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Synthesis and herbicidal activities of 4 H-pyrazolo[3,4-d][1,2,3]triazine-4-one
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Abstract: Through different synthetic routes, 22 novel 4H-pyrazolo[3,4-d][1,2,3] triazine-4-ones with
bulky substituents were synthesized using 1-(substituted) phenyl-5-amino-1H-pyrazole-4-formate or 1-
tert-butyl-5-amino-1H-pyrazole-4-carbonyl chloride and 2-methyl-4-propargyl-6-amino-7-fluoro-2H-
benzo[b][1,4]-oxazine-3(4H)-one as starting materials. Their structures were confirmed by
'"H NMR and HRMS. Preliminary results showed that most of the target compounds displayed
herbicidal activities at the dosage of 375 g/hm’. The inhibition rates of 4h, 4i and 4j against Amaranthus
retroflexus were nearly 100%.
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Scheme 1 Design strategy of target compounds

1 SKEEERSY

1.1 {55

X-4 H 7 7R AU SO E A (RS RHRAX
WAMRAFR), WEITFARIE; BRUKER AVANCE-
400 MHz R HE AL 4RI (BRUKER 24 7)), LA
CDCl; 8¢ DMSO-ds ¥ 7], TMSNWAR; Varion
7.0T FTICR-MS, ESI-FTICR % Jii # 4% (3% [H
IONSPEC A A]); #:EMrE N H 4 (200~300 H).
A-JR P F-6-F F-7- 5 -2 H-AFF [b][1,4]RER-3(4H)-
M, 26R% 95%, VMg H R REEAMMFARA
Al HARET N E = i al, R RTR & A
1.2 EYINER
1.2.1 EFfEY da~af h& . S RERZ I
K 2 fiors

1.2.1.1 -SR-S (- L H-MEME-4- R (1) 1A%

PR SCHR TR i 2% 1-HUR IR I - 5-F - 1H-
MEme-4-HER. DL R =H FLEW 1a Bl & 7508
. 7£ 500 mL [H B, IO 9.25 g (40 mmol)
1-KFE-5- G FE- 1 - ME-4- R 2B . 15 mL PO
R, 45 mL JE/K FEEAT 25 mL 3 mol/L A b
BNOKIEW, AR 4 ho I8 I 25 K88 4 711
BR WA 6 mol/L ERBRERIL 2 pH =1, HILAA
yiiE. uE, S 20 mL k¥, HA 20 mL
TEMRE SR, TERADHGREE 8.10 g, YE
99%, m.p. 243~244 ‘C. 'H NMR (400 MHz,
DMSO-dy), 0: 11.95 (s, 1H, COOH), 7.90 (s, 1H,
Pyrazole-H), 6.62-6.45 (m, 5H, Ar-H), 6.40 (br, 2H,
NH,).
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Scheme 2 Synthetic route of compounds 4a-4f

KA R TEEG BT 1b~1f, E5358:
82%- 91%- 95%- 87% F1 90%.
1.2.1.2  1-2KFE-S5-F -1 H-MEME-4-H RS (2) A
B £ 50 mL BB, A 1.02 g (5 mmol)
&1, KEBAHZEO0C R, 10 mL —
AWM, W, ARTHREER, HiFE3h Wk
Fhi — SO, RO 111 g, ARG —
WAEHEZR T N "MV
1.2.1.3  1-ZFE-5-F FE-N-(3- 5 -4- IR T 3E-7-56-3,
4- " 2H-HIF [D][1, 410K R FE-6-)- | H-TE P-4 F
fi (3) & E S0 mL BRI, A 024 g
(1.1 mmol) 4-H P J-6- 28 F&-7- 90 -2 H- 78 3F [b][1,4]
TER-3(4H)-Hd. 6 mL & H He Al 1 mL MEwE, oK
BHB/AMEO0C LT, A 0.22 g (1 mmol)
&2, HRFERZER, HEARE [TLC,
VOAER) : (TR ATE) =2 ¢ 1] M0 3 S B 2% 1o
I 2557, BR WA 20 mL 1 mol/L 1R R VE
Y, 1HuE, BRI 20 mL AR ER S AN A BT
B, dUE, TRADIKAAEK 031 g, WER
75%, m.p. 188~189 C. '"H NMR (400 MHz,
CDCLly), 0: 8.25 (d, 1H, “Jp.y = 7.2 Hz, Ar-H), 7.99
(br, 1H, NH), 7.74 (s, 1H, pyrazole-H), 7.55-7.36 (m,
5H, Ar-H), 6.85 (d, 1H, *Jp = 10.6 Hz, Ar-H), 5.59
(br, 2H, NH,), 4.73 (d, 2H, J = 1.7 Hz, NCH,), 4.63
(s, 2H, OCH,), 2.29 (t, 1H, J = 1.8 Hz, =CH).

