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(1) in good yields and N’

activity against mites and plant hoppers.

Abstract |

Phenylformamidine derivatives are well known as insecticides for their specific activity against the insects. It
has now been established that they show insecticidal activity as agonists on the octopamine receptor which
is located in the synapse membrane. The reaction of triethylorthoformate and fluoroanilines gave formimidates
“Disubstituted N-fluorophenylformamidine derivatives were synthesized more easily
by using microwave. This microwave reaction condition gave products in high yields and faster reaction time
than conventional methods. All the compounds were screened for their biological activity agaist harmful insects
of plant hoppers, moths, aphids and mites. Synthetic compounds of 2-I-a, 2-I-c, 2-I-d, 2-II-d showed good
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. 1972, 1973a, 1973b, 1975; Holiingworth 1976). £3},
Hd o] 290l 4l §JRje] Eart e 4Bojt 271 9]
o wgo)] 2§E formamidine SEAE0] 2431 TS
et Aoi oA rhe] &, 2008). webA, 2 A4
A AmitazE RHEE E3], 4-fluoro-2-methylaniline¥}
2—ﬂuoro—4-methylanilin & ZHEAR dto] nlolaRY o]
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B Ao A ARRE 4-fluoro-2-methylaniline, 2-fluoro-
4-methylaniline, triethylorthoformate, secondary amine2
Aldrich Chemical Co., Ltd.(USA)2)A] +¢i5}o] AMgE}ch
Sl AR23L toluene, methanol, ethanol, tetrahydrofuran,
dimethylformamide(DMF), pyridine, dimethylsulfoxide
N-methyl-2-pyrrolidinone(NMP)& £30] <&z
HA8to] ARl 9H87)E BiotageAte] Initiator EXP™
microwaves AM-SHGICH WHgElR o R Merck/\]-—l 0.25
& A=mEaEet -8 4
A& 9%k column chromatography 2] 1% *P_E-—- silica gel
60(230~400 mesh)& A3 F2 08 ke sikae] +
z 232 98] 'H NMR spectrum& VarianAt?] Germini-
200 At E, Wi ZFEEZ 2+ Tetramethylsilane
(TMS), £ul2& CDCLE ARS8t} MS spectroum(El)
2 JeolrtS) IMS-DX303-& AREshgict

‘é‘ﬁ:

mm silica gel 60 Fosq §FS

REH &M U Spectral Data
Ethyl A~(Fluorophenyl)fformimidate SEH|(1)2] &M

15 ml9} toluene®] 4-fluoro-2-methyl-aniline(10 mmol)
9} triethylorthoformate(30 mmol) & W2 . W2 ZdlAet
Dean-Stark A€ RA5EL 10A17F 59 7+8 8F A7
e EHES R E F& AAste] 2 Azt
@g -1 & 99t
1-1: 48 85%, 34 B, "H NMR(CDCls, 200 MHz) §
1.38(m, 3H), 2.22(s, 3H), 4.33(m, 2H), 6.69(m, 1H),
6.87(m, 2H), 7.60(s, 1H); MS(70eV) m/z 181(M", 100),
136, 125, 109, 97, 83, 71, 54
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10 : 428 87%, 34 94 ; 'H NMR(CDCl, 200 MHz)
§ 1.38(m, 3H), 2.22(s, 3H), 4.33(m, 2H), 6.67(m, 1H),
6.84(m, 2H), 7.58(s, 1H); MS(70eV) m/z 181(M", 100),
136, 125, 109, 98, 83, 58, 57

N, N-=Disubstituted A-(Fluorophenyl)formamidine
FEH(2)Q Y
kS tubed]) B 111 mmolyS ¥-L & 4 mle] methanol
9] & diethylamine(3 mmol)}& A713t 3 Bk-& beE

ik PAEce Y a}.s%:g microwave ¥F2-7]0] 211 150 ColA]
T, 4202 WA B EHES F
& column chromatography(n-Hex/EtOAc=8/1)E 7
1115]'01 92‘53 HABEE 2-I=F Asith

