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   A  series of  new  3-(substituted phenyl)-S-alky]idene- l,3-oxazo]idine-2,4-dione derivatives was  synthe-

sized  by reacting  substituted  phenyl isocyanates with  2-hydroxy-3-alkenoates prepared through an acjd-

catalyzed  isomerization of3,3-disubstituted  gLycidates, and  their herbicidal activities against  various  weeds

as well  as the crop  safeties  were  examined.',2)  The herbicjdal activities  ofthese  oxazolidinedione  deriva-
tives were  primarily influenced by the substituents  on  the phenyl group and  by the structure  of  the

alkylidene  moiety,  The cornpounds  having a  2,4-dihalo-5-alkoxyphenyL moiety  exhibited  relatively

higher herbicidal activities  while  the introduction ofa  long chain  alky]idene  group  at  the 5-position of the

exazolidine  ring  reduced  the activity.  The  crop  safety  was  found to be markedly  affbcted  by the sub-
stituent  at the 5-position ofthe  phenyl group and  a cyclopentyloxy  group seemed  to be the most  preferab]e
one.  Among  the compounds  synthesized,  3-(4-chloro-5-cyclopentyloxy-2-fiuorophenyl)-5-isopropyl-
idene-1,3-oxazolidine-2,4-dione (KPP-314) was  selected  as a promising paddy  rice  herbicide, In grecn-
house pot tests, KPP-314 exhibited  an excellent uctivity  against  annual  lowland weeds  by pre- and

post-emergence soil  treatments  at 150 to 450g a,iVha  with  a  wide  safety  margjn  between rice  plant and
Echinochloa ot:Fzieota.

Kqp' vvortts: KPP-314,cyclicimide,Protox inhibitor, peroxidizing herbicide, rice,  Echinochloa ou,zicola.

               INTRODUCTION

  Various cyclic  imide-type compounds  with  high her-
bicidal activities and  excellent  crop  selectivities have
been synthesized  and  some  of  them  are being used  pracd
cally  as herbicides in Japan and  other  countries.  Their
biochemical mode  of  action  has been known to be the
inhibition of  protoporphyrinogen-lX oxidase  (Protox) in
the plant chlorophyll  biosynthesis,3･`}

  In the course  ofour  synthetic  studies  on  the structural
modification  of  oxazolidinedione  fungicides such  as

vinchlozolin"}  through  u prototype lead compound  (15),
we  found that 3-(4-chlorophenyl)-1,3-oxazolidine-2,4-
dione derivative (3) bearing an  isopropylidene group at
the 5-position of  the oxazolidine  ring  exhibited  a good
herbicidal activity against  several  lowland weeds  (Fig.
1). A  few 5-(substituted ulkylidene)-1,3-oxazolidine-

2,4-dione derivatives have already  been known, but their
herbicidal activities have not  been reported  so  far.5-S}
Therefore, a  large number  of  new  oxazo]idinedione

derivatives carrying  various  substituents  on  the phenyl
group at the 3-position of  the oxazolidine  ring  were

synthesized  and  their herbicidal actiyities and  crop

safeties were  evaluated  to discover novel  cyclic  imide-
type  herbicides, As  a result  of  the skeletal

modifications,  a series of  3-(5-alkoxy-2-fluoro-4-chloro-

phenyl)-5-isopropylidene-1,3-oxazolidine-2,4-dione
derivatives was  fbund to be highly active  against  many

broadleaf and  several  grass weeds  examined.  Through
the subsequent  extensive  evaluations,  3-[5-( 1-butyn-3-yl)
oxy-4-chloro-2-fluorophenyll-5-isopropylidene-1,3-

oxazolidine-2,4-dione  (31; KPP-300) and  3-[4-chloro-5-
cyclopentyloxy-2-fluerophenyl]-5-isopropytidene-1,3-

oxazolidine-2,4-dione  (25; KPP-314) were  selected  as the
two  most  actrve  ones  among  the synthesized  derivatives,

  The  herbicidal spectrum  of  these oxazolidinedione

derivatives was  similar  to that of  other  cyclic imide-type

herbicides and  light was  essential  for the herbicidal
activity, Furthermore, the  compounds  25 and  31 severe-

ly inhibited the growth of  Seneciesmus acutus  cells at

10"5 M  with  degrading the chlorophyll  of  the cells  and

causing  a  high ethane  formation.9) Consequently, these
new  oxazolidinedione  derivatives were  thought  to be
classified into the peroxidizing herbicides including tetra-
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hydrophthalimides and  diphenyl ethers. KPP-314  thus

obtained  has been developed collaboratively  Sagami
Chemical Research  Center and  Kaken  Pharmaceutical

Co. Ltd., and  various  products  containing  KPP-314  as

an  active  ingredient have been registered  and  marketed  in
Japan.

          MATERIALS  AND  METHODS

I. Synthesis of Compouncts
f.1 Generalprocedure

  On  the typical synthetic  routes  [Route-A and  B] via

alkyl  (2,4-dihalophenyl) carbonates  (ii) or  bis(2,4-

dihalophenyl) carbonates  (xii) to 3-(5-alkoxy-2,4-dihalo-

phenyl)-5-alkylidene-1,3-oxazolidine-2,4-dione deriva-

tives (xi) as  outlined  in Fig.2, the substituted  phenyl
isocyanates (ix), the most  important intermediates, were

easily  prepared by phosgenation  of  the corresponding

aniline  derivatives (viii). In both routes  for the synthe-
sis  of  aniline  derivatives (viii) from 2,4-dihalophenols (i),
the hydroxy group of  i had to be protected by an

electron-withdrawing  group such  as an  alkoxycarbonyl

group for regio-selective  nitration  at the meta  position.

  By Route-A, the alkyl  phenyl carbonates  (ii) were

nitrated  regio-selectively  uccording  to the conventional

method,iO)  and  the nitro  compounds  (iii) obtained  were

hydrogenated with  transition metal  catalysts  such  as

palladium on  charcoal  or  platinum oxide,  yielding 2,

4-dihalo-5-alkoxycarbonyloxyanilines (iy). Alkylation
of  rv-protected phenols (vi) prepared by carbamation  of

iy and  subsequent  hydrolysis of  y gave the desired 5-
alkoxy-2,4-dihaloanilines  (viii) after  deprotection of

O-alkylated carbamates  (yii),
  In addition,  since  it has been known  that a

phenoxycarbonyl  group as a protective group of  the

hydroxy group  is also  effective for regio-selective  nitra-

tion, we  have developed another  route  [Route-B] via

bis(2,4-dihalophenyl) carbonates  (xii) which  were  pre-

pared by carbonation  of  two  equivalents  of  2,4-dihalo-

phenols (i) with  phosgene gas or  its dimer in aqueous

alkaline  solution.  The bisphenyl carbonates  (xii) thus

obtained  Were readily  nitrated  regio-selectively  at the

meta  positions according  to a common  nitration  method,

Then, the  nitro  compounds  (xiii) were  hydrogenated to

the aniline  deriyatives (xiy).ii) Although direct alkyla-

tion of  xiv  with  several  alkylating  reagents  in a two-

phase system  consisting  of  organic  solvent  and  aqueous

alkaline  solution  gave the desired 5-alkoxy-2,4-

dihaloanilines (yiii) through  one-pot  reactions,i2･i3} better
overall  yields were  observecl  when,  after finishing the

protection of  a pair of  amino  groups  by alkoxyearbenyl

groups, the hydrolysis of  the carbonate  bond  and  alkyla-

tion ofthe  phenoxide produced were  carned  out  stepwise

or simultaneously  to give alkyl  7V-(2,4-dihalo-5-alkoxy-

phenyl)carbamates (yii), Then, the carbamates  (yii)
were  deprotected in alkaline  solution  affording  5-alkoxy-

2,4-dihaloaniiines (viii).
  5-Alkoxy-2,4-dihaloanilines (yiii) were  converted  to

the  key intermediates, 5-alkoxy-2,4-dihalophenyl

isocyanates (ix), by phosgenation usmg  phosgene  or  Lts

dimer, Finally, the substituted  phenyl isocyanates (ix)
reacted  with  2-hydroxy-3-alkenoate (x) under  basic con-

ditions to give the final 3-(2,4-dihalo-5-alkoxyphenyl)-5-

alkylidene-1,3-oxazolidine-2,4-dione  derivatives (xi),
  On  the other  hand, 5-alkoxycarbonyloxy-2,4-dihalo-

phenyl isocyanates (xyi) prepaTed from the correspond-

ing anilines  (iv) could  be used  as diflbrent key intermedi-

ates for the  synthesis  of  oxazolidinedione  derivatives (xi)
through  Route-C  in Fig. 2. The condensation  of  xyi

with  2-hydroxy-3-alkenoates (x) gave 5-alkylidene-1,3-
oxazolidine-2,4-diones  (xvii), which  were  converted  into

the  final products (xi) by selective  hydrolysis of  the

carbonate  group and  subsequent  aLkylation  at the 5-

position ofthe  phenyl  group, By empleying  this route,

3-(substituted phenyl)-5-alkylidene-1,3-oxazolidine-2,4-

dione derivatives with  a  variety  of  substituent  at the

5-potion of  the phenyl group could  easily  be synthesized.

