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 OE. LEREBEEA R, 2 DCC (13-ZIRTEK T ) HAIFEERAEME, &
5 E B R BRAT ST 2 F IR AT E 31 A B AR1LE 4 1a-1~1a-16 #= Ib-1~Ib-15,
HeumzmatiraiE ('THNMR) . &% (PCNMR) & &4 (HRMS) #iE, #F %
FEMWLEREY, £100F 10 mg/L T, Z £ 3L M3t #3234 & I B AR ML T B 42 B 69 47 41
B, ‘Mf/\% Ib-13 F MR 5, AR 6988 F 44| E 5 53X 2] 92.98% F= 58.40%, (24T
Xt B8 2 7| v o Iy Bk (100.00% = 94.10%). AMEARLERE T, 164 Ib-11 BA REF6) X428
T, Xfivxfcﬁimﬂxzam, BIRFET AATIX B A A 64 TR 375 MK T A B 7 BS An B A5 .
SRR MR, MERES, REEM, AT
FESES: TQ457.2 XHEFRERS: A

Synthesis of (1’-alkyloxycarbonyl)methyl/ethyl 2,6-bis((4,6-

dimethoxypyrimidin-2-yl)oxy)benzoates and their herbicidal activities

ZHOU Jing”', GUO Menglei*?, HE Quanlong', YUAN Ziyang?, QIN Zhaohai*>, DU Xiaoying™'
(1. College of Agriculture, Yangtze University, Jingzhou 434000, Hubei Province, China; 2. College of Sciences,
China Agricultural University, Beijing 100193, China)

Abstract: Thirty-one title compounds, including Ia-1 to Ia-16 and Ib-1 to Ib-15, were synthesized
through nucleophilic substitution of bispyribac with various brominated carboxylic acid esters in the
presence of potassium carbonate. Their structures were confirmed using 'H NMR, “C NMR, and
HRMS. Preliminary herbicidal activity results indicated that these compounds exhibited similar but
varying degrees of inhibitory activity on barnyard grass at dosages of 100 and 10 mg/L. Compound
Ib-13 showed the highest activity, with inhibition rates of fresh weight on barnyard grass at 92.98% and
58.40%, respectively, although lower than the control herbicide pyribenzoxim (100.00% and 94.10%).
The photolytic behavior of Ib-11 revealed that it is highly stable under light irradiation, suggesting these

compounds are not easily degraded to bispyribac, which could explain why they display lower activity
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than bispyribac oxime esters and phenolic esters.

Keywords: bispyribac; dioxalinate; herbicidal activity; photolytic behavior

LR PR A B (acetohydroxyacid synthase,
AHAS) il 55 58 1 BH LE A6 0 B 4 75 1) SC B 28 R 1R
CRaMR . T RARMAER) WA, Mk
JEBMA R T8 DNA AL R 54
K, RASBHEMM T, AHAS (NAZELE T 1Y)
MEFEA AN KD, it AHAS #l#i) 7)
KR BA RGBS R 2 2, B
AITEREIKSS (sulfonylureas, SU). PKMEIKEHZE (imi-
dazolinones, IMI). = M Jf- s g 2%
dines, TP2). MEUE /K% RIS (pyrimidylsalicylates,
PYB) K¢ fisf i fiix B Bk B = M Wbk il 28 (sulfonyla-
minocarbonyl triazolinones, SCT) %% AHAS #I#i] 7l
BREFITEAR 25T I LR 40%7, Horf PYB
I e 71) ) L TR 817 o P R R A . AE HTIA I 5T

(triazolopyrimi-

SR O MeG e an Sailohe et Sk

R = H, ethoxyfen 5{ i & ik
R = Et, ethoxyfen-ethyl & fi ik £

R = H, benzofluorfen Z. ¥4 Ji & i
R = Et, fluoroglycofen-ethyl
LI LT

lactofen FLIFA T R

L, RATTE R T — R 510U 5 1 S RN X Tk 1y
BECY, X Lefb SR I AL R RS 1, H
W B 1t T R 5 HOG RE A CEAE DG IE

Ji R bk i 4 A B (protoporphyrinogen oxidase,
PPO) il 7 it A R A i 2 2 B it i M Ik
IXARER, MIAH A A, H A A 2t
Hr e B AT R BRI R R R A e — 1, — ik
B TS £/ TR R TR 85 A S T P v 3 2 B T b R 4
AR B 1) 1) ot P E S BB T AR, i R R
TRL2), SR IE SR, P s R S5 (B,
T B AR R G AN AR 7 R e B, I el
G A PPO $HIGR) gl NAEK R LW I
M, o-F AR C/RNREE BT PPO IS 2] 1 3%
PEZ e ThRe e EH .

ol

butafenacil J5 P 1 &L

EX 1 JIMESEE /AR 2 TR R L PPO HIHI5

Scheme 1 Several commercial PPO inhibitants containing acyloxyethyl/propionate structural unit

AL % PPO KRB G NAEK R RLE 5
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Scheme 2 Design strategy of target compounds
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% ¥ Nexera UHPLC LC-30A B¢ SCIEX X500B
QTOF (H A B /A w]); CEL-WLAXS00 Y61k 2% %
MZ%E, 300 W ERGUT(KE 220 mm, 4=350~
11000 nm, JbIHEEIERHTHRAF); LC-20AT
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G B (H A AT By AB SCIEX
X500 7 5 RO (4t - QTOF Jit 1 Bk FAX (H 4 &
HAT]); Hel-500A % BE AR I mt 55 85 (FE 61 ) & Re
FeRHA (B GRAH).

