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Several 1-[N-(heteroaromatic-methyl)-N-methyllamino-1-methylamino-2-nitroethenes
(5a) were prepared, and their insecticidal activities against Nilaparvata lugens were examined.
Among them 6-chloro-3-pyridyl (5a-8), 6-bromo-3-pyridyl (5a-9), 6-fluoro-3-pyridyl (5a-10)
and 2-chloro-5-thiazolyl (5a-11) congeners showed 100% mortality against the insect at 0.5
or 0.8 ppm. Modifications of these compounds and the 2-bromo-5-thiazolyl congener by
changing the methylamino group to (substituted)amino groups andfor the methyl group
attaching to the heteroaromatic-methylamino group to other groups revealed that a lot of
compounds were effective against the insect at 0.5 or 0.8 ppm. Compounds that showed
100%, mortality at 0.5 or 0.8 ppm, and 5b-1 whose activity at lower concentrations was not
determined were chosen for further evaluations. As a result, 1-[N-(6-chloro-3-pyridyl-
methyl)-N-ethyl]amino-1-methylamino-2-nitroethene (5b-8, TI-304, nitenpyram) was selected

as a candidate.

INTRODUCTION

In the preceding paper,? nitroethenes doubly
substituted with a pyridylmethylamino and an
alkylamino or its isosteric substituent at the
fB-position were synthesized and investigated
for insecticidal activity. Among them, 1-meth-
ylamino- I - [N -methyl- N-(3 - pyridylmethyl)]-
amino-2-nitroethene (1) and l-methylamino-1-
[N -ethyl-N - (3-pyridylmethyl)]Jamino-2 -nitro-
ethene (2) were chosen for the most potent
activity against Nilaparvata lugens, Nephotettix
cincticeps and Laodelphax striatellus (Fig. 1).

This paper describes trials and results of
optimization of the activity by introduction of

* Studies on Acyclic Nitroethene Compounds (Part

2). For Part 1, see Ref. 1).

a substituent onto the pyridyl of 1 and 2, and
by substitution of the pyridyl group with other
heterocyclic residues.

MATERIALS AND METHODS

1. Synthesis of Compounds

General. See the preceding paper."

All of the compounds in Tables 1, 2 and 3, if
not otherwise stated, were prepared through
five synthetic routes (Fig. 2). Method A, B and
C were the same as reported.”’

By Method D, 1,1-dichloro-2-nitroethene
(9)»® was treated with N-(heteroaromatic-
methyl)-N-(substituted)amine to give 1-chloro-
1-[N-(heteroaromatic-methyl)-N-(substituted)]-

.amino-2-nitroethene (10) ¢% sitx, which was then

reacted with an amine successively to give 5.
By Method E, compounds 5 with a primary or

NI | -El ectronic Library Service



Pestici de Science Society of Japan

FE18E HFH1E5 FRSFE2H

42 HABREFEREE
/\ l\llHMe
—C— 1 R=Me
N CHZ'E{ C=CHNO, 2 RoEf
Fig. 1 1-Methylamino-1-[N-methyl(ethyl)-N-(3-

pyridylmethyl)Jamino-2-nitroethene.

secondary amino group, which had been pre-
pared by other methods, were formylated by
sodium hydride and formic acetic anhydride.

Compound 5a-7 was prepared by direct sub-
stitution of compound 5a-8.

Compounds 5b-30 and 5¢-9 were obtained by
reaction of 1-(N-methoxy-N-methyl)amino-1-
methylthio-2-nitroethene  with  6-chloro-3-
pyridylmethylamine and reaction of 1-(IV,N-
dimethyl)amino - 1 - methylthio - 2 - nitroethene
with 2-chloro-5-thiazolylmethylamine, respec-
tively.

As to the configuration of the double bond
of the compounds prepared, Rajappa’s report®
seems to be instructive. He has described:
Nitrovinylamines, possessing an NH, seem to
prefer the Z configuration in non-polar sol-
vents, the stabilizing force being the formation
of an intramolecular H-bond with the NOs..

Regarding the nitroenamines with no H-
atom on the nitrogen, z.e. those nitroenamines
which do not derive any stabilization by H-

bonding, consensus appears to be that they
exist in the E-configuration. This prefer-
ence for the E-configuration is believed to be a
consequence of the tendency to minimize
steric crowding.

