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Abstract The allylic methyl group of anethole can be oxidized to obtain anethole-derived carboxylic acid.
Twenty-five unreported anethole-derived 1, 3, 4-oxadiazole-thioether compounds (4a ~ 4y) were synthesized from
anethole-derived carboxylic acid by N-acylation reaction with hydrazine hydrate, cyclization reaction with carbon
disulfide, and nucleophilic substitution reaction with substituted benzyl halides. Their structures were characterized
by FT-IR, '"H NMR, "C NMR, and HRMS, and their herbicidal activities were tested against Brassica Campestris
and Echinochloa Crusgalli. The herbicidal activity test showed that at the mass concentration of 100 pg/mL,
compounds 40 (R=p-0OCH,) and 4n (R=m—-O0CH;) had inhibition rates of 78.9% and 76. 8%, respectively,
against Echinochloa Crusgalli ( both at B-level activity ), better than that of the positive control flumioxazin
(inhibition rate 76.5%). In addition, CoMFA method was employed to study the three-dimensional quantitative
structure-activity relationship ( 3D-QSAR ) between the molecular structure of the target compounds and their
herbicidal activity.
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4a.R=H; 4b:R=0-CH;; 4c:R=p-CH;; 4d:R=o0-F; 4e:R=m-F;
4f.R=p-F; 4g.R=0; 4h.R=0-Cl; 4i.R=m-Cl; 4j.R=p-Cl;

4k . R=0-Br; 41:R=m-Br; 4m.R=p-Br; 4n:R=m-0CH,; 40.R=p-0CH,
4p.R=p-CN; 4q:R=0,0'-di-F; 4r.R=0,m-di-Cl; 4s.:R=0-Cl-p-F; 4t.R=p-CH(CH;),;

4u;R=p-C(CH,),; 4v:R=p-SO,CH,;

4w:R=p-C,Hy;

4x:R=0,p-di-CHy;  4y.R=p-CF,

EX1 B~ 4a~4y A BUBRE

Scheme 1 Synthetic route of the target compounds 4a~ 4y
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TR CTRAHL 3 K, A PR ZTCoK B IR AN T4
S B AR A5 380 7 B [ A i A M R 1 A 2, i
%} 80% ,'"H NMR ( 600MHz, DMSO-d,) 6:9.24
(s,1H),7.50~7.48 (m,2H),7.40 (d,J = 15.8
Hz,1H) ,6.97~6.95 (m,2H) ,6.40 (d,J = 15.8
Hz,1H),4.42 (s,2H),3.77 (s,3H);"C NMR
(151 MHz, DMSO-d,) &:165.3,160.7, 138.3,
129.4,127.9,118.2,114.8,55. 7,
1.2.3 a3 iyl &
¥ 5. 6g (41.2 mmol ) thoE] R 2 2. 8g

(50. Ommol ) KOH #1 50mL J& /K & I iR & 18
100mL [BREENE T, ARG E R T Z 2 M A 4mlL
Ak, RNIRAWES R 6~8 h, %
HEZER)G, H 3% WK KR E pH =
2~3, A FAUE, RIEHIRAEYTIE, LET
IKBEGZ R E B Sl A a4k, 75 3 b R
3.,'H NMR ( 600MHz, DMSO-d, ) &: 14.53 (s,
1H), 7.71 (d, J = 8.8Hz, 2H), 7.44 (d, J =
16.4Hz, 1H), 6.99 ~ 6.93 (m, 3H), 3.80 (s,
3H);°C NMR ( 151MHz, DMSO-d, ) &: 161.5,
160.3, 159.8, 133.4, 139.2, 129.8, 124.8,
114.2,55. 8,
1.2.4 fL&Y 4a~4y HIE L

¥ 0. 27g( 1. Smmol ) AN A 3 F 3mL = 2%
T 30mL 855 3mL K20 IR SR T
PEFE T, 1 A 1. 8mmol BUR S 5 /9 10mL 2
PSR, T NIRRT L, T2 o i vk T J2
N, S TE L, W AR I IR AW, H TR LU TR
(30mLx3) %5, & I AP, JE/K Na,SO, T4,
T UEIFHEAR R LR A BHL ™ A B E XA
YA TAEJZ M Ak (BRI A ik 8 £ TR =
20:1~5:1) G2 HIrL AW 4a~dy,
1.3 &% da~4y BIEMRIE

Fi CDCI, YR30, TMS YEN AR, 7 600MHz #%
PEILIRUE AL X H AR b & P17 H NMR \PC
NMR K AHIC 43 53 B 5 i 11 KBr F v il A, XF
HAREAIREAT FT-IR 20 # ; R KSR Sk
L5 UR (APCI) 7E /5 Fa 3 i B AL B B stk &
YEAT HRMS 5047,

da. A OEIR, P23 77% 1505 86.2~86.7 °C;
IR ( KBr, em™"): 3066.67 ( Ar-H, C = C-H),
2968.75,2927.08,2839. 58 (C-H) , 1645. 83 (C =
N), 1608. 33, 1537. 50, 1512. 50, 1483.33 (C = C,
Ar), 1258.33(C-0-C),697.92(C-S-C) ;'H NMR

(600MHz,CDCl,)8:7.49~7.43(m,4H) ,7.39(d,
J=16.4Hz,1H) ,7.35(dd,J=8.1.6.6 Hz,2H) ,
7.31(d,J=7.2Hz,1H) ,6.94 ~6.91 (m, 2H) ,
6.84(d,J=16.4Hz,1H) ,4.50(s,2H),3. 84 (s,
3H);"®C NMR (151MHz, CDCl,) 8:165. 8,163.0,
161.1,138.3,135.5,129.1,128.8,128. 1,127. 4,
114.4,107.2,55.4,36.8; HRMS ( APCI) , m/z:
C,H,,N,0,S"[M+H]", FiE{H 325. 1005, 5
{8 325. 0999,