Xof HE 24 751 e i g K R RO K A A
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MeO_ N_ O O_ N_ OMe
| j,\]/ S X . MeO_ _N_ O O_ N_ _OMe
_N — K,CO,3, DMF | Nl \,J( X
/N =
Me Me
Me Me

Ia-1: R, =H,R,=CH, I1a-9: R, =H, R, = (CH,),F

Ia-2: R, =H, R, = CH,CH, Ia-10: R, = H, R, = (CH,),Br

Ia-3: R, =H,R,=CH,CH,CH, Ia-11:R,=H,R,=(CH,),Cl
Ia-4:R,=H,R,=(CH,),CH, [Ia-12:R,=H,R,=(CH,),0H
Ia-5:Ri=H,R, = (CH,),CH, Ia-13:R,=H,R, =(CH,),0CH,
Ia-6:R,=H,R =CH(CH;), Ia-15:R,=H,R, =(CH,),0CH,CH;
Ia-7: R, = H, R, = C(CH,),

Ia-8: R, = H, R, = CHCH,

Ib-1: R, = CH,, R, = CH,
Ib-2: R, = CH,, R, = CH,CH,
Ib-3: R, = CH,, R, = CH,CH,CH,
Ib-4: R, = CH,, R, = (CH,),CH,
Ib-5: R, = CH,, R, = (CH,),CH,
Ib-6: R, = CH,, R, = CH(CH,),
Ib-7: R, = CH,, R, = C(CH,),
Ib-8: R, = CH,, R, = (CH,),F

I
1b-9: R, = CH,, R, = (CH,),Br
Ib-10: R, = CH,, R, = (CH,),CI
Ib-11: R, = CH,, R, = (CH,),0H
Ib-12: R, = CH,, R, = (CH,),0CH,
Ib-14: R, = CH,, R, = (CH,),0CH,CH,

Ia-14:R,=H,R, = 22\/0\ Ia-16: R, =H, R, = J{\)\o/ Ib-13: R, = CH,, R, = 2\/0\ Ib-15: R, = CH,, R, = J{\)\o/

ERX 3 HWaYINEBMEsEE

Scheme 3 The structures and synthetic pathway of compound I

S RGEE: fE 100 mL & R B T, A
TAMLE B0mL). RAIREL 2-IRINER (7.20 mmol).
B (7.92 mmol). — ¥ LK — W % (DCC, 7.92
mmol). 4- " FZ I IE (DMAP, 0.72 mmol ), £
VKB FEE . IR AR EE 7K (30 mL), TR
SR HEIERAY . IR OB CEEAHL (30 mL %
3), BIHAEVAE, ALK T 5. T,
B A RIRAAF R =, LR B .

EI T, £ 100 mL B L+, MmN NN-
T L HIE (DMF, 40 mL), _E—3H %, X
FifE (7.19 mmol) MIEKIERHH (14.38 mmol) , i
HTEETRZE 80 C J5M 1 h, REHEZRT
ki HE 4~5 h, H#EZ A (TLC, NZ]KR L
fig) © VA EE) =12 3) WIS Mo M 45 s
I pERR R AR5, PR 4R CBREEEL (30 mL %
3), GIANAH, MATKBERN TG TIE,
FEIEMR R R e, PRV HEERAEEN (V (LR L
ig) : vV Ak = 1:3) 4itk, S5 HiMLEY 1.
WA RAEEIE T

2,6-% (4,6~ F 4 Bz 0 ) 4 ) % PR R LS
g (Ta-1): B @EAE mp. 131~132 'C, & 75%. 'H NMR
(500 MHz, CDCl3) § = 7.54 (t, J = 8.2, 1H), 7.16 (d, J = 8.3,
2H), 5.74 (s, 2H), 4.41 (s, 2H), 3.79 (s, 12H), 3.57 (s, 3H). *C
NMR (126 MHz, CDCl;) 6 = 173.15, 167.55, 164.16, 163.11,

152.14, 132.47, 120.88, 120.56, 85.23, 61.64, 54.50, 52.36.
HR-ESI-MS: C»,H»,N,O;0 [M + Nal, m/z it 58 525.1228,
SEPAE 525.1219.

2,6-X0 ((4,6-— F A R Mg g -2- 2% ) 36 K R 2 UK
S (1a-2): E@EE, mp. 105~106 C, 773 73%. 'H
NMR (500 MHz, CDCl,) 6 = 7.53 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.38 (s, 2H), 4.05 (q, J = 7.1, 2H), 3.79
(s, 12H), 1.16 (t, J= 7.1, 3H). ®C NMR (126 MHz, CDCl;) § =
173.14, 166.95, 164.17, 163.10, 152.15, 132.37, 120.85,
120.59, 8522, 61.73, 61.50, 54.48, 14.29. HR-ESI-MS:
Cy3HyyN,Oyg [M + Nal', m/z it 5 {5 539.1385, =2 W &
539.1382.

2,6- ((4,6-— FF 4 Sk w23 ) 4803 ) % IR T 4 %
FFEE (T1a-3): Ak, mp.80~81 T, %% 82%. 'H
NMR (500 MHz, CDCl,) 6 = 7.53 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.39 (s, 2H), 3.95 (q, J = 6.6, 2H), 3.79
(s, 12H), 1.55 (h, J = 7.2, 2H), 0.85 (t, J = 7.4, 3H). *C NMR
(126 MHz, CDCly) 6 = 173.15, 167.00, 164.18, 163.10,
152.18, 132.38, 120.86, 120.57, 85.23, 67.01, 61.67, 54.49,
22.10, 10.47. HR-ESI-MS: Cp4H,¢N,O, [M + Na]', m/z 15
18 553.1541, SMI{E 553.1545.

