
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

J--111--lllttr:1111111J

  NoteillllllnlnlllltllllLtl

1-Diazinylmethyl-2-nitromethylene- and

    2-Nitroimino-imidazolidines as

New  Potential Insecticides"

  Koichi MoRiyA,  Katsuhiko SmBuyA,

    Yumi  HATToRi, Shin-ichi TsuBoi,
 Kozo  SHIoKAwA  and  Shinzo KAGABu**

 Yuhi  Research  CenteF, Nihon  BayeT  Agroehem

 Co,. Ltd.. Nishi  Hanjotsttka. Yu･hi 307, fmpan
"DePartment

 of Chemistry.  Faculty  of Eduoation,
Gipe  Universdy.  Yanagido.  Gijha 501-11.  JaPan

(Re¢ ived May  8, l992; Accepted  August  4, 1992)

              INTRODUCTION

  Nitromethylene  insecticides have  been  drawing
attention  owing  to their unique  structure  and

hitherto unrecognized  insecticidal mechanism.2)

VLie have  studied  their heterocyclic system

chemically  and  biologically, and  developed  an

epoch-making  class  of  pesticides for practical ap-
plication.S,4) 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  (NePhotettix cinoticops)  by  over  thirty
centuplications  and,  in addition,  broadened  the
spectrum  markedly,**  The  study  on  the  struc-

ture-a ¢ tivity 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.3)  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 comparisen.  The  bioassav was  carried  out

according  to the previous pro6edure using  green
rice  leafhoppers as  test species.3,`)

 
'
 Imidacloprid  and  Analogous Insecticides (Part

  IV). For  Part  III, see  Ref, 1).
**

 1-(6-chloronicotinyl)-2-nitromethylene-imidazoli-

  dine  8 and  the 2-nitroimino  analog  9 (common
  narne:  imidacloprid) have  been extensively

  tested for commercial  use,
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         MATERIALS  AND  METHODS

1. PpteParation ofDiaxiaylmethylimidaiolidines
  The  synthetic  scheme  is depicted in Fig. 1.
Diazinyl  imidazolidine was  prepared  by  either

replacement  ef  the two  methyl-thio  groups of

1,1-bis(methylthio)-2-nitroethylene IV5) with  dia-
zinylmethylethylenediamine  III or  by  diazinyl-
methylation  of  the  nitrogen  in the 1-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  II6-S) and  ethyl-

enediamine,  and  chloromethyl-diazines  were

available  bv  NCS  chlorination")  of  the correspond-

ing methYl-diazines.iO,tr)  The  typical  proce-
dures for IV  and  VI  are  as  below:

  1-(5-Methyl-2-PyraEiayl)meths,l-2-nitromethyl-
eneimidaxolidine  13: A  solution  of  5-methyl-2-

pyrazinylmethyl  chloride  (1.43 g) in acetonitrile

(IOml) was  added  dropwise  to  a  solution  of

ethylenediamine  (3 g) in acetonitrile  (3e ml).  The

mixture  was  heated  under  refiux  for 1 hr, cooled

to room  temperature,  and  stirred  with  30%

aqueous  sodium  hydroxide  <1.33g) for SOmin.
The  solvents  and  the  excess  ethylenediamine  were

removed  in vaouo,  and  N-(5-methyl-2-pyrazinyl>-

methy!ethylenediamine  was  extracted  with

ethanol  (30mlx2) from  the  residue.  1,1-Bis-

(methylthio)-2-nitroethylene (1.65 g) was  added

to  the  combined  extracts,  and  the  mixture  was

heated  under  reflux  for 6hr.  The  solvent  was

distilled off, and  the  residue  was  chromato-

graphed  en  silica  gel, eluting  with  chloroform-

ethanol  (9:1, v/v).  Crude  13 was  recr}istallized

from  ethanol,  Yield: l.1g  (479f.). 
`H

 NMR

6 (DMSOd6) ppm:  2.47 (3H, s),  3,62 (4H, bs),
4.54 C2H, s}, 6.60 (IH, s), 8.45 (2H, s), 8.80 (IH,
bs).

  11  was  prepared similarly.