4b; A ER, 775 80% , #5 1 89.6~90.7 °C;
IR ( KBr, em™ ): 3083.33 (Ar-H, C = C-H),
2997.92,2960. 42, 2833.33 (C-H) , 1639.58 (C =
N), 1610.42, 1531.25, 1472.92 (C = C, Ar),
1245.83 ( C-0-C ), 737.50 ( C-S-C);'H NMR
(600MHz, CDCl,) &:7.47 (d,J=8.7Hz,2H),
7.41(d,J=4.2Hz,1H),7.39(d,J=4.5Hz,1H) ,
7.24~7.20(m,2H),7.19~7.16 (m, 1H) , 6. 93
(d,J=8.7Hz,2H),6.85(d, J = 16.4Hz, 1H) ,
4.54(s,2H) ,3.84(s,3H) ,2.45(s,3H) ;°C NMR
(151MHz, CDCl,) 8:165.7,163.1,161.1,138.3,
137.1,133.0,130.7,130.3,129.0,128.5,127. 4,
126.4, 114.4, 107. 1, 55.4, 35.1, 19.2; HRMS
(APCI), m/z: C,,H(N,0,8* [M+H ", Bl (H
339. 1162, 5E{H 339. 1158,

4. [0 [ A, 77 % 80% , M5 1 117.8 ~118.4
°C;IR (KBr, em™ ) :3058.33 (Ar-H,C=C-H),
2968.75,2914.75,2829. 17 (C-H),1637.50 (C=
N), 1602. 08, 1545. 83,1514.58,1470.83 (C=C,
Ar),1256.25 (C-0-C),729.17 (C-S-C) ;'H NMR
(600MHz, CDCl, ) 8:7.48 ~7.45 (m,2H),7.38
(d,J=16.4Hz,1H),7.33 (d, J = 8.0Hz, 2H) ,
7.15(d, J=7.9Hz,2H),6.94 ~6.89 (m, 2H) ,
6.83(d,J=16.4Hz,1H) ,4.47(s,2H) ,3. 84 (s,
3H),2.34(s,3H) ;C NMR (151MHz, CDCL,) 8
165.7,163.1,161.1,138.3,137.9,132.4,129. 5,
129.0, 127.5, 114.4, 107.2, 55.4, 36.6, 21.1;
HRMS(APCI) ,m/z: C,,H,(N,0,S [ M+H ", Bif
{H 339. 1162, SZI{E 339. 1156,

4d ; A EAR, 775K 74% 1515 92.1~93.4 °C;
IR ( KBr, em™ ): 3064.58 (Ar-H, C = C-H),
2975.00,2935. 42, 2833.33 (C-H) , 1641.67 (C =
N), 1606.25, 1533.33, 1479.17 (C = C, Ar),
1250.00 ( C-0-C), 679.17 ( C-S-C);'H NMR
(600MHz,CDCl,) 6:7.52 (td, J= 7.6.1.5 Hz,
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1H),7.47 (d, J = 8.7Hz, 2H), 7.39 (d, J =
16.4Hz,1H) ,7.29(dd,J=5.9.1.9 Hz,1H) ,7. 13
~7.04(m,2H),6.92(t,J=5.7Hz,2H) ,6. 83(d,
J=16.4Hz,1H) ,4.52(s,2H) ,3.84(s,3H);"C
NMR (151MHz,CDCl,)8:165.9,162.8,161.8(d,
J=248.6Hz) ,161.1,138.4,131.4(d,J=3.3Hz) ,
130.0(d,J=8.2Hz),129.0,127.4,124.3(d,J=
3.7Hz), 123.1(d, J = 14.4Hz) , 115.6, 115.5,
114.4,107.1,55.4,30.0(d, J = 3. 5Hz) ; HRMS
(APCI), m/z: C (HFN,0,8" [M+H]", B i {H
343.0911, 521 343. 0907,

e AR, 72 69% M55 117.6~118.5 °C;
IR ( KBr, em™ ): 3058.33 ( Ar-H, C = C-H),
2960. 42,2912. 50,2833.33 (C-H),1650.00 (C=
N), 1606.25, 1539.58, 1475.00 (C = C, Ar),
1245.83 ( C-0-C), 685.42 (C-S-C);'H NMR
(600MHz,CDCl,)8:7.49~7.46(m,2H) ,7.39(d,
J=16.4Hz 1H) ,7.30(td,J = 7.9.5.9 Hz,1H) ,
7.23(d,J=7.7Hz,1H),7.19 ~7.15(m, IH),
6.99(ddd,J=8.4.2.5.1.2 Hz,1H) ,6.94 ~ 6. 90
(m,2H) ,6.83(d,J=16.4Hz,1H) ,4.47(s,2H) ,
3.84(s,3H);”C NMR(151MHz,CDCl,)§:165.9,
163.6(d, J = 247.03Hz) , 162.6, 161. 1, 138.5,
138.1(d, J = 7.5Hz), 130.3 (d, J = 8.3Hz),
129.0,127.4,124.8(d,J=2.9Hz) ,116.1,116.0,
115.1,115.0, 114.4,107.0, 55.4,36.1 (d, J =
1. 8Hz) ;HRMS (APCI) ,m/z:C H FN,0,8" [ M+
H*, BB 343. 0911, S2IE 343. 0906,