KA R T 5 1T 3b~3f, WM
55%- 68%- 73%- 65% 1 77%.
1.2.1.4  3-(7-F-4-JRNEE-3,4- A -2H-FIf
[P][1,4]0E MR JE-6-)-7- K JE-3 H-NE WL I [3,4-d]
[1,2,3] =W:-4(7TH)-Fi (4a) FIE R S5 Rk 71k

Hil 200 FERAA MU R UY D, i 0.40 g
(1 mmol) tt&% 3. 1.2 mL FEEFI 10 mL 6 mol/L
MIERIR, HiFE 10 h, KEHBAEE0C LT, %
1110.22 g (3 mmol) WAHRREN KIS, #URAE 0 C
LR, i 1.5 he M 42 CBE (15 mL x 3)
REL, ANV 15 mL A E ks, WER
MULAR, TCAKBREREN T 0% . o8, I8k 25 57
G, GFEENT [VOEMEY) : (R ZER) =3 : 11 &
2, BENRE AR 0.29 g, IR A 70%.
KHFIFERINEE R T BArEY) 4b~4f.

122 EHAirfhbi dg~dn K 4'g~d'n &K B
FRLWE R 3 FioR.

1.2.2.1 180T 2E-5- 56 -N-(7-9-3- P Bk -4- R A
H-3,4- T F2H-ZE T [b][1,4]0E R -6-FE)- 1 H-AHE I8E-4-
I (5) a2 BESCER 7204 1-50T 2-
S-S TH-MEME-4-FEREY, SR S5, H 1-8UT 2-5-
RAFE-1H-MEME-4-H R (0.92 g) HIEBEE, HiE
AT T — BB N . ¥ 2-H1 F-4- e A k- 6- 2 Jik-
T-5-2H-ZKIF [b][1,4]-WEWE-3(4H)-BH (1.10 g,
5 mmol) ¥ T 30 mL & HF HE I E T 100 mL &
B, UKV TN 2 mL MEAE . K A T AR
F 20 mL S BRI AR, o fHm n B0 (5 R e
B, ARTHRZEER, WL TLCV(AMEL) :
V(TR TR) = 1: 2] WS e W24 pii o Jie il 25 R R
WA, AN 20 mL 1 mol/L f R FRER e .
LT8R OB (15 mL x 3) ZH, A YU A Tk R B
TG, U, TREARBREEN. EEEHE
T [(VCRMES) - M(CEROTR) = 1: 2] 7788, 1S
MR 135g, P RPLEFZH 70%, mp.170~172 C.
'H NMR (400 MHz, CDCl3), 8: 8.15 (d, 1H, “Jp.q =
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7.5 Hz, Ar-H), 7.51 (s, 1H, pyrazole-H), 7.33 (br, 1H,
NH), 6.81 (d, 1H, *Jp_;; = 10.7 Hz, Ar-H), 5.54 (br,
2H, NH,), 4.70 (d, 2H, J = 1.7 Hz, NCH,), 4.60 (s,
2H, OCH,), 2.27 (t, 1H, J = 1.8 Hz, =CH), 1.64 (s,
9H, CH;).

