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Design, Synthesis and Insecticidal, Acaricidal Activities of Novel
Pyrrole-2-carboxylic Acid and Their Derivatives

Guang, Mingjia Jiang, Shuo Zhu, Baoyu Zhang, Rusong

Wang, Kunpeng Wang, Minghui Xu, Liangzhong*
(College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao, Shandong 266042)

Abstract To discover new pyrrole pesticide candidates with good biological activity, based on the chemical structure of the
highly efficient insecticidal and acaricidal agent chlorfenapyr, three key intermediates pyrrole-2-carboxylic acid and 26 new
pyrrole compounds were designed and synthesized by active substructure splicing method. The effects of different substituents
on the biological activity of pyrrole compounds were explored by changing the N substituents of pyrrole ring. The bioassay
results showed that most of the compounds showed good insecticidal activity against Plutella xylostella and Spodoptera exigua
Hiibner, and some compounds showed a certain degree of acaricidal activity against Tetranychus cinnabarinus. 3-Bromo-1-
(butoxymethyl)-5-(4-chlorophenyl)-4-cyano-N-(2,4-dimethylphenyl)-1 H-pyrrole-2-carboxamide (6r), 3-bromo-5-(4-chloro-
phenyl)-4-cyano-1-ethyl-N-(2-methyl-4-(perfluoropropan-2-yl)phenyl)-1 H-pyrrole-2-carboxamide (6v), and 3-bromo-5-(4-ch-
lorophenyl)-4-cyano-N-(2,5-dichloro-4-(1,1,2,3,3,3-hexafluoropropoxy)phenyl)-1-ethyl-1 H-pyrrole-2-carboxamide  (6z) are
insecticidal at a concentration of 100 mgeL !. The effect is similar to that of diflubenzuron, which was lower than the
insecticidal acaricidal activity of chlorfenapyr, and the acaricidal effect was better than that of the commercial acaricide
propargite.

Keywords pyrrole; chlorfenapyr; new pesticide; biological activity
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F AR K A4k, 2008 4F Wang BRI I2HRIE T 5 g
B 2-FFFEMEMSAL A A Ko WGk 06 B H P SR
HUEIE I 2.65 5, & N-Je R BT B 5
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Figure 1 Compounds A~D and commercialized pyrrole derivatives
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Scheme 1 Strategy of target compounds
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4.0. X HrLEY 6i~6k #AT0H, BT F R THIR
W, AETEE BRSNS R R K R 5)), TR
M EIE X HAMEEY 61~6z AT T, BERRE L
AL 0 MHAE 8.9~11.0, T WHE EMEE 25| O
JEF IR s R N R 7~ [ XU R, b7 B B 2 K37
#3)). BC NMR i B 2R, BRIEmA =A% 5 HAE 160.0
FoAi, FIEA AR 6 {HAE 125.0 244, 75 FERR AN s
FeB 6 (HAE 95.0~145.0, 5 F JE-FH1IZE S 4R Aok B B0
THEIR, LLleq B, 5 FJETHIEMRARIEEHE
J=195.4 Hz, #EEFHHEIVESR M EWUER T F R
FIAFAE.
1.3 FHRFEHEMHMRER RN RZD
HAREEY) 6a~6z A% HUR M E MM 4 2 W&
1. & K 2 Bk S nt /N SRR B SE ORI B
UF 12 BTG 1, X 2 T Pl o, Y s e 1 R Ul v

P, ERFEA 500 mgeL ' T, &4 6a~6h 175 HEL
TEHA 70%~84%, WEW 6i~6z M4 HEILE N
100%, i RE 24 7] duli i 11 2% RBUEZ N 100%; {ERE
N 100 mgeL ' T, tbEY 6a~6h 1% HEILE N
30%~50%, AEILHREEE, (LEY) 6i~6z HIARH
HIEHN 70%~92%, RIEBILEA 70%~95%, SXt
FE 24771 B FRUR B 7% A RAR T, ARy M A %o L 2471
IR, AR T T HE 24 750 i G 1 2 T R 0 e
TEMREESN 20 mgeL ', KRR 2455 dl i (1 % Bt A
H100%, &) 61~ 6z 1% HUEFEHR N 34%~60%, H
1 6q. 6r. 6v Fil 6z o H B )R HUE I FEIREE AN
10 mgeL ™' ', XJ 2477 Ul I O R B BUEZN 80%,
& 61~ 6z T RIHEBILE N 40%~60%, HH 6i. 6]
6r. 6v Al 6z o HE AWM. 7ERTIH I = Fh
FUEIRET, HIRMLEY) 6a~6z 175 H A i (%
T xf W 2470 g . 3BT OIS TR AL AR

R 1 HIRMEED) 6a~6z IX) 7% RS PE N 145

Table 1 Insecticidal acaricidal activity test results for target compounds 6a~ 6z

Insecticidal activity (fatality rate)/%

Acaricidal activity (fatality rate)/%

Compd. Plutella xylostella Spodoptera exigua Hiibner Tetranychus cinnabarinus
500mgeL ! 100mgeL™! 20mgeL ! 500mgeL! 100mgeL ' 20mgeL ! 100 mgeL ! 10 mgeL !

