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Synthesis and herbicidal activity of 5-(1-Amino-2-
phenoxybutylidene) barbituric acid derivatives
containing a maleimide moiety

HAN Shibo, CHEN Ke, WANG Shumin, FU Shuyue, GAO Wei, LEI Kang

(School of Pharmaceutical Sciences and Food Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract In order to discover herbicide lead compounds with novel structure and high activity, nineteen 5-
(1-amino-2-phenoxybutyliene) barbituric acid derivatives containing a maleimide moiety were designed and
synthesized, and their herbicidal activities were evaluated in the greenhouse. The bioassay data showed
that most of the target compounds exhibited moderate to good growth inhibition against the tested weeds
at the dose of 1 200 g/ha under the post-emergence condition. Among them, the target compound BTA-13
exhibited excellent herbicidal activity against the weeds tested with sum inhibition rate 293%, even at a
dosage of 150 g/ha, which was comparable to the commercial herbicide-Fluminate. The studies of herbi-
cidal spectrum and crop safety revealed that the target compound BTA-13 had a broad herbicidal spectrum,

and it was determined to be safe for maize and wheat at a dose of 150 g/ha under the post-emergence condi-
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tion, which indicated that the target compound BTA-13 had the potential to be developed into herbicide.
The present work demonstrates that the target compound BTA-13 can serve as a lead compound for further
development of novel herbicides.

Keywords barbituric acid; maleimide; enamino diketone; herbicides
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Fig. 1 Design of target compounds BTA
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Fig. 3 The herbicidal activity of target compounds BTA-1~BTA-19 at the dosage of 1200 g/ha under the

post-emergence condition in greenhouse testing (sum inhibition rate/ %)
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Fig. 4 The herbicidal activity of target compounds BTA-1~BTA-19 at a different dosage

in greenhouse testing (sum inhibition rate/%)
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RIS SR VEVES 75 45 A R FH AL 5t 65 Sl s A (X4 b 28w, b st i ED 5 85 40 P03 B i Al SR
H Tonspec 7. 0 T Y& (Varian, Palo Alto, CA) HEME55 B B 37 A8 4 585 - [l i iR R s 25wt R H
S FE M55 i (3WP-2000 5 H ARl A g 5 A LA 58 )
2.2 Ik
2.2.1 A&l 894 R, 181000 mL BB H KU 2-538-4-%-5-F 5815 (19. 1 g, 0. 1 mol) \4-5
TRZHE(38. 8 g+ 0.2 mol) JERIRHN (27. 6 g, 0.2 moD M N, N-_FXH Btz (DMF, 500 mL) . Jf:7E 50°C
T 12 he W)ZRJENIE (TLO BRER N 7 RV 45 S 8 SO i B 500 mL vkaK Hr, KA £ 8 £ T
(EA, 300 mI)ZEH 3 K. & IFAHE,JH 500 mL #F1 NaCl Y% 3 ¥, IFHTEK Na, SO, T4 2 h, K5,
WERR 2 O R Ol A5 B iR . DA TR SR/ A RFR L, 1:100~1:20) WTR G VEBL , 286
e E MRSl B R A5 B A IR AR (28,1 g, 7% 9220 .
2.2.2 &2 894 R, TE 500 mL [BREHE PAR UM A HEAL(28. 1 g, 92. 1 mmoD) J48/fk (Pd/C,
5%, 2.81 @) FIHIEE(MeOH, 300 mL) . 485 ] S A4 & i AU F iR 12 he S 58 i - i i Uk
SEUETR T HERE 28 K B 22 W A5 2R iR Y . LA BRI/ A7k AR EE . 12 20~1 : 5YBIRA N
VMR 2 ik A IR TR SR AR Y . 15 2L G 2 IR B PIR Y (24. 0 g, 7738 9500)
2.2.3 b3 g, LA Y2(24.0 g, 87. 3 mmoD VAT 500 mL Ay F SRS R Uom A S A Ak
(LiOH, 21.0 g, 873 mmoD) Ml 10 mL 7K, RIAKRRFEZER FHFE 12 h, SOVZS G Al 78 K ek L0
fis, FH 1 M AR R (HCD IR 2 pH=1, I A K& P AT . 08, AR B o A9 R4, K 0k, IR R LA T
SEAA TR 6 h, 13 2L B3 A EIR Q5. 7 g, =& 7350,
2.2.4 Aehd 96 . TE 500 mL BUEFIR K I AL G H3(15. 7 g, 63. 6 mmol) , PUALBH — HI iR
JiF (9. 7 g,63. 6 mmoD) FIVKEAR (AcOH, 250 mL), JF7E 120 C FHiHE 6 ho KWV I8 UG - B W e 1 &
0 °C A REHEBAN . 08 WS A REA KV JF7E B2 TR A T T4 6 h, 83k G4 @
BARO7.0 g. 2R 77%).,
2.2.5 AA6 b k. BLEA17.0 g,44. 6 mmoD % T & H & (DCM, 300 mL) H, 4R J5 Ak i
AHBEE ((COCD,»30 mIDFN L i N N-ZHEEH B, VR RER R Tk 12 h J5, g 28 k255
AW SR S5, ARG LS5 ¥ T 300 mL & W bR KK INA = 2 M (Eg N, 10 mL) il
1. - HRE I Zm., KMNERREZR THAE 72 h )5 KA 1 mol/L BIH: ELER /K | i A G Ak 8l v i ok
Ve TOKBRFREN T 1 . FHIERE 25 R 25 2 A e 9 2 B (0 A, DL R Ol /A ik (AR FR L, 15 30) IR
BRI, e A R T A B 0 B A RIE A6 IR B R R (14, 1 g, % 61%0) .