  Yield : 44%  , 'H
 NMR  S (DMSO-d6) ppm  ; 3.62

(4H, bs), 4,62 (2H, s), 6.64 (IH, s), 8.59 (SH, m),
8.82 (IH, bs).
  1-(2-Metdyl-5-Pyr･imidi7ayl)methy-2-nitromethyl-
eneimidagoiidine  16: A  solution  of  2-methyl-5-
formylpyrimidine  (1.22 g) in dichloromethane  (10
ml)  sKras  added  dropwise  to a  solution  of  ethyl-

* VII  (mp 220-2210C) was  prepared in a  45?,b'

  yield by  heating  an  aqueous.  solution  of an

  equimolar  mixture  of  nitroguanidine  and  ethyl-

  enediamine  at  500C  for 1 hr.
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Table 1Biological activity  against  green rice  leafhoppers,
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 LCgo  is the  lowest  concentration  to kill over  900/,of the  insects in six  stages  from  1OOO-O.32 pprn,
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Fig.1  Preparation  scheme  of
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1-diazinylmethylimidazolidines,

enediamine  {O,6 g) in dichloromethane (30 ml)  at

room  temperatuTe  with  stirring.  After 4hr  of

stirring,  the  solvent  was  removed  in vacuo,  and

the  residue  was  diluted  with  methanol  (50ml).
To  this solution  was  added  sodium  borohydride

(O.38 g) by  portions at  50C and  the  mixture  was

stirred  at  roorn  temperature  for 5hr, The

solvents  were  removed  in vacuo  and  the excess

reducing  reagent  was  decornposed with  2%
hydrochloric  aeid  (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 ml × 2) from  the
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residue.  The  combined  extracts  were  heated

under  refiux  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  chloroferm-

ethanol  {9:1, v!v).  Crude  16 was  recrystallized

from  ethanol.  Yield: O.4g  (l7%). iH
 NMR  6

(CDCI3) ppm:  2,74 (3H, s>, 3.69 {4H, m>,  4.SO

(2H, s),  6.62 (IH, s), 8,51 (2H, s), 8.62 CIH, bs).
  14 and  15 were  prepared  in a  similar  manner.

  14; Yield: 100/,. iH
 NMR  6 (DMSO-d6) ppm:

3.72 (4H, bs), 4.58 (2H, s), 6.54 <IH, s), 7,43
(IH, dd, f=5.2 and  l.OHz), 8.73 (IH, d, 1-
5.2 Hz),  8.96  (IH, bs), 9.10  (IH, d. J=:= 1.0 Hz).
  15; Yield:  70/., 'H

 )(MR  6 (CDCIs) ppm:  3.79
(4H, m),  4.59 (2H, s), 6.64 (IH, s), 8.70 (IH, bs),
8.81 (2H, s),  9.12 (IH, s),

  1-(0Chlero-3-Pyridaeiayl)methyl-2-nitromethyl-
leneintidazolidine 10: To  a  solution  oi  2-nitre-

methylene-imidazolidine  VI5) (1,29 g) in DMF  (30
ml)  was  added  O.4g  of  sodium  hydride  (600/, oil

dispersion). After 1 hr of  stirring,  6-chloro-S-

pyridazinyl-methyl chloride  (l6,3g) in DMF  (10
ml)  was  added  dropwise  to  the  mixture,  which

was  then  stirred  overnight.  The  soLvent  was

removed  in va･cuo,  and  the  residue  was  chromat-

ographed  on  silica  gel, eluting  with  chloroiorm-

ethanel  (9: 1, vfv).  Crude  10 was  recrystallized

from  ethanol.  Yield: O.3g (120/,), 
'H

 NMR  a

(DMSO-d6) ppm:  3.64 (4H, bs), 4,75 (2H. s), 6.65
(IH, s), 7.72 (IH, d, J=9.0Hz), 7.92 <IH, d,

Ji=9.0Hz), 8.85  (IH. bs),
  12 was  prepared  in a  similar  manner,

  Yield:  7%.  
iH

 NMR  6 <DMSO-d6)pFm: 2,50
(3H, s), 8.63 (4H, bs), 4.67 (2H, s), 6.57 (IH, s),

8.38 (2H, bs}, 8.84 <IH, bs).
  1-(2-Chloro-5-Pyptimidinyl)methyl-2-nitfoimino-
imidaxogidine 17: To  a  solution  of  2-nitroimine-

