
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0   1  6 2   3 3 6  

B 1  

Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

Intel.4:  C  07  C  4 9 / 6 5 7 ,  
C  07  C  49/697,  C  07  C  4 9 / 7 5 3 ,  
C  07  C  149/32,  C  07  C  147 /06 ,  
C  07  C  79/36,  C  07  D  3 1 7 / 4 8 ,  
C  07  D  319/18,  A  01  N  3 5 / 0 6  

Date  of  publication  of  patent  specification:  22.03.89 

Application  number:  85105136.7 

Date  of  filing:  26.04.85 

Certain  2-{2-(substituted  phenyl)acetyl)-1,3-cyclohexanediones. 

Proprietor:  STAUFFER  CHEMICAL  COMPANY 
Westport  Connecticut  06881  (US) Priority:  21.05.84  US  612223 

Date  of  publication  of  application: 
27.1  1.85  Bulletin  85/48 Inventor:  Lee,  David  Louis 

227  Jenay  Court 
Martinez,  Calif.  94553  (US) 
Inventor:  James,  Donald  Richard 
614  El  Cerro  Drive 
El  Sobrante,  Calif.  94803  (US) 
Inventor:  Michaely,  William  James 
3161  Birmingham  Drive 
Richmond,  Calif.  94806  (US) 

Publication  of  the  grant  of  the  patent: 
22.03.89  Bulletin  89/12 

(W)  Designated  Contracting  States: 
BEDEFRGBIT 

Representative:  Kraus,  Walter,  Dr.  et  al 
Patentanwalte  Kraus,  Weisert  &  Partner 
Thomas-Wimmer-Ring  15 
D-8000  Munchen  22  (DE) 

References  cited: 
EP-A-0  017195 
EP-A-0  090  262 

SOVIET  INVENTIONS  ILLUSTRATED,  Section 
Ch;  Week  C  04;  March  5,  1980,  DERWENT 
PUBLICATIONS  LTD.,  London  B05 

CQ 

CO 
CO 
CM 
<0  

The  file  contains  technical  information 
submitted  after  the  application  was  filed  and 
not  included  in  this  specification 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(  1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 

Q .  
U l  



EP  0  162  336  B1 

Description 

BACKGROUND  OF  THE  INVENTION 
This  invention  relates  to  certain  2-[2-(substituted  phenyl)-acetyl]-1,3-cyclohexanediones,  compounds 

5  which  have  been  found  to  be  effective  herbicides  and  plant  growth  regulators. 
Herbicides  are  widely  used  by  farmers,  commercial  agricultural  companies,  and  other  industries  in 

order  to  increase  crop  yields  for  such  staple  crops  as  corn,  soybeans,  rice,  and  the  like,  and  to  eliminate 
weed  growth  along  highways,  railroad  rights-of-way,  and  other  areas.  Herbicides  are  effective  in  killing  or 
controlling  unwanted  weeds  which  compete  for  soil  nutrients  with  the  crop  plants,  and  by  reason  of  the  fact 

>°  that  they  kill  weeds,  are  responsible  for  improving  the  aesthetic  appearance  of  highway  and  railroad  rights- 
of-way.  There  are  a  number  of  different  types  of  herbicides  presently  sold  commercially,  and  these  fall  into 
two  general  categories.  The  categories  are  pre-emergence  and  post-emergence  herbicides.  The  pre- 
emergence  herbicides  are  normally  incorporated  into  the  soil  prior  to  the  emergence  of  the  weed  plants 
from  the  soil,  and  the  post-emergence  herbicides  are  normally  applied  to  plant  surfaces  after  emergence  of 

'5  the  weeds  or  other  unwanted  plants  from  the  soil. 

THE  PRIOR  ART 
Compounds  having  the  structural  formula 

.0 
_ J f   O 

II 
C-R, 

Xn 

25 

wherein  X  can  be  an  alkyl,  n  can  be  0,  1,  or  2,  and  Ri  can  be  phenyl  or  substituted  phenyl  are  described  in 
Japanese  Patent  Application  84632  —  1974  as  being  intermediates  for  the  preparation  of  herbicidal 
compounds  of  the  formula 

30  0  
NH-O-R2 

=  C-R, 3 5 �  

wherein  R,,  X,  and  n  are  as  defined  above  and  R2  is  alkyl,  alkenyl,  or  alkynyl.  Specifically  taught  herbicidal 
compounds  of  this  latter  group  are  those  where  n  is  2,  X  is  5,5-dimethyl,  R2  is  allyl  and  R-,  is  phenyl,  4- 

40  chlorophenyl  or  4-methoxyphenyl. 
The  precursor  intermediates  for  these  three  specifically  taught  compounds  have  no  or  almost  no 

herbicidai  activity. 
U.S.  Patent  Application  Serial  No.  361,658,  filed  March  25,  1982,  discloses  certain  2-(2-substituted 

benzoyl)-1,3-cyclohexanediones  to  be  effective  herbicides.  The  compounds  of  this  invention  are  similar  to 
45  but  different  from  the  disclosed  benzoyl  cyclohexane  diones,  and  have  exceptional  herbicidal  activity. 

