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~ Abstract

Phenylformamidines 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. In this study we tried to test the effect of fluorine substituted aromatic formamidines and
1,3,5-triazapenta-1,4-dienes. Among the compounds, 2h, 2k, 21, 3g, 3h, 3k showed good activity against mite
and aphid and 4f and 4g showed high activity against mite.
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M B 1980). QML e A7} Hojxl HdEZol|e GEASE
Z2 FA 37171 AEE] Qe SRER 259 octopamine
Phenylformamidine fE=A4E 252 AAAY 249 8A|o| agonistZ 285t £ AF EE vehle A
octopaminet A4 & © & octopamine receptoro] 24}t o2 d#lA glth(Harrison 5, 1972, 1973a, 1973b, 1975;
Az Uehj= Aoz odeA 9lon Eg), o] FRIE Holiingworth 1976, Fig. 1).
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Fig. 1. Agonistic compounds of octopamine receptor.
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2 Ago] It Evans®} Gee, 1980; Kristiansent Duerr,
1979). o] AzxLH-L 1970 ) g 22 A7t A
YElof oo ANXL AHPTLOZIAE FAICR u] A7
oA %2 I7E K Harrison 5 1972, 1973a, 1975; Takeo
55 1971; Gall, 1988). Hio]| o] HAG ARG oFefo] A
20| gl= A7) o] uls}ed ek Wlo] SickHarrison
% 1972, 1973a, 1975).

w2pA, 2 AFolAl e amitrazE RER E3], A0 A
S R AR B} X3k amitrazo} FARE T29) 1,3,5-
triazapenta-1,4-diene 5-=5], A% A EA Q] (Lo} v|43t
N-(fluoro-substituted phenyl)-N"-monomethyl-formamidine
F=A] 9 N-(fluoro-substituted phenyl)-N',N"-dimethyl-for-
mamidine EA9] $4T o] SFFBE 3H AY 2
e Hug

Mz H Uy

AleF 2 717

2 AYofA AMEH B4 $H7 aniline, p-toluenesulfonyl
chloride, N-methylformamide, DMF, p-toluenesulfonic acid
monohydratet= Aldrich Chemical Co., Ltd. 9| A F-5}ed A}
|51t} 4|2 A3 xylene2 calcium hydride 2 4|5}
of ARRSIGIT) BRS- 2918-0 & MerckAl2] 0.25 mm silica gel
60 Fass plate®} ¥-5-22] AAE 3} column chromatography
o] TAAFO 2= silica gel 60(230~400 mesh)S A28FITh
4 RIE) 12 AAS 8] 'HNMR spectrum- VarianA}2)]
Germini-200S A§51%1L, Ul 2252 2= tetramethylsilane
(TMS)& £j2%= CDCLE AHE3HITh MS spectrum(ET)
2 JeolAte] IMS-DX3032 ARE-3+3TE

S gM % Spectral Data

N-(fluoro-substituted phenyl)-A'~-monomethylformamidine
(2)of &

10 mL ¢} N-methylformamideo] fluoro-substituted aniline
1a(10 mmol)& 0|1 AL29]A] p-toluenesulfonyl chloride
(2382 g, 12.5 mol)& A3 Wi 247+ uks}eT}. TLC
2 W3] SAE SRIgta W ES deEd B 255
10°C ofst2 {FAAIZIHA] 10N NaOH =84 202 7|4
° 2 rEQIth o] RS ethyl acetate= 33] 25311 £
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2a: =& 70%, 34 A7; 'H NMR(CDCl;, 200 MHz)
§ 2.99(s, 3H), 6.89~7.06(m, 4H), 7.6%(s, 1H); MS(70eV)
m/z 152(M°, 100), 133, 122, 111, 95, 75.
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2b: & 72%, 3 AH: 'H NMR(CDCls, 200 MHz)
§ 2.99(s, 3H), 4.97(br s, NH), 6.64~6.75(m, 3H), 7.16~
7.23(m, 'H); 7.63(s, 1H); MS(70eV) m/z 152(M", 100),
133, 122, 111, 95, 75.