1.2.2.2  4-JR R FE-6-(7-FUT -4-Pdk-4,7- — -
3H-MEE I [3,4-d][1,2,3] =W&-3-35)-7-%-2H- 4 F
[P[1,41WEE-3(4H)-l (6) FIA MK 7E 50 mL |5 )i
B IMAAL AW 5 (1.35 g, 3.52 mmol). 4 mL &
KHEEEA 17 mL 6 mol/L HIEEMR, HiHkidn. H
0.73 g AR ENEC il SRR IS, SRAUKER I
RNARZRAEZE 0 °C LLT, 08 AN WS RS
W, N 5E UG S FEZ) 2 he TLC[V(f T EE) -
V(LR ZB8) =1 - 2] W& R N 2% s & b

(15 mL x 3) ZHY, To/KBRBRE: T, LuE, Jekk
KERBEEER . HV(ZEBRER) : V(A M) =

1:4 EE, kB EAaEALK1.20g, /&%
86%, m.p. 232~233 ‘C. 'H NMR (400 MHz,
CDCly), d: 8.20 (s, 1H, pyrazole-H), 7.29 (d, 1H, *Jpyy =
6.7 Hz, Ar-H), 6.98 (d, 1H, *Jg.y = 9.7 Hz, Ar-H),
4.73 (s, 2H, OCH,), 4.68 (d, 2H, J = 2.2 Hz, NCH,),
2.28 (t, 1H, J=2.1 Hz, =CH), 1.90 (s, 9H, C(CH3)s;).

1.2.2.3  4-BihFk-6-(4-PrHE-4,7- — -3 H-ME M
[3,4-d][1,2,3] = W&-3-35)-7-9-2H- 2K 3 [b][1,4]
BEIE-3(4H)-IR (7) W& R 275 SCHR 7 1) 4502

AL AW 6 (0.37 g, 0.93 mmol) FT 10 mL =% 4
fRH, 68 C 7K NiEAT S, TLC[V(f1 i k) :
TR TR =12 1] W2 R 2855 . I 20 mL
TORNER R BN IA R R, HhIE TR R . SR ENT
(MW E) : MFED) =10: 1] 05, 55024 ¢

HEEAE, 755% 76%, m.p. 196 ‘C(4Hf#). HNMR
(400 MHz, CDCly), d: 8.42 (s, 1H, pyrazole-H), 7.31
(d, 1H, *Jpy = 6.7 Hz, Ar-H), 6.99 (d, 1H, *Jp 4y = 9.7
Hz, Ar-H), 4.75 (s, 2H, OCH,), 4.70 (d, 2H, J=2.1
Hz, NCH,), 2.28 (t, 1H, J = 2.4 Hz, =CH).
1.2.2.4  4-JRPGFE-6-(7-(3-% % 3L)-4- Pk Fe-4,7- —
S-3H-MEMEH [3,4-d][1,2,3] = E-3-3L)-7-9-2H-%
I [bI[1,410EBR-3(4H)- (4g) Mo [F) 73 M1k (4'g)
H& e BiE9 7 (0.26 g, 0.75 mmol) T N,N-
TSGR (DMF) L IIABRERFH (0.08 g, 0.58
mmol), SAJETEHFE NN 0.75 mmol 3-5 K,
IR S R . TLCVCR M) : V(LR ZHR) =
200 1] WO S B s SR TR SRR SR n E
UK, H R B (15 mL x 3) 2. AHAHE
TKBRRS T, Ik, RFEAKGRERN. &
FEEMNT (VORI - (ZBR OB =2 1] 708, 19
F 4g [1A 28 mg, 7% 8%;: 4'g [{A 192 mg,
7R3 57%

KHFERER 772G T BAs &) 4h~4n H
4'h~4'n,
1.3 BREFEMMK G E

SR R 5 B AR A S B B B PR
¥ — 2 Hin L & VIE AL E =1 N,N-— L
Mt (DMF) ", FH & 1% i 80 1 7K 13 VA B
BRI, 1% 375 g/hm? FIEIATAHE. 535
1 FHH 32 Brassica campestris F1 L3 Amaranthus
retroflexus L. fREXF 28, BE Echinochloa
crus-galli M5 JF Digitaria sanguinalis (L.) Scop 1%
R ZR 5, SR SR v AT g AL A S 2R
AP AT 30 RO H AR S AR TR = P R B
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2.1