af. [ 0 [E K, 7R R 3%, K5 S 101.2 ~
102.4 °C ;TR (KBr,cm™") :3070. 83 ( Ar-H, C =C-
H) ,2985.42,2935.42,2833.33 (C-H), 1639. 58
(C =N), 1606.25, 1543.75, 1512. 50, 1470. 83
(C=C, Ar), 1260.42 ( C-0-C), 677.08 ( C-S-
C);'H NMR (600MHz, CDCL,) §:7.47 (d, J =
8.7Hz,2H),7.44 ~7.41 (m,2H),7.39(d, J =
16.4Hz,1H) ,7.04 ~7.00 (m,2H) ,6.93 (t, ] =
5.7 Hz,2H) ,6.83(d,J=16.4Hz, 1H) ,4.47 (s,
2H),3.84 (s,3H);"C NMR (151MHz, CDCI,)
8:”C NMR ( 151MHz, CDCl,) 8:166.8,163.9(d,
J=253.6Hz),161.4,160.7,158.3,142.1,132. 1
(d,J=8.4Hz),130.2(d, J=3.3Hz), 129.2,
128.9,128.6,122.9,121.7(d,J=2.4Hz) ,116. 3,
116.1, 114.3,55.3,29.9; HRMS ( APCI) , m/z:
CH,FN,0,S" [M+H]", #iE{H 343. 0911, 5

{H 343. 0905,

4g. H @ [E 1K, 7= & 68%, I &S 117.6 ~
118.4 °C;IR(KBr,em™) :3056. 25 (Ar-H,C=C-
H), 2977.08,2920. 83, 2829. 17 (C-H) , 1647.92
(C=N),1602.08,1541.67,1475.00 (C=C,Ar),
1266.67 ( C-0-C), 670.83 ( C-S-C);'H NMR
(600MHz,CDC1,)6:7.87(d,J=7.9Hz,1H) ,7. 64
(d,J=7.6Hz,1H) ,7.47(d,J=8.7Hz,2H) ,7. 39
(d,J=16.4Hz,1H) ,7.31(t,J=7.5Hz,1H) ,6.99
(dd,J=10.8.4.4 Hz,1H) ,6.92(d, J=8.7Hz,
2H),6.83(d,J=16.4Hz,1H) ,4.61(s,2H) ,3. 84
(s,3H);”C NMR (151MHz, CDCl,) §: 165.9,
162.7,161.1,139.8,138.6,138.4,130.8,129.8,
129.0,128.6,127.4,114.4,107. 1, 100. 6, 55. 4,
42.0; HRMS ( APCL), m/z: C (HIN,0,8" [ M +
H1*, FEIEAE 450. 9972, SEMI{E 450. 9965,

4h: @ [E R, =R 71%, & 5 96.5 ~
97.3 C;IR (KBr, cm™ ) :3054. 17 ( Ar-H, C = C-
H),2972.92,2918.75,2831.25 (C-H), 1650. 00
(C=N),1600.00,1541. 67,1475.00 (C=C,Ar),
1258.33 ( C-0-C), 683.33 (C-S-C);'H NMR
(600MHz, CDC1,) 8:7.60 (dd, J=7.3.2.0 Hz,
1H),7.48~7.45(m,2H) ,7.41 ~7.36(m,2H) ,
7.26~7.20(m,2H) ,6.93~6.90(m,2H) , 6. 83
(d,J =16.4Hz, I1H), 4.60 (s, 2H), 3.84 (s,
3H) ;"*C NMR (151MHz, CDCl,) 8:165.9,162.9,
161.1,138.4,134.3,133.7,131.4,129.7,129.6,
129.0,127.4,127.1, 114.4, 107. 1, 55. 4, 34.5;
HRMS(APCI) ,m/z:C, H,CIN,0,S" [M+H] " B
it i 359.0616, 361.0620, £ 9 fH
359.0611.361. 0617,

4i. 1@ FE R, 2R T5%, 1 S 102.6 ~
102.9 °C ;IR (KBr,em™') :3050.00 ( Ar-H,C=C-
H) ,2985.42,2925.00,2835.42 (C-H), 1639. 58
(C =N), 1604. 17, 1537.50, 1477.08, 1441. 67
(C=C, Ar), 1243.75 (C-0-C), 691.67 ( C-S-
C);'H NMR (600MHz, CDCl,) &:7.49 ~ 7.45
(m,3H),7.39 (d,J=16.4Hz,1H) ,7.34(d, J=
2.8Hz,1H),7.29~7.26(m,2H),6.92(d, J =
8.7Hz,2H),6.83(d, J=16.4Hz, 1H) ,4.45 (s,
2H) ,3.84(s,3H) ;"C NMR (151MHz,CDCL, )8
165.9,162.5,161.1,138.5,137.7,134.5,130.0,
129.1,128.9,128.3,127.3,127.2,114.4,107.0,
55.4,36.0; HRMS ( APCI) , m/z: C,4H,;CIN,0,S"
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[M+H]", i {H 359. 0616, 361. 0619, 5= K
359. 0609 .361. 0622,

