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Abstract: In order to discover aphid behavioral control agents with new structures, 15 novel geranyl 2-
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and synthesized by using the method of linking active substructures based on the lead compound 3e

(geranyl 2-hydroxy-3-methoxybenzoate). The structures of the target compounds were confirmed by

'H NMR, IR and HRMS. Preliminary bioassay results showed that some target compounds had varied

repellent activity against the pea aphid Acyrthosiphon pisum at the dosage of 5 pg. Among them, the

compound 6i exhibited the highest repellent proportion of 60.9%, which was not significantly different

from that of the lead 3e. The target protein binding experiments showed that some target compounds

had good binding activities with the odorant binding proteins of ApisOBP9. Particularly, compound 6i
displayed the best binding constant of (4.92+0.18) pmol/L with ApisOBP9. Further molecular docking
study revealed that the representative compound 6i had a good binding affinity to the ApisOBP9,

wherein it had the similar binding mode with ApisOBP9 like 3e. This study provides important clues for

the further structure optimization.

Keywords: aphid behavioral control agents; aphid alarm pheromone; (E)-fS-farnesene derivatives;

synthesis; repellent activity; odorant binding protein; protein binding activity
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Scheme 1 The structure of (E)-f-farnesene
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5a: R'=3-OCH,, R?=CH,CH,

5b: R'=3-OCH,, R?=(CH,),CH,
5¢: R'=3-OCH,, R>=(CH,),CH,
5d: R'=3-OCH,, R?=(CH,),CH,
5e: R'=3-OCH,, R>=(CH,),CH,
5f: R'=3-OCH,, R?=(CH,),CH,

)\/\/k/\ i i
+ SR i, X x OJ\é

4a-4f

6a: R'=H, R?=CH,

H, R=CH,CH,
6c: R'=H, R?=CH,Ph

6d: R'=3-CH,, R?>=CH,Ph
6e: R'=4-CH,, R>=CH,Ph
6f. R'=5-CH,, R>=CH,Ph

6b: R'=

-R?

R
XN
5a-5f

6a-6i

6g: R'=3-OCH,, R=CH,Ph
6h: R'=4-OCH,, R=CH,Ph
6i: R'=5-OCH,, R>=CH,Ph

(i) benzyl bromide, TABA, DCM, H,0, r.t., 5 h; NaOH, EtOH, reflux, 4 h; HCI, H,O, pH = 4.0; (ii) #~-BuOK, THF, DMF, 0 °C for 30 mins and then

r.t. for 4 h; (iii) DCC, DMAP, 0 °C for 30 mins; r.t., 8 h.

B3 B EYsIamEs

Scheme 3 Synthetic routes of the target compounds
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BUAC/K R (1, 100.0 mmol). MM AELFIIL T
F A # (TBAB) 3.2 g (10.0 mmol). 50 mL — 4%
FRGEAT 50 mL 7K, oK R IIEAGR (300.0 mmol),
TERR TR 5 he F &R, KRR
T, WA LE, FERAE E AT (VA )
V(CTR CTR) = 10: 1) B2 RIRATE . K e
JE RPN 100 mL = R, IS A AL
12.0 g (300.0 mmol) A1 50 mL 2., [FI 4 h. I
JEI, PR RS B A, 0 6 mol/L
R E pH = 4.0, 1TUE, JEVEH LB,
TFHRAF A 2e~2i,

122 EHARLAY Sa~5f Ak S SR iR
BEAT. 0°C K, [ 50 mL =R IIA G SE
) 3e (6.6 mmol). HUT FEH (--BuOK, 9.9 mmol)
A1 20 mL Jo/K USRI (THF), ¥ (al{k 4 (33.0
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mmol) A 10 mL N,N- - F 5 FEE% (DMF) & )G
TME RN G R 0.5 h, G ER R TR
N4 ho RN 1 mol/L MR IATT pH &+
P, HWASAC N A, KRR T, o
&, JEGE, R RS (VCaThEE) - (LR O
fig) =80 : 1) /& 4ifh, 53 HAizxtb &) Sa~51.
1.2.3 BiFthE&M 6a~6i th &k % TRy
YRR AT . #E 100 mL = R, I0N & -
(10.0 mmol). 2-%e A FEBACHK H R (10.0 mmol).
TR % (DCC) 2.3 g (11.0 mmol) #1140 mL
Jo/K THF, 0 °C TR 4- S AEtIE (DMAP) 0.1 g
(1.0 mmol) A 10 mL Jo7/K THF g5 n 2 LA
SNEBRSE 0.5 h, ARG HE IR T Y 8 he H =&
PEZEHL, ToOKBREREN T, U8, WUEME,
AL EMT (VO W) : V(2R 2R =100 : 1) 735
aifk, 192 HILEY) 6a~6i.
1.3 SRR OREEE MR