2.2.6 HBARAY BTA-1~BTA-19 #4946, HEW6(519 mg,1 mmoD¥E T 10 mL LEEH, SRIE A
F 1z (62 mg,2 mmol) . S ZRLE 90 CRHEFE 2 he KM H)G AHEEIR M b KB FEA, Sk, sk
A, SEEVESE, A TSR 3] HARE G WBTA-1(388 mg, ™ # 73%0) . HE Hirfb 5¥BTA-2~BTA-
19 WA Wi % 5BTA-1 HlF] .
5-(4-(2-54-5-(1,3-58-1,3,4.5,6, 7- /N A -2 H -5 M| Ws-2- ) -4-F R 20D -1-CH i) T3 -1,3- 1 3t
WENE-2,4,6(1H ,3H ,5H)- =i (BTA-1) : FA A A4 772 73. 00 45 21 253~255 “C;'H NMR (500 MHz,
CDCly) 612.56 (s, 1H), 7.28 (ds J = 9.0 Hz, 1H), 6.80 (d, ] = 6.3 Hz, 1H), 4. 14 (t, ] = 5.4 Hz,
2H), 3.42~3.35 (m, 2H), 3.32 (s, 3H), 3.30 (s, 3H), 3.25 (d, J = 5.1 Hz, 3H), 2.44 (s, 4H),
2.18~32.13 (m, 2H), 1.84 (s, 4H);"C NMR (125 MHz, CDCL,) 6 177.32 (s), 168.79 (s), 166. 72
(), 162.53 (s), 151.65 (d, J = 248.4 Hz), 151.36 (s), 150.70 (d, ] = 2.6 Hz), 123.41 (d, ] = 9.5 Ho),
118.38 (d, J = 24.3 Hz), 118.31 (d, J = 14.6 Hz), 113.60 (s), 89.94 (s), 68.93 (s), 30.06 (s),
27.93 (s), 27.65 (s), 26.70 (s)s 26.60 (s), 21.26 (s), 20.30 (s); HRMS: caled for Cys Hyy CIFN, O ™
[M+H]" 533.159 77, found 533. 160 52.
5-(4-(2-5-5-(1,3-24%-1,3,4,5,6,. 77N A-2H -5 M| We-2-F) -4 A 48D -1- (O TR EH-1.3- - 5t
WENE-2,4,6(1H ,3H .5 H)- =il (BTA-2) : A 75 67, 2263 15 41 249~252 °C3'H NMR (500 MHz,
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CDCly) 612,56 (s, 1H), 7.28 (ds J = 9.0 Hz, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4. 13 (t, ] = 5.5 Haz,
2H), 3.69~3.61 (m, 2H), 3.39~3.28 (m, 8H), 2.44 (s, 4H), 2.16 (td, J = 11.7, 5.8 Hz, 2H),
1.84 (s, 4H), 1.38 (t, J] = 7.3 Hz, 3H);"*C NMR (125 MHz, CDCL,) §176.08 (s), 168. 78 (s). 166.
74 (). 162.57 (s), 151.64 (d, J = 248.3 Hz), 151. 37 (s), 150.70 (d, J = 2.7 Hz), 142.51 (s),
123.35 (d, J = 9.5 Hz), 118.36 (d, ] = 24. 3 Hz), 118.32 (d, J = 14. 6 Hz), 113. 58 (s),
89.59 (), 68.94 (s), 38.37 (s), 27.93 (8)s 27.64 (s), 27.14 (s), 26.77 (s)s 21.26 (s)s 20.29 (s),
14. 89 () HRMS: caled for Cos Hyy CIFN, O " [M-+H]" 547. 175 42, found 547. 176 39.
5-(4-(2-58-5-(1,3-48-1,3,4.5,6, 7N A -2 H -5 M| Ws-2- ) -4-F A 20D -1- (O T3 -1, 3- 1 3t
WENE-2,4,6(1H ,3H ,5H)- =T (BTA-3) : I A 772 70. 550 4555 261~262 °C; 'H NMR (500 MHz,
CDCLy) 6 12.63 (s, 1H), 7.28 (d, J = 9.0 Hz, 1H), 6.80 (d.J = 6.4 Hz, 1H), 4.13 (t, ] = 5.5 Haz,
2H), 3.56 (dd, J = 12.6. 7.0 Hz, 2H), 3.42~3.27 (m, 8H), 2.45~2.43 (m, 4H), 2.15 (td. ] =
11.7, 5.8 Hz, 2H), 1. 87~1.81 (m, 4H), 1.76 (dd, ] = 14.4, 7.2 Hz, 2H), 1.05 (t, ] = 7.4 Hz,
3H);"*C NMR (125 MHz, CDCl,) 6176.21 (s), 168.77 (s), 166.77 (s), 162.57 (s), 151.64 (d, J =
248.3 Hz), 151.38 (), 150.70 (d, ] = 2.6 Hz), 142.51 (s), 123.36 (d. J = 9.2 Hz), 118.36 (d, J
= 24.3 Hz), 118.32 (d, J = 14.6 Hz), 113.57 (s), 89. 64 (s), 68.91 (s), 45. 17 (s), 27.92 (s),
27.64 (s), 27.11 (s), 26.79 (s), 22.88 (s), 21. 26 (s), 20.29 (s), 11. 38 (s); HRMS: caled for
Cy; Hy CIFN, O " [M+H]" 561.191 07, found 561. 192 08.