#1 BIFHAY da~4n 71 4'g~4'n B HER RS9 ¥ RIL IR
Table 1 The physicochemical property and HRMS data of the title compounds 4a-4n and 4'g-4'n
wE R L 7 K i 5B LE HRMS [M+Na]'
Compd. Appearance Yield/% m.p./C 5 {8 Found (i 5{H Caled.)
4a H F[E K Yellow solid 70 204~205 439.092 8 (439.092 5)
4b 3-CH; HE {4 Yellow solid 18 203~204 453.108 5 (453.1082)
4c 3-F A £ [ & White solid 99 207~208 457.0835 (457.083 1)
4d 3-Cl AL & Yellow solid 48 202~204 473.054 1 (473.053 6)
de 2,4-Cl, HE {4 Yellow solid 40 266~268 507.014 5 (507.014 6)
af 3,4-Cl, (A& Yellow solid 94 174~175 507.0148 (507.0146)
4g 3-F T [E 1 Yellow solid 8 126~127 471.0993 (471.0988)
4h 4-Cl FJE K Yellow solid 7 143~145 487.069 5 (487.0692)
4i 2,4-F, It & White solid 14 140~142 489.089 6 (489.089 3)
4j 3,4-F, A L [#H f& White solid 11 142~143 489.089 8 (489.089 3)
4k 2,6-F, [ 44 White solid 14 201~203 489.0897 (489.0893)
41 3,5-F, (AR Yellow solid 10 219~220 489.089 6 (489.089 3)
4m 2-F-4-Br H ul# & White solid 10 141~142 549.009 6 (549.009 3)
4n 4-CF, A E {4 Yellow solid 9 130~132 521.0960 (521.095 6)
4'g 3-F A £ i & White solid 57 281~283 471.0992 (471.098 8)
4'h 4-Cl H L[ 4k White solid 47 275~277 487.069 6 (487.0692)
4% 2,4-F, A E {4 Yellow solid 53 208~209 489.0897 (489.0893)
4'j 3,4-F, [t & White solid 52 289~291 489.0897 (489.089 3)
4k 2,6-F, F 6. {4 White solid 53 241~242 489.089°8 (489.0893)
41 3,5-F, 4 Yellow solid 57 285~286 489.089 8 (489.0893)
4'm 2-F-4-Br A £ [if] & White solid 49 278~279 549.009 5 (549.009 3)
4'n 4-CF, A FEA Yellow solid 46 302~304 521.0960 (521.095 6)

L&Y da~af ALERE 1-(BUQ) 2R 3E-5- % -
VH-TE -4 FH R 2 TR DR TR AN S 3A )y vk il 4%
(KI5 2), 1 HABL AP FT R 1-(HUAR) F2E-5-
G- L H-TE W -4-F R 2, T Mk DL % 5 i1 4%, A
MERE T ANFE A R (K 3). BL -T2
5 - 1 H-NHE e -4 FR T S0 2- R k-4 B -6
T8 2H-K T [B][1,4]-WER-3(4H)-FR 1F NHTUATE
YA N, G IR . BT 25 S S A
I HEAT IR, 33 F S SRR, 4 B 5 19 2 BT
(i —xt BARLA Y (4 R 4Y) . %22 R R T Nt
Mbme 1A EREAT AR, 45 20k P = R R fE

FRUT RN, r BEATAT A, BIATA
BRI AR ST, FAEEIIN n(4) : n(4)=
1:4~1 7. ZBRERAT 48 SORIa], I H B {satt
M1 A7 R ORI & A R R UK (I ], 5
WA ZFIF, (5T X2 2B S A8 IR
N WEERAE, CHEBRART R D, X
I EERETZ), BIAE 68 °C LUF JLPAREL, 1M
70 'C LA EX BRI E Y, BBV R
R a7/
22 B E1EERER

MR A% L IR S (B R 2) X 73 7
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o HEY 4g ~ 4n (7RI R A 102 052 R b, HHGTHEMEIE =R A RS R R, 22
(0)1£ 5.90~5.74 Z[a], TiHFHIAE 4'g ~ 4'n (7R LBEME g, AL R ke s, B
B AN 6 7F 5.70~5.54 2 [8], A% 0.20 A WA BB