2¢: 528 72%, 2 1A, mp 57~60°C; 'H NMR(CDCls,
200 MHz) § 2.99(s, 3H), 5.41(br, NH), 6.79~6.94(m, 4H),
7.51(s, 1H); MS(70eV) m/z 152(M",100), 133, 122, 111,
95, 75.

2d: 328 72%, 31X 1A, mp 86~87°C; 'H NMR(CDCL,
200 MHz) § 2.96(s, 3H), 5.29(br, NH), 6.72~6.91(m, 3H),
7.63(s, 1H); MS(70eV) m/z 170(M", 100), 151, 140, 129,
113, 101, 75.

2e: 8 60%, 3 11X, mp 108~109°C; "H NMR(CDCL,
200 MHz) § 3.03(s, 3H), 4.91(br, NH), 6.82~6.88(m, 3H),
7.78(s, 1H); MS(70eV) m/z 170(M", 100), 151, 140, 129,
120, 113, 101.

2f: 48 83%, 3A 1A, mp 110°C; 'H NMR(CDCL,
200 MHz) § 3.02(s, 3H), 4.92(br, NH), 6.60~6.70(m, 2H),
7.73(s, 1H); MS(70eV) m/z 188(M" 100), 169, 158, 147,
138, 131, 119, 88, 81, 75.

2g: 8 78%, P4 17, mp 50~51°C; 'H NMR(CDCL,
200 MHz) § 2.18(s, 3H), 2.92(s, 3H), 5.25(br, 1H), 6.52
(d, J = 7.8Hz, 1H), 6.67~6.73(m, 1H), 6.97~7.04(q, J =
7.8 Hz, 1H), 7.45(s, 1H); MS(70eV) m/z 166(M", 100),
151, 136, 125, 124, 109, 83.

2h: 228 75%, 3 93; 'H NMR(CDCl;, 200 MHz)
§ 2.22(s, 3H), 2.94(s, 3H), 4.65(br, NH), 6.63~6.68(m,
1H), 6.73~6.86(m, 2H), 7.45(s, 1H); MS (70eV) m/z 166
(M, 100), 151, 136, 125, 124, 109, 83.

2i: 228 56%, 34 ), 1H NMR(CDCL, 200 MHz)
§ 2.21(s, 3H), 2.98(s, 3H), 4.63(br, NH), 6.79(m, 1H),
6.60~6.66(m, 1H), 7.05(t, J = 7.8 Hz, 1H), 7.51(s, 1H);
MS(70eV) m/z 166(M', 100), 161, 145, 142, 125, 111,
95, 75.
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2j: & 62%, M 14, mp 107~110°C; "H NMR(CDCL,
200 MHz) § 3.01(s, 3H), 4.78(br, NH), 6.88(t, /= 9.0 Hz,
1H), 6.99~7.09(m, 2H), 7.69(s, 1H); MS(70eV) m/z 186
(M', 100), 167, 158, 145, 129, 109, 93, 84, 75.

2k: & 84%, A A 'H NMR(CDCls, 200 MHz)
§ 2.28(s, 3H), 3.02(s, 6H), 6.82(m, 3H), 7.56(s, 1H); MS
(70eV) m/z 180(M", 100), 165, 161, 138, 136, 109, 93,
84, 75.

211 & 81%, 34 14|, mp 78~82°C; 'H NMR(CDCL;,
200MHz) & 2.97(s, 3H), 3.79(m, 3H), 6.57(m, 2H), 6.74
(m, 1H), 7.57(s, 1H); MS(70eV) m/z 182(M", 90), 169,
151, 141, 126, 109, 93, 84, 75.

