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HERBICIDAL SUBSTITUTED
2-(1-(OXYAMINO)-ALKYLIDENE)-CYCLOHEX-
ANE-13-DIONES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. Ser.
No. 405,228, filed on Aug. 5, 1982, now abandoned,
which is a continuation of U.S. application Ser. No.
210,206, filed Nov. 25, 1980 and now abandoned.

BACKGROUND OF THE INVENTION

- U.S. Pat. No. 4,011,256 discloses herbicidal cyclohex-
ane-1,3-diones.

SUMMARY OF THE INVENTION

This invention relates to novel herbicidal com-
pounds, compositions and methods of use thereof. It has
been found that novel haloalkyl, haloalkenyl and haloa-
ryl-substituted  2-[1-(oxyamino)-alkylidene}-cyclohex-
ane-1,3-diones are particularly useful as grassy herbi-
cides in both pre- and post-emergent applications.

DESCRIPTION OF THE INVENTION

The compounds of the invention have the structural
formula (I):

R NO—R/! (D)
N Z
C
O OR>°
R4
R ;&

wherein R is alkyl of 1 to 6 carbon atoms or phenyl;

R1is haloalkyl of 1 to 6 carbon atoms, haloalkeny! of
2 to 6 carbon atoms, haloaryl of 6 to 10 carbon atoms,
halobenzyl, all of which contain 1 to 3 halogen atoms;
cycloalkyl of 5 to 7 carbon atoms or benzyl substituted
with 1 to 3 alkyl groups of 1 to 4 carbon atoms or halo-
alkyl groups of 1 to 4 carbon atoms and 1 to 9 halogen
atomis;

R2 and R3 are independently hydrogen, alkyl of 1 to
3 carbon atoms, alkylthio of 1 to 6 carbon atoms, or
alkylthioalkyl of 2 to 8 carbon atoms;

R4is hydrogen, or carbalkoxy of 2 to 4 carbon atoms;

R> is hydrogen, a cation, or

ll
_CRtS

wherein R¢ is alkyl of 1 to 6 carbon atoms or aryl of 6
to 10 carbon atoms.

A particularly preferred class of compounds within
the scope of the invention are substituted 2-[1-(0x-
yamino)-alkylidene}]-5,5-dialkylcyclohexane-1,3-diones.

Representative R groups are methyl, ethyl, n-propyl,
isopropyl, n-butyl, isopentyl, neopentyl, n-hexyl and
phenyl.
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Preferably R is alkyl of 1 to 6 carbon atoms. Most
preferably R is alkyl of 1 to 3 carbon atoms. Most pref-
erably R is ethyl or propyl.

Representative R! groups are chloromethyl, bromo-
methyl, fluoromethyl, 2-chloroethyl, 2-bromoethyl,
3,4-dichlorobutyl, 6-chlorohexyl, 3-cis-chloroallyl, 2,3-
cis-dichloroallyl, 2-chloroallyl, 4,4-dichloro-but-3-enyl,
4-bromo-3-bromomethyl-but-2-enyl 5,5-dibromo-4-
methyl-pent-2-enyl, 2,5-dichloro-hex-3-enyl, p-
fluorophenyl, p-fluorobenzyl, p-chlorobenzyl, p-
bromophenyl, p-bromobenzyl, 3,4-dichlorophenyl, 3,4-
dichlorobenzyl, 2-fluorophenyl, 2-fluorobenzyl, 2,4,6-
trichlorophenyl, 2,4,6-trichlorobenzyl, 1-bromonaphth-
2-yl, 2-chloro-naphth-1-yl, cyclopentyl, cyclohexyl,
cycloheptyl, p-methylbenzyl, m-methylbenzyl, 2,4,6-
triethylbenzyl, p-butylbenzyl, p-isopropylbenzyl, and
p-trifluoromethylbenzyl.

