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INTRODUCTION

Nitromethylene insecticides have been drawing
attention owing to their unique structure and
hitherto unrecognized insecticidal mechanism.?
We have studied their heterocyclic system
chemically and biologically, and developed an
epoch-making class of pesticides for practical ap-
plication.®*® The structure of our novel in-
secticides features the attachment of 6-chloro-
nicotinyl group to the original imidazolidine
skeleton. This structural modification has in-
creased the insecticidal potential of 2-nitro-
methylene-imidazolidine against ex., green rice
leafhopper (Nephotettiz cincticeps) by over thirty
centuplications and, in addition, broadened the
spectrum markedly.** The study on the struc-
ture-activity relationship showed that the posi-
tion of the ring nitrogen atom and the substituent
was crucial to the exhibit the activity in the
pyridylmethylimidazolidine system.®> This paper
deals with the insecticidal properties of diazinyl-
methylimidazolidines and compared them with
the corresponding phenyl and pyridyl homologs
(Table 1). Methyl group and chlorine atom
were selected as ring substituents to simplify
the comparison. The bioassay was carried out
according to the previous procedure using green
rice leafhoppers as test species.®*

* Imidacloprid and Analogous Insecticides (Part
IV). TFor Part III, see Ref. 1).

** 1-(6-chloronicotinyl)- 2-nitromethylene-imidazoli-
dine 8 and the 2-nitroimino analog 9 (common
name: imidacloprid) have
tested for commercial use.

been extensively
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MATERIALS AND METHODS

1.  Pweparation of Diazinylmethylimidazolidines

The synthetic scheme is depicted in Fig. 1.
Diazinyl imidazolidine was prepared by either
replacement of the two methyl-thio groups of
1,1-bis(methylthio)-2-nitroethylene IV® with dia-
zinylmethylethylenediamine III or by diazinyl-
methylation of the nitrogen in the l-position of
2-nitromethyleneimidazolidine or 2-nitroimino-
imidazolidine.* Diazinylmethyl-ethylenediamine
was prepared by mono N-alkylation of ethylene-
diamine with I or by reduction of the Schiff base
from the diazinyl aldehyde II*® and ethyl-
enediamine, and chloromethyl-diazines were
available by NCS chlorination® of the correspond-
ing methyl-diazines.!®'? The typical proce-
dures for IV and VI are as below:

1-(5- Methyl- 2-pyrazinyl)methyl- 2-nitromethyl-
eneimidazolidine 13: A solution of 5-methyl-2-
pyrazinylmethyl chloride (1.43 g) in acetonitrile
(10 ml) was added dropwise to a solution of
ethylenediamine (3 g) in acetonitrile (30 ml). The
mixture was heated under reflux for 1 hr, cooled
to room temperature, and stirred with 30%
aqueous sodium hydroxide (1.33 g) for 30 min.
The solvents and the excess ethylenediamine were
removed in vacuo, and N-(5-methyl-2-pyrazinyl)-
methylethylenediamine was extracted with
ethanol (30 mlx2) from the residue. 1,1-Bis-
(methylthio)-2-nitroethylene (1.65g) was added
to the combined extracts, and the mixture was
heated under reflux for 6 hr. The solvent was
distilled off, and the residue was chromato-
graphed on silica gel, eluting with chloroform-—
ethanol (9: 1, v/v). Crude 13 was recrystallized
from ethanol. Yield: 1.1g (47%). 'H NMR
8 (DMSO-de) ppm: 2.47 (3H, s), 3.62 (4H, bs),
4.54 (2H, s), 6.60 (1H, s), 8.45 (2H, s), 8.80 (1H,
bs). :

11 was prepared similarly.

Yield: 449,. 'H NMR ¢ (DMSO-de) ppm: 3.62
(4H, bs), 4.62 (2H, s), 6.64 (1H, s), 8.59 (3H, m),
8.82 (1H, bs).

1-(2-Methyl- 5-pyrvimidinyl)methy- 2-nitromethyl-
eneimidazolidine 16: A solution of 2-methyl-5-
formylpyrimidine (1.22 g) in dichloromethane (10
ml) was added dropwise to a solution of ethyl-

* VII (mp 220-221°C) was prepared in a 459,
yield by heating an aqueous solution of an
equimolar mixture of nitroguanidine and ethyl-
enediamine at 50°C for 1 hr.
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Table 1 Biological activity against green rice leathoppers.
m
R-N_ _NH
YNO,
No R Y LCgo®> No. R Y LCyo®
1 H CH 1000 10 o1~ Mch, CH 40
N:=N
2 C>—CH2 CH 200 11 i_N)—CH CH 8
cl N= ?
3 CH, CH —_ N
/ )
o 12 {\" _)-CHe CH 200
4 CH, CH 200 Me
N
13 Mo~ _)CHe CH 1.6
N—
5 o4 H-cH, CH 40
14 N D-CH, CH 40
6 r<1 )-cH, CH 8 =N
15 AR CH 8
7 Me I{J D-cH, CH 1.6 <;\‘}CH2
8 7 CH 0.32 N
ci—_-CHe 16 Me—(N;\>-CH2 CH 1.6
72 N
9 Cl = CH, N 0.32 17 Cl— :\>—CH2 N 0.32
(imidacloprid) N=