6a 80 36 — 78 30 — 0 —
6b 83 39 — 75 32 — 0 —
6c 71 43 — 80 37 — 0 —
6d 70 47 — 81 30 — 0 —
6e 82 34 — 73 35 — 0 —
6f 84 30 — 70 31 — 0 —
6g 73 47 — 78 40 — 0 —
6h 80 50 — 82 43 — 0 —
6i 100 78 37 100 80 47 87 59
6j 100 76 46 100 77 41 89 60
6k 100 70 42 95 70 46 80 40
61 100 86 40 90 81 50 80 45
6m 100 70 34 100 80 42 85 50
6n 100 75 39 100 68 30 85 55
60 100 81 50 100 82 46 70 50
6p 100 86 57 100 78 41 75 40
6q 100 90 63 100 90 59 70 40
6r 100 92 61 100 92 60 89 60
6s 100 73 37 100 68 30 80 50
6t 100 79 35 100 69 31 85 55
6u 100 82 40 100 70 40 80 45
6v 100 90 60 100 92 61 90 60
6w 100 86 52 100 79 49 70 55
6x 100 73 54 100 70 41 80 50
6y 100 80 50 100 86 50 85 53
6z 100 91 59 100 91 59 95 65
C-1% — — — — — — 67 34
C-2¢ 100 95 63 100 97 67 — —
C-34 100 100 100 100 100 100 97 80

@ refers to “not tested”; * C-1=Propargite; ¢ C-2=Diflubenzuron; ¢ C-3= Chlorfenapyr.
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HOURBETE, JEEEI LCso fH. 45 REIRGEE 2~4), 1k
EW)6q. 6r 6v Fl 62 % HUIE 1WA T %o HE 24 771 Bk IR
(LCso N 12.27 A1 9.86 mgeL™"), Ik T e 24 751 il
Fi§(LCso 155 2.15 1221 mgeL ™Y, tb&4) 6i. 6j. 6r.
6v 6z %M PE iy 1% HE 24 77 Bl R (LCso 1EM 16.19
mgeL ), T XS B 24 70 dUi i (LCso (B4 1.85 mgeL™
N, MR R HTAIE, Hukig 2 ARy R
B, A NS BGRR[0 A8 A R R A W P e A s 2
SR, A B 6a~6h Jo R R R IETE 1, A HUE PR T
ng 2 A HUARIE N & BUR BRI R AR AL SR & 5 % Tk
IR E AL S N JE -7 BREAR AR AL &4
PG PENR T R N-T 4k R > N- 2k > N-FR O 2R i
(R R IR AR 2 b 5 90U B 2 R A i 5 b v T
JHe A B o7 R M v P AT O S 3
£2 LA 6q, 6r, 6v, 6z, C-2 Fl C-3 XH/NEHKITT LCso {4

Table 2 LCso Values of compounds 6q, 6r, 6v, 6z, C-2 and C-3
against Diamondback Moth

Compd. y=ax+b LCso/(mg°L™ 1) R
6q y=1.86x+2.65 18.34 0.97
6r y=1.62x+2.97 17.91 0.97
6v y=1.52x+3.01 20.38 0.96
6z y=1.69x+2.83 19.23 0.98
C-2 y=1.80x+3.04 12.27 0.98
C-3 y=2.37x+4.21 2.15 0.97

£3 LB 6q, 6r, 6v, 6z, C-2 Fl C-3 X ETEBRME LCso 1
Table 3 LCso Values of compounds 6q, 6r, 6v, 6z, C-2 and C-3
against Beet armyworm

Compd. y=ax+b LCso/(mgeL 1) R
6q y=151x+3.24 14.64 0.98
6r y=1.54x+3.18 15.20 0.97
6v y=1.74x+2.96 14.87 0.97
6z y=1.61x+3.09 15.36 0.98
C-2 y=172x+3.29 9.86 0.97
C-3 y=2.11x+4.27 2.21 0.96

F4 1LEW 6, 6j, 6r, 6v, 6z, C-2 F1 C-3 Kt AAP ) LCso

(l
Table 4 LCso Values of compounds 6i, 6j, 6r, 6v, 6z, C-1 and
C-3 against Tetranychus cinnabarinus

Compd. y=ax+b LCso/(mg°L " R
6i y=130x+3.76 8.99 0.95
6j y=120x+3.92 7.94 0.97
6r y=129x+3.83 8.07 0.96
6v y=131x+3.80 8.24 0.97
6z y=1.20x+4.05 6.19 0.96
C-1 y=1.29x+3.44 16.19 0.96
C-3 y=1.01x+4.73 1.85 0.96
2 ZAig

PLIGVE AR TE)AA 4-VR-5- =% FF FE-2-(4- S I 38)- 1 -l
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AT PEDA S T 1, BTG Rk 2 L S RN
W SRR A S I R s R PR A HUOR IR T A,
&) 6r. 6v. 6z I HARRTELUT IS wEid
MR R, HUEHE N =R OE. UHEA RS
MAEYETER BT N-BUR R -2- 1 R A &
W, BERERAL VRIS RIS B S s R P, R
THCERR I RIS & B AR S g, (HIER
R Ik = R R R P L s I A A ERLE G ) R RO U v
P, AT HE W = 460 R 2 2 HOIH T 4 A AN T R ) v e
B, A TAE A 5B B 0% da R e Fe e it 1
—EM B S%.

3 LIRS
31 B 5IE

MR MP-420 4= H B AUAE A, i a4
WA AT, ZEILHRI(Bruker Avance 500 MHz %),
i EATE AT B PEFEA(HRMS), (REEH ()
BHEA IR AT, e 78 K ARE-52C 1Y), gV 50 p e
ACES T PEKRE S (SHB-D ), M TAX 3% %
FAMRAF, LA RN B P4k 1) 200~300 H
REE R T35 R4 T, B S8 24 S 2 R i 5 oy
Mradi,

3.2 FWHE
321 3-iR-5-(4- 3R K)-4- FUA-1H-wk g 2-F BR 7
B5 (2) 89 4 %,

3-YR-5-(4- SR B )-4-F B - L H-TE v -2- FE R HR R (2)
HZ 2 SCHR[15] 7 VA R
322 WFIE4K 4a~4c 495 A%

DL 3-7R-5-(4-F R L )-4-F HE-1- 4 B -mb s -2- F g
(4a) N B HEAT & RGBT iR R ¥ 3-1R-5-(4- &K
)4 -1 H-IERG -2- FER (33,9 g, 0.1 mol)- iR —
TR (18.5 g, 0.12 mol). BFRHH(16.58 g, 0.12 mol)Fll 2. fif
(80 mL, fE¥EFNIIAZE] 250 mL = F+, JHiRH
80 CIEl¥ 2 h, 7820 iE BREAS I &8 [ B 5E k. [ M)
AR ER, KRR =Y 56 T, JRE e,
/D RKPEEIEDE, BRI A GEE 3a, BT, F=%R
91%. (a4 3b. 3¢ KA BER A 3a KA BUEH 7.

