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Synthesis and herbicidal activity evaluation of toxins Il from
Phoma herbarbum derivatives
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Abstract:In order to improve the herbicidal activity of toxins I (2-methyl-3, 5-dinitrobenzoic acid
methyl ester) from Phoma herbarbum, their structure were optimized by derivation. 34 novel title
compounds were synthesized by nitration, esterification starting from o-foluic acid as the starting
material. Their structure were characterized by IR, '"H NMR and GC-MS. The screening of the
herbicidal activity showed that the inhibition rates of the target compounds on the roots of weed were
higher than that of the shoots. The inhibition rates of 4-15, 4-16 and 4-26 against Amaranthus
retroflexus root were 92. 8% , 92.0% and 87.4% at 100 pg/mL, respectively, which demonstrated
significant herbicidal activity. The fresh weight efficacy of 4-1 against Digitaria sanguinalis and A.
sretroflexus was 100% at 1 000 g a. i. /hm*, which illustrated high herbicidal activity. The ED,, value
for D. sanguinalis was 94.89 g a. i. /hm’.
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Table 1 Physicochemical and GC-MS data of target compounds

sty R &S WA (ER) LGS Ji MS
Compd. Yield/ % State(r. t. ) m. p./C(Lit. ) NFETFIE(m/2)

41 —CH, CH, 82.0 BRI - 254(M*),225,209,105
Pale yellow liquid

42 —CH(CH;), 76.4 R O A - 269[M +H] * 226,209,
Pale yellow liquid 105

43 —(CH, ) ;CH, 86.5 IR A - 282(M*),226,209,105
Pale yellow liquid

44 —(CH,),CH, 74.9 0 QRN - 297[M +H] * 226,209,105
Pale yellow liquid

45 —CH, CH,CH(CH;, ), 88.0 R AR - 207[M +H]* 226,209,105
Pale yellow liquid

46 —(CH, ) 5CH, 89. 8 R AR AR - 311[M+H]* ,226.209,105
Pale yellow liquid

47 —(CH, ) ¢CH,4 93.1 R (O A - 325[M+H]* 226,209
Pale yellow liquid

48 O 90.0 O RERTITEN - 309[M +H]* 226,209,
Pale yellow liquid 105

49 —(CH, ), CH, 87.0 TR O A - 339[ M +H]* 226,209
Pale yellow liquid

4-10 —CH, C¢H; 87.0 R AR 67.0 ~69.0 316(M*),209,107
Pale yellow powder

4-11 —(CH, ) ,CH, 69.8 IR AR - 367[M +H] *,226,209
Pale yellow liquid

4-12 —CH, CHCH, CH, 66.5 R AR - 297[M +H]* 226,209,105

| Pale yellow liquid
CH,

413 —CH,CH(CH,CH;), 68.7 IR AR - 311[M +H]* 226,209,105
Pale yellow liquid

4-14 —C¢H; 90.2 FARCR 15 N 94.6 ~97.7 302(M*),225,209,105

Red powder
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Table 1( Continued)
sty R g WA (EiR) IR A i MS
Compd. Yield/ % State(r. t. ) m. p. /C (Lit. ) HFEFIE(m/2)
4-15 89.5 FARCR TN 127.4 ~128.3 332(M*) 225,209,105
Red powder
