 3 0 e B A B R ik ief
(Myzus persicae), K IR M5B AR B sREAT 004,
48h JE WL SR U AE TR .

KIEFE T 2 (%) = (FE i AE T- 6 — S EH X KT
F)/(1— 2 AR HRBET ) X 100%

T AXBRIET-FNT 5% ABEIE, KT 20%H

4 BIi#1 8 (Supporting Information) L&) 8a~8o [
'HNMR. “C NMR. IR i LLKALA4) 8a, 8b, 8d, e
(14 e ROBURE € 3 R it AR s . X e AT DL A 9% A
F1 X 3k (http://sioc-journal.cn/)_F T #k.
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