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Abstract In order to find efficient, low toxicity, eco-friendly insecticides, novel chiral carbon and sulfur phthalic acid dia-
mide derivatives containing pyridine substitute were designed and synthesized for further studying the structure-activity rela-
tionship of dual-chiral sulfilimines and sulfoximines. Their structures were confirmed by NMR and HRMS. The preliminary
results of biological evaluation showed that the most compounds exhibited moderate larvicidal activity. These results provide a
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theoretical basis for the study of the dicarboxamide structures containing sulfiliminyl and sulfoximinyl moieties.
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Figure 1 Chemical structures of flubendiamide and title compounds
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Table 1 Larvicidal activity (%) against oriental armyworm of
title compounds

c/(mgeL™")
Compd =00 50 25 10 5 25 1
Ia 100 60
b 40
Ie 100 100 60
1d 100 100 100 20
Te 100 100 40
It 100 100 100 20
Ig 100 50
Th 100 100 100 20
Ii 100 100 60
A 100 100 100 100 100 100 40
B 100 100 100 100 100 100 100
C 100 100 100 100 60
D 100 100 100 100 100 100 100
E 100 100 100 100 100 100 100
Flubendiamide 100 100 100 100 100
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AL ZR A A BR A F]).
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HHEA 1. 4 F1 S S RS IBOCER[S~9), = mE&id
S SE AT N — B R

rh a4 3 2 MESCER[10~ 1414 K. 7E 500 mL = Zjij%
RN L-ZFE N EE (133 mmol) /b & 2, 1 — F ik,
WU IR A 35, BEARNEBEHIRERE 0 CLL
T, BN SERZ(133 mmol), TIN5 IS RNV 45,
WEZEBR £, A EEARAR 22.3 g £ 500 mL =3
BRI 20% FBREEAATE(0.172 mmol), $HiHE1I%
T I NEEALEN(0.287 mmol), SEAVEMR G, IR
BN E AU 49K K (0.334mmol), ZZ18THRE 90 C, &
N 10 h, FEEGETE EOTME, AR LER, 5 ER
a3,

322 BiRAS4 I 8E R

b &Y Ta~If. Th. Ti % CHR[5~8]H K.

&Y 1g ZIECHR[ 15~ 18] 7V A k. ¥ Hh [al4A Tf
(1.0 mmol). FEERIMACAL(1.0 mmol)FIE % (1.0 mmol)i&
TRA 1,4- 45 NFF (20.0 mL)f 50 mL B8 3] B
W TEVKOKIB IR R, BidE 30 min. RIS THE
325 °C, YREEHE R, FHE S G (TLC) R I s B i
B, RMERE, BIREVEINKT, H L GEE20.0
mL X3)ZEHL, R4 — RAIRYE . BB Eh e T 1545
JEACER, TRZERR EVEA, 1S Y, HEER A A E
24 1g.

(S)-N*-[2- F Bk -4- (L 6 57 1R ik -2- 31 2R 3L -V [1-(FF
T 36 ) S A 36 -2- R e i -2,3- — R G i (Ta): 1 £ A
FEE 72.14%. mp. 121~123 C; [a]y +2.40 (¢ 0.5,
MeOH); 'H NMR (DMSO-ds, 400 MHz) d: 10.55 (s, 1H,
Ar-NH), 8.68 (dd, J=4.6, 1.6 Hz, 1H, Ar-H), 8.45 (d, J=
7.5 Hz, 1H, Ar-H), 8.29 (d, J=7.0 Hz, 1H, Ar-H), 8.20 (d,
J=7.8 Hz, 1H, Ar-H), 7.60 (dd, J=7.9, 4.6 Hz, 1H, Ar-H),
7.48 (d, J=8.4 Hz, 1H, Ar-H), 7.44 (s, 1H, CNH), 4.41~
434 (m, 1H, NCH), 2.75 (qd, J=13.5, 6.0 Hz, 2H, SCH,),
2.44 (s, 3H, SCH3), 2.16 (s, 3H, ArCHj), 1.38 (d, J=6.7
Hz, 3H, CCH,); °C NMR (DMSO-ds, 100 MHz) J: 15.17,
17.83, 19.57, 40.20, 44.14, 120.78, 119.72, 120.98, 123.10,
125.38, 125.88, 126.99, 132.49, 133.39, 136.89, 139.57,
147.09, 148.64, 163.03, 166.76. HRMS calcd for Cy Hy F-
N;0,S [M+H]" 512.1237, found 512.1239