I.2 7)tpicalprocedure

  Typical synthetic  procedures employed  are described

as fo11ows with  examples.  All melting  points were

measured  by Yanagimoto or  BUchi B-530 melting  point
apparatus.  The  chemical  structures  were  confirmed  by

NMR  spectrometers  (Bruker AM-400  NMR,  DPX-250

NMR  or  EM-390  NMR,  Internal standard:  tetramethyl-

silane) and  JR spectrophotometers  (Jasco A-202 and  FT/

IR-5300, Method: potassium bromide disk and  sodium

chloride  liquid film cell),

 1.2,1 Svnthesis of alkyt  N-(2-chloro-41fluoro-5-

      hydroayphen]Dcarbamate

(I) Synthesis of ethyi  e-chloro-4:f7tioro-5-hycb'oxy-
     phenyijearbamate via the methyt  carbonate

     [Route-A]
oj Synthesis of 4-ckloro-2:f7uoro-5-(methoxycar-

    bonylox!)anifine

  To an  ethano]  (600 ml)  soLution  ofmethyl  (2-chloro-4-
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fluoro-5-nitrophenyl) carbonate  (52.1 g, O,24mol) was  was  absorbed.  After removal  of the catalyst  by filtra-
added  platinum dioxide (1.5g) and  the  mixture  was  tion, the solvent  and  water  in the filtrate was

stirred under  hydrogen atmosphere  until no  hydrogen  gas azeotropically  evaporated  under  reduced  pressure to give
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a slightly  reddish  brown  oil of  4-chloro-2-fluoro-5-

(methoxycarbonyloxy)aniline quantitatively. 
iH-

NMR(CDCI,,  TMS,  ppm): 6 3,86 (3H, s), 4,13 (2H, br
s), 6.4g (1H, d, Ji,,=8.0 Hz), 6.92 (IH, d, .4,,= IO.O Hz),
bj Synthesis oj' ethyi  NL[4-chloro-21fiuoro-5-(inethony'-

   carbonylo)c}Vphenyi]earbamate

  To  an  acetone  (300 ml)  solution  of4-chloro-2-fluoro-5-

(methoxycarbonyloxy)aniline (22.0g, 100mmol) and

potassium carbonate  (13.8 g, 100 mmol)  was  added  ethyl

chloroformate  (16.3g, 150mmol)  at room  temperature

and  the mixture  was  heated at  600C with  stirring for 5 hr.
After the completion  of  the reaction,  the solvent  was

removed  under  reduced  pressure, To  the residue

obtained  was  added  l N hydrochloric acid  (100 ml)  and

then extracted  with  ethyl  acetate  (100mlX3). The

organic  layers combined  were  washed  with  water  and

dried over  anhydrous  magnesium  sulfate. The white

solid  obtained  by removal  of  the solvent  was  recrystal-

lized from toluene/hexane  to give ethyl  IV-[4-chloro-2-

fluore-5-(methoxycarbonyloxy)phenyl]carbamate (23.3
g, 80 mmol)  in 80% yield as white  crystals, Mp: 143,8-

1472eC; iH-NMR
 (CDCI,, TMS,  ppm): 6 1,13 (3H, t,

J=6,5 Hz), 3.92 (3H, s), 4.23 (2H, q, J=6.5Hz),  6,80

(IH, br s), 7,15 (1H, d, .ig,=  10.5 Hz), 8.12 (IH, d, JHF=
8.0 Hz).

cl Synthesis of ethyl  ?VL(4-chloro-2Viuoro-5-hycb"ojt}'-

   phenyijcarhamate
  A  mixture  of  ethanol  (200 ml),  water  (100 ml),  ethyl

N-[4-chloro-2-fluoro-S-(methoxycarbonyloxy)pheny]]
carbamate  (45.2 g, 155 mmol)  and  potassium carbonate

(21.4g, 155mmol)  was  refiuxed  fbr 2hr, After the

completion  of  the reaction,  the solvent  was  removed

under  reduced  pressure. To  the residue  obtained  was

added  1 N  hydrochloric acid  (300 ml)  and  then extracted

with  ethyl  acetate  (1oo ml  × 3), The  organic  layers com-

bined were  washed  with  water  and  dried over  anhydrous

magnesium  sulfate, The  white  solid  obtained  by
removal  of  the solvent  was  recrystallized  from chloro-

form/hexane to give ethyl  N-(4-chloro-2-fiuoro-S-

hydroxyphenyl)carbamate (35.2g, 151mmol)  in 97%

yield as a  white  solid. Mp: 143.8-147.2'C;'H-NMR

(CDCI,, TMS, ppm): 6 1,32 (3H, t, J=7.2  Hz), 4.23 (2H,
q, J=7.2  Hz), 6.80 (IH, br s), 7.04 (IH, d, .C{F-IO.5

Hz), 7.85 (IH, d, .4,,=7.5  Hz),

(2) Synthesis of methyl  (2-chloro-4v7uoro-5-hydrony,-
    phenyijcarbamate via  diphenyl carbonate  [Route-
    B]
cij Synthesis oj" bis(12-chloro-4V7itoro-5-nitrophenyij
    carbonate

  To  a  methylene  chloride  (2.5 t) solution  of  2-chloro-4-
fiuorophenol (733g, 5.0mol) in a three-necked flask
equipped  with  a mechanical  stirrer,  4N  sodium  hydrox-
ide solution  (1,35 t) was  added  with  cooling  in an  ice-
cold  water  bath. To  the solution  was  introduced phos-

gene gas generated by decomposing trichloromethyl

chloroformate  (243g, 1.23mol)  on  an  active  charcoal

(3.8 g) at 40-500C. After introduction ofphosgene  gas,
the reaction  solution  was  further stirred  overnight  at

room  temperature.  Then, the organic  layer was  separat-

ed, and  the aqueous  layer was  extracted  with  methylene

chloride  (500mlX2). The  organic  layers comb.ined

were  washed  with  1 N  sodium  hydroxide solution  (1.0 l)
and  water,  and  dried over  anhydrous  magnesium  sulfate.

The  solvent  was  rernoved  under  reduced  pressure to give
a white  solid  of  bis(2-chloro-4-fluorophenyl) carbonate

(801g, 2.5mol) quantitatively. Mp:91.0-92.0"C;iH-

NMR  (CDCI,, TMS,  ppm): 6 6,87-7.0 (6H, m),  Thus

obtained  bis(2-chloro-4-fiuerQphenyl) carbonate  (801 g,
2.5 mol)  was  put in a  three-necked flask equipped  with  a

mechanical  stirrer and  a  dropping funnel, and  sulfuric

acid  (98%, 2.0i) was  added  with  stirring  well. To  the

suspension,  a mixed  acid  prepared from nitric acid  (60%,
400ml)  and  sulfuric  acid  (98%, 400ml) was  added

dropwise with  vigorous  stirring  oiv'er a period of  7 hr.

