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Abstract: p-Hydroxyphenylpyruvate dehydrogenase (HPPD) is an important target in herbicide
discovery. In order to discover new HPPD inhibitor-based herbicide with high activity and selectivity,
the comprehensive bioevaluation of our previously synthesized imidazole ktone-containing HPPD
inhibitors was conducted and the structure-activity relationship was studied. More specifically, the in
vitro inhibitory activities against Arabidopsis thaliana HPPD (4tHPPD) and human HPPD (AHPPD)
were studied and the selectivity profile was evaluated. Their herbicidal activities in plants were then
evaluated. Some compounds showed high HPPD enzyme inhibition activities and herbicidal activities.
Especially, the compounds 2E and 2G exhibited good control effect toward broadleaf weeds in winter

field at the dose of 150 g/hm?. More importantly, their crop safety profiles is superior to the commercial
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herbicide mesotrione. In addition, compound 2P exhibited excellent selectivity (about 93 times) that is

about 23-fold higher than that of mesotrione, which showing a good application potential.

Keywords: imidazole ketone; p-hydroxyphenylpyruvate dehydrogenase; herbicide; herbicidal activity;

crop safety
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Scheme 2 Design strategy of the target compounds
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20: ABEE. 155 159~160 C. i 52%. 'H
NMR (600 MHz, DMSO-dy), 5: 7.49 (s, 2H), 7.26 (d,
J=7.8 Hz, 1H), 3.79 (t,J = 6.6 Hz, 2H), 3.48 (s, 3H),
3.05~2.87 (m, 1H), 2.08 (s, 3H), 1.76~1.52 (m, 2H),
1.05 (q, J = 6.6 Hz, 2H), 0.93~0.79 (m 5H). *C NMR
(100 MHz, CDCl;), d: 191.84, 160.10, 154.41,
146.39, 133.37, 131.28, 128.91, 122.32, 107.44,
107.09, 102.05, 42.60, 32.38, 22.53, 21.58, 15.77,
11.16, 5.90. =7y #E il . PHL{H 355.177 0, Wl &
1 355.177 9.

2P: (IO [E K. 155 142~144 C. UK 53%. 'H
NMR (600 MHz, CDCl,), 8: 7.40 (d, J = 7.8 Hz, 1H),
7.31 (s, 1H), 7.20 (d, J= 7.8 Hz, 1H), 4.83 —4.72 (m,
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1H), 3.89 (t, J = 7.8 Hz, 2H), 3.72 (s, 3H), 2.21 (s,
3H), 1.81 — 1.67 (m, 2H), 1.57 (d, J = 7.2 Hz, 6H),
1.41 (dd, J = 15.6, 7.8 Hz, 2H), 0.96 (t, J = 7.2 Hz,
3H). *C NMR (100 MHz, CDCl5), d: 191.76, 160.20,
153.62, 146.38, 131.42, 130.64, 129.37, 122.13,
107.76, 107.31, 102.08, 45.17, 40.92, 32.40, 30.40,
20.15, 19.98, 15.83, 13.60. 7/ 4> ¥ i il : FLig{H
371.208 3, W& {H 371.209 9.

2Q: [ fER. 155 188~189 C. K 51%. 'H
NMR (600 MHz, CDCl3), 6: 7.42 (dd, J=7.8, 1.2 Hz,
1H), 7.33 (s, 1H), 7.06 (d, J = 7.8 Hz, 1H), 3.99 (q,
J=17.2Hz, 2H), 3.73 (d, J = 7.8 Hz, 2H), 3.70 (s, 3H),
2.31-2.20 (m, 1H), 2.18 (s, 3H), 1.37 (t,J = 7.2 Hz,
3H), 0.99 (d, J = 6.6 Hz, 6H). *C NMR (100 MHz,
CDCl3), 6: 191.86, 160.26, 154.18, 146.42, 133.07,
131.04, 128.82, 122.43, 107.21, 106.91, 102.10,
48.68, 35.98, 32.45, 27.89, 20.05, 15.85, 13.66. 4>
HER I FESAE 357.192 7, WIEAH 357.193 9.