N-(fluoro—substituted phenyl)—
N',N—=dimethylformamidine (3)2| &t

10 mLe] N,N-dimethylformamide®]| fluoro-substituted
aniline(la, 10 mmol)& =0]1 Ao A p-toluenesulfonyl
chloride(2.382 g, 12.5 mol)& AA3| @il 2A|17F wykaleich
TLC= Hh5-9] 42 E91aa N3-S de-2of 511 10°C
oJstZ FAAZ7IHA 10N NaOH 8402 g7|4o= &
3 o] GoHE ethyl acetate® 33] 2&3}1, Held §718NS
3} NaHCO; 48402 23], ¥3} ATE (32 Ko &
MgSO:2 HRA7|IL F55k0] 34 A Bi3He 322 AQck

3a: & 76%, B 4 'H NMR(CDCl;, 200 MHz)
6 3.04(s, 6H), 6.88~7.07(mm, 4H), 7.58(s, [H); MS(70eV)
m/z 166(M+,100), 151, 138, 124, 122, 95, 84, 75.
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3b: & 74%, 3 AH; '"H NMR(CDCls, 200 MHz)
6 3.02(s, 6H), 6.63~6.75(m, 2H), 7.17~7.21(m, 1H), 7.51
(s, 1H); MS(70eV) m/z 166(M", 100), 165, 151, 124, 122,
95, 84, 75.

3c: 4+& 82%, A ), 'H NMR(CDCl;, 200 MHz)
6 3.01(s, 6H), 6.84~6.99(m, 4H), 7.47(s, 1H); MS(70eV)
m/z 166(M’, 100), 151, 138, 124, 122, 95, 84, 75.

3d: & 75%, 3 A, 'H NMR(CDCLs, 200 MHz)
6 3.03(s, 6H), 6.70~6.93(m, 3H), 7.53(s, 1H); MS(70eV)
m/z 184(M’, 100), 169, 165, 142, 140, 113, 101, 84.

3e: 8 76%, A M, "H NMR(CDCls, 200 MHz)
6 3.02(s, 3H), 3.07(s, 3H), 6.78~6.8%(m, 3H), 7.86(s, 1H);
MS(70eV) m/z 184(M", 85), 165, 149, 142, 129, 120, 88, 6.

3f: 8 74%, S TH|, mp 40~43°C; 'H NMR(CDCl;,
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200 MHz) § 3.03(s, 3H), 3.05(s, 3H), 6.59~6.68(m, 2H),
7.61(s, 1H); MS(70eV) m/z 202(M", 100), 183, 181, 160,
158, 138, 131, 97, 85, 81.

3g: 58§ 45%, 34 A7) 'H NMR(CDCls, 200 MHz)
6 2.18(s, 3H), 3.01(s, 6H), 6.65~6.71(m, 1H), 6.96~7.04
(q. J = 7.8 Hz, 1H), 7.40(s, 1H); MS(70eV) m/z 180(M",
100), 165, 149, 136, 122, 109, 97, 89, 84, 77.

3h: =& 72%, 34 A, 'H NMR(CDCls, 200 MHz)
§ 2.24(s, 3H), 2.99(s, 6H), 6.63~6.66(m, 1H), 6.73~6.84
(m, 2H), 7.35(s, 1H); MS(70eV) m/z 180(M", 100), 165,
149, 136, 124, 109, 88, 84.

3it =8 76%, A AA); 'H NMR(CDCls, 200 MHz)
§ 2.21(s, 3H), 3.02(s, 6H), 6.45~6.50(m, 1H), 6.51~6.61
(m, 1H), 7.02~7.04(m, 1H), 7.40(s, 1H); MS(70eV) m/z
180(M', 100), 165, 153, 149, 136, 124, 109, 97, 91, 84, 77.

3j: 48 71%, A AH); 'H NMR(CDCL, 200 MHz)
§ 3.02(s, 6H), 6.81~7.07(mm, 3H), 7.54(s, 1H); MS(70cV)
m/z 200(M", 100), 198, 181, 172, 158, 143, 136, 129,
109, 94, 70.

3k: =& 84%, 3 i 'H NMR(CDCl;, 200 MHz)
§ 2.28(s, 3H), 3.02(s, 6H), 6.82(m, 3H), 7.56(s, 1H); MS
(70eV) mvz 180(M", 100), 165, 161, 138, 136, 109, 107, 83.