21a: 5& 76%, 54 A, 'H NMR(CDCL, 200 MHz)
§ 0.96(t, J = 7.1 Hz, 3H), 1.36(m, 2H), 1.60(m, 2H),
2.25(s, 3H), 2.98(s, 3H), 3.28(m, 2H), 6.67(m, 1H),
6.82(m, 2H), 7.38(s, 1H); MS(70eV) m/z 222(M", 100),
207, 193, 180, 165, 151, 136, 125, 109, 98, 84, 83, 58,
51
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2-kb ;3-8 90%, B4 A4; 'H NMR(CDCl;, 200 MHz)
§ 2.19(s, 3H), 2.67(br, 2H), 3.01(s, 3H), 3.57(br, 2H),
6.58~6.82(mm, 3H), 7.34(s, 1H); MS(70eV) m/z 219(M",
100), 204, 191, 177, 165, 164, 136, 125, 109, 97, 83, 71,
54

23-c : &8 78%, B @), 'H NMR(CDCL;, 200 MHz)
§2.24(s, 3H), 2.97(s, 3H)), 3.90(br, 2H), 5.22(mm, 2H),
5.82(m, 1H), 6.68(m, 1H), 6.79(m, 2H), 7.41(s, 1H); MS
(70eV) m/z 205(M", 100), 191, 163, 149, 136, 125, 109,
107, 82, 70, 56, 55

2-1d : 28 74%, 34 93; "H NMR(CDCh, 200 MHz)
§ 2.25(s, 3H), 2.29(s, 1H), 3.05(s, 3H), 4.17(br, 2H),
6.67(m, 1H), 6.80(m, 2H), 7.39(s, 1H); MS(70eV) m/z
203(M", 100), 189, 187, 162, 148, 136, 135, 109, 107,
83, 68, 54

2Fe : 58 87%, &4 A4; 'H NMR(CDCl3, 200 MHz)
§ 1.25(m, 6H), 2.25(s, 3H), 3.37(m, 4H), 6.61 ~6.88(mm,
3H), 7.36(s, 1H); MS(70eV) m/z 208(M", 100), 193, 179,
165, 149, 136, 125, 109, 107, 83, 72, 58, 56

216 : 58 89%, S BF; Re=0.38(n-Hex/BtOAc=4/1);
"H NMR(CDCl;, 200 MHz) § 0.94(t, J = 6.6 Hz, 6H),
1.63(m, 4H), 2.26(s, 3H), 3.31(m, 4H), 6.71~6.86(mm,
3H), 7.38(s, 1H); MS (70eV) m/z 236(M", 80), 221, 207,
193, 179, 165, 150, 136, 125, 109, 99, 72, 58, 56

& 82%, A A

21g: 'H NMR(CDCl;, 200 MHz)
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§ 2.23(s, 3H), 3.95(m, 4H), 5.21(m, 4H), 5.82(m, 2H),
6.67~6.87(mm, 3H), 7.44(s, 1H); MS(70eV) m/z 231(M",
100), 217, 210, 191, 190, 163, 149, 136, 125, 109, 86,
84, 70, 56, 51

2-1h : 2§ 84%, 34 917 'H NMR(CDCL, 200 MHz)
6 0.96(t, J = 7.2 Hz, 6H), 1.26~1.60(mm, 8H), 2.24(s,
3H), 3.31(m, 4H), 6.60~6.88(mm, 3H), 7.36(s, 1H); MS
(70eV) m/z 264(M", 100), 249, 235, 221, 207, 193, 180,
165, 151, 140, 125, 109, 100, 86, 72, 57, 55

214 1 58 88%, A HA|; 'H NMR(CDCL, 200 MHz)
5§ 0.96(t, J = 7.2 Hz, 3H), 1.30~1.63(mm, 4H), 2.25(s,
3H), 3.30(t, J = 6.8 Hz, 2H), 3.63~3.87(mm, 4H), 6.63~
6.87(mm, 3H), 7.52(s, 1H); MS(70eV) m/z 252(M", 40),
237, 233, 208, 193, 181, 165, 151, 136, 125, 109, 88, 83,
74, 57, 56

21 4% 76%, I AH); 'H NMR(CDCL, 200 MHz)
§ O.9I(t, J = 6.0Hz, 6H), 1.27~1.61(mm, 12H), 2.23(s,
3H), 3.28(m, 4H), 6.59~6.88(mm, 3H), 7.36(s, 1H); MS
(70eV) m/z 292(M", 55), 277, 260, 59, 249, 221, 207,
193, 169, 168, 157, 135, 126, 109, 100, 83, 71, 57, 56