The  term  "alkyl"  is  used  herein  in  its  normal  meaning  and  is  intended  to  include  both  straight-chain 
and  branched-chain  groups. 

The  term  "herbicide",  as  used  herein,  means  a  compound  or  composition  which  controls  or  modifies 
the  growth  of  plants.  By  the  term  "herbicidally  effective  amount"  is  meant  any  amount  of  such  compound 

50  or  composition  which  causes  a  modifying  effect  upon  the  growth  of  plants.  By  "plants"  is  meant  germinant 
seeds,  emerging  seedlings  and  established  vegetation,  including  roots  and  above-ground  portions.  Such 
controlling  or  modifying  effects  include  all  deviations  from  natural  development,  such  as  killing, 
retardation,  defoliation,  desiccation,  regulation,  stunting,  tillering,  leaf  burn,  dwarfing  and  the  like. 

as  DESCRIPTION  OF  THE  INVENTION 
This  invention  relates  to  certain  novel  2-[(2-(substituted  phenyl)acetyl)]-1,3-cyclohexanediones  as 

herbicides.  The  compounds  of  this  invention  have  the  following  structural  formula 

^   /Ri  9, 
60  \  /  O  \  
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wherein  Rv  R2,  R4  and  R5  are  hydrogen  and  R3  is  selected  from  the  group  consisting  of  chlorine,  bromine, 
alkyl  having  from  1  to  4  carbon  atoms,  alkoxy  having  from  1  to  4  carbon  atoms,  trifluoromethyl, 
trifluoromethoxy  or  cyano,  with  the  proviso  that  phenylacetyl-1,3-cyclohexanedione  is  excluded. 

These  compounds  can  also  exist  in  tautomeric  form,  and  this  invention  encompasses  the  tautomeric 
forms  of  cyclohexanediones  described  herein. 

The  compounds  of  this  invention  are  active  herbicides  of  a  general  type.  That  is,  they  are  herbicidally 
effective  against  a  wide  range  of  plant  species.  The  method  of  controlling  undesirable  vegetation  of  the 
present  invention  comprises  applying  an  herbicidally  effective  amount  of  the  above-described  compounds 
to  the  are  where  control  is  desired. 

The  compounds  of  the  present  invention  can  be  prepared  by  the  following  general  method. 10 

oHp~"C/"~tjn 
75 

solvent 
20 

W  
+  Zn(CNJo  +  ChLCN  + +  EUN 42)2  +  CH3CN  +  ^ J   +  E y  

25 

Rj  f̂   0  

R3  - U ^ -   C H 2 - C — / ~ ~ \  30 

35 
where  X  is  a  halogen  and  R,  —  R5  are  as  previously  defined  herein. 

Generally,  equimolar  amounts  of  the  dione  and  substituted  phenylacetyl  chloride  are  used,  along  with 
a  slight  mole  excess  of  zinc  cyanide.  The  two  reactants  and  the  zinc  cyanide  are  combined  in  a  solvent  such 
as  acetonitrile.  A  slight  mole  excess  of  triethylamine  is  slowly  added  to  the  reaction  mixture  with  cooling. 
The  mixture  is  stirred  at  reflux  for  1  hour. 

The  reaction  product  is  worked  up  by  conventional  techniques. 
The  following  Examples  teach  the  synthesis  of  representative  compounds  of  this  invention. 

Example  1 
2-(4-trifluoromethylphenylacetyl)-1,3-cyclohexanedione 

To  a  solution  of  10  g  of  trifluoromethylphenylacetic  acid  (0.049  mole)  dissolved  in  100  ml 
dichloromethane  and  0.5  ml  dimethylformamide  was  added  8.9  g  (0.07  mole)  of  oxalyl  chloride  dropwise 
over  5  hour.  After  the  evolution  of  gases  had  ceased,  the  liquid  was  roto-evaporated.  To  the  residue  was 
added  5.75  g  (0.049  mole)  of  zinc  cyanide  and  approximately  100  ml  of  acetonitrile.  The  mixture  was  stirred 
for  15  minutes  at  room  temperature,  and  then  5.5  g  (0.49  mole)  of  1,3-cycloexanedione  was  added, 
followed  by  dropwise  addition  of  6.06  g  (0.06  mole)  of  triethylamine.  After  the  exothermic  reaction  had 
subsided,  the  mixture  was  then  refluxed  for  one  hour.  Thereafter  it  was  cooled  to  room  temperature  and 
the  acetonitrile  was  removed  in  vacuo.  To  the  residue  was  added  2N  hydrochloric  acid,  and  the  mixture 
was  extracted  with  ether,  after  which  the  organic  layer  was  washed  with  5%  potassium  carbonate.  The 
aqueous  layer  was  acidified  and  the  product  obtained  which  was  2.4  g  of  substance,  identified  by  suitable 
analytical  techniques  as  being  the  subject  compound. 