2,6-X0 ((4,6-— F 4 R Mg g -2- 25 ) 38 SRR T UK
g (1a-4): A B E 4K, mp. 91~92 C, 773K 87%. 'H
NMR (500 MHz, CDCl3) 6 = 7.52 (t, J = 8.2, 1H), 7.14 (d, J =
8.2, 2H), 5.73 (s, 2H), 4.38 (s, 2H), 3.99 (t, J = 6.8, 2H), 3.78
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(s, 12H), 1.54 ~ 1.45 (m, 2H), 1.30 ~ 1.23 (m, 2H), 0.86 (t, J =
7.4, 3H). “C NMR (126 MHz, CDCl3) ¢ = 173.12, 166.95,
164.15, 163.07, 152.16, 132.36, 120.84, 120.56, 85.21, 65.30,
61.63, 54.47, 30.73, 19.20. HR-ESI-MS: C,sH,N,0;o[M +
Nal*, m/z 514 567.1698, SZ1E 567.1693.

2,6-X0 ((4,6-— F A FE ms g -2- 3% ) S 56 ) o FR R LR
H g (1a-5): A A E A, mp.79-80 C, /=% 80%. 'H
NMR (500 MHz, CDCl;) 6 = 7.54 (t, J= 8.2, 1H), 7.16 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.39 (s, 2H), 3.98 (t, J = 6.9, 2H), 3.79
(s, 12H), 1.52 (p, J= 7.0, 2H), 1.34 ~ 1.17 (m, 5H), 0.86 (t, J =
7.1, 3H). "C NMR (126 MHz, CDCL) 6 = 173.15, 166.97,
164.19, 163.09, 152.19, 132.38, 120.86, 120.61, 85.24, 65.62,
61.66, 54.50, 28.41, 28.13, 22.56, 14.22. HR-ESI-MS:
CasH3oN4O1o [M+Na]", m/z TH5{H 581.1854, SEIfE 581.1844.

2,6-X0 ((4,6-— FF 4 R M i -2- 2% ) S0 ) 2R FR G 7 TR 4L
S (1a-6): A GEE, mp.97~98 T, 77X 79%. 'H
NMR (500 MHz, CDCl3) 6 = 7.53 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.92 (p, J = 6.3, 1H), 4.34 (s, 2H), 3.79
(s, 12H), 1.15 (d, J = 6.3, 6H). *C NMR (126 MHz, CDCl,)
5 = 172.85, 166.08, 163.89, 162.78, 151.89, 132.01, 120.54,
120.26, 84.94, 68.93, 61.54, 54.18, 21.55. HR-ESI-MS:
Cy4H2N,Oo[M +Na]', m/z THEAE 553.1541, SHAE 553.1529.

2,6- ((4,6-— FF A L ng 2-38) A3 HHF BT A
BT (1a-7): A EEE, mp. 107~108 C, 773 88%. 'H
NMR (500 MHz, CDCl3) 6 = 7.53 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.73 (s, 2H), 4.27 (s, 2H), 3.79 (s, 12H), 1.36 (s, 9H).
BC NMR (126 MHz, CDCly) 6 = 172.85, 165.49, 163.91,
162.78, 151.84, 131.91, 120.54, 120.41, 84.91, 81.96, 61.77,
54.17, 27.86. HR-ESI-MS: C,sH,gN4O1o[M + Na]', m/z i+ &
1 567.1698, SMME 567.1691.

2,6-X0 ((4,6-— F AR M g -2- 2% ) ) SRR 0% 4
B (1a-8): A ME4E, mp. 130~131 C, 773 82%. 'H
NMR (500 MHz, CDCly) 6 = 7.55 (t, J= 8.2, 1H), 7.16 (d, J =
8.2, 2H), 7.10 (dd, J = 13.9, 6.2, 1H), 5.74 (s, 2H), 4.86 (dd,
J =139, 1.9, 1H), 457 (dd, J = 6.2, 1.9, 1H), 4.48 (s, 2H),
3.79 (s, 12H). C NMR (126 MHz, CDCl;) 6 = 172.86,
163.85, 162.71, 151.90, 140.50, 132.25, 120.61, 120.06, 98.84,
85.00, 60.75, 54.20. HR-ESI-MS: C,3H»,N,0,i[M + Nal’,
m/z THEAE 537.1228, Sll{E 537.1223.

2,6-0 ((4,6-— F 4 JE s g -2-38 ) ) FEH IR 2-5 &
Sk PR (1a-9): FEHPRY, 7= % 64%. 'H NMR (500
MHz, CDCl,) 6 = 7.54 (it, J = 8.2, 2.0, 1H), 7.19 ~ 7.13 (m,
2H), 5.74 (dd, J = 3.8, 1.4, 2H), 4.59 ~ 4.53 (m, 1H), 4.49 ~
4.43 (m, 3H), 3.73 (s, 12H). “C NMR (126 MHz, CDCl;) ¢ =
172.84, 166.43, 163.83, 151.85, 132.17, 120.56, 120.11, 80.87
(d, J = 171.4 Hz), 63.81 (d, J = 20.8), 61.07. HR-ESI-MS:
Cy3Hp3N,O(FIM + Nal', m/z i1 5 H 557.1290, 52 I {E

557.1273.

