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Design, Synthesis and Biological Activity of (E)-B-Farnesene
Analogues Containing Imidogen

Zhang, Jingpeng” Qin, Yaoguo* Li, Xinlu“ Song, Dunlun”
Liu, Junjie” Yang, Xinling™*
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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 a series of EBF analogues containing imidogen were designed by replacing unstable
conjugated double bonds of EBF with different aromatic ring. Nineteen EBF analogues were synthesized via two reaction
routes of N-alkylation and reductive amination. Their structures were confirmed by 'H NMR, >C NMR, IR and HRMS analy-
sis. The bioassay and structure-activity relationship analysis were carried out. The result indicated that title compounds con-
taining benzene or pyridine displayed obvious repellent activity against Myzus persicae (Sulzer). Especially, compounds 3g, 31
and 3m exhibited excellent repellent activity of 62.0%, 62.5% and 64.6% respectively. Moreover, the title compounds contain-
ing 1,3,4-thiadiazole ring showed certain insecticidal activity against M. persicae. In particular, the mortality rate of com-
pounds 3i, 31, 3r and 3s were 70.7%, 72.6%, 70.4% and 75.5% at a concentration of 200 pg/mL, which were higher than the
lead EBF. However, compound 3a, in which the conjugated double bonds were replaced with butyl, showed obviously neither
repellent nor aphicidal activity.

Keywords EBF analogues; imidogen; synthesis; repellent activity; insecticidal activity; structure-activity relationship
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2k (Route D)l & B A 3 KRS, KIUAS FWIIETS
MERER, ERIILE 1.

R HEMHILE 2 1 N-FdbAl N %A

Table 1 N-Alkylation conditions between 2 and amine

Compd. @ Base 7°C Yield/%
3a t-Bu K,CO; 25 44
3b 2-Naphthyl K,COs 25 77
3c 3-Cl-C¢Hy K,CO;4 25 65
3d 3-F-C¢H, K,CO; 25 75
3e 3- CF5-C¢Hy K,CO; 25 62
3f 2-CF;-C¢Hy NaOH Reflux 50
3g 4-CF;-C¢Hy NaOH Reflux 57
3h 4-CF;0-C¢H, K,CO; 25 76
3i 6-Me-pyridin-2-yl NaOH Reflux 49
3j 5-Me-thiazol-2-yl NaOH Reflux 43
3k Benzothiazol-2-yl NaOH Reflux 52
31 Pyridin-2-yl NaOH Reflux 23
3q Thiazol-2-yl NaOH Reflux 0

BERERR LA A N T, BT SRS 00, 18R

SONTE R ZE. 3m. 3n. 30 IFZRARIKA 72%- 66%F

45%, X AT 8 A F T A 3 H R Y A R Aoz BHLIS A 1. B

5 FR I FOR R SR T M e 3 RIE, N P R T R
F2 RS EMEE 4 1R AL S

Table 2 Reductive amination conditions between 4 and amine

)\/\)\/ NaBH;CN/ZnCl,
NH
\CHO + ‘ 2 TCHOH. rt
N/\)\/\)\
H 3

MR 1 BT, R 7k s 4 HH AR
3a~3e fll 3h, YK 44%~77%; {H & 5T 0@ W% B 1~ L HUAL
HIZEE(3E, 3g) ARk, 1 LIRS, HEAKSA

S e A, 3 AR S R A, B % R LA A 5
(NaOH) '} 28 R 5 Al [el 3t 1) S B 261, A RE LAARE 11

R (43%~57%)15 5] 3f~3g Al 3i~3k. Z AP
PR PG VER ZE S, BT ZRNET SN2 FEZIUR
O, =5 F R BRI T RS AR R ORI I N L
RS, HoRp e, RNAS RE, RF
SKEBE PR SN G54 (NaOH. R 28 B 79 A 205 b [R137), 184
TN, A Refd OBiHE T, B AR iR s I B 4
7 F (NaOH 25 FR AN 2, F [R1970), 22 5 L 1 AF . 1)
FEW 31 ISR 23%, T 2-Z8 SEMEMEAN SV, 1 2 [A]
VIR A FITALE e PR R - 0T B, PN 2838 BN
JEF A LR, AR B T SN, 8 N
P EEARAR, AR R A A AR SN