4j. {0 AR, 7R T74%, K5 S 118.7 ~
119.5 °C ;IR (KBr, em™ ) :3097.92 (Ar-H, C =
C-H), 2997.92, 2939.58, 2839.58 ( C-H),
1631.25 (C = N), 1602.08, 1512.50, 1466. 67
(C=C, Ar), 1260.42 ( C-0-C), 654.17 ( C-S-
C);'H NMR ( 600MHz, CDCl,) 8:7.46 (d, J =
8.7Hz,2H),7.40~7.35(m,3H,),7.32 ~7.28
(m,2H),6.91(d, J=8.8Hz,2H),6.82(d, J =
16.4Hz, 1H), 4.44 (s,2H),3.83 (s, 3H);"C
NMR ( 151MHz, CDCL,) 8: 165.9,162.6, 161. 1,
138.5,134.3,134.0,130.5,129.0,128.9,127. 4,
114.4,107.0, 55.4, 36.0; HRMS ( APCI) , m/z:
C, HCIN,0,S" [ M + H]", Bl it {H 359.0616,
361. 0620, SZIME 359. 0610 ,361. 0623,

dk. (M @ R, 7= R 64%, K s 96.5 ~
97.3 °C; IR (KBr, em™ ) : 3062.50 ( Ar-H, C =
C-H), 2972.92, 2916.67, 2833.33 ( C-H),
1647.92 (C=N),1606.25,1535.42,1477.08 (C
=C,Ar),1256.25 (C-0-C),668.75 (C-S-C);'H
NMR ( 600MHz, CDCl, ) 8: 7.62 (dd, J = 7.6,
1.6Hz,1H) ,7.59(dd,J=8.0.1.0 Hz,1H) ,7. 46
(d,J]=8.7Hz,2H),7.38(d, J=16.4Hz, 1H) ,
7.28(dd,J=7.5.1.1 Hz,1H) ,7.17(wd,J= 7.8,
1.6 Hz,1H) ,6.92(d,/=8.8Hz,2H) ,6.83(d, /=
16.4Hz, 1H), 4.61 (s,2H),3.84 (s, 3H);"C
NMR ( 151MHz, CDCL,) 8: 165.9,162.9, 161. 1,
138.4,135.4,133.1,131.5,129.7,129.0,127.7,
127.4,124.7, 114.4, 107.1, 55. 4, 37.2; HRMS
(APCI) , m/z: C,yH ;BrN,0,S" [M+H ", FliE (K
405. 0090 ,403. 0110, S {E 405. 0081 ,403. 0104,

a1 o R, PR R T1%, K 1155 ~
116.3 °C;IR (KBr, em™ ) :3047.92 (Ar-H, C =
C-H), 2985.42, 2912.50, 2835.42 ( C-H),
1645.83 (C = N), 1606.25, 1543.75, 1477.08
(C=C, Ar), 1250.00 ( C-0-C), 679.17 ( C-S-
C);'H NMR (600MHz, CDCl,) 6:7.61 (t, J =
1.6Hz,1H) ,7.47(d,J=8.8Hz,2H) ,7.43(d,J =
8.0Hz, I1H),7.41 ~7.36 (m,2H),7.21 (t,J =
7.8Hz,1H),6.93 ~6.91(m,2H),6.83(d, J=
16.4Hz, 1H), 4.44 (s,2H),3.84 (s, 3H);"C
NMR ( 151MHz, CDCI, ) §: 165.9, 162.5, 161. 1,
138.5,138.0,132.0,131.2,130.3,129.0,127. 8,

127.4,122.6, 114.4, 107.0, 55.4, 36.0; HRMS
(APCI) , m/z; C,H;B:N,0,S" [M+H ", B {H
405. 0090 ,403. 0110, S {E 405. 0081 .403. 0104,

4m. H @K, 72 70%, 1505 125.8 ~
126.4 °C ;IR ( KBr, em™") : 3087.50 ( Ar-H, C =
C-H), 2995.83, 2937.50, 2837.50 ( C-H),
1635.42 (C = N), 1612.50, 1510. 42, 1470. 83
(C=C, Ar), 1256.25 (C-0-C), 672.92 ( C-S-
C);'H NMR ( 600MHz, CDC1,)8:7.49 ~7.45(m,
4H),7.38 (d, J = 16.4Hz, 1H), 7.33 (d, J =
8.4Hz,2H),6.94~6.90 (m,2H),6.83(d, J=
16.4Hz, 1H), 4.43 (s,2H),3.84 (s, 3H);"C
NMR ( 151MHz, CDCL, ) 8 165.9, 162.6, 161. 1,
138.5,134.8,131.9,130.8,129.0,127.4,122. 1,
114.4,107.0, 55.4, 36.0; HRMS ( APCI) , m/z:
C, HBrN,0,8" [ M + H ], 3 i {§ 405.0090,
403. 0110, S . 405. 0082 ,403. 0104,

dn. H @ [E 1k, 7= R 81%, I &5 90.6 ~
91.4 °C; IR (KBr, em™ ) : 3056.25 (Ar-H, C =
C-H), 2964.58, 2943.75, 2835.42 ( C-H),
1643.75 (C = N), 1608.33, 1543.75, 1468.75
(C=C, Ar), 1258.33 (C-0-C), 689.58 ( C-S-
C) ;'H NMR ( 600MHz, CDC1,)8;7. 48 ~7. 46 (m,
2H),7.39(d,J=16.4Hz,1H),7.27 ~7.24 (m,
1H),7.03~6.99(m,2H),6.93~6.91(m,2H) ,
6.85~6.82(m,2H) ,4.48(s,2H),3.84(s,3H),
3.80 (s, 3H);”C NMR ( 151MHz, CDCI, ) §:
165.8,163.0,161.1,159.8,138.3,137.0,129. 8,
129.0,127.4,121.3,114.6,114.4,113.7,107. 1,
55.3,36. 8; HRMS ( APCI) ,m/z; C,,H (N,0,8" [ M
+H]*, FE(E 355. 1111, S2{E 355. 1105,