After addition,  the  mixture  was  stirred vigorously  for

further 1hr and  then  poured  into cold  water  (5,Ol),
The  white  solid  precipitated was  filtrated, washed  with

-'ater  and  well  dried to give bis(2-chloro-4-fiuoro-5-
nitrophenyl)  carbonate  (1026 g, 2,5 mol)  quantitatively.
Mpi165.0-165.5"C (recrystallized from toluenc);iH-

NMR  (CDCI,, TMS,  ppm)i 8 7.58 (2H, d, .4iF  =:9,9  Hz),

8,25 (2H, d, Ji,,=g.3 Hz),
b,) Synthesis oj" bis(5-amino-2-chloro-4:fiiiorophenyij

    cathonate

  Bis(2-chloro-4-fiuoro-5-nitrophenyl) carbonate  (233 g,
O.57 mol),  toluene (2.3 l) and  5% Pd on  charcoal  (17.4 g)
were  put in a  three-necked flask equipped  with  a  mechan-

ical stirrer, and  hydrogen gas was  introduced thereinto

with  vigorous  stirring, By controlling  a rate  of  intro-
duction of  hydrogen gas, the reaction  temperature  was

maintained  at 50-60"C, After the completion  of  the

reaction,  the mixture  was  heated at  about  800C, and  the

catalyst  was  recovered  by fiItration. The  toluene layer

separated  frorn the filtrute was  dried over  anhydrous

magnesium  sulfate, The  solvent  was  removed  under

reduced  pressure to give a  white  solid  of  bis(5-amino-2-
chloro-4-fluorophenyD  carbonate  (143g, O,41 mol)  in

72%yield, Mp:136.0-137.0`C;iH-NMR(CDCI,,TMS,

ppm): 6 3.83 (4H, br s), 6.71 (2H, d, .4ii, 
--

 8,5 Hz), 7.08

(2H, d, Jl,.=: 10.5 Hz).

oj Synthesis oj' meth]t  IV-(4-ehtoro-2:fluoro-5-

    hydhoayphenyijcarbamate
  To  an  acetone  (l.5 l) solution  ofbis(5-arnino-2-chloro-

4-fluorophenyl) carbonate  (233g, O.68mol) and  potas-
sium  carbonate  (188 g, 1.36 mol),  methyl  chlorofbrmate

(126 g, 1,33 mol)  was  added  dropwise at Toom  tempera-

ture, and  the rnixture  was  stirred for 4hr at 60"C. The

resulting  mixture  was  condensed  by evaporation,

acidified  with  acetic  acid  and  poured into cold  water.

The  solid  deposited was  filtrated, washed  with  water  and
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well  dried to give bis[2-chloro-4-fluoro-5-(methoxycar-
bonylamino)phenyl] carbonate  (279 g, O,60 mol)  in 88%

yield as a white  solid. Mp:212.0-214.0'C;iH-NMR

(CDC13, TMS,  ppm)i  6 3.80 (6H, s), 6.87 (2H, br s), 7. I9
(2H, d, .4,,=:  10.2 Hz}, 7.22 (2H, d, J,,=8.3 Hz). Thus
obtained  bis[2-chloro-4-fluoro-5-(methoxycar-
bonylamino)phenyl] carbonate  (270 g, O.60 mol),  potas-
sium  carbonate  (83 g, O,6 mol)  and  methanol  (I.5 l) were
put in a three-neckecl Ilask equipped  with  a  reflux  con-

denser, and  the mixture  was  heated at 50"C for 2 hr with
stirring. Then, methanol  was  removed  off by distilla-
tion and  the solid  obtained  was  dissolved in acetic  acid

(100ml) and  poured into ice-cold water,  The  white

solid  deposited was  filtrated, washed  with  water  and  fully
dried to give a white  solid  of  methyl  N-(4-chloro-2-
fluore-5-hydroxyphenyl)carbamate (263g, 120mol)

quantitatively. Mpi140.0-141.00C;iH-NMR  (CDCI,,
TMS,  ppm): 8 3.79 (3H, s). 5.53 (lH, s), 6.75 (IH, br s),
7.05 <IH, d, J,,=10.5 Hz), 7.82 (1H, d, .4,,=7.5  Hz).
1.2.2 S}'nthesis of substituted  phenyl  isoqyanates
(l) Synthesis of  4-chloro-5-cyclopentyloxy-2-

    faiorophenyl isoq,anate
a)  S>Tnthesis of methyl  7VL(4-chloro-21flhroro-5-c.vclo-

    pentyloxmphenyDcarbamate

  An  acetone  (7,5 l) solution  of  methyl  N-(4-chloro-2-
fluoro-5-hydroxyphenyl)carbamate (I,64kg, 7.47mol),
cyclopentyl  p-toluenesulfonate (1.80 kg, 7,48 mol),  potas-
sium  carbonate  (1,03 kg, 7.46 mol)  and  potassium iodide
(12,3 g, 1.0 mol%)  in a  three-necked  flask (1O l) equipped
with  a  mechanical  stirrer and  a reflux condenser  was

heated under  reflux  for 4 hr. The mixture  was  acidified

with  O.5N hydrochloric acid  (20l) with  vigerous  stir-

ring. The white  solid  deposited was  isolated by filtra-
tion, washed  well  with  water,  and  then dried to gjve
methyl  N-(4-chloro-2-fiuoro-5-cyclopentyloxyphenyl)
carbamate  (2.0 kg, 6.95 mo])  in 93% yield. Mp:  I20,O-
l23.0"C (recrystallized from toluene); iH-NMR  (CDCI,,
ppm, TMS):  6 1.62 (2H, m),  1.86 (2H, m),  1,90 (4H, m),
3.80 (3H, s), 4.79 (IH, m),  6.82 (IH, br s), 7.09 (lH, d,
JA,=1O,4 Hz), 7.86 (lH. br d, .li,,,=5.8 Hz).

bj Synthesis of 4-chloro-5-cyctopentyloxy-2-

   Y72toroaniline
  To an  ethanol  (3.0 l) solution  of  methyl  N-(4-chloro-
2-fiuoro-5-cyclopentyloxyphenyl)carbamate (2.25 kg,
7,85mol) iN'as added  4N  sodium  hydroxide solution

(4,75 l), and  the mixture  was  heated under  refiux  for 5 hr.
The resulting  mixture  was  cooled  to room  temperature,

diluted with  water  (5.0 l), and  extracted  with  toluene (5.0
lx2). The  organic  layers combined  were  washed  with

water  und  dried over  anhydrous  magnesium  sulfate,

The solvent  was  evuporated  under  reduced  pressure to

give 4-chloro-5-cyclepentyloxy-2-fluoroaniline (I.75kg,
7,62 mol)  in 98%  yield as  pale orange  liquid. Bpi 143-
145'C/1,5mmHg;'H-NMR  (CDC131DMSO-d6, PPM,
TMS): 6 I,61 (2H, m),  1.86 (6H, m),  3.68 (2H, br s), 4.67

rg2E- ilErk1ISF5N

(IH, m),  6,37 (IH, d, Ji,,=8.3Hz), 6.99 (IH, d, Ji{F=
10.4 Hz).

c) Synthesis of 4-chloro-5-cyclopentyloxy-2-

    fluorophenyl isocyanate

  To a toluene solution  (50ml) of  trichloromethyl

chloroformate  (15 ml,  123 mmol)  was  added  dropwise a
toluene (50 ml)  solution  of  4-chloro-5-cyclopentyloxy-2-
fiuoroaniline (23.0 g, 100 mmol)  and  triethylamine (O.5
ml)  with  suMcient  stirring  under  cooling  in an  ice-cold
water  bath. The  reaction  mixture  was  stirred  for 1 hr at
ambient  temperature  and  then heated at 1oo-1100C to

evaluate  excess  phosgene gas and  hydrogen chloride  gas
formed, After the completion  of  the  reaction,  toluene

was  distilled off  under  reduced  pressure to give a reddish
brown  liquid of  4-chloro-5-cyclopentyloxy-2-

fluorophenyl isocyanate almost  quantitatively. 
iH-

NMR  (CDCI,, TMS, ppm): 6 1.50-2.IO (8H, m),  4,67

(tH, m),  6.60 (IH, d, 1,,=7.5 Hz), 7.12 (IH, d, JkF=
10,5 Hz),

(2) Svnthesis of 5-(1-butyn-3oTijoay-4-chloro-2faoro-
    phenyl isocyanate
a) S}'nthesis of methyl  IVL[5-a-butyn-3:yDoay-4-

    chloro-2:fltiorophenyl]canbamate

  An  acetonitrile  (O,6 i) solution  of  methyl  N-(4-chlero-
2-fluoro-5-hydroxyphenyl)carbamate  (146g, O.66mol),
1-butyn-3-yl p-toluenesulfonate (149 g, O.66 mol),  potas-
sium  carbonate  (91.7 g, O.66 mol)  and  potassium iodide