2R: O E K. 455 163~164 C.F 55%. 'H
NMR (600 MHz, CDCly), §: 7.42 (d, J = 8.4 Hz, 1H),
7.27 (s, 2H), 3.87 (t, J = 7.2 Hz, 2H), 3.68 (s, 3H),
3.00 — 2.83 (m, 1H), 2.15 (s, 3H), 1.82 — 1.63 (m,
2H), 1.40 (dd, J = 15.0, 7.2 Hz, 2H), 1.15 (q, J =
7.8 Hz, 2H), 1.10 — 1.01 (m, 2H), 0.96 (t, J = 7.2 Hz,
3H). *C NMR (100 MHz, CDCl5), d: 191.90, 160.17,
154.40, 146.40, 133.40, 131.30, 128.89, 122.32,
107.46, 107.08, 102.06, 40.84, 32.41, 30.34, 22.55,
19.93, 15.81, 13.57, 5.91. &0 P it FiG(H
369.192 7, Ml &8 369.193 1.
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) 2G TEALFEF B % 2 37.5 g/hm? I, WL, /)
R S BB A R FFAE 90% LA L
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Table 1 The chemical structures of target compounds and their inhibitory activity against recombinant HPPD and
the selectivity profile
oH O R
A
N\ N
Compd. R R? R K; (AHPPD) K; ("HPPD) Selje%ji%\/‘fyﬁ;%ﬁle
2A H Me t-Bu 0.004 1 +0.000 9 0.031 +0.000 3 8
2B H Me — 0.0123+0.001 3 0.034 5 +0.001 1 3
2C H n-Pr Et 0.007 8 = 0.000 4 0.011 9 +0.000 3 1
2D H Et n-Pr 0.006 9 = 0.000 7 0.010 9 +0.000 6 2
2E H Et Et 0.0058+0.001 1 0.004 1 +0.000 8 1
2F H n-Pr n-Pr 0.001 2 +0.000 2 0.009 2 +0.000 4 8
2G Me Et Et 0.023 4 +0.000 2 0.383 0+0.033 0 16
2H Me Et n-Pr 0.034 6 +0.002 6 0.5170+0.0500 15
21 Me n-Pr Et 0.009 6 = 0.001 6 0.3750+0.0190 39
2J) H Et t-Bu 0.001 4 +0.000 3 0.045 9 +0.003 8 33
2K H Et i-Pr 0.005 8 +0.010 0 0.011 5+ 0.000 6 20
2L H n-Pr i-Pr 0.001 7 = 0.000 4 0.0341+0.002 5 20
2M Me n-Pr n-Pr 0.042 0+ 0.005 0 0.430 0+ 0.037 0 10
2N Me Et i-Pr 0.053 6 +0.006 7 0.460 0 + 0.060 0 9
20 Me n-Pr —<] 0.0152+0.001 8 0.891 0+ 0.006 0 59
2P Me n-Bu i-Pr 0.008 5+0.002 1 0.787 0+ 0.050 0 93
2Q Me Et i-Bu 0.016 6 +£0.001 4 0.441 0+0.028 0 27
2R Me n-Bu —<] 0.012 3 +0.003 4 0.705 0+ 0.006 0 57
28 H Et —<J 0.001 7 +0.002 3 0.064 1+0.002 8 38
2T Me Me 4-Me-Ph 0.082 +0.001 1 0.366 0+ 0.004 9 4
2U H Me 4-Me-Ph 0.214 0+0.033 0 0.1190+0.024 7 1
2V Me Me CH,Ph 0.052 6 +£0.001 7 0.198 0+ 0.004 2 4
2W H Me CH,Ph 0.028 7+ 0.000 1 0.0393+0.001 9 1
ﬂzg’iﬁfﬁe 0.010 6 +0.003 0 0.044 6 +0.001 0 4

(1] 2E BIHIE > KAE T — 2 HImE, 13303
435 Phe360 il Phe403 fn-ndEFRRAE UGS, #E
IENEYELL 2E B8 T BT 2W K 5 8 A%
(137 RS LA etk FLpp s ROBELE 20 A5 BT RS
W 2W BTETEE ST 2U. AW 28 BB IE AR
FULCEE /N, BRI AN A7 A8 B 2 RN ST A o 8 RGN, v
PEEHARPI ML E DI
2.2 BfRMEMREBINGIE A MBI E T
TERTH AR, W T 4 &4%8 N5 HPPD 1)
ICso {H, FFREE T HAEMIEM R R, AR5
R T ARG P FL B A e A, D
TALEYIX NI HPPD () K 18, B AR E
K HITE R HSEARNE 1. R 1 TUE

H, Ko A W (1) 38 8 1 3% B 350 g A ik o
B, L AR R 10 DL, R
EW 2P IER] T 93 £, LU SOEA 035k R 1 v
23 fi5; LAY 20, 2R MR B 5 A F
T 59 K157, 72 e BRI 10 £ L b
BTSRRI, HR LS 20.
2R [ LB IR 22 4 1 RT i LU R A e i 1 o
23 PBRESEM

H b5 Ak G 4 I 2 7 8 B B 7% 1 5 0 45 R D
F 2. ATLVEH, A RGHE 150 g/hm® , His
G Hnt i i 2 B ZE RN I R I T B A
BREEYE, RGP BE . INEERIE L
B 1) 35 PR IS B 80% LA b, H AL &9 2E.
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=2 ke 2A~—2W BHEREFEMHEFRIELESR (150 g/hm?)
Table 2 Post-emergent herbicidal activity of compounds 2A-2W(150 g/hm?)
]2 Inhibition rate/%
waEm
Compd. TFR [EES Bk FLER NEE T KB
Brassica juncea Beckmannia syzigachne Stellariamedia Poa annua Chenopodium serotinum Polypogon fugax
2A 30 0 60 0 80 0
2B 0 0 85 0 100 30
2C 0 0 83 0 95 55
2D 25 0 92 0 98 60
2E 80 0 90 30 100 85
2F 0 0 95 0 95 20
2G 98 0 95 85 100 98
2H 30 0 95 70 100 95
21 55 0 90 75 95 100
2J 0 0 70 0 70 0
2K 30 0 98 0 85 50
2L 0 0 95 0 98 20
M 0 0 98 0 100 98
2N 55 0 98 70 98 95
20 30 0 90 0 98 95
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Table 3  The results of further herbicidal testing of compounds 2E and 2G (post-emergence)

%) Inhibition rate/%

wEY A RGR A -
Compd.  Dosage, a.i./ (g/hm?) i T "ok HEoR INEE Pk B
Brassica juncea Beckmannia syzigachne Stellariamedia Poa annua  Chenopodium serotinum  Polypogon fugax
2E 37.5 50 0 100 0 98 65
75 60 0 100 0 100 85
150 90 0 100 20 100 920
2G 37.5 60 0 100 0 100 920
75 100 0 100 30 100 100
150 100 0 100 75 100 100
Tl
mesotrione 37.5 90 0 100 80 100 93
75 95 0 100 90 100 100
150 100 0 100 100 100 100
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Table 4 Crop safety of compounds 2E and 2G (post-emergence) (150 g/hm?)

J#13R Inhibition rate/%

wE) - —
Compd. Tk KFE Ko H ik
Maize Rice Wheat Soybean Rape Cotton
2E 0 0 20 10 20
2G 0 0 15 15 20
Tt =
mesotrione 5 35 55 100 70
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