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Synthesis and bioactivity of strigolactone analogues

HE Hongfei, KAI Linfeng, QIN Chao, LU Pei

(School of Resource and Environment, Anhui Provincial Key Laboratory of Hazard Factors and Risk Control for

Quality and Safety of Agricultural Products, Anhui Agricultural University, Hefei 230036, China)

Abstract Strigolactones are a class of plant hormones known for promoting seed germination and regula-
ting plant physiological functions. In this study. twenty strigolactone analogues were designed and synthe-
sized through the esterification of substituted benzoic acids and benzoyl chlorides with 5-hydroxy-3-methyl-
2(5H)-furanone. Their structures were confirmed by 'H NMR, “C NMR, and high-resolution mass spec-
trometry (HR-MS). The promotion effect of the target compounds was evaluated by the root and shoot
growth promotion rates of corn and sorghum, as well as the root growth promotion rate of sunflower. The
results indicated that most compounds exhibited growth-promoting effects on corn. sorghum, and sun-

flower seeds. Compound 3i demonstrated a significant promoting effect. 3i had 43. 6% (36. 5%) and
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44.5% (51.7%) promotion rate on root (shoot) growth in corn and sorghum seeds at a concentration of 1
mg/L, while it showed 56. 3% promotion rate on sunflower root growth at 10 mg/L, higher than that of
the positive control GR24. Quantitative analysis of endogenous hormone content showed that 3i regulated
abscisic acid (ABA), gibberellins (GA), and cytokinins (CTK) during germination. Molecular docking
indicated stable binding modes for both 3i and GR24 with the strigolactone receptor protein OsD14. This
study provides foundational insights into the application of strigolactone analogs in enhancing crop seed
germination.

Keywords strigolactone; plant hormone; molecular docking; growth promotion rate
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Fig. 2 Synthetic route of target compounds 3a-3t
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HRES A A A AR 32, 02000 s X - A A AR T
L2.1 BARLAWHst 2 RAFARA S A KRG Hoa, R 1R, K0 BAMES Y3 TR R CGH
PERAEAREER. 75 1 mg/L BB T, L5 W31 Fl3q X EORFIF AL A 2E KA 3R 43. 60 Fl
36. 9%, W T FHPE XTI GR24 1% 32. 8% 3 7F 10 mg/L BIMREE T LA 43b Fl GR24 X F AKFpFAR 14 K
TR 47, 8%6F 45. 6 63 7F 100 mg/L MIHKEET , K44k G WX K14 i A= K AR SEVE T W] AT
1 mg/L 110 mg/L. BAMEAPX T RFF 250 A K AE R Bon b A 93b 131 78 1 mg/L W T X 2EH
ARAR R 28. 600 F1 36. 5% 155 T GR24 ) 25. 6% 7E 10 mg/L WEE T, A5 9 3b X 28 9 AL K AR i
50. 2%, GR24(48. 6 YO TEPEA 2 s 7F 100 mg/L ¥R T » K AIAL A P05 T KR Fp 1 2810 A K A2 HEAE G
F 1 mg/L H 10 mg/L ¥ T RESER . tbEW31 #3b 43 BI7E 1 mg/L F1 10 mg/L M T X £ KR
GO EA BEERAEIEH.
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KARTETEME , FLIBCRIE A0 B G LA 5, (E A R R, g R G 30 B, X B e 5 4
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H 28R AR AR K AR TE R 40, 326,49, 5% 44, 6 %0 BCR B E T GR24 19 39. 7% 78 10 mg/L FIWRIE T,
b6 3h 31 XPAR AR AR HE A 45, 22611 56. 3%, Hoh ik & 93h (19 A K AR HE TG PEFT GR24 (42. 6%0) AH
A E 31 AR A A A T R T GR2457E 100 mg/L MR EETR . BTA HARE APt ] H 256411
ARAEIEAEFET 1 A1 10 mg/L,