21k 58 85%, 34 A, 'H NMR(CDCL, 200 MHz)
8 0.90(m, 6H), 1.37(m, 12H), 1.58(m, 4H), 2.24(s, 3H),
3.29(m, 4H), 6.63(m, 1H), 6.82(m, 2H), 7.36(s, 1H);
MS(70eV) m/z 320(M", 100), 319, 291, 277, 263, 236,
235, 221, 196, 184, 165, 151, 136, 125, 109, 83, 69, 55

2K ;58 73%, 34 9 'H NMR(CDCl:, 200 MHz)
§ 0.87(m, 6H), 1.27~1.61(mm, 16H), 2.24(s, 3H), 3.27(m,
4H), 6.59~6.86(mm, 3H), 7.36(s, 1H); MS(70eV) m/z
376(M", 100), 361, 333, 319, 305, 291, 277, 252, 169,
154, 125, 97, 84, 71, 57

20w : 22§ 73%, 3 ) "H NMR(CDCl, 200 MHz)
§ 1.95(br, 4H), 2.26(s, 3H), 3.49(, J = 6.6 Hz, 4H),
6.66(m, 1H), 6.79(m, 2H), 7.6((s, 1H); MS(70eV) m/z
206(M", 100), 191, 177, 163, 149, 136, 125, 109, 107,
70,68, 61, 55
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2-Fn : 4§ 73%, 34 A4 'H NMR(CDCL, 200 MHz)
§ 2.26(s, 3H), 4.32(s, 4H), 5.89(br, 2H), 6.69(m, 1H),
6.80(m, 2H), 7.64(s, 1H); MS(70eV) mv/z 204(M", 100),
189, 188, 136, 125, 109, 107, 80, 68, 67, 57, 53

2-1-0 : 5§ 80%, 34 AH); "H NMR(CDClL, 200 MHz)
§ 2.25(5, 3H), 3.58~3.78(mm, 8H), 6.65~6.90(mm, 3H),
7.40(s, TH); MS(70eV) m/z 222(M", 100), 207, 191, 177,
164, 148, 136, 125, 109, 107, 83, 69, 57, 56

2-1p : 58 89%, 34 A4; 'H NMR(CDCls, 200 MHz)
§ 1.56~1.71(mm, 6H), 2.24(s, 3H), 3.44(br, 4H), 6.67(m,
1H), 6.79(m, 2H), 7.34(s, 1H); MS(70eV) m/z 220(M",
80), 205, 196, 191, 188, 149, 136, 125, 109, 96, 84, 83,
56, 55

21q : 5% 85%, 34 A "H NMR(CDCL, 200 MHz)
§ 2.24(s, 3H), 2.47(s, 3H), 2.42(m, 4H), 3.52(br, 4H),
6.63~6.88(mm, 3H), 7.36(s, 1H); MS(70eV) m/z 235(M’,
70), 234, 178, 165, 149, 136, 125, 110, 109, 83, 70, 56,
55

2-Fr: 58 85%, 3 ) 'H NMR(CDCl;, 200 MHz)
§ 2.17(s, 3H), 2.25(s, 3H), 3.47~3.74(mm, 8H), 6.65~
6.89(mm, 3H), 7.43(s, 1H); MS(70eV) nvz 263(M", 100),
248, 231, 220, 206, 191, 177, 165, 163, 136, 125, 109,
97, 85, 69, 56, 55

2-Fs & 65%, 3 TH|, mp 146~149T; 'H NMR
(CDCls, 200 MHz) § 2.25(s, 6H), 3.58(br, 8H), 6.65~
6.90(m, 6H), 7.45(s, 2H); MS(706V) m/z 356(M", 50),
232, 220, 203, 191, 177, 135, 124, 108, 97, 83, 69

2-Ta : 4% 89%, 34 o), "H NMR(CDCl;, 200 MHz)
§ 0.95, J = 7.2 Hz, 3H), 1.33(m, 2H), 1.56(m, 2H),
2.28(s, 3H), 3.0I(s, 3H), 3.22(m, 2H), 6.67(m, 1H),
6.84(m, 3H), 7.58(s, 1H); MS(70eV) m/z 222(M", 60),
207, 193, 180, 165, 147, 136, 125, 109, 98, 83, 58, 57