|
4-16 —CH, CF, 74.7 R AT 77.9 ~79.4 308(M*),225,209,105
Pale yellow crystalline
417 - O 96. 4 R A 85.0 ~87.6 330(M +),209,105
. Pale yellow crystalline
4-18 —CH(CH,Cl), 80. 1 ERERTTEN 91.1~93.8 336[ M+ H] * 225,209
Yellow crystalline
4-19 —CH,CH=C(CH, ), 89.0 BIRURIZIN - 204(M*) 209,105
Yellow liquid
420 e C@NO’ 89.8 R € A 116 ~117.9 361(M*),225,209
: i Pale yellow crystalline
421 —(CH,),Cl 93. 4 L RERITEN - 301[ M-H] * ,225,209,105
Yellow liquid
422 —CH, CH =CHC,Hj 92.3 R R 77.4 ~71.6 381[M +Na]* 225,109,133
Pale yellow powder
423 —HOHC N 93.5 W EHAR 75.2~76.4 233,121
| Pale yellow powder
=
424 /O 97.0 R AR 73.5 ~76.0 309[ M-H] * ,225,209,105
—HL™ Yo Pale yellow powder
425 90. 0 IR AR - *
_HC@OCH‘ /ﬁ%ém% ‘ 346(M*) 225,121,109
z Pale yellow liquid
426 —CH, CH, OCH =CH, 76.3 R AR - 296(M* ) ,209,105
Pale yellow liquid
427 —(CH, ), 0CH, C4H, 68.2 IR A - 360(M* ) ,209
Pale yellow liquid
428 —(CH,)4Cl 72.3 TR O A - 344(M*) 226,209,105
Pale yellow liquid
429 - CO 51.2 e i - 323[M+H] * 226,209,105
? Pale yellow liquid
4-30 —H,C Ay 83.0 TR € A 66.5~67.4 316[ M-H] * ,225,209,92
| - Pale yellow crystalline
431 —C(CH,),C CH 62.0 e ik 78.5 ~80.5 292(M*),209,105
Pale yellow crystalline
432 82.0 [ERER N 163.5~165.9 331[M-H] * 209,106
—H c{ >*OH .
e ‘White powder
433 /@ 86. 1 R A 71.5~72.6 336(M*),225,209,110,98
—H,CH,C™ g Pale yellow crystalline
434 —(CH,);Br 88.8 [ERERTTEN 52.0~53.3 225,209,121,105
White crystalline
7 - iR HIE . Note: “ -7, No data.
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Table 2 'H NMR and IR data of target compounds

144 Compd. "H NMR (CDCl,, 600 MHz 5% 400 MHz, TMS) , & IR,»(C=0)/cm™!

4-1 1.46(t, 3H, J =6.0 Hz, CH;), 2.75 (s, 3H, ArCH;),4.49 ~4.61 (q, 2H,J =6.0 Hz, 1728
ArCOOCH, ), 8.69(s, 1H, ArH), 8.97(s, 1H, ArH)

4-2 1.43(d, 6H, J=6.0 Hz, 2CH; ), 2.73(s, 3H, ArCH;), 4.10 ~4.13(m, 1H,ArCOOCH) , 8. 68 1 720
(s, 1H, ArH), 8.78(s, 1H, ArH)

43 1.01(t, 3H, J=8.0 Hz, CH;), 1.47 ~1.83(m, 4H, 2CH, ), 2.75(s, 3H,ArCH; ) , 4.42(t, 2H, 1727
J=6.6 Hz, ArCOOCH, ), 8.68(s, 1H, ArH), 8.81(s, 1H, ArH)

44 0.94(t, 3H, J=6.0 Hz, CH;), 1.42 ~1.84(m, 6H, 3CH, ), 2. 74(s, 3H,ArCH; ), 4.41(t, 2H, 1 730
J=6.6 Hz, ArCOOCH, ), 8.68(s, 1H, ArH), 8.81(s, 1H, ArH)

4-5 0.99 ~1.05(m, 6H, 2CH;),1.33 ~1.70(m, 1H, CH), 1.70 ~1.73(m, 2H,CH, ), 2.75(s, 3H, 1 730
ArCH; ), 4.44(t, 2H, J=6.6 Hz, ArCOOCH, ), 8.68(s, 1H, ArH), 8.80(s, 1H, ArH)

4-6 0.91(s, 3H, CH; ), 1.35 ~1.45(m, 6H, 3CH,), 1.79 ~1.82(m, 2H, CH,),2.75(s, 3H, 1 731
ArCH; ), 4.40(t, 2H, J=6.6 Hz, ArCOOCH, ), 8.68(s, 1H,ArH), 8.81(s, 1H, ArH)