The  following  is  a  table  of  certain  selected  compounds  that  are  preparable  according  to  the  procedure 
described  hereto.  Compound  numbers  are  assigned  to  each  compound  and  are  used  throughout  the 
remainder  of  the  application. 
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Preferred  compounds  for  use  in  the  invention  are  those  shown  in  Table  I  with  the  designations: 

Compound 
No. Chemical  Name 

1  2-(4-methylphenyl)-acetyl-1,3-cyclohexanedione 

2  2-(4-chlorophenyl)-acetyl-1,3-cyclohexanedione 

3  2-(2-p-trifluoromethylphenyl)-acetyl-1,3-cyclohexanedione 

5  2-(p-bromophenylacetyl)-1,3-cyclohexanedione 

10 

is 

20 

ND30 
or  m.p.  °C 

Compound 
Number R2 R4 

25 
1  H  H  CH3  H  H  59—62 

2  H  H  Cl  H  H  74—80 

3  H  H  CF3  H  H  94—97 

4  H  H  OMe  H  H  semi-solid 

5  H  H  Br  H  H  105—109 

6  H  H  EtO  H  H  70—73 

30 

35 

Herbicidal  Screening  Tests 
As  previously  mentioned,  the  herein  described  compounds  produced  in  the  above-described  manner 

are  phytotoxic  compounds  which  are  useful  and  valuable  in  controlling  various  plant  species.  Selected 
compounds  of  this  invention  were  initially  screened  as  herbicides  in  the  following  manner. 

Pre-emergence  herbicide  test.  On  the  day  preceding  treatment,  seeds  of  a  number  different  weed 
species  are  planted  in  loamy  sand  soil  in  individual  rows  using  one  species  per  row  across  the  width  of  a 
flat.  The  seeds  used  are  green  foxtail  (FT)  {Setaria  viridis),  watergrass  (WG)  (Echinochloa  crusgalli),  wild  oat 
(WO)  (Avena  fatua),  annual  morningglory  (AMG)  (Ipomoea  lacunosa),  velvetleaf  (VL)  (Abut/Ion 
theophrasti),  Indian  mustard  (Md)  {Brassica  juncea),  curly  dock  (CD)  (Rumex  crispus),  redroot  pigweed 
(PW)  (Amaranthus  retroflexus),  and  yellow  nutsedge  (YNG)  (Cyperus  esculentus).  Ample  seeds  are  planted 
to  give  about  20  to  40  seedlings  per  row,  after  emergence,  depending  upon  the  size  of  the  plants. 

Using  an  analytical  balance,  333  milligrams  (mg)  of  the  compound  to  be  tested  are  weighed  into  a  60 
milliliter  (ml)  wide-mouth  clear  bottle  and  dissolved  in  25  ml  of  acetone  or  substituted  solvent.  Eighteen  ml 
of  this  solution  are  transferred  to  a  60  ml  wide-mouth  clear  bottle  and  diluted  with  22  ml  of  a  water  and 
acetone  mixture  (19:1)  containing  enough  polyoxyethylene  sorbitan  monolaurate  emulsifierto  give  a  final 
solution  of  0.5%  (v/v).  The  solution  is  then  sprayed  on  a  seeded  flat  on  a  linear  spray  table  calibrated  to 
deliver  80  gallons  per  acre  (748  L/ha).  The  application  rate  is  4  Ib/acre  (4.48  Kg/ha). 

After  treatment,  the  flats  are  placed  in  the  greenhouse  at  a  temperature  of  70  to  80°F  and  watered  by 
sprinkling.  Two  weeks  after  treatment,  the  degree  of  injury  or  control  is  determined  by  comparison  with 
untreated  check  plants  of  the  same  age.  The  injury  rating  from  0  to  100%  is  recorded  for  each  species  as 
percent  control  with  0%  representing  no  injury  and  100%  representing  complete  control. 
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The  results  of  the  tests  are  shown  in  the  following  Table  II. 

TABLE  II 
Pre-Emergence  Herbicidal  Activity 

Application  Rate  —  4.48  kg/ha 

Cmpd. 
No.  FT  WG  WO  AMG  VL  MD  CD  PW  YNS 

1  20  55  0  50  80  65  —  95  95 

4  85  85  0  65  80  80  —  100  95 

5  45  80  0  20  100  100  —  90  90 

6  50  95  0  20  60  70  —  80  0 

10 

15 

—  Indicates  not  tested. 