3-JR-5-(4-F A )-4- A FE - 1- 2 - -2- R T G
(3a): AMEIER, 773 90%. m.p. 151~152 C; '"H NMR
(500 MHz, DMSO-ds) 0: 7.65 (d, J=8.0 Hz, 2H), 7.58 (d,
J=8.3 Hz, 2H), 4.20 (d, J=9.4 Hz, 2H), 3.86 (s, 3H), 1.13
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(t, J=6.9 Hz, 3H); *C NMR (126 MHz, DMSO-ds) &:
159.1, 143.8, 135.5, 131.6, 129.2, 126.2, 121.2, 113.9,
106.8, 99.5, 97.8, 51.9, 42.9, 16.1; HRMS calcd for
CisH3BrCIN,O, [M+H]" 366.9849, found 366.9846.

TR-5-(4-F A I )-4-F 3 - 1- HE B - n -2 g H i
(3b): A, 773 93%. m.p. 143~144 C; '"H NMR
(500 MHz, DMSO-ds) 6: 7.67 (d, J=8.3 Hz, 2H), 7.61 (d,
J=8.0 Hz, 2H), 3.87 (s, 3H), 3.74 (s, 3H); '*C NMR (126
MHz, DMSO-ds) 6: 159.3, 144.0, 135.4, 131.7, 129.1,
126.0, 122.6, 114.2, 106.3, 97.0, 51.9, 36.1; HRMS calcd
for C14H;BrCIN,0, [M+H]" 352.9692, found 352.9695.

3-YR-5-(4- G 5L )-4-FUFE-1- T G2 AR -k g -2- F
IR HE3e): HEFEE, 7223 77%. mp. 110~112 C; 'H
NMR (500 MHz, DMSO-dg) J: 7.69 (d, J=8.3 Hz, 2H),
7.65 (d, J=8.5 Hz, 2H), 5.49 (s, 2H), 3.88 (s, 3H), 3.18 (t,
J=6.5 Hz, 2H), 1.29 (dt, J=12.5, 6.6 Hz, 2H), 1.15 (q,
J=7.4 Hz, 2H), 0.76 (t, J=7.3 Hz, 3H); 3C NMR (126
MHz, DMSO-ds) 6: 159.5, 145.4, 136.1, 132.3, 132.2,
129.7, 126.2, 122.7, 114.4, 108.0, 98.4, 76.0, 68.0, 52.7,
31.0, 18.9, 13.9; HRMS calcd for CisH9BrCIN,O; [M+
H]" 425.0268, found 425.0269.

W 3-IR-5-(4- ORIk )-4-FFE- 1 - £ FE -k g -2- FA R FR
fig(3a) (18.35 g, 0.05 mol) Jii & /3N 20% & S AL Hh
KIEHR0 g)FIHFEE(60 mL)IIAZF] 250 mL = [,
SRR 50 °C, RMNMIEHTAR A OEY, HEA
WEPREE, 4 h RN SRR, WEIE =, RO E SN
37%) T pH F| 2~3, ZHibTH A, i 0.5 h,
WEE, BRI AAEA 4a, BT, FRAN 95%. tbE
Y ab. de KPR A 1 77 4

3-PH-5-(4- A FE)-4-F - 1- L FE - -2- F R (4a):
H @ E AR, 7% 95%. mp. 240~241 C; 'H NMR (500
MHz, DMSO-ds) d: 13.70 (s, 1H), 7.68 (d, J=8.7 Hz, 2H),
7.61 (d, J=8.5 Hz, 2H), 4.24 (q, J=7.1 Hz, 2H), 1.14 (t,
J=6.9 Hz, 3H); '3C NMR (126 MHz, DMSO-dj) J: 160.1,
143.4, 1353, 131.7, 129.1, 126.4, 122.1, 1142, 106.4,
97.4, 42.7, 16.2; HRMS caled for Ci4H;0BrCIN;NaO;
[M+Na]™ 374.9512, found 374.9518.

3-PR-5-(4-FREE)-4-F -1 - F B - TE s -2- iR (4b):
H @ E AR, 7% 90%. mp. 168~170 C; 'H NMR (500
MHz, DMSO-ds) J: 13.49 (s, 1H), 7.68 (d, J=9.0 Hz, 2H),
7.63 (d, J=8.3 Hz, 2H), 3.75 (s, 3H); '*C NMR (126 MHz,
DMSO-ds) 0: 160.3, 143.5, 135.2, 131.7, 129.1, 126.2,
123.6, 114.4, 105.9, 96.6, 36.1; HRMS calcd for C3HgBr-
CIN,;NaO, [M+Na]" 338.9536, found 338.9520.

3-R-1-(T AR FE 3 )-5-(4- S A 3 )-4- U I - g -2-
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HR(4c): HEGEA, 2% 87%. mp. 203~204 C; 'H
NMR (500 MHz, DMSO-ds) 6: 13.84 (s, 1H), 7.69 (d, J=
8.8 Hz, 2H), 7.66 (d, J=8.6 Hz, 2H), 5.55 (s, 2H), 3.19 (t,
J=6.3 Hz, 2H), 1.32 (dd, J=13.8, 7.3 Hz, 2H), 1.16 (dt,
J=14.5, 7.4 Hz, 2H), 0.77 (t, J=7.2 Hz, 3H); '*C NMR
(126 MHz, DMSO-ds) J: 160.0, 144.4, 135.4, 131.6, 129.1,
125.9, 123.4, 114.0, 106.8, 97.6, 75.1, 67.5, 30.5, 18.4,
13.3; HRMS caled for C;7H;sBrCIN;NaO; [M + Na]*
432.9931, found 432.9919.
3.2.3  WE4k 5a~5c 495 A%

DA 3-JR-5-(4-F AR5 )-4- k-1 - £ F -k -2 A I 5
(5a) N BEAT A BGE FH 7 iR B 3-1R-5-(4- 50K
3)-4-F - 1- 230 -2-F R (4a, 14.12 g, 0.04 mol). —
SEHR(9.52 g, 0.08 mol) Ml — 41 Z.%5% 60 mL finF] 250 mL
B, FHEE 3.5 h, 2GRN TR,
T ZE PR LI R AN — SUOAR, 15 235 (K Sa,
P2 87%.
3.2.4 HARLAH 6a~6z 494 A%

HAr4b &% 6a~6h (15 R F 3a (16 Gl FH 7.