X T H AR AR AU 31~3s (AR, K 24 3R A
FIHEE 4 IESOERR, R ERAL. — RIS 5 N
o R TR N AN, (A s B R ) I 4 &
Faksk, &M af-ANAEE, SAEEMEILENE op-
AR RSB JE PRI SO T I A AL A — bR
(B R, RBEMEL, Xt af- BT, 7] LA
SE 4R S S ) 2% F AR, H AR 31~ 3s i i e A i
£k (Route 2) 1] LUBAIHIS, &5 F 02 2. 31~3s (RN
34%~78%, H.A1 31, 3q IR BESE R, 77008 78%FH
73%. BeAk, XS —F O AR BAR AL G 361 3j,
K IE R A 1 7 R 4y A 50%F1 43% 32 = &
81%H11 68%. 3p MIHRAN 34%, IXFIRER H T 2-2 4
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Compd. Timeh  Yield/%
3f  2-CFy-CeH, 1 81
3j 5-Me-thiazol-2-yl 1 68
31 Pyridin-2-yl 1 78
3m 5-Me-pyridin-2-yl 0.5 72
3n 4-Me-pyridin-2-yl 0.5 66

3o 3-Me-pyridin-2-yl 1 45

3p Pyrimidin-2-yl 2 34

3q Thiazol-2-yl 1 73

3r 5-Pr-(1,3,4-thiadiazol)-2-yl 1 61
1

3s 5-Me-(1,3,4-thiadiazol)-2-yl 51

© 2017 Chinese Chemical Society & SIOC, CAS
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W I O RN AR I3 N 2 B, C-4 (LAhif% o
1E 5.07~5.11 Z[f], C-9 fL2=0i#% o 7E 5.35~5.39 Z[f].
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AR 6 1 4.04 Iiha, ROy A=HIE, HEFEN 4.95
Hz. NH B/ H A—ANF6 g, 122060 6 78 3.97. C-5
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ATLAE H, AFE 5 IR A 3 PR Aok iE
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5-FJE-1,3,4-M8 EERIE R SR 31 A1 3s TEMERR
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EFEFRAIARCREE T X R DR B VE P, T R R X
f R AR, SRR ettt EBF AR KR
m, BAEERKAFERO. Shah, S iR el fs gt B
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Table 3 Repellent and insecticidal activity of target compounds

(Myzus persicae)

Compd. Appearance Repellent rate’/% Mortality/%
3a Yellow liquid 189+1.6 56.6+1.8
3b Yellow liquid 38.2£3.9 679149
3c Yellow liquid 40.8+1.8 51.9+49
3d Yellow liquid 428%1.3 324+1.5
3e Yellow liquid 48.7+3.7 459143
3f Yellow liquid 58.7%£5.7 65.7+4.2
3g Yellow liquid 62.0+1.5 56.2+2.1
3h Yellow liquid 53.1%23 55.1%£2.5
3i Yellow liquid 37.1£32 70.7£1.5
3j Yellow liquid 42.8+2.2 66.012.8
3k Yellow liquid 364122 639149
31 Yellow liquid 62.51£4.0 72.6£2.0
3m Yellow liquid 64.6+1.7 68.81+2.0
3n Yellow liquid 36.9+2.7 61.2+1.9
30 Yellow liquid 43.6+2.3 63.71+5.6
3p Yellow liquid 349+59 67.5+1.3
3q Yellow liquid 57.4+0.4 69.7+2.4
3r Yellow oil 31.5£5.7 70.4£0.7
3s White solid 20.2£2.2 75.5£0.6
EBF  Colorless liquid 87.4%23 58.8+2.9
PY’  White solid — 87.1£2.1

“ Average of three replicates.” Repellent activity was tested at a dose of 5ug.
¢ Aphicidal activity was tested at a concentration of 200 pg/mL. PY: Pymet-
rozine was used as a positive control.

FAEL, IXE AN A S BT R AT, R, A SCRr s
THABILD e PSR AU AT A — 2 A% G ok dUGT A T
WF R ZR G IR EL

2 #ig

KBNS RFEREE) N-Ke3E b R F0 7 g
55 058 I 000380 SR e A S B R e s 2645 1 T 19 AN EBF 28
. S askimd '"H NMR. °C NMR }%
HRMS #ilE, J Hig FRRGTF B 36 T & fa
EPE. AEIE DRSS R, H AR AE X phiF B
BT PRGBS, T R e AR, Dk E
W 31 BRI AR, RIBER AEIER TN 62.5%F1 72.6%.
PR R s B R IR B e IR 1Y) EBF JALL DX e 5 1
R & 1,3,4-E IR EBF S5 A EE PER
JEFR[Y EBF 28U IR0 A R A0 PR 2 AN B . Ix e
SRHE— 25 e b s 0 AL EAT R S L