(12.3g, 1,Omol%) in a  three-necked  flask (3.01)
equipped  with  a  mechanical  stirrer and  a  reflux  con-

denser was  heated under  reflux  for 3 hr, The mixture

was  poured into 1 N  hydrochloric acid  (1.5 t) with  stir-

ring. The pale brown solid  deposited was  isolated by
filtration, washed  well  with  water,  and  then dried to give
methyl  IV-[5-(1-butyn-3-yl)oxy-4-chloro-2-fiuorophenyl]
carbamate  (I36 g, O.50 mol)  in 86% yield. Mp: 78,0-80.
OOC; iH-NMR  (CDCI,, TMS, ppm)i 6 I,71 (3H, d, J=
6.3 Hz), 2,55 (1H, d, J=1.5  Hz), 3.82 (3H, s), 4.92 (IH,
dq, J=6.3  and  1.5 Hz), 7.IS (IH, d, 4,,=10.0 Hz), 8.09

(1H, d, 4,,=7.5Hz).
bj Synthesis qf' 5-(1-butyn-3v,Ooay-4-chloro-2:flvoro-
    aniiine

  To  an  ethanol  (1.0l) solution  of  methyl  N-[5-(1-
butyn-3-yl)oxy-4-chloro-2-fluorophenyl]carbamate (326
g, I,20 mol)  was  added  2N  sodium  hydroxide solution

(O.66 l), and  the mixture  was  heated under  reflux  fbr 4 hr,
The resulting  mixture  was  cooled  to room  temperature

and  poured into ice-cold water  (2,O t) with  stirring.  The

pale brown solid  depesited was  isolated by filtration,
washed  well  with  water,  and  then dried to give 5-(1-
butyn-3-yl)oxy-4-chloro-2-fluoroaniline (236 g, 1.10 mol)
in92%yield. Mp:74.5-75.50C;iH-NMR(CDCI,,TMS,

ppm): S 1.63 (3H, d, J=6.3  Hz), 2,48 (IH, d, J:=1,5
Hz), 3.46 (2H, br s), 4.72 (IH, dq, J=6.3  and  l,5 Hz),
6.62 (IH, d, JL,,=7.5 Hz), 7,Ol (IH, d, Ji,,=10,OHz).
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oj Synthests oj' 5-(i-butyn-3-yeory-4-chloro-2:flvoro-

   phenyl isoqyanate

  To an  ethyl  acetate  (1,5 l) solution  of  5-(1-butyn-3-yl)
exy-4-chloro-2-fiuoroaniline  (300 g, 1.40 mol)  in a three-
necked  flask equipped  with  a  dropping funnel and  a

distillation apparatus  was  added  drepwise trichlorometh-

yl chloroformate  (284 g, 1.44 mol)  at room  temperature,

and  the reaction  mixture  was  heated at about  80-100'C
with  stirring  to remove  ethyl  acetate,  excess  of  phosgene
and  hydrogen chloride  gas by distillation. To the resi-

due was  added  carbon  tetrachloride (300 ml)  at room

temperature and  the mixture  was  allowed  to stand  fbr 1

hr. After the insoluble urea  derivative was  filtered out,

the carbon  tetrachloride was  eyaporated  under  reduced

pressure to give a reddish  brown liquid of  5-(1-butyn-3-

yl)oxy-4£ hloro-2-fiuorophenyl isocyanate (316g, 1.32
mol)  in 94% yield. 

'H-NMR
 (CDCI,, TMS,  ppm): 6 1.

70 (3H, d, J=7,O  Hz), 2.51 (IH, d, J=2,O  Hz), 4,78 (IH,
dq, J=:7.0 and  2.0 Hz), 6.90 (1H, d, .4,,=8.0  Hz), 7,19

(IH, d, .4,,=10,OHz),

ew Synthesis of 4-chloro-2:fluoro-5-(inethoxycar-

    bonyloopphenyl isocyanate

  An  ethyl  acetate  (150 ml)  solution  of  trichloromethyl

chloroformate  (19 ml,  158 mmol)  was  placed in a  three-

necked  flask (500 ml)  equipped  with  a dropping funnel
and  a  distillation apparatus.  An ethyl  acetate  (50ml)
solution  of  4-chloro-2-fluoro-5-(methoxycarbonyloxy)
aniline  (21,9 g, 100 mmol)  was  added  dropwise into the

solution in 20 min  at room  temperature. Then, the

reaction  mixture  was  heated at about  80MC with  stirring

to remove  ethyt  acetate,  excess  ofphosgene  and  hydrogen

chloride  gas by distillation. To  the  residue  was  added

carbon  tetrachloride (150 ml)  at room  temperature  and

the mixture  was  allowed  to stand  for 1hr. After the
insoluble urea  derivative was  filtered out, the carbon

tetrachloride  was  evaporated  under  reduced  pressure to

give a dark brown  liquid of  4-chloro-2-fluoro-5-

(methoxycarbonyloxy)phenyl isocyanate (20.6 g, 84

mmol)  in 84% yield. 
iH-NMR

 <CDCI,, TMS, ppm): 6
3.87 (3H, s), 6,89 (IH, d, .4,,=6.8  Hz), 7.3l (1H, d, JiiF=
8,6 Hz),
1.2,3 Synthesis of l,3-oxaiotidine-Z4dione derivatives

      [Route-A, B]

a) Synthesis of 3-"-chloro-5-cyclqpentytoxy-2-

    .tntorophenyij-5-isopropylitlene-i,3-oxaiolidine-2,4-

    dione asp
  To  a toluene (40 ml)  suspension  of  potassium car-

bonate (1.05 g, 7,5 mmol)  and  ethyl  2-hydroxy-3-methyl-
3-butenoate (13.1 g, 88.2 mmol)  in a flask (100 ml)  was

added  4-chloro-5-cyclopentyloxy-2-fluorophenyl isocy-
anate  (19.2 g, 71.3 mmol)  with  stirring  while  maintaining

the reaction  temperature at reom  temperature. After 1

hr, the reaction  mixture  was  heated up  to 80"C and  stirred

for 2hr. The resulting  mixture  was  washed  with  1 N

sodium  hydroxide solution  (1O ml)  and  [ N  hydrochloric

acid  (10 ml),  and  the organic layer was  dried over

anhydrous  magnesium  sulfate and  filtered, The solyent

was  distilled off under  reduced  pressure, and  the  residual

pale brown liquid was  dissolved in an  approximately

equal  volume  of  hexane and  allowed  to stand  at room

temperature,  White crystals  deposited were  isola.ted by
filtration, washed  with  hexane and  well  dried to give
3-(4-chloro-5-cyclopentyloxy-2-fluorophenyl)-5-iso-

propylidene-1,3-oxazolidine-2,4-dione (21.l g, 59,3

mmoD  in 82% yield. Mp:98-99,5℃  (104,5-105℃ ;re-

crystallized  from toluene/hexane>;'H-NMR  (CDCIs,
TMS,  ppm): 6 1.64 (2H, m),  1.85 (2H, m),  1.90 (4H, m),
2.06 (3H, s), 2.30 (3H, s}, 4.74 (1H, m),  6.84 (IH, d, Jk,=
6,4 Hz), 7,30 (IH, d, Jh,=9.1 Hz).
(2) Synthesis oj' 3-[5-(1-butyn-3-yijoxy-4-chloro-2-

    ]7uorophenyij-5-isopropyiidene-1,3-oxazotidine-2,4-
    dione (3D
  Te an  ethyl  acetate  (100 ml)  solution  of  5-(1-butyn-3-

yl)oxy-4-chloro-2-fiuoropheny] isocyanate (24.0g, 100
mmol),  methyl  2-hydroxy-3-methyl-3-butenoate <14.3g,
1 lO mmol)  and  propylene  oxide  (1.0 ml)  in a  flask (300
ml)  was  added  dropwise an  ethyl  acetate  (10 ml)  solution

of  triethylamine (1,02 g, 10.0mmol) with  stirring  while

maintaining  the reaction  temperature below 50"C.
Then, the mixture  was  heated under  reflux for 2hr.
After cooling,  to the resulting  mixture  was  added  1 N

hydrochloric acid  and  extracted  with  ethyl  acetate  (100
ml × 2), The  organic  layers combined  were  washed  with