KA T 24T ARG E B AR A 0 3 5
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BEEERY, % (1) R EIREER RP.
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ot EH R E 4. B S A G LI T A
N1 em FEMIA A, 4858 10 nm. BEEBUR
BN 337 nm, HERRSOLHKIEE Y 390~
500 nm. [AZGHEM AN 1 mL #KE XN 50
mmol/L ] Tri-HCI ZZ % (pH=8.0), 1 ApisOBP9
FILMRE N 2 umol/L, %#% N-KFE-1-Z % (1-
NPN) Aad SeREr, BhEgkm th A m A% T HEE
) 1 mmol/L % J64R & 1-NPN, f# I 1-NPN
WFE M 2 pmol/L %48 3| 20 pmol/L, &N —IK
1-NPN #ic ik B N iR 98 e om BEAE, R

Scatchard 77 F£ 15 ApisOBP9 F1 1-NPN (145 &5
. Mg nENR &5 & ApisOBP9
4 & RE ) DG EIA I 1 mL 50 mmol/L
f) Tri-HC1 ZZ /0% (pH=8.0), #RJ5 I ApisOBP9
R FCERE 1-NPN, 29K 3558 2 pmol/L, it
RGBS T IR 1 mmol/L 4k
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2-2H-3-FE SR PR A MG (Sa): TEWAE, =%
73.3%. '"H NMR (500 MHz, DMSO-dy), 6: 7.22 (dd, J = 7.4,
2.4 Hz, 1H, ArH), 7.16~7.10 (m, 2H, ArH), 5.41 (td, J=17.1,
1.0 Hz, 1H, C=CH), 5.13~4.96 (m, 1H, C=CH), 4.75 (d, J=
7.1 Hz, 2H, O=COCH,), 3.98 (q, J=7.0 Hz, 2H, ArOCH,),
3.81 (d, J=7.4 Hz, 3H, ArOCHj;), 2.13~1.99 (m, 4H,
CCH,CH,), 1.72 (s, 3H, CH;), 1.62 (s, 3H, CH3), 1.56 (s, 3H,
CH,), 1.26 (t, J="7.0 Hz, 3H, CH;). IR (KBr), viem™: 2974, 2931,
1726, 1581, 1475, 1383, 1309, 1261, 1147, 1057. HRMS(ESI):
C,o Hyg O4 [M + Nal*, llE{f 355.1886, iT 514 355.1880.

2-TH2k-3- LR R & M S (Sb): LA, =2
68.5%. 'H NMR (500 MHz, DMSO-dy), 6: 7.21 (dd, J=17.5,
2.1 Hz, 1H, ArH), 7.16~7.09 (m, 2H, ArH), 5.40 (t,J = 6.9 Hz,
1H, C=CH), 5.07 (t, J = 6.6 Hz, 1H, C=CH), 4.75 (d, J=7.1
Hz, 2H, 0=COCH,), 3.88 (t, J = 6.7 Hz, 2H, ArOCH,), 3.81
(s, 3H, ArOCH,), 2.05 (dt, J = 21.0, 6.7 Hz, 4H, CCH,CH,),
1.71 (s, 3H, CH3), 1.68 (dd, J = 14.2, 7.1 Hz, 2H, CH,), 1.62
(s, 3H, CH3), 1.56 (s, 3H, CH,), 0.94 (t, J= 7.4 Hz, 3H, CH,).
IR (KBr), viem'™; 2964, 2933, 2881, 1726, 1670, 1581, 1473, 1382,
1309, 1261, 1147, 1058. HRMS(ESI): C, H;004 [M +
Nal', MEAE 369.2032, T4 369.203 6.