F1 LAWYt X EXRFFRIERRBRHE

Tab.1 Growth-promoting rate of 3a-3t on corn seeds

1 mg/L 10 mg/L 100 mg/L.
255 Ak
R 2 R ¥ R 2

3a 9.2 0. 6d —12.440.9d 22.841. 5¢ 10.8+1. 2¢ 7.241.1d —4.8+0. 5d
3b 34.6+1.2b 28.6+2.2b 47.8+2.9a 50.2+2.7a 11. 6+1. 4c 32.7+1.7a
3c 22.6+0.7c 23.9%+1. 3¢ 36.7+1.8b 26.7+1.3b 29.5+2.5b 7.8+1. 3c
3d 2.4+0. 3e 14.240.9d 24.2+0.7c 8.9+0. 6d 18. 6+ 1. 4c 3.8+0. 6d
3e 13.641.5d 19. 7£1. 7c 20.3%+1.4d 17.641. 2¢ 28.6+1.5b —6.5+0.8d
3f 28.4+0. 9c 16. 740. 8d 16. 6+0. 9d 12.941.5d 5.47+0.9d 12. 64 1. 4c
3g 20.5+1. 1c 16. 6+1.5d 29.7+1.3b 35.242.8b 23.6+1.7c 26.9+2.1b
3h 8.7+0.9d 18.9+0. 6¢ 20.5+2. 6d 22.6+1.3b 18.7+1. 3¢ 11.5+1.7¢
3i 43.612. 5a 36.512. 2a 32.641.8b 19. 741, 2¢ 21.5+1.6b 6.7+£1. 3c
3j 6.840. 5e 12.441.9d 16.941.7d 27.5+2.5b 13.6+0.9d 18.6+1. 5¢
3k 19. 6+1. 1c —7.47+1.6d 4.3740. 5e —23.641.4d —1.5+0. 3e —5.440.7d
3l 8.1+1.3d 13.6+1.5d 15. 640. 9d 7.3%1.2d 6.8+0.7d —9.640.4d
3m 13.8+1.2d 5.47+0. 5e 9.6+0. 3e —13.9+1.4d —24.2+1. 8e —22.5+1.8d
3n 2.710. 3e 18.8+0. 7¢c 8.2+1. 3e 23.6+1.7b 11.5+1. 3¢ 16.9£1. 5¢
30 15. 6+0. 8d 7.7+1. 6e 8.9740. 6e 16. 7+1. 4c 0.740. 2e 19. 6+ 1. 4d
3p 27.2+1. 5¢ 12.6+1.2d 7.7+0.9e —8.640.9d 2.3740. 5e —16.24+1.1d
3q 36.9+2.3b 16.4+1. 4d 22.1+1. 8¢ —8.4=%1.1d 15.6+1. 3¢ —20.6+1.8d
3r 1. 5£0. 2¢ 8. 7+0. 6d 18.8=+1. 4d 16.9+£1. 3¢ 8.8+0.9d 27.1+£1.6b
3s 17.7+1. 6¢ 9.6+1. 3e 12. 240. 9e 18.941. 5¢ 0.9740. 3e 26.3%+1.3b
3t 8.640. 8d —4.540. 5e —3.740. 8e 7.640. 3d —12.84+1. 3e 3.440. 4d

GR24 32.8+1.3b 25.6=+1.6b 45.6+2. 8a 48.6+2. 8a 29.1+1. 6a 32.4+1.5a

VE B R O AT R T AR 2E (= 3) | TRIBR ) /NG 50 3 2 Sk 31 i 35K - (=<0, 05)

VIR R T e W FEASER 15 | 60U Bl = J0 H SR B 3 ] g 35 3 i Ak 5 4 10 A A ks
HAnfb &3¢, 3h. 31 M3k Xf ] H 2R A A KA EY S TEY3a . Ak 5l AR e —e B L7t
T AL A3 AR KR HEVE FH RIRE R T3a
1.2.3 BARMLAH & RARF ARk, N EIRMEA P &SRR GO A R ERDRE . K
TR A 3 A AR K B I AR R . 7R 1 me/L BB R AL &4 31 13p MFAR Y AR KA R
g 44, 5% H 46, 8% KA AR KA HER Hy 52. 4 %1 51, 7%, S T PR IR GR24 Y 42. 7% F1 49. 6 % 5 1E
10 mg/L 1 100 mg/L MM EE T KR A Wt 2 e AR RN 28 i A AR iE VR FH 2L B AR F 1 A1 10 mg/L;
H ARG e B e B RO R SR 2R i A AR A R 2 T O AR iy A K AR AR . A5 s PO R R W,
1) s W O IR R A ) 48 i B A v i SR A AR R
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F2 AEW3a-3t 3@ HERPERRIHE

Tab.2 Growth-promoting rate of 3a-3t on Sunflower root

1 mg/L 10 mg/L 100 mg/L
25 2
it
3a 17.2+1.6d 8.1+1.3d —1.2%0. 8e
3b 35.4+1.3b 13.44+1. 5¢ 5.6+1. 1d
3c 28.9+1. 4c 9.7+1.2d —7.641. 3e
3d 35.44+1.9b 22.14+2.3b 11. 440. 9¢
3e 38.7+1.2b 27.3+1.8b 10. 2+1. 5¢
3f 40.3+2. 3b 23.8740.9b 9.8+ 1. 4c
3g 36.4+1.6b 15.14+1. 1c —4.640. 8e
3h 49.5+1. 4a 45,242, 6a 21.9+1.6b
3i 39.8+2.4b 56. 3+ 1. 9a 29.4+1. 2¢
3j 30.5+1. 8¢ 16.941. 5¢ 12.3+1. 4c
3k 24.6=+1.9c 39.5+1.4b 30.3£2.7b
3l 44,641, 5a 38.640. 9b 15.9+1. 7¢c
3m 34.6+1. 5¢ 21.7+1. 1c 8.94+1.2d
3n 39.5+1.7b 20. 7+0. 8¢ 11.3+1. 3¢
3o 25.4+1. 2¢ 35.6+2.3b 26.47+2.5b
3p 33.4=%1. 1c 15.4+1. 6d 6.241. 4c
3q 35.2%+1.8b 20.2%1.7c 5.77+0. 8¢
3r 25.47+0.7c 16.97£0. 4c 7.6+1. 3c
3s 34.5+1. 6¢ 23.142.5d 14.6+2.1d
3t 33.4%+1.9c 12.340. 9¢ 4.3+1. 6d
GR24 39.7+1.5b 42.6+1. 6b 28.8+1.3b