A IERFINEEY) 4 B REEEREAENEMERY 1 4L

*2 BiRUESYRNZHEIIRSIERIE
Table 2 The '"H NMR of the title compounds

a | .
Compd. H NMR(400 MHz, CDCly), §
4a 8.44 (s, 1H, pyrazole), 8.14-8.12 (m, 2H, Ar-H), 7.61-7.57 (m, 2H, Ar-H), 7.50-7.46 (m, 1H, Ar-H), 7.31 (d, 1H, *Jr; = 6.7 Hz, Ar-H), 6.99 (d,
1H, *Jg.y = 9.7 Hz, Ar-H), 4.74 (s, 2H, OCH,), 4.69 (d, 2H, J = 2.4 Hz, NCH,), 2.27 (t, 1H, J= 2.4 Hz, =CH)
4b 8.43 (s, 1H, pyrazole), 7.95-7.89 (m, 2H, Ar-H), 7.47 (dd, J = 10.0, 6.4 Hz, 1H, Ar-H), 7.31 (dd, J = 9.9, 7.2 Hz, 2H, Ar-H), 7.00 (d, *Jp.y =
9.7 Hz, 1H, Ar-H), 4.75 (s, 2H, OCH,), 4.70 (d, J = 2.6 Hz, 2H, NCH,), 2.50 (s, 3H, CH3), 2.28 (t, /= 2.4 Hz, 1H), 1.26 (t, /= 7.1 Hz, 1H, =CH)
4c 8.44 (s, 1H, pyrazole), 8.06 (dt, J= 8.3, 1.3 Hz, 1H, Ar-H), 8.00 (dt,/=9.8, 2.3 Hz, 1H, Ar-H), 7.57 (td, J= 8.3, 6.1 Hz, 1H, Ar-H), 7.32 (d, *Jp.y =
6.7 Hz, 1H, Ar-H), 7.23-7.14 (m, 1H, Ar-H), 7.01 (d, *Jg.y = 9.7 Hz, 1H, Ar-H), 4.75 (s, 2H, OCH,), 4.71 (d, J = 2.5 Hz, 2H, NCH,), 2.29 (t,
J=2.5Hz, 1H,=CH)
4d 8.44 (s, 1H, pyrazole), 8.25 (t, /= 2.1 Hz, 1H, Ar-H), 8.14 (d, /= 8.1 Hz, 1H, Ar-H), 7.53 (t, J = 8.1 Hz, 1H, Ar-H), 7.45 (d, J= 8.1 Hz, 1H, Ar-
H), 7.32 (d, *Jg.y = 6.7 Hz, 1H, Ar-H), 7.00 (d, *Jg.y = 9.7 Hz, 1H, Ar-H), 4.75 (s, 2H, OCH,), 4.70 (d, J = 2.5 Hz, 2H, NCH,), 2.29 (t, J= 2.6 Hz,
1H, =CH)
4e 8.48 (s, 1H, pyrazole), 7.69 (d, J = 2.2 Hz, 1H, Ar-H), 7.56 (d, J = 8.5 Hz, 1H, Ar-H), 7.50 (dd, J = 8.5, 2.2 Hz, 1H, Ar-H), 7.31 (d, “Jp.q =
6.7 Hz, 1H, Ar-H), 6.99 (d, *Jp.y = 9.7 Hz, 1H, Ar-H), 4.74 (s, 2H, OCH,), 4.70 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, J= 2.5 Hz, 1H, =CH)
4f 8.44 (s, 1H, pyrazole), 8.40 (d, J = 2.6 Hz, 1H, Ar-H), 8.15 (dd, J = 8.8, 2.6 Hz, 1H, Ar-H), 7.66 (d, J = 8.8 Hz, 1H, Ar-H), 7.32 (d, “Jp.y =
6.7 Hz, 1H, Ar-H), 7.01 (d, *Jp.y = 9.7 Hz, 1H, Ar-H), 4.76 (s, 2H, OCH,), 4.70 (d, J = 2.6 Hz, 2H, NCH,), 2.29 (t,J = 2.5 Hz, 1H, =CH)
4g 8.29 (s, 1H, pyrazole), 7.39-7.33 (m, 1H, Ar-H), 7.29 (d, *Jy.y = 6.7 Hz, 1H, Ar-H), 7.25 (d, J = 8.9 Hz, 1H, Ar-H), 7.16 (d, J = 9.2 Hz, 1H, Ar-