Post-Emergence  Herbicide  Test:  This  test  is  conducted  in  an  identical  manner  to  the  testing  procedure 
for  the  pre-emergence  herbicide  test,  except  the  seeds  of  the  different  weed  species  are  planted  10—12 
days  before  treatment.  Also,  watering  of  the  treated  flats  is  confined  to  the  soil  surface  and  not  to  the 
foliage  of  the  sprouted  plants. 

The  results  of  the  post-emergence  herbicide  test  are  reported  in  Table  III. 

20 

25 
TABLE  III 

Post-Emergence  Herbicidal  Activity 
Application  Rate  —  4.48  kg/ha 

No.  FT  WG  WO  AMG  VL  MD  CD  PW  YNS 

1  10  10  20  55  100  35  —  80  80 

2  45  60  0  75  100  85  —  95  85 

3  65  85  10  85  100  100  —  65  75 

4  90  85  80  75  100  100  —  100  90 

5  30  10  0  10  80  40  —  40  55 

6  ,45  55  80  10  85  75  —  55  20 

30 

35 

40 

45 —  Indicates  not  tested. 

Those  compounds  that  passed  the  initial  screening  test  were  then  further  tested  at  varying  rates 
against  a  wider  variety  of  weeds,  both  grasses  and  broadleaf  and  crops  and  in  pre-emergence  and  post- 
emergence  tests. 

EXAMPLE  IV 
Herbicidal  Activity  Tests 

This  example  offers  herbicidal  activity  test  data  to  show  the  effectiveness  of  the  cyclohexanediones  at 
varying  rates  of  application.  The  effect  is  observed  by  comparing  the  extent  of  weed  control  in  test  flats 
treated  with  the  cyclohexanediones  against  that  occurring  in  similar  control  flats.  The  soil  used  in  these 
tests  was  a  sandy  loam  soil  from  the  Livermore,  California  area. 

Also  added  to  the  soil  was  17  —  17—17  fertilizer  (N—  P2O5—  K2O  on  a  weight  basis),  amounting  to  50 
ppm  by  weight  with  respect  to  the  soil,  and  Captan,  a  soil  fungicide. 

50 

55 

60 

65 
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The  treated  soil  was  then  placed  in  flats  which  were  3  inches  deep,  6  inches  wide,  and  10  inches  long. 
The  soil  was  tamped  and  leveled  with  a  row  marker  to  impress  six  rows  across  the  width  of  the  flat.  The  test 
weeds  were  as  follows: 

Common  Name  Scientific  Name  Abbreviation 

Broadleaf  Weeds: 

annual  morningglory  Ipomoea  purpurea  AMG 

cocklebur  Xanthium  sp.  CB 

jimsonweed  Datura  stamonium  JW 

velvetleaf  Abutilon  theophrasti  VL 

mustard  Brassica  sp.  MD 

nightshade  Solanum  sp.  SP 

pigweed  Amaranthus  sp.  PW 

Grasses: 

yellow  nutsedge  Cyperus  excu/entus  YNS 

downybrome  Bromus  tectorum  DB 

foxtail  Setaria  sp.  FT 

annual  ryegrass  Lolium  multiflorum  ARG 

watergrass  Echinochloa  crusgalli  WG 

rox-orange  sorghum  Sorghum  bicolor  SHC 

wild  oat  Avena  fatua  WO 

broadleaf  signalgrass  Brachiaria  platyphylla  BSG 

Crops: 

wheat  (Triticum  aestivcum)  WH 

sugar  beets  (Beta  vulgaris)  SB 

soybeans  (Glycine  max)  SOY 

corn  (Zea  mays)  CN 

milo  (Sorghum  bicolor)  ML 

cotton  Gossypium  hirsutum)  COT 

rice  (Oryza  sativa)  RC 

10 

15 

20 

25 
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Sufficient  seeds  were  planted  to  produce  several  seedlings  per  inch  in  each  row.  The  flats  were  then 
placed  in  a  greenhouse  maintained  at  70  to  85°F  (21  to  30°C)  and  watered  daily  by  sprinkler. 

60  In  the  pre-emergent  tests,  chemical  application  was  made  just  prior  to  planting,  while  in  the  post- 
emergent  tests,  chemical  application  is  made  by  spraying  12  days  after  planting.  The  spray  solution  is 
prepared  by  dissolving  60  mg  of  herbicide  compound  in  20  ml  of  acetone  containing  1%  Tween®  20 
(polyoxysorbitan  monolaurate),  then  adding  20  ml  of  water  to  the  resulting  solution.  The  solution  is 
sprayed  at  80  gallon/acre,  resulting  in  a  4  Ib/acre  rate  of  chemical  application.  Other  rates  were  achieved  by 

65  varying  the  solution  concentration  and/or  the  rate  of  spray. 