Each compound in Tables 1-3, except some
(see footnotes), appears as a single isomer in
TLC and 'H NMR. And the configuration of
5b-8 is confirmed as E by X-ray analysis (un-
published data). It seems that the E-configu-
ration of 5b-8 is attributed to the two factors
(H-bonding and steric crowding) mentioned
above. We believe compounds, as long as they
possess an NH group and a tertiary amino
group, exist in the E-configuration.

Typical examples of synthetic procedures
are as follows.

1.1 Method D

I-[N-(6-Chloro- 3-pyridylmethyl) - N - ethyl]-
amino-I1-pyrrolidino-2-nitroethene (5b-35)

In 20 ml of acetonitrile was dissolved 2.0 g
of 1,1-dichloro-2-nitroethene,>® followed by
addition of 1.8g of N-(6-chloro-3-pyridyl-
methyl)-N-ethylamine.®> To the mixture was
added dropwise 1.4 g of EtsN under ice-cooling
with stirring, followed by addition 0.8 g of
pyrrolidine and 1.4 g of EtsN. The mixture
was stirred under ice-cooling for 0.5 hr and at

Method
$Me Het-CH,NHR? $Me R'R2NH NR'R?
A MeS-C=CHNO, ———————  Het-CH,N~C=CHNO; —————» Het-CH,;N~C=CHNO,
3 n3 4 R3
5
R'RNH NR'R? Het-CH,NHR®
B 3 ~—————  MeS-C=CHNO, 5
6
NHR! NR?
R'NCS 1 1) NaH CH;3NO.
C Het-CH,NHR®? —» Het-Cthll-C=S m’- Het-Csz—e—SMe S,
3
R R3 (R%=H)
7 8
- . Het-CH,NHR? cl R'R°NH
D Cl,C=CHNO, ———2—» _—
2 NO: Het-CH,N-C=CHNO,
9 1
RS
10
1) NaH
E 5

5 —
(Atleastone of R'®is H) 2) HCOOAc

(One of R™2is CHO)

Fig. 2 Syntheses of acyclic nitroethene compounds containing a heteroaromatic-methylamino

group.
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room temperature for 0.5 hr, and concentrated

in vacuwo. The residue was diluted with 30 ml

of cooled water and extracted with AcOEt (50,

30x2 ml). The combined extract was washed

with brine, dried over MgSO: and concen-
trated. The residue was treated with a small
amount of acetone to give 1.2 g of the title,
compound as yellow crystals. mp 110-111°C.

Anal. Found: C, 54.09; H, 6.17; N, 18.05,

Calcd. for Ci:HisN4O:Cl: C, 54.11; H, 6.16; N,

18.03%. IR wiil cm™: 3100, 1585, 1560,

1535, 1510, 1460, 1365, 1330, 1260. ‘H NMR

dofms's ppm: 1.19 (3H, t, /=72 Hz), 1.8-2.3

(4H, m), 3.18 (2H, q, J=7.1 Hz), 3.1-3.7 (4H,

m), 4.42 (2H, s), 6.48 (1H, s), 7.35 (1H, d, J

=84 Hz), 7.74 (1H, dd, /=8.1 & 2.6 Hz), 8.33

(1H, d, J=2.7 Hz).

1.2 Method E

1-[N -(6- Bromo - 3- pyridylmethyl) - N - ethyl}-
amino-1-(N -formyl- N -methyl)amino- 2 -nitro-
ethene (5b-44)