(S,R)-N*-[2- Fft 3 -4-( L 9oL S 74 3 -2- 3 ) R 5L -V

http://sioc-journal.cn/ 911
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[1-(V-5HE -S- F LB D Jig i ) e A k-2 -k b g -2,3- — HY
fEfe(Ib): Ak, =% 78.21%. m.p. 109~110 C;
[a]h —26.8 (¢ 0.5, MeOH); 'H NMR (DMSO-d,, 400
MHz) §: 9.90 (s, 1H, Ar-NH), 9.14 (d, J=8.8 Hz, 1H,
CNH), 8.75 (d, J=3.3 Hz, 1H, Ar-H), 8.04 (d, J=7.3 Hz,
1H, Ar-H), 7.95 (d, J=8.3 Hz, 1H, Ar-H), 7.72 (dd, J=
7.7, 4.8 Hz, 1H, Ar-H), 7.55~7.51 (m, 2H, Ar-H), 4.42~
434 (m, 1H, NCH), 3.40 (d, J=7.1 Hz, 2H, SCH,), 2.83
(s, 3H, SCH;), 2.36 (s, 3H, ArCH3), 1.33 (d, J=6.7 Hz,
3H, CCHs); “C NMR (DMSO-ds;, 100 MHz) : 18.39,
20.21, 32.67, 41.44, 55.82, 120.83, 121.23, 121.32, 121.53,
123.64, 125.88, 126.60, 127.50, 133.07, 133.95, 137.46,
140.06, 147.37, 149.23, 164.02, 167.11. HRMS calcd for
CyHy FaN50,S [M+H]" 552.1299, found 552.1302.
(S,S)-N>-[2- Fl Jk -4-( L 5 7 T 366 -2- 3k ) % 6 -V
[1-(N-F5-S- FF T P fl 2 ) ¢ ) 5 -2- 2 b g -2,3- —
M iz (Ie): A B lE A, =2 27.19%. m.p. 86~87 C;
[a]) +31.8 (¢ 0.5, MeOH). '"H NMR (DMSO-d,, 400
MHz) d: 991 (s, 1H, Ar-NH), 9.06 (d, J=8.5 Hz, 1H,
CNH), 8.74 (d, J=3.4 Hz, 1H, Ar-H), 8.03 (d, J=7.1 Hz,
1H, Ar-H), 7.97 (d, J=8.3 Hz, 1H, Ar-H), 7.73 (dd, J=
7.8, 4.6 Hz, 1H, Ar-H), 7.53 (d, J=13.7 Hz, 2H, Ar-H),
4.42~436 (m, 1H, NCH), 3.51 (dd, J=13.2, 10.3 Hz, 1H,
SCH,), 3.29 (d, J=4.0 Hz, 1H, SCH,), 2.82 (s, 3H, SCH3),
2.35 (s, 3H, ArCHs;), 1.31 (d, J=6.6 Hz, 3H, CCH3); "°C
NMR (DMSO-ds, 100 MHz) §: 18.12, 20.29, 32.97, 41.04,
54.49, 119.54, 121.34, 121.46, 121.96, 123.63, 126.29,
126.71, 127.55, 133.40, 133.61, 137.29, 139.45, 146.89,
149.45, 164.23, 167.66. HRMS calcd for Cy,Hy F:N50,S
[M+H]" 552.1299, found 552.1302.
(S,R)-N-[2- F Jk -4-( L 380 57 7 3k -2- 1)) 2% 6 1-NV>-
[1-(N- =380 £ T F -S- L 10 WD b % ) S A - 2- R b g -
2,3- W EAd): AR, F7E 88.79%. m.p. 179~
187 C; [a]® —10.2 (¢ 0.5, MeOH); 'H NMR (DMSO-
de, 400 MHz) J: 9.96 (s, 1H, Ar-NH), 9.21 (d, J=8.6 Hz,
1H, CNH), 8.75 (d, J=3.6 Hz, 1H, Ar-H), 8.06 (d, J=7.3
Hz, 1H, Ar-H), 7.95 (d, J=8.3 Hz, 1H, Ar-H), 7.74 (t, J=
4.4 Hz, 1H, Ar-H), 7.53 (d, J=13.2 Hz, 2H, Ar-H), 4.44~
4.41 (m, 1H, NCH), 3.66~3.57 (m, 2H, SCH,), 2.86 (s,
3H, SCHs), 2.36 (s, 3H, ArCH3), 1.33 (d, J=6.5 Hz, 3H,
CCH,); C NMR (DMSO-d,, 100 MHz) o: 17.85, 19.78,
28.46, 40.50, 51.90, 115.47, 119.98, 120.88, 121.08,
123.12, 125.42, 126.12, 127.01, 132.63, 133.51, 136.96,
139.54, 146.79, 148.73, 163.61, 164.57, 166.58. HRMS
caled for CaH, FioN4OsS [M+H]" 623.1169, found
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623.1175.