3-1R-5-(4- SR I )-4- U HE- 1 -0 R - g -2- FR G A
fig(6a): A, 7% 73%. mp. 203~206 C; 'H
NMR (500 MHz, DMSO-dg) J: 7.76 (d, J=8.5 Hz, 2H),
7.62 (d, J=8.6 Hz, 2H), 5.26 (s, 2H), 3.92 (s, 3H); 1*C
NMR (126 MHz, DMSO-ds) J: 158.9, 144.8, 136.1, 131.6,
129.6, 124.8, 122.2, 115.5, 113.6, 107.8, 98.7, 52.4, 36.7,
HRMS caled for C;sHjoBrCIN;O, [M+H]" 377.9645,
found 377.7636.

3-1R-5-(4-FR L) -4-FHE-1- T A L R -k -2 F
TR EE(6b): A EEA, 7% 77%. mp. 110~112 C; 'H
NMR (500 MHz, DMSO-de) J: 7.69 (d, J=8.3 Hz, 2H),
7.65 (d, J=8.5 Hz, 2H), 5.49 (s, 2H), 3.88 (s, 3H), 3.18 (t,
J=6.5 Hz, 2H), 1.29 (dt, J=12.5, 6.6 Hz, 2H), 1.15 (q,
J=17.4 Hz, 2H), 0.76 (t, J=7.3 Hz, 3H); 3C NMR (126
MHz, DMSO-ds) 6: 159.5, 145.4, 136.1, 132.3, 132.2,
129.7, 126.2, 122.7, 114.4, 108.0, 98.4, 76.0, 68.0, 52.7,
31.0, 18.9, 13.9; HRMS calcd for CisH9BrCIN,O; [M+
H]" 425.0268, found 425.0269.

3-VR-5-(4- AR B )-4-F A -1--FE E2-H R 2
FE)- Mg 2-H R R (6c): LA 44, 72% 72%. mup.
169~171 °C; '"H NMR (500 MHz, DMSO-ds) 6: 7.69 (d,
J=8.5 Hz, 2H), 7.51 (d, J=8.5 Hz, 2H), 4.95 (s, 2H), 3.83
(s, 3H), 3.70 (s, 3H); '3C NMR (126 MHz, DMSO-dj) o:
168.2, 159.1, 144.7, 135.8, 131.4, 129.5, 125.2, 122.1,
113.8, 107.1, 97.9, 52.5, 52.1, 49.5; HRMS calcd for
Ci16H13BrCIN,O4 [M+H]" 410.9747, found 410.9740.
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3-1R-5-(4- W AR TR H)-4-F I -1-2- o A 2- AR T
Y-k % -2- R G (6d): M EE, 7% 76%. m.p.
178~181 °C; '"H NMR (500 MHz, DMSO-ds) 6: 7.69 (d,
J=8.1 Hz, 2H), 7.51 (d, J=8.2 Hz, 2H), 4.93 (s, 2H), 4.16
(q, J=7.4 Hz, 2H), 3.84 (s, 3H), 1.19 (t, J=7.3 Hz, 3H);
3C NMR (126 MHz, DMSO-ds) d: 167.7, 159.1, 144.6,
135.8, 131.4, 129.4, 125.3, 122.1, 113.8, 107.0, 97.8, 61.4,
52.1, 49.6, 13.8; HRMS calcd for C;7H14BrCIN,NaO,
[M-+Na]" 446.9723, found 446.9716.

3- PR -1-(4- BT FE N IE)-5-(4-FUA 3L )-4- B I - g -
2-FH R W B (6e): I (B [El 44, 773 83%. m.p. 127~
128 °C; 'H NMR (500 MHz, DMSO-ds) J: 7.63 (d, J=8.1
Hz, 2H), 7.58 (d, J=8.2 Hz, 2H), 7.26 (d, J=7.9 Hz, 2H),
6.74 (d, J=7.9 Hz, 2H), 5.46 (s, 2H), 3.74(s,3H),1.20 (s,
9H); *C NMR (126 MHz, DMSO-ds) J: 158.9, 144.7,
135.5, 133.7, 131.7, 129.2, 125.9, 125.4, 125.3, 121.8,
114.0, 107.4, 98.1, 51.9, 50.1, 34.1, 30.9; HRMS calcd for
Ca4Ha3BrCIN,O, [M+H]" 485.0631, found 485.0627.

3-R-5-(4- AR HE )-4-F - 1-(2-F ) T 5L ) - g -2-
FTR I ER(6N): Ak, 7% 81%. m.p. 182~184 C;
'H NMR (500 MHz, DMSO-d¢) d: 7.81 (d, J=7.7 Hz,
1H), 7.65~7.56 (m, 5H), 7.44 (t, J=7.6 Hz, 1H), 6.85 (d,
J=7.9 Hz, 1H), 5.66 (s, 2H), 3.72 (s, 3H); '*C NMR (126
MHz, DMSO-ds) 6: 158.8, 145.2, 140.3, 135.7, 133.8,
133.0, 131.6, 129.3, 128.2, 125.8, 125.5, 121.6, 116.7,
114.0, 109.3, 107.9, 98.6, 52.0, 49.3; HRMS calcd for
C21H14BrCIN;O, [M+H]" 453.9958, found 453.9951.