do. [ o [ &, ;= R 81%, #& & 96.1 ~
96.7 C ;IR ( KBr, em™ ) :3025.00 ( Ar-H, C = C-
H),2979. 17, 2920. 83, 2839. 58 (C-H) , 1641. 67
(C=N),1606.25,1516.67,1464.58 (C=C, Ar),
1247.92 ( C-0-C ), 660.42 ( C-S-C);'H NMR
(600MHz, CDCl, ) 6:7.47 (d,J=8.7Hz,2H),
7.37(1,J=12. 1Hz,3H) ,6.92(d,J=8.8Hz,2H) ,
6.88~6.82(m,3H) ,4.46(s,2H),3.84(s,3H),
3.79 (s, 3H);”C NMR ( 151MHz, CDCl, ) §:
165.7,163.1,161.1,159. 4,138.3,130.4,129.0,
127.4,114.4, 114.2, 107.2, 55. 3, 36.5; HRMS
(APCI), m/z; C,,H(N,0,8* [M+H]", Blig
355. 1111, 5204 355. 1104,
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dp. F {0 [E A, 72 R 69% , M 5 160.2 ~
161.3 C;IR(KBr,em™) :3062. 50 ( Ar-H, C =C-
H),2997.92,2960. 42,2843.75 (C-H),2227.03
(-=CN), 1643.75 (C =N), 1612.50, 1543.75,
1512.50,1460. 42 (C=C,Ar) 1245.83 (C-0-C),
691.67 (C-S-C);'H NMR (600 MHz, CDCl,) &
7.64~7.61 (m,2H),7.60~7.56 (m,2H),7.48
~7.45 (m,2H),7.38 (d,J = 16.4 Hz, 1H),
6.93~6.90(m,2H) ,6.81(d,J=16.4Hz,1H),
4.50(s,2H),3.84(s,3H);”C NMR ( 151MHz,
CDCl,) 8: 166.1, 162.1, 161.2, 141.4, 138.7,
132.5,129.9,129.1,127.3,118.4,114.5,111.9,
106.9, 55.4, 35.9; HRMS ( APCI ), m/z:
C, HN,0,S"[M+H]", g (A 350. 0958, 5
{ 350. 0952,

4q: A @B R, 75 R 76%, B 5 99.3 ~
100.2 °C;IR(KBr,em™) :3077. 08 (Ar-H, C =C-
H) ,3006. 25,2925.00,2843.75 (C-H), 1637.50
(C=N),1610.42,1579.17,1481.25 (C=C,Ar),
1250.00 ( C-0-C), 670.83 ( C-S-C);'H NMR
(600MHz,CDC1,)6:7.48(d,J=8.7Hz,2H) ,7. 42
(d,J=16.4Hz,1H),7.31 ~7.26(m, 1H) ,6.92
(dd,J=12.4.5.9 Hz,4H) ,6.85(d,J=16. 4Hz,
IH), 4.54 (s, 2H), 3.84 (s, 3H);"C NMR
(151MHz,CDCl,)6:166.1,162.1(d, J=6.7Hz) ,
161.1,160.5(d,J=7.2Hz),138.6,130. 1 (t,J=
10.3Hz), 129.0, 127.4, 114.4, 112.0 (t, J =
18.9Hz) ,111.5(dd, J=20.8 . 4.5 Hz), 107.1,
55.4,24.3(t,J =3.4Hz) ; HRMS ( APCI) , m/z:
C, H,F,N,0,8 [ M+H]", i {H 361. 0817, SZilll
1 361. 0810,

ar. (O F R, 77 E 62%, M AN 150.2 ~
151.7 C ;IR (KBr, em™ ) : 3072.92 (Ar-H, C =
C-H), 2964.58, 2920.83, 2837.50 ( C-H),
1643.75 (C = N), 1608.33, 1543.75, 1477. 08
(C=C, Ar), 1258.33 (C-0-C), 687.50 ( C-S-
C);'H NMR (600MHz, CDCL,) 6:7.55 (dd,J =
7.7.1.3 Hz,1H) ,7.46(d,J=8.7Hz,2H) ,7. 44 ~
7.36(m,2H) ,7.16(t,J=7.9Hz,1H) ,6.92(d,J=
8.7Hz,2H),6.82(d,J=16.4Hz, 1H) ,4.62 (s,
2H),3.84(s,3H) ;"*C NMR (151MHz,CDCL,) &
166.0,162.7,161.1,138.5,136.1,133.5,132.6,
130.3,129.6,129.0, 127.4,114.4,107.0,55. 4,
35.2;HRMS ( APCI),m/z:C, H,;Cl,N,0,S" [ M+

H]", ¥ i {8 393.0226., 395.0218, 52 I &
393. 0220 ,395. 0224,

4s. [0 [ K, 77 % 73%, & & 119.1 ~
119.7 °C;IR(KBr,cm™") :3035.42 (Ar-H,C =C-
H),2975.00,2914. 58,2835.42 (C-H), 1647.92
(C=N),1604. 17,1539. 58,1479. 17 (C=C,Ar),
1254.17 ( C-0-C), 660.42 ( C-S-C);'H NMR
(600MHz, CDCl,) 6:7.62 (dd, J=8.6.6.0 Hz,
1H),7.47(t,J=5.7Hz,2H) ,7.39(d,J=16. 4Hz,
1H),7.16(dd,J=8.4.2.6 Hz,1H) ,6.97 ~ 6. 90
(m,3H),6.82(d,J=16.4Hz, 1H) ,4.56(s,2H) ,
3.84(s,3H);"C NMR(151MHz,CDCl,)8:166.0,
163.1(d, J =251.1Hz), 162.7, 161. 1, 138.5,
135.1(d, J = 10.4Hz), 132.6 (d, J = 8.9Hz) ,
129.8(d,J=3.6Hz) ,129.0,127.4,117.3,117. 1,
114.4(d,J=10.7Hz) ,114.2,107.0,55. 4,33. 8;
HRMS( APCI) ,m/z:C, H,,CIFN,0,S" [ M+H] ", 3
w i 377.0521, 379.0518  sZ M fE
377. 0516 .379. 0520,

