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Design, Synthesis and Biological Activities of Novel
Trifluoromethylated Phthalic Acid Diamides Derivatives
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Xiong, Lixia
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Li, Zhengming*

Liu, Jingbo

(State Key Laboratory of Elemento-Organic Chemistry, Institute of Elemento-Organic Chemistry,
Nankai University, Tianjin 300071)

Abstract In order to find efficient, eco-friendly lead compounds, 10 novel phthalic acid diamide derivatives containing two

trifluoromethylated aromatic amine moieties were designed and synthesized. Their structures were confirmed by 'H NMR, *C

NMR, HRMS and elemental analysis. Their insecticidal activities against oriental armyworms and diamondback moths were

also evaluated. The preliminary results of biological evaluation showed that most compounds exhibited moderate to high lar-

vicidal activity. These results provided further insights into the relationship between the structures and biological activity.
Keywords fluorine; phthalic acid diamides; synthesis; insecticidal activity

WAk, T AGEMAE R B, A5 R R
MR R) T HTE. AT R RS AL B B R AR,
R AR AR ) Pk . 3k L R E AL %
A, B ABPTE Tk g gt T R Bk e T2
{&(Ryanodine receptor, RyR)& ¥ Y [ 5% HUAIE
BEbR, T TR A0 AH 4 R 2 T R H AR T 52 A4 1 A
FIPH AR 24 24 FRIRE 2 54300 1998 412001
SRR T PR ol s i 1 A R —— 40 0K R e 2 4R
PP 2 R 2K, AT IR B AR S R e
HAMREHENA: R B (Flubenidamide, A). Sk
Jl%(Rynaxypyr, B)FI KL (Cyazypyr, C, Scheme 1).
X RANA Y A P BLER S 0 B Uiy 1485 2 13
W——J8 TS24k, SIS T IR, T3
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AV A s

IR IE T, [E AR T A RS Ak
A7 7 S N0 32 AR e AR 0 B TR ) = AN BB 4y
(Scheme 1, D): ZKIFFEIN(a)s F5 RS 20 (b) AR 5 g
43(c). HETHIBFFRZ X a $9F b AT &4,
WAL R & A PN AS [R5 B AR EE 1 W e 2%
R4 HA B R s ),

LELI oy T I N =5 LI, AT DAXRHE P2 T
(PRI PRI 29480 ) 2R E . AR e R A A W
SO, M BESE T 205 T AR AE kA 14
Je T AR B BRI AT G JE R BB B AT
RYNVE A A =5 507 B e ) BT e, L4
234 "H NMR, °C NMR, HRMS {70 %5017 153 3 % 1E A0
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Scheme 1

BN, TR I T AT 2R T Rt SR /N S ) A ) i
.

1 ZRETE
1.1 &itie

CL 3 AR IR0 2R — R A JsUkl, 200 R4 R AR
3 Hbrtb & W)(Scheme 2). HaJRF H bitb & W01 & %
ZWCHR[24, 25107778, PR i SO P RS TR], DA
TS R SN IR P A R AR 3a~3j fEINAN = 4%
J&, RSN B S, TE A R R g, b
RIS 5 CULT, dE s, Hidknni K, B
A B PR A R T A 3-AEFE U =4 ANFa s i 43
fitt, 73— N0 T EERNAIEL, 330U N K.

X

O O X 10) _/M
©1000H )LO I HzN@ ~h)
- o)
COOH (1) NEts, CH,Clp
1a~1e 22 ~ 260 (2) HCI
X O M —\ M
NH—@ HM‘@ (f~h)
Q
COOH NEts, CH,Cl,, —S—Cl
3a~3j 5
X O M
S
0 \ ’\M
4a ~ 4j

4a: X =1, M = 2-CH3-4-C3F7; 4b: X = F, M = 2-CH3-4-C3F7;

4c: X = Cl, M = 2-CH3-4-C3F7; 4d: X = Br, M = 2-CH3-4-C3F+;