In 10ml of dry THF was suspended 0.1 g
of petroleum ether-washed 609, sodium hy-
dride, followed by addition of 0.7 g of 1-[N-(6-
bromo - 3 - pyridylmethyl) - N - ethylJamino- 1 -
methylamino-2-nitroethene (5b-39). The mix-
ture was stirred at room temperature for 1 hr.
Then, 0.6 g of formic acetic anhydride was
added under ice-cooling, and the mixture was
stirred at the same temperature for 2.5 hr. The
solvent was distilled off, and the residue was
diluted with 30 ml of water, neutralized with
NaHCOs and extracted with CH:Cl: (30 ml x 2).
The extract was dried over MgSO., the CH:Cl:
was removed by distillation and the residue
was subjected to silica gel column chromatog-
raphy, elution being carried out with MeOH-
CHCls (1:5). The procedure gave 0.5 g of the
title compound as yellow crystals. mp 105-108
°C. Anal. Found: C, 41.97; H, 4.37; N, 15.99,
Calcd. for Ci1:HisN4OsBr: C, 42.00; H, 4.41; N,
16.33%,. IR wviid® cm™': 1705. *H NMR
ORig°% ppm: 1.13 (3H, t, J=7.2 Hz), 3.00
(3H, s), 3.1-3.7 (2H, m), 4.34.9 (2H, m),
6.97 (1H, s), 7.5-7.9 (2H, m), 8.21 (1H, s), 8.38
(1H, br s).

1.3 1-[N-(6-Methoxy - 3- pyridylmethyl) - N -
methyllamino- 1-methylamino- 2-nitroethene
(5a-7)

In 20ml of DMF was dissolved 0.67 g of
1-[N -(6-chloro-3-pyridylmethyl)-V - methyl]-

amino- 1 -methylamino-2-nitroethene (5a-8),
followed by addition of 1.00 g of a 289, solu-
tion of sodium methoxide in MeOH. The mix-
ture was stirred at 100°C for 5.5 hr. The MeOH
and DMF were distilled off, and the residue
was diluted with aqueous NaCl and extracted
with CH:Cl.. The extract was dried over
MgSOs, and the CH:Cl: was distilled off. The
residue was subjected to silica gel (230 g)
column chromatography using MeOH-CHCl
(1:5) as an eluent to give 0.22 g of brown oil.
A small amount of Et.O was added to the oil,
and the mixture was cooled and triturated.
The resulting crystals were diluted with Et:0,
filtered and dried to give 0.128 g of the title
compound as white-pale brown crystals. mp
77-78°C. Anal. Found: C, 52.02; H, 6.36; N,
22.07, Calcd. for Ci:H1sN.Os: C, 52.37; H, 6.39;
N, 22.21%,. IR wvmi¥ cm™: 1605, 1455, 1310,
1250, 1025. *H NMR dn’'s ppm: 2.75 (3H,
s), 3.07 (3H, d, J=5 Hz), 3.93 (3H, s), 4.30
(2H,s), 6.53 (1H, s),6.78 (1H, d, /=8 Hz), 7.45
(1H, dd, /=8 & 2 Hz), 8.05 (1H, d, /=2 Hz),
9.80 (1H, br).

1.4 1, 1-Bis[(6 -chloro- 3-pyridylmethyl)amino]-

2-nitroethene (5b-30)

A mixture of 7.0 g of 1,1-bis(methylthio)-2-
nitroethene,® 4.5 g of N, O-dimethylhydroxyl-
amine hydrochloride and 80 ml of EtOH was
refluxed, and 6.4 ml of EtsN was added drop-
wise over 1 hr. After completion of the drop-
wise addition, the mixture was further refluxed
for 2 hr. The reaction mixture was then con-
centrated, and the resulting crystals were
filtered off. The filtrate was concentrated, and
the residue was subjected to silica gel column
chromatography wusing EtOH-CHCls (1: 30)
as the eluent. The procedure gave 1.0 g of
1-(N-methoxy- N -methyljamino- 1 -methylthio-
2-nitroethene as a yellow oil. *H NMR §§R°"
ppm: 2.43 (3H, s), 3.26 (3H, s), 3.68 (3H, s),
7.16 (1H, s).

A mixture of 0.8g of 1-(N-methoxy-INV-
methyl)amino-1-methylthio-2-nitroethene, 0.7
g of 6-chloro-3-pyridylmethylamine and 30 ml
of EtOH was refluxed for 4 hr. The resulting
crystals were collected by filtration and dried
to give 150 mg of the title compound as crys-
tals. mp 238-240°C (dec.). Anal. Found: C,
47.32; H, 3.92; N, 19.65, Calcd. for C14H13N;0:-
Cl:: C, 47.46; H, 3.70; N, 19.77%,. IR vzl
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cm~': 3240, 1620, 1575, 1460, 1395, 1220. 'H

NMR ox°% ppm: 4.53 (4H, d, J=5.7 Hz),

6.51 (1H, s), 7.50 (2H, d, J=8.7 Hz), 7.76 (2H,

dd, /=8.7 & 2.4 Hz), 8.37 (2H, d, J=2.4 Hz),

9.8-10.8 (2H, br).