Preferably R! is haloalkenyl of 2 to 6 carbon atoms
and 1 to 3 halogen atoms or halobenzyl of 1 to 3 halogen
atoms. Most preferably R} is haloallyl, especially, 3-
trans-chloroallyl or monohalobenzyl, especially 4-

chlorobenzyl.
Representative R2 and R? groups are hydrogen,
methyl, ethyl, propyl, methylthio, ethylthio, n-

butylthio, methylthiomethyl, ethylthiomethyl, propyl-
thiopropyl, ethylthichexyl.

Preferably R2and R are alkyl of 1 to 3 carbon atoms
or one of R2or R3is hydrogen and the other is alkylthi-
oalkyl. Most preferably R? and R? are both methyl or
one of R2or R3is hydrogen and the other is 2-ethylthio-
propyl.

Representative R4 groups are hydrogen, carbome-
thoxy, carboethoxy, carbopropoxy. Preferably R4 is
hydrogen.

Representative R° groups are hydrogen, NHa+4,
Na+, K+, Ca*+, acetyl, propionyl, butyryl, isobuty-
ryl, isovaleryl, 3,3-dimethylbutyryl, benzoyl, 1-naphth-
oyl, 2-naphthoyl. Preferably R’ is hydrogen.

The compounds of my invention may be prepared
according to the following scheme:

(1)

Ox O t|f|;
+ RCX >
R4
" RZ2 R3
(11) (I1a)
O
|
O OCR
+ HX
R4
RZ RS
(111)
R O (2)
\ #
C
AICI °s on
>
R4
R2 R3
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-continued
R NOR/|

N4
C
Ox OH
Illa + H;NOR! HCl-——> + H,OHCI
R4
RZ R?

(1a)

(3)

(V)

The appropriate intermediates of the formula (IV)
may be made according to the following reaction se-

quence:

O (4)
¥/
NOH + RICI——>
A\
O
(V) (Va)
O
\Y
NOR! + HCI
Vi
9]

(Vi)

1. Hydrazine i (5)
VI 5 O] H;NOR* HCI

(1V)

Compounds of the formula (I} wherein R? is other
than hydrogen may be prepared according to conven-
tional procedures by treating the hydroxy compound
(Ia) with an appropriate basic salt to yield compounds
wherein R3is Na+, NHst+, Cat++, etc. Similarly, the
hydroxy compound (Ia) may be acylated by treatment
with an appropriate acid halide to yield compounds
wherein R> is

i
_CRIS

Reaction (1) above may be performed at ambient
temperature  employing  substantially equimolar
amounts of the dione (II) and acid halide (IIa). Prefera-
bly the acid chloride (X—Cl) is used. The reaction may
be conducted in an organic solvent, such as, haloge-
nated hydrocarbons, ethers or glycols. It is preferred
that a base be present, such as an organic amine or alkali
metal carbonate salt, in order to quench the hydrogen
halide which is evolved. Preferred organic amines are
pyridine and trialkylamines such as triethylamine. Pres-
sure conditions are not critical and atmospheric pres-
sure may be conveniently employed.

Reaction (2) may be performed in an inert organic
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mineral acid such as hydrochloric acid, to produce the
trione (I111a).

Reaction (3) 1s a conventional oxime forming conden-
sation. Since the hydrochloride salt (IV) is employed, it
1s first neutralized with a base, preferably an alkali metal
alkoxide, before combining with the trione (IIla) or the
tree base from Reaction 5 can be used directly. The
reaction may be performed in an inert organic solvent,
preferably lower alcohols.

Reaction (4) 1s a conventional alkylation and may be
performed in inert organic solvents such as dimethyl-
sulfoxide, acetonitrile, ethers, glycol ethers or hydro-
carbons. The reaction is performed in presence of a
base, such as potassium carbonate at ambient tempera-
ture,

Reaction (5) may be performed at elevated tempera-
tures, preferably 30°-100° C. The phthalimide (V1) is
preferably heated at atmospheric pressure with slight
molar excess of hydrazine in an inert organic solvent,
such as a lower alcohol, to reflux temperature. The
crude mixture 1s then cooled and optionally quenched
with a mineral acid, preferably hydrochloric acid, yield-
ing the product salt (IV) or the tree base can be used
directly in Reaction 3.