4e: X = H M= 2-CH3-4-C3F7; 4f: X = NO2, M= 3-CF3;

4g: X = H, M = 3-CF3; 4h: X = Cl, M = 3-CF3; 4i: X = Br, M = 3-CF3;
4j: X =1, M = 3-OCF3; 4k: X =1, M = 2-CHj

Scheme 2
1.2 XE¥5EM
1.2.1 3t R F 6 RagE MRS
HARL &Y da~4) FHo AT AR 7R UK 2B
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WEEINR S R 1 Pror, KIS &Pnt 807 Ak ik
W —sE A s . b, RN 43 (a) IR T IR
J: 1 (42)>Cl (4¢)>F (4b)>Br (4d)>H (de) (7575 &K
3 M=2-CH;-4-C3H,); Cl (4h)>Br (4i))~H (4g) (5 &
FEHUARHE M=3-CF;); 75 & 173 (b) B A Dis PEIUT A
2-CH3-4-C5F; (4a~4d)>3-CF; (4f)>4-OCF; (4j). 4K
%4 200 mg/L i, LAY 4a~4d A1 4f FHL 100%[ 5%
G, SR, thE9 4e Fl 4g~4j HIEA 20%~80%[1]
A HUETE. EATE RN, (S 4a F 4e AEAIGKREL 10
mg/L I EAT 100%PHIRCR. Bhah, ik A AR
2.5 mg/L I, &) 4a 75247 60% K EIEAR. HILA I,
IRIRER 43 () A R A A5 05068 2R 7 R TR A 0t 2 A
U 5 R RPN = PG 4k AH
EE, A Lo 9 2 I AR EUAR (b 1 ¢ S50 KRS 2k
Wi, X X R s M R R 2o 2R — 8
R 1 HEALE YR AR R R gk

Table 1 Larvicidal activity against oriental armyworm of title
compounds

Insecticidal activity (%) at a concentration/(mgeL ")
200 100 50 25 10 5 2.5

Compd.

4a 100 100 100 100 100 100 60
4b 100 100 100 40

4c 100 100 100 100 100 60

4d 100 100 20

4e 60
4f 100 20
4g 20
4h 30
4i 20
4j 80
4k 100 20
Fluben-

.. 100 100 100 100 100 100 100
diamide

© 2014 Chinese Chemical Society & SIOC, CAS

12,1 ARk 7E AT

H AR P G E R Jr 0] /N Sk 1 AR s P 2k 2
PR, W& 2 LA, KEHMEEPRAR SR
NGB TR, otk S 4a~de fEWRIE 1 mg/L HAT
100% W BFEA. X T4 P9 53 1 s LR AR )
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WEY), RIRHIEVENT 2 Cl (4¢)>1 (42)>F (4b)>
Br (4¢)>H (4d), fHAFE L, WED) 4b 7EH 2 AL
e 0.01 mg/L SR CRFFE S I AP is k. =36
FER AR &Y, WETENE H (4g)>Br (4i)~Cl
(4h). % TE 2-CH;-4-C5F; (4¢)>3-CF; (4h); 2-CH;-4-
C;F; (4d)>3-CF; (4i); 2-CH;-4-C5F; (4€)>3-CF; (4g)n]
B, A BH A S e A 2 7 - RO, bl — g g, e
MIAFLERE R T AEin b, 5 B i b e /R — 2
R 2 BGPTSR g

Table 2 Larvicidal activity against diamondback moth of title
compounds

Insecticidal activity (%) at a concentration/(mgeL ")

Compd.
200 100 10 1 0.1 0.01
4a 100 100 100 100 86 57
4b 100 100 100 100 86 71
4c 100 100 100 100 57
4d 100 100 100 71 29
4e 100 100 100 86 43
4f 71 29
4g 100 71 57 29
4h 100 71 43
4i 100 86 57
4j 100 86 86 57