4-7 0.90(s, 3H, CH;), 1.31 ~1.82(m, 10H, 5CH, ), 2. 75(s, 3H, ArCH; ) ,4.40(t, 2H, J=6.6 Hz, 1732
ArCOOCH, ), 8.68(s, 1H, ArH), 8.81(s, 1H,ArH)

4-8 1.33 ~1.45(m, 1H, ArCOOCH), 1.48 ~1.62(m, 6H, 3CH, ), 1.80 ~2.02(m, 4H,2CH, ), 2. 74 1728
(s, 3H, ArCH; ), 8.67(s, 1H, ArH), 8.77(s, 1H,ArH)

49 0.88(s, 3H, CH;), 1.33 ~1.44(m, 10H, 5CH,), 1.79 ~1.83(m, 2H, CH, ), 2.74 (s, 3H, 1732
ArCH; ), 4.40(t, 2H, J=6.6 Hz, ArCOOCH, ), 8.68(s, 1H,ArH), 8.81(s, 1H, ArH)

4-10 2.73(s,3H, ArCH; ), 5.42(s, 2H, ArCOOCH, ), 7.40 ~7.44 (m, 5H,5ArH), 8.67 (s, 1H, 1729
ArH) , 8.82(s, 1H, ArH)

4-11 0.88(s, 3H, CH;), 1.36 ~1.42(m, 16H, 8CH, ), 2. 75(s, 3H, ArCH; ) ,4.40(t, 2H, J=6.6 Hz, 1729
ArCOOCH, ), 8.68(s, 1H, ArH), 8.81(s, 1H,ArH)

4-12 1.03 ~1.05(m, 6H, 2CH;), 1.26 ~1.56(m, 2H, CH, ), 1.87 ~1.95(m, 1H,CH), 2.75(s, 3H, 1728
ArCH; ), 4.20 ~4.33(m, 2H, ArCOOCH, ), 8.68(s,1H, ArH), 8.81(s, 1H, ArH)

4-13 0.97(t, 6H, J=7.4 Hz, 2CH;), 1.43 ~1.50(m, 4H, 2CH, ), 1.69 ~1.72(m,1H, CH), 2. 75(s, 1732
3H, ArCH;), 4.35(d, 2H, J=6.0 Hz, ArCOOCH, ) ,8.68(s, 1H, ArH), 8.80(s, 1H, ArH)

4-14 2.83(s, 3H, ArCH; ), 7.23 ~7.50(m, 5H, 5ArCOOArH) , 8.74(s, 1H,ArH), 9.08(s, 1H, ArH) 1 747

4-15 2.83(s, 3H, ArCH;), 3.87(s, 3H, ArOCH; ), 7.01 ~7.33(m, 4H,4ArCOOArH) , 8.74(s, 1H, 1761
ArH), 9.07(s, 1H, ArH)

4-16 2.68(s, 3H, ArCH;), 4.78 ~4.82(m, 2H, CH, ), 8.75(d, 1H, J=2.4 Hz,ArH) , 8.89(d, 1H, 1752
J=2.4 Hz, ArH)

4-17 2.39(s, 3H, ArCH; ), 2.73(s, 3H, ArCH; ), 5.40(s, 2H, ArCOOCH, ),7.23 ~7.37(m, 4H, 1729
4ArH), 8.67(d, 1H, J=2.4 Hz, ArtH), 8.82(d, 1H,J=2.4 Hz, ArH)

4-18 2.78(s, 3H, ArCH;), 3.89 ~3.95(m, 4H, 2CH,Cl), 5.50 ~5.53(m, 1H,ArCOOCH) , 8.73(d, 1 740
IH, J=2.4 Hz, ArH), 8.89(d, 1H, J=2.4 Hz, ArH)

4-19 1.81(d, 6H, J=3.0 Hz, 2CH; ), 2. 74(s, 3H, ArCH; ), 4.89(d, 2H,J=7.2 Hz, ArCOOCH, ), 1729
5.47 ~5.49(m, 1H, CH=C), 8.67(d, 1H,J=2.4 Hz, ArH), 8.81(d, 1H, J=2.4 Hz, ArH)