21kb : 4% 76%, 3+ 9; 'H NMR(CDCL, 200 MHz)
§ 2.29(s, 3H), 2.79(br, 2H), 3.14(s, 3H), 3.70(br, 2H),
6.83(m, 3H), 7.60(s, 1H); MS(70eV) mvz 219(M", 100),
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204, 191, 177, 165, 164, 136, 125, 109, 97, 83, 71, 54

2-0kc : 58 85%, B 4], 'H NMR(CDCl, 200 MHz)
§ 2.28(s, 3H), 2.99(s, 3H), 3.84(br, 2H), 5.24(mm, 2H),
5.82(m, 1H), 6.84(m, 3H), 7.61(s, 1H); MS(70eV) m/z
206(M’", 100), 191, 164, 149, 136, 125, 109, 86, 82, 70,
56

2-1-d : 58 78%, 34 A 'H NMR(CDCL, 200 MHz)
§ 2.29(s, 3H), 2.31(s, 1H), 3.08(s, 3H), 4.11(br, 2H),
6.84(m, 3H), 7.60(s, 1H); MS(70eV) m/z 203(M", 100),
189, 185, 162, 148, 136, 124, 109, 107, 83, 68, 54

2-Tke : -8 93%, 34 A4, 'H NMR(CDCls, 200 MHz)
§ 120(t, J = 6.8 Hz, 6H), 2.27(s, 3H), 3.38(m, 4H),
6.79(m, 2H), 6.86(m, 1H), 7.53(s, 1H); MS(70eV) m/z
208(M’, 100), 193, 179, 173, 152, 136, 125, 109, 85, 72,
58, 56

2-IHf :© £f 85%, 3 A 'H NMR(CDChL, 200
MHz)'H NMR (CDCl;, 200 MHz) § 0.92(t, J = 7.2 Hz,
6H), 1.62(m, 4H), 2.27(s, 3H), 3.27(mm, 4H), 6.79(m,
2H), 6.86(m, 1H), 7.54(s, 1H); MS(70eV) m/z 236(M",
65), 221, 207, 193, 187, 165, 150, 136, 125, 109, 99, 72,
58, 56

2-1kg : 8 85%, FA YA; 'H NMR(CDCls, 200 MHz)
6 2.28(s, 3H), 3.96(mm, 4H), 5.20(m, 4H), 5.82(m, 2H),
6.84(mm, 3H), 7.63(s, 1H); MS(70eV) m/z 232(M, 100),
217, 207, 191, 177, 164, 149, 136, 125, 109 83, 81, 56,
55

2-Ikh : 8 73%, 24 AF; 'H NMR(CDCl;, 200 MHz)
§ 0.94(t, J = 7.6 Hz, 6H), 1.34(m, 4H), 1.62(m, 4H),
2.27(s, 3H), 3.30(mm, 4H), 6.80(m, 2H), 6.87(m, 1H),
7.54(s, 1H); MS(70eV) m/z 264(M", 55), 249, 235, 221,
207, 193, 165, 140, 125, 124, 100, 86, 72, 57, 55

2-IFi : 528 78%, B4 43 'H NMR(CDCls, 200 MHz)
8 0.96(1, J = 7.4Hz, 3H), 1.30~1.63(mm, 4H), 2.25(s,
3H), 3.30(t, J = 6.8Hz, 2H), 3.62(br, 2H) 3.86(t, T = 4.4
Hz, 2H), 6.82(m, 3H), 7.74(s, 1H); MS(70eV) m/z 252(M",
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40), 237, 233, 208, 193, 181, 165, 151, 136, 125, 109,
88, 83, 74, 57, 56

206§ : 528 72%, T A3, "H NMR(CDCh, 200 MHz)
§ 0.92(t, J = 6.4 Hz, 6H), 1.34(m, 8H), 1.61(m, 4H),
2.29(s, 3H), 3.32(mm, 4H), 6.80(s, 2H), 6.88(m, 1H),
7.55(s, 1H); MS(70eV) m/z 292(M", 55), 277, 263, 235,
215, 207, 178, 168, 151, 135, 126, 109, 100, 83, 71, 57,
56