3 SCISER4Y
3.1 X5
Bruker DPX 300MHz ¥ fEFEHRI (DL TMS AR,

CDCl; ¥%71); Bruker APEX IV {# 37.H-45 ¥ &5 43 3% i
it; PerkinElmer Spectrum 100 FT-IR ZL4MiEAN (W
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). RS B AL E AT (200~300  H) A AR
N SR T RA AR, BURGE I B b 55
HRHEA R AR BCE R B EZEARE R AR,
BB Al sl S aliln), BREEAESN, BT
FIR L TR AL,

3.2 FhaErEoEl&

7 L 50(2) DA R = AL JEURE, S
BR[1S] 0 15 & & HE & (2), 75 82.8%( Lk = &
84.6%).

FIHEE(4)IH) 4% 76 250 mL = FUM N & -
15.6 g (0.1 mol)f1 100 mL —& W ke, P T it
PN 5 T 63.6 g (0.15 mol), 4k&2H IR HiHE
SN, (0l (TLC) far il 7 - 8 s N 56 2 I, 2218 %
IO B R AN VA A K S, i B 25 [ 4, 8 v A
TEWEER K, AN, KRR T, W
a5, FEEMTVCATMES) @ V(LR OER)=10 @ 11153 )
£ 13.6 g, LZ 88%.

3.3 HiRHHIE
3.3.1 N-[(E)-3,7-=F #-2,6-F = Hi-1- £ ]-2- 2 1 (3b)
9 H) &

] 50 mL = KK 1.60 g (9 mmol) 2-Z%
féZ. 0.06 g (0.3 mmol)HALER. 0.42 g (3 mmol)FRELHH
6.87 g (9 mmol) 30%|[1] - etk — H R ALIEAT 20 mL
CNE, TR IE). ARG MR NAR R 8N 0.53
g (3 mmol)A M IEG, HIR TR 4 h. RMZEHE K
Ve, R PRAR, ToKERBRN TR A N, W4,
M4l L[ VR MEE) © (2R ZE)=30 : 1], 550
A 0.65 g. '"H NMR (CDCls, 300 MHz) d: 1.60 (s, 3H,
CH;C), 1.68 (s, 3H, CH;C), 1.75 (s, 3H, CH;C), 2.03~
2.16 (m, 4H, CCH,CH,C), 3.80 (d, J=6.66 Hz, 2H,
CH,N), 5.08~5.12 (m, 1H, CH=C), 5.37~5.42 (m, 1H,
CH=C), 6.81 (d, J=2.25 Hz, 1H, Ar-H), 6.87 (dd, J=
8.25 Hz, 1H, 2.32Hz, Ar-H), 7.18 (td, J=7.96, 1.08 Hz,
1H, Ar-H), 7.35 (td, J=6.90, 1.25 Hz, 1H, Ar-H), 7.60~
7.67 (m, 2H, Ar-H); °C NMR (CDCls, 75 MHz) ¢: 16.1,
17.4, 25.4, 26.2, 39.3, 41.7, 104.2, 117.8, 121.0, 121.6,
123.7, 125.6, 126.0, 127.2, 127.3, 128.5, 131.4, 135.0,
139.0, 145.8; IR (KBr) v: 3408, 2923, 1738, 1630, 1520,
1473, 1375, 1225, 827 cmfl; HRMS calced for C,yHysN
(M~+H)": 280.2060, found 280.2066.

[E)3%:H175 3a. 3¢~3e. 3h.

N-[(E)-3,7- — F1 3£-2,6- 3 —45-1-FE - 80T Ff (3a):
WK, 'TH NMR (CDCly, 300 MHz) o: 1.09 (s, 9H,
(CH3);C), 1.55 (s, 3H, CH5C), 1.60 (s, 3H, CH;C), 1.63 (d,
J=0.75 Hz, 3H, CH;C), 1.95~2.03 (m, 4H, CCH,CH,C),
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3.13 (d, J=6.75 Hz, 2H, CH,N), 5.03~5.07 (m, 1H,
CH=C), 5.20~5.25 (m, 1H, CH=C); *C NMR (CDCl,
75 MHz) 6: 11.1, 12.5, 20.5, 21.4, 23.8, 34.5, 35.1, 45.4,
118.1, 119.1, 126.3, 132.2; IR (KBr) v: 2970, 1738, 1441,
1365, 1227, 1217, 527 cm™'; HRMS caled for Ci4HyN
(M~+H)": 210.2216, found 210.2215.