1 N  sodium  hydroxide solution  (10 ml)  and  1 N  hydroch-

loric acid  (10 ml),  and  dried over  anhydreus  magnesium

sulfate. The  solvent  was  distilled off under  reduced

pressure, and  a mixture  oftoluene  and  hexane was  added

to the residual  pale brown  liquid tQ crystallize the desired

product. Yellowish white  crystals  deposited were  iso-

lated by filtration, washed  with  hexane and  well  dried to

give 3-[5-(1-butyn-3-yl)oxy-4-chloro-2-fluorophenyl]-5-
isopropylidene-1,3-oxazolidine-2,4-dione (28.7g, 85
mmol)in85%yield.  Mp:102-103"C;iH-NMR(CDC13,
TMS,  ppm): S 1.70 (3H, d, J =:  6,O Hz), 2.03 (3H, s), 228
(3H, s), 2,52 (IH, d, J=1.5 Hz), 4,80 (IH, dq, J=6,O
and  1.5 Hz), 7.12 (IH, d, Ji,,=6.0 Hz), 7.32 (1H, d, JliF=:
9.0 Hz),
1,24 Synthesis of L3-oxczzolidine-2,4-dione derivatives

      [Route-C]
(1) Synthesis of 3-"-chtoro-2:fiuoro-5-hydroxy-

    phenyip-5-isopropylidene-1,3-oxazolidine-2,4-dione
    a&
  To a benzene (50 ml)  solution  of  4-chloro-2-fluoro-5-

(methoxycarbonyloxy)phenyl isocyanate (2.45g, 10.0

mmol)  and  ethyl  2-hydroxy-3-methyl-3-butenoate (1.44 g,

10.0mmol) was  added  a catalytic  amount  of trieth-

ylamine  (O,5 ml)  and  the mixture  was  stirred for O.5 hr at

room  temperature. The  resulting  mixture  was  washed

with  1 N  hydrochloric acid  and  the organic  layer was

dried and  concentrated  under  reduced  pressure. The
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slightly  yellow  oil obtained  was  purified using  a silica

gel column  (ethyl acetate/hexane)  to give ethyl  2-[N-

{4-chloro-2-fluoro-5-(methoxycarbonyloxy)phenyl}
carbamoyloxy]-3-methyl-3-butenoate  in 85%  yield.
Then, a benzene (20ml) solution  of  ethyl  2-[Af-{4-

chloro-2-fluoro-5-(methoxycarbonyloxy)phenyl}

carbamoyloxy]-3-methyl-3-butenoate  (1,95 g, 5.0 mmol)

and  sodium  acetate  (20,5 mg,  O,25 mmol)  was  refiuxed

for 12hr. The resulting  mixture  was  washed  with  1 N
hydrochloric acid  and  the organic  layer was  dried and

concentrated  under  reduced  pressure. The oily  product
obtained  was  purified using  a silica gel column  (ethyl
acetatefhexane)  to give 3-[4-chloro-2-fluoro-5-(methoxy-
carbenyloxy)phenyl]-5-isopropylidene-1,3-oxazolidine-

2,4-dione (1.27 g, 4.69mmol) in 74% yield, 
'H-NMR

(CDCI,, TMS,  ppm): 8 2.05 (3H, s), 2.28 (3H, s), 3,95

(3H, sL  7.32 (IH, d, .4,,=6.0 Hz), 7.42 (IH, d, .4,,=8.5

Hz). A  methanol  (100 ml)  solution  of  3-[4-chloro-2-

fluoro-5-(methoxycarbonyloxy)phenyl]-5-isopropyl-
idene-1,3-oxazolidine-2,4-dione (3,44 g, 10.0 mmol)  and

potassium carbonate  (1,38 g, 10,O mmol)  was  heated with

stirring under  reflux for 2 hr. The  resulting  mixture  was

quenched with  saturated  ammonium  chloride  solution

(100ml) and  extracted  with  ether  (100mlX3), The

organic  layers combined  were  dried over  anhydrous

magnesium  sulfate  and  condensed  under  reduced  pres-

sure. The residue  was  purified by silica gel column

chromatography  (ethyl acetate/hexane)  to give 3-(4-

chloro-2-fiuoro-5-hydroxyphenyl)-5-isopropylidene-1,3-

oxazolidine-2,4-dione  (1,60 g, 5,60 mmol)  as a pale yel-
low solid  in 56% yield. Mp:  133-135eC (141-142,5℃ ;
recrystallized  from toluene);iH-NMR  (CDCI,, TMS,

ppm): S 2.06 (3H, s), 2.30 (3H, s), 5,68 (IH, s), 7.00 (IH,
d, JiiF=6.5Hz), 7,28 (IH, d, Ji,,=8.7 Hz),

(Z) Svnthesis of 3-(4-chloro-21fbioro-5propa,gylosy-

    phenyij-5-isoprqpylitlene-1,3-oxazolidine-2,4-dione
    (2SV tv, atkylation  of 3-(4-chloro-2:fliioro-5-

    hydroayphenyij-5-isopropylidene-1,3-oxazotidine-
    2, 4- dione

  An  acetonitrile  (30ml) solution  of  3-(4-chloro-2-
fluoro-5-hydroxyphenyl)-5-isopropylidene-1,3-
oxazolidine-2,4-dione  (O.72g, 2,52mmol) and  sodium

carbonate  (O.16 g, 1,51 mmol)  was  heated under  reflux

for 1 hr. After addition  ofpropargyl  bromide (O.60 g, 3.0
mmol),  the mixture  was  further refiuxed  fbr another

hour. The resulting  mixture  was  quenched with  O.l N
hydrochloric acid  (50 ml)  and  extracted  with  chloroform

(25mlX3). The organic  layers combined  were  dried
and  evaporated  to give a pale yellow oil, which  was

purified by silica  ger column  chromatography  (ethyl
acetate/hexane)  to give 3-(4-chloro-2-fluoro-5-

propargyloxyphenyl)-5-isopropylidene-1,3-oxazolidine-
2,4-dione (O.53 g, 1.64 mmol)  in 65% yield. Mp: I34-
135.5eC; iH-NMR

 (CDCI,, TMS,  ppm): 6 2.06 (3H, s), 2.
29 (3H, s), 2.58 (IH, t, J=1,5  Hz), 4J7  (2H, d, J=1.5

rg 2e  ilZ rk l1 tP SH

Hz), 7,07 (IH, d, Jli,=6.0Hz), 7.36 {IH, d, .4,,=9.0

Hz).

  In a  similar  manner,  various  3-(substituted phenyl)-5-
alkylidene-1,3-oxazolidine-2,4-diones  were  synthesized

by reacting  2-hydroxy-3-butenoates with  the correspond-

ing aryl  isocyanates and  by alkylating  3-(2,4-dihalo-5-

hydroxyphenyl)-5-alkylidene-1,3-oxazolidine-2,4-diones.
Physical and  spectral  properties of  the  representative

oxazolidinedione  derivatives are  summarized  in Tables 1

and  2.

2. Evaluation of Henbicidal Activi4,
2,1 Evatuation with  pre- and  early  post-emet:gence

    apptication under  fooded conditions
  Clay loam soil (clay: 24,9%, total carbon:  l.8%, pH:
5.3) was  fi11ed in a plastic pot (30 cm2)  and  puddled after

addition  of  fertilizer. The soil containing  seeds  of

(lyperus dlfilormis (Cd), broadleaf weeds  (Bl) such  as

Linclernia procumhens, Rotala indica, Elatine triand)'a
and  Ammannia  multijlora,  Monochoria vaginalis  (Mv)
and  Scirpus juncoicfes (Sj) was  spread  onto  the pot and

then seeds  of  Echinochloa on7zicola  (Eo) or  Echinochloa

crus-gatU  (Ec) were  sown.  After rice seedlings  at 2-leaf
stage  (Ou,ia satiya  (Os), cv. Koshihikari) were  trans-

planted, the pot was  maintained  under  flooded condi-

tions at a 2 cm  depth of  water.