4-20 2.76(s, 3H, ArCH;), 5.53(s, 2H, ArCOOCH, ), 7.65(d, 2H, J=2.4 Hz,2ArH) , 8.29(d, 2H, 1729
J=2.4Hz, 2AtH), 8.71(d, 1H, J=2.4 Hz, ArH), 8.88(d, 1H, J=1.8 Hz, ArH)

4-21 2.28 ~2.32(m, 2H, CH, ), 2.76(s, 3H, ArCH; ), 3. 71(t, 2H, J=6.0 Hz, ArCOOCH, ) , 4. 59(t, 1 733
2H, J=6.0 Hz, CH,Cl), 8.70(d, 1H, J=2.4 Hz,ArH), 8.82(d, 1H, J=1.8 Hz, ArH)

4-22 2.78(s, 3H, ArCH;), 5.05 ~5.07(m, 2H, ArCOOCH, ), 6.39 ~6.43(m, 1H, CH=), 6.81(d, 1715

1H, J=15.6 Hz, ArtCH=), 7.30 ~7.45(m, 5H,5ArH), 8.70(d, 1H, J=2.4 Hz, ArH), 8.88
(d, 1H, J=2.4 Hz, ArH)
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Table 2 ( Continued)

1b&% Compd.

"H NMR (CDCl,, 600 MHz 1 400 MHz, TMS) , &

IR,»(C=0)/cm™!