5-(4-(2-4-5-(1,3-%-1,3,4,5,6, T- 7N & -2 H -5 M| -2 58 -4- 3R £0O-1-CT O T 56)-1,3-—H 5
WENE-2,4,6(1H ,3H ,5H)- =il (BTA-4) : [ A4 772 65. 7% : 45 41 260~262 “C;'H NMR (500 MHz,
CDCly) 612,61 (s, 1H), 7.28 (ds J = 9.0 Hz, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4.13 (t, ] = 5.5 Hz,
2H), 3.59 (dd, J = 12.6, 7.0 Hz, 2H), 3.36 (dd, J = 9.3, 6.2 Hz, 2H), 3. 33 (s, 3H), 3.30 (s,
3H), 2.45~2.43 (m., 4H), 2.15 (td, ] = 11.7, 5.8 Hz, 2H), 1.88~1.80 (m, 4H), 1. 75~1. 66 (m.,
2HD, 1.63 (s, 4H). 1.52~1.40 (m, 2H). 0.98 (t, J] = 7.4 Hz, 3H);"”C NMR (125 MHz. CDCl,) ¢
176.16 (), 168.79 (s), 166.77 (s), 162. 58 (s), 151.64 (d. | = 248.3 Hz), 151.40 (s), 150. 71 (d, J
= 2.5 Hz), 142.52 (s), 123.37 (ds ] = 9.4 Hz), 118.36 (d, J = 24.3 Hz), 118.32 (d, ] = 14.6 H2),
113.58 (s)» 89.64 (), 68.94 (s), 43.29 (), 31.55 (), 27.93 (s), 27.66 (s), 27.12 (s), 26.83 (s),
21.26 (s), 20.29 (s), 20.04 (), 13.67 (s); HRMS: caled for Cos H;; CIFN, O " [M—+H]" 575. 206 72,
found 575. 207 64.
5-(4-(2--5-(1,3-"%-1,3,4,5,6, TN & -2 H -7 M| We-2-5) -4-JR £0O-1-ORO TR 5 -1, 3- I &
WENE-2,4,6(1H ,3H ,5H)- =i (BTA-5) : FH A4 72 60. 50 45 21 261~263 °C;'H NMR (500 MHz,
CDCly) 612,61 (s, 1H), 7.28 (dy J = 9.0 Hz, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4.13 (t, ] = 5.4 Hz,
2H), 3.57 (dd, J = 12.7, 7.1 Hz, 2H), 3.40~3.27 (m, 8H), 2. 44 (s, 4H), 2.15 (td, | = 11.7,
5.8 Hz, 2HD, 1.84 (t, | = 2.4 Hz, 4H), 1.77~1.68 (m, 2H), 1.44~1. 34 (m, 4H), 0.93 (t, ] = 7.0 Hz,
3H);"C NMR (125 MHz, CDCl,) 6176.12 (s), 168.79 (s), 166. 76 (s), 162.58 (s), 151.64 (d. J =
248.3 Hz), 151.39 (s), 150.71 (d, ] = 2.5 Hz), 142.52 (s), 123.35 (d, J = 9.3 Hz), 118.36 (d, J
= 24.3 Hz), 118.32 (d, J = 14.6 Hz), 113.52 (s), 89.62 (s), 68.90 (s), 43.57 (s). 29. 24 (s),
28.91 (s), 27.94 (s), 27.67 (s), 27.10 (s), 26.84 (s), 22.28 (s), 21.26 (s), 20.30 (s), 13.89 (s);
HRMS: caled for Coy Hys CIFN, O " [M-+H]" 589. 222 37, found 589. 223 69.