1.5 1,1-Bus{(2-chloro-5-thiazolylmethyl)amino]-
2-nitroethene (5c-9)

A mixture of 0.60 g of 1-dimethylamino-1-
methylthio-2-nitroethene, 0.55 g of 2-chloro-5-
thiazolylmethylamine and 30 ml of EtOH was
refluxed for 1.5 hr. After cooling, the resulting
crystals of 1-N-(2-chloro-5-thiazolylmethyl)-
amino-1-methylthio-2-nitroethene (0.20 g) were
filtered off, and the filtrate was concentrated
and subjected to silica gel column chromatog-
raphy using EtOH-CHCls (1:10) as the
eluent. The procedure gave 0.034 g of the title
compound along with 0.07 g of 1-dimethyl-

amino -1 - [N - (2 - chloro - 5- thiazolylmethyl)]-
amino-2-nitroethene (5c-4). mp 211°C (dec.).
Anal. Found: C, 32.58; H, 2.56; N, 19.27,
Calcd. for CioHsNsO:S:Cle: C, 32.79; H, 2.49;

N, 19.129%. IR p& cm—: 3120, 1610, 1210,
1040. 'H NMR 6R¥5°% ppm: 4.5-4.8 (4H, m),

6.63 (1H, s), 7.63 (2H, s).

2. Biological Tests

Each test compound was sprayed at the
indicated concentrations over stems and leaves
of rice seedlings in the 2-leaf stage at a rate of
10 ml per paper pot. Water was put in test
tubes, and the treated rice seedlings were
placed therein. Then 10 (or 20) 3rd-instar
larvae of Nilaparvata lugens were released in
each tube, which was then capped with an
aluminum cap. The test tubes were main

Table 1 Insecticidal activity against Nilaparvata lugens of 1-[N-(heteroaromatic-methyl)-N-
methyl]amino-1-methylamino-2-nitroethenes.
NHMe
Het-CH,N-C=CHNO,  5a
|
Me
Mortality (%)
C d. o Yield®> .8 0.16
%P Het Method® mp (°C) Y5 500 100 ¢ 0
200 40 2.5 0.5 0.1
(ppm) (ppm) (ppm) (ppm) (ppm)
5a-1 3-pyridyl C 86-87 28 100
100 100 100 80 0
-2 4-pyridyl C 145-146 66 100
: 100 100 60 30 10
-3 pyradinyl C 132-133 65 100
100 85 10 0 0
-4 4-thiazolyl C 155-156 54 100 ‘
5 0 10
-5 3-bromo- C 116-117 59 100
3-pyridyl 60 15 0 0
-6 6-methyl- C 102-103 66 100
3-pyridyl 100 100 100 80 0
-7 6-methoxy- e 77-78 € 100
3-pyridyl 100 75
-8 6-chloro- C 103-104 20 100 100 100 65
3-pyridyl 100 100
-9 6-bromo- C 130-131 51 100
3-pyridyl 100 100 90
-10 6-fluoro- C 100-100. 27 100
3-pyridyl 100 100 0
-11 2-chloro- C 131-133 47 100
5-thiazolyl 100 100 10
-12 4-chlorophenyl C 98-99 70 100
' 60 10

@) Synthetic method described in the text.

b> Based on 8.

¢) See the text.
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Table 2 Insecticidal activity against Nilaparvata lugens of 1-[N-(6-halogeno-3-pyridyl-
methyl)-N-(substituted)]amino-1-(substituted)amino-2-nitroethenes.