N-[(E)-3,7- — B 3£-2,6-2¢ —Jfi-1- 3£ 1-3-F K 1 (3e):
HOWAR. 'TH NMR (CDCLs, 300 MHz) d: 1.61 (s, 3H,
CH;C), 1.69 (s, 3H, CH;C), 1.71 (s, 3H, CH;C), 2.05~
2.13 (m, 4H, CCH,CH,C), 3.68 (d, J=6.60 Hz, 2H,
CH,N), 5.07~5.11 (m, 1H, CH=C), 5.29~5.33 (m, 1H,
CH=C), 6.46~6.67 (m, 3H, Ar-H), 7.04~7.10 (m, 2H,
Ar-H); °C NMR (CDCl;, 75 MHz) 6: 16.1, 17.4, 25.3,
26.1, 39.2, 41.5, 110.9, 112.1, 116.7, 120.6, 123.6, 129.7,
131.4, 134.6, 139.2, 149.2; IR (KBr) v: 3419, 2923, 1737,
1598, 1499, 1375, 1076, 762 cm '; HRMS calcd for
C16Ho3CIN (M+H) "2 264.1514, found 264.1514.

N-[(E)-3,7- — W 3£-2,6-F —Hii-1-F£1-3- 8 A f%(3d):
AWK, 'TH NMR (CDCLi, 300 MHz) d: 1.60 (s, 3H,
CH;C), 1.68 (s, 3H, CH;C), 1.71 (s, 3H, CH;C), 2.04~
2.11 (m, 4H, CCH,CH,C), 3.85 (t, J=5.88 Hz, 2H,
CH,N), 4.44 (brs, 1H, NH), 5.07 (d, J=6.78 Hz, 1H,
CH=C), 5.29~5.34 (m, 1H, CH=C), 6.37 (d, J=8.40
Hz, 1H, Py-H), 6.56~6.58 (m, 1H, Py-H), 7.41 (td, J=
8.70, 1.89 Hz, 1H, Py-H), 8.07 (t, J=4.05 Hz, 1H, Py-H);
C NMR (CDCly, 75 MHz) 6: 16.0, 17.3, 25.3, 26.1, 39.2,
39.9, 106.2, 112.3, 120.8, 123.6, 131.3, 137.0, 138.8,
147.8, 158.5; IR (KBr) v: 2970, 1738, 1620, 1434, 1365,
1229, 1217, 755 cmfl; HRMS calcd for C;sHiFN (M+
H)": 248.1809, found 248.1811.

N-[(E)-3,7- W 3-2,6- 3 —fi-1-F£]-3- =5 FH 2L K
i (3e): F A 'TH NMR (CDCls, 300 MHz) 6: 1.61 (s,
3H, CH;C), 1.68 (s, 3H, CH;C), 1.72 (s, 3H, CH;C),
2.06~2.12 (m, 4H, CCH,CH,C), 3.72 (d, J=6.45 Hz, 2H,
CH,N), 5.06~5.11 (m, 1H, CH=C), 5.29~5.33 (m, 1H,
CH=C), 6.72~6.93 (m, 3H, Ar-H), 7.22~7.27 (m, 2H,
Ar-H); °C NMR (CDCl;, 75 MHz) é: 16.0, 17.3, 25.3,
26.1,39.2, 41.4, 110.8 (q, Jer=3.94 Hz), 113.2 (q, Jer=
3.88 Hz), 115.5, 120.4, 120.8, 123.5, 129.1, 131.0, 131.4,
139.4, 148.2; IR (KBr) v: 3421, 2970, 2920, 1739, 1615,
1365, 1217, 1121, 780 cm™'; HRMS calcd for Ci7H,3F3N
(M-+H)": 298.1777, found 298.1775.

N-[(E)-3,7- — W 3£-2,6- ¢ —ff-1-3:-4- = 5 FH S 3
KW 3h): FHOPAR. "H NMR (CDCls, 300 MHz) 6: 1.60
(s, 3H, CH;C), 1.68 (s, 3H, CH;C), 1.70 (s, 3H, CH;C),
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2.02~2.11 (m, 4H, CCH,CH,C), 3.68 (d, J=6.60 Hz, 2H,
CH,N), 5.06~5.10 (m, 1H, CH=C), 5.29~5.33 (m, 1H,
CH=C), 6.55 (d, J=8.94 Hz, 2H, Ar-H), 7.03 (d, J=8.37
Hz, 2H, Ar-H); *C NMR (CDCl;, 75 MHz) 6: 16.0, 17.3,
25.3, 26.1, 39.2, 41.8, 112.7, 120.8, 122.0, 123.5, 131.4,
139.1, 140.0, 146.9; IR (KBr) v: 2920, 2852, 1613, 1515,
1258, 1223, 1002, 829 cm™'; HRMS calcd for C,,H,3F5NO
(M~+H)": 314.1726, found 314.1729.