1,5~Di—(fluoro~substituted phenyl)-3-methyl—
1,3,5-triazapenta—1,4—diene (4)2| &4

15 mLY] xyleneol| 3}3ME 2a(1.518 g, 10 mmol)2} p-
toluenesulfonic acid monohydrate(0.1 g)& @& T Wzt
TAME FABET 84X 7 53t 7M. SRAF T TLCE ¥
o ShAg ol 3 HRor YA F53 T column
chromatography (n-Hex/EtOAc=8/1)2 #A|5}o] 3H oz
St 408 A

da: 22§ 75%, 3 A% 'H NMR(CDCls;, 200 MHz)
§ 3.52(s, 3H), 7.05(m, 8H), 8.17(s, 2H); MS(70eV) m/z
273(M+, 55), 152, 133, 122, 111, 95, 75.
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Ab: 28 71%, A A 'H NMR(CDCls, 200 MHz)
6 3.46(s, 3H), 6.82(m, 6H), 7.26(m, 2H), 8.06(s, 2H); MS
(70eV) mvz 273(M", 55), 151, 136, 122, 111, 95, 75.

Ac: S8 73%, A 314, mp 103~109°C; "H NMR(CDCL,
200 MHz) & 3.47(s, 3H), 6.76~7.02(m, 6H), 8.13(s, 2H);
MS (70eV) m/z 309(M", 60), 268, 252, 170, 151, 140, 129,



298

113, 101, 84.

Ad: & 71%, A 1], mp 136~144°C; "H NMR(CDCls,
200 MHz) § 3.57(s, 3H), 6.89~7.03(m, 6H), 8.24(s, 2H);
MS (70eV) m/z 309(M’, 90), 290, 268, 252, 170, 151,
140, 129, 120, 113, 85.

de: g 74%, A 1F, mp 150~156°C; 'H NMR
(CDCls, 200 MHz) § 3.53(s, 3H), 6.72(t, J = 8.4 Hz, 4H),
8.23(s, 2H); MS(70eV) m/z 345(M", 35), 304, 188, 169,
158, 147, 138, 131, 81.

af: 228 71%, 34 Az 'H NMR(CDCl, 200 MHz)
§ 2.24(s, 6H), 3.53(s, 3H), 6.63(d, J = 8.0 Hz, 2H), 6.84
(t, J = 8.6 Hz, 2H), 7.10(q, J = 7.4 Hz, 2H), 8.00(s, 2H);
MS (70eV) mvz 301(M", 50), 286, 260, 244, 243, 192,
166, 151, 136, 125, 109, 107, 83.

Ag: 5= 74%, 3N 1A, mp 136~144°C; 'H NMR
(CDCl;, 200 MHz) § 2.29(s, 6H), 3.49(s, 3H), 6.73~6.93
(m, 6H), 7.97(s, 2H); MS (70eV) m/z 301(M", 80), 260,
244, 199, 166, 125, 109, 83.

4h: =& 78%, AM 11X, mp 100~104°C; 'H NMR
(CDCl;, 200 MHz) & 2.26(s, 6H), 3.53(s, 3H), 6.54~6.71
(m, 2H), 6.72~6.81(m, 2H), 7.10~7.17(m, 2H), 7.99(s,
2H); MS(70eV) m/z 301(M", 65), 284, 269, 214, 199,
192, 176, 166, 151, 136, 125, 109, 97, 91, 83, 77.

4i: & 78%, M 1A, mp=130~135°C; 'H NMR
(CDCls, 200 MHz) & 2.32(s, 6H), 3.50(s, 3H), 6.92(m,
6H), 8.16(s, 2H); MS(70eV) m/z 301(M", 50), 260, 244,
216, 147, 136, 125, 124, 186, 84, 77.
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36 mL 9] surfactant(Triton X-100 100 ppm)2 410] 40 mL
of orole ZAste] 429 ol thoto] amitrazE i of
A2 AMg3to] primary 4384 AldE 3kATh

HHYBPH: Brown plant hopper, Nilaparvata lugens)
N 7IFNER 0 5 9Fo] AT 256 $1 48
& AHgste] Andopos ofA Astl 27 3 om, 0l
15 cm&] AEHo| ¥ FEE GAHeR Topx Wof Yl
W 100elE B IR 5 WA ol Mg ¥
24, 4847 % 438 S 2T