2,6-X0 ((4,6-— F A FEms g -2-0%) S5 K H IR 2-IR 4
AFRFEE (1a-10): AME R, mp. 79~80 T, F=F N 80%.
'H NMR (500 MHz, CDCl;) § = 7.48 (t, J = 8.2, 1H), 7.10 (d,
J =282, 2H), 5.69 (s, 2H), 4.38 (s, 2H), 4.24 (t, J = 6.5, 2H),
3.73 (s, 12H), 3.36 (t, J = 6.5, 2H). “C NMR (126 MHz,
CDCly) 6 = 172.87, 166.27, 163.87, 162.83, 151.85, 132.19,
120.59, 120.12, 84.94, 64.19, 61.13, 54.24, 27.71. HR-ESI-
MS: Cy3Hp3N,01Br[M + Nal', m/z 11548 617.0490, SZll{4
617.0468.

2,6-R ((4,6-— F E FLmrng -2-58) ) KHIR 2-/ &
APHER (Ta-11): AGEE, mp. 81~82 C, ;5 84%.
'H NMR (500 MHz, CDCl;) 6 =7.56 (t, J= 8.2, 1H), 7.17 (d, J
= 8.3, 2H), 5.76 (s, 2H), 4.46 (s, 2H), 4.26 (t, J = 6.0, 2H), 3.80
(s, 12H), 3.61 (t, J = 6.0, 2H). °C NMR (126 MHz, CDCl;) § =
172.85, 166.34, 163.85, 162.81, 151.84, 132.18, 120.57,
120.11, 84.93, 64.39, 61.08, 54.21, 40.81. HR-ESI-MS:
Cy3H,3N,0,(CI[M + Nal', m/z it 8 {6 573.0995, 5z i &
573.0977.

2,6- ((4,6-— FF A Bk ms g 238 ) S 38 ) R AR 2-2 3
CEHKTEE (1a-12): HERY), 72 58%. 'H NMR (500
MHz, DMSO-dy) 6 = 7.68 (t, J = 8.3, 1H), 7.28 (d, J = 8.2,
2H), 5.96 (s, 2H), 4.77 (t, J = 5.7, 1H), 4.46 (s, 2H), 3.97 (t, J =
5.2, 2H), 3.74 (s, 12H), 3.49 (q, J = 5.4, 2H). *C NMR (100
MHz, DMSO-dg) d = 170.96, 168.32, 165.70, 163.92, 156.01,
134.23, 115.42, 110.15, 85.51, 65.40, 62.48, 61.52, 54.06. HR-
ESI-MS: C,3H,4,N,0,,[M + Nal*, m/z i+ 518 555.1334, 52
1 555.1336.

2,6-F ((4,6-— FF A JE ms g 23 ) 4603 ) 2 PP R 2-HH 4
ZEFHRTIE (1a-13): FOMRY), 72 83%. 'H NMR (500
MHz, CDCl;) § = 7.48 (t, J = 8.2, 1H), 7.10 (d, J = 8.2, 2H),
5.68 (s, 2H), 4.37 (s, 2H), 4.12 ~ 4.07 (m, 2H), 3.73 (s, 12H),
3.45 ~ 3.42 (m, 2H), 3.26 (s, 3H). "C NMR (126 MHz, CDCl,)
5 = 172.86, 166.49, 163.85, 162.78, 151.88, 132.15, 120.55,
120.25, 84.95, 70.07, 63.97, 61.16, 58.94, 54.20. HR-ESI-MS:
CosHpN,Op, [M + Nal', m/z it 2 {H 569.1490, sz I 14
569.1471.

2,6-U ((4,6-— F &8 ik ms g -2- 3k ) 538 ZK IR 2-F |
FNE P (Ta-14): BEAMIRY, 752 83%. 'H NMR
(500 MHz, CDCl;) 6 = 7.53 (t, J = 8.2, 1H), 7.15 (d, J = 8.2,
2H), 5.74 (s, 2H), 5.02 ~ 4.93 (m, 1H), 4.38 (s, 2H), 3.79 (s,
12H), 3.39 ~ 3.27 (m, 5H), 1.15 (d, J = 6.5, 3H). "C NMR
(126 MHz, CDCl;) § = 172.85, 166.05, 163.86, 162.76,
151.89, 132.09, 120.52, 120.24, 84.95, 74.58, 70.35, 61.33,
59.08, 54.19, 16.31. HR-ESI-MS: C,sH,N,0,;[M + Nal,
m/z THHEAE 583.1647, 92il{E 583.1636.

2,6-X0 ((4,6-— F A L ms g 228 ) 36 KH IR 2-4
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B OEB TG (a-15): FEAERY), 77 % 88%. 'H NMR
(500 MHz, CDCl3) 6 = 7.48 (t, J = 8.2, 1H), 7.10 (d, J = 8.2,
2H), 5.68 (s, 2H), 4.37 (s, 2H), 4.11 ~ 4.07 (m, 2H), 3.73 (s,
12H), 3.48 (d, J = 5.0, 2H), 3.41 (q, J = 7.0, 2H), 1.10 (t, J =
7.0, 3H). “C NMR (126 MHz, CDCl3) § = 171.81, 165.44,
162.80, 161.72, 150.83, 131.09, 119.50, 119.21, 83.90, 66.91,
65.58, 63.15, 60.13, 53.16, 14.02. HR-ESI-MS: CysH,gN,O;
[M + Nal', m/z i+ 5{f 583.1647, SZI{E 583.1637.

2,6-W ((4,6-— F E I meng -2- 3L S ) K R 3-F 3t
THEIFEE (Ta-16): HEMHRY, 772 84%. '"H NMR (500
MHz, CDCLy) 6 = 7.53 (t, J = 8.2, 1H), 7.15 (d, J = 8.2, 2H),
5.74 (s, 2H), 4.38 (s, 2H), 4.10 (tt, J = 6.4, 3.5, 2H), 3.78 (s,
12H), 3.36 ~ 3.26 (m, 1H), 3.25 (s, 3H), 1.73 ~ 1.59 (m, 2H),
1.10 (d, J = 6.2, 3H). *C NMR (126 MHz, CDCl;) ¢ = 172.84,
166.59, 163.87, 162.79, 151.88, 132.11, 120.57, 120.22, 84.92,
73.48, 62.23, 61.31, 56.08, 54.19, 35.31, 19.01. HR-ESI-MS:
CyeH30N O [M + Nal, m/z it % {H 597.1803, s ¥l {H
597.1776.