Table 2Characterization  of  imidazolidines.

        n
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Fig. 2 Site notation  for aromatic  ring.

imidazolidine VIIe'S) (1.3g) in DMF  (30 ml}  was

added  O,4g  of  sodium  hydride  (60% oil disper-
sion)  with  stirring.  After  1hr, a  solution  of  2-
chloro-5-pyrimidinylrnethyl  chloride  (1.63g) in
DMF  (10ml) was  added  dropwise to the mix-

ture, which  was  then  stirred  continued  overnight

at  room  temperature.  The  solvent  was  removed

tn  vacuo,  and  the  residue  was  chromatographed

on  silica  gel, eluting  with  chloroform-ethanol

(15: 1, vfv).  Crude  17 was  recrystallized  from
ethanol.  Yield:  O.02g (1%), iH

 NMR  6
(CDCIs) ppm:3.56  (4H, s>,  4.49 (2H, s), 8.72 (2H,
s),  8.95 {IH, bs).
  The  melting  points and  millimass  or  elemental

analysis  data  on  the diazinyl imidazolidines are
Usted m  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  300C 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  10eO to O.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

  Bioassay  oi  N-benzyl-imidazolidines revealed

the eficacy  dependied  on  the position of  a  sub-

stituent  on  the  phenyl ring.  While  2-chloro
derivative (3) showed  no  activity,  4-chroro
derivative  (5) multiplied  the activity  of  2 by  five
times. In nicotinyl  derivatives that  possessed
iminyl  nitrogen  at  3-position on  the aromatic

rmg,  an  introduction  of  methyl  or  chlore  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  ary1  ring,  the magni-

tude of  the  activity  depended  on  the position of
the  other  nitregen  and  substituents,  Pyridazine

derivative (10) that  possessed the other  nitrogen

at  2-position was  less active  than the most

rgIEspnt5ff2n

active  pyridine derivative (8). I'yrazine  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  ary1

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-po$ition 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

ary1  group in the  nitromethylene  series.S)  This
effect  of  substituents  was  also  observed  in the

diazine system.  The  metbyl  and  chloro  deriva-

tives (13, 16, 17) showed  high  insecticidal ac-

tivity, and  1-(2-chloTo-5-pyrirnidinyl)methyl-2-
nitroimino-imidazolidine  17, in particular, had  a

high insecticidal potential, controlling  the  test

species  at  a  O.32 ppm  dose, comparable  to imi-
dacloprid 9.
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要 約

殺虫活性を有する 1一ジ ア ジ ニ ル メ チ ル ー2一ニ トロ メ チ

レ ン イ ミダゾリ ジ ン とそ の ニ ト ロ イ ミ ノ 誘導体

　　　　　　　　　　　　　盛家晃
一，渋谷克彦，服部ゆ み

　　　　　　　　　　　　　坪 井真
一，塩 π肱 三，利 部 伸三

先 に わ れ わ れ は，1−（6一ク ロ ロ ー3一ピ リ ジ ル ）メ チ ル ー2− ＝ ト ロ

メ チ レ ン ーイ ミ ダ ゾ リジ ン と そ の ニ トロ イ ミ ノ 誘 導 体 （imida・

cloprid
，
　Admire   ）が ， 高い 殺虫 活性 を有す る こ と を 報告 し た ・

さらに 高 活 性 な化合 物 を 目eelC，上 記 化合物の ピ リジ ン 環 の 代

わ りに ジ ア ジ ン 環 を導 入 した イ ミダゾ リジ ン 誘導体 を 8種 合成

し殺 虫 活性 を試 験 し た と こ ろ，1−（2一ク ロ ロ
ー5一ピ リ ミジ ニ ル ）メ

チ ル ー2一ニ トロ イ ミ ノ ー
イ ミダ ゾ リジ ン （17）が 最 も 高 い 活 盤 を

示 し，ツ マ グ ロ ヨ コ バ イ に 対 して imidaclopridと 同等 の 活 性 を

示 す こ とがわ か っ た ．
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