NR1R2
1
X< M-CH,N-C=CHNO, 5h
N_' ég
Mortality (%)
Coﬁopd' X R! Rz R3 Method®> mp (°C) Y't‘e)}é;b) 500 100 4 0.8 0.16
900 40 2.5 0.5 0.1
(ppm) (ppm) (ppm) (ppm) (ppm)
5a-8 Cl Me H Me C 103-104 20 100 100 100 65
100 100
-9 Br Me H Me C 130-131 51 100
100 100 90
5b-1 Cl H H Me A 206-207 88 100
100 100
-2 Cl H H Et A 159-161 30 100
100 100 100 80 20
-3 Cl H H n-Pr A 185-186 55 100
(dec.) 90 15 40 0 0
-4 Cl H H i-Pr A Powder®> 36 100
10 0 10 0 0
-5 Cl H H ¢c-Pr D 128-129 68 100 100 100
-6 Cl H H FCH,CH, D 152—-153 38 100 100 90
-7 Cl Me H H A 181-183 54 100 100 100 80
100 100
-8 Cl Me H Et C 83-84 69 100 100 100
100 100
-9 Cl Me H FCH,CH; D 78-79 12 100 100 0
-10 Cl Me H CF3;CH, C 110-111 11 100
100 100 50
-11 ClI Me H n-Pr C 102-103 62 100
100 100 100 90 20
-12 Cl Me H i-Pr C 119-120 34 100
100 80 40 10 10
-13 Cl Me H ¢c-Pr D 115-116 54 100 100 100
-14 Cl Me Me H B 124-125 52 100
100 100 100 100 90
-15 Cl Me Me Me B 110-112 14 100
100 100 100 100 90
-16 Cl Me Me CHO E 105-106 32 100
100 100 80
-17 Cl Me Me Et D Oil®> 53 100 100 100
100
-18 Cl Me Me FCH,CH, D 90-91 34 100 100 70
-19 Cl  Me Me c-Pr D 73-75 62 100 100 100
-20 Cl Et H Me C 132-133 80 100
100 100 100 100 0
-21 Cl Et H Et D 123-125 55 100 100 70
22> Cl Me CHO H E 80-85 22 100
100 100 70
23 Cl Me CHO Me E Syrup® 45 100
100 100 60
24 Cl Me CHO Et E Syrup®? 44 100
100 100 90
-25 Cl Me Et H B 87-88 45 100 90
100 100
-26 Cl Me Et Et D Oil®» 79 100 100
-27 Cl ¢-Pr H Et D 74-75 50 100 100 20
-28 Cl H,N H H A 188-190 93 100
(dec.) 25 0
29 Cl MeN H H B 170-172 26 100
85 15
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Table 2 (Continued)

Mortality (%)

Coliﬁfd' X Rt R? R? Method®> mp (°C) YZ?;/ISM 500 10 ¢ 08 016
200 40 2.5 0.5 0.1
(ppm) (ppm) (ppm) (ppm) (ppm)
-30 C b H H H 238-240 » 100
15 0
-319 CI MeO H Et D Oil» 76 100 0 0
-32 ClI MeO  Me Et D oilm 44 100 90 40
-33 Cl  i-Pr H Et D 126-127.5 41 100 100 0
-34 Cl Et Et Et D 105-106 55 100 90 10
=35 Cl —(CHy) Et D 110-111 37 100 40 10
-36 Br H H Me A 206-207 65 100
100 100 50
-37 Br Me H H C 184-186 33 100
(dec.) 100 90 30
-38" Br Me H CHO E Syrup® 14 100
. 100 100 60
-39 Br Me H Et C 79-80 55 100
100 90 10
-40 Br Me Me H C 158-159 34 100
100 100 20
-41 Br Me Me CHO E 96-97 40 100
100 100 90
-42>> Br Me CHO H E 1151270 11 100
100 100 80
-43 Br Me CHO Me E Syrup® 76 100
100 100 80
-44 Br Me CHO Et E 105-108 66 100
100 100 100
-45 F  Me H Me C 100-100.5 27 100
100 100 0
-46 F Me H Et C 0il® 34 100