60 
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Approximately  12—14  days  after  treatment,  the  degree  of  weed  control  was  estimated  and  recorded  as 
percentage  control  compared  to  the  growth  of  the  same  species  in  an  untreated  check  flat  of  the  same  age. 
The  rating  scale  ranges  from  0  to  100%,  where  0  equals  no  effect  with  plant  growth  equal  to  the  untreated 
control  and  100  equals  complete  kill. 

The  results  are  listed  in  the  Tables  below.  It  is  clear  that  the  compounds  of  this  invention  are  effective 
herbicides. 

10 
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TABLE  V 
Herbicide  Test  Results 

Compound  Application  Crops 
Number  Rate  (Ib/A)  Method  SOY  WH  ML  RC  SB  CN  COT 

1  1.00  Post  40  0  20  10  50  0  10 

2.00  Post  50  0  30  20  60  20  35 

1.00  Pre  0  0  0  0  60  0  0 

2.00  Pre  0  0  0  40  90  0  30 

3  65  20  40  30  60  40  60 

1.00  Post  40  0  20  0  50  20  40 

2.00  Post  60  20  40  20  60  35  60 

3  0.25  Pre  0  0  0  20  40  0  0 

0.50  Pre  0  0  20  30  70  0  20 

1.00  Pre  0  0  40  50  80  0  50 

2.00  Pre  0  0  50  65  100  0  80 

4  0.25  Post  0-  —  —  40  —  — 

0.50  Post  10  0  40  —  60  0  — 

1.00  Post  30  0  50  —  70  0  — 

2.00  Post  40  0  75  —  75  30  — 

4  0.25  Pre  55  0  90  —  80  40  — 

0.50  Pre  —  0  —  —  90  —  — 

1.00  Pre  0  0  30  —  100  0  — 

2.00  Pre  0  0  40  —  100  0  — 

5  0.25  Pre  0  0  0  0  45  0  0 

0.50  Pre  0  0  0  0  80  0  20 

1.00  Pre  0  0  0  20  100  0  45 

2.00  Pre  0  0  0  30  100  0  50 

6  0.25  Post  0  0  0  0  0  0  40 

0.50  Post  0  0  0  0  30  0  45 

1.00  Post  20  0  20  30  40  30  50 

2.00  Post  50  0  30  40  50  35  55 

6  1.00  Pre  0  0  0  0  60  0  20 

2.00  Pre  0  0  0  35  90  0  35 

—  indicates  not  tested. 

10 
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The  compounds  of  the  present  invention  are  useful  as  herbicides,  especially  as  pre-emergence 
herbicides,  and  can  be  applied  in  a  variety  of  ways  at  various  concentrations.  In  practice,  the  compounds 
herein  defined  are  formulated  into  herbicidal  compositions,  by  admixture,  in  herbicidally  effective 
amounts,  with  the  adjuvants  and  carriers  normally  employed  for  facilitating  the  dispersion  of  active 

5  ingredients  for  agricultural  applications,  recognizing  the  fact  that  the  formulation  and  mode  of  application 
of  a  toxicant  may  affect  the  activity  of  the  materials  in  a  given  application.  Thus,  these  active  herbicidal 
compounds  may  be  formulated  as  granules  of  relatively  large  particle  size,  as  wettable  powders,  as 
emulsifiable  concentrates,  as  powdery  dusts,  as  solutions  or  as  any  of  several  other  known  types  of 
formulations,  depending  upon  the  desired  mode  of  application.  Preferred  formulations  for  pre-emergence 

10  herbicidal  applications  are  wettable  powders,  emulsifiable  concentrates  and  granules.  These  formulations 

may  contain  as  little  as  about  0.5%  to  as  much  as  about  95%  or  more  by  weight  of  active  ingredient.  A 
herbicidally  effective  amount  depends  upon  the  nature  of  the  seeds  or  plants  to  be  controlled  and  the  rate 
of  application  varies  from  about  0.05  to  approximately  25  pounds  per  acre,  preferably  from  about  0.1  to 
about  10  pounds  per  a c r e . .  

is  Wettable  powders  are  in  the  form  of  finely  divided  particles  which  disperse  readily  in  water  or  other 
dispersants.  The  wettable  powder  is  ultimately  applied  to  the  soil  either  as  a  dry  dust  or  as  a  dispersion  in 
water  or  other  liquid.  Typical  carriers  for  wettable  powders  include  fuller's  earth,  kaolin  clays,  silicas  and 
other  readily  wet  organic  or  inorganic  diluents.  Wettable  powders  normally  are  prepared  to  contain  about 
5%  to  about  95%  of  the  active  ingredient  and  usually  also  contain  a  small  amount  of  wetting,  dispersing,  or 