(S,8)-N>-[2- F1 5 -4-(-L g 7 1 26 -2- 3 ) R 3L -V [1-
(N-=9 LT = -S- H St I fr ) S A9 i -2k T EE g -2, 3
B (Te): AR, 72 90.32%. m.p. 85~86 C;
[a]y +12.8 (¢ 0.5, MeOH); 'H NMR (DMSO-d;, 400
MHz) 6: 9.93 (s, 1H, Ar-NH), 9.11 (d, J=8.3 Hz, 1H,
CNH), 8.74 (d, J=4.4 Hz, 1H, Ar-H), 8.04 (d, J=7.4 Hz,
1H, Ar-H), 7.96 (d, J=8.1 Hz, 1H, Ar-H), 7.73 (t, J=4.0
Hz, 1H, Ar-H), 7.53 (d, J=13.4 Hz, 2H, Ar-H), 4.46~4.43
(m, 1H, NCH), 3.65~3.56 (m, 2H, SCH,), 2.85 (s, 3H,
SCH;), 2.35 (s, 3H, ArCH;), 1.32 (d, J=6.3 Hz, 3H,
CCH3); *C NMR (DMSO-d,, 100 MHz) 6: 17.76, 19.96,
29.65, 41.52, 51.91, 116.00, 119.32, 122.01, 122.22,
123.34, 125.96, 126.38, 127.34, 133.28, 133.62, 137.08,
139.52, 146.83, 149.10, 164.00, 165.57, 167.55. HRMS
caled for Cy3H,FioN4O3S [M—|—H]+ 623.1169, found
623.1175.

NP-[2- 1 5 -4- (LR A R -2- 38 ) R 3 -V [1-(F i
o) SR R0 -2, 3- I ELRE () (A EE A, e
70.56%. m.p. 78~80 °C; 'H NMR (DMSO-d, 400 MHz)
8:9.90 (s, 1H, Ar-NH), 8.73~8.70 (m, 1H, Ar-H), 8.22 (s,
1H, CNH), 8.03 (d, J=7.7 Hz, 1H, Ar-H), 7.96 (d, J=8.4
Hz, 1H, Ar-H), 7.71 (dd, J=7.7, 4.8 Hz, 1H, Ar-H), 7.57~
7.51 (m, 2H, Ar-H), 2.99 (s, 2H, SCH,), 2.36 (s, 3H,
SCH3), 2.09 (s, 3H, ArCHs), 1.43 (s, 6H, C(CH),); “*C
NMR (DMSO-d, 100 MHz) J: 17.36, 18.31, 26.54, 44.57,
54.49, 120.29, 121.28, 121.48, 122.37, 123.63, 125.85,
126.45, 127.51, 132.97, 133.56, 137.57, 140.03, 147.57,
149.08, 163.35, 167.14. HRMS caled for CpHysF;N;30,S
[M+H]" 526.1394, found 526.1396.