H), 7.06 (td, J = 8.4, 2.2 Hz, 1H, Ar-H), 6.99 (d, *Jp.y = 9.6 Hz, 1H, Ar-H), 5.78 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J = 2.37 Hz, 2H,
NCH,), 2.28 (t,J= 2.4 Hz, 1H, =CH)
4h 8.26 (s, 1H, pyrazole), 7.43 (d, J = 8.3 Hz, 2H, Ar-H), 7.36 (d, J = 8.3 Hz, 2H, Ar-H), 7.28 (d, “Jp.y = 6.9 Hz, 1H, Ar-H), 6.98 (d, *Jp.y = 9.7 Hz,
1H, Ar-H), 5.76 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, /= 2.5 Hz, 1H, =CH)
4i 8.27 (s, 1H, pyrazole), 7.43 (td, J = 8.6, 6.3 Hz, 1H, Ar-H), 7.29 (d, *Jr; = 6.7 Hz, 1H, Ar-H), 6.99 (d, *J.y = 9.6 Hz, 1H, Ar-H), 6.94-6.85 (m,
2H, Ar-H), 5.83 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J = 2.5 Hz, 2H, NCH,), 2.28 (t, J = 2.5 Hz, 1H, =CH)
4j 8.27 (s, 1H, pyrazole), 7.35-7.30 (m, 1H, Ar-H), 7.28 (d, *Jp.y = 6.8 Hz, 1H, Ar-H), 7.24-7.12 (m, 2H, Ar-H), 6.99 (d, *Jr.y = 9.7 Hz, 1H, Ar-H),
5.74 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, J = 2.5 Hz, 1H, =CH)
4k 8.25 (s, 1H, pyrazole), 7.38 (tt, J = 8.4, 6.5 Hz, 1H, Ar-H), 7.30 (d, “Jp.y = 6.7 Hz, 1H, Ar-H), 7.00 (d, J= 1.7 Hz, 1H, Ar-H), 6.99-6.96 (m, 2H,
Ar-H), 5.90 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.70 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, /= 2.5 Hz, 1H, =CH)
41 8.29 (s, 1H, pyrazole), 7.29 (d, “Jp.y = 6.7 Hz, 1H, Ar-H), 7.00 (s, 1H, Ar-H), 6.98 (dt, J = 5.0, 2.1 Hz, 2H, Ar-H), 6.80 (tt, J = 9.0, 2.3 Hz, 1H,
Ar-H), 5.76 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, /= 2.5 Hz, 1H, =CH)
4m 8.27 (s, 1H, pyrazole), 7.34 (d, J = 1.8 Hz, 1H, Ar-H), 7.32-7.27 (m, 3H, Ar-H), 6.99 (d, *Jp.y = 9.7 Hz, 1H, Ar-H), 5.82 (s, 2H, NCH,), 4.74 (s,
2H, OCH,), 4.69 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, J= 2.5 Hz, 1H, =CH)
4n 8.28 (s, 1H, pyrazole), 7.65 (d, J = 8.1 Hz, 2H, Ar-H), 7.59 (d, J = 8.2 Hz, 2H, Ar-H), 7.29 (d, “Jp.y = 6.7 Hz, 1H, Ar-H), 6.99 (d, *Jr;; = 9.7 Hz,
1H, Ar-H), 5.85 (s, 2H, NCH,), 4.74 (s, 2H, OCH,), 4.69 (d, J= 2.5 Hz, 2H, NCH,), 2.28 (t, J= 2.5 Hz, 1H, =CH)