T B R ALk AT P {E B 22 G = 3) L R FUAR [)/NG 52 B3R 2 S ik B i 3K - (p<<0. 05),

o o« pRIFRIR p<<0. 05 Fl p<<0. 01 AKF LB EER,

B3 FEXMFENHENSE

Fig. 3 Content of hormones in corn seeds
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PR ABA 1IN 4. 65 ng/g, B BART XTI R N ABA 095 & (6. 51 ng/g) » I H A4 Py i V& 1R 76
AT (ABA-GE) & = 385w TS AN IR, ABA-GE J& ABA 7EAEYIR NS4, o & ABA B AEFI
KEE B a2 AR S PEIEAS , iT LARRAIR ABA ST AE K2 . WA R R R TA X E N —F, &
RERAS L RN 4324 | SE K 5 5y AR 1 28 1 A R A 3 2, AB A 31 AR B 1) FOKRFl R OB KR
AT HE2 0. 61 ng/g, W & TXF BRZEAY 0. 38 ng/g. f-EW31 AL FRLH FIXS B2 FOKFh AN AR R 8
M) AR 2. 97 ng/g 1 2. 03 ng/g, X RILE W31 b BEJG FKRFIFb T4 K R B IHERF B .

x3 kEY3a-JWNERMFHEREHE

Tab.3 Growth-promoting rate of 3a-3t on sorghum seeds

1 mg/L 10 mg/L 100 mg/L
250
it P2 Ui ¥ it #*

3a —6.97%0. 9e 17.6%1. 9d —29.94+1. 2e 8.441.2d —37.4742. 2¢ —3.740.7d
3b —12.441. 2e 21.2#+1. 5¢ —21.44+1.7d 10. 641. 3d —30.6+1.1d 2.9+0. 6¢
3c —11.5+1.9e 10. 2£0. 8e —27.8%1. 8e —3.7%0. 6e —37.242. 1e —16. 8+ 1. 3e
3d 25.8%+1. 6¢c 39.8+2.4b 11.240. 7¢ 28.6+2.2b 4.14+0. 3¢ 9.441. 1c
3e 32.5+1.7b 18.9+1. 2d 22.342.2b 6.9+1.1d 10. 6+1. 4b —4.740.9d
3f 36.44+1.8b 35.1+1.3b 28.3%2.1a 22.3%+1. 8¢ 9.9+1.1b 11. 6+1.5b
3g 22.3+2. 4c 24.1+1. 2¢ 4.440.7d 19.6+1. 7¢ —8.640. 9e 10. 2+1. 4c
3h 29.6%1.2b 25.6%x1.7c 17. 641, 2¢ 13.7£1.4d 7.3%1. 5¢ 6. 141, 2¢
3i 44,5+2, 6a 51..7+2.8a 18. 6+1. 3¢ 34.6+2.6b 6.6+1.7c 16.3+1.7b
3j 22.4%1.9c 26.1%1. 3¢ 17.241. 5¢ 20.9%1. 8¢ 6.741. 3c 7.5%1. 6¢c
3k 31.44+1.8b 38.6+1.2b 18.44+1. 1c 27.5+2.1b 8.4+1.6b 9.7+1. 3¢
3l 17.3+1.4d 40.5+1.9b 10. 6+1. 3¢ 32.6+1.5b —3.540.9d 18.1+1.4b
3m 14.341.7d 41.2+2.6b 9.5+1. 8¢ 30.1£1.7b —2.340.5d 17.3+1. 1b
3n 11.6+1.3d 35.37+1.4b 5.7+0.7d 20.6+1. 3¢ —10.6+1.2d 9.2+1. 2¢c
30 17.4+1.5d 38.9+1.1b 4.9+1. 1d 31.2+1.1b —8.7+1. 6e 12.8+1.9b
3p 46.8+1. 2a 52.441.7a 23.5+2.5b 41.3%2.7a 9.540.7b 28.4+1. 5a
3q 29.4%2.3b 44,7%£2. 5a 13.5%1. 1c 35.6%x1.4b 6.4+0.9c 14.44+0. 9b
3r 31.4%+1.8b 37.5+1.6b 16. 8+ 1. 6¢ 23.8+1. 6¢ 7.241. 4c 7.4+0. 6¢
3s 28.8*+1.1b 40.4+2.7b 14.2+1. 5¢ 32.5+2.3b 6.840. 7c 20.9+1. 9a
3t 26.7+1.4b 33.1+1.9¢ 15.84+1. 8¢ 22.7%+1. 2¢ 5.940. 6¢ 13.140. 8b