4-23 2.65(s, 3H, ArCH;), 3.29(t, 2H, J=6.0 Hz, PyCH, ), 4.82(t, 2H,J=6.0 Hz, ArCOOCH, ) , 1734
7.21 ~7.27(m, 2H, 2PyH), 7.67 ~7.70(m, 1H, PyH), 8.61(d, 1H, J=1.8 Hz, PyH), 8.65
(d, 1H, J=2.4 Hz, ArH), 8.71(d, 1H, J=2.4 Hz, ArH)
424 1.67 ~2.02(m, 4H, 2THFCH, ) , 3.83 ~3.97(m, 2H, THFCH, ), 4.25 ~4.32(m, 1H, THFH) , 1728
4.35 ~4.51(m, 2H, ArCOOCH,THF), 8.69(d, 1H,/=2.4 Hz, ArH), 8.84(d, 1H, J=2.4 Hz,
ArH)
4-25 2.72(s, 3H, ArCH;), 3.84(s, 3H, ArOCH;), 5.37(s, 2H, ArCOOCH,-Ar), 6.93 ~6.96(m, 1722
2H, 2ArH), 7.40 ~7.44(m, 2H, 2ArH), 8.67(d, 1H,J =2.4 Hz, ArH), 8.80(d, 1H, J =
2.4 Hz, ArH)
4-26 2.76(s, 3H, ArCH;), 4.05 ~4.06(m, 2H, ArCOOCH, ), 4.12 ~4.28(m, 2H, CH,0), 4.65 ~ 1731
4.66(m, 2H, =CH, ), 6.49 ~6.53(m, 1H, CH=), 8.70(d, 1H, J=2.4 Hz, ArH), 8.85(d,
1H, J=2.4 Hz, ArH)
4-27 2.74(s, 3H, ArCH;), 3.83 ~3.84(m, 2H, CH,0), 4.58 ~4.60(m, 2H, ArCOOCH, ) , 4.61(s, 1731
2H, ArCH, ), 7.30 ~7.38(m, 5H, 5ArH), 8.70(d,1H, J=2.4 Hz, ArH), 8.85(d, 1H, J =
2.4 Hz, ArH)
4-28 1.48 ~1.57(m, 4H, 2CH,), 1.79 ~1.87(m, 4H, 2CH, ), 2.76(s, 3H, Ar-CH; ), 3.55 ~3.58 1729
(m, 2H, CH,Cl), 4.40 ~4.43(m, 2H, ArCOOCH, ) ,8.69(d, 1H, J=2.4 Hz, ArH), 8.82(d,
1H, J=2.4 Hz, ArtH)
4-29 1.07 ~1.09(m, 2H, CH,), 1.20~1.25(m, 1H, CH), 1.28 ~1.32(m, 2H,CH, ), 1.72 ~1.85 1728
(m, 6H, 3CH, ), 2.76(s, 3H, ArCH;), 4.22(d, 2H,J=6.0 Hz, ArCOOCH, ), 8.69(d, 1H, J=
2.4 Hz, ArH), 8.81(d, 1H,J=2.4 Hz, ArH)
4-30 2.77(s, 3H, ArCH,), 5.54(s, 2H, ArCOOCH,Py), 7.30 ~7.32(m, 1H,PyH), 7.43(d, 1H, J = 1 744
6.0 Hz, PyH), 7.76 ~7.79(m, 1H, PyH), 8.65(d,1H, J=4.2 Hz, PyH), 8.70(d, 1H, J =
2.4 Hz, ArH), 9.06(d, 1H, J=2.4 Hz,ArH)
431 1.87(s, 6H, 2CH;), 2.68 (s, 1H, =CH ), 2.75(s, 3H, ArCH;), 8.69(d,1H, J=2.4 Hz, 1732
ArH), 8.75(d, 1H, J=2.4 Hz, ArH)
4-32 2.18(s, 1H, ArOH), 2.85(s, 3H, ArCH; ), 5.28 (s, 2H, ArCOOCH, ), 7.32 ~7.61 (m, 4H, 1727
4ArH), 8.71(d, 1H, J=2.4 Hz, ArH), 8.78(d, 1H,J=2.4 Hz, ArH)
4-33 2.70(s, 3H, ArCH;), 3.34 ~3.37(m, 2H, ArCH,Th), 4.64(t, 2H,J =6.0 Hz, ArCOOCH, ) , 1731
6.94 ~7.23(m, 3H, 3ThH), 8.69(d, 1H,J/=2.4 Hz, ArH), 8.82(d, 1H, J=2.4 Hz, ArH)
4-34 2.36 ~2.40(m, 2H, CH, ), 2.77(s, 3H, ArCH; ), 3.55(t, 2H, J=6.0 Hz,CH,Br) , 4. 58(t, 2H, 1722
J=6.0 Hz, ArCOOCH, ), 8.71(d, 1H, J=2.4 Hz,ArH), 8.83(d, 1H, J=2.4 Hz, ArH)
®3 BRUSYHRERE
Table 3 The herbicidal activity of target compounds
A A % Inhibition rate/ %
A TR S ik o i o TR APl
ey
Compd A. theophrasti A. retroflexus P. oleracea E. crusgalli D. sanguinalis S. viridis E. indica
i % i % i % i % i % i % i %
Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
4-1 90.0 82.5 89.0 68.7 86.9 74.0 87.8 65.7 84.4 83.2 34.6 73.1 89.1 80.9
42 86.3 81.5 86.9 68.7 93.4 86.3 83.4 64.5 85.5 84.9 78.2 67.4 96. 2 79.2
4-3 44.7 70. 4 86.3 54.0 71.0 45.4 43.7 52.9 61.6 65.5 50.5 43.3 86. 4 71.0
44 36.8 77.2 66.0 30.9 66. 1 60.5 20.9 39.1 32.6 20.2 5.3 23.6 84.7 40.4
45 25.5 61.5 59.7 22.0 17.9 67.2 47.8 4.5 34.8 60. 1 1.1 14. 4 74.7 43.7
4-6 32.4 44.8 75.6 28.2 7.1 65.7 8.3 2.0 31.8 41.7 4.8 7.2 62. 1 61.2
4-7 4.3 39.9 78.9 30.4 9.5 62.1 68. 4 13.6 33.4 -0.8  39.0 12.6 42.0 67.8
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Table 3 ( Continued)
A K AN % Inhibition rate/ %