20  emulsifying  agent  to  facilitate  wetting  and  dispersion. 
Emulsifiable  concentrates  are  homogeneous  liquid  compositions  which  are  dispersible  in  water  or 

other  dispersant,  and  may  consist  entirely  of  the  active  compound  with  a  liquid  or  solid  emulsifying  agent, 
or  may  also  contain  a  liquid  carrier,  such  as  xylene,  heavy  aromatic  naphthal,  isophorone  and  other  non- 
volatile  organic  solvents.  For  herbicidal  application,  these  concentrates  are  dispersed  in  water  or  other 

25  liquid  carrier  and  normally  applied  as  a  spray  to  the  area  to  be  treated.  The  percentage  by  weight  of  the 
essential  active  ingredient  may  vary  according  to  the  manner  in  which  the  composition  is  to  be  applied,  but 
in  general  comprises  about  0.5%  to  95%  of  active  ingredient  by  weight  of  the  herbicidal  composition. 

Granular  formulations  wherein  the  toxicant  is  carried  on  relatively  coarse  particles,  are  usually  applied 
without  dilution  to  the  area  in  which  suppression  of  vegetation  is  desired.  Typical  carriers  for  granular 

30  formulations  include  sand,  fuller's  earth,  bentonite  clays,  vermiculite,  perlite  and  other  organic  or  inorganic 
materials  which  absorb  or  which  may  be  coated  with  the  toxicant.  Granular  formulations  normally  are 
prepared  to  contain  about  5%  to  about  25%  of  active  ingredients  which  may  include  surface-active  agents 
such  heavy  aromatic  naphthas,  kerosene  or  other  petroleum  fractions,  or  vegetable  oils;  and/or  stickers 
such  as  destrins,  glue  or  synthetic  r e s i n s . .   ,  ■ 

35  Typical  wetting,  dispersing  or  emulsifying  agents  used  in  agricultural  formulations  include,  for 
example,  the  alkyl  and  alkylaryl  sulfonates  and  sulfates  and  their  sodium  salts;  polyhydric  alcohols;  and 
other  types  of  surface-active  agents,  many  of  which  are  available  in  commerce.  The  surface-active  agent, 
when  used,  normally  comprises  from  0.1%  to  15%  by  weight  of  the  herbicidal  composition. 

Dusts,  which  are  free-flowing  admixtures  of  the  active  ingredient  with  finely  divided  solids  such  as  talc, 
40  clays,  flours  and  other  organic  and  inorganic  solids  which  act  as  dispersants  and  carriers  for  the  toxicant, 

are  useful  formulations  for  soil-incorporating  application. 
Pastes,  which  are  homogeneous  suspensions  of  a  finely  divided  solid  toxicant  in  a  liquid  carrier  such 

as  water  or  oil,  are  employed  for  specific  purposes.  These  formulations  normally  contain  about  5%  to 
about  95%  of  active  ingredient  by  weight,  and  may  also  contain  small  amounts  of  a  wetting,  dispersing  or 

45  emulsifying  agent  to  facilitate  dispersion.  For  application,  the  pastes  are  normally  diluted  and  applied  as  a 
spray  to  the  area  to  be  a f f e c t e d . .   • 

Other  useful  formulations  for  herbicidal  applications  include  simple  solutions  of  the  active  ingredient 
in  a  dispersant  in  which  it  is  completely  soluble  at  the  desired  concentration,  such  as  acetone,  alkylated 
naphthalenes,  xylene  and  other  organic  solvents.  Pressurized  sprays,  typically  aerosols,  wherein  the  active 

50  ingredient  is  dispersed  in  finely-divided  form  as  a  result  of  vaporization  of  a  low  boiling  dispersant  solvent 
carrier,  such  as  the  Freons,  may  also  be  used. 

The  phytotoxic  compositions  of  this  invention  are  applied  to  the  plants  in  the  conventional  manner. 
Thus,  the  dust  and  liquid  compositions  can  be  applied  to  the  plant  by  the  use  of  power-dusters,  boom  and 
hand  sprayers  and  spray  dusters.  The  compositions  can  also  be  applied  from  airplanes  as  a  dust  or  a  spray 

55  because  they  are  effective  in  very  low  dosages.  In  order  to  modify  or  control  growth  of  germinating  seeds 
or  emerging  seedlings,  as  a  typical  example,  the  dust  and  liquid  compositions  are  applied  to  the  soil 
according  to  conventional  methods  and  are  distributed  in  the  soil  to  a  depth  of  at  least  I  inch  below  the  soil 
surface  It  is  not  necessary  that  the  phytotoxic  compositions  be  admixed  with  the  soil  particles  since  these 
compositions  can  also  be  applied  merely  by  spraying  or  sprinkling  the  surface  of  the  soil.  The  phytotoxic 

60  compositions  of  this  invention  can  also  be  applied  by  addition  to  irrigation  water  supplied  to  the  field  to  be 
treated.  This  method  of  application  permits  the  penetration  of  the  compositions  into  the  soil  as  the  water  is 
absorbed  therein.  Dust  compositions,  granular  compositions  or  liquid  formulations  applied  to  the  surface 
of  the  soil  can  be  distributed  below  the  surface  of  the  soil  by  conventional  means  such  as  discing,  dragging 
or  mixing  operations. 