4t O R, P25 T7% , 1505 74.1~74.8 °C;
IR ( KBr, em™): 3050.00 ( Ar-H, C = C-H),
2968.75,2933.33,2831.25 (C-H) ,1645.83 (C=
N), 1612.50, 1541. 67, 1470.83 (C = C, Ar),
1247.92 ( C-0-C), 697.92 ( C-S-C);'H NMR
(600MHz, CDCL, ) 8;7.48 ~ 7.46 (m, 2H) , 7. 38
(dd,J=15.8.12.3Hz,3H),7.21(d, J=8. 1Hz,
2H),6.94~6.91 (m,2H),6.84(d, J=16.4Hz,
1H),4.49 (s,2H),3.84(s,3H),1.30(d, J =
6.8Hz,1H), 1.24 (d, J = 6.9Hz, 6H) ;°C NMR
(151 MHz,CDCl,) 8:165.7,163.2,161.1,148.9,
138.3, 132.7, 129.0 (d, J = 13.3Hz), 127.5,
126.9, 114.4, 107.2, 55.4, 36.6, 33.8, 23.9;
HRMS(APCI) ,m/z: C,,;H,,N,0,S" [ M+H " #i{
{H 367. 1475, SEME 367. 1470,

du. [ @ F K, 77K T7%, B 122.7 ~
123.5 C ;IR (KBr,em™ ) :3052. 08 ( Ar-H, C = C-
H) ,2964.58,2902.08,2843.75 (C-H), 1645. 83
(C=N),1604. 17,1539. 58,1475.00 (C=C,Ar),
1241.67 ( C-0-C), 710.42 ( C-S-C);'H NMR
(600MHz,CDCl,)8:7.47(d,J=8.7Hz,2H) ,7. 38
(d,J=6.8Hz,5H) ,6.93~6.92(m,2H) ,6.85(d,
J=16.4 Hz,1H) ,4.49(s,2H) ,3.84(s,3H) ,1.31
(s,9H);“C NMR (151MHz, CDCl,) &; 165.7,
163.2,161.1,151.1,138.3,132.3,129.0,128. 8,
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127.5,125.7, 114.4, 107.2, 55.4, 36.5, 34.6,
31.2;HRMS( APCI) ,m/z: C,,H,,N,0,8" [ M+H]*
PRI 381. 1631, S2iI{E 381. 1625,

dv. [0 FE R, 72 T5%, 1 5 162.4 ~
162.9 °C ;IR (KBr,em™") :3018.88 (Ar-H, C=C-
H) ,2966. 80,2923.05,2841.80 ( C-H), 1645.98
(C=N),1608.48,1533.48,1481.40 (C=C,Ar),
1248.07 ( C-0-C), 698.07 ( C-S-C);'H NMR
(600MHz,CDCl,)8:7.91~7.89(m,2H) ,7.67(d,
J=8.4Hz,2H) ,7.46(d,J=8.7Hz,2H) ,7.38(d,
J=16.4Hz,1H) ,6.92~6.90(m,2H) ,6.81(d,J=
16. 4Hz,1H) ,4.53(s,2H) ,3. 83(s,3H),3.03(s,
3H);"”C NMR (151MHz,CDCI;)8:166.1,162. 1,
161.2,142.4,140. 1,138.7,130.1,129.1,127.8,
127.3, 114.5, 106.8, 55.4, 44.4, 35.7; HRMS
(APCI), m/z: C,,H,(N,0,S," [M+H]", it
403. 0781, S {E 403. 0774,

dw. A @ B R, =R 73%, S 1171 ~
117.9 °C ;IR (KBr, em™ ) : 3054. 17 (Ar-H, C =
C-H), 2960.42, 2922.92, 2833.33 ( C-H),
1647.92 (C = N), 1612.50, 1537.50, 1481.25
(C=C, Ar), 1243.75 (C-0-C), 679.17 ( C-S-
C);'H NMR ( 600MHz, CDCL,) 8:7.47 (d,J=
8.7Hz,2H),7.37 (dd, J=19.0,12.2 Hz,3H),
7.18(d, J=8.1Hz,2H) ,6.94 ~6.90 (m,2H) ,
6.84(d,J=16.4Hz,1H) ,4.49(s,2H),3.84 (s,
3H),2.64(d,J=7.6Hz,2H) ,1.23(t,J=17. 6Hz,
3H);"C NMR ( 151MHz, CDCl,)8:165.7,163.2,
161.1,144.2,138.3,132.6,129.0,128.3,127. 5,
114.4, 107.2, 55.4, 36.6, 28.5, 15.4; HRMS
(APCI) , m/z: CoyH, )N,0,8" [M+H ", i (K
353. 1318, SE{H 353. 1312,

ax. [ @ E KR, 75 R 73%, % 5 150.2 ~
150.7 C ;IR ( KBr, cm™" ) : 3045.83 (Ar-H, C =
C-H), 2977.08, 2910.42, 2843.75 ( C-H),
1645.83 (C = N), 1608.33, 1547.92, 1514. 58,
1470.83 (C=C, Ar), 1266.67 (C-0-C), 687.50
(C-S-C);'"H NMR (600MHz, CDCL, ) 8:7.48 (d,
J=8.7Hz,2H) ,7.39(d,J=16.4Hz,1H) ,7.05(s,
2H),6.93(t,J=5.5Hz,3H,H-9),6.85(d, J=
16.4Hz,1H) ,4.44(s,2H) ,3.85(s,3H) ,2.31(s,
6H) ;"°C NMR ( 151MHz, CDCl,)8:165.7,163.2,
161.0,138.4,138.2,135.2,129.8,129.0,127. 5,
126.9, 114.4, 107.2, 55.4, 36.8, 21.2; HRMS