LCq is the lowest concentration to kill over 909, of the insects in six stages from 1000-0.32 ppm.

r—
CH,S
| — CHSS:CF\(/:HNOZ M
) — ArcN Ny |22 V) o NNH
1) HN  NH, H Y
Ar-CHO  ——— CHNO,
ay  2NaBH () V)
m
() 4+ HN__NH V)
(V1) CHNO,
M [
m + HNYNH Ar CH,N__NH
(viry NNO2 (viiy NNO:
Fig. 1 Preparation scheme of 1-diazinylmethylimidazolidines.

enediamine (0.6 g) in dichloromethane (30 ml) at
room temperature with stirring. After 4 hr of
stirring, the solvent was removed in vacuo, and
the residue was diluted with methanol (50 ml).
To this solution was added sodium borohydride
(0.38 g) by portions at 5°C and the mixture was
stirred at room temperature for 5hr. The

solvents were removed in vacuo and the excess
reducing reagent was decomposed with 29,
hydrochloric acid (18 ml). Thirty-percent aque-
ous sodium hydroxide (1.33 g) was added to the
mixture, and the water was distilled off in vacuo.
N-(5-Methyl-2-pyrazinyl)methylethylenediamine
was extracted with ethanol (30 mlx2) from the
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residue. The combined extracts were heated
under reflux for 6 hr together with 1,1-bis(meth-
ylthio)-2-nitroethylene (1.65g). The solvent
was removed, and the residue was chromato-
graphed on silica gel, eluting with chloroform—
ethanol (9:1, v/v). Crude 16 was recrystallized
from ethanol. Yield: 0.4g (17%). 'H NMR ¢
(CDCls) ppm: 2.74 (3H, s), 3.69 (4H, m), 4.30
(2H, s), 6.62 (1H, s), 8.51 (2H, s), 8.62 (1H, bs).
14 and 15 were prepared in a similar manner.
14; Yield: 109%. 'H NMR § (DMSO-de) ppm:
3.72 (4H, bs), 4.58 (2H, s), 6.54 (lH, s), 7.43
(1H, dd, J=5.2 and 1.0 Hz), 8.73 (1H, d, J=
5.2 Hz), 8.96 (1H, bs), 9.10 (1H, d, J=1.0 Hz).
15; Yield: 79%. 'H NMR ¢ (CDClL) ppm: 3.79
(4H, m), 4.59 (2H, s), 6.64 (1H, s), 8.70 (1H, bs),
8.81 (2H, s), 9.12 (1H, s).
1-(6-Chlovo- 3-pyridazinyl)methyl- 2-nitvomethyl-
leneimidazolidine 10: To a solution of 2-nitro-

methylene-imidazolidine VI® (1.29 g) in DMF (30
ml) was added 0.4 g of sodium hydride (609, oil
dispersion). After 1 hr of stirring, 6-chloro-3-
pyridazinyl-methyl chloride (16.3 g) in DMF (10
ml) was added dropwise to the mixture, which
was then stirred overnight. The solvent was
removed i#n vacuo, and the residue was chromat-
ographed on silica gel, eluting with chloroform-
ethanol (9: 1, v/v). Crude 10 was recrystallized
from ethanol. Yield: 0.3 g (129%). 'H NMR §
(DMSO-ds) ppm: 3.64 (4H, bs), 4.75 (2H, s), 6.65
(1H, s), 7.72 (1H, d, J=9.0Hz), 7.92 (1H, d,
J=9.0 Hz), 8.85 (1H, bs).

12 was prepared in a similar manner.

Yield: 7%. 'H NMR ¢ (DMSO-de)ppm: 2.50
(3H, s), 3.63 (4H, bs), 4.67 (2H, s), 6.57 (1H, s),
8.38 (2H, bs), 8.84 (1H, bs).

1-(2- Chloro- 5-pyrimidinyl)ymethyl- 2-nitvoimino-
imidazolidine 17: To a solution of 2-nitroimino-

Table 2 Characterization of imidazolidines.