As an alternative to reactions (1) and (2) above the
trione (IIla) may be formed in one step by treating the
dione (II) with the acid halide (IIa) in a halogenated
hydrocarbon solvent, preferably carbon tetrachloride,
in the presence of trifluoromethyl sulfonic acid. Typi-
cally, the reaction is performed at elevated temperature
(30°-150° C.) and is complete within 90 hours but yields
a mixture of products. Since the combined reaction time
of reactions (1) and (2) is about 24 hours, and results in
a purer product, the two-step sequence of reactions (1)
and (2) 1s preferred to the one-step alternative.

The starting materials of Formula I can be prepared
by known procedures or obvious modification thereof
(e.g. substitution of appropriate starting material). The
compounds of Formula Il can be conveniently prepared
by the following process schematically represented by
the following overall reaction equations

RZ
N

Vs
© (A)

0
|

O
.
= CHC—CH; + HC(COR? )z—m-;}

R3

(B)

I |
COR4

(11a)

O 0 0 0
Ha 2% >, 0 >
2) T (3)
COH H
60 R2 R3 R? R}

(&) IIb

wherein R4 is alkyl of 1 through 3 carbon atoms and R?

solvent, such as, halogenated hydrocarbons or ethers. 65 and R3 are as defined hereinabove.

At least two moles of aluminum chloride per mole of

ester (III) is used. Upon work-up, the crude product

must be quenched with a proton-donor, preferably a

These reactions are conventional type reactions and
can be conducted in the usual manner. The first reaction
step is typically conducted by contacting compound A
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with compound B and a base (e.g. alkali metal alkox-
ides) under reactive conditions preferably in an inert
solvent (e.g. alkanol, e.g. ethanol). Typically, the reac-
tion is conducted at about from 60° to 110° C. using
about from 0.5 to 1.5 moles, preferably 0.9 to 1.1 moles, 5
of compound A and of the base per mole of compound

B.
In the second step the ester moiety of compound la

is base hydrolyzed to the carboxylic acid, for example,

by contacting metallic sodium in alkanol (e.g. ethanol) 10
or alkali metal hydrogen at temperatures in the range of
from about 60° to 110° C. By combining the reactants
Steps 1 and 2 can be conducted together.

In the third step, compound C can be decarboxylated
via treatment with a strong inorganic acid (e.g. hydro- s
chloric acid, sulfuric acid). This step is typically con-
ducted at temperatures in the range of 25° to 110° C. and
can be conveniently conducted in situ after completion
of the base hydrolyzation, Step 2.

The compounds of Formula IIla can also be prepared ;g
by reacting the compounds of Formula II with the
corresponding anhydride in the presence of an organic
base, preferably in an excess of anhydride or inert or-
ganic solvent. Typically, this reaction is conducted at
temperatures in the range of about from 50° to 110" C. ;5
using about from 5 to 0.5 moles of anhydride per mole
of compound I1.

The respective products of the above reactions can be
isolated and purified by conventional techniques such as
chromatography, distillation, crystallization, etc., when g
appropriate.

Definitions

The terms “oxyaminoalkylidene” and “‘oxyiminoal-
kyl” refer to the radical having the formula 15

| 40
wherein R is alkyl. For example, the terms *1-allylox-

yaminobutylidene” and ‘‘1-allyloxyiminobutyl” refer to
the radical having the formula |

CH>=CH=—CH;0N=C(CH,);CHj3 45

The products in the ﬁ:}ll{)Wing Examples and Table A
were identified by infrared and nmr spectroscopy and .,
elemental analysis.