GR24 42.741.5a 49.6+1. 5a 27.241.6a 38.7+1.9a 16.5+11a 26.8+1. 4a

VR T A RTH BE HRR IR 22 (= 3) L RGN /NS b R 2 Sl B /K7 (p<<0. 05)
1.4 HEESWW 50

R T 2SI 4 P TR 2 AL X A AR 1 AR I BILAD S 8 AutoDock-1. 5. 7 X7l 51 4 P ik
ZARE M OsD14 5 GR24 Ffb & W31 A7 XHERL, 458 B8 GR24 5 OsD14 54688 — 7. 66 keal/
mol, 5% VAL-148, VAL-244 ,PHE-245.PHE-176 ,PHE-186, VAL-194, HIS-297 .PHE-78 & 5 i /KVE
PHE-176 5 GR24 JE 1%, n-FHE FH4H B AR . HIS-287 5 GR24 T B E:#F . Ml B TPR-205 5 GR24 ¥ W —
MEE, WHPRMEGYI31 5 OsD14 XHEGRBRE AL EW31 5 GR24 45 G REN — 7. 82 keal/mol, 5k HE
ALA-276 . VAL-271,ASP-268,ARG-267 ,ALA-273 .GLN-264 Z 55 /K1EH . A ASP-206 F1 ALA-273 5
HArb WIS A a5k, L& 3i ML GR24 5 OsD14 454 Fr s i B B A B8 25 50 55 M i 45 P 1 =2 14
EASS I HEHE A WL GR24 Z2—A, XETEE S IE B & GRS B Infa e .
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B4 B#rb&93i 1 GR24 5 0sD14 EAMESEWN
Fig. 4 Complex structures of target compounds 3i and GR24 with OsD14 protein

2 KBRSy

2.1 ALENFA

AR ST iy PR 20 B 349 R 43 W 48 43 ) W L T s o A 4 B 2 LB A R B N R A A R A R

] I RO ER 24 0 S T v Bl 3ok 35 B A B w1 S0 r R 390 39 0 T 2 e A A= R A BR A
FL b, AUES 25 Agilent BHEA PR E DD2 8 600 MHz # R, 25 F FEER G R RHE A FR A )
2 B 7R DU A - L S T BB T AL
2.2 HbEAPm Ak
2.2.1 Ao 1(5-FA-3-Fhekh-2(GH)-B) 694k, $ 7.0 ¢ HIEN ZRYE 9. 3 mL & A T4
3D AR AN 60 mL KN 7 EVEBRAR , 76 110 °C R AMER IR KW 12 by B2 45 5 J5 R i At Fi e
KN CTR LT S 2 U, R A LA | el 28 A AR Z50 ), 50 38 i AL I AT 4R 245 24 59 1.
2.2.2 BAFSW3a-3t 69E k. Fik— B 5-FER-3- -2 (S HD-BRIETR (200. 0 mg. 1. 03 mmoD) Al 4-
H L JENERE (DMAP, 251, 7 mg, 2. 06 mmoD) HA T #ERM A T . BEEIMA 10 mL 5 H Leifs fif . 7E0K
W T AT R4 Pk G202 R B S P SR (1. 03 mmoD)  ITASEEE 5 I #E 3 h, UM 45 R S KU 50
ml ZFR LRI AT 30 mL EH/KAERL A HUAIMATK Na, SO, T4, . i T, 2 252 Hbs =4,

Tk of 5 EL-3-F B2 (5 HD-IEMRER (200. 0 mg, 1. 03 mmol) F1 4-— FF FL & ZLntk g (DMAP, 251. 7
mg,2. 06 mmoD) HA T A AIH L B 5 A & B b (10 mL) B f# . FEVKIE TP b bk )5 . G2 1250
N-Z K N-[3-( W& P EE Ik — W R RR £h (EDCI, 394. 9 mg, 2. 06 mmol) FIHUCIE R, il A 52 B8 )5
BBV .25 “CRHEHE 24 hy WSS FH 50 mL NaHCO, .30 mL NaHCO, A #LAH AT K Na,SO, T
g e A EMTS R BAR =Y .

S-FA3E-3-HH -2 (5 H -k Ml ] (e [a] 440 « B (8 [ELA, 45 05 103 ~108 C., 7%, 85%.'H NMR (600
MHz, CDCl;) § 6. 93~6. 81 (m, 1H), 6. 13~6.03 (m, 1H), 1. 93 (s, 3H).""C NMR (150 MHz,
CDCLy) & 170. 78, 145. 92, 131. 87, 85. 21, 10. 38. HRMS[ESI" | for C; H;O,[ (M+H) " ], m/z Caled:
114.0322; Found: 114. 0325.