100 100 20

*) Synthetic method described in the text. ®) Based on 4, 6, 8, Het-CH,NHRS? or 5 in Method A-E.
¢ TH NMR R}§°-9 ppm: 1.13 (6H, d, /=7 Hz), 4.30 (1H, sept, /=7 Hz), 4.62 (2H, s), 6.50 (1H, s),
7.49 (I1H, d, J=8 Hz), 7.69 (1H, dd, J=8 & 2 Hz), 8.30 (1H, d, /=2 Hz), 9.04 (2H, br). % 'H NMR
S7h%'s ppm: 1.18 (3H, t, /=7 Hz), 2.96 (6H, s), 3.16 (2H, q, J=7.3 Hz), 4.40 (2H, s), 6.39 (1H, s), 7.36
(1H, 4, [:8.7 Hz), 7.66 (1H, dd, J=8.1 & 2.3 Hz), 8.31 (1H, d, J=2.4 Hz). > Contained 30%, of
N’-CHO isomer by NMR integration. (Main isomer) 'H NMR 8R¥50-4¢ ppm: 3.50 (3H, s), 4.53 (2H, d,
J=6Hz), 6.76 (1H, s), 7.49 (1H, d, /=8 Hz), 7.86 (1H, dd, =8 & 2 Hz), 8.30 (1H, s), 8.42 (1H, 4d,
J=2Hz), 9.45 (1H, br). (Minor isomer) *H NMR R¥§0-4s ppm: 2.95 (3H, d, J =5 Hz), 4.83 (2H, s),
6.66 (1H, s), 7.46 (1H, d, J=8 Hz), 7.86 (IH, dd, J=8 & 2 Hz), 8.30 (1H, s), 8.42 (1H, d, J=2 Hz),
9.45 (IH, br). © 1H NMR R¥8%d6 ppm: 1.13 (3H, t, J=7 Hz), 3.00 (3H, s), 3.10-3.53 (2H, m), 4.60
(2H, br), 6.96 (1H, s), 7.48 (1H, d, /=8 Hz), 7.82 (1H, dd, J=8 & 2 Hz), 8.20 (IH, s), 8.39 (1H, d, /=
2 Hz). & 'H NMR 6p}§°% ppm: 1.13 (3H, t, /=7 Hz), 3.00 (3H, s), 3.10-3.53 (2H, m), 4.60 (2H, br),
16]3.916 (1H, s), 7.48 (1H, d, /=8 Hz), 7.82 (1H, dd, J=8 & 2 Hz), 8.20 (1H, s), 8.39 (1H, d, J=2 Hz).

>TH NMR 0§83 ppm: 1.18 (6H, t, J=7.2 Hz), 2.90 (3H, s), 3.14 (2H, q, J=6.7 Hz), 3.30 (2H, q, J=
6.9 Hz), 4.39 (2H, s), 6.41 (1H, s), 7.35 (1H, d, J=7.8 Hz), 7.67 (1H, dd, J=8.1 & 2.4 Hz), 8.30 (1H, d,
J=24Hz). 6-chloro-3-pyridylmethyl. > See the text. X) Existed in N1-(6-chloro-3-pyridyl-
methyl)-Nl-ethyl- N2-methoxy-2-nitroacetamidine form. » 'H NMR 8§04 ppm: 1.12 (3H, t, J=
7.4 Hz), 3.23 (2H, q, J=7 Hz), 3.70 (3H, s), 4.39 (2H, s), 5.34 (2H, s), 7.30 (1H, d, J=8.1 Hz), 7.66
(IH, dd, =84 & 2.1 Hz), 8.32 (1H, d, J=2.4 Hz). =™ 'H NMR §§0%!s ppm: 1.21 (3H, t, J=7.4 Hz),
3.14 (3H, s), 3.29 (2H, q, J=7.1 Hz), 3.63 (3H, s), 4.49 (2H, s), 6.50 (1H, s), 7.35 (1H, d, J=8.1 Hz),
7.68 (l‘H, dd, J=8.1 & 2.6 Hz), 8.31 (1H, d, J=2.4 Hz). ® Contained 409, of N’-CHO isomer by
NMR integration. © (Main isomer) 'H NMR 8$Dis ppm: 3.01 (3H, d, /=5 Hz), 4.73 (2H, s), 6.36
'(IH, s), .7.53 (2H, brs), 8.34 (2H, brs), 9.35 (1H, br). ® Contained 109, of N’-CHO isomer by NMR
integration. @ (Main isomer) 'H NMR 6§54 ppm: 3.13 (3H, s), 4.48 (2H, d, J=6 Hz), 6.57 (1H, s),
7.53 (2H, m), 8.33 (2H, m), 9.46 (1H, br). ™ 'H NMR OPYE0-9s ppm: 2.93 (3H, s), 3.02 (3H, s), 4.3-
4.9 (2H, m), 6.87 (1H, s), 7.68 (2H, brs), 8.23 (1H, s), 8.3-8.5 (1H, m). = 'H NMR §$5%'s ppm: 1.19
(3H, t), 3.08 (3H, d), 3.16 (2H, q), 4.37 (2H, s), 6.54 (1H, s), 6.98 (1H, dd, J=8.4 & 2.7 Hz), 7.80 (1H,
ddd, /=8.4,24 & 84 Hz), 8.15 (1H, d, J=2.4 Hz)
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tained in an incubator at 25°C, and dead in-
sects were counted 7 days after release. The 9,
mortality was calculated using the following
formula.