4g 8.22 (s, 1H, pyrazole), 7.44-7.38 (m, 1H, Ar-H), 7.30 (d, “Jz.;; = 6.8 Hz, 1H, Ar-H), 7.18 (d, /= 7.7 Hz, 1H, Ar-H), 7.14-7.06 (m, 2H, Ar-H), 6.97
(d, *Jp.y = 9.5 Hz, 1H, Ar-H), 5.59 (s, 2H, NCH,), 4.73 (s, 2H, OCH,), 4.69 (d, J = 0.8 Hz, 2H, NCH,), 2.27 (t, J= 2.3 Hz, 1H, =CH)
4’h 8.19 (s, 1H, pyrazole), 7.41 (d, J = 8.5 Hz, 2H, Ar-H), 7.34 (d, J = 8.5 Hz, 2H, Ar-H), 7.29 (d, “Jp.y = 6.8 Hz, 1H, Ar-H), 6.96 (d, *Jp.y = 9.7 Hz,
1H, Ar-H), 5.56 (s, 2H, NCH,), 4.72 (s, 2H, OCH,), 4.68 (d, J = 2.6 Hz, 2H, NCH,), 2.26 (t, J = 2.5 Hz, 1H, =CH)
i 8.28 (s, 1H, pyrazole), 7.49 (td, J = 8.5, 6.1 Hz, 1H, Ar-H), 7.28 (d, “Jp.y = 6.8 Hz, 1H, Ar-H), 6.99-6.89 (m, 3H, Ar-H), 5.61 (s, 2H, NCH,), 4.72
(s, 2H, OCH,), 4.68 (d, J= 2.5 Hz, 2H, NCH,), 2.26 (t,J= 2.5 Hz, 1H, =CH)
4j 8.23 (s, 1H, pyrazole), 7.29 (d, “Jp.y = 6.8 Hz, 1H, Ar-H), 7.22 (dd, J = 9.9, 7.9 Hz, 2H, Ar-H), 7.15 (d, J = 8.9 Hz, 1H, Ar-H), 6.96 (d, *Jp.yy =
9.7 Hz, 1H, Ar-H), 5.54 (s, 2H, NCH,), 4.72 (s, 2H, OCH,), 4.69 (d, J = 2.5 Hz, 2H, NCH,), 2.26 (t, J= 2.5 Hz, 1H, =CH)
4k 8.29 (s, 1H, pyrazole), 7.43 (tt, J = 8.4, 6.5 Hz, 1H, Ar-H), 7.28 (d, “Jp.q = 6.8 Hz, 1H, Ar-H), 7.02 (dd, J = 8.5, 7.4 Hz, 2H, Ar-H), 6.95 (d,
*Je.y = 9.7 Hz, 1H, Ar-H), 5.70 (s, 2H, NCH,), 4.71 (s, 2H, OCH,), 4.68 (d, J= 2.5 Hz, 2H, NCH,), 2.25 (t, J= 2.5 Hz, 1H, =CH)
4’1 8.26 (s, 1H, pyrazole), 7.30 (d, “Jp.y; = 6.7 Hz, 1H, Ar-H), 6.97 (d, *Jp.y = 9.7 Hz, 1H, Ar-H), 6.92-6.80 (m, 3H, Ar-H), 5.57 (s, 2H, NCH,), 4.72
(s, 2H, OCH,), 4.69 (d, J=2.5 Hz, 2H, NCH,), 2.27 (t, J= 2.4 Hz, 1H, =CH)
4m 8.28 (s, 1H, pyrazole), 7.40-7.31 (m, 3H, Ar-H), 7.28 (d, *Jpy; = 6.8 Hz, 1H, Ar-H), 6.96 (d, *Jp.y = 9.7 Hz, 1H, Ar-H), 5.60 (s, 2H, NCH,), 4.71
(s, 2H, OCH,), 4.68 (d, J= 2.5 Hz, 2H, NCH,), 2.26 (t,J= 2.5 Hz, 1H, =CH)
4’n 8.24 (s, 1H, pyrazole), 7.69 (d, J = 8.0 Hz, 2H, Ar-H), 7.51 (d, J = 8.0 Hz, 2H, Ar-H), 7.30 (s, 1H, Ar-H), 6.96 (d, *Jg.;; = 9.5 Hz, 1H, Ar-H), 5.66