2,6-X0 ((4,6-— F AR EMEE -2-FL A 2E) SRR 1-H 40 k-
1-Z. 88 (Ib-1): AfEA, mp. 117~118 T, == 86%. 'H
NMR (500 MHz, CDCl;) 6 = 7.47 (t, J= 8.2, 1H), 7.09 (d, J =
8.2, 2H), 5.68 (s, 2H), 4.83 (q, J = 7.0, 1H), 3.73 (s, 12H), 3.50
(s, 3H), 1.14 (d, J= 7.0, 3H). ®C NMR (126 MHz, CDCl;) J =
172.83, 170.36, 163.89, 162.62, 151.79, 132.01, 120.64,
119.63, 84.84, 69.49, 54.17, 52.13, 16.62. HR-ESI-MS:
Cp3HyuN,Oo[M + Nal’, m/z it 8 {6 539.1385, & Wl {H
539.1366.

2,6-% ((4,6-— F A S msng 2 JEEIL) HHR -2 A -
1-Z. 18 (Ib-2): A&, mp.82~83 C, 73 82%. 'H
NMR (500 MHz, CDCl,) 6 = 7.52 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.83 (q, J = 7.0, 1H), 4.04 (qd, J = 7.1,
2.6, 2H), 3.79 (s, 12H), 1.21 ~ 1.14 (m, 6H). C NMR (126
MHz, CDCl;) 6 = 172.84, 169.83, 163.93, 162.61,151.83,
131.92, 120.64, 120.62, 84.84, 69.63, 61.17, 54.17, 16.58,
13.95. HR-ESI-MS: CyHyN,O;o [M + Nal', m/z it 5 {4
553.1541, TZMMHE 553.1528.

2,6-X0 ((4,6-— F AR I 0E -2 HR A 2k ) R R 1-P k-
1-Z, B8 (Ib-3): HEEE, mp. 84~85 C, 773 76%. 'H
NMR (500 MHz, CDCl3) 6 = 7.52 (t, J= 8.2, 1H), 7.21 ~ 7.12
(m, 2H), 5.74 (d, J = 1.2, 2H), 4.84 (q, J = 6.9, 1H), 3.94 (td,
J=6.8, 2.0, 2H), 3.79 (s, 12H), 1.55 (hd, J = 7.0, 2.5, 2H),
1.19 (d, J = 7.0, 3H), 0.85 (t, J = 7.4, 3H). *C NMR (126
MHz, CDCly) 6 = 172.84, 169.87, 163.92, 162.60, 151.87,
131.95, 120.64, 120.57, 84.84, 69.58, 66.66, 54.17, 21.79,
16.64, 10.16. HR-ESI-MS: C,5H,N,0, [M + Nal', m/z i+ 5
18 567.1698, JZM{H 567.1688.

2,6- ((4,6-— FH A L mE g -2-FL 5 L) KB IR 1-T S k-

1-Z. B (Ib-4): H A, mp. 82~83 C, =% 81%. 'H
NMR (500 MHz, CDCl3) 6 =7.52 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.84 (q, J = 7.0, 1H), 3.98 (td, J = 6.8,
3.1, 2H), 3.79 (s, 12H), 1.57 ~ 1.44 (m, 2H), 1.28 (h, J = 7.4,
2H), 1.19 (d, J = 7.0, 3H), 0.87 (t, J = 7.4, 3H). *C NMR (126
MHz, CDCl3) 6 = 172.83, 169.83, 163.92, 162.58, 151.87,
131.95, 120.64, 120.59, 84.84, 69.54, 64.97, 54.17, 30.42,
18.93, 16.64, 13.64. HR-ESI-MS: C,qH30N4O;[M + Nal,
m/z VHEAE 581.1854, 92il{E 581.1831.

2,6-X0 ((4,6-— FHARFEmE g -2-FL S Ik ) TR H R 1- R4 k-
1-Z. 0 (Ib-5): A GE R, mp.64~65 C, 77 83%. 'H
NMR (500 MHz, CDCl3) 6 = 7.52 (t, J = 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.85 (q, J = 7.0, 1H), 3.97 (td, J = 6.9,
1.2, 2H), 3.79 (s, 12H), 1.53 (pd, J = 6.8, 2.8, 2H), 1.30 ~ 1.21
(m, 4H), 1.19 (d, J = 7.0, 3H), 0.86 (t, J = 7 .0, 3H). "C NMR
(126 MHz, CDCl;) § = 172.84, 169.82, 163.92, 162.58,
151.87, 131.94, 120.64, 120.61, 84.84, 69.53, 65.26, 54.17,
28.06, 27.84, 22.24, 16.65, 13.94. HR-ESI-MS: C,;H;,N,0;,
[M + Nal', m/z T+ 5.8 595.2011, SZI{E 595.2000.