2-1E T 2E-3- WA B 2R R A M BR (Sc): LEBIE, 7=
# 60.4%. 'H NMR (500 MHz, DMSO-d), 6: 7.21 (dd, J =
7.6, 2.2 Hz, 1H, ArH), 7.16~7.08 (m, 2H, ArH), 5.40 (td, J =
7.1, 1.0 Hz, 1H, C=CH), 5.14~5.00 (m, 1H, C=CH), 4.74 (d,
J=17.1Hz, 2H, 0=COCH,), 3.92 (t, J = 6.6 Hz, 2H, ArOCH,),
3.80 (d, J = 4.1 Hz, 3H, ArOCH3;), 2.05 (tt, J=13.7, 7.0 Hz,
4H, CCH,CH,), 1.71 (s, 3H, CH3), 1.67~1.60 (m, 5H, CH,,
CHs;), 1.55 (s, 3H, CH3), 1.45~1.36 (m, 2H, CH,), 0.91 (t, J =
7.4 Hz, 3H, CH;). IR (KBr), viem™: 2959, 2933, 1726, 1581, 1477,
1381, 1310, 1262, 1147, 1058. HRMS(ESI): C,,H;,0, [M +
Nal', JE1E 383.2184, i54H 383.2193.

2-1E R AL -3- A LR R & B (5d): Tt ilifsk, ™=
# 57.7%. '"H NMR (500 MHz, DMSO-d), d: 7.21 (dd, J =
7.5,2.0 Hz, 1H, ArH), 7.15~7.08 (m, 2H, ArH), 5.40 (t, J=7.0
Hz, 1H, C=CH), 5.07 (t, J= 6.6 Hz, 1H, C=CH), 4.74 (d, J =
7.1 Hz, 2H, 0=COCH,), 3.91 (t, J= 6.6 Hz, 2H, ArOCH,),
3.81 (s, 3H, ArOCH3), 2.12~1.98 (m, 4H, CCH,CH,), 1.71 (s,
3H, CH;), 1.69~1.64 (m, 2H, CH,, CH, ), 1.62 (s, 3H, CH3),
1.55 (s, 3H, CH3), 1.41~1.26 (m, 4H, CH,, CH,), 0.88 (t, J =
7.0 Hz, 3H, CH;). IR (KBr), viem™: 2933, 1727, 1581, 1474, 1381,
1310, 1262, 1232, 1147, 1057. HRMS(ESD): C,3H3,0, [M +
H", & 375.2525, HH5{H 375.2530.

2-1E CUE-3- AR R R B (Se): VR BE EATRAK, 1=
# 53.2%. 'H NMR (500 MHz, DMSO-d), : 7.30 (dd, J =
7.4, 1.8 Hz, 1H, ArH), 7.08~6.99 (m, 2H, ArH, ArH), 5.46 (t, J
=6.9 Hz, 1H, C=CH), 5.09 (t, /= 6.6 Hz, 1H, C=CH), 4.82 (d,

J=17.1Hz, 2H, 0=COCH,), 4.00 (t, J = 6.9 Hz, 2H, ArOCH,),
3.85 (s, 3H, ArOCH3), 2.16~2.03 (m, 4H, CCH,CH,), 1.79
(dd, J=14.6, 7.3 Hz, 2H, CH,), 1.75 (s, 3H, CH3;), 1.68 (s, 3H,
CH3), 1.60 (s, 3H, CH3), 1.49~1.39 (m, 2H, CH,), 1.33 (dd, J =
8.7, 5.4 Hz, 4H, CH,, CH,), 0.90 (t, J = 6.7 Hz, 3H, CH,). IR
(KBr), viem™: 2930, 2858, 1727, 1581, 1474, 1381, 1310, 1261,
1147,1058. HRMS(ESD): C,4H3cO, [M +NaJ', AL 411.2501,
THEHAH 411.2506.

2-1EPEAE-3-HAE SR R & I (S0): IR B eE, 7=
# 42.4%. "H NMR (500 MHz, DMSO-dy), 6: 7.21 (dd, J =
6.9, 2.9 Hz, 1H, ArH), 7.16~7.08 (m, 2H, ArH), 5.39 (dd, J =
7.1, 6.1 Hz, 1H, C=CH), 5.07 (dd, J= 9.5, 3.9 Hz, 1H, C=CH),
4.74 (d, J=7.1 Hz, 2H, O=COCH,), 3.90 (t, J = 6.6 Hz, 2H,
ArOCH,), 3.81 (s, 3H, ArOCH3), 2.12~2.00 (m, 4H,
CCH,CH,), 1.71 (s, 3H, CH3), 1.68~1.61 (m, 5H, CH;, CH,),
1.56 (s, 3H, CH;), 1.39~1.24 (m, 8H, CH,, CH,, CH,, CH,),
0.86 (t,J= 6.9 Hz, 3H, CH3). IR (KBr), v/em™: 2927, 2856, 1727,
1581, 1474, 1381, 1310, 1261, 1146, 1058. HRMS(ESI):
CysH30,4 [M + H]', MIE1H 403.2843, 71518 403.2843.