A-F 5502, 5- AR -2- L 2R F R TR (32 ) - I B FEIA I A 122~126 °C. %, 89%.'H NMR
(600 MHz, CDCly) §8.05 (ds J = 7.1 Hz, 2H), 7.63~7.59 (m, 1H), 7.47 (d. ] = 7.6 Hz, 2H),
7.12 (ss 1H), 7.03 (s, 1H), 2.03 (s, 3H). ®C NMR (151 MHz, CDCl,) & 171. 07, 164. 74, 142. 12,
134.57, 133.99, 130. 05, 128. 58, 128. 43, 93.03, 10. 64. HRMS[ESI" ] for C;,H,,O,[(M+H) "], m/z
Caled: 218.0584; Found: 218. 0590.

4-F 5480102, 5- Ak - 2- 5 4-500K B R TR (3b ). (I AR, M5 A5 142~145 °C, =%, 91%.'H
NMR (600 MHz, CDCl,) 8§ 7.98 (d, J = 8.7 Hz, 2H), 7.44 (d, J = 8.7 Hz., 2H), 7. 10 (s, 1H),
7.02 (ss 1H), 2.04 (s, 3H). "C NMR (151 MHz, CDCL,) & 170. 87, 163. 91, 141. 86, 140. 63, 134. 73,
131. 40, 128. 99, 126. 88, 93. 08, 10. 62. HRMS[ESI' ] for C,,H,ClO, [(M+ H)" ], m/z Caled:
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252.0194; Found: 252. 0189,

A-FP 55102, 5- Ak I-2-3 4-F 28 W R G (3¢ ) H B AR, #5058 143~149 C. = 2%,85%.'H
NMR (600 MHz, CDCl,) & 8.07 (d, J = 3.3 Hz, 2H), 7.19~7.06 (m, 3H), 7.02 (s, 1H), 2.03 (s,
3H). ®C NMR (151 MHz, CDCl,) & 170. 93, 167. 21, 165. 51, 163. 75, 141. 94, 134. 68, 132. 70,
124. 67, 115. 93, 115. 78, 93. 03, 10. 61. HRMS[ESI" ] for C,H,FO, [(M+ H)" ], m/z Caled:
236.0490; Found: 236. 0486.

A-F 355402, 5- A kI -2- 3 4-FIEFE R (3d) - LRI A, I 0 124~128 C, 7=%,92%.'H
NMR (600 MHz, CDCly) 8 7. 94 (d, ] = 8.5 Hz, 2H), 7. 27 (d., ] = 8.4 Hz, 2H), 7. 12 (s, 1H),
7.04 (ss 1H), 2.43 (s, 3H), 2.04 (s, 3H). ®C NMR (151 MHz, CDCl,) & 171. 14, 164. 76, 144. 95,
142. 25, 134.47, 130. 10, 129. 30, 125. 65, 125. 65, 92. 95, 21. 71, 10. 63. HRMS[ESI" ] for C;;H,,0,
[(M+H)" ], m/z Caled: 232.0741; Found: 232. 0736.

4-HE-5-5A0-2. 5- A W IR-2-3-2-Z5 R IR (3e ) . H (8 [ 4R, 4 45 135~ 138 “C, =%, 94%.'H
NMR (600 MHz, CDCly) 6 8.62 (s, 1H), 8.04 (d, J = 8.8 Hz, 1H), 7.96 (d. J = 8.1 Hz, 1H),
7.90 (t, ] = 7.3 Hz, 2H), 7.63 (t, ] = 7.5 Hz, 1H), 7.57 (t, ] = 7.7 Hz, 1H), 7.19 (s, 1H),
7.09 (sy 1H), 2.06 (s, 3H). ®C NMR (151 MHz, CDCl,) & 171. 07, 164. 91, 142. 15, 135. 96, 134. 62,
132. 38, 132. 02, 129. 46, 128. 84, 128. 46, 127. 81, 126. 92, 125, 61, 125, 08, 93. 16, 10. 66. HRMS
[ESI" ] for C;sH,, O,[(M+H)" ], m/z Caled: . 0741; Found: 268. 0748.

A-FPHE-5-5010-2, 5- K I -2-2-3- G K W R TR (3£ )« B B A, 15 45 149~155 C. F=%,81%.'H
NMR (600 MHz, CDCl) 6 8.02 (s, 1H), 7.94 (d. J = 7.7 Hz. 1H), 7.59 (d. J = 7.9 Hz, 1H).
7.42~7.40 (m, 1H), 7.10 (s, 1H), 7. 03 (s, 1H), 2. 04 (s, 3H)."C NMR (151 MHz, CDCl,) &
170. 78, 145. 92, 131. 87, 85. 20, 10. 40. HRMS[ESI" ] for C,,H,ClO,[(M+H)"] , m/z Calcd:
252.0194; Found: 252. 0201.