3-R-5-(4-F FKIE)-1-(6- AL e -3- 38 ) FF 36 ) -4- -
Mg -2- R F R (6g): TR Bk (UEA, 77 F 79%. m.p.
158~160 °C; '"H NMR (500 MHz, DMSO-ds) 6: 7.99 (s,
1H), 7.64 (d, J=8.5 Hz, 2H), 7.56 (d, J=8.6 Hz, 2H),
7.42~7.37 (m, 2H), 5.50 (s, 2H), 3.75 (s, 3H); 3C NMR
(126 MHz, DMSO-ds) 5: 158.9, 149.2, 147.5, 147.5, 144.8,
137.3, 137.3, 135.7, 1322, 131.7, 131.6, 129.3, 129.2,
125.7, 124.1, 121.7, 113.9, 107.7, 98.7, 52.0, 47.9; HRMS
caled for Ci9H;3sBrCLN;O, [M+H]" 463.9568, found
463.9566.

3-1R-5-(4-F R 5L )-1-(2- S ME e -5 -k ) FF L )-4- S 2k -
g -2- R H Fig(6h): I ELEA, 7% 81%. m.p. 170~
172 °C; 'H NMR (500 MHz, DMSO-ds) 5: 7.71 (d, J=8.4
Hz, 2H), 7.61 (d, J=8.6 Hz, 2H), 7.13 (s, 1H), 5.63 (s,
2H), 3.89 (s, 3H); 3C NMR (126 MHz, DMSO-ds) o:
159.3, 150.9, 144.4, 140.1, 136.0, 135.9, 131.8, 129.4,
125.4, 121.3, 113.7, 107.7, 98.8, 52.3, 43.5; HRMS calcd
for Ci7H;BrCLN;O,S [M + H] ©  469.9132, found
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469.9130.

6i~6k MG LA 6) AT & T ERR, ¥
2,2,3,3-PUG A EE(1.58 g, 0.012 mol). =Z. (1.2 g, 0.012
mol)F1 ZiE(30 mL, TEEFA)INE] 100mL =i+, +
/)44 5a (3.69 g, 0.01 mol)H 10 mL Z. i #i B fo 22183,
R ELE 25 C, MEAIGIRES, 1.5 h N 5EMK, MK
AW AL =) e AT, RORE, £33 G 4,
M= EEEN (B OB 5, vV V=8 1)4ifk,
2R3 B & 6.

2,2,2- =3 L3k 3-1R-5-(4-F KL )-4-FIE-1- Lt
g -2- F R R (61): [, 772 91%. m.p. 142~
143 °C; 'H NMR (500 MHz, DMSO-ds) J: 7.68 (d, J=8.1
Hz, 2H), 7.62 (d, J=8.3 Hz, 2H), 5.03 (q, J=9.0 Hz, 2H),
4.20 (q, J=7.1 Hz, 2H), 1.15 (t, J=6.9 Hz, 3H); 3C NMR
(126 MHz, DMSO-ds) J: 156.9, 144.8, 135.6, 131.7, 129.2,
126.0, 122.3, 119.6, 113.9, 108.4, 99.4, 98.4, 60.3, 60.1,
43.2, 15.9; HRMS calcd for Ci6H2BrCIFsN,O, [M+H]"
434.9723, found 434.9717.

2,2,3,3-VUS N3 3-R-5-(4-F A FE)-4-FHE-1- 2 F-
g -2- R IR (65): H AE &, 7% 90%. m.p. 159~
160 °C; 'H NMR (500 MHz, DMSO-dq) §: 7.71 (d, J=8.5
Hz, 2H), 7.64 (d, J=8.4 Hz, 2H), 6.69 (tt, J=51.9, 5.1 Hz,
1H), 4.91 (t, J=14.2 Hz, 2H), 4.22 (q, J=7.1 Hz, 2H),
1.17 (t, J=7.0 Hz, 3H); '3C NMR (126 MHz, DMSO-ds)
5: 157.2, 144.7, 135.6, 131.7, 129.2, 126.0, 119.8, 114.4,
113.9, 111.1, 109.2, 107.2, 98.3, 59.7, 43.1, 15.9; HRMS
caled for C7Hi3BrCIF4N,O, [M+H]" 466.9785, found
466.9787.

2,2,3,3-VUS A3 3-JR-5-(4-5F A FE)-4- 5 Fk- 1 - k-
g -2- R ME (6k): M AR, 72 87%. m.p. 130~
131 “C; 'H NMR (500 MHz, DMSO-ds) 6: 7.71 (d, J=8.5
Hz, 2H), 7.65 (d, J=8.8 Hz, 2H), 6.69 (tt, J=52.0, 5.2 Hz,
1H), 4.89 (t, J=14.1 Hz, 2H), 3.76 (s, 3H); '*C NMR (126
MHz, DMSO-ds) J: 157.9, 145.4, 136.0, 1322, 129.6,
129.6, 126.3, 121.8, 114.6, 109.7, 108.4, 98.0, 60.2, 52.4,
36.8; HRMS caled for Ci;H;BrCIF,N,O, [M+ H] "
452.9629, found 452.9624.

61~ 6z 115 LA 61 it 4738 F 7 v 4k, o [a)
A 5a (3.72 g, 0.01 mol). 2-Z.3%-6-FIEIEH%(1.35 g, 0.01
mol)F1 (30 mL) N F] 250 mL & T, FHE 2 [F7,
SRR pH RARTEER YA B b A TS
HCl AT, IL% N pH iRAVELT, 32 MG IRES, 4 h
S BETE R, BRI IR 28 B 250 7, 45 B3R 20 A% i R4,
M= ENT CH MY /R LHg, V' V=10 1)4lifk,
33 HAstb &4 6l

http://sioc-journal.cn/ 2901



BIKE

MRILX

3--5-(4- AR I )-4- T I -N-(2-( =3 3k ) R 3 )- 1 -
B L~ % -2- FR B iz (ol): A (L [l 44, 72 81%. mup.
179~181 °C; 'H NMR (500 MHz, DMSO-dj) d: 10.32 (s,
1H), 7.84 (d, J=7.9 Hz, 1H), 7.78 (t, J=7.7 Hz, 1H), 7.70
(d, J=8.5 Hz, 2H), 7.67~7.62 (m, 3H), 7.58 (t, J=7.7
Hz, 1H), 3.68 (s, 3H); 3C NMR (126 MHz, DMSO-ds) o:
159.5, 142.2, 135.6, 134.7, 133.8, 132.2, 132.0, 130.6,
129.7, 129.6, 129.0, 128.2, 127.1, 127.0, 126.7, 126.0,
115.0, 100.2, 95.5, 35.3; HRMS calcd for CyH;3BrCl-
F3N;O [M+H]" 481.9883, found 481.9881.