2- ARG (6a): TR OWIE, % 67.0%.
'H NMR (300 MHz, CDCly), §: 7.77~7.80 (m, 1H, ArH),
7.42~7.48 (m, 1H, ArH), 6.94~6.99 (m, 2H, ArH), 5.44~5.49
(m, 1H, =CH), 5.08~5.12 (m, 1H, =CH), 4.82 (d, 2H, J = 7.06
Hz, CH,), 3.90 (s, 3H, ArOCH3), 2.05~2.13 (m, 4H, CH,CH,),
1.76 (s, 3H, CH3), 1.68 (s, 3H, CH3), 1.60 (s, 3H, CH3). IR
(KBr), viem™: 2966, 2923, 2855, 1377, 1601, 1583, 1491, 1463,
1727,1250. HRMS(ESI): C;gH,505 [M+H]', M E-1E 289.17986,
TH5E 289.17982,

2-Z A IR E G (6b): FRFH MK, 2R 78.0%.
'H NMR (300 MHz, CDCly), §: 7.75~7.78 (m, 1H, ArH),
7.39~7.44 (m, 1H, ArH), 6.93~6.97 (m, 2H, ArH), 5.45~5.50
(m, 1H, =CH), 5.08~5.10 (m, 1H, =CH), 4.82 (d, 2H, J = 7.02
Hz, CH,), 4.11 (q, 2H, ArOCH,CHj), 2.03~2.17(m, 4H,
CH,CH,), 1.76 (s, 3H, CH;), 1.6 8(s, 3H, CH;), 1.60 (s, 3H,
CH;), 1.45 (t, 3H, J = 6.18 Hz, ArOCH,CH;). IR (KBr), v/em™:
2980, 2926, 1384, 1601, 1582, 1492, 1453, 1728, 1248.
HRMS(ESI): C,oH,s0;Na [M + Na]*, Jl&A{E 325.177 40,
A 325.17742.

2-RIEEHIRAE MR (6¢): FOMAE, FEK 61.5%. 'H
NMR (300 MHz, CDCly), d: 7.80~7.83 (m, 1H, ArH),
7.48~7.51 (m, 2H, ArH), 7.30~7.42 (m, 4H, ArH), 7.00 (t, 1H,
J =17.44 Hz, ArH), 5.42~5.47 (m, 1H, =CH), 5.17 (s, 2H,
CH,), 5.07~5.11 (m, 1H, =CH), 4.83 (d, 2H, J = 7.10 Hz,
CH,), 2.02~2.11 (m, 4H, CH,CH,), 1.73 (s, 3H, CH3), 1.70 (s,
3H, CH;), 1.59 (s, 3H, CH;). IR (KBr), viem™: 2966, 2915, 1378,
1600, 1583, 1490, 1449, 3032, 1724, 1248. HRMS(ESI):
C,4H,,05 [M—H]", JEAE 363.19586, i151H 363.19547.
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2-RHE-3-FER R AR (6d): AL, P E
41.7%. 'H NMR (300 MHz, CDCI;), d: 7.66~7.69 (m, 1H,
ArH), 7.47~7.50 (m, 2H, ArH), 7.33~7.41 (m, 4H, ArH), 7.07
(t, 1H, J = 15.31 Hz, ArH), 5.39~5.44 (m, 1H, =CH),
5.07~5.09 (m, 1H, =CH), 4.96 (s, 2H, CH,), 4.81 (d, 2H, J =
7.12 Hz, CH,), 2.31 (s, 3H, ArCH3;), 2.02~2.09 (m, 4H,
CH,CH,), 1.70 (s, 3H, CH3), 1.64 (s, 3H, CH3), 1.59 (s, 3H,
CH,). IR (KBr), viem™: 2966, 2923, 1376, 1593, 1497, 1454, 3030,
1724, 1286. HRMS(ESI): CysH;,0; [M+H]', WIFEAE 379.22632,
TH5HE 379.22677.