332 N-[(E)-3,7-=F #-2,6-F = Hi-1- & ]-2- A A -X
Fo el (3K) 49 H &

] 50 mL = AR 0.45 g (3 mmol) 2-%
FE-FEIFMEME L 0.06 g (0.3 mmol)iALAH . 0.12 g (3 mmol)
SEALEN. 6.87 g (9 mmol) 30% -+ —hedk — H AL
JEH120 mL ZfF, SRS, S5 A OB Z Ao
A 0.53 g (3 mmol) & JESL, IIAEIFR Y. 4 h. RV
WG IKBE, &AL, JoKIREREN T LA,
W, FEEMraiVCaThEr) - MR CBB)=6 : 1], 15
A 0.45 g. 'H NMR (CDCls, 300 MHz) §: 1.60 (s,
3H, CH;C), 1.68 (s, 3H, CH;C), 1.74 (s, 3H, CH;C),
2.03~2.12 (m, 4H, CCH,CH,C), 4.01 (d, J=6.87 Hz, 2H,
CH,N), 5.07 (d, J=6.54 Hz, IH, CH=C), 5.35~5.42 (m,
1H, CH=C), 7.05~6.10 (m, 1H, Ar-H), 7.26~7.32 (m,
1H, Ar-H), 7.53~7.60 (m, 2H, Ar-H); °C NMR (CDCl,
75 MHz) d: 16.1, 17.4, 25.3, 26.0, 39.2, 43.0, 118.3, 119.2,
120.4, 121.0, 123.5, 125.5, 130.1, 131.5, 140.4, 152.1,
167.4; IR (KBr) v: 2922, 1738, 1613, 1550, 1447, 1366,
1217, 750 cm™'; HRMS caled for C;7Hp;3N,S (M+H)':
287.1576, found 287.1581.

[FEEHIE 3f. 3g. 3i. 3j.

N-[(E)-3,7- - H 3£-2,6- % —ffis-1-FE]-2- = & LK
Ji(3f): # A, "TH NMR (CDCls, 300 MHz) 6: 1.61 (s,
3H, CH;C), 1.69 (s, 3H, CH;C), 1.72 (s, 3H, CH;C),
2.07~2.13 (m, 4H, CCH,CH,C), 3.75 (d, J=6.51 Hz, 2H,
CH,N), 4.28 (s, 1H, NH), 5.06~5.10 (m, 1H, CH=C),
531~5.36 (m, 1H, CH=C), 6.68~6.73 (m, 2H, Ar-H),
7.34~7.44 (m, 2H, Ar-H); °C NMR (CDCl;, 75 MHz) J:
16.0, 17.3, 25.3, 26.0, 39.1, 41.3, 111.6, 115.3, 120.4,
123.4, 126.2 (q, Jo.r=5.45 Hz), 126.7, 131.4, 132.7, 137.6,
139.6, 145.4; IR (KBr) v: 3468, 2968, 2921, 2855, 1615,
1520, 1289, 1103, 749 cm” !y HRMS caled for Cy,Ho3F5N
(M-+H)": 298.1777, found 298.1780.

N-[(E)-3,7- - H 5£-2,6- % —fis-1-FE]-4- = F LK
J1%(3g): # AR, "TH NMR (CDCls, 300 MHz) 8: 1.61 (s,
3H, CH;C), 1.68 (s, 3H, CH;C), 1.72 (s, 3H, CH;C),
2.03~2.12 (m, 4H, CCH,CH,C), 3.73 (d, J=6.63 Hz, 2H,
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CH,N), 5.06~5.10 (m, 1H, CH=C), 5.28~5.32 (m, 1H,
CH=C), 6.59 (d, J=8.52 Hz, 2H, Ar-H), 7.40 (d, J=7.92
Hz, 2H, Ar-H); °C NMR (CDCls, 75 MHz) d: 16.0, 17.3,
25.3,26.1,39.1, 41.2, 111.5, 120.4, 123.5, 126.2 (q, Jor=
3.77 Hz), 131.4, 138.0, 139.5, 143.1, 150.4; IR (KBr) v:
2970, 2928, 1738, 1652, 1376, 1324, 1227, 1121, 850
em '; HRMS caled for C;HpFsN (M+H)™: 298.1777,
found 298.1779.