5-(4-(2-4-5-(1,3-%-1,3,4,5,6, TN & -2H -5 1| - 2- 5 -4-FiR £O-1-(C O T 5 -1,3-H 5
WENE-2,4,6(1H ,3H ,5H)- =i (BTA-6) : FH A {4 ; 74 63. 026 1 41 252~255 °C;'H NMR (500 MHz,
CDCly) 612.61 (s, 1H), 7.28 (ds J = 9.1, 1H), 6.80 (d, J = 6.3 Hz, 1H), 4.13 (t, ] = 5.4 Hz,
2H), 3.59~3.55 (m. 2H), 3.38~3.34 (m, 2H), 3.33 (s, 3H), 3.30 (s, 3H), 2.44 (s, 4H), 2. 18~
2.13 (m, 2H), 1. 84 (s, 4H), 1. 76~1. 68 (m, 2H), 1. 48~1. 38 (m, 2H), 1. 34~1. 31 (m, 4H), 0. 95
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~0. 84 (m, 3H);"C NMR (125 MHz, CDCl,) 6176. 11 (s), 168.76 (s), 166.76 (s), 162.57 (s), 151. 64 (d,
J = 248.3 Hz), 151.39 (s), 150.71 (d, J = 2.7 Hz), 142.51 (s), 123.37 (d. J = 9.4 Hz), 118. 35
(ds ] = 24.5 Hz), 118.34 (d, ] = 14.8 Hz), 113.58 (), 89.62 (), 68. 94 (s), 43.59 (s)s 31.32 (s), 29. 53
(s), 27.91 (s), 27.64 (s), 27.12 (s), 26.82 (s), 26.48 (s), 22.44 (s), 21.26 (s), 20.29 (s), 13.94
(s) ;s HRMS: caled for Cy Hy, CIFN, Og " [M+H]" 603. 238 02, found 603. 239 01.
5-(4-(2-5-5-(1,3-"4-1,3,4.5,6, 7 N A -2H -0 25 -4 F A E)-1-CRA D) TR -1,3-—H
FEWENE-2,4,6(1H , 3H , 5H)- =i (BTA-7) : [ 8 [ {4 772 54. 6%6; 1 5 314~ 315 “C;'H NMR (500
MHz, CDCly) 612.64 (d, J] = 7.2 Hz, 1H), 7.29 (d, ] = 8.9 Hz, 1H), 6.80 (d, J] = 6.3 Hz, 1H),
4.32~4.22 (m, 1H), 4.13 (t, ] = 5.4 Hz, 2H), 3.41~3.28 (m, 8H), 2. 44 (s, 4H), 2.22~2. 10
(m, 2H), 1.84 (s, 4H), 1.35 (d, J = 6.4 Hz, 6H);"C NMR (125 MHz, CDCl,) & 174. 64 (s), 168.79 (s),
166.78 (), 162.57 (s), 151.63 (d, J = 248.2 Hz), 151. 39 (s), 150. 67 (d, J = 2.7 Hz), 142.52 (s),
123.28 (d, J = 9.2 Hz), 118.35 (d, J = 24.5 Hz), 118.34 (d, J = 14. 8 Hz), 113.52 (s), 89. 26
(s), 68.86 (s), 45.58 (s), 27.94 (s), 27.78 (s), 27.64 (s), 26.60 (s), 23.58 (s), 21.26 (s), 20. 29
(s); HRMS: caled for Cy, Hy CIFN, O " [M+H]" 561. 191 07, found 561. 192 32.
5-(4-(2-5-5-(1,3-24-1,3,4,5,6, 7 N A-2H -5 W25 -4- AL -1-Cr THO ThHHH-1,3-—H
FEmENE-2,4,6 (1H » 3H , 5SH)-— il (BTA-8) : [ €& [ 145 7= 3 55. 1%6; 1 s 281~283 “C;'H NMR (500
MHz, CDCly) 612.71 (s, 1H), 7.29 (d, J = 8.9 Hz, 1H), 6.80 (ds J = 6.3 Hz, 1H), 4.13 (1, ] = 5.4
Hz, 2H), 3.43~3.39 (m, 2H), 3.38~3.28 (m, 8H), 2.44 (s, 4H), 2. 17~2.12 (m, 2H), 2.03~1.
95 (m, 1HD, 1.84 (s, 4HD, 1.06 (s, 3HD, 1. 04 (s, 3H) ;" C NMR (125 MHz, CDCl;) §176. 23 (s), 168,76 (s) .
166. 80 (8)s 162.57 (s), 151.60 (d, J = 248.2 Hz), 151.37 (s), 150.66 (d, J = 2.6 Hz), 142.50 (s), 123. 32
(d ] = 9.4 Hz), 118.35 (ds J] = 24.5 Hz), 118.34 (d, J = 14.8 Hz), 113.50 (s), 89. 66 (s). 68. 83
(), 50.88 (8), 28.72 (s), 27.92 (s), 27.66 (s), 27.03 (s, 26.78 (), 21.25 (s), 20.28 (s), 20.13
(s) s HRMS: caled for Cps Hy; CIFN, O " [M-+H]" 575. 206 72, found 575. 207 70.
5-(4-(2-58-5-(1,3-"48-1,3,4,5,6, 7N A-2H-F M| W25 4 K 2D -1- (AR ) THsFH-1,3-—H
FEWENE-2,4,6(1H » 3H , 5SH)- =il (BTA-9) : [ €& 45 7 3 53. 02603 1 s 259~262 “C;'H NMR (500
MHz, CDCL) 612.49 (ss 1H), 7.27 (d, J = 8.9 Hz, 1H), 6.81 (d, ] = 6.4 Hz, 1H), 4.17 (t, ] = 5.5
Hz, 2H), 3.66~3.50 (m, 2H), 3.31 (s, 3H), 3.30 (s, 3H), 3.08~3.03 (m, 1H), 2.44 (d, ] = 5.