2-FRHE-4- AR ER A R (6e): B EE, R E
70.1%. '"H NMR (300 MHz, CDCly), d: 7.75 (d, 1H, J = 7.77
Hz, ArH), 7.24~7.52 (m, 5H, ArH), 6.78~6.82 (m, 2H, ArH),
5.41~5.47 (m, 1H, =CH), 5.15 (s, 2H, CH,), 5.07~5.11 (m, 1H,
=CH), 4.82 (d, 2H, J = 7.02 Hz, CH,), 2.35 (s, 3H, ArCHj,),
2.02~2.11 (m, 4H, CH,CH,), 1.73 (s, 3H, CH,), 1.67 (s, 3H,
CHj;), 1.59 (s, 3H, CH;). IR (KBr), v/iem™: 2966, 2924, 2 856,
1384, 1623, 1579, 1504, 1452, 1672, 1250. HRMS(ESI):
CysHy,05 [M + H]', WMIEAE 379.22641, 518 379.22677,

2-FFHE-S-HESK R A MG (6f): AWK, 7K
44.4%. "H NMR (300 MHz, CDCly), 8: 7.62 (d, 1H, J=2.19
Hz, ArH), 7.46~7.49 (m, 2H, ArH), 7.17~7.38 (m, 4H, ArH),
6.88 (d, 1H, J = 8.46 Hz, ArH), 5.43~5.48 (m, 1H, =CH), 5.11
(s, 2H, CH,), 5.08~5.09 (m, 1H, =CH), 4.83 (d, 2H, J = 7.05
Hz, CH,), 2.28 (s, 3H, ArCHj;), 2.05~2.13 (m, 4H, CH,CH,),
1.73 (s, 3H, CH3), 1.69 (s, 3H, CH3), 1.59 (s, 3H, CH;). IR
(KBr), v/em™: 2924, 1381, 1614, 1583, 1502, 1454, 1724,
1249. HRMS(ESI): C,5H5,05 [M + H]*, #ll&E1H 379.22681,
TH5HAE 379.22677.

2-TFR -3 F A BRI A G (6g): B AL, =%
68.4%. 'H NMR (300 MHz, CDCl,), d: 7.52 (d, 2H, J = 7.03
Hz, ArH), 7.27~7.38 (m, 4H, ArH), 7.02~7.11 (m, 2H, ArH),

5.37~5.42 (m, 1H, =CH), 5.08 (s, 2H, CH,), 5.04~5.05 (m, 1H,
=CH), 4.78 (d, 2H, J = 7.05 Hz, CH,), 3.85 (s, 3H, ArOCH3),
2.00~2.09 (m, 4H, CH,CH,), 1.74 (s, 3H, CH;), 1.66 (s, 3H,
CHy), 1.58 (s, 3H, CHy). IR (KBr), viem™: 2967, 2929, 1376, 1581,
1497, 1475, 1725, 1264. HRMS(ESI): CysH;,04 [M + HJ',
W EAE 39522128, THEHAH 395.22169.

2-FHE-A-HE I HERF UG (6h): B OIRAA, PR R
40.8%. '"H NMR (300 MHz, CDCl), d: 7.88 (d, 1H, J = 8.46
Hz, ArH), 7.51 (d, 2H, J = 7.40 Hz, CH,), 7.25~7.39 (m, 3H,
ArH), 6.48~6.51 (m, 2H, ArH), 5.39~5.44 (m, 1H, =CH), 5.14
(s, 2H, CH2), 5.07~5.09 (m, 1H, =CH), 4.81 (d, 2H, J = 6.98
Hz, CH,), 3.79 (s, 3H, ArOCH3), 2.02~2.11 (m, 4H, CH,CH,),
1.70 (s, 3H, CH,), 1.67 (s, 3H, CH;), 1.59 (s, 3H, CH;). IR
(KBr), viem™: 2925, 2855, 1381, 1608, 1577, 1504, 1442, 1719,
1249. HRMS(ESI): CysHyO4 [M—H]™, JlI&1H 393.206 39,
HEH 393.20604.

2-F S AR R A B (61): 3 (TR, P
76.6%. 'H NMR (300 MHz, CDCL), d: 7.47 (d, 2H, J = 7.08
Hz, ArH), 7.24~7.38 (m, 4H, ArH), 6.91~6.99 (m, 2H, ArH),
5.42~5.47 (m, 1H, =CH), 5.09 (s, 2H, CH,), 5.06~5.07 (m, 1H,
=CH), 4.83 (d, 2H, J = 7.05 Hz, CH,), 3.77 (s, 3H, ArOCHj;),
2.02~2.11 (m, 4H, CH,CH,), 1.73 (s, 3H, CH3), 1.67 (s, 3H,
CHy), 1.59 (s, 3H, CH3). IR (KBr), viem™: 2967, 2928, 1380, 1584,
1500, 1454, 1726, 1284. HRMS(ESI): C,sH;,04 [M + HJ",
MEAA 39522025, iH5HAH 395.22169.