s i I DI s B fpe s A

Compd. A. theophrasti A. retroflexus P. oleracea E. crusgalli D. sanguinalis S. viridis E. indica
R ey s B Ui B Ui £ i e i e R £
Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
4-8 20. 6 63.7 74.5 48.4 3.6 47.5 37.4 7.1 10. 6 44.1 3.7 -0.3  62.1 68.3
49 12. 4 3.3 63.8 37.6 6.0 49.0 7.9 5.9 7.5 5.7 5.9 -8.1 46.9 66. 1
4-10 28.6 66.5 75.9 42.4 21.0 29.9 12.4 15.6 41.6 23.6 4.8 11.8 80. 1 77.1
4-11 0.2 54. 4 32.3 23.6 3.6 56.6 30.2 7.6 55.3 29.1 8.0 14.6 69.5 63.8
4-12 10.9 32.5 86.9 63.5 2.4 60. 1 66.2 15.5 67.4 74. 1 50.7 22.8 76.3 63.4
4-13 42.4 70.7 28.0 36.3 38.7 43.0 34.5 46.2 46.0 65.6 20.7 36.9 80.1 59.0
4-14 43.0 64.5 28.2 3.8 7.3 37.2 36.9 42.4 47.9 29.3 33.3 41.4 81.5 64.5
4-15 21.5 61.9 100 78.2 15.3 9.9 29.3 19.0 54.0 6.1 9.6 28.7 63.7 64.7
4-16 36.3 54.4 100 89.0 27.4 27.1 52.3 32.6 79.2 31.4 66.9 30.2 79.0 62.8
4-17 38.4 35.3 67.7 14.7 1.6 33.1 26.7 23.8 66. 4 14.2 52.9 14.2 43.3 51.9
4-18 29.9 57.0 76. 1 66.3 33.3 55.1 50.0 -4.1 72.9 45.7 76.3 43.8 94.3 76.5
4-19 54.3 75.4 78.4 32.5 54.8 51.7 60.3 25.9 52.9 54.2 32.4 20.0 82.0 46.4
4-20 38.4 64.6 62.0 50.7 84.7 50.0 52.9 22.3 45.2 0.4 21.8 7.4 37.6 1.9
4-21 51.0 78.0 66. 6 56.7 75.8 53.5 80.4 6.2 54.9 32.7 30. 31 -0.5 87.7 73.8
422 42.3 66.6 58.4 0.5 69.4 29.7 66.7 18.6 59.5 45.5 59.6 49.6 6.3 23.8
4-23 42.5 62.2 79.7 57.0 75.0 60. 1 71.1 70. 8 50. 1 11.0 68. 4 48.8 49.5 43.4
4-24 93.5 90.5 76.4 44.8 44.6 39.8 66.7 8.6 64.3 4.3 78.2 43.5 24.5 23.8
4-25 11.4 43.4 82.2 33.8 6.0 26.8 42.1 2.1 58.4 4.1 10.6 34.6 57.5 67.2
4-26 19.1 60.0 100 56.4 44.8 39.9 45.9 -1.5 351 23.8 11.7 -13.1 83.4 41.5
4-27 0.2 22.8 73.4 60.9 3.6 32.4 44.2 8.1 85.8 78.3 18. 1 -13.3 35.4 31.1
4-28 46.5 30.9 55.6 26.4 16.7 40. 4 51.2 51.2 21.2 60. 4 5.3 -6.7 74.4 47.0
4-29 43.4 40.8 52.6 10. 8 4.8 63.7 30.6 -0.8 64.6 66.7 -0.5 -4.9 91.8 49.2
4-30 37.4 37.5 65.9 45.3 57.1 46.5 67.2 0.1 65.1 32.1 48.9 21.3 58.2 28.8
4-31 32.7 56.8 50.3 62.7 38.7 40.1 33.4 47.6 55.5 22.0 55.9 38.7 47.7 36.7
4-32 14.8 60.0 68. 4 68.5 3.6 60. 6 34.6 6.2 30.5 13.8 27.6 10.3 22.1 51.4
4-33 85.0 92.1 48.1 36.0 54.6 14.7 25.9 2.8 67.7 1.0 22.8 1.6 9.9 32.3
4-34 30.6 55.8 45.8 28.0 52.1 5.0 41.8 3.9 67.8 3.3 10.6 -0.5 3.8 16. 8
40" 76.3 37.9 82.5 48.6 68.7 24.5 36.2 2.6 44. 4 2.7 67.6 -0.9 86.9 32.5
aitiﬁir 100 100 100 100 100 100 100 100 100 100 100 100 100 100

7 (Note) : * 4-0—Phoma herbarum 1l .