8 Hz, 4H), 2.24~2.19 (m, 2H), 1. 88~1. 81 (m, 4H), 1. 07~0. 99 (m, 2H), 0. 85~0. 77 (m,
2H) ;¥ C NMR (125 MHz, CDCly) §178.54 (s), 168.78 (s), 166.64 (s), 162.31 (s), 151.60 (d, | =
248.4 Hz), 151. 30 (s), 150.76 (d, ] = 2.7 Hz), 142.51 (s), 123.30 (d. J = 9.3 Hz), 118.35 (d, J
= 24.5 Hz), 118.34 (d, ] = 14.8 Hz), 113.60 (s), 89.96 (s), 69.14 (), 27.92 (s), 27.89 (s), 27.
63 (s), 26.88 (s), 25.62 (8), 21.26 (s), 20.29 (8), 8.08 (s); HRMS: caled for C,; Hyy CIFN, O, " [ M+
H]" 559.175 42, found 559. 176 39.
5-(4-(2-5-5-(1,3-24-1,3,4.5,6, T N A -2H - W25 -4-F R LD -1-GFR T ) T HH-1,3-—H
FWEnE-2,4,6 (1H , 3H , 5H)- =il (BTA-10) : (A /=3 47, 3%0; 15 5% 289~290 °C;'H NMR (500
MHz, CDCly) 612.73 (d, J] = 5.8 Hz, 1H), 7.30 (d, J] = 8.9 Hz, 1H), 6.80 (d. J] = 6.3 Hz, 1H),
4.51~4.41 (m, 1H), 4.13 (t, ] = 5.4 Hz, 2H), 3.37~3.24 (m, 8H), 2.53~2.47 (m, 2H), 2. 44
(sy 4H), 2.23~2.08 (m, 4H), 1. 93~1.79 (m, 6H);"C NMR (125 MHz, CDCl,) 6 174. 90 (s), 168.79 (s),
166. 71 (s), 162.55 (s), 151.61 (d, J = 248.4 Hz), 151. 35 (s), 150.72 (d, | = 2.7 Hz), 142.52 (s),
123.26 (d, J = 9.3 Hz), 118.35 (d, J = 24.5 Hz), 118.34 (d, J = 14. 8 Hz), 113.47 (s), 89. 55
(), 68.92 (), 47.94 (s), 31.37 (s), 27.93 (s), 27.66 (s), 27.29 (s), 21.26 (s), 20.29 (s), 15. 35
(s) ;s HRMS: caled for Cos Hy CIFN, Os " [M-+H]" 573.191 07, found 573. 192 08.
5-(4-(2-5-5-(1,3-"4-1,3,4.5,6, 7 /N A -2H -5 0|25 -4 R 2D -1-CGR D TR -1,3-—H
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FEWENE-2,4,6 (1H , 3H , 5H)- =i (BTA-11) : [ #1445 7= 58 50. 2263 45 55 302~303 °C;'H NMR (500
MHz, CDCly) 612.76 (d, ] = 7.2 Hz, 1H), 7.28 (d, ] = 9.0 Hz, 1H), 6.80 (d, J = 6.3 Hz, 1H),
4.39~4.31 (m, 1H), 4.14 (t, ] = 5.4 Hz, 2HD, 3.38 (dd, J = 9.5, 6.1 Hz, 2H), 3.32 (s, 3H), 3.30 (s,
3H), 2.44 (s, 4H), 2.23~2.07 (m, 4H), 1.84 (dd, ] = 5.3, 2.9 Hz, 6H), 1. 75~1. 61 (m, 4H);"C
NMR (125 MHz, CDCL,) & 175. 01 (s), 168.78 (s), 166. 77 (s), 162. 54 (s), 151. 61 (d, J = 248.5 Hz),
151.40 (s), 150.68 (d, J = 2.3 Hz), 142.52 (s), 123.24 (d, J = 9.6 Hz), 118.35 (d, J = 24.5
Hz), 118.34 (d, ] = 14.8 Hz), 113.48 (s), 89.40 (s), 68.88 (s), 54.91 (s), 34.20 (s), 27.93 (s),
27.65 (s)s 27.47 (s)4 27.07 () 23.97 (s), 21.26 (), 20.29 (s); HRMS: caled for Cy Hy; CIFN, O ©
[M+H]" 587.206 72, found 587. 207 58.