N-[(E)-3,7- - H 3£-2,6-F —Ji-1-Fk]-6- 1 F-2- S FE
nEE3i): FH WA, "H NMR (CDCls, 300 MHz) 0: 1.60
(s, 3H, CH;C), 1.68 (s, 3H, CH;C), 1.70 (s, 3H, CH;C),
2.03~2.10 (m, 4H, CCH,CH,C), 2.36 (s, 3H, CH;Py),
3.79 (t, J=5.91 Hz, 2H, CH,N), 4.45 (br-s, 1H, NH), 5.06
(d, J=6.75 Hz, 1H, CH=C), 5.29~5.33 (m, 1H, CH=C),
6.18 (d, J=8.31 Hz, 1H, Py-H), 6.44 (d, J=7.29 Hz, 1H,
Py-H), 7.33 (t, J=7.77 Hz, 1H, Py-H); *C NMR (CDCl;,
75 MHz) 6: 11.3, 12.6, 19.2, 20.6, 21.4, 34.4, 35.4, 97.5,
107.1, 116.1, 118.8, 126.6, 132.8, 134.0, 151.9, 153.5; IR
(KBr) v: 3391, 2968, 2923, 2856, 1599, 1462, 1376, 1228,
777 cm'; HRMS caled for C¢HasN, (M+H) ™ : 245.2012,
found 245.2016.

N-[(E)-3,7- — 1 3£-2,6-3F —45-1-FL1-5- 1 FE-2- 1 3k
IBEME(3j): #E (A, '"H NMR (CDCls, 300 MHz) d: 1.60
(s, 3H, CH;C), 1.68 (s, 3H, CH;C), 1.70 (s, 3H, CH;C),
2.01~2.11 (m, 4H, CCH,CH,C), 2.28 (d, J=1.11 Hz, 3H,
CH;-Thiazole), 3.81 (d, J=6.54 Hz, 2H, CH,N), 5.08 (t,
J=6.72 Hz, 1H, CH=C), 5.28~5.32 (m, 1H, CH=C),
6.74 (d, J=1.23 Hz, 1H, Thiazole-H); >C NMR (CDCl,
75 MHz) 0: 11.6, 16.1, 17.3, 25.3, 26.0, 39.1, 43.4, 119.5,
120.3, 123.5, 131.4, 134.9, 139.9, 169.0; IR (KBr) v: 3217,
2967, 2921, 1737, 1448, 1376, 1219, 834 cm™'; HRMS
calcd for C;4H3N,S (M—|—H)+: 251.1576, found 251.1575.
333 N-[(E)-3,7-= W %-2,6-F —H-1- 2 ]-2- A & %
i (3q) 89 H) &

] 50 mL = FURH K I 1.00 g (10 mmol) 2-%
FEBEME . FHEE 0.76 g (5 mmol). TE/KEALEE 0.14 g (1
mmol)fl 15 mL FIEE, HiRBHE RS 10 min. 285 M)
AR Z O N BB AN 0.32 ¢ (5 mmol),
BRSO, TLC Rl & B s e, I LRI BR R
BNV KRB, R, R &R R R, &
FHANAE, ToKBEREN T 1, HWR4E, HZHraith
V) © M(GR LB =6 1], B Eia™ 0.87
g. '"H NMR (CDCls, 300 MHz) d: 1.59 (s, 3H, CH;C), 1.67
(s, 3H, CH;C), 1.70 (s, 3H, CH;C), 2.01~2.11 (m, 4H,
CCH,CH,C), 3.82 (d, J=6.75 Hz, 2H, CH,N), 5.05~5.09
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(m, 1H, CH=C), 5.30~5.35 (m, 1H, CH=C), 6.30 (brs,
1H, NH), 6.44 (d, J=3.66 Hz, 1H, Thiazole-H), 7.09 (d,
J=3.63 Hz, 1H, Thiazole-H); *C NMR (CDCls, 75 MHz)
d: 11.3, 12.6, 20.6, 21.3, 34.4, 38.8, 101.0, 114.6, 118.8,
126.7, 133.8, 135.2, 165.7; IR (KBr) v: 2970, 1738, 1436,
1366, 1228, 1217, 896 cm™'; HRMS caled for C;3H,,N,S
(M-+H)": 237.1420, found 237.1424.

[F)y%H115 31~3p+ 3r. 3s.

