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Design, Synthesis and Biological Activity Study of Novel
N-Phenylpyrazole Anthranilic Diamides Containing
Heptafluoroisopropyl Moieties
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(State Key Laboratory of Elemento-organic Chemistry, Institute of Elemento-organic Chemistry,
Nankai University, Tianjin 30071)

Abstract In order to develop new green pesticides with high efficiency and low toxicity, N-phenylpyrazole anthranilic
diamides containing heptafluoroisopropyl moieties were designed, synthesized and evaluated for their insecticidal activity
against Oriental armyworm. Their structures were confirmed by NMR and HRMS analysis. Preliminary biological activity
showed that most of the compounds exhibited good insecticidal activity. In particular, compound Ic against Oriental
armyworm was 20% at 2.5 mg/L. This result laid a certain foundation for the innovation of ryanodine receptor insecticides in

the future.
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Figure 1 The Structure of Ryanodine, Flubendiamide and
Chlorantraniliprole
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Figure 2 Design of target compounds
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Scheme 1 Synthesis route of compound I
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Table 1 Insecticidal activity of target compound I against Ori-
ental armyworm

larvicidal activity/%
Compd. 200 100 50 25 10 5 2.5
mg/L mg/lL mg/L mg/L mg/L mg/L mg/L

Ia 100 100 20

Ib 100 50

Ie 100 100 100 100 100 100 20
Id 100 100 5

Ie 100 100 5

If 100 100 25

Chlorantraniliprole 100 100 100 100 100 100

L3 EPTIR, A A - R S P R R R e A
AT B AR TSR A 54, R34 R EURON Br i,
B xR PR 2% R B A T SO S AR
ERERNE, BRGNS Te /£ 2.5 mg/L
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Figure 3  Autodock of chlorantraniliprole
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Figure 4 Autodock of compound Ic
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32 ZWHE

3.2.1  FIEAR 4- BT R AR -2-F R (15) 89 8%

HE AR 15 208 SCHR[201 57 R, R AEEE 5 ik
—F. £ 250 mL OB I AL &9 14 (5.506 g, 0.7
mmol)F17K (60 mL)5 F BT ZEEE(69 mL) IR & AR,
£ 0 CHAET, /alm Nt 5 mLm7.822 g 0.7
mmol), {#E#3(4.599 g, 0.7 mmol), TREREHN(2.22 g, 0.7
mmol), V47T FERREE#(0.827 g, 0.7 mmol), & Z 7R
PR KRR, BT E E RN 48 h, WK
W7, FHZR ZB5(30 mLX 5)AKHL, I 5 281815 3 v )
15, BEMAE, =3 75.3%.

322 FEMR N-(4-k B3R ER-2-F)RIK-3-Z 4 F
F -5k et (17) 89 6 A%,

HE AR 16 2 8SCHR[211 7R A R, RAEEHE 5 Sk
—3. 1E 250 mL =3EELHEH, A EE 15 (5.9
g, 20 mmol)M1 20 mL WKELIR, HEFIEME, TEVKIRT, 22
B INA A RS EREN(1.45 g, 22 mmol) 7% 1% /K (5 mL),
VKA T RIZAEHE 30 min, KEA AW (11.28 g, 50
mmol) ¥ ELFR (30 mL)ZEAS Hu i & ik ik, 7K
W R RELBERE 4 h, B FE AR K R R ).
RNEEER S, U IE, K1 B0 AR T 2K,
AN PERR 25, JERAENEFE T 6 mol/L AR
AN TAL E pH=13, HEFERE =4 K B e
A, R IGE, 1 RS AR 4GRS R SE-2-E0K
2:(16), YE 40%.

HE A 17 2 8SCHR[22] 5 A R, RAE B 5 ik
—3. fE 100 mL =FpeiHf g 16 (3.1 g, 10
mmol). 18 (2.09 g, 10 mmol) A F| 20 mL ¥k Z R,
B ENR, 2 AUR(TLO) MM, MR, WERZ:
WA, ORI /K, F O CEE#(20 mL X
3). FMRIE LN Tk, KK 25, AR AN,
SR N TE /K B BRI AT T 0. Wi 98, W48 1 57,
22 TR S AN R E A6 RS B A A 17 A 1T, e
3.4%.

323  HARMLAY Ia~ If 896 %,

HE A 19 2 18 SCRR[23) 575 A R, R AEEE S5 ik
—3. 1E 250 mL =@k, K& 17 (4.82 g, 10
mmol)¥& T A /7K (40 mL, V(AR @ M(K)=3 > DHH.
Iy BORGEB NN = R4 (20 mmol), S5 S AA 2 i i [m]
7t 30 min, EEAGEIE, JEWHA 1 mol/L FhEZ M 1T & pH<
7, M CEEAEL(20 mL X 3), ALK I I e
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B, AIFAENUAE, IINTGKBRERAN AT TR, ok JE, I
JEIRYE, 2R N-(4-LRF R H-2-5) K H-3- =5
FHE-5 MR MR (19), BELREFH T F — 2 i,

I RYMLE YIS I8 CHER[24-26] /714 % 7E 150 mL
=#em T i 1A E 19 (6.28 mmol)Fl Z. (30 mL),
PRI A 20 (FBESCRR[27177 74 K, 6.28 mmol )it
FEVAAR. IR N INMEIE(2.74 mL)HHE 5 min, UKERIA
BHREAE—S CF, 2N A& Q2 mL), &M
5 h JG 1A ONAR R IIA VKK (60 mL)FEHE 30 min, A [ 4
i, g, TIRIEE 1 RIMLED.

