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             INTRODUCTION

  Since diaminomaleonitrile  <DAMN) (1) was

found, many  useful  heterocyclic  compounds  have

been  synthesized  by  using  it. In our  efforts  to

prepare valuable  chemical  compounds,  we  have

synthesized  about  two  hundred  new  pyrazine
compounds  starting  from  1,t]2) among  which  some

showed  bacteriocidal and  fungicidal activities,i,Z)

but very  few  had  herbicidal  activity.

  In the  previous investigation,2) we  synthesized

eighty-feur  3-[(substituted phenylamino)car-
benyl]-2-pyrazinecarbexylic acids  and  the  same

number  of  N-{substituted phenyl)pyrazine-2,3-

dicarboximides, and  examined  their pesticidal
activity.  Somecompoundsinthelatterchemical
series  showed  bacteriocidal and  fungicidal ac-

tivities against  rice  bacterial leaf blight and  rice

blast, but  the  former  series  proved  to be almost

ineffective, In our  more  recent  bioassay, 5-(4-

chlorobenzyloxyphenylaminocarbonyl)  
-
 6 

-
 pyra-

zinecarboxylic  acida)  and  2-methyl-5-(4-chloro-

benzyloxyphenylaminocarbonyl)-  6 -pyrazinecar-

boxylic  acid`)  completely  inhibited the  germina-
tion of  American  millet  seeds  at  100ppm.  2,

3-I)imethyl-5-(2-chloro-5-trifluoromethylphenyl-
aminocarbonyl)-6-pyrazinecarboxylic  acid  (3-c)5)
and  2, 3-dimethyl-5-(2-methyl-5-chlorophenyl-
aminocarbonyl)-6-pyrazinecarboxylic  acid  (3-d)6)
did not  inhibit the germination itself, but killed

the  germ  of  Cos Iettus  and  American  millet  at

100 ppm  a  few  days after  seeding.  In  the  present
investigation,  we  synthesized  sixteen  esters

(methyl, ethyl,  n-propyl  and  i-propyl) (4-I-IV-a-
d) and  four amides  (5-a-d) of  3-c, 3-d and  addi-

tional 3-a and  3-b  with  phenylaminocarbonyl  and

2,4-dichloroaminocarbonyl moieties  respectively,

as  shown  in Scheme  1. The  germination  tests

were  aimed  to examine  the  phytotoxic  action  of

 these compounds.  The  results  are  shown  in

 Table 1.

             EXPERIMENTAL

l. ChemicaJs

  Methyl  ester  of 2,3-dimethyl-5-(2-methyl-5-
chloroPheaylaminocarboayl)  - 6 

-PyrazinecaFboJaylio

acid  (4-I-d)7): To  anhydrous  methanol  (100 ml)
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Seheme  1 Synthesis of  esters  (4> and  amides

carbonyl)-6-pyrazinecarboxylicacids.
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oH3Cd-CH{CH3)2N

(5) of  2,3-dimethyl-5-{substituted phenylamino-
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Tnhibitory
 values  (9,b') oi  esters  and  amides  of  2,3-dimethyl-5-(substituted

ammocarbony]}-6-pyrazinecarboxylic
 acids  against  Cos  Iettuce and  American  millet.phenyl-
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saturated  with  dry  hydrogen  chloride,  2,3-
dimethyl-5-<2-methyl-5-chlorophenylaminocar-
bonyl)-6-pyrazinecarboxylic  acid2)  <3-d, 3.0g>
was  added  and  the  mixture  was  stirred  with

passing of  hydrogen  chloride  for 30min  under

refiux.  The  reaction  mixture  was  concentrated

m  vacuo  and  the  residue  was  chilled  overnight  in
a  refrigerator  and  fiItered off.  Reerystallization
of  the product  from  methanol  gave  white  needles

(3.0 g, yield 95%). mp  227eC, MS  mle:  3S3 (M').
Compounds  4-I-a-c  were  prepared  in a  similar

manner  [mpOC, yield %  and  MS  mk  (M+) given]:
4-I-a, 19I-l92, 84, 285; b, 277-278, 91, 387;  c,

208-209, 95, 353.

  Ethyl  este･r  of 2,3-dimethyl-5-(2-methJyl-5-chloro-
Phenylaminocarboayl)-0Pyrarrinecarbov),lic aaid

(4-II-d)B,") and  other  esters:  2,3-Dimethyl-5-
(2-methyl-5-chlorophenylaminocarbonyl)-6-py-
razinecarboxylic  acid  (3-d) C2.0 g) was  added  to a

solution  of  anhydrous  ethanol  (5ml), toluene

<2 ml)  and  conc,  sulfuric  acid  (5 drops), The
mixture  was  refluxed  for about  2 hr  with  stirring

to remove  water  by  azeotrepic  distillation. Aiter
cooling  the  wiiite  precipitate was  collected

through  filtration and  purified by  recrystalliza-

tion  from  ethanol  to give 4-II-d (2.1 g, yield
969i.). mp  181-183=C, MS  m!e:  347 (M'). Ethyl
esters  4-II-a-c, n-propyl  esters  4-III-aKl and

isopropyl esters  4-IV-a-d  were  prepared in a

similar  manner  [mpeC. yield  %  and  MS  mfe  (M+)
given]: 4-II-a, 199-200, 95, 299; b, 192-193, 78,
401; c, 192-193,  88, 367. 4-III-a, 161-162, 82,
313; b, 177-180, 75, 415i c, l79-180, 84, 381; d,
178-181, 76, 361; 4-IV-a, 171-172, 23, 313; b,
169-172,  74, 415; c, 187-188, 71, 381; d, l82-l83,
84, 361.