Fluben- 100 100 100 100 100 100
diamide

2 #ig

AT DAHARAR A — IR N iRk, &0d =0 IV, &
THE R 10 AR I SCHRARE 14 B A P9 AR [R] 5 B e AR
S BT A, TAEE AT 'TH NMR, PC
NMR, HRMS 8% 0 % 7 19 BIRAERHIA. ARSI
MRS R oR: A da S AR5kt HAA B R
R, RIRERTR o3 Sk BB R S5 R A A v, R S 43
D5 A i o3 Lo R N RGOS B, IF Hom
T =R PSR BRI B, 52 AT TR IE PO R 2%
KE—E LS 4b HA Bl 1A~ SEs k. itk nr
W, FHEMEGIN =PRSS, K0 btk &9 IR
FE—E W AEDTE I, Hogh N AR — B R A& M 2%
KA FCHAE T A,

3 KHES
3.1 XE5IKH

5 Bruker AVANCE 400 4% i 35 3% 9% 3% A
(TMS A FR, CDCl; 2% DMSO-d A ¥%55); J2[E Ther-
mofinnigan LCQ Advantage M 5iil#{(ESI); #&[E Ele-
mentar Vario EL III BTG AT X-4 BUEC7 o Wi
7 A AL IR R AR A PR A ) ), H B Z AT REIR (5 B
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AT ). BRI A T o dr 4, v et 5 R0
JIiERR A 5 AT
32 &M
3.2.1  PlaREGA R,

HE AR 1a~1e F1 2a~2e )4 2 I SCHR[24]100 7
g%, PR g s Ak 5 AT N — 2 RN

ZJOCHER 2411 J7 v E A e R AR 3, HARPER L
G 3a G BB 0 AT 575 £ (20 mmol) = 4 Ji%
(20 mmol)F1 50 mL S FHLEH = HEe, 2 mA
3-TIARAR A — FH R IF(20 mmol) [ 5 AR IR, 2R
N 16 h &, AP I 50 mL 7K, 88 o HIH 6 R IR
b, AR ASI(15 mLX3)KZE, ToKBRER AN T4
AWLZE. TEZARR 28R, MY H Clk-1E DB iR S
WU, gy ot — 2 aith, HEHFIT TR
N FERE () 702045 SE AR 0 H bR &4
322 BAMLAEY 4 895K

ZMOCBR[25]0 771, BBy fEvKis 4T T,
B =L 0%(2.6 g, 2.5 mmol)iiF il EH A {£ 3 (2.5 mmol)[f]
TRMECETE . ARG, A FaR R S 0% i I R
15029 g, 2.5 mmol), Wik FE Y A% 45 I s g, A
T A S N FE AR FRAE 5 CCLUR. fH S FE—BLi a5,
i) S N R INN 5 B % £~h (2.5 mmol), FFZkEER W 1
h. KGR T v A S R R R, S A (TLC)
W N ERE. RN EE AR, KR HCL MR IR A
VAL JKVEVR. BEZ&RR V), W R A A € %
(VAR @ V(LFR LlR)=3 1144k f5 3 405,

3-M-N' N X[2- -4 gt 5 T 3 ) 2R FE 148 2K
It (4a): FIELATER, 772 81.9%. m.p. 227~228 C
(dec.); '"H NMR (400 MHz, CDCls) d: 8.26 (s, 1H, NH),
8.03 (d, J=7.5 Hz, 2H, ArH), 7.95 (d, J=8.1 Hz, 1H,
ArH), 7.75~7.68 (m, 2H, ArH), 7.39 (t, J=10.5 Hz, 4H,
ArH), 7.24 (d, J=7.7 Hz, 1H, NH), 2.33 (s, 3H, ArCH3),
2.29 (s, 3H, ArCH;); *C NMR (101 MHz, DMSO-d;) o:
167.41, 165.36, 142.04, 141.05, 139.24, 135.51, 133.88,
132.84, 130.39, 127.46, 127.13, 125.98, 125.39, 122.97,
121.71, 121.03, 95.52, 17.99. HRMS caled for
CasH7F14IN;NaO, (M+Na)* 829.0002, found 829.0003.