(4- 1R -2- F I -6-( HH 0 2 25 Y gk L ) R R )- 1-(2- -
A-( A TN ot -2- i ) IR )-3-( = 3 Y R )- L -k e -5- % T
Bz (Ta): AEEA, 725 61.0%, mp. 131~132 C; 'H
NMR (400 MHz, DMSO-ds) d: 10.43 (s, 1H, Ph-NH-CO),
8.34 (d, J=4.4 Hz, 1H, Ph-CO-NH), 7.97 (s, 1H, Ph-H),
7.94 (d, J=8.5 Hz, 1H, Ph-H), 7.85 (s, 1H, Ph-H), 7.80 (s,
1H, Ph-H), 7.63 (s, 1H, Ph-H), 7.48 (s, 1H, Pyrazole-H),
2.62 (d, J=4.3 Hz, 3H, NCH3), 2.17 (s, 3H, Ph-CH;); 1*C
NMR (101 MHz, DMSO-de) d: 166.0, 155.5, 142.2, 140.6,
139.5, 139.0, 136.2, 134.1, 132.0, 131.8, 131.5, 130.4,
128.6, 128.3, 127.3, 127.5, 126.9, 126.7, 125.3, 122.1,
119.4, 118.5, 106.8, 65.0, 30.0, 26.0, 17.5, 13.5. HRMS
caled for Ca3HisBrCIF oN4O, [M+H]" 682.9907; found
682.9903.

(4-1R-2-( & B 2 FE W 2 )-6- HH 2 O B )-1-(2- &-
4-( A F TN ot -2- ) R )-3-( = 96 Y R )- L -k e -5- 3% T
fZ(Ib): A, =% 59.9%, m.p. 159~160 C; 'H
NMR (400 MHz, DMSO-d) J: 9.58 (s, 1H, Ph-NH-CO),
8.01 (d, J=5.4 Hz, 1H, Ph-H), 7.73 (s, 1H, Ph, Ph-H), 7.64
(d, J=5.5 Hz, 1H, Ph-CO-NH), 7.53 (s, 1H, Ph-H), 7.45
(s, 1H, Ph-H), 7.32 (s, 1H, Pyrazole-H), 7.29 (s, 1H,
Ph-H), 2.31 (dd, J=9.5, 2.5 Hz, 3H, NCH)), 2.18 (s, 3H,
Ph-CH3), 1.25~1.15 (m, 3H, CH,CH3); '3C NMR (101
MHz, DMSO-ds) 6: 167.5, 166.3, 147.5, 139.7, 137.0,
135.27, 134.4, 134.0, 128.9, 128.7, 126.5, 119.2, 116.5,
105.6, 43.0, 42.5, 34.5, 34.4, 183, 17.8, 14.9, 12.9, 11.5.
HRMS calcd for CaqH7BrCIF;0N4,O, [M+H]" 697.0064;
found 697.0058.

N-(4- 5 -2-( 5 TA 2k S 5 HH I ik )-6- FH 05 7 6 )-1-(2-
F-A-(A TN JE-2-2) AR I )-3-( = 33 Y 3 )- L - e -5- 3%
Bk (Ie): AGEA, 723 70.0%, m.p. 193~194 C; 'H
NMR (400 MHz, DMSO-ds) d: 10.27 (s, 1H, Ph-NH-CO),
8.19 (s, 1H), 7.73 (s, 1H, Ph-H), 7.63 (s, 1H, Ph-H), 7.61
(s, 1H, Pyrazole-H), 7.56 (d, J=15.1 Hz, 1H, Ph-CO-NH),
7.53~7.42 (m, 2H, Ph-H), 3.95~3.89 (m, 1H, NHCH),
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2.17 (s, 3H, PhCHs3), 1.18 (d, J=51.9 Hz, 6H, 2CHs); '*C
NMR (101 MHz, DMSO-ds) : 165.2, 156.0, 141.9, 139.8,
139.4, 138.0, 137.1, 134.4, 132.3, 131.6, 130.7, 130.0,
129.5, 128.9, 128.8, 128.3, 119.8, 107.0, 100.0, 83.2, 80.7,
41.4, 29.5, 22.5, 18.0. HRMS calcd for CaqH;7BrCIF (-
N4O, [M-+H]" 711.0220; found 711.0225.