2,6-W ((4,6-— S memg 2- R ) FHR 1-RHAA
Fi-1-4.T8 (Ib-6): ¥ ELHCIRY, 72 87%. 'H NMR (500
MHz, CDCly) § = 7.52 (t, J = 8.2, 1H), 7.15 (d, J = 8.2, 2H),
5.74 (d, J = 1.8, 2H), 4.89 (p, J = 6.3, 1H), 4.75 (q, J = 7.0,
1H), 3.79 (s, 12H), 1.17 (dd, J= 6.7, 2.6, 6H), 1.14 (d, J= 6.2,
3H). *C NMR (126 MHz, CDCl;) = 172.84, 169.37, 163.94,
162.59, 151.90, 131.90, 120.63, 120.49, 84.85, 69.77, 68.78,
54.17, 21.49, 21.42, 16.51. HR-ESI-MS: C,sHyN,0;o[M +
Nal*, m/z 514 567.1698, SZll{E 567.1684.

2,6-X0 ((4,6- F 48 Fk ms g 208 ) S 58) KR 15T
HIR-1-4 B (Ib-7): A&, mp.109~110 C, j=&H
86%. '"H NMR (500 MHz, CDCl3) 6 = 7.52 (t, J = 8.2, 1H),
7.15 (d, J = 8.2, 2H), 5.73 (s, 2H), 4.64 (p, J = 7.4, 7.0, 1H),
3.79 (s, 12H), 1.36 (s, 9H), 1.14 (d, J = 7.0, 3H). "C NMR
(126 MHz, CDClLy) 6 = 172.84, 16891, 163.97, 151.87,
131.83, 120.63, 120.61, 84.84, 81.60, 70.10, 54.15, 27.77,
16.45, 1.05. HR-ESI-MS: C,qH30N,0; [M + Nal', m/z it 5
1B 581.1854, TZMI{A 581.1829.

2,6-3 ((4,6-— F A R ms g -2- 2 40 ) X H IR 1-2-3 &
FK)-1-Z B8 (Ib-8): HEAREA, mp.92~93 'C, 723 84%.
'"H NMR (500 MHz, CDCl;) 6 = 7.53 (t, J = 8.2, 1H), 7.15 (d,
J=282,2H), 5.74 (s, 2H), 4.87 (q, J = 7.0, 1H), 4.57 (t, J= 4.3,
1H), 4.48 (t, J = 4.3, 1H), 4.34 ~ 4.15 (m, 2H), 3.79 (s, 12H),
1.23 (d, J= 7.0, 3H). *C NMR (126 MHz, CDCl;) ¢ = 172.86,
169.65, 163.92, 151.86, 132.05, 120.67, 120.41, 84.85, 80.94
(d, J=171.4 Hz), 69.39, 63.78 (d, J = 20.9), 54.19, 16.53. HR-
ESI-MS: C,4H,sN,010F [M + Nal', m/z i+ 518 571.1447, S
A 571.1450.
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2,6-X0 ((4,6-— P A B Mg 2B 4 ) KR 1-2-BL 4
F30)-1-Ll8 (Ib-9): HERY), 772 83%. '"H NMR (500
MHz, CDCl;) 6 = 7.54 (t, J = 8.2, 1H), 7.15 (d, J = 8.2, 2H),
5.75 (s, 2H), 4.83 (q, J = 7.0, 1H), 4.28 (qt, J = 11.6, 6.6, 2H),
3.79 (s, 12H), 3.43 (td, J = 6.6, 2.5, 2H), 1.23 (d, J = 7.1, 3H).
BC NMR (126 MHz, CDCl;) § = 172.86, 169.41, 163.92,
162.71, 151.83, 132.08, 120.67, 120.35, 84.84, 69.47, 64.07,
5423, 27.75, 16.55. HR-ESI-MS: C,,H,sN,0;, Br [M + Nal’,
m/z THEAE 631.0646, S2ll{E 631.0619.

2,6-X ((4,6-— H 4 Sk g -2 J 4 0 ) RHIR 1-2-8 2
A IR)-1-4. 88 (1b-10): H ARy, 7% 81%. '"H NMR
(500 MHz, CDCly) 6 = 7.54 (t, J = 8.2, 1H), 7.15 (d, J = 8.2,
2H), 5.75 (s, 2H), 4.84 (q, J = 7.0, 1H), 4.30 ~ 4.17 (m, 2H),
3.79 (s, 12H), 3.60 (td, J = 6.2, 1.3, 2H), 1.23 (d, J = 7.0, 3H).
BC NMR (126 MHz, CDCly) ¢ = 172.86, 169.50, 163.91,
162.70, 151.83, 132.07, 120.67, 120.35, 84.84, 69.44, 64.25,
54.20, 40.74, 16.53. HR-ESI-MS: Cy,H,sN,0;0 Cl [M + Na]',
m/z THEAE 587.1151, S2l{H 587.1143.

2,6-8 ((4,6-— & HEma g -2 B4 55 KR 1-2-F %%
LEAB)-1-4.16 (Ib-11): A EE A, mp. 97~98 C, F=&K
73%. 'H NMR (500 MHz, DMSO-dg) 6 = 7.69 (t, J = 8.2, 1H),
7.30 (d, J = 8.2, 2H), 5.98 (s, 2H), 4.84 ~ 4.75 (m, 2H), 4.03 ~
3.91 (m, 2H), 3.75 (s, 12H), 3.50 (q, J = 5.3, 2H), 1.08 (d, J =
7.0, 3H). “C NMR (126 MHz, CDCl3) ¢ = 172.84, 170.22,
164.05, 162.89, 151.68, 131.80, 121.01, 119.94, 84.64, 69.89,
67.48, 60.48, 54.29, 16.25. HR-ESI-MS: C,,HyN,0;; [M +
Na]', m/z T+548 569.1490, SZME 569.1465.