3-GR-N' N2 [2- 1 -4 (B g 36 2R IR 480K
Wt (4b): E ik, 7% 80.1%. m.p. 207~209 C;
'H NMR (400 MHz, DMSO-d;) d: 10.32 (s, 1H, NH),
10.23 (s, 1H, NH), 7.78 (d, J=8.4 Hz, 1H, ArH), 7.71 (d,
J=8.4 Hz, 3H, ArH), 7.55 (dd, J=14.5, 10.2 Hz, 5H,
ArH), 2.35 (d, J=2.7 Hz, 6H, ArCH;); “C NMR (101
MHz, DMSO-dg) o: 165.23, 162.60, 157.39, 139.21,
136.62, 134.20, 132.98, 131.09, 127.14, 126.33, 125.68,

Chin. J. Org. Chem. 2014, 34, 1424~1428
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125.29, 123.90, 123.28, 121.85, 121.80, 121.45, 118.98,
118.53, 118.13, 17.88. Anal. calcd for CysH;7FsN,O,: C
48.35, H 2.56, N 3.92; found C 48.15, H 2.45, N 4.01.

3-G-N N2 [2- F -4 (L g e A 3 ) R R A0
it (de): HEEIE, 772 78.7%. m.p. 207~209 C;
'H NMR (300 MHz, CDCly) d: 8.33 (s, 1H, NH), 8.03 (d,
J=8.4 Hz, 1H, ArH), 7.92 (d, J=8.4 Hz, 1H, ArH), 7.79
(s, 1H, NH), 7.67~7.55 (m, 2H, ArH), 7.48 (d, J=7.8 Hz,
1H, ArH), 7.40 (t, J=8.5 Hz, 4H, ArH), 2.32 (s, 3H,
ArCH3), 2.30 (s, 3H, ArCH;); *C NMR (101 MHz,
DMSO-dg) d: 165.24, 164.56, 139.20, 136.35, 136.01,
134.06, 133.00, 131.64, 130.86, 130.31, 127.12, 126.63,
126.14, 125.63, 123.26, 121.75, 121.27, 118.99, 118.71,
92.08, 90.10, 17.91. HRMS calcd for C,gH,;CIF4,N,NaO,
(M+Na)" 737.0648, found 737.0647.

3-PR-N' N2 X [2- F s -4- (L TR A 3 ) R 14 2
HEEfZ(4d): Ak, 7% 81.6%. mp. 163~165 C;
'H NMR (400 MHz, DMSO-d) 6: 10.25 (d, J=13.0 Hz,
1H, NH), 10.15 (d, J=12.4 Hz, 1H, NH), 7.90 (d, J=11.0
Hz, 1H, ArH), 7.91~7.86 (m, 2H, ArH), 7.71~7.68 (m,
2H, ArH), 7.53 (d, J=14.5 Hz, 4H, ArH), 2.35 (d, J=9.3
Hz, 6H, Ar-CH;); °C NMR (101 MHz, DMSO-d;) 6
165.25, 164.56, 139.22, 138.27, 136.35, 136.04, 134.76,
134.07, 133.00, 131.65, 130.87, 130.33, 127.19, 126.65,
125.91, 125.63, 123.21, 121.86, 121.57, 120.22, 118.86,
90.10, 17.93. HRMS calcd for CogH,;BrF4N,NaO, (M+
Na)" 781.0141, found 781.0142.

N NS [2- e -d-(L J S TR 3 ) 2R 6 A oK T
JliZ(4e): AOEAE, 775 79.1%. m.p. 195~197 C; 'H
NMR (400 MHz, DMSO-d) d: 10.11 (s, 2H, NH), 7.76 (d,
J=8.5 Hz, 4H, ArH), 7.68~7.63 (m, 2H, ArH), 7.51 (d,
J=10.1 Hz, 4H, ArH), 2.36 (s, 6H, ArCH;); *C NMR
(101 MHz, DMSO-dy) 0: 167.06, 139.57, 136.22, 133.63,
130.22, 130.00, 127.93, 127.06, 126.01, 123.14, 121.85,
121.60, 121.40, 118.86, 17.93. Anal. calcd for CogH gF 4-
N,O,: C 49.32, H 4.29, N 6.24; found C 49.42, H 4.12, N
6.19.