A-F -5 5AR-2, 5- AR -2 3-FRE IR TR (Bg ) « T L [EIMA, i 4 166 ~172 °C. 77 48:86%6.'H
NMR (600 MHz, CDCl;) § 7.84 (d, J = 10.3 Hz, 2H), 7.42 (d, ] = 7.7 Hz, 1H), 7. 36~7. 33 (m,
1H), 7.12 (s, 1H), 7. 03 (s, 1H), 2. 40 (s, 3H), 2. 03 (s, 3H).""C NMR (151 MHz, CDCl;) &
171. 20, 164. 39, 164. 23, 142. 33, 134. 41, 132. 24, 120. 63, 113. 89, 92. 90, 55. 49, 10. 63. HRMS
[ESI" ] for C;;Hp, O,[ (M+H) " ], m/z Caled: 232.0741; Found: 232.0747.

4-F -5 0-2, 5- A K IR -2-FE-2- 90K H R iR (3h )« I (a [E R, 5 A 162~166 °C. F=%8,84%.'H
NMR (600 MHz, CDCl,) 8 7. 95~7.93 (m, 1H), 7. 60~7.56 (m, 1H), 7.25~7. 14 (m, 2H), 7. 11 (s,
1H), 7.03 (s, 1H), 2.03 (s, 3H)."C NMR (151 MHz, CDCl,) & 170. 98, 163. 15, 162. 34, 162. 31,
161.41, 141.94, 135.69, 135.63, 134,65, 132. 34, 124. 17, 124. 15, 117. 25, 117. 11, 117. 02, 116. 95,
92. 95, 10. 63. HRMS[ESI" ] for C,,H,FO,[(M+H)" ], m/z Caled: 236.0490; Found: 236. 0495.

A-F FE-5-50AR-2, 5- R -2- 3 4-C= 0 350 K H IR TR (31) - B @R I8 % 155~160 °C. 7=,
85%."H NMR (600 MHz, CDCl;) §8.16 (d, J] = 7.9 Hz, 2H), 7.73 (d, ] = 7.9 Hz, 2H), 7.12 (s,
1H), 7.04 (s, 1H), 2.05 (s, 3H)."”C NMR (151 MHz, CDCl,) & 170. 76, 163. 62, 141. 66, 135. 54,
134,92, 131. 68, 130. 45, 125. 64, 93.21, 92.31, 10.65. HRMS[ESI" ] for C;;H,F;O,[(M+H) "], m/
z Caled: 286. 0458; Found: 286. 0453.

A-FP 550102, 5- W IR -2- -3~ 950K H R IR (37 ) - B A, 15 05, 162~168 C. F=%.88%.'H
NMR (600 MHz, CDCly) 6 7. 85~7.83 (m, 1H). 7.72~ 7.79 (m, 1H), 7.45~7.43 (m, 1H), 7. 32~
7.30(m, 1H), 7. 11 (s, 1H), 7. 03 (s, 1H), 2. 04 (s, 3H).""C NMR (151 MHz, CDCl,) & 170. 89,
163.66, 161. 71, 141. 72, 134. 78, 130. 55, 125. 92, 121. 06, 116. 73, 93. 03, 10.58. HRMS[ESI" ] for
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Cp, H,FO,[(M+H) "], m/z Caled: 236.0490; Found: 236. 0495.

A-F 552, 5- A W iR -2 3, 4- UK H R R (3ko) s €8 A, 45 A 155 ~159 T, PR,
83% ,"H NMR (600 MHz, CDCl,) & 7. 89~7. 81 (m, 2H), 7.27~7.23 (m, 1H), 7. 05~7. 07 (m, 1H),
7.02~7.00 (m, 1H), 2.03 (s, 3H). "C NMR (151 MHz, CDCl,) & 170. 79, 162. 89, 155. 08, 153. 46,
151.07, 149. 32, 141.59, 134. 88, 127. 28, 119. 26, 93. 05, 10. 72. HRMS[ESI" ] for C, H;F,O,[ (M+
)" ], m/z Caled: 254.0396; Found: 254. 0394,

A-H FE-5-5840-2, 5- A W -2 A-TROR W R IR (31) « B [ A, J5 4 124 ~127 C, %K. 82%,'H
NMR (600 MHz, CDCL,) 8 7.90 (d, J = 8.7 Hz, 2H), 7.61 (d. J] = 8.7 Hz, 2H), 7.10 (s, 1H),
7.02 (s, 1H), 2.04 (s, 3H). "C NMR (151 MHz, CDCl;) & 170. 91, 164. 08, 141. 88, 134. 75, 132. 01,
131.50, 129. 36, 127. 32, 93. 08, 10. 66. HRMS[ESI" ] for C,,H,BrO, [((M+ H)" ], m/z Caled:
295. 9689; Found: 296. 9685.