3-PR-5-(4-F K )-4-F I -N-(2,5- ~F-4-(1,1,2,3,3,3-
INER P AR ) AR 3 )- 1 - Y - -2 B e (6m): 1A £ ]
A, 722 80%. m.p. 198~200 C; 'H NMR (500 MHz,
DMSO-de) : 10.35 (s, 1H), 8.21 (s, 1H), 7.80 (s, 1H), 7.71
(d, J=8.9 Hz, 2H), 7.66 (d, J=8.6 Hz, 2H), 6.57 (dq, J=
412, 6.0 Hz, 1H), 3.72 (s, 3H); 3C NMR (126 MHz,
DMSO-ds) d: 157.8, 142.3, 141.0, 135.2, 134.2, 131.6,
129.2, 127.9, 127.1, 126.6, 126.1, 125.4, 124.8, 114.4,
101.0, 95.3, 84.3, 83.0, 35.1; HRMS calcd for CyH,Br-
CL3FsN;0, [M+H]" 647.9083, found 647.9083.

3-PR-5-(4- TR HE ) -4-FHE-N-(4-BUT ) 5)-1-H
B -1 g -2- R i (6m): A B AR, PR R 84%. mup.
186~189 °C; '"H NMR (500 MHz, Ethanol-ds) J: 8.98 (t,
J=6.0 Hz, 1H), 7.66 (d, J=8.6 Hz, 2H), 7.60 (d, J=8.4
Hz, 2H), 7.37 (d, J=8.3 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H),
4.46 (d, J=5.9 Hz, 2H), 3.60 (s, 3H), 1.27 (s, 9H); 13C
NMR (126 MHz, DMSO-ds) J: 157.6, 147.9, 139.9, 134.1,
133.6, 130.1, 127.7, 125.6, 124.9, 123.6, 113.3, 97.5, 93.3,
41.0, 33.3, 32.7, 29.7; HRMS calcd for CaHa4BrCIN;O
[M+H]" 484.0791, found 484.0784.

3-JR-1-( T AL 3)-5-(4- SR FL)-4-F FHE-N-(2- =
B 2 2RI I - 2- FR R A% (60): I BB 1A, 772K 85%.
m.p. 141~142 “C; '"H NMR (500 MHz, DMSO-d¢) o
10.41 (s, 1H), 7.84 (d, J=7.7 Hz, 1H), 7.79 (t, J=7.7 Hz,
1H), 7.71 (d, J=8.6 Hz, 2H), 7.65 (d, J=8.5 Hz, 2H), 7.58
(t, J=7.6 Hz, 1H), 7.53 (d, J=8.0 Hz, 1H), 5.43 (s, 2H),
3.25 (t, J=6.5 Hz, 2H), 1.37 (p, J=6.7 Hz, 2H), 1.21 (h,
J=17.4 Hz, 2H), 0.80 (t, J=7.4 Hz, 3H); 3C NMR (126
MHz, DMSO-ds) d: 159.5, 143.0, 135.8, 134.8, 133.7,
132.1, 130.3, 129.7, 128.5, 128.1, 127.1, 126.5, 114.7,
101.4, 96.6, 75.5, 68.3, 31.1, 18.9, 14.0; HRMS calcd for
Ca4Ha BrCIF3N;0, [M+H]" 554.0458, found 554.0462.

3-JR-1-( T S H 3 )-5-(4- SR 5L )-4- B FE -N-(2- it
W J )~ -2- FR R B2 (6p): 1 (LA, 72 79%. mup.
137~140 °C; 'H NMR (500 MHz, DMSO-ds) d: 11.02 (s,
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1H), 8.40 (d, J=5.0 Hz, 1H), 8.15 (d, J=8.1 Hz, 1H), 7.87
(t, J=8.0 Hz, 1H), 7.70 (d, J=8.6 Hz, 2H), 7.65 (d, J=8.7
Hz, 2H), 7.24~7.14 (m, 1H), 5.44 (s, 2H), 3.23 (t, J=6.5
Hz, 2H), 1.30 (dt, J=13.3, 7.1 Hz, 2H), 1.12 (hept, J=7.4
Hz, 2H), 0.70 (t, J=7.8 Hz, 3H); '3C NMR (126 MHz,
DMSO-ds) d: 158.0, 151.2, 148.1, 142.4, 138.3, 135.3,
131.5, 129.2, 128.0, 125.9, 120.2, 114.2, 114.1, 101.9,
96.0, 75.0, 67.8, 30.4, 18.4, 13.4; HRMS calcd for
C2HyBrCIN,O, [M+H]" 487.0536, found 487.0534.

3-9R-1-(T 528 A 3L )-5-(4- U R ) -4-F FE-N-(2,4- —
SR - 2- I BE R (6q): I EAE A, 723 80%. m.p.
127~129 °C; 'H NMR (500 MHz, DMSO-ds) 5: 10.58 (s,
1H), 8.04 (s, 1H), 7.80 (s, 1H), 7.71 (d, J=8.4 Hz, 2H),
7.66 (d, J=8.3 Hz, 2H), 6.56 (dp, J=41.0, 6.0 Hz, 1H),
5.46 (s, 2H), 3.26 (t, J=6.5 Hz, 2H), 1.35 (p, J=6.7 Hz,
2H), 1.18 (h, J=7.4 Hz, 2H), 0.77 (t, J=17.3 Hz, 3H); 1*C
NMR (126 MHz, DMSO-dq) d: 157.9, 142.8, 141.1, 135.4,
1342, 131.5, 129.2, 127.4, 127.0, 126.8, 125.9, 125.4,
125.0, 114.1, 102.0, 96.2, 83.6 (dd, J=195.4, 34.4 Hz),
75.1, 67.8, 30.6, 18.5, 13.4; HRMS calcd for Cy3HyBr-
CIF,N;0, [M+H]" 522.0395, found 522.0382.