22,2 FEHREHFRBER X T AR AR
HiJa 25 A PR 450 (2 5) M o HARL &9
SR A R HA —E BRI, o 4-1 FEARUK
431000 g/hm® X6 J A% 0 1 i 1) ff 5 Bl 28036
100% . 25 AL BRI 45 2 K, AR B Ayt &
KBEOCR, gk kAR K10 d AR FETD, X441

AT, 45 R (R 6) R YT, H X R ot 12 5
e m AT 3R B A R Y BR RIS MR X 5 R
KW ED g fE /N F100 g¢/hm’*,
WAL A0 R B, (R T R Y
HAnfb a9 0 BRI 3 A U B R TR T
PERHE R, W 41 5 416, 1 TR 7 B A BHIRL
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R4 MOUESYERERE THRERMEGIH R/ %)
Table 4 The herbicidal activity of some compounds under different concentration ( Inhibition rate/% )
[GLS BB i E A L TRH
&%  Conc./ A. theophrasti  A. retroflexus P. oleracea D. sanguinalis E. indica E. crusgalli S. viridis
Compd. (mg/L) # % M % R % R % R % B % R %
Root  Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
4-1 100 59.3 70.7 81.3 61.8 67.1 46.3 78.5 8.1 847 60.3 86.0 56.6 15.4 58.6
20 47.6  47.7 75.5 58.8 61.5 40.6 57.1 61.1 75.8 35.1 8.7 50.8 8.63 52.3
42 100 34.3 540 79.4 67.7 643 66.6 77.8 69.0 89.7 65.7 80.4 50.8 76.6 66.0
20 23.1 38.4 72.4 62.4 60.1 581 66.9 64.4 8.0 585 70.9 28.8 73.8 62.0
43 100 23.1 68.8 68.4 539 40.5 40.1 - - 67.8 70.8 - - - -
20 229 29.8 50.7 21.0 36.3 220 - - 64.2  68.1 - - - -
44 100 13.0  39.1 - - - - - - 69.8  39.6 - - - -
20 5.7 1.3 - - - - - - 50.6  6.30 - - - -
45 100 - - - - - - - - 59.2  37.9 - - - -
20 - - - - - - - - 56.5 14.7 - - - -
4-12 100 - - 78.2  63.4 - - 60.8 44.2 49.4  36.0 - - - -
20 - - 35.8  42.4 - - 62.0 28.9 26.9 15.1 - - - -
4-13 100 40.4 54.4 - - - - - - 63.7 54.9 - - - -
20 25.0 38.8 - - - - - - 48.1 25.3 - - - -
4-15 100 - - 92.8 65.2 - - - - - - - - - -
20 - - 66.6  34.5 - - - - - - - - - -
4-16 100 - - 92.0 79.8 - - 72.2 342 79.2 60.4 - - - -
20 - - 71.0 73.4 - - 53.1 233 72,2 49.6 - - - -
4-18 100 - - 69.6 61.6 - - - - - - - - - -
20 - - 41.1  27.1 - - - - - - - - - -
4-19 100 29.7 66.6 52.8 15.8 - - - - 67.2 35.2 - - - -
20 1220 62.5 36.3 3.8 - - - - 56.8 14.1 - - - -
421 100 30.5  65.3 - - 55.2 30.5 - - 76.1 37.5 62.3 4.5 - -
20 25.6  37.6 - - 39.8 7.9 - - 52.5 24.4 42.8 3.2 - -
423 100 - - 65.5 21.9 40.5 17.5 - - - - 63.0 63.9 - -
20 - - 43.0 18.1 30.7 15.8 - - - - 53.7  41.0 - -
4-26 100 - - 87.4 389 - - - - 70.0 28.3 - - - -
20 - - 56.2  15.8 - - - - 69.2  12.7 - - - -
ZFN
acetochlor 100 100 100 100 100 100 100 100 100 100 100 92.8 8.9 92.8 86.9
20 67.5 78.8 86.7 46.3 76.8 57.5 67.5 56.5 62.8 62.5 56.6 68.6 68.6 45.8
w7 -7, RS, Note: “ -7, No data.