ArCHN__NH
r
Y
XNO,
HR-MS (M+, m/z) or Anal
No Ar X mp (°C)
Calcd. Found
10 ci—l N CH 172-175 255.0523 255.0506
N:=N (CngoCleOz)
11 //'_N)— CH 259-260 221.0912 221.0920
N= (CoH11N;02)
N
12 //;?— CH 253 dec. 235.1069 235.1092
N=te (C10H1sN3503)
13 Me_//'_“)_ CH 163-166 235.1069 235.1068
N=. (C10H13N502)
14 N_ - CH 185-187 221.0912 221.0917
(C9H11N502)
N
15 <;Q=-\>— CH 236 dec. 221.0912 221.0895
(CoH 31 N;502)
16 Me_<,N:\>_ CH 188-189 235.1069 235.1069
N= (C10H13N;503)
17 C|—<§;\>— N 181-183 C, 37.449, C, 37.35%
H, 3.539% H, 3.499
N, 32.749, N, 32.74%
(CsHCINgO2)
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4 CHz' NYNH
8 2 YNO,
Fig. 2 Site notation for aromatic ring.

imidazolidine VII*® (1.3 g) in DMF (30 ml) was
added 0.4 g of sodium hydride (60%, oil disper-
sion) with stirring. After 1 hr, a solution of 2-
chloro-5-pyrimidinylmethyl chloride (1.63 g) in
DMF (10 ml) was added dropwise to the mix-
ture, which was then stirred continued overnight
at room temperature. The solvent was removed
in vacuo, and the residue was chromatographed
on silica gel, eluting with chloroform—ethanol
(15:1, v/v). Crude 17 was recrystallized from
ethanol. Yield: 0.02g (1%). ‘H NMR ¢
(CDCLs) ppm: 3.56 (4H, s), 4.49 (2H, s), 8.72 (2H,
s), 8.95 (1H, bs).

The melting points and millimass or elemental
analysis data on the diazinyl imidazolidines are
listed in Table 2.

2. Biological Test

Paper towels were placed on the dent of the
bottom part of a cage and watered. On them
wet rice seeds were sown and stored for germina-
tion in the dark at 30°C for 4 days. After
storage, the etiolated small rice plants about 2 cm
tall were sprayed with a water solution of a test
compound from the top. The concentration of
the compound in a water-soluble concentrate was
adjusted to six stages from 1000 to 0.32 ppm by
diluting five times. After spraying, ten leaf-
hopper nymphs were released on the plants, and
the mortality was determined after 5 days.

RESULTS AND DISCUSSION

Biocassay of N-benzyl-imidazolidines revealed
the efficacy depended on the position of a sub-
stituent on the phenyl ring. While 2-chloro
derivative (3) showed mno activity, 4-chloro
derivative (5) multiplied the activity of 2 by five
times. In nicotinyl derivatives that possessed
iminyl nitrogen at 3-position on the aromatic
ring, an introduction of methyl or chloro moiety
at 4-position on the aromatic ring multiplied the
activity of 6 by five times or twentyfive times,
respectively (6-8).

In diazine derivatives that possessed iminyl
nitrogen at 3-position on aryl ring, the magni-
tude of the activity depended on the position of
the other nitrogen and substituents. Pyridazine
derivative (10) that possessed the other nitrogen
at 2-position was less active than the most

active pyridine derivative (8). Pyrazine deriva-
tives (11, 13) that possessed the other nitrogen
at 6-position were as active as the corresponding
pyridine derivatives (6, 7). An introduction of
a methyl substituent at 4-position on the aryl
ring increased the activity, while an introduc-
tion of a methyl substituent at 2-position reduced
the activity (11-13). Pyrimidine derivative 14
having no nitrogen atom at 3-position on the
aromatic ring was less active than the corre-
sponding isomer 15. The pyrimidine derivatives
(14, 15) that possessed the other nitrogen at
5-position were as active as the corresponding
pyridine derivatives (6, 7). We remarked on the
favorable effect of some substituents at 4-posi-
tion with iminyl nitrogen at 3-position on the
aryl group in the nitromethylene series.®> This
effect of substituents was also observed in the
diazine system. The methyl and chloro deriva-
tives (13, 16, 17) showed high insecticidal ac-
tivity, and 1-(2-chloro-5-pyrimidinyl)methyl-2-
nitroimino-imidazolidine 17, in particular, had a
high insecticidal potential, controlling the test
species at a 0.32 ppm dose, comparable to imi-
dacloprid 9.
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BHEMEETE 1-S7 o AFL-2-2 bOXF

LYAIFSYUSvEEDOZIOA I/ FXE
BFRR—, ERRE, RiEH
FHE—, HIGE= FISE=

SLiebhbhiy, 1-6-2ve-3-vY o) XFv-2-=tn

AFLU-4 ISV EFD=bu4 i/ FEEE (imida-
cloprid, Admire®) 23, EFRAEML2ET A 2RE L.
XSREEERLEY R BRI, ERtaPpo I v rROK
b7 BR2EALRLS I XV O UFEER 8EEMR
LEEEE RSB LI-E 25, 1-(2-7 v u-5-EY § U =) X
Fr-2-=tug /-4 3FVICL A PRIGVIEESR
SRL, veruazargiext LT imidacloprid & REDEHER
T T EMBbroT.
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