  Amide  of 2,gedimethyl-5-(2-methyl-5-chloro-

Phenylaminocarbenyl)-6LPyragineca･rboaylic acid

(5-d)T): IN{ethy] ester  (4-I-d, 2 g) was  dissolved in
100  ml  of  hot anhydrous  methanol  and  refluxed

fer 30min  while  gaseous ammonia  was  passing
through. The  mixture  was  kept in a  refrigerator

overnight  and  concentrated  in vacuo.  The  white

atnorphous  amide  was  filtered and  recrystallized
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from  methanol  to give 5-d (1.0 g, yield 520f'.). mp

231-2320C, )vlS m/g:  318 {M+>. Amides  5-a-c were

prepared  in a  similar  inanner  [mp 
CC,

 yield 9,'i
and  MS  mlx  (M') given]: 5-a, 187-188, 59, 270;
b, 220-223, 57, 372;c, 250-251. 83, 338.

2. Germination Tests

  Four  milligrams  of  a  test chemical  was  weighed

precisely and  dissolved in ucetone  <10 ml).  
One

milliliter  of  the  acetone  solution  was  poured  into

a  Petri dish 9 cm  in diameter, in which  two  sheets

of  filter papers had  been  placed at  the  bottom.

After acetone  had  been  evaporated,  30 seeds  o'f

Cos  lettus (Lactuea sativa  L. Iongijblia Lams)  and

30 seeds  of  American  millet  (Eleusine indica

Gaertner  var.  coraoana･)  were  seeded  on  the  filter

sheets  and  4 rn1 oi  100 ppm  Tween-80  aqueous

so!ution  was  poured  into a  Petri  dish to  afford  a

IOOppm  chemical  solutien.  Two  dishes were

used  for a  test. Into  anether  Petri  dish  pre-

pared, 3ml  of  the above-mentioned  aeetone

solution  was  poured  and  worked  up  in a  similar

manner  as  above  to afford  a  300 ppm  chemical

solution.  These  Petri  dishes  i4rere  placed in a

biotron at  250C  and  80%  humidity  under  illumi-

nation  for 12 hr a  day.  Five days  after  seeding,

the  plants were  harvested and  their fresh weights

were  measured.  Inhibitory  values  (Of'G) of  test

chemicals  "rere  evaluated  according  to the  follow-

ing  equation.

  Inhibitory value  (%)

    =(1-FIr;re'esShb-wWe:.tlghhtto'iOcfetnr?raotlel//d'P:annt{g) × 100

  To  confirm  the results  at  100 and  300 ppm,  the

test was  repeated  at  !ow concentrations  ef  50

ppm  and  10 ppm  for 4-II-d, 4-JII-d, 4-IV-d and

 5-d. The  results  are  shown  in Table  1.

          RESULTS  AND  DISCUSSION

   Ethyl  ester  (4-II-d) and  amide  (5-d) of  2,3-

 dimethyl-5-(2-methyl-5-chlorophenylaminocar-

 bonyl)-6-pyrazinecarboxylic acid  showed  a  con-

 siderable  phytotoxic action  against  Cos  lettus

 and  American  mMet.  as  shown  in Table  1. Both

 compounds  at  100 ppm  turned  Ces lettus leaves

 from  green to  brown  and  stems  to  semitrans-

 parent, and  the whole  plants died three days  after

 seeding.  Four  days  after  seeding,  American

 millet  completely  stopped  growing  and  died, The

 results  were  the  same  with  3-d. Each  compound
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 50ppm  inhibited the  grewth  (')f Cos  lettus

(50?,'6>. but  the  colors  of  the  leaves  and  stems

remained  unchanbcrecl,  while  the  germ  of  American

millet  grew  unaffectecl  at  the  same  concentratLon.

Other  esters  and  amides  of  the  pyrazinecarboxylic
acid  <3-d>, however,  failec'1 to increasc  bieactivity.

  
'L"he

 previous and  present experimental  data

indicated that our  attempts  to  obtain  more

effective  herbicidal compounds  sirnply  by  modi-

fying  substituent  groups  at  phenyl  and  pyrazine

skeltons  were  far from  satisiactory.  [n succeed-

ing investigations,  therefore,  uur  efforts  are  to

be diTected to  design  new-type  compounds  by

introducing some  other  chemical  groups, such  as

earbamate,  diphenyl  ether,  dithiophosphate,

urea,  phenexyfatty  acid  and  triazine  to the

pyrazine moiety.
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