3-AHFE-N' N7 X3 - (980 3 ) 2R 3 4 2K F I
(4f): A5, P7% 78.7%. m.p. 199~200 C; 'H
NMR (400 MHz, DMSO-d;) 6: 11.04 (d, J=17.1 Hz, 2H,
NH), 8.37 (d, J=8.2 Hz, 1H, ArH), 8.21 (d, J=7.5 Hz,
1H, ArH), 8.08 (s, 1H, ArH), 8.03 (s, 1H, ArH), 7.93 (d,
J=17.9 Hz, 1H, ArH), 7.90~7.86 (m, 1H, ArH), 7.72 (d,
J=17.8 Hz, 1H, ArH), 7.58 (dd, J=7.6, 5.1 Hz, 2H, ArH),
7.48~7.45 (m, 2H, ArH); °C NMR (101 MHz, DMSO-d)

Chin. J. Org. Chem. 2014, 34, 1424~1428
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5: 164.90, 163.22, 146.61, 139.44, 136.89, 133.47, 131.32,
130.68, 130.04, 129.71, 129.39, 126.17, 123.43, 123.02,
120.23, 115.95, 115.47. Anal. calcd for Cy,H3F¢N3;0,4: C
52.95, H 2.70, N 8.67; found C 53.13, H 2.63, N 8.45.

NN 3-( = 50 R ) L1 A0 2 FT R (dg): 1
oAk, 775 78.7%. m.p. 221~223 °C; 'H NMR (400
MHz, DMSO-ds) d: 10.83 (s, 2H, NH, NH), 8.18 (s, 2H,
ArH), 7.90 (d, J=7.2 Hz, 2H, ArH), 7.75 (s, 2H, ArH),
7.66 (s, 2H, ArH), 7.57 (t, J=17.5 Hz, 2H, ArH), 7.44 (d,
J=6.9 Hz, 2H, ArH); *C NMR (101 MHz, DMSO-d;) J:
167.11, 140.00, 136.22, 130.03, 129.54, 129.23, 127.97,
125.44, 123.16, 122.73, 119.82, 115.63. Anal. calcd for
CxH 14FeN,O,: C 57.97, H 3.31, N 6.04; found C 58.41, H
3.12, N 6.19.

3-G-N', N2 3-( = 5 FF 3G ) 2R 3 40 2K - i i
(4h): K, P7E 76.9%. m.p. 214~216 C; 'H
NMR (400 MHz, DMSO-ds) : 10.99 (s, 1H, NH), 10.85
(s, 1H, NH), 8.15 (s, 1H, ArH), 8.09 (s, 1H ArH), 7.91 (d,
J=8.1 Hz, 1H, ArH), 7.84 (t, J=8.5 Hz, 2H, ArH), 7.79
(d, J=8.0 Hz, 1H, ArH), 7.66 (t, J=7.9 Hz, 1H, ArH),
7.58 (td, J=8.0, 3.2 Hz, 2H, ArH), 7.45 (d, J=7.8 Hz, 2H,
ArH); °C NMR (101 MHz, DMSO-d) J: 165.26, 164.56,
139.58, 136.08, 131.88, 130.95, 130.55, 130.02, 129.47,
126.72, 125.37, 123.50, 122.93, 122.67, 120.29, 120.10,
115.99, 115.33. Anal. caled for CoH;3CIFgN,O,: C 54.09,
H 2.79, N 5.80; found C 54.28, H 2.69, N 5.75.