2,6-X0 ((4,6-— P A FEmE g 2B 4 0% ) R H IR 1-(2-F 4
HOER)-1-4 T (Ib-12): FHEMRY, 7 %K 82%. 'H
NMR (500 MHz, CDCly) 6 = 7.47 (t, J = 8.2, 1H), 7.09 (d, J =
8.2, 2H), 5.68 (s, 2H), 4.79 (q, J = 7.0, 1H), 4.08 (t, J = 4.9,
2H), 3.73 (s, 12H), 3.44 (td, J = 4.8, 1.8, 2H), 3.26 (s, 3H),
1.14 (d, J = 7.0, 3H). *C NMR (126 MHz, CDCl;) ¢ = 172.84,
169.70, 163.88, 162.60, 151.85, 132.01, 120.62, 120.52, 84.84,
70.06, 69.43, 63.94, 58.92, 54.17, 16.57. HR-ESI-MS:
CysHygN4Opy [M + Nal', m/z it 5 15 583.1647, 2l 1A
583.1641.

2,6-W ((4,6-— & HE Mg -2- AL 4 5 KR 1-2-F &
BT H)-1-2. B8 (Ib-13): 3 AR, P& 95%. 'H
NMR (500 MHz, CDCl3) 6 = 7.53 (t, J= 8.2, 1H), 7.15 (d, J =
8.2, 2H), 5.74 (s, 2H), 4.94 (qd, J = 6.5, 4.5, 1H), 4.77 (qd, J =
7.0, 1.9, 1H), 3.79 (s, 12H), 3.40 ~ 3.25 (m, 5H), 1.21 ~ 1.10
(m, 6H). “C NMR (126 MHz, CDCl;) 6 = 172.84, 169.34,
163.93, 162.61, 151.89, 132.00, 120.63, 120.45, 84.87, 74.71,
7024, 69.67, 59.10, 54.17, 16.54, 16.30. HR-ESI-MS:
CyeH30N,O1 [M + Nal’, m/z i1 % {H 597.1803, 5 | {4
597.1779.

2,6-W ((4,6-— F & msng -2- 3L 5 ) FKHFR 1-2-44
FOHEHK)-1-41 (Ib-14): H @GRy, 77 % 73%. 'H
NMR (500 MHz, CDCl,) 6 = 7.47 (t, J= 8.2, 1H), 7.09 (d, J =
8.2, 2H), 5.68 (s, 2H), 4.80 (q, J = 7.0, 1H), 4.07 (t, J = 5.1,
2H), 3.73 (s, 12H), 3.47 (td, J = 4.8, 1.6, 2H), 3.40 (q, J = 7.0,
2H), 1.14 (d, J= 7.0, 3H), 1.09 (t, J= 7.0, 3H). *C NMR (126
MHz, CDCly) 6 = 172.83, 169.68, 163.88, 162.59, 151.84,
131.99, 120.62, 120.55, 84.84, 69.43, 67.95, 66.57, 64.10,
54.17, 16.58, 15.10. HR-ESI-MS: C,qH30N,O;; [M + NaJ,
m/z VHEAE 597.1803, SZillE 597.1782.

2,6-X0 ((4,6-— F A L i i -2 8 5% ) 2 TG 1-(3-FR 4R
HETEIK)-1-488 (Ib-15): A, mp. 55~56 C, 7=
# 75%. '"H NMR (500 MHz, CDCl;) 6 = 7.53 (t, J = 8.2, 1H),
7.15 (d, J= 8.2, 2H), 5.74 (s, 2H), 4.84 (qd, J = 7.0, 3.5, 1H),
4.14 ~ 4.03 (m, 2H), 3.79 (s, 12H), 3.32 (dq, J=11.5, 5.7, 1H),
3.25(d, J= 3.3, 3H), 1.73 ~ 1.63 (m, 2H), 1.18 (dd, J = 7.0,
2.5,3H), 1.10 (t, J= 6.2, 3H). ®C NMR (126 MHz, CDCl;) 6 =
172.84, 169.78, 163.93, 162.60, 151.88, 131.97, 120.66,
120.51, 84.83, 73.58, 69.48, 62.20, 56.12, 54.17, 35.25, 19.08,
16.59. HR-ESI-MS: C,,H;,)N,O[M + Nal’, m/z it & 14
611.1960, SZll{E 611.1951.

1.3 RBREFRMHNE

WHE NY/T 1155.4—2006 (A% 25 = N A= 90
SEARIGAEN] BRET 28 4 35 iEMEN e 5 2K
WESE) Ewih. AL

MR B A8 FH 75 2 20 AR E A6 &9, N 40 uL
DMF % i, H 0.1% i35 -80 /K i Wi I 22 B 75 ik
FE, DAASE 257 DMF 0.1% i -80 K iER N
FOGHR . BRI A K A 23 IR, R T 2Rt mi s
Wb (7] 2.5 kPa, MEMHZE 5mL), HAKT
Ja ¥ BYIEIR = AT R IR CFIIREE 30~35°C, #H
X FE 60%~80%, 1 14 h ), A4 ELE
3, BEN—ANEE, B304k, 25 14 d K
U A PR B 3 6 5 (m, @), 4% 30 (1)
TR ENH]Z (%),

Irw [% = M~

x 100 (1)

ny

K Ty NEEEEIZE, %: m XTI
T BB m AL ER AR R [
14 LEIRALBRIRR

7£ CEL-WLAXS500 Y6442 [ B & 40 o 47 6
fift. MR SR H%E N 10 mL 10 mg /L (4L &4
W, wmEAAAE RN AET, b — R NE
HEGRETE, ERR. FIFCIRTF Gt it
i, AECGERTEL 100 uL YR, A 0.22 pm 4L
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JEBR T UE, = RORAR SR AS I, AR BT
3. Bl (03 FE Agilent extended-Cig
AN A 250 mm x 4.6 mm (id), 5 pm; R
25 C; V£ 1.00 mL/min; 3K 254 nm; 3
FEE 10 pL; WM V(2B VvV (K)=75: 2.5
(Tb-1 7EFEERI 26 . 4G9 Tb-1 KAL)
SR 0. 20 4. 64 10, 14, 18, 22, 26 #1130 he
b5 25 S (R AR E HPLC B bR il 2 R0 sk
DL B B S1~S4, 43 #7757 3% B AR XS bR i fl 22 (RSD)-
Rl FR (LOQs) Al e &R (LODs) LI S1.