N-[(E)-3,7- — H £ -2,6- ¢ — ffi-1-FE ]-2- 2 2L ik ng
@: FHOWA. "H NMR (CDCls, 300 MHz) 6: 1.60 (s,
3H, CH;C), 1.68 (s, 3H, CH;C), 1.71 (s, 3H, CH;C),
2.04~2.11 (m, 4H, CCH,CH,C), 3.85 (t, J=5.88 Hz, 2H,
CH,N), 4.44 (brs, 1H, NH), 5.07 (d, J=6.78 Hz, 1H,
CH=C), 5.29~5.34 (m, 1H, CH=C), 6.37 (d, J=8.40
Hz, 1H, Py-H), 6.56~6.58 (m, 1H, Py-H), 7.41 (td, J=
8.70, 1.89 Hz, 1H, Py-H), 8.07 (t, J=4.05 Hz, 1H, Py-H);
C NMR (CDCls;, 75 MHz) d: 16.0, 17.3, 25.3, 26.1, 39.2,
39.9, 106.2, 112.3, 120.8, 123.6, 131.3, 137.0, 138.8,
147.8, 158.5; IR (KBr) v: 2970, 1739, 1603, 1442, 1366,
1229, 1217, 770 cm '; HRMS caled for C;sH»N; (M+
H)": 231.1856, found 231.1860.

N-[(E)-3,7- 1 3£-2,6-F —Jfi-1-FE]-5- F 3L -2- G
MEnE@Bm): # OB, 'H NMR (CDCl;, 300 MHz) d: 1.60
(s, 3H, CH;C), 1.67 (s, 3H, CH;C), 1.70 (s, 3H, CH;C),
2.03~2.10 (m, 4H, CCH,CH,C), 2.17 (s, 3H, CH;Py),
3.82 (s, 2H, CH,N), 4.29 (brs, 1H, NH), 5.08 (t, J=6.69
Hz, 1H, CH=C), 5.31 (t, J=6.63 Hz, 1H, CH=C), 6.32
(d, J=8.40 Hz, 1H, Py-H), 7.23~7.27 (m, 1H, Py-H),
7.91 (s, 1H, Py-H); *C NMR (CDCls;, 75 MHz) 6: 16.0,
17.0, 17.3, 25.3, 26.1, 39.2, 40.2, 106.0, 121.0, 121.1,
123.6, 131.2, 138.0, 138.6, 147.3, 156.8; IR (KBr) v: 2924,
1615, 1509, 1377, 1288, 1021, 811 cm™'; HRMS calcd for
C16HysN, (M+H) 2 245.2012, found 245.2011.

N-[(E)-3,7- —F1 3£-2,6- 3 —H5-1-Fk]-4- F L2
ERE3n): ¥ EA. "H NMR (CDCls, 300 MHz) : 1.59
(s, 3H, CH;C), 1.66 (s, 3H, CH;C), 1.69 (s, 3H, CH;C),
2.02~2.10 (m, 4H, CCH,CH,C), 2.21 (s, 3H, CH;Py),
3.82 (t, J=5.88 Hz, 2H, CH,N), 4.45 (brs, 1H, NH),
5.05~5.10 (m, 1H, CH=C), 5.28~5.33 (m, 1H, CH=C),
6.18 (s, 1H, Py-H), 6.39 (d, J=5.13 Hz, 1H, Py-H), 7.93
(d, J=5.22 Hz, 1H, Py-H); °C NMR (CDCl;, 75 MHz) ¢:
11.3,12.6, 16.1, 20.6, 21.4, 34.4, 35.2, 101.8, 109.3, 116.1,
118.9, 126.6, 134.0, 142.7, 143.2, 154.0; IR (KBr) v: 3256,
2969, 2923, 2855, 1738, 1615, 1376, 1217, 795 cm ';
HRMS caled for Ci¢HosN, (M+H)': 245.2012, found
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N-[(E)-3,7- — 1 3£-2,6- 3% —45-1-F£]-3- 1 JE-2- 1 3k
MEnE(30): F AR, 'TH NMR (CDCly, 300 MHz) 6: 1.60
(s, 3H, CH;C), 1.67 (s, 3H, CH;C), 1.71 (s, 3H, CH;C),
2.02~2.12 (m, 4H, CCH,CH,C and s, 3H, CH;Py), 3.97
((brs, 1H, NH)), 4.04 (t, J=4.95 Hz, 2H, CH,N), 5.07~
5.11 (m, 1H, CH=C), 5.35~5.39 (m, 1H, CH=C), 6.49
(dd, J=7.02, 5.16 Hz, 1H, Py-H), 7.17 (dd, J=7.11, 0.87
Hz, 1H, Py-H), 8.02 (dd, J=5.04, 1.14 Hz, 1H, Py-H); °C
NMR (CDCls, 75 MHz) ¢: 11.3, 11.9, 12.6, 20.6, 21.4,
34.5,34.7,107.3, 111.4, 116.4, 119.0, 126.5, 131.5, 134.0,
140.4, 151.8; IR (KBr) v: 3452, 2969, 2920, 1738, 1601,
1470, 1376, 1217, 772 cmfl; HRMS calcd for C;sHysN,
(M~+H)": 245.2012, found 245.2013.