  Each test compound  was  dissolyed in a mixture  of

dimethyl sulfoxide  (1.0ml) and  1,3-dimethy12-

imidazolidinone (O,1 ml),  and  the  solution  was  di]uted

with  water  containing  an  emulsifier  (Sorpol 2564) to give
an  aq, emulsion,  The final concentration  ofSorpol  was

O.02%. Such an  emulsion  was  gently added  to the water

surface  at  the predeteTmined rate  just after  transplanting

ofthe  rice  seedlings  (pre-emergence application;  +O) or  7

days after the transplanting at about  T-leaf stage  of  Eo

(early post-eme[gence application;  +7). Fourteen days
after the treatment, the weed  control  and  rice safety were

evaluated  by a visual  rating  scale  of  O (no weed  control

or crop  injury) to 10 (complete kill of  weed  and  crop),

and  the results obtained  by two  replications  were  shown

in Tables 3 to 6.
2,2 Evatuation with  pre-emergenee application under

    upland soil conditions

  Gardening soil (Kureha Chemical Co.) was  fi11ed in a
rectangle  plastic pot (60 cm2),  and  seeds  of  Echinochloa
crus-gatli  (Ec), Digitaria cifiaris (Dc), Amaranthus  vi-

idis (Av), Chenopodium aloum  (Ca), and  Zea mays

(Zm) were  sown  on  the surface  and  covered  with  spread-

ing a small  amount  of  the same  soil.  The emulsion  of

each  test compound  prepared as described above  was

diluted and  unifbrmly  sprayed over the soil surface at the

rate  of  500 g a.i.lha. Fourteen days after the  treatment,

the weed  control  and  crop  safety were  visually  evaluated

by the same  rating  scale  described above.  The  results

obtained  by two  replications  were  shown  in Table 6,
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Table 3 Herbicidal
idine-2,4-diones and

conditions.

x!"Xo

          1"

activity of  3-(halogenated phenyl)-5-isopropylidene-1,3-oxazol-
other  compounds  with  pre-emergence application  under  flooded

Cl

Ci}V

O

f
&

15

[
i

op
   yinciozo]in

Compd,
 No.

Xn
Herbicidalactivitya) Injury

Eob)Cdc)Bld)Mve}sf) osg)

   1

   2
   3

   4

   5
   6

   7
   15vinclozolin

  2-Cl

  3-Cl
  4-Cl

 2,4.Cl,

 3,4-Cl,
 3.5-CI,2,4,6-CL3

 3,5-Cl,

oo10101o389o310lo1031035o31010105ro65o3101085103so1101083223 oo3h)2h)th)oooo

a)
 Dosage:  2,S kg a,i,lha; DAT:  14 days; Rating scale:  O {no weed  control  or  crop  inj ury)
-10

 (complete kill of  weed  and  crop).  
b)
 Eo: Echinochtoa otyzieota.  

C)Cd:
 Q'perus

d4fiiormi. 
d)Bl:

 Broadleaf weeds,  
C)Mv:

 Monochoria vaginalis,  
f)
 Sj: Seirpus juncoides.

g)
 Os: Ouiza sativa,  

h)
 Leaf sheath  brownjng was  observed  as  a  rice  jnjury,

      Xl

,\-T[l5-`Nco

   ixtt xvi'

+R3J}<PcgoRx -s-.C>-,

"

il!It:,f>-<.,
          xix

...,2-".

Xi

lt",,,
        Xl, XYII

Xl,X2=halogen;R=alkyl;Rl';alkoxycarbony].alky].cyc[oalkyl,alkenyl,alkynyt,benzyl.etc;
R2, R3=H,  alky], aryl; R3'=CH2R3

Fig, 3 Reaction of  substituted  phenyl isocyanates with  2-hydroxy-3-alkenoates.

         RESULTS  AND  DISCUSSION

1. Synthesis
 Although 3-aryl-1,3-oxazolidine-2,4-dione derivatives
could  be prepared by the reaction  of  aryl  isocyanates
with  2-hydroxyalkanoates or  cyanohydrins  under  basic

conditions,i5-i9)  no  effective  method  has been reported

for the introduction of  an  alkylidene  moiety  at the 5-

position of  the oxazolidine  ring, In the course  of  the

studies  on  the synthesis  of  new  oxazolidine  heterocycles,
we  fbund that 2-hydroxy-3-alkenoates (x) could  be used

with  an  advantage  fbr the introduction of  the alkylidene

moiety  at  the 5-position of  the oxazolidine  ring  by the

cyclic  condensation  with  substituted  phenyl isocyanates
(ix' and  xyi') as depicted in Fig. 3. This cyclic  conden-

sation  is consisted  of  the  three  successive  reactions;  reac-

tion of  the 2-hydroxy-3-alkenoate with  the isocyanate
affording  carbamate  derivatives (xix), intramolecular
cycloarnidation,  and  olefin isomerization, The car-

bamate derivatives (xix) were  isolated only  when  the

addition  reaction  was  carried  out  at  a  low temperature.

Since the olefin isomerization proceeded too fast to

monitor  by an  usual  NMR  measurement,  the cycloamida-

tion and  isomerization seemed  to take place simultane-
ously.  In this step, when  the R2 and  R3' groups were
different, the preduct obtained  was  a mixture  of  the E-
and  Z-isomers. When  the R2 group was  a bulky group
such  as a substituted  phenyl group, the Z-isomer formed

predorninantly due to the steric hindrance between the R2

group and  the 4-carbonyl group ofthe  oxazolidine  ring.

2-Hydroxy-3-alkenoates (x), the starting  materials,  were

produced by the acid-catalyzed  ring-opening  isomeriza-
tion of  3,3-disubstituted glycidates20) which  were  prepar-
ed  by the conventional  Darzens condensation  efcarbonyl

compounds  with  a-haloacetate  in the presence of  base
such  as sodium  methoxide.

 With  regard  to modification  ofthe  phenyl group at the

3-position of  the oxazolidine  ring, we  employed  two

routes  (Route-A and  B) for regio-selective  nitration.  In
the case  of  Route-B, it should  be noted  that industrially
inexpensive phosgene can  be used  for carbonation  and

each  intermediate (xii-xv) was  easily  obtained  as  a  pure
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solid  by simple  filtration whereas  in the case  ofRoute-A

in which  alkyl  chloroformates  had to be used  for the

preparation of  alkyl  carbonates  (ii). Additionally,
although  the diphenyl carbonate  bond was  quite stable
under  acidic  conditions,  it was  easily  cleaved  to give
phenols (vi) in basic medium.  Therefore, the key car-
bamates (vii) ceuld  also  be synthesized  in good yields by
the alkylation  of  the phenol derivatives (yi) prepared in
situ under  mild  basic conditions.

  We  have developed another  synthetic  route  for the

alkylation  of  the oxygen  atom  at  the 5-position of  the

phenyl group. It was  expected  that the Route-C  was

syntheticaily  much  mo[e  advantageous  beeause, by al-

kylating the phenol precursors (xviii) ttt the final stage,

various  alkyl  groups could  be introduced at the 5-

position. However, from the viewpoint  of  total yield,
the Route-A gave  a  better result  than  the Reute-C

becuuse the  yield of  alkylation  of  the N-protected phe-
nols  (yi) was  generally much  higher than  that of  xviii.

2, Herbiciclat Activity and  Selectivity
2,1 ELfiZicts of chlorinatedphenyl  moiety  on  herbicidal

    actlvlty

  The herbicidal activities  of  3-(chlorinated phenyl)-1,3-
oxazolidine-2,4-diones  (1-7 and  15) and  vinclozolin  with

pre-emergence applicatioll  at a  high rate  of  2,5 kg a,i,/ha
are summarized  in Table 3, While vinclozolin  and  its
derivative (15), which  are  substituted  with  a  methyl  and

viny]  groups  at  the 5-position of  the  oxazolidine  ring,

showed  a strong  growth inhibition against  Eo and  low to
moderate  activity  against  other  weeds,  the corresponding

5-isopropylidenc derivative (6) bearing the same  3,5-
dichlorephenyl group  exhibited  no  growth  inhibitory
activity  against  Eo, lnterestingly the 3-(4-chloro-

phenyl)- and  3-(2,4-dichlorophenyl)-5-isopropylidepe-
1,3-oxazolidine-2,4-diones (3 and  4), however, showed

potent herbicidal activity  against  all the paddy weeds

together with  a weak  rice injury owing  to leaf sheath
browning. On  the other  hand, the compounds  (1 and  2)
having a chlorine  atom  at the 2- or  3-position of  the

phenyl group were  almost  inactive or less active, and  the

compounds  (5 and  7) having another  chlorine atom  at

the 3- or  6-position showed  also  a weak  activity  against

Eo, Consequently, in the case  of  3-(chlorinated

phenyl)-5-isopropylidene-1,3-oxazolidine-2,4-dienes, the

chlorine  atom  at the 4-position of  the phenyl group is of
importance to elicit higher herbicidal activities and  fur-
ther substitution  with  chlorine  atom(s)  except  at the