1-(2-F-4-(A TN e -2-28) R 8 )-N-(4-F FE-2-CA I
i G R 5 )-6- P 35 2R 3 )- 3 (= 4 F 35 ) - L - M -5- %
fEizd): AEREE, P25 64.2%, mp. 146~147 C; 'H
NMR (400 MHz, DMSO-ds) d: 10.63 (s, 1H, Ph-NH-CO),
8.86 (d, J=5.4 Hz, 1H, Ph-H), 8.58 (s, 1H, Ph-H), 8.46 (d,
J=5.5 Hz, 1H, Ph-H), 8.08 (s, 1H, Ph-H), 7.74 (s, 1H,
Ph-H), 7.67(s, 1H, Ph-CO-NH), 7.44(s, 1H, Pyrazole-H),
2.83 (s, 3H, Ph-CH3), 2.68 (m, 1H, NCH), 1.67 (m, 2H,
CHCH,CH,), 1.38 (m, 2H, CHCH,CH,); '*C NMR (101
MHz, DMSO-ds) J: 169.5, 153.4, 151.8, 150.1, 138.1,
137.3, 135.7, 135.6, 135.4, 134.8, 131.7, 130.2, 126.8,
124.5, 120.5, 118.5, 114.2, 109.8, 100.0, 95.4, 30.5, 23.4,
23.1, 17.69, 14.0, 6.1. HRMS calcd for CasH;7CIF10N50;
[M+H]" 656.0911; found 656.0919.

N-(4-50-2- A J -6~ HH 25k 2 2 HH I 2 ) R ) - 1-(2- -
A-( 4 T BE-2- ) R I )-3-( = 980 AR 3 )- L - Pk A -5 - 2 T
fi(Te): EEFEIER, P*% 67.2%, mp. 162~163 C; 'H
NMR (400 MHz, DMSO-ds) §: 10.23 (s, 1H, Ph-NH-CO),
7.72 (s, 1H, Ph-H), 7.65 (s, 2H, Ph-H), 7.42 (s, 1H, Pyra-
zole-H), 7.24 (d, J=1.5 Hz, 1H, Ph-H), 7.20 (d, J=2.0
Hz, 1H, Ph-H), 6.20~6.15 (m, 1H, Ph-CO-NH), 2.92 (d,
J=4.9 Hz, 3H, PhCH3), 2.16 (s, 3H, CH,CH3); *C NMR
(101 MHz, DMSO-d) d: 166.6, 156.1, 142.7, 142.3, 141.0,
140.0, 139.2, 136.5, 132.5, 131.9, 131.7, 131.5, 130.9,
128.2, 128.0, 127.3, 127.2, 126.0, 125.7, 122.6, 107.3,
26.5, 18.1. HRMS calcd for C23H15C12F10N402 [M‘i‘H]+
639.0412; found 639.0417.

N-(4-50-2- F Jk-6-( PP 2 S s P Ok 6 ) R L )-1-(2- 3L
A-( AT BE-2- 38 ) 2R 3 )-5-( = 98 36 )- LH- PG - 3- 2 T
f(If): A EEE, P73 20.0%, mp. 174~175 C; 'H
NMR (400 MHz, DMSO-de) J: 9.83 (s, 1H, Ph-NH-CO),
7.89 (s, 1H, Ph-H), 7.73 (s, 1H, Ph-H), 7.69~7.68 (s, 1H,
Ph-H), 7.45 (s, 1H, Pyrazole-H), 7.38~7.37 (d, J=2.1 Hz,
1H, Ph-H), 7.32~7.31 (d, J=2.2 Hz, 1H, Ph-H), 6.24 (d,
J=42 Hz, 1H, Ph-CO-NH), 2.93~2.91 (d, J=4.9 Hz,
3H, Ph-CH3), 2.32 (s, 3H, CH,CH3); *C NMR (101 MHz,
DMSO-ds) d: 167.0, 158.2, 147.9, 138.9, 138.7, 135.0,
134.5, 134.0, 132.9, 132.1, 132.0, 130.9, 130.0, 129.8,
129.1, 128.1, 128.0, 126.4, 125.9, 110.2, 65.5, 26.6, 18.7.
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HRMS caled for CasHisCLF;0N4O, [M+H]" 639.0412;
found 639.0420.
3.3 HHIMKE A

% 2R 7 Rl R P 00 R A 28 AT R 7
PRI RIRE S AR, 50 )RS () 3R B2 66 82 RO R, T
B AR FOKHRIE T, RGN EARA 7 em HIHE
FRILA, N 4 WEHRE dglidy, BE 2~4 9K, 24 h J5bE
B DT 2 P U oK . 7 48 72 h g4l i sE T
B, DURS AR AT, Ml B ARE. TEXT IS
o, SRR T A B AR R

4 Bh#1 B} (Supporting Information) FrH b &ML &
) 1a~If [f] NMR (DMSO-de) il HRMS i %4, Xk
FEREFAT DL 9% AT X 35 (http://sioc-journal.cn/) b F %%,
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