HjZ=ZUHDBM: Diamond-Back Moth, Phutella xylostella)
AE: GAAELR AAE Aol 3027t I A7 7,
2= Yol S8 A% 3 cme] g AL A7 5
cm?| 1727} 2 18)4 petri-dishof] §31, 3% #5100}
2G5 FE3NL 24, BAITL T AF5ES RABIATE

B0l B GE(GPA: Green Peach Aphid, Mzus persicae)
AE: A7 4.5 cm®] g o BHE oFHof 3027 HH Al
71 & 3= YollA §2 A7), 2% 6 cm¥| 18] petri-
disho] SITAZ 27 B 9 T 4ES 10 w12 HEoHa
24, 48417 T A28 ZASSA

Zuto]2-o( TSSM: Two-Spotted Spider Mite, Tetranychus
urticae) N: 7 6 em9)| petri-disho] BAHE 21 TF
T2 2238 41 7, 27 3.5 em?] FEF o AUS 29
A% 300t E HE F 47 sprayer= FAHE 3}

I 24, 48A17 & A5-ES ZARIT

7

2t 9 n&

=
frxo g4

Phenylformamidine -G-=412] 34 W2 1970 5
thzHQl A7t X E o] 2om(Takeo 5, 1971; Harrison -,

[e]
=4
O

l\llle
e N
—_— Ar/NQ/N ZAr
4

a) p-TsCl, N-methylformamide, rt, 3 hr, b) (i) CH(OEt)3, toluene, 130°C,(ii) MENH,, THF, rt
¢) p-TsCl, DMF, rt, 3 hr, d) (i) a) CH(OEt), toluene, 130°C, (ii) MgNH, THF, rt
e) p-TsOH monohydrate, xylene, reflux, 84 h

Scheme 1. Preparation of Formamidines and 1,3,5-Triazapenta -1,4-dienes.
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1973a; Gall 5, 1988; 3t 5, 1996), th3- ¥F-2-2l(Scheme 1)
3} ZFo| aniline(1)& FLEZE N-phenyl-N “monomethyl-
formamidine(2), N-phenyl-N'N'-dimethylformamidine(3)
4 1,5-Di-phenyl-3-methyl-1,3,5-triazapenta-1 A-diene(4) &
A2 dA4e 2 9t

=0E TRE anilined FAEAR ThoFsh Hh2 718}
A N*-alkylformamidine(2, 3)¢] 3t4& A|wsldct, 1 At
p-toluenesulfonyl chloride £2)3}ol 4 N-methylformamide
(or DMF) §-H430f A1 A2ofx] 3A17F 8HS- A7) 7490
7H =2 589 phenylformamidine S =H&
% TH Table 1).

1,3,5-triazapenta-1,4-diene {-E A4S

O A0
EET/V]\

< YA R
N-phenyl-N'"-monomethylformamidine(2)& Ar&oj 3}ojj A

2N BHEAA 2 &2 TR 4 UK Scheme 1;

Takeo 5, 1971; Harrison 5, 1973; Gall 5, 1988; 3t 5, 1996).

N'-monomethyl-N~(fluorophenyl)formamidine(2) &3]

Table 1. Reaction Conditions for Phenylformamidine syntheses

Phenyfiormamidine SEHo] St A5EA 299
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23 68 R0 E47} 27 E%]% ﬂd‘—-g@d Ze)E =9
2/(90%)e HEH T HEFol gt A5 wd 9]
2¥10] 3 4ol o977k £QIH BBQS A WS

S0 BH100%)E ehislont elgle] BE $ie) A

7k QI8 e s AAHOR e BHT0%)

& HjtiTable 2).