5-(4-(2-4-5-(1,3-4-1,3,4,5,6, TN & -2H -5 1| M- 2- 50 -4- R £O-1-GR 2O O T H ) -1,3-—H
FEWENE-2,4,6 (1H . 3H , 5H)- =il (BTA-12) . [ A [E {4 ; 7238 45, 305 #5454 309~311 C;'H NMR (500
MHz, CDCly) 612.75 (d, J = 8.1 Hz, 1H), 7.29 (d, ] = 9.0 Hz, 1H), 6.80 (d, ] = 6.3 Hz, 1H),
4.13 (t, J] = 5.4 Hz, 2H), 3.94~3.73 (m, 1H), 3.39~3.29 (m, 8H), 2.44 (s, 4H), 2.20~2. 11
(m, 2H), 1.92 (dd, J] = 8.7, 3.9 Hz, 2H), 1.84 (s, 4H), 1.79 (dd, J = 9.2, 4.1 Hz, 2H), 1. 64
(ds J] = 4.2 Hz, 2H), 1.47 (1ds J = 12.9, 2.9 Hz, 2H), 1.41~1. 26 (m, 4H);*C NMR (125 MHz,
CDCly) 6174.59 (s)y 168.77 (s), 166. 81 (s), 162.55 (s), 151.61 (d. J = 248.1 Hz), 151. 41 (s),
150. 66 (d, J = 2.4 Hz), 142.52 (s), 123.30 (ds ] = 9.3 Hz), 118.35 (d» J] = 24.5 H2), 118.34 (d. J =
14.8 Hz), 113,44 ()5 89.30 (s), 68.79 (s), 33.59 (), 27.94 (s)s 27.90 (s)s 27.66 (s), 26.64 (s),
25.04 (s), 24.11 (s), 21.26 (s), 20.29 (s); HRMS: caled for Cyy H,y CIFN, O, "[M+H]" 601. 222 37,
found 601. 222 96.
5-(4-(2-58-5-(1,3-24-1,3,4,5,6, TN & -2 H -5 1| We-2- ) -4- 5 R D -1- (2R L EO O T 31,
3-HEmERE-2,4,6 (1H , 3H , 5H)-—Hil (BTA-13) : [ {4; 7= % 62, 3%0; 45 4 252~255 'C;'H NMR
(500 MHz, CDCly) 612.81 (s, 1H), 7.28 (ds | = 9.0 Hz, 1H), 6.80 (d, J = 6.3 Hz, 1H), 4. 14 (t,
J = 5.4 Hz, 2H), 3.90 (t, ] = 5.1 Hz, 2H), 3.75 (dd, ] = 10.4, 5.3 Hz, 2H), 3.38 (dd, J = 11.0,
4.4 Hz, 2H), 3.31 (s, 6H), 2.44 (s, 4H), 2.17 (td, J = 11.9, 5.9 Hz, 2H), 1. 83 (s, 5H);"C
NMR (125 MHz, CDCly) 6 176.57 (s), 168. 84 (s), 166. 74 (s), 162.56 (s), 151. 67 (d. J = 248.9
Hz), 151.36 (), 150.58 (ds J = 2.5 Hz), 142.56 (), 123.36 (d, ] = 9.2 Hz), 118.39 (d, ] = 24.4 Hz).
118.31 (dy J = 14.7 Hz)» 113.69 (s), 89.99 (s), 68.80 (). 60. 80 (s), 45.39 (), 27.96 (s), 27.72 (s),
26.96 (s), 26.81 (s), 21.25 (s), 20.29 (s); HRMS: caled for C,s Hyy CIFN, O, " [M+H]" 563. 170 33,
found 563. 171 51.
5-(4-(2-40-5-(1,3-"48-1,3,4,5,6, 7N & -2 H -5 M We-2-F) -A- 35 A 8D -1-((3- BN O o T -1,
3-HIEEMENE-2,4,6 (1H . 3H , 5H)- =i (BTA-14) : @A A ; 73 63. 5% JF 55 265~268 “C;'H NMR
(500 MHz, CDCly) 612.66 (s, 1H), 7.28 (ds | = 9.0 Hz, 1H), 6.80 (d, J = 6.3 Hz, 1H), 4. 14 (t,
J =5.5Hz 2H), 3.77 (t, ] = 5.9 Hz, 1H), 3.74~3.68 (m, 1H), 3.42~3.35 (m, 2H), 3. 33~3. 28 (m,
6H), 2.44 (s, 4H), 2.17 (td, J = 12.1, 5.9 Hz, 2H), 2.02~1.90 (m. 2H), 1.83 (t, J = 2.4 Hz,
4H) ;¥ C NMR (125 MHz, CDCly) §176.41 (s), 168.88 (s), 166.76 (s), 162.54 (s), 151.63 (d, J =
251.8 Hz), 151.37 (s), 150.58 (d, ] = 2.5 Hz), 142.55 (), 123.47 (d. ] = 9.7 Hz), 118.38 (d, J
= 24.3 Hz), 118.31 (d, J = 14.6 Hz), 113.67 (s), 89. 77 (s), 68.85 (s), 59.40 (s), 40,38 (s), 31. 78 (s),
27.95 (8), 27.68 (), 27.03 (s), 26.73 (s), 21.25 (), 20. 29 (s); HRMS; caled for C,; H;, CIFN, O, " [M
+H]" 577.185 98, found 577. 187 07.