(APCI), m/z; C,)H,N,0,S" [M+H]", Hlip{H
353. 1318, 5L 353. 1312,

dy. 1 {0 [E 1A, 72 R 75%, K 5 117.2 ~
117.9 °C ;IR(KBr, em™ ) :3072.92 (Ar-H,C=C-
H),2962.50,2908.33,2839.58 (C-H), 1641. 67
(C=N),1602.08,1550.00,1481.25 (C=C,Ar),
1254.17 ( C-0-C), 752.08 ( C-S-C);'H NMR
(600MHz,CDCI,)8:7. 61~7.58(m,4H) ,7.47(d,
J=8.8Hz,2H),7.38(d, J=16.4Hz, 1H) ,6.92
(d,J=8.7Hz,2H),6.83(d, J=16.4Hz, 1H) ,
4.52(s,2H),3.84(s,3H);”C NMR ( 151MHz,
CDCL,) &6: 166.0, 162.4, 161.1, 139.9, 138.6,
130.3,130. 1,129.5,129.0,127.3,125.7(q, J =
3.7Hz),124.8,123.0,114.4,107.0,55.4,35.9;
HRMS(APCI) , m/z: C,,H F,N,0,S [ M+H] " 3
WAE 393. 0879, SM{E 393. 0871,
1.4 BHirxtEWHBREEMEMK

o T 0 3 2 B SCHR [ 23 ] 4T 1Y O vk
1 AEHPRE & Y B i W E 10pg/mL T 100pg/
mL T, R B NAR S U AE A P o6 B 4
YA AR 25 R Rl S P LA D H ARk & )
PR IRAR B AE K A6 3, 7E 100pg/mL K, 4%
HRA R A AT TGP 7 S A G =80% ;B 4¢ .
60% ~79% ;C 2% :40% ~59% ; D % . <39%,
1.5 3D-QSAR ##f

K 85y F 01 3% 3 1 i (CoMFA) Fil
SYBYL-X2. 1. 1 % {4 #F 17 3D-QSAR #ff 58/,
B T H ARG 0 6 B R 1 o 0 1 3 o T
32, I EE 7. 100wg/mL B B 5075 P 19 3D-QSAR
AL

2 #R5iTe

St B Ak &9 B9 FT-IR S, 78 3018 ~
3072 em™",2839~2962 em™" WU 43 ) & T A
TR SF R el ds ke DL R A A C-H (R4 iR 3, 1465 ~
1674 em™ S A3 YIH JE F C =N .C =C FI
IR B SRR B, 1235 ~ 1254 em™', 658 ~
752 em™" W 43 A & T C—0—C Fil C—S—
C W4aiRshig, 76'H NMR 3K b (L2400 6
4.08~1.31.8 6.85~5.06 F1 5 7.91 ~6.74, 535
SEMFIRR ST AN R B 7 R R BR () R 15
i, 7EPC NMR &K W, 8 166. 17 ~ 114. 26 K
W T 5 2 ARG IR B 5 50656 28. 1 ~
55. 8 WEIHE Fr ki ke, HRMS Wow, Hirfk



<734 - &= SEE G S'S)

2026 4 5 89 % 55 6 MY

http://www. hxtb. org. cn

G da~dy Uik R M A B I ([M+
H]Y), BS Btk &0 Aars,
2.1 BEFUHBRERMSE

o 1 B0HE v, 7E 10/ mL (59 04 vk
T, A U B AR A PR R PR S M BEAE E
55, fHIETE 100pg/mL (MK T, R EB 4
HAn= 4 4a~ 4y X5 AE 90 =% 09 IR AR A K
LB B R ) &Iy i AR A YA — o A T
P, A AR 40 AR B RS A e
¥ 40 (R=p-0CH,) 4n (R=m-0CH,) 4e (R=
m—F)Fl 4a (R=H) X FLE L i A K B30 68 2
WM 78.9% .76. 9% 67. 8% K1 60. 8% (i 1 7K -
Ik B 90) , 1T 3 100 2555 BH 1 T R ke g8
JHEHR 2 (76.5%)

F1 LEYda~dy HREFME
Tab.1 Herbicidal activity of compounds 4a~ 4y
TH%E HES

ey Brassica Campestris Echinochloa crusgalli
10pg/mL  100pg/mL  10pwg/mL  100pg/mL
4a 11.4 19.7 29.8 60. 8
4b 0 35.0 0 18. 8
4c 14.6 22.0 21.1 45.7
4d 0 29.5 44. 4 57.4
4e 0 17.8 50. 4 67.8
4f 0 22.4 27 40.0
4g 0 14.9 0 0
4h 0 14.5 14. 6 28.0
4i 0 0 0 26.0
4j 0 18.8 26.8 45.6
4k 14.0 17. 4 0 0
41 0 21.0 0 12.7
4m 12.6 20. 4 13.5 13.9
4n 16.9 38.2 36.7 76.8
40 11.9 33.5 55.0 78.9
4p 0 17.9 13.5 45.8
4q 0 32.8 25.9 44.8
4r 0 22.2 0 0
4s 0 17.7 0 0
4t 0 19.4 19.9 25.7
4u 0 35.4 0 20.2
4v 0 0 0 0
4w 0 29.8 0 39.2
4x 0 31.6 0 22.7
4y 0 22.0 0 24. 6
IR 45.8 61.0 73.1 76.5