65  The  phytotoxic  compositions  of  this  invention  can  also  contain  other  additaments,  for  example, 
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fertilizers,  pesticides  and  the  like,  used  as  adjuvant  or  in  combination  with  any  of  the  abovedescribed 
adjuvants.  Other  phytotoxic  compounds  useful  in  combination  with  the  abovedescribed  compounds 
include,  for  example  2,4-dichlorophenoxyacetic  acids,  2,4,5-trichlorophenoxyacetic  acid,  2-methyl-4- 
chlorophenoxyacetic  acid  and  the  salts,  esters  and  amides  thereof,  triazine  derivatives,  such  as  2,4-bis-(3- 

s  methoxypropylamino)-6-methylthio-s-triazine,  2-chloro-4-ethylamino-6-isopropylamino-s-triazine,  and  2- 
ethylamino-4-isopropyl  amino-6-methylmercapto-s-triazine;  urea  derivatives,  such  as  3-(3,5- 
dichlorophenyl)-1,1-dimethylurea  and  3-(p-chlorophenyl)-1,1-dimethylurea;  and  acetamides  such  as  N,N- 
diallyl-a-chloroacetamide,  and  the  like;  benzoic  acids  such  as  3-amino-2,5-dichlorogbenaoic  acid; 
thiocarbamates  such  as  S-propyl  N,N-dipropylthiocarbamate,  S-ethyl  N,N-dipropylthiocarbamate,  S-ethyl 

10  cyclohexylethyl  thiocarbamate,  S-ethyl  hexahydro-1H-azepine-1-carbothioate  and  the  like;  anilines  such  as 
4-(methylsulfonyl)-2,6-dinitro-N,N-substituted  aniline,  4-trifluoromethyl-2,6-dinitro-N,N-di-n-propyl  aniline 
and  4-trifluoromethyl-2,6-dinitro-N-ethyl-N,N-di-n-butyl  aniline.  Fertilizers  useful  in  combination  with  the 
active  ingredients  include,  for  example,  ammonium  nitrate,  urea  and  superphosphate.  Other  useful 
additaments  include  materials  in  which  plant  organisms  take  root  and  grow  such  as  compost,  manure, 

'5  humus,  sand,  and  the  like. 

Claims 

1.  A  compound  having  the  structural  formula 

F ^ - ( O / - C H 2 - C - (   )  

R4  R5  </  

wherein  R1r  R2,  R4  and  R5  are  hydrogen  and  R3  is  selected  from  the  group  consisting  of  chlorine,  bromine, 

30  alkyl  having  from  1  to  4  carbon  atoms,  alkoxy  having  from  1  to  4  carbon  atoms,  trifluoromethyl, 
trifluoromethoxy  or  cyano,  with  the  proviso  that  phenylacetyl-1,3-cyclohexandione  is  excluded. 

2.  The  compound  of  Claim  1  wherein  R1f  R2,  R4  and  R5  are  hydrogen  and  R3  is  bromine. 
3.  The  compound  of  Claim  1  wherein  R1f  R2,  R4  and  R5  are  hydrogen  and  R3  is  trifluoromethyl. 
4.  A  method  of  controlling  undesirable  vegetation  comprising  applying  to  the  area  where  control  is 

desired,  a  herbicidally  effective  amount  of  a  compound  having  the  formula 

&2  Ri  O 

Rg  - \ C » -   CH2-C  —  / " A  
40  °  V—  V 

R,  Rc  Ô 

wherein  R1f  R2,  R4  and  Rs  are  hydrogen  and  R3  is  selected  from  the  group  consisting  of  chlorine,  bromine, 
45  alkyl  having  from  1  to  4  carbon  atoms,  alkoxy  having  from  1  to  4  carbon  atoms,  trifluoromethyl, 

trifluoromethoxy  or  cyano,  with  the  proviso  that  phenylacetyl-1,3-cyclohexandione  is  excluded. 
5.  The  method  of  Claim  4  wherein  R-,,  R2,  R4  and  R5  are  hydrogen  and  R3  is  bromine. 
6.  The  method  of  Claim  4  wherein  Hu  R2,  R4  and  R5  are  hydrogen  and  R3  is  trifluoromethyl. 