Mortality(9,) = (Number of dead insects/

Number of insects re-
leased) x 100 .

RESULTS AND DISCUSSION

Table 1 shows insecticidal activity of some
1 -[N - (heteroaromatic - methyl) - N - methyl]-
amino -1- methylamino -2- nitroethenes (5a)
against Nilaparvata lugens. Compounds bear-
ing 3-pyridyl (5a-1), 4-pyridyl (5a-2), pyra-

dinyl (5a-3), 4-thiazolyl (5a-4), 5-bromo-3-
pyridyl (5a-5), 6-methyl-3-pyridyl (5a-6), 6-
methoxy-3-pyridyl (5a-7) and 4-chlorophenyl
(5a-12) showed the activity, while 5a-2-5, 7,
12 were not effective at 0.5 ppm. Compounds
5a-1 and 5a-6 were moderately effective at 0.5
ppm. On the other hand, compounds possess-
ing 6-halogeno-3-pyridyl (5a-8-10) and 2-
chloro-3-thiazolyl (5a-11) showed potent ac-
tivity, being effective at 0.5 or 0.8 ppm.
Encouraged by the above results, we tried
to optimize the activity focusing on hetero-
aromatic 6-halogeno-3-pyridyl or 2-chloro (or
bromo)-5-thiazolyl (Tables 2 and 3).

Table 3 Insecticidal activity against Nilaparvata lugens of 1-[N-(2-halogeno-5-thiazolyl-
methyl)-N-(substituted)]amino-1-(substituted)amino-2-nitroethenes.

NR'R?

N
!
x4 _B—CHzl\IJ—C=CHN02 5¢
S R3
Mortality (%)
Compd. o Yield®> 500 100 4 .8 0.16
cmpd - x  m Re RS Method® mp (°C) ¥ (5 5 0.8 0
200 40 2.5 0.5 0.1
(ppm) (ppm) (ppm) (ppm) (ppm)
5a-11 Cl Me H Me C 131-133 47 100
100 100 10
5c-1 ClI Me H H A 181 68 100
(dec.) 100 100 60
-2 Cl  Me H CHO E 125-126 1.8
(dec.) 100 100 100
-3 Cl Me H Et C 110-112 16 100
100 100 80
4 Cl Me Me H B 101-102 7.2 100
100 100 100
5  Cl Me Me CHO E 139-142 53 100
100 100 100
6> Cl Me CHO H E Syrup® 14 100
100 100 70
-7 Cl Me CHO Me E Syrup®’ 42 100
100 100 40
-8 Cl Me CHO Et E 99-100 31 100
100 100 70
9 a o & 211 &) 100
(dec.) 100 80 10
-10 Br Me A 167169 83 100
(dec.) 100 100 100
-11  Br Me Me H B 125 9 100
(dec.) 100 100 100

4> Synthetic method described in the text.

¢> Contained 309; of N’-CHO isomer by NMR integration.
3.16 (3H, s), 4.63 (2H, d, J=5.7 Hz), 6.57 (1H, s), 7.49 (1H, s), 8.35 (1H, s), 9.1-9.6 ;(1H, br).

b) Based on 4, 6, 8 or 5 in Method A, B, C or E.

4> (Main isomer) 'H NMR 6854!3 ppm:
e) 1H

NMR 8P§0-%0 ppm: 2.92 (3H, s), 2.99 (3H, s), 4.74 (2H, brs), 6.90 (1H, s), 7.71 (1H, s), 8.19 (1H, s).