2-I1-k : 48 87%, 34 93], "H NMR(CDCls, 200 MHz)
§ 0.87(m, 6H), 1.29(m, 12H), 1.56(m, 4H), 2.25(s, 3H),
3.29(mm, 4H), 6.79(m, 2H), 6.85(m, 1H), 7.52(s, 1H);
MS(70eV) m/z 320(M’, 30), 319, 291, 277, 263, 236,
235, 221, 207, 196, 180, 165, 149, 136, 125, 112, 109,
100, 71, 55

20H : 38 73%, 3 A Liquid; Re0.49(n-Hex/
EtOAc=8/1); 'H NMR(CDCls, 200 MHz) §0.89(m, 6H),
1.31(m, 20H), 1.64(m, 4H), 3.32(mm, 4H), 6.83(m, 2H),
6.88(m, 1H), 7.56(s, 1H); MS(70eV) m/z 376(M’, 20),
361, 333, 319, 305, 291, 277, 252, 169, 154, 125, 97, 84,
71, 57

2-f-m : 528 83%, 34 AA); 'H NMR(CDCL, 200 MHz)
§ 1.94(m, 4H), 2.27(s, 3H), 3.51(m, 4H), 6.81(m, 3H),
7.80(s, 1H); MS(70eV) m/z 206(M", 100), 205, 187, 185,
158, 136, 125, 124, 109, 83, 70, 54

2-Ikn : 22§ 73%, 34 94 "H NMR(CDCls, 200 MHz)
§ 2.28(s, 3H), 4.34(s, 4H), 5.87(br, 2H), 6.82(m, 3H),
7.84(s, 1H); MS(70eV) m/z 204(M", 10), 203, 153, 136,
124, 109, 97, 77, 75, 5

2-0lo : $8 89%, 34 3, 'H NMR(CDCl, 200 MHz)
§ 2.27(s, 3H), 3.62(mm, 8H), 6.84(m, 3H), 7.57(s, 1H);
MS(70eV) m/z 222(M", 100), 221, 172, 164, 144, 136,
125, 124, 109, 83, 57, 56

2-Ip : 528 75%, F4 9 'H NMR(CDCls, 200 MHz)
51.59(mm, 6H), 2.27(s, 3H), 3.44(br, 4H), 6.83(m, 3H),
7.53(s, 1H); MS(70eV) mv/z 220(M", 100), 219, 201, 200,
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171, 144, 136, 125, 124, 109, 84, 83, 56, 55

2-0q : 58 75%, B4 ) 'H NMR(CDCl;, 200 MHz)
62.29(s, 3H), 2.34(s, 3H), 2.46(m, 4H), 3.54(br, 4H),
6.84(m, 3H), 7.57(s, 1H); MS(70eV) m/z 235(M’, 40),
222, 205, 191, 178, 165, 153, 136, 125, 110, 109, 70, 56,
55

2Thr: £ 84%, 34 A9; "H NMR(CDCls, 200 MHz)
52.09(5, 3H), 2.24(s, 3H), 3.48~3.69(mm, 8H), 6.78(m,
3H), 7.57(s, 1H); MS(70eV) m/z 263(M", 100), 262, 244,
220, 191, 177, 165, 159, 136, 125, 109, 86, 85, 56, 55

2-Is : 5% 87%, 3A TH, mp 153~155C; '"H NMR
(CDClL, 200 MHz) §2.30(s, 6H), 3.61(br, 8H), 6.86(m,
6H), 7.65(s, 2H); MS(70eV) m/z 356(M’, 100), 355, 249,
232, 230, 203, 191, 177, 165, 163, 136, 125, 109, 97, 69,
56
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Fig. 1. Synthetic routes to N, N-Disubstituted N-phenylformamidines.
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Table 1. Reaction Condition of N,N-dialkylformamidine synthesis
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Ar—NH, CH(OEt);, toluene - N OEt Reaction condition - N \\\\/ﬁ‘ R,
reflux
1 2
Ar: | = 4-F-2-Me-Ph, ) = 2-F-4-Me-Ph
Solvent & condition Temp. Reaction Time Isolated T8(%)
MeOH no microwave 64C 16h 60~65
EtOH no microwave 78C 20h 50~53
THF no microwave 66 10h 11~23
DMF microwave 220C 1.5h 50~60
EtOH microwave 150C 2h 55~75
MeOH microwave 150C 5~20 min 73~93
NMP microwave 220C 3~6 min 65~85
DMSO microwave 220C th 20~47
Pyridine microwave 140C 2.5h 15~38
THF microwave 80T 3h 3~7