2-position of  the phenyl group is undesirable.
2.2 Efocts of 5-aLkyli`lene moiety  on  hethicidot acti-

    ity

  In order  to elucidate  the effects of  the 5-alkylidene
moiety  on  the herbicidal activity, the series of  3-(4-
halogenated phenyl)-5-alky]idene-I,3-oxazolidine-2,4-
diones were  evaluated. Table4 summarizes  the her-
bicidal activities  of  representative  5-alkylidene ox-

azolidinedione  derivatives (3 and  8-14) with  pre-
emergence  application  at 1.25 kg a.i./ha  under  flooded
cQnditions.  Among  these compounds,  the isopropyl-
idene and  2-butylidene derivatives (3 and  9) exhibited  the

highest activity  against  Eo  as well  as  other  lowland
weeds.  The  2-hexylidene, 3-pentylidene, and

cyclopentylidene  derivatives (11, 13 and  14) showed  a

strong  activity  against  Cd, Bl and  Mv, while  their activ-

ities to Eo were  poot  Above  all, the  herbicidal activity
of  2-octylidene derivative (12) bearing the longest carbon
chain  was  the lowest, A  change  of4-chlorine  atom  to a

fluorine atom  (8 and  10) decreased the activity  to Eo. In

Table  4 Herbicidal activity  of  3-(4-halogenated phenyl)-5-alkylidene-1,3-oKazolidine-2,4-diones
emergence  application  under  flooded conditions.

                              
.o Nif

i
?Elxl;
N'

,R2

with  pre-

Compd,

 No.
x R2 R3,

Herbicidal activity") Injury

Eoh)Cdt)Bld)Mve)sj,, osg)

3891011121314ClFCIFCICICICICH,CH,CH,CH,CH,CH,C2HsCH,CH,C2HsC,H,C4HgC6H13C,H,

-(CH,),-

9lto1411110io1010108101010410101041010104101010591010o10610l38 1o2o1ooo

a)
 Dosage: 1,25 kg a.i,fha;  DAT:  14 days; Rating scale:  O {no weed  controL  er  crop  injury)-1O (complete kill

of  weed  and  crop).  
b)Eo:

 Echinochiba outzicola.  
C)Cd[

 qperus th27brmis.d) Bl: Broadleaf weeds.  
e)Mv:

Monochoria vaginalis. 
f)
 Sj: Scirpus J'uncoides, 

")
 Os: Oryga sativa.
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conclusion,  the herbicidal activity  was  Temarkably  lower-

ed  with  lengthening the  carbon  chain  in the R2 or R3'

group. Similar tendency  was  also  observed  in the other
3-(2,4-dihalo-5-alkoxyphenyl)-5-alkylidene-t,3-oxa-
zolidine-2,4-dione  derivatives.
2.3 opects of substituents  at 2, 4 and  5-positions of
    the phenyl group
 The substituent  etlect  of  2,4-dihalogen atoms  on  the

phenyl group was  investigated by fixing the symmetrical

isopropylidene group as the most  effective alkylidene

moiety  and  also  fixing the  substituent  at the 5-position of

phenyl group as  a propargyloxy group which  was  one  of

the most  effective  group on  enhancing  the herbicidal

activity  of  the oxazolidinedione  derivatives. Table S

shows  herbicidal activity  of  3-(2,4-dihalo-5-

propargyloxyphenyl)-5-isopropylidene-1,3-oxazolidine-
2,4-dione derivatives (17, 29 and  32) by early  post-
emergence  treatment at 50 g a.i./ha  under  fiooded cendi-

tions, The herbicidal activities of  all  these compounds

were  much  higher than  those ofthe  4-halophenyl deriva-

tives (3 and  8). In particular, the 2-fluoro-4-chloro
derivative (29) exhibited  the highest activity against  Eo

among  the compounds  tested.

 Furthermore,  it has been demonstrated that the intro-

duction of  a suitable  substituent  such  as an  alkoxy,

alkylthio  or alkoxycarbonyl  group at  the  5-position of

the phenyl group is remarkably  effective  on  enhancing

both the herbicidal activity  and  the crop  safety in the

potential cyclic  imide-type herbicides such  as

flumiclorac-pentyl,2i) fluthiacet-methy122) or  iso-

propazol,23) In fact with  the present oxazolidinediones,

the herbicidal activities of  4-chloro-2-fluoro-5-alkoxy-

phenyi  derivatives were  far higher than  that of  2,4-

Table 5 Herbicidul activity of  3-(2,4-dihalo-5-propargyl-

oxyphenyl)-5-isopropylidene-1,3-oxazolidine-2,4-diones

with  early  post-ernergence.

          Y t.9Y

Compd.
       Xi
 No.

    Dosage
X2
   (g a,i,!ha)Herbicidal

 activitya)

Ecb]Mvc)Amd}

172932 Cl ClF
 CIF
 Br

505050 9]o8 101010 91010

M)
 DAT:  14 days; Rating scale:  O (no weed  control  or  crop

injury)-10 (complete kill of weed  and  crop).  
b)
 Ec: Echino-

chloa  crus-gaUi  (IL), 
C)Mv:

 Monochoria vaginalZs,  
d)Arn:

Ammannia  multijfora.

Table 6 Herbicidal actiyity  of 3-(S-ulkoxy-4-chloro-2-fiuorophenyl)-5-isopropylidene-1,3-oxazolidine-2,4-diones with

pre-emergence  application  under  flooded and  field condjtions.

                           :i-, 
"t.?E{s/

Herbicidal activitya)
Compd,

 No.
Ri Y Puddy fieldb) Upland fieldr)

Edd) Cde)Blf)  Mvg)Sgh)  Osi}Ecj)  Dck) Avi) CaM) Zm")

  18

  19

  20
  21

  22

  23

  M

  25

  th
  27

  rs

  29

  30

  31oxadiazon

     H

    CH,

    C,H,

    C6H13

  (CH,),CH
CH,CH,C(CH,)H

CH,CH,C(C,H,)H

  cycLo-C,H,

  cyclo-C,H,

  cyclo-C,Hl]

 H,C=CHCH,

  HC=CCH,

  HC=CCH,

HC  =-  CC(CH,)H

oooooooosooosoo3311086IO10108]o]o109310108IO1010101010]o]o1010101[o107IO10]o10]o101010to1010]8109101010101010IO10lo1010o16691091098910101010oo1oo1ooooo3o2oo6519236113851010o9911086913910310IOo8101010991063810101010199510]953271010to10o31otooto11to14

fl)
 DAT:  14 days; Rating scale:  O (no weed  control  or  crop  injury)-10 (complete kill of  weed  and  crop),  

b)
 Dosage: 25

g a.i,fha,  
C}
 Dosage: 5oo g a.i,lha.  

d)
 Eo: Echinochloa ot;vzicola.  

e)
 Cd: Cmpertts d(fibrmis. 

n
 Bl: Broad]eaf weeds.  

g)
 Mv:

Monochoria vaginads.  
h}

 Sj: Scirpus juncoides. 
i)
 Os: OnJ･Ta sativa.  

j)
 Ec: Echinochloa crus-gaiii,  

k)
 Dc: Digitaria cifiaris.

'}
 Av: Amaranthus  viridis. 

M)
 Ca: Chenqpodium athum.  

"}
 Zm: Zea mays.
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dichloro compound  (4) as well. Table 6 summarizes  the

pre-emergence herbicidal activities  and  crep  injuries of

the representative  3-(4-chloro-2-fluoro-5-alkoxy-

phenyl)-5-isopropylidene-1,3-oxazolidine-2,4-dione

derivatives under  paddy and  upland  soil conditions  in
the greenheuse.
 In the  case  of  upland  soil application,  the compounds

with  a secondary  alkoxy  group such  as an  isopropyloxy

(22), sec-butyloxy  (23), 3-pentyloxy (24) or

cyclopcntyloxy  group (25) at  the 5-position of  the  phenyl
group showed  a  highly herbicidaL activity  among  the

alkyloxy-  and  cycloalkoxy-substituted  derivatives (19-
27). The activity  is obviously  depended on  the carbon

chain  length of  alkyl  groups, and  the isopropyloxy deriv-
utive  (22) exhibited  the  highest activity, Introduction of
an  alkenyloxy  er  alkynyloxy  group (28-31) increased the
activity,  and  particularly, the compound  31 (KPP-300)
which  had the 1-butyn-3-yloxy group at the 5-position
showed  the highest herbicidal activity  among  aLl the

compounds  tested. Substitutien of  the oxygen  atom

with  sulfur  one  at the 5-position of  the phenyl group
resulted  in a significant  loss of  the activity.