3-R-1-(T 3 3 -5-(4-E 7R 3k )-4-F FE-N-(2,4- —
FH 3 2R 6 )~ I o -2- F ki (6r): (A ([ 44, 72 82%.
m.p. 167~170 C; 'H NMR (500 MHz, DMSO-ds) &
10.11 (s, 1H), 7.71 (d, J=8.2 Hz, 2H), 7.65 (d, J=8.1 Hz,
2H), 7.27 (d, J=8.1 Hz, 1H), 7.11 (s, 1H), 7.05 (d, J=8.0
Hz, 1H), 5.43 (s, 2H), 3.28 (t, J=6.5 Hz, 2H), 2.29 (s, 6H),
1.37 (q, J=7.0 Hz, 2H), 1.24~1.19 (m, 2H), 0.80 (t, J=
7.4 Hz, 3H); 3C NMR (126 MHz, DMSO-ds) d: 157.6,
1422, 135.4, 135.2, 132.8, 132.7, 131.5, 131.0, 129.2,
128.9, 126.5, 126.0, 125.3, 114.3, 100.5, 95.8, 74.7, 67.9,
30.6, 20.4, 18.5, 18.0, 13.5; HRMS calcd for C,sHoBr-
CIN;O0, [M+H]" 514.0897, found 514.0898.

3-PH-5-(4-FOR L) -4- 5 FE- 1- £ FE-N-(4-% 2R 3L
I ) Mg -2 FE IR (6s): I ELIEAK, FEE 78%. mup.
130~131 C; '"H NMR (500 MHz, DMSO-de) J: 9.13 (t,
J=6.2 Hz, 1H), 7.66 (d, J=8.3 Hz, 2H), 7.57 (d, J=8.0
Hz, 2H), 7.38 (d, J=8.3 Hz, 2H), 7.18 (d, J=8.3 Hz, 2H),
6.95 (d, J=8.3 Hz, 2H), 6.89 (d, J=8.2 Hz, 2H), 4.46 (d,
J=6.1 Hz, 2H), 4.04 (q, J=6.9 Hz, 2H), 2.28 (s, 3H), 1.02
(d, J=7.4 Hz, 3H); 3C NMR (126 MHz, DMSO-ds) J:
159.2, 156.1, 154.3, 140.9, 135.1, 133.3, 132.5, 131.5,
130.3, 129.2, 129.0, 128.1, 126.4, 118.6, 118.0, 114.5,
99.1, 95.1, 42.2, 41.5, 20.2, 15.9; HRMS calcd for CogHas-
BrCIN;O, [M+H]" 548.0740, found 548.0740.
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3-R-5-(4- G AT )-4-F - 1- L FE-N-(2- 2. Fk-6-F 5
ZRFE )N - F R (6t): A A E AR, PR R 87%. mup.
260~261 ‘C; 'H NMR (500 MHz, DMSO-ds) d: 10.03 (s,
1H), 7.70 (d, J=8.1 Hz, 2H), 7.64 (d, J=8.1 Hz, 2H),
7.25~7.19 (m, 1H), 7.17 (t, J=6.1 Hz, 2H), 4.15 (q, J=
7.1 Hz, 2H), 2.68 (q, J=7.6 Hz, 2H), 2.30 (s, 3H), 1.19~
1.11 (m, 6H); *C NMR (126 MHz, DMSO-ds) d: 158.2,
141.3, 141.2, 135.5, 135.2, 133.5, 131.5, 129.3, 128.4,
127.9, 127.4, 126.5, 126.3, 114.5, 99.5, 95.6, 41.5, 24.3,
18.6, 16.3, 15.0; HRMS calcd for C3H2BrCIN;O [M—+
H]" 470.0635, found 470.0633.

3-1R-5-(4-F AR HL)-4-FH-N-(2,4- —F-6-(FREZH
P08 ) 2R 3k )- 1- 2, -k s 2- ik fiie (6u): (A [, =
83%. m.p. 270~271 °C; 'H NMR (500 MHz, DMSO-dc)
5:10.39 (s, 1H), 8.48 (q, J=4.7 Hz, 1H), 7.89 (d, J=2.5
Hz, 1H), 7.70 (d, J=8.5 Hz, 2H), 7.62 (d, J=8.6 Hz, 2H),
7.56 (d, J=2.4 Hz, 1H), 4.16 (q, J=7.1 Hz, 2H), 2.72 (d,
J=4.6 Hz, 3H), 1.13 (t, J=7.0 Hz, 3H); 3C NMR (126
MHz, DMSO-ds) d: 165.3, 158.0, 141.6, 137.6, 135.2,
133.1, 131.8, 131.5, 130.7, 130.2, 129.3, 127.3, 126.8,
126.4, 114.4, 100.2, 95.8, 41.8, 26.1, 16.1; HRMS calcd
for CpH;7BrCLN4O, [M + H] © 552.9600, found
552.9604.

3-JR-5-(4-F A HL)-4-F H- 1- - N-2- 1 H-4- 4
P BE AT I % -2- FR iz (6v): IR TR, 2% 86%.
m.p. 164~167 “C; 'H NMR (500 MHz, DMSO-dq) §:
10.42 (s, 1H), 7.89 (d, J=8.4 Hz, 1H), 7.71 (d, J=8.4 Hz,
2H), 7.66~7.60 (m, 3H), 7.58 (d, J=8.7 Hz, 1H), 4.16 (t,
J=7.3 Hz, 2H), 2.47 (s, 3H), 1.18 (t, J=7.2 Hz, 3H); 1*C
NMR (126 MHz, DMSO-de) d: 158.1, 141.5, 138.7, 135.3,
133.3, 133.3, 131.5, 129.2, 127.8, 127.4, 127.3, 126.3,
125.1, 125.1, 123.4, 123.3, 122.2, 122.0, 121.5, 121.2,
119.2, 118.9, 114.3, 100.4, 95.5, 91.7 (d, J=32.7 Hz), 90.4
(d, J=32.9 Hz), 41.6, 18.2, 16.1; HRMS calcd for Co4H,7-
BrCIF,N;O [M+H]" 610.0132, found 610.0138.