2.2 3D-QSAR 4%

L CoMFA J5 k7 SYBYL 2. 1. 1 5
BT HARE A YmE B S 1,3, 4-08
B ik P19 225 ) o L o A8 e 1) A RO R
(3D-QSAR) . BAZEH IR EE T Tripos

J1 3 0 S B RS o AR, 2 o U S RE BN
0. 005kcal/(mol * A) il Gasteiger-Hiickel Hi, fif,
W 2 s, AR 20 4> BFribS W1E Tl 25
SRR ERRTAY I B 3 ML G W AE R R
R UERB AL AT SEME . S5 R INR 3 PR A OC R AL
(r*=0.997) S XEiE R 5 (¢> =0.529) fhiiths
HEIR 2% (S=0.039) K& Fisher H{H (F =136.118)
SEBRORM T A S A R, A, AR
Ay 3 i LU A X4y A RGR &= (ED) L 45
R 2,

ED =lg{I/[ (100% - 1) x MW]} (1)
Hrp 1 2 100peg/mL B0 6 % MW Ry 53+ &
B 1 FR B SES ED (A5 H0 ED (B BUS K, B
R SR AAE V=X LRMHIE , JF— IR SE
% 3D-QSAR HERLEAT R 47 1) i g

%®2 K ED{ESHN ED'E
Tab.2 Experimental ED values and predicted ED’ values

&Y SEH ED i ED’ E(H
4a -2.321 -2.318 -0.003
4b* -3.165 -3.16 -0. 005
4c -2. 605 -2.589 -0.016
4d -2.405 -2.412 0. 007
de -2.212 -2.237 0.025
af -2.711 -2.693 -0.018
4h -2.965 -2.919 -0. 046
4 -3.009 -2.978 -0.031
4g -2.63 -2.583 -0.047
41 -3.444 -3.46 0.016
4m -3.399 -3.376 -0.023
4n -2.03 -2.036 0. 006
40 -1.977 -1.985 0. 008
4p -2.617 -2. 687 0. 07
4q -2.648 -2.661 0.013
4t -3.025 -3.015 -0.01
4u -3.177 -3.184 0. 007
4w” -3.065 -3.093 0.028
4x -2.962 -2.978 0.016
4y* -3.421 -3.438 0.017

*3 BIRUEYH CoMFA &R
Tab.3 CoMFA analysis results of the target compounds

Contribution/ %

q2 I S F

Steric  Electrostatic

0.529 0.997 0.039 136. 118 60. 5 39.5

R AW da VE BRI T, 91 H AR S ARid
TOAIBERIEF NE 2(A) i, ¥ 25 4
feE s, mE 2(B) iR, &4 Bisfk &9
NSFEE IR BRI B
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20k 77Y:X
R“=0.997
241
a [
[-q .
[}
£ -2.8+ .
321
3.6 . . . . . . . .
3.6 =32 -2.8 -2.4 -2.0

Exp.ED

Bl 1 SEI{E(ED) SHMNE(ED) ME=E
Fig.1 Scatter plot of experimental values (ED) vs.

predicted values (ED’)

3 3 AT, 25 (6] 375 5 . 3 1 Tk 2 450l
A 60. 5% F1 39. 5% , 7 W 25 [A] RN A2 52 M B B3
PER S 2, 3D-QSAR 555 it 57 4K 3 F e e
Yyt eni®l 2 fos . 7R 2(C) H 2R3 m 7 F p
B ERER )y B, BRI TR IZ AL 5| A KRR TR A
AR BAE SR BREIE M, B0, 40 (R=p-
OCH,,78.9%) Fll 4n (R=m—-OCH,,76. 8% ) B
T 4i (R=m-Cl,26.0%) #l 4n (R =p-CH,,
45.7%) . TEE2(D) BIRARIE m i p (AFAELLE
T R AN B 5 | AW S A F T
PR ES . 1N, 4d (R=m~-F, 57.4%) #ild4e (R=
p—CN,67.8%) 1. F 4t (R=p-CH(CH,),,25.7%)
Ml 4u (R=p-C(CH;),,20.2%) ,

B2 EEMEL34E_NERBASYNEREEE(A) BABRE(B) I (C) MR (D) MRHE

Fig.2 Contribution diagrams of star-shaped structure (A), superimposed skeleton diagram (B) , steric field (C) ,

and electrostatic field (D) for anethole-derived 1,3,4-oxadiazole-thioether compounds

3 it

DA THT 7 ik 4 T A5 380 1) 1T 78 1 R 1R A IR
WL N-IAl A5 SRR O, A s 3 25
AR DL SRR ) T A i 1, 3, 4T e L
itk &%) 4a~dy, i FT-IR ,'"H NMR . ”C NMR
Fl HRMS 25 2 Fp b A X H brfb & 90 19 5 1 454
HEAT T AT RN RAE . 028 B B PR SR I, 1k
4 40 (R=p-OCH,) Hl 4n (R=m-OCH,) %}
LGP AR IR 5390 R 78. 9% F1 76. 9% (1
PEACERIE B 90) , Y00 F BH AT HE DA B 5 e
8 R CoMFA J5 ik 7 HbrE B W5 745
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