Table 2. Insecticidal activity of N N"-Disubstituted N-(4-fluoro-2-methylphenyl) formamidines

48 HAT” % Mortality at 500 ppm

Frey ki ke BPH” DBM” GPA? TSSM?
Amitraz 80 30 80 93
2-1-a Me n-Bu 100 40 90
2-I-b Me 2-CN-Et 30 0 87
2-Ic Me allyl 80 0 100
2-I-d Me propargy! 100 30 30 100
2-I-e Et Et 85 10 0 47
2-1-f Pr Pr 50 0 0 30
2-I-g allyl allyl 20 0 30
2-Ih n-Bu n-Bu 70 0 20
2-I4 butyl 2-OH-ethyl 35 0 0 37
2-14 pentyl pentyl 30 10 0 80
2-1k hexyl hexyl 10 0 0 53
2-1-1 octyl octyl 37 7 0 19
2-I-m pyrrolidiny! 30 0 0 83
2-I-n 3-pyrrolinyl 30 0 0 57
2-I-0 morpholinyl 20 0 0 40
2-Ip piperidinyl 20 0 0 83
2-I-q N-methylpiperazyl 10 0 0 80
2-I-r N-acetylpiperazyl 0 0 10
2-I-s N-(2-Me-4-F-anilino)-methylenpiperazyl 0 0 0 20

“Hours After Treatment, “Brown plant hopper, “Diamond-Back Moth, “Green Peach Aphid, “Two-Spotted Spider Mite
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Table 3. Insecticidal activity of N,N-Disubstituted N-(2-fluoro~-4-methylphenyl) formamidines

48 HAT® % Mortality at 500 ppm

Fy f ke BPH” DBM? GpAY TSSMY
Amitraz 80 30 80 93
2-II-a Me n-Bu 37 47 10 95
2-1I-b Me 2-CN-Et 15 0 37
2-1I¢ Me allyl 100 0 70
2-1I-d Me propargyl 100 0 0 100
2-1I-e Et Et 42 0 19
2-II-f Pr Pr 37 53 9 53
2-1l-g allyl allyl 70 0 0 30
2-11-h n-Bu n-Bu 58 47 10 67
2-1I-i butyl 2-OH-ethyl 20 0 0 37
2-1-j pentyl pentyl 21 6 7 88
2-1k-k hexyl hexyl 26 26 0 53
2-H-1 octyl octyl 21 0 44
2-1I-m pyrrolidinyl 20 0 83
2-1I-n 3-pyrrolinyl 20 0 73
2-1l-o0 morpholinyl 0 26 0 35
2-1I-p piperidinyl 23 26 3 49
2-Il-q N-methylpiperazyl 11 23 3 33
2-r N-acetylpiperazyl 11 0 14
2-I-s N-(4-Me-2-F-anilino)-methylenpiperazyl 30 40 0 50

“Hours After Treatment, “Brown plant hopper, “Diamond-Back Moth, *Green Peach Aphid, “Two-Spotted Spider Mite
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Table 4. Secondary insecticidal activity assay
Insect Mortality (%) Insect Mortality (%)
Conc. Cone.
Entry ppm BPH TSSM Entry ppm BPH TSSM
24h 48h 24h 48h 24h 48h 24h 48h
250 40 70 96 100 250 60 70 35 70
125 20 30 96 100 125 40 60 20 50
63 0 0 52 72 63 20 40 10 30
2-I-a 2-l-¢
31 0 0 31 36 31 0 10
16 0 0 20 25 16
8 0 0 25 5 8
250 63 80 73 97 250 50 60 53 9
125 35 64 60 93 125 35 40 40 60
63 18 41 60 90 63 20 30 0 17
2-I-¢ 2-11-d
31 10 10 43 80 31 10 10
16 0 0 17 47 16 0
8 0 0 0 17 8 0 0
250 30 50 73 93 250 10 50 90 98
125 20 40 60 77 125 0 43 87 97
63 10 10 47 53 63 0 10 77 92
2-1-d Amitraz
31 0 0 17 27 31 0 65 82
16 0 0 0 10 16 0 17 37
8 0 0 8 0 0 0
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