(s, 2H, NCH,), 4.72 (s, 2H, OCH,), 4.69 (d, J = 2.6 Hz, 2H, NCH,), 2.26 (t, /= 2.5 Hz, 1H, =CH)
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R (£ 3) £ 1E 375 g/hm® AL FEF] &
N, K#EB Bt &Yt 4k 2 59 — & B
HyEME. Wl EIEAPREMT, LAWY 4h. 4i

4 S5 D0 B R I 100%; 782 b FE &%
TR, k& 4g A1 4h K0S 30 ) A
100%, FEIRALAY) 4c. 4d. 4i Al 45 X D02 30
HIZRHIE 90% LL L.

*3 BERUEYIRRREEN JNHIER/%, FIE 375 g/hm’)
Table 3 The herbicidal activities of the title compounds (Inhibition rate/%, dosage 375 g/hm?)

AT (L% ab )

Pre-emergence (soil treatment)

WA (GEMAREL)

Post-emergence (foliar-treatment)

wE)

Compd. e 3 Fos Pl s e Fo s
Brassica Amaranthus Echinochloa guaria Brassica Amaranthus Echinochloa giarid
. . sanguinalis . . sanguinalis
campestris retroflexus L. crus-galli (L) Scop campestris retroflexus L. crus-galli (L) Scop
4a 0 0 0 0 0 0 0 0
4b 0 0 0 32 0 88.0 0 0
4c 28.4 29.3 0 0 0 93.0 0 33.8
4d 25.4 25.8 0 43 153 90.0 0 17.6
4e 1.9 0 0 0 0 70.0 0 0
4f 12.2 0 11.2 17.4 18.8 80.0 0 0
4g 0 0 0 0 0 100 17.5 0
4h 8.6 100 23.4 55.0 48.7 100 24.1 6.3
4i 2.5 100 30.5 333 5.2 92.0 26.6 0
4j 34.8 100 30.0 37.1 30.9 95.5 16.5 0.8
4k 39.4 27.0 30.6 30.4 23.7 18.0 40.5 0
41 6.3 90.7 32.1 43.8 5.4 82.7 21.6 1.1
4m 11.0 78.9 40.3 15.8 6.0 5.0 23.5 0
4n 20.4 94.7 24.6 36.3 13.9 0 24.6 5.7
4'g 0 0 0 0 0 0 0 0
4'h 327 0 21.5 30.4 37.5 28.1 26.5 19.6
4’ 31.7 14.1 26.9 12.7 8.3 13.4 1.5 0
4% 32.1 0 26.2 28.6 32.2 7.4 37.3 0
4'k 30.7 0 0 377 0.7 0 0 0
4" 7.2 2.7 21.6 22.8 0 0 10.9 0
4'm 34.6 11.3 31.8 21.7 19.5 0 22.4 2.9
4'n 24.2 7.2 26.5 239 32.0 15.2 0 7.6
A 100 100 97.3 100 100 83.5 435 42

M PR 2A | HA I (A2 A0 2 52 i AL 5 0 1) B o
WtEe R 3 BdEnl LUE Y, X Tz eutme
A KA BT 1 0L P O = R i S Ak & P oKk 15
AR Dy R I B 0 1 v T B3 D R (R £k
EW, M HREERACEREME 147 (4g~4n) HIRREE
Ve T HUREETE 2 17 (4'g~4'n) 1, 58RI LA &
JR AT AT UEA, WRHE S 23 77 27 A g 2 4 )
PR DX 30 B X — RO, R VR AR R
ik FF) 558 55 LR S SR P - 4 B 4538 1) B I 2% A DA
S 4g ~ 4n (Y. AL, FEFI BSINRKRT
B E SV BRI

BARKE, ZRIMEY S AR BEA G Bt
IR I T A e O = R (A) AL, BREE
WEIEA —E 2, HiZRA MR T — L
MRFIIPERE, AR 0 TSR A 2 et A B B 55
FEHmE A7 AR TRLEY A,
PRI T X 12 SR 5 D I s AT 1 — P A AE, B
H— & HIBE TN AE
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