3-JR-N' N2 [3-( = 900 FF ) R 181 4 - Pk i (4i):
A, P2 77.2%. mp. 199~201 C; 'H NMR
(400 MHz, DMSO-d) &: 10.98 (d, J=14.3 Hz, 1H, NH),
10.85 (s, 1H, NH), 8.15 (s, 1H, ArH), 8.09 (s, 1H, ArH),
7.95~7.88 (m, 2H, ArH), 7.84 (t, J=8.3 Hz, 2H, ArH),
7.79 (d, J=8.0 Hz, 1H, ArH), 7.66 (t, J=7.9 Hz, 1H,
ArH), 7.58 (t, J=7.6 Hz, 2H, ArH), 7.45 (d, J=7.6 Hz,
2H, ArH); °C NMR (101 MHz, DMSO-dy) J: 165.27,
164.57, 139.59, 136.09, 134.98, 131.89, 130.95, 130.63,
130.03, 129.48, 127.16, 126.74, 125.38, 123.51, 122.94,
122.66, 120.29, 119.96, 115.98, 115.35. HRMS calcd for
C»,H,3BrF¢N,NaO, (M+Na)* 552.9953, found 552.9957.

3TN N> B [4-( = 3 AR 3 ) R 3 1 40 2K — T Ik A
(4j): AM K, 7% 762%. mp. 154~156 C; 'H
NMR (400 MHz, DMSO-ds) : 10.69 (s, 1H, NH), 10.64
(s, 1H, NH), 8.09 (d, J=7.7 Hz, 1H, ArH), 7.83~7.74 (m,
5H, ArH), 7.34 (t, J=7.1 Hz, 5H, ArH); "C NMR (101
MHz, DMSO-ds) d: 167.09, 165.18, 143.81, 142.11,
140.98, 138.29, 138.08, 135.83, 130.40, 127.37, 121.44,
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120.81, 118.85, 95.71. Anal. caled for CyH 3F¢IN,Oy4: C
43.41, H 2.35, N 4.70; found C 43.20, H 2.15, N 4.59.

3-TH-N' N2 FROR R A T e (4k): 11 E
fmAA, PEE 79.4%. mp. 158~159 C; 'H NMR (400
MHz, CDCl;) ¢: 8.21 (s, 1H, NH), 8.00 (d, J=8.0 Hz, 1H,
ArH), 7.94 (d, J=7.1 Hz, 1H, ArH), 7.79 (d, J=7.9 Hz,
1H, ArH), 7.70~7.65 (m, 2H, ArH), 7.15 (dd, J=9.1, 4.8
Hz, 6H, ArH), 7.08 (d, J/=7.9 Hz, 1H, NH), 2.25 (s, 3H,
ArCHj;), 2.21 (s, 3H, ArCH3). Anal. caled for CyH 9IN,O:
C41.59,H 3.41, N 6.84; found C 41.68, H 3.32, N 6.80.
3.3 AiEMENIR
3.3.1  xF AR R R REF MG

AR s B T LR A Mythimna separate Walker,
K SCHR[27, 28]1M) T AT WG PR AR % bk B U R
T3 Rk HEE A ] K A R I R R HUR AR
325, F R ] PRI 5 1 AN ) 2 RV R, R T e 2
KU, BT AN 7 em KiFRILF, BN 4 04, ER
2~4 . O IEUTT AT R v o B oK i FR 4l 3L 24 h S
B INHAS OB 6 (1) oK . 7 48, 72 h MEGRER 45 R,
PUKG digh desg 4 abts, Rz sl 4 R AE T AR,
332 xR RF A RE

AR s R T R FR A Plutella xylostella L., K3
BRI291A) T VEREAT IS PRt %6 R H M BRpi AT 3 & 2%
(IRAC)# ! iy, FLr i A U 2438, H SRR AR
Bt s r, A 3~5 s, JRERW. FR L,
FEANACPRIL 3 . R SRR T IR TBAE A AR L,
R, TONEARER) 10 em K EERE N,
FEN 2 WA, A 55 14 . KR b B R
TARERL RSN, 72 Wi B IR, DLERET Bl dedk, AZ)
HRBET. HEIFRIESE TR,
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