5-(4-(2-5-5-(1,3-—4-1,3,4,5,6, 7N A -2H -5 W23 -4 8D -1-((1- B N-2-5) o) TH 5 -
1,3-H3EmENE-2,4,6(1H . 3H .5 H)- =l (BTA-15) : FH @& 723 67, 2% s K54, 269~271 “C;'H NMR
(500 MHz, CDCly) 612.84 (s, 1H), 7.29 (ds J = 8.9 Hz, 1H), 6.79 (d. J = 6.3 Hz, 1H), 4.18~
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4,07 (m, 3H), 3.69~3.65 (m, 1H), 3.53~3.44 (m, 1H), 3.37 (t, ] = 7.1 Hz, 2H). 3.32 (s, 3H), 3. 31 (s,
3H), 2.44 (s, 4H), 2.17 (dd, J = 12.8, 6.6 Hz, 2H). 1.83 (s, 5H), 1. 30 (d, J = 6.3 Hz, 3H);"C
NMR (125 MHz, CDCl,) 6 176.35 (s). 168. 84 (s), 166. 72 (s), 162.57 (s), 151. 65 (d, J = 248. 8
Hz), 151.38 (s), 150.56 (d. J = 2.5 Hz), 142.56 (s), 123.32 (d.J = 9.1 Hz), 113. 62 (s), 118. 38
(ds J = 24.7Hz), 118.32 (d, J = 13.5 Hz), 89. 97 (s), 68.68 (s), 66.23 (s), 50.21 (s), 27.97 (s),
27.75 (s), 26.94 (s), 26.83 (s)s 21.25 (s), 21.19 (s), 20.30 (s); HRMS: caled for Cy, Hy CIEN, O,
[M+H]" 577.185 98, found 577. 186 89.
5-(4-(2-5-5-(1,3-"4-1,3,4.5,6, T N A -2H -5 W We-2- 5 4R 2D -1-CERO) T EH-1,3- &
WENE-2,4,6(1H ,3H ,5H)- =i (BTA-16) : FH A [EA; 7258 42. 8 %6 45 51 249~252 *C;"H NMR (500 MHz,
CDCly) ¢ 14.14 (s, 1H), 7.39 (t, J = 6.9 Hz, 2H), 7.34 (d, ] = 6.6 Hz, 1H), 7.17 (d, ] = 8.1
Hz, 3H), 6.74~6.61 (m, 1H), 4.00 (t, J = 5.3 Hz, 2H), 3.37 (d, J = 1.1 Hz, 3H), 3.33 (d, J
= 1.2 Hz. 3H), 3.26~3.19 (m, 2H), 2.43 (s, 4H), 2.12~2. 04 (m, 2H), 1.83 (s, 4H);*C NMR
(125 MHz, CDCl;) 8 176. 50 (s), 168. 80 (s), 167.02 (s), 162.32 (s), 151.43 (d, J = 247. 8 Hz),
151.27 (s)» 150.49 (d, J = 2.5 Hz), 142.46 (s), 136.02 (s), 129.70 (s), 128.35 (s), 126.27 (s),
123.50 (d, J = 9.4 Hz), 118.21 (d, J = 24.6 Hz), 117.99 (d, J = 14.5 Hz), 113.30 (s), 90. 49
(s), 68.88 (s), 28.04 (s), 27.91 (s), 27.81 (s), 27.67 (s), 21.27 (s), 20.27 (s); HRMS: calcd for
CyHy CIFN, Os " [M+H]" 595.175 42, found 595. 176 45.
5-(1-(CE)-4-(2-5-5-(1,3-4-1,3,4.5,6, 7 N A -2H- 2 W25 40 A 2D THHED-1,3- &
WENE-2,4,6(1H .3H ,5H)- =il (BTA-17) : FH A A ; 7748 55. 504 : 45 45 275~278 °C ;' H NMR (500 MHz,
CDCLy) 612.97 (s, 1H), 7.39 (t. J = 7.3 Hz, 2H), 7.35~7.29 (m, 3H), 7.26 (d, ] = 9.0 Hz,
1H), 6.79 (d. J = 6.3 Hz, 1H), 4.80 (d. J = 5.8 Hz, 2H), 4.13 (t, ] = 5.4 Hz, 2H), 3.43 (dd,
J = 9.2, 6.3 Hz, 2H), 3.32 (s, 3H), 3. 31 (s, 3H), 2.44 (s, 4H), 2.18 (td, J = 11.7, 5. 8 Hz,
2H), 1.83 (s, 4H);"”C NMR (125 MHz, CDCl,) 6 176. 47 (s), 168.79 (s), 166. 77 (s). 162. 54 (s),
151.66 (d, J = 248.1 H2), 151. 33 (s), 150.69 (d, J = 2.6 Hz), 142.52 (s), 135.62 (s), 129. 23 (s),
128.28 (s), 127.28 (), 123.40 (d, J = 9.4 Hz), 118.37 (d, J = 24.5 Hz), 118.30 (d, J = 14.1
Hz), 113.57 (), 90.17 (s), 68.96 (s), 47.31 (s), 27.99 (), 27.72 (), 27.20 (s), 26.96 (s), 21. 26
(s)s 20.30 (s); HRMS: caled for C;, Hy CIFN, O " [M+H]" 609. 191 07, found 609. 192 20.