2 #ER5R

21 WEYIRERK
LR IR 5B 8RB, 4 DCC (1,3-3%
CE Wi 4 &3 2 F KB a4k, H5

R T 7 B TR A 2 R T 38 0 o A% AR I 2 45 3
Hirt &%, Frf BAnt& W 450 &% k3t
PREE (‘(HNMR). i (°C NMR) B i 40 i 1%
(HRMS) filE
2.2 BFrEIRBRESEM

HFr4b &9 T8 10 A1 100 mg/L T Xf B B i)
i B Z AR 1 Fion. (&% Ib-13 7£ 100 mg/L
FE T BIEFE A R ST 90%, A Ta-1. Ia-
2. Ia-4. Ia-5. Ia-6. Ia-9. Ia-11. Ia-14. Ib-1.
Ib-9. Ib-12. Ib-13. Ib-14 7£ 100 mg/L 7 & F [
i 551 A 50%~70%. 24578 N BFE] 10 mg/L
i, LAY 1a-6. 1a-9. Ib-13. Ib-14 [ F 41
il AT T 50%, 17 XoF HR 24 551 9 g i 2k ) fif e
) 2 ATy EE 94.10%.

F1 BiRMEAEPWIZE 10 7100 mg/L I8 T BRERBRE M
Table 1 Herbicidal activity of target compound I on Echinochloa crus-galli at 10 and 100 mg/L

P-4y bt E ) R - 25y ff 2 40 2
& Average fresh weight inhibition rate/% HEm Average fresh weight inhibition rate/%
Compound Compound
10 mg/L 100 mg/L 10 mg/L 100 mg/L
Ia-1 4330+2.6 50.24 £4.17 Ib-1 27.68 £0.97 5428 +2.91
1a-2 35.19+4.04 59.01 +£3.45 Ib-2 19.20 £2.96 26.67 £3.53
Ia-3 34.03+3.29 38.49 £4.58 Ib-3 34.69 +1.25 19.20 £2.55
1a-4 4336 +4.73 63.14+3.93 1b-4 2493 +3.76 35.19+4.21
1a-5 40.65+1.92 51.63+2.48 Ib-5 3136 +2.28 32.92+2.96
Ia-6 54.78 + 4.49 55.94+1.68 Ib-6 36.44+4.89 43.57+2.97
1a-7 38.05+4.52 4243 £2.99 Ib-7 35.47+3.51 36.41 +3.75
Ia-8 31.81+1.59 48.68 +3.27 Ib-8 30.48 £2.21 34.01 +£3.52
1a-9 60.41 +4.87 68.71+0.33 1b-9 34.13+2.98 57.08 +0.96
Ia-10 30.24+4.21 35.17+£3.47 Ib-10 17.80 £ 1.74 10.74 £ 0.70
Ia-11 29.69 +4.87 50.62 +2.60 Ib-11 22.25+4.76 3434 +2.67
Ia-12 25.14+4.03 34.18 £3.01 Ib-12 27.35+3.91 58.39+2.32
Ia-13 38.72 +0.65 46.26 +2.99 Ib-13 58.40 +3.95 92.98 £2.97
Ia-14 6.55+0.77 62.90 +2.77 Ib-14 51.65+4.28 58.19+3.72
Ia-15 23.70 £2.72 33.32+4091 Ib-15 33.81+3.49 4394+ 1.52
Ia-16 24.90 £ 0.97 46.44 £3.18 ;}%r?lfjx?z?xz?rin 94.10 + 0.69 100.00 + 0.00

i 245 J5 AL &) Ta-9. Th-13 % IE 5 5 ik ot R
TEHIE RO WA 1, 1a-9 F1 Ib-13 J AT {fi#H8 y
BUBACRI B AL, (HRE 3 AN B s g fi5 o gk ™™ o
Tt B I P S A 7E X 1% A A P o B P ) s ) L
55 15 e S5 T BEAFAE 2 5%

2.3 KERITH
WIET AR, AR HT AR A BRATT I, Xk

J15 g A0 By AR 2 2 O A 9 U, DRI e AT T
YENTT 2. [ XTH bRt &7 16wt T,
K 2a &AL & W) Tb-11 7E FE AN 205 o 9O 8
2k, DL Xb-11 7585 i 4000 28 BRI PR 85 N 1) e e it
2k (K 2b) fER IR, S5 REEH], DUWRE K OHE A
W, Ib-11 £ SRS AOCISR A N A (B5) fiF
JeRaE VEARSF, X5 00U K 5 e AN B 1) 55 06
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Ta-9 (10 mg/L)

Ia-9 (100 mg/L)

E1 BirtE4 1a-9. Ib-13 FEEIEASEELZE 10 70 100 mg/L THIBRERIR
Fig.1 Weeding effect of target compounds Ia-9, Ib-13 and pyrimidixim-ethyl at 10 and 100 mg/L
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Fig. 2 Photolysis curves of Ib-11(a) and Photolysis curves of Ib-11 under the tin foil package(b)
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