1> 2-Chloro-5-thiazolylmethyl. ©> See the text.
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When heteroaromatic was 6-chloro-3-pyri-
dyl, and R* and R* were hydrogen atoms, only
one compound (5b-5) showed 1009, mortality
at 0.8 ppm, although ineffective concentrations
were not determined for 5b-1, and the com-
pounds other than 5b-5 were effective at higher
concentrations. When heteroaromatic was 6-
chloro-3-pyridyl, and R'R*N was methyl-
amino, dimethylamino or N-formyl-N-methyl-
amino, a lot of compounds showed 1009,
mortality at 0.5 or 0.8 ppm. One compound
(5b-20), whose R'R*N was ethylamino, showed
1009, mortality at 0.5 ppm, and one com-
pound (5b-26), whose R'R*N was N-ethyl-NV-
methylamino, showed 1009, mortality at 4
ppm, but these substituents seemed to be not
as good as methylamino, dimethylamino or V-
formyl-N-methylamino. =~ When R'R*N was
cyclopropylamino, hydrazino, dimethylhydra-
zino, (6-chloro-3-pyridylmethylj)amino, me-
thoxyamino, N-methoxy-N-methylamino iso-
propylamino, diethylamino or pyrrolidino,
compounds did not show 1009, mortality at
0.8 ppm, although they were effective at higher
concentrations.

It seemed that these substituents, e.g.,
methylamino, dimethylamino and N-formyl-
N-methylamino were superior to others even
when heteroaromatic was 6-bromo-3-pyridyl,
6-fluoro-3-pyridyl, 2-chloro-5-thiazolyl or 2-
bromo-5-thiazolyl.

As to the R?, it seemed to the authors that
hydrogen, methyl, ethyl, formyl and cyclo-
propyl are favorable.

All the compounds that showed 1009, mor._
tality at 0.5 or 0.8 ppm, and 5b-1 whose activi-
ty at lower concentrations were not deter-
mined were further evaluated for acute ac-
tivity, residual activity, insecticidal spectrum
against other insects, paddy-water application,
seedling-box application, foliar application,
soil application, field test, efc. As a result, 1-
[N-(6-chloro- 3 -pyridylmethyl)-N-ethyllamino-
1-methylamino-2-nitroethene (5b-8, TI-304,
nitenpyram®*) was selected as a candidate.

Several compounds including 5a-8 and 5b-8
were superior to cyclic 1-(6-chloro-3-pyridyl-
methyl)-2-(nitromethylene)imidazolidine,  es-
pecially in residual activity (unpublished data).

* ISO name under application.
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EEREERAFLTI/EEFTIIERK=
POTZF U {LEMOERMEHRELE"
BH B, £k¥E—, HWPH, K B
RS, AE £, FARER
l-x5Fnv 73 /-1-[N-xFV-N-(3-v¥) o2t F
W73 /7-2-=ruzsFrRnbESsny b, v
2ax4, X MEY UHIRLTEWEEYTRT &
B THE L. FBTR 3-vY S vEAMOoFE
BEEERICERL, P4 oy ol hEELRE
L. FOREG6-7op-3-v¥Y i, 6-7oE-3-¢
Yyou, 6-7Fu-3-¥y Ui, 2-roo-5-F7
YL ET AT 05 02 0.8 ppm T 100%
DOFEBREAT LoD T, EREEREY 6-1n ¥/ -3-
YU, 2-7uva (Z73 Fee)-5-F7 VY VEIT
BEE L s EEAEY B L. 73 7 & LT
AFNT I, UAFNT IS, N-k3iV-N-xF
W I OED, EREEERA FUVENES LCERR
FoBmEEL LTIKE, »xFv, TFN, Kb,
vru T EVENMFE LW EAHHBEL, 0.5 £iE
0.8ppm T 100% DFEHRFARTHEY S L CIERE
TOREA EHE LIsh - 7ot/ Sb-1 133 BT Fflix
Frewote. FOER 1-[(N-(6-2 o o-3-v 1y UibxF
WV)-N-zF ] 7 3 /-l-2F 7 3 /-2-=tuxsr
» (5b-8, TI-304, =5 > ¥ 35 L) RERIELEHBELT
EiIhi.

*HER= boxr o LEYORRE (5 2H)
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