N’ N'-dimethylformamidine(3) =4 &2 &Szt
ol aIn 2ol el A9} Bl e gigkon,
BB} ol golol el SRS 3, 3h, 3} &S
BHET0%)E LehisielTable 3). 54, o] eSS o
=9] 281, 3ot 49 YXofl E2, 2, 3fojut 48 94|
of Mgt = F28 7ML Qlvk

=l

Reaction Isolated

Ne. Reagent Solvent time temperature yield(%)

SOCl,, N-methylformamide(or DMF) toluene 1%h t=65°C 20~40

b MeNH;'HCl(or Me;NH), CH(OEt); EtOH 3h 75°C 30~45

c p-toluenesulfonyl chloride, N-methylformamide(or DMF) - 3h 15°C—rt 50~85

Table 2. Insecticidal activity of A'-monomethyl-N-phenylformamidines
48 HAT® % Mortality at 500 ppm
Fery A BPH” DBM” GPA? TSSM?
Amitraz 80 30 80 93
2a 2-F phenyl 20 0 30 0
2b 3-F phenyl 10 0 0

2¢ 4-F phenyl! 40 0 10 60
2d 2,4-di-F pheny! 60 0 0 90
2e 2,6-di-F phenyl 30 0 90
2f 2,4,6-trii-F phenyl 60 0 93
2g 3-F-2-Me phenyl 70 0 50 83
2h 4-F-2-Me phenyl 75 20 0 90
2i 5-F-2-Me phenyl 60 60 0 73
2j 2-F-4-Cl phenyl! 40 0 0 67
2k 2-F-4-Me phenyl 100 0 10 100
21 4-F, 2-OMe phenyl 55 0 0 97

* phenyl, “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'-dimethyl-N-phenylformamidines
48 HAT® % Mortality at 500 ppm
Entry Ar 5 5 ) )
BPH DBM* GPA TSSM*
Amitraz 80 30 80 93
3a 2-F phenyl 20
3b 3-F phenyl 0 0
3¢ 4-F phenyl 30 20
3d 2,4-di-F phenyl 70 0 0
3e 2,6-di-F phenyl 0 0 30 57
3f 2,4,6-tri-F phenyl 50 20 0 60
3g 3-F-2-Me phenyl 00 0 80 70
3h 4-F-2-Me phenyl 100 0 40 100
3i 5-F-2-Me phenyl 80 0 40 30
3 2-F-4-Cl phenyl 70 0 0 0
3k 2-F-4-Me phenyl 80 0 0 100
* phenyl, “Hours After Treatment, Brown plant hopper, “Diamond-Back Moth, “Green Peach Aphid, e)Two-Spotted Spider Mite.
Table 4. Insecticidal activity of 1,3,5-triazapenta-1,4-dienes
48 HAT® % Mortality at 500 ppm
Entry Ar 5 ) ) )
BPH DBM* GPA TSSM*
Amitraz 80 30 80 93
4a 2-F phenyl 0 0 0 100
4b 3-F phenyl 0 0 0 73
4c 2,4-di-F phenyl 0 0 0 ) 50
4d 2,6-di-F phenyl 0 0 0 0
de 2,4,6-tri-F phenyl 0 0 0 10
4f 3-F-2-Me phenyl 0 0 0 100
4g 4-F-2-Me phenyl 0 0 0 100
4h 5-F-2-Me phenyl 30 0 0 50
4 2-F-4-Me phenyl 30 0 0 30
* phenyl, “Hours After Treatment, “Brown plant hopper, “Diamond-Back Moth, 9Green Peach Aphid, e)TWO-Spotted Spider Mite.
e v T Hefolgofoll thafA A amitrazo} B]3E 4
2/go] 79 FEAS YUt EAl= o] adEol digh An|AlEA
Hol 9 7Fe/dE UotE7] A3 F& A7 A Fofl UTHA
5> 2007).
#ZAle] =
=2
o] Qo]

1 ,3 ,5 -triazapenta- 1 ,4—diene(4) ‘ITE Z—ﬂ =1
% AF
T

£ s AT 2% AR3AE e ol ASA

T, HiEEUE B5olSAd g gisids EAo)
(Octopaminergic Agonist A3=A)) 724
w, QAAAR vo|o.0) B M S ALY A

Vet A ekgrony, Hid o] 2:olu) 48 3]0 B4, 2
U 39§20 MEr|7t =AE S 4f, 4¢3 HE ) 19
Ao B 1471 =" 33HE davt T Hubo] Lofo) o
o] & 24(100%)S Yetfglont ol9) thg siEE
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uvﬁ}j— ZEH_ ’
2 FYEYS.
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2H(<60%)2 BTk (Table 4)
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rlo
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