50 
Patentanspruche 

1.  Verbindung  der  Strukturformel 

\   J ^   0  \ _  

R3  \ ^ 7   C H 2 - C —   ( ^ _ y  

R.  R5  ( f  

55 

60  t-i4  «5  <-> 

worin  R-,,  R2,  R4  und  Rs  Wasserstoff  bedeuten  und  R3  ausgewahlt  wird  aus  der  Gruppe  Chlor,  Brom,  Alkyl 
mit  1  bis  4  Kohlenstoffatomen,  Alkoxy  mit  1  bis  4  Kohlenstoffatomen,  Trifluormethyl,  Trifluormethoxy  oder 
Cyano  mit  der  MaSgabe,  dalS  Phenylacetyl-1,3-cyclohexandion  ausgeschlossen  ist. 

65  2.  Verbindung  nach  Anspruch  1,  worin  R1f  R2,  R4  und  R5  Wasserstoff  und  R3  Brom  bedeuten. 
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3.  Verbindung  nach  Anspruch  1,  worin  Rv  R2,  R4  und  R5  Wasserstoff  und  R3  Trifluormethyl  bedeuten. 
4.  Verfahren  zur  Kontrolle  unerwiinschter  Vegetation,  dadurch  gekennzeichnet,  dalS  man  auf  die. 

Flache,  wo  eine  Kontrolle  erfolgen  soil,  eine  herbizid  wirksame  Menge  einer  Verbindung  der  Formel 

CH2—  C 

10 

aufbringt,  worin  R1f  R2,  R4  und  R5  Wasserstoff  bedeuten  und  R3  ausgewahlt  wird  aus  der  Gruppe  Chlor, 
Brom  Alkyl  mit  1  bis  4  Kohlenstoffatomen,  Alkoxy  mit  1  bis  4  Kohlenstoffatomen,  Trifluormethyl, 
Trifluormethoxy  oder  Cyano  mit  der  Mafcgabe,  dalS  Phenylacetyl-1,3-cyclohexandion  ausgeschlossen  ist. 

5.  Verfahren  nach  Anspruch  4,  worin  Rv  R2,  R4  und  R5  Wasserstoff  und  R3  Brom  bedueten. 
6.  Verfahren  nach  Anspruch  4,  worin  R1f  R2,  R4  und  R5  Wasserstoff  und  R3  Trifluormethyl  bedeuten. 

is 

Revendications 

20  1.  Un  compose  presentant  la  formule  structurelle: 

25 

^4  "5 
dans  laquelle 

R,,  R2,  R4  et  R5  sont  des  atomes  d'hydrogene;  et 
R3  est  choisi  dans  le  groupe  comprenant  les  atomes  de  chlore  et  de  brome  et  les  radicaux  alkyle 

comprenant  de  1  a  4  atomes  de  carbone,  alkoxy  comprenant  de  1  a  4  atomes  de  carbone,  trifluoromethyle, 
trifluoromethoxy  ou  cyano,  etant  entendu  que  le  phenylacetyl-1,3-cyclohexanedione  est  exclu. 

2.  Le  compose  selon  la  revendication  1,  dans  lequel  R17  R2,  R4  et  R5  sont  des  atomes  d'hydrogene  et  R3 
est  un  atome  de  brome.  , 

3.  Le  compose  selon  la  revendication  1,  dans  lequel  Rv  R2,  R4  et  Rs  sont  des  atomes  d  hydrogene  et  R3 
est  un  radical  trifluoromethyle. 

4.  Un  procede  pour  controler  le  developpement  de  la  vegetation  indesirable,  consistant  a  appliquer,  a 
la  zone  ou  I'on  souhaite  effectuer  ce  controle,  une  quantite  efficace  du  point  de  vue  herbicide  d'un  compose 
presentant  la  formule: 

30 

35 

40 

CHo—  C 
45 

R4  R5  O' 

dans  laquelle: 
Rv  R2,  R4  et  R5  sont  des  atomes  d'hydrogene;  et 
R3  est  choisi  dans  le  group  comprenant  les  atomes  de  chlore  et  de  brome  et  les  radicaux  alkyle 

comprenant  de  1  a  4  atomes  de  carbone,  alkoxy  comprenant  de  1  a  4  atomes  de  carbone,  trifluoromethyle, 
trifluoromethoxy  ou  cyano,  etant  entendu  que  le  phenylacetyl-1,3-cyclohexanedione  est  exclu. 

5.  Le  procede  selon  la  revendication  4,  dans  lequel  Rv  R2,  R4  et  R5  sont  des  atomes  d'hydrogene  et  R3 
est  un  atome  de  brome. 

6.  Le  procede  selon  la  revendication  4,  dans  lequel  Rv  R2,  R4  et  R5  sont  des  atomes  d'hydrogene  et  R3 
est  un  radical  trifluoromethyle. 

50 
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