A-FE-5-5A-2, 5- A K 22 A4S R OR B R TR (3m) « I B [ K, J s 162~ 168 °C, = %,
84% ,"H NMR (600 MHz, CDCl;) §8.04 (d, J = 8.3 Hz. 2H), 7.49 (d. J = 7.9 Hz, 2H). 7. 12 (s.
1H), 7.03 (ss 1H), 4. 62 (sy 2H), 2. 04 (s, 3H).”C NMR (151 MHz, CDCly) & 171. 01, 164. 25,
143,45, 141. 92, 134. 65, 130. 57, 128. 71, 92. 98, 45. 12, 10.59. HRMS[ESI' ] for C,;H,,ClO,[(M+
" ], m/z Caled: 266.0351; Found: 266. 0356.

A-F 552, 5- AR -2 4-H AR R TR IS (3n ) - B [ A, JF A 153~ 158 $ IR, 77 3%,
92%."H NMR (600 MHz, CDCI,) & 8.00 (d, J = 8.8 Hz, 2H), 7. 11 (s, 1H), 7.02 (s, 1H), 6. 93
(d, J = 9.0 Hz, 2H), 3.87 (s, 3H), 2.03 (s, 3H). "C NMR (151 MHz, CDCl,) & 171. 20, 164. 39,
164. 23, 142.33, 134.41, 132. 24, 120. 63, 113.89, 92. 90, 55. 49, 10. 63. HRMS[ESI" ] for C;;H,,0;
[(M+H) "], m/z Caled: 248. 06903 Found: 248. 0684.

A-F BE-5-4040-2 , 5- K IR -2- - A- g SE R H R R (3o )« FI A A 5 48 177 ~182 *C, j=3%,84%.'H
NMR (600 MHz, CDCly) 6 8.31 (d, J = 8.9 Hz, 2H), 8.23 (d. J = 8.9 Hz, 2H), 7.13 (s, 1H),
7.05 (s, 1H), 2.05 (s, 3H). "C NMR (151 MHz, CDCl;) 8 171. 02, 164. 25, 143. 45, 142. 03, 134. 66,
130. 49, 128.65, 93.06, 45.13, 10. 66. HRMS[ESI" ] forC,, HiNOs[(M+H) "], m/z Caled: 263. 0453;
Found: 263. 0459.

4-HBE-5-50-2, 5- A K IR-2-FE s IR k-2 SR R Bk (3p ) « A B & 5 112~126 °C, 7=#%K.,82%.'H
NMR (600 MHz, CDCly) 6 8.95 (s, 2H), 8.86 (d, J = 2.0 Hz, 1H), 8.37 (dd. J = 8.8, 2.0 Hz,
1H). 8.20 (d, ] = 8.8 Hz, 1H), 7.19 (s, 1H), 7.09 (s, 1H), 2. 07 (s, 3H). "C NMR (151 MHz,
CDCly) & 141. 98, 137.59, 134. 96, 130. 83, 130. 59, 129. 61, 129. 20, 127. 63, 121. 24, 93. 74, 10. 75.
HRMS[ESI™ ] for C;, H;,N,O,[ (M+H)" ], m/z Caled: 270.0641; Found: 270. 0598.

A-F 552, 5- A e -2 3, 4 H B R WU R IR (3q )« FI L BRI 4 165 ~177 C, =3,
85%."H NMR (600 MHz, CDCl;) §7.80 (s, 1H), 7.77 (d. J] = 7.9 Hz, 1H), 7.21 (d, ] = 7.9 Hz,
1H), 7.11 (s, 1H), 7.02 (s, 1H), 2.31 (d, J = 12.2 Hz, 6H), 2.03 (s, 3H). “C NMR (151 MHz,
CDCly) & 171. 20, 164. 94, 143. 66, 142.31, 137.05, 134. 43, 131. 04, 129. 87, 127.69, 125. 89, 92. 94,
20.07, 19. 59, 10. 64. HRMS[ESI" ] for C,,H,,O, [(M+ H)" ], m/z Caled: 246. 0897; Found:
246. 0893.

4-F -5 0-2, 5- R IR IR-2- 3% 4-FE R IR (3r )« AR 14 5 154~161 °C, =&, 77%.'H
NMR (600 MHz, CDCl,) 8 7.84 (d. J = 8.7 Hz, 2H), 7.10 (s, 1H), 7.00 (s, 1H), 6.63 (d, J =
8.7 Hz, 2H), 4.17 (s, 2H), 2.01 (s, 3H). . ®"C NMR (151 MHz, CDCl,) & 171. 37, 164.59, 151. 85,
142.59, 134. 22, 132.32, 117. 42, 113. 79, 92. 80, 10. 63. HRMS[ESI" ] for C,,H,;NO,[(M+H) "],



514 BT A D < P R AR 1 B W A 157

m/z Caled: 233. 0693; Found: 233. 0699,

A-H L5402, 5- Ak IR -2- 3 4- IR HRTG (3s )« F G AR 15 05 144~148 C. @%,82%.'H
NMR (600 MHz, CDCl;) § 7.96 (d, ] = 8.2 Hz, 2H), 7.30 - 7. 26 (m, 2H), 7.12 (s, 1H), 7. 03 (s,
1H), 2.71 (q, J = 7.6 Hz, 2H), 2. 03 (s, 3H), 1.26 (t, ] = 7.6 Hz, 3H).""C NMR (151 MHz,
CDCly) & 171. 14, 164,78, 151. 11, 142. 24, 134. 47, 130. 22, 128. 12, 125. 84, 92. 96, 29. 00, 15. 06,
10. 64. HRMS[ESI" ] for C,,H,,O,[(M+H) "], m/z Caled: 246. 0897 Found: 246. 0893.