N-[(E)-3,7- — H 3£ -2,6- ¢ - Hi -1- FE 1-2- & 2k s g
(3p): E A '"H NMR (CDCl;, 300 MHz) 6: 1.60 (s,
3H, CH;C), 1.67 (s, 3H, CH;C), 1.70 (s, 3H, CH;C),
2.03~2.09 (m, 4H, CCH,CH,C), 3.99 (t, J=5.97 Hz, 2H,
CH,N), 5.08 (brs, 1H, NH and s, 1H, CH=C), 5.32 (t, J=
6.93 Hz, 1H, CH=C), 6.51 (t, J=4.83 Hz, 1H, Pyrimi-
dine-H), 8.27 (d, J=4.77 Hz, 2H, Pyrimidine-H); "*C
NMR (CDCls, 75 MHz) 6: 16.0, 17.3, 25.3, 26.1, 39.2,
58.9, 109.9, 120.3, 123.2, 123.6, 131.3, 139.0, 157.6,
161.9; IR (KBr) v: 3348, 2970, 2926, 1738, 1592, 1448,
1366,1217, 801 cm™'; HRMS caled for Ci;HpN; (M+
H)": 232.1808, found 232.1812.

N-[(E)-3,7- - F3£-2,6-2F —)fi-1-FE]-5- 75 F-2- G k-
1,3,4- 1 3r): B ERA. "H NMR (CDCl;, 300
MHz) d: 0.95 (t, J=7.32 Hz, 3H, CH;C), 1.55 (s, 3H,
CH;C), 1.62 (s, 3H, CH;C), 1.65 (s, 3H, CH;C), 1.67~
1.75 (m, CH,C), 1.99~2.06 (m, 4H, CCH,CH,C), 2.81 (t,
J=7.41 Hz, 2H, CH,-Thiadiazole), 3.85 (d, J=6.69 Hz,
2H, CH,N), 5.03 (t, J=5.40 Hz, 1H, CH=C), 5.24~5.28
(m, 1H, CH=C), 6.16 (brs, 1H, NH); *C NMR (CDCl;, 75
MHz) &: 8.4, 11.3, 12.6, 18.0, 20.6, 21.2, 27.2, 34.3, 39.5,
114.5, 118.7, 126.6, 135.5, 154.3, 165.0; IR (KBr) v: 3217,
2965, 2929, 2874, 1541, 1377, 1217, 748 cm™'; HRMS
caled for C1sHagN;S (M+H) " 280.1842, found 280.1842.

N-[(E)-3,7- - F3£-2,6-2F —Jfi-1-Fk]-5- F BL 2 k-
1,3,4-1E — M (3s): HEEA. mp. 57~58 C; '"H NMR
(CDCls, 300 MHz) d: 1.50 (s, 3H, CH;C), 1.60 (s, 3H,
CH;C), 1.65 (s, 3H, CH;C), 1.94 ~ 201 (m, 4H,
CCH,CH,C), 2.45 (s, 3H, CHs-Thiadiazole), 3.81 (t, J=
5.67 Hz, 2H, CH,N), 4.99 (d, J=5.49 Hz, 1H, CH=C),
5.22 (t, J=5.81 Hz, 1H, CH=C), 6.57 (brs, 1H, NH); "*C
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NMR (CDCls, 75 MHz) é: 10.6, 11.3, 12.6, 20.5, 21.2,
34.4, 39.4, 114.6, 118.7, 126.6, 135.3, 148.7, 165.4; IR
(KBr) v: 3375, 2969, 2924, 2855, 1544, 1438, 1217, 755
cm '; HRMS caled for C3HyN3S (M+H)™: 252.1529,
found 252.1533.

3.4 BFrEEENE

KA T EVEINE B A & aksEE v, I3 AL
AR (Myzus persicae), W5E J512: [ I e W % S
HESCRR[ 19, 24134 T.

H bR AL G A i B 1 0 e B AR R O kit
(Myzus persicae), KR E[25]0 i B HBE T,
D32 A FE R vE 2 25 SCHR[201 12 €A 245 A W3 P I 52 Ao v
EEAERYE(SOP)) , 48 h JE ML EZ1c SR U HUPIFET -1 L.

RIEFET: 2 (%) = (FF M SBT3 — F [ X ] AR T

F)/(1— 73 AT BRBET ) X 100%
TEMIETZRNT S%IIABIKRIE, KT 20%RTE8
R

$H Bh#1 KL (Supporting Information) HArib &4 IR
"HNMR Fil C NMR ¥ [&]. iX bkl a] LA 5 AT
¥ (http://sioc-journal.cn/) b F %X,
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