5-(4-(2-5-5-(1,3-24-1,3,4,5,6, 7N & -2H -5 M| W2 ) -4 K ED-1-( - & 231 o) T 58~
1.3- " HJEmEnE-2,4,6 (1H . 3H .5 H)-=Hl(BTA-18) : A [E A ; 75 67, 2% ; 1 253~255 °C ;' H NMR
(500 MHz, CDCl,) 612.73 (s, 1H), 7.28 (d, J = 10.0 Hz, 1H), 6.80 (d, J = 6.1 Hz, 1H), 4. 12
(t, ] = 5.0 Hzs 2H), 3.79 (dd, J = 9.6, 4.7 Hz, 2H), 3.63 (t, ] = 4.8 Hz, 2H), 3.43 (s, 3H),
3.42~3.35 (m, 2H), 3.33 (s, 3H), 3.30 (s, 3H), 2.44 (s, 4H), 2.17 (d, ] = 6.0 Hz, 2H), 1. 84
(ss 4H) ;" C NMR (125 MHz, CDCly) 6 176. 35 (s), 168. 78 (s), 166. 66 (s)» 162,61 (s), 151. 65 (d, J
= 248.4 Hz), 151.41 (s), 150. 69 (d. ] = 2.8 Hz), 142.52 (s), 123.32 (d. ] = 9.1 Hz), 118. 36 (d,
J = 24.3 Hz), 118.30 (d, J = 14.1 Hz), 113.60 (s)» 89.96 (s), 70.27 (s), 68.89 (s), 59.23 (s),
43.39 (s), 27.94 (s), 27.71 (s), 27.03 (s), 26.85 (s), 21. 26 (s), 20. 29 (s); HRMS: calcd for
C, H; CIFN, O, " [M+H]" 577. 185 98, found 577. 186 83.
5-(4-(2-4-5-(1,3-4-1,3,4,5,6, TN & -2 H -5 W5| Be-2-38) -A-F R 0D - 1- (- &N ) o) T 56 -
1,3- WP REmENE-2,4,6 (1H . 3H ,5H)- =Bl (BTA-19) : A E 4 723 63. 2% ;46 5 251~253 °C3'H NMR
(500 MHz, CDCl,) 612.65 (s, 1H), 7.28 (ds J = 9.0 Hz, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4. 13 (t, J] =
5.5 Hz, 2H), 3.70 (dd, ] = 12.4, 6.7 Hz, 2H), 3.49 (t, ] = 5.8 Hz, 2H), 3.40~3. 34 (m, 5H),
3.32 (s, 3H), 3.30 (s, 3H), 2.44 (s, 4H), 2.15 (tds J = 12.0, 5.8 Hz, 2H), 2.01~1. 93 (m, 2H),
1.86~1.79 (m, 4H);"*C NMR (125 MHz, CDCl,) 6176.29 (s), 168.80 (s), 166.70 (s), 162.59 (s),
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151.62 (d, ] = 248.4 Hz), 151. 41 (s), 150.74 (d. J = 2.3 Hz), 142.51 (s), 123.42 (d, ] = 9.1
Hz), 118.34 (d. J = 24.5 Hz), 118.27 (d, J = 14.5 Hz), 113.55 (s), 89. 75 (s), 69.25 (s), 68.93
(), 58.82 (s), 40.81 (), 29.53 (), 27.94 (), 27.66 (s), 27.09 (s), 26.66 (s), 21.26 (s), 20. 30
(s) ;s HRMS: caled for Cos Hy; CIFN, O, " [M+H]" 591. 201 63, found 591. 202 70.
2.3 BRELISPEML Y

B 150 g WK H B TR XFEXE N 8 ecm X 7 em X 7 em WIERIT &, FH/KIRIE . SRIEH 15 ik
ZERFRIEE 1~2 om WL CE ERIE N 28~30 °C DI /BESHEY 12 h/12 h R8T . B4 K
FN PG — IR SO0 E S AR b T 2R WS A H . 2R O 1 200 g/ha, 600 g/ha, 300 g/ha,
150 g/ha F1 75 g/ha, AR AR i % BAL . B SEB A e B =P AT, 21 KGR E B 2 A R b -
HR o, DAE E A0 o Bk Ran 258, RN XN omse (00) = (Mo ppmumse — Mz )/
M s ammosen < 1000

3 ik

DL 2-58-4-F0-5- N AR A J50RE, 2220 RO B T 19 A EhoR R 4544 1 5-(1-E -2 R AW &
3 B O ZRATLE Y . M SRR S0 B R 0 BB A IE . S = 4 3 % ARG PR Tt A 2
FEHEAEHE 150 g/ha 25 AE O T, BAREEY) BTA-13 XE3CF MR b 3 OB 0 . St 0 B 22 44
Bl R AR A S BAT PSR BR ST R AR R IR T 9500l ARG R AT ST B B bR
PI4 Clog P X BRFEETG PR BATERBIRN . 7 HARME S P IA5 T 5 AR PERJEIAT, 3 Al & Wi K i ok
AFTHREL SRR SN, [ 25 R UTE 2, AR S Wb R P A9 2 6] (57 BEL 6 R 5
WTEREA —E R . 475 HAE S PSS 5 | ARBUBCR Y R LA AH T3 B b a 90 1B
FOEE . XL R AR R AL S W EoE SR T RE R . WO Gl R e R B A
Y) BTA-13 %t £ RHAVNZE AN 4, B, G BTA-13 B LAVE R AL R B0 S A & itk A 7 itk — 25 1
fLfe.
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