L F T 0N | BRI, FIE B 00, BRI  H Heg LA
AT REREAL A W 1 A TR PRI L TR AR AR A
ZERRY, HARME S b R 2 e i A 1 0 ] 52
FUBRFEGTE, b R e P e i R I 356 P A e
XA RES 2 TARIETEA 5C , — BRI BT, 4 B
BB 5 PR

ABFFELE R AR H AR & P03 T AR 2%
B BRI BOR 22 57, H AR A1 AR 5

TG AR Z AR T 0 v 2 B0 ) %) o3 3 P R AR [
WNTEFP T8 R 08 H 4-15 4-16 F1 4-26 X [ ks i A
B ISR FLIE R | EAE IS PR A 50 45 SR O A 3
R, XATREE TR R AR, 25 7 R 58
B S S N iy ol ST S 153 1 N L =
MsE S5 R B Fp 7 2R, BEmE, e
4-1 4-15 4-16 Fl14-26 MIFRFLIGHEIC N 2% A i —
AR E
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Table 5 The fresh weight efficacy of target compounds against weeds at 1 000 g a. i. /hm®
o fif 7 740 Fresh weight efficacy/ %
Compd. B SR # W 21 SR g EIT A
A. theophrasti A. retroflexus C. album C. communis S. viridis D. sanguinalis E. crusgalli
4-1 94 100 99 50 98 100 82
4-2 86 76 82 10 78 87 40
4-3 32 56 23 0 27 78 46
44 45 80 75 0 76 38 45
4-5 13 32 46 8 56 78
4-6 38 68 0 12 76 32 0
4-7 23 54 10 56 32
4-8 0 32 35 0 78 68 53
49 0 85 80 34 34 54 45
4-10 0 89 85 0 0 83 0
4-11 8 35 78 0 56 75 56
4-12 0 76 0 55 70 0
4-13 0 35 3 87 0 34
4-14 16 62 8 67 78 22
4-15 62 89 32 15 39 35 0
4-16 45 0 54 0 0 40 20
4-17 0 43 36 0 25 35 80
4-18 56 36 78 0 76 25 0
4-19 12 82 35 0 0 67
4-20 32 62 50 0 12 45
4-21 30 70 65 56 67 56 0
4-22 60 0 75 34 54 48
4-23 75 50 0 51 28 38 0
4-24 0 50 35 0 36 44 43
4-25 86 25 46 23 0 36 28
4-26 40 27 54 0 15 22 50
4-27 35 34 0 25 0 23
4-28 62 30 0 45 67 0
4-29 0 0 8 0 65 55 34
4-30 35 12 65 0 0 40 40
4-31 20 32 56 12 60 35 0
4-32 18 76 65 0 20 45 12
4-33 0 48 56 0 12 60 54
4-34 21 0 12 30 40 0
75 F5 1 atrazine 100 100 100 100 - - -
quifﬁf i oyl - - - - 100 100 100
W7 -7, BREEHE, Note: “ -7, No data.
x6 UEWI1HMREFN
Table 6 The herbicidal activity of compound 4-1
Z B Weeds [ 92k J5 7% (y = ) Regression equation THRRE r EDs,/ (g/hm?)
T JBR A. theophrasti 1.351 5 +1.747 2x 0.999 0 122.51
JE UL A. retroflexus 2.502 8 +1.673 2x 0.989 1 <31.08
# C. album 0.511 3 +2.604 0x 0.987 6 130. 76
M E S. viridis 0.924 8 +1.939 0x 0.953 9 126. 39
LR D. sanguinalis 5.548 0 +5.334 8x 0.960 7 94. 89
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