N°-[2- Bk -4- (LR 5 7R 6 -2- 36 ) K B - VA [1-(N-F1
B -S- FHBL I 0 i 3% )-2- FR s S 1 A -2- ik g -2,3- —
Fhiz(Ig): AMEA, 723 93.74%. mp. 88~90 C; 'H
NMR (DMSO-d,, 400 MHz) 6: 9.95 (s, 1H, Ar-NH), 8.72
(d, J=4.0 Hz, 1H, Ar-H), 8.64 (s, 1H, CNH), 8.06 (d, J=
7.6 Hz, 1H, Ar-H), 7.94 (d, J=8.3 Hz, 1H, Ar-H), 7.72
(dd, J=7.4, 49 Hz, 1H, Ar-H), 7.54 (d, J=12.2 Hz, 2H,
Ar-H), 3.83 (d, J=13.6 Hz, 1H, SCH,), 3.48 (d, J=13.7
Hz, 1H, SCH,), 2.78 (s, 3H, SCH3), 2.37 (s, 3H, ArCH;),
1.57 (s, 3H, C(CHs),), 1.53 (s, 3H, C(CHs),); *C NMR
(DMSO-d,, 100 MHz) ¢: 18.38, 26.81, 27.16, 30.99, 52.89,
56.64, 119.19, 121.44, 121.64, 122.09, 123.67, 12591,
126.38, 127.54, 133.18, 133.40, 137.43, 139.99, 148.13,
149.16, 164.70, 166.98. HRMS calcd for Cp3H,3F;N5O,S
[M+H]" 566.1455, found 566.1460.
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N-[2- Bk -4 (L R 7R 6 -2- 6 ) 2R 3 -V [ 1-( itk
Bk 3 ) S 1 ik -2- L e -2,3- — H BE i (Th): 3 €8 [ A,
FEF 75.23%. m.p. 76~78 C; 'H NMR (DMSO-dq, 400
MHz) §: 9.95 (s, 1H, Ar-NH), 8.73 (d, J=3.3 Hz, 1H,
Ar-H), 8.61 (s, 1H, CNH), 8.06 (d, J=7.1 Hz, 1H, Ar-H),
7.97 (d, J=8.3 Hz, 1H, Ar-H), 7.73 (dd, J=7.2, 4.7 Hz,
1H, Ar-H), 7.55 (d, J=13.4 Hz, 2H, Ar-H), 3.76 (s, 2H,
SCH,), 3.00 (s, 3H, SCH3), 2.38 (s, 3H, ArCH3), 1.60 (s,
6H, C(CH3),). HRMS caled for C,,H,3F,N;0,S [M+H]"
558.1292, found 558.1303.

(S)-N*-[2- FF Jk -4 (L 3 S 7R 2k -2- 2 2R R -V [ 1-(HR
TR PR 3 ) S P 2k -2- B I i -2,3- — PR BE i (): 13 €2 14K,
FE R 82.54%. m.p. 86~87 C; [alf) —86.4 (¢ 0.5,
MeOH); 'H NMR (DMSO-d,, 400 MHz) 6 9.93 (s, 1H,
Ar-NH), 9.02 (d, J=8.6 Hz, 1H, Ar-H), 8.73 (d, J=3.2
Hz, 1H, Ar-H), 8.04 (d, J=7.4 Hz, 1H, Ar-H), 7.96 (d, J=
8.2 Hz, 1H, Ar-H), 7.74~7.69 (m, 1H, Ar-H), 7.55 (s, 1H,
Ar-H), 7.52 (s, 1H, CNH), 4.54~4.53 (m, 1H, NCH), 3.62
(dd, J=14.3, 7.8 Hz, 1H, SCH,), 3.30 (dd, J=15.2, 4.8
Hz, 1H, SCH,), 2.98 (s, 3H, SCH3), 2.36 (s, 3H, ArCH;),
1.30 (d, J=6.5 Hz, 3H, CCH3); >C NMR (DMSO-dq, 100
MHz) 6: 17.92, 20.76, 40.74, 41.47, 58.35, 120.38, 120.90,
121.11, 123.19, 125.49, 126.07, 127.06, 132.62, 133.59,
136.99, 139.63, 147.03, 148.73, 163.08, 166.73. HRMS
caled for C,H,F:N;0,8 [M+ H] ™ 544.1136, found
544.1142.

3.3 HMFEE

Ptk B U A TR A R 1) 2R D RG HRUOE
FEAR, R YR Z RN Mythimna separate Walker, XJH
SCHR[19~20] 5 VE AT iE PR k. AL BB AR,
PRI A A o P 1) A (RS FE (R VTR, YRI5 () 5 B 1
WK Fr, BT SR HRON 7 om 8571001, 42N 4 1%
L, EE SIS 2~4 IR, 0T REZEL S FH A [R] 5 0 TR R I VR
BETEKM, BT E1EFRAIH. 24 h JEE I EOK
M. ESS 48, 72 h HEATULEE, JRidsRSEIas R, LUK
HSER IO T (P ik 2 ANEh) 4l B SE T hRE.

%4 B #4 Bl (Supporting Information) FT & 1k & %) 1
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NMR (DMSO-dg)Fil HRMS i FI%HE. i Ledd Rl ] LL 4
i WAFI 35 (http://sioc-journal.cn/) | N %K.
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