2.2 OREEEM

PLB G X 5, e 7 O R
FIE CRE AT NN, 45 R B IR B R AT A
ML 5E A PRAE AT — 3 (2 = 0.12, df =1, P=0.729); R
JEMER T AR S IR . S5 R (GR 1) &K
Bl fE5ug AIET, BT B Gt &t
B IREEE M, T E R, Btk E&Y) 6c.

x1 B EYIRZE ZHoREE
Table 1 The aphid repellent activity against A. pisum
wEw B B LStz e B B LStz
Compd. R’ R? Repellent proportion’/% Compd. R' R? Repellent proportion’/%
5a 3-OCH; CH,CH;3 42.5+9.3de 6d 3-CH; CH,Ph 429+ 6.4 de
5h 3-0CH, (CH,),CH, 339+47¢ 6e 4-CH,4 CH,Ph 57.4+5.6bc
5c 3-OCH; (CH,);CH;, 20.1+59f of 5-CH; CH,Ph 51.8+6.6cd
5d 3-0CH, (CH,),CH, 18.5+3.0f 6g 3-OCH, CH,Ph 382+42de
Se 3-OCH; (CH,)sCH; 189+3.7f 6h 4-OCHj; CH,Ph 51.3+54cd
5f 3-OCH; (CH,)sCHj; 212+9.6f 6i 5-OCH; CH,Ph 60.9 +£3.5bc
6a H CHj; 36.5+6.1¢ 3e 3-OCH, OH 66.5+3.8 ab
6b H CH,CH,4 48.0 £ 1.8 cde EBF — — 75.7+12a
6¢ H CH,Ph 59.3+1.2bc — — — —

T AR HUE Y PR HE R E . AN A T REORTE o = 0.05 /KT B2 AhBH R Y 2 57 12 2

Note: "Repellent proportion values are mean + standard deviation. Different letters indicate significant differences at the level of a = 0.05.
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F2 e g A Bl 5| N R AR 200 A5 5 AR A m A B 4
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I E
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B, JUHE RN Cy~C, BLBE e S I B DX RE 7 P 1
N 20% A (Se~5); 4 R'UNERS, RPONFRELK
Fe S F (6 > 6a A 6b), H R2NZFEL
FIEXHEPER F) (6b > 6a). 24 R N REEE 2 FE T,
e R ONEEL 3-FHESE, AW IRE S A
AR EHIETT AL, R SRR b 0T gk v 1 T
HH. 2R AR, R FEHEAN 4 AEUREL 5 £7
BURKHE A F], 40 6e F1 6f>6d, 6h Fll 6i > 6g.

100 1
so
60 1|
40

20 ~

FEXT 6 E Relative fluorecence/%

Fi#4#<  Ligand concentration/(umol/L)
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TV R BA B = 45 G T

S SR IERY, SRak Ak o s g
WS 4SS B H ApisOBP9, a7t 2 5 H bxtk
MR R (81, K 2) Ry HKE
TS 25 RARAL, ZRIR b 0 R e Bl doe R R B
FESEHACE 1 H 155 ApisOBP9 R I H: 45
B oA E A S A SR, Bl
&4 6by 6¢. 6e Fl 6i, FH 6i 15 A4 At
e, AR R%T 3e: 1 R NIRWIEERIAE D
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100 4
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1 BirtAY5 ApisOBPY R AT RLE SN
Fig.1 Fluorescence competitive binding curves of the target compounds to ApisOBP9
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RS i W Z — (6i > Sa~51).

: ] 3 &g
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5a 5b 5S¢ 5d 5e 5f 6a 6b 6¢ 6d 6e 6f 6g 6h 6i 3e EBF
&) compound

B2 Birkai5 ApisOBPY HhzE &M
Fig. 2 Binding activity of the target compounds with
ApisOBP9 from A. pisum

gia AR —8, HWARAE: 3e 5
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Fig.3 Binding mode of the compound 6i with ApisOBP9
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