3- YR -5-(4- R I )-4-FIE-1- £ FE - I g -2- F G
(6w): HMEAER, 2% 73%. m.p. 189~191 C; 'H NMR
(500 MHz, DMSO-de) d: 8.00 (s, 1H), 7.93 (s, 1H), 7.67
(d, J=8.1 Hz, 2H), 7.57 (d, J=8.1 Hz, 2H), 4.10 (q, J=
7.1 Hz, 2H), 1.09 (d, J=7.3 Hz, 3H); 3C NMR (126 MHz,
DMSO-ds) d: 160.8, 141.0, 135.1, 131.5, 129.2, 128.1,
126.5, 114.5, 99.2, 952, 41.5, 16.0; HRMS calcd for
C1sH,BrCIN;O [M+H]" 351.9852, found 351.9850.

3-R-5-(4-F K IE)-4-FHE-1- L FE-N-Q2- = H F L)
Fe)-nb g -2- BB i (6x): T ELTELAA, PR 80%. mup.
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181~184 °C; '"H NMR (500 MHz, Ethanol-ds) : 10.43 (s,
1H), 7.83 (d, J=7.9 Hz, 1H), 7.80~7.76 (m, 1H), 7.69 (d,
J=8.4 Hz, 2H), 7.61 (d, J=8.3 Hz, 2H), 7.57 (d, J=7.9
Hz, 2H), 4.11 (t, J=7.2 Hz, 2H), 1.15 (t, J=7.0 Hz, 3H);
13C NMR (126 MHz, DMSO-ds) 6: 157.9, 140.0, 133.8,
132.9, 132.0, 130.2, 128.7, 127.9, 126.4, 126.2, 125.2,
125.0, 124.2, 113.0, 98.5, 94.1, 40.3, 14.6; HRMS calcd
for CyHisBrCIFsN;O [M + H] © 496.0039, found
496.0044.

3-JR-5-(4-F R I )-4-F I -1- 2 HE-N-(2,2,2- = H &
F)- ML 2- FEE % (6y): A L AR, PR E 75%. mup.
180~183 °C; 'H NMR (500 MHz, DMSO-ds) J: 9.28 (t,
J=6.4 Hz, 1H), 7.69 (d, J=8.5 Hz, 2H), 7.60 (d, J=8.8
Hz, 2H), 4.20~4.10 (m, 2H), 4.06 (q, J=7.2 Hz, 2H),
1.08 (t, J=7.2 Hz, 3H); 3C NMR (126 MHz, DMSO-ds)
5: 160.4, 141.9, 135.7, 132.0, 129.7, 127.6, 126.8, 123.9,
114.8, 100.5, 96.0, 42.1, 16.4; HRMS calcd for CisHs-
BrCIF;N;O [M+H]" 433.9883, found 433.9854.

3-PR-5-(4- AR H )-4-FIE-N-(2,5- ~ A -4-(1,1,2,3,3,3-
7N RN SR A ) AR I )-1- 2 B -l s -2 - I i (6z): 1 £ [
&, P7E 86%. m.p. 139~141 ‘C; 'H NMR (500 MHz,
DMSO-ds) 6: 10.53 (s, 1H), 8.15 (s, 1H), 7.80 (s, 1H), 7.70
(d, J=8.7 Hz, 2H), 7.63 (d, J=8.6 Hz, 2H), 6.56 (dp, J=
41.3, 6.1 Hz, 1H), 4.17 (g, J=7.0 Hz, 2H), 1.16 (t, J=7.1
Hz, 3H); 3C NMR (126 MHz, DMSO-dj) d: 158.1, 142.0,
141.1, 135.3, 134.1, 131.5, 129.3, 128.9, 126.9, 126.8,
126.7, 126.3, 125.5, 124.9, 121.1, 118.0, 114.2, 101.2,
95.9, 84.3, 83.0, 41.9, 16.1; HRMS calcd for CpHis-
BrCl3FsN;0, [M+H]" 661.9239, found 661.9636.
3.3 ER AR R R TE R
33.1 A REREMGK

DA/ SR B A I G, R R R
VRO s Ak S NN-— R I R R A AR, T AR
WFZ 500 mgeL ' (25, SR & i 208 10%H)
TW-20(—FPFLAF) 1K FoRE 22 B 75 VR (5004 100, 20
mgeL ). KR I H R (BECK I PO YRR 2
cm [P FRTEHAE, TBOREC S AT 259 IR 5~10 s BUH
T, BONARER S FE5FR IR, N 3 /N, 5%
B4 .30 Sk, FDRLR S BSOR 55 75 LA, B0
TEAREE R R TR 20 AN/, 7E 24 h 5 g0 L5
Gy A AL TG L. B U RS (Chlorfenapyr) £ H ik
(Diflubenzuron) A FH 14X B8, 1§ K A2 EXTHR, R4
G258 3 IRE BRI, 1 IR AR, HiHE /NS,
SR Y BUIE .

IR (%) = (A FIAEHIE T R — 25 {5 LT
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MRILX

F)(1—2 ARTHRIET:3) X 100%
3.3.2  FwhiEMEMGK

X O b g Y S s R A5G 2 I NYY
T1154.9-2008 {4 24 2= PN AR 0 v s v JU 3% HUGR ) 28
9 o WEZEIVELPOHEAT. DL A (Chlorfenapyr) Al il
¥ (Propargite) A FH X R, 5 /K2 IO R, 256 24
W3 RESARES, 1 S RS, IR S A g (1 3
FEER.

%5 B #4 &l (Supporting Information) 7] /& 1k & 4
4a~4c [1] 'THNMR FI HRMS LL K B i#tb &4 6a~6z [
'HNMR. *C NMR. HRMS. X5kl a] L4 9% AT
¥ 3 (http://sioc-journal.cn/) I N .
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