 On  the other  hand, in the pre-emergence application
under  paddy soil  conditions,  almost  all the compounds

exhibited  an  excellent  herbicidal activity  against  Cd, Bl,
Mv  and  Sj even  at a low dosage of  25 g a.i,fha,

Regarding the herbicidal activity  against  Eo, the com-

pounds (22, 25, 26, 29, 30 and  31) carrying  a secondly

alkyloxy,  alkenyloxy  or  alkynyloxy  group at the 5-

position of  the phenyl group, had an  better eMcacy  than

the others.

2,4 Selectivity between riee and  early  watergrass

 In order  to investigate the influence of  substituents  at

the 5-position of  the phenyl group on  the selectivity

between rice and  early  watergrass,  the  phytotoxicities of

typical 1,3-oxazolidine-2,4-diones (22 and  25-31) against
                                  .
Os and  Eo were  examined  with  pre- and  early  post-
emergence  application  under  fiooded conditions.

Results are summarized  in Table7. The value  ofEDio

means  the dosage giving 10%  injury to Os and  EDgo
means  the effbctive  dosage giving 90%  damage to Eo, and
thus, the ratio of  EDiolEDgo represents  the selectivity

between Os and  Eo  precisely,
 As shown  in Table 7, although  the  5-alkynyloxy deriv-
atives  (29 and  31) exhibited  a  higher herbicidal activity

(EDgo: l,6"12,5 g a,i.lha)  against  Eo than the other  com-

pounds, and  especially,  KPP-300  (31) having the 1-
butyn-3-yloxy group at the 5-position exhibited  the high-
est activity, the selectivities were  very  low (EDio/EDgo:
2-4) and  they caused  severe  Ieaf sheath  browning in rice

plants even  at a low dosage (ED,,: 6.3-25 g a.i./ha), By
contrast,  the herbicidal activities of  the 5-cycloalkyloxy
derivatives (25 and  27) were  slightly  lower (EDgo: 12,5-
25 g a.i.lha)  than  those of  the 5-alkynyloxy derivatives
<29 and  31), and  no  injury was  observed  even  at a  high
dosage of200-800  g a,i,/ha  with  pre- and  post-emergence
applications.  In particular, the  compound  (25) having
the  cyclopentyloxy  group, namely  KPP-3t4  was

confirmed  to show  a  good eMcacy  for controlling  Eo

(EDge: 200 g a.i.fha), being comparable  to those of  the

compounds  29 and  31, indicating that KPP-314  had the
widest  safety  margin  (ED,,/ED,,: 1,6) among  the com-

Table  7 Selectivity of 3-(5-alkoxy-4-chloro-2-fiuorophenyl)-5-isopropy]idene-1,3-oxazolidine-
2,4-diones between rice  and  ear]y  watergrass.

ClRL:f" vy
F
 sN

22, 25-j31

 C

ep vy
FO

  )N-

KPP-314(2S)sik     KPP-3oo (31)

Compd.

 No.
R] YPhytotox{citya) EDio (Osd))

Activityb)
ED,, (Eoe))

Select. indexc)

 EDiolEDgo

pref)postf)prepost Prepost

  22

  25

  26
  27

  28
  29

  30

  31oxadiazon

  (CH,),CH
 cyclo-C,H,

 cyclo-C,H,

 cyclo-C6Hn

H,C=CHCH,

 HC=CCH,

 HC=CCHz

HC=CC{CHa)H

oosoooso1oo2oo2oo200se6.25so6.25200I504oo8oo2oo1co252oo12.5mo2512.S2525503.1312.S1.562S25251oo251oo12.51OO6.25504168812448616881222s

")
 Phytot6xjcity (ED,,): Dosage (g a.i.!ha)  gjving rO% inju[y to Os. b) Activity (ED,,): Dosage (g

a.i.fha)  giving 9e% damage  to Eo. C)
 Select, index (ED,,IED,,): Ratio representing  the selectivity

between Os and  EQ. ")
 Os: Otlpza sativa,  

e)
 Eo: Echinochloa eryzicola.  

f)
 DAT:  14 days.
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pounds　tested．　 When 　the　5−alkylthio 　derivatives　26　and

30　were 　compared 　with 　the　corresponding 　5
・alkoxy

derivatives　25　and 　29
，
　respectively ，　replacement 　of 　the

oxygen 　atom 　with 　sul 血 τ was 　f（）und 　to　result　in　 a　poor
herbicidal　activity　with 　early 　post・emergen ¢ e　treatment ．

　In　conclusion ，　these　results 　indicate　that　the　substituent

at　the　5−position　of　the　phenyl　group 　primarily　affects

both　the　herbicidal　activity　and 　the　crop 　safety　of　the

oxazolidinedione 　derivatives　synthesized 　in　this　study ・

Although　the　compound （31，　KPP −300）having　the　l−

butyn−3−yloxy　group　showed 　the　most 　potent　herbicidal

activity，　the　cyclopentyloxy 　group　is　the　best　substituent

when 　the　purpose　is　to　screen 　a 　candidate 　fc）r　the　selective

herbicide，　 Further　 detailed　 characterization 　 of 　 KPP −

314will　bc　described　in　another 　paper．
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　　　　　　　　　　　要 　　　 約

　新規オキサ ゾ 1丿ジ ン ジオ ン誘導体の 合成 と除草活性

　　　　　　　　　　　　　平井憲次，矢野智行，松川智子

　　　　　　　　　　　　　鵜飼 貞行，長戸松陰，堀　正大

　置換 フ ェ ニ ル イ ソ シ ア ネ
ー

トと 2一ヒ ドロ キ シ
ー3一アル ケ

ン 酸エ ス テ ル との 反応 に よ り，
3位 に 種 々 の 置 換 フ ェ ニ ル

基 を有する 5一ア ル キ リデ ン
ー1，3一オ キ サ ゾ リ ジ ン 2，4一ジ ォ

ン 誘導体を合成 し， それ らの 除草活性を調べ た．そ の 結果，

こ れ らオ キサ ゾリジ ン ジ オ ン 誘導体 の 除草活性 は ，
室 に 3

位 フ ェ ニ ル 環上 の 置換基 と 5位ア ル キ リデ ン 基 の 影響を受

け る こ とが判 っ た．特に フ ェ
ニ ル 環 2 位 と 4 位 に ハ ロ ゲ ン

原子 を有し，5位 に ア ル コ キシ 基を有す る化合物が 高い 活

性を示し，オ キサ ゾ リ ジ ン 環 5位 の ア ル キ リデ ン 基上 に炭

素鎖 の 長 い 置換基を導入する と活性は低下 した．また，作

物 に 対す る安全性 は フ ェ
ニ ル 環 5 位の 置換基に よ っ て大き

く影響を受 け，特に シ ク ロ ペ ン チル オ キ シ 基の 導入 は イネ

に対する薬害を大幅に 軽減 させ た．評価 試験 の 結果 に 基づ

き，合．成した一連の 化合物群の 中か ら，3−（4一ク ロ ロ
ー5一シ ク

ロ ペ ン チ ル オ キ シ
ー2一フ ル オ ロ フ ェ ニ ル ）

−5一イ ソ プ ロ ピ リ

デ ン ー1
，
3一オ キ

ー
サ ゾ リジ ン

ー2，4一ジ オ ン （KPP −314）を新 しい

除草剤開発候補化合物 として 選抜した，こ の KPP −314は，

プ レ 及びポス ト土 壌処理 に よ り，150〜450ga ．i．／ha の 低い

薬量 で ，
ヒ エ や多くの 1年生水 田雑草 に 対 して優れた 除草

活性を示 し，か つ イネ／ヒエ 問の 幅広 い 属間選択件を有する

もの で あり，KPP −314を有効成分 とす る新しい 水山 用除草

剤 の 開発 に至 っ た．
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