A-FR 542, 5- WM -2 A- CHP B I ) 2 TP R I (3t )« T (B AR, J A 127~ 132 °C, 78,
86%."H NMR (600 MHz, CDCl;) §8.24 (d, J = 8.2 Hz, 2H), 8.05 (d, J] = 8.3 Hz, 2H), 7. 12 (s,
1H), 7.04 (s. 1H), 3.09 (s, 3H), 2,05 (s, 3H)."C NMR (151 MHz. CDCl,) 8 170. 72, 163. 27,
145. 27, 141.58, 135.03, 133.17, 130. 99, 127. 69, 93. 28, 44. 25, 10. 68. HRMS[ESI" ] for C;;H;,OsS
[L(M+H)" ], m/z Caled: 296. 03603 Found: 296. 0355.

2.3 HbsAEA 9 i 78 P % Pk ik
2.3.1 A&, SRR RERR R FOK 2 SRR H 2ER 1, B R 378 70 %01 L BERS TR
P 10 min, JH B 5E 505 FHAlKPEE . R DMSO FIJEE K ML Bedil 1000 mg/L A9 Hirfb & PIHY

BEVR, P BRORS BE MG B2 100,101 mg/L. SR GR24 S BHPER IR, DMSO Jhy [ %) 1R, 2liK S 25 1 %)
i

2.3.2 RFEBU AEEARTE 80 mm AR I MUK HES L sk i 48, BRI 10 Kiff 1, B
100 pL W HARME GRS 5 mL (2K, FREUR S 30 s BIARTFRILPY, B85 3R M imA 5
mL ZK, FEIREE N 26 CRREE N 70 Vo 3B FRFa 5% 3 K, MR BEMS S s —HE K .

2.3.3 ARt FA AN, LN GR24 K FHEXT IR, DMSO Ky B XF IR, 47K b 28 3 X%, Bk
BAEE SRR B = A ERE , = RKIG s BIE MR ZERK B, K E B+ FOT R R, @ SOk - AR BRZAR (Z6)
SRR A HAR GO PR 1, R CH KRR B, HitH A

1,—1,
ﬁp:‘l—‘xwo%o
b

2.4 R

AMWF5EIE i RCSB PDB $54 2 4R O A 4 P9 g 32 1R 8 11 OsD14 1) = 42545 (PDB 4% 20) . 78 PyMOL
LKA FIFE N AR F . A AutoDock Tools 4 HF% 4 PDBQT #% 3 AE Ry 32 M4 Bl A4 /N o3 3 1
ChemDraw 4= 5 =4E 25 #3715 4 8 PDB &2, & PyMOL £7KINEJGE . AutoDock Tools 1% & fl%% & IT1
{5488 PDBQT #%3; 76 AutoDock Tools H1 2L OsD14 314 1148 g it % 8 643 &1 28 ik S S50t
(GPE) i3 AutoGridd THERERHE & 4R AutoDock Vina #E4743 7% (RE R PEAS sREIE ) , X%
g5 i PyMOL nl AL B4 G 8 S A AR .

3 e

AL FE DT RN £ R SRR FE 110 °C IR S T SO A B R 44 532 Jk-3-FH Bk g -2 (5 H -
Pl PR AR 178 2 Y R R Y B S A A5 B 00 I 4 N R AL 3a-3t o B A X oK (iR B L[] H 28R AR R 5L
55 & BLICER A A Wh B2k LR SR ) H 5 R AR KR B B e E R . 75 1 me/L MWE T LG
316 FRAR AN ZE () A AR EAE Il 43. 6 %61 36. 5% B & F GR24 11 32. 8 %01 25. 6 %0 ; [m] Bef Xof i S o
AR G20 AR ARV E I 44, 500 R0 51. 7% B T GR24, G W31 78 10 mg/L MY EE R X ) H 241
A A RAR VAR AR T 56. 3% . /T GR24 1Y 42. 6%, A4 N VR IR & 5400, & BIL & 431 g
T PR AR O R 1 O R 2 W T A R DT AR 5 R 1) 5 it O LR AR R R DA S L o R A )
B RGRREEDF T IER AR . 0 PRI R Bon b G931 F GR24 AR 0T DL 5 4 N iR 26 0L ) 2
M OsD14 RESS & B R E E A,
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