EXAMPLE 1

Preparation of
2-[1-(3-chloroallyloxyamino)butylidene}-5,5-dimethyl- 55
cyclohexane-1,3-dione

A. Dimedone (5,5-dimethylcyclohexane-1,3-dione,
99%, 14.2 g), pyridine (9 ml) and methylene chloride
(100 ml) were mixed in a flask and butyryl chloride
(11.4 g) was added dropwise. The mixture was stirred 60
for 26 hours at room temperature and filtered. The
filtrate was washed with HCI (6 N, 100 ml), water (100
ml), saturated Na;COj; (50 ml), water (50 ml), dried
(MgSO4). The solvent was removed under reduced
pressure to yield 3-butyroxy-5,5-dimethylcyclohex-2- 65
en-1-one as a yellow liquid.

B. To a dry flask containing methylene chloride (30
mi) and aluminum chloride (26.67 g) at ice bath temper-

6

ature was added dropwise a solution of the product of
step A (21.03 g) in dichloromethane (50 ml). The Mmix-
ture was stirred for 24 hours then poured into 100 ml
cold 6 N HCI slowly with stirring. The mixture stood
overnight. The organic phase was collected and washed
with saturated Na;COs (100 ml) and water (100 ml).
The solvent was stripped to yield 15.9 g yellow liquid.
The Na,CQs; wash was acidified to pH2 with concen-
trated HCI, extracted with CH;Cl; and stripped to yield
4.8 g yellow liquid, identical to the composition of the
15.9 g of product. The combined products yielded 20.7
g 2-butyro-5,5-dimethylcyclohexane-1,3-dione.

C. To a solution of N-hydroxyphthalimide (33.6 g) 1n
dimethylsulfoxide (200 ml) was added anhydrous potas-
sium carbonate (28 g). After 10 minutes, 1,3-dichloro-
propene (20 ml) was added and the mixture was stirred
at room temperature overnight. The mxture was
poured into 1.2 liter ice-water and the resultant white
precipitate was collected, washed with cold water
(2100 ml), airdried and crystallized from 1.1 liter
ethyl alcohol. Yield: 41.0 g. N-(3-chloroallyloxy)ph-
thalimide, white needles.

D. The product from step C (21.2 g), absolute ethanol
(650 ml) and hydrazine (3.7 g) were stirred 1n a flask and
gradually heated to reflux. After 2 hours the mixture
was cooled to room temperature, added to concentrated
HC! (12.5 ml), then cooled to 0°. The precipitate was
collected and washed with cold ethanol and water. The
washings were concentrated to yield 21.5 of the crude
product. This product was slurried with 50 ml methanol
and the white solid was filtered and dried to yield 3.3 g
of the crystalline product. The combined washings and
filtrates were concentrated, and recrystallized (50 ml
acetonitrile, SO ml ether) to yield an additional 5.5 g of
white crystalline product, 3-chloroallyloxyamine hy-
drochloride.

E. To a solution of sodium methoxide (460 mg) in
methanol (10 ml) was added the product of step D (1.22
g) and the suspension was stirred at room temperature
for 15 minutes. To this suspension was added a solution
of 2-butyro-5,5-dimethyl-cyclohexane-1,3-dione (see
step B above) in 10 ml methanol. After stirring for two
days at room temperature, the solution was concen-
trated in vacuo. The residue was taken up in 30 ml ethyl
acetate and 25 ml 10% NaOH, whereupon three layers
formed. The bottom two layers were collected, cooled,
acidified with con. HCI (pH 1) and extracted twice with
30 ml methylene chloride. The methylene chloride ex-
tracts were combined, washed with water (2 X20 ml),
dried (MgSQOy4) and concentrated in vacuo to yield the
liquid product, 2-[1-(3'-chloroallyloxyamino)-
butylidene]-5,5-dimethylcyclohexane-1,3-dione. See
compound No. 3 in Table A.

EXAMPLE 2

Preparation of
2-[1-(3’-chloroallyloxyamino)-propylidene]-3,35-dime-
thylcyclohexane-1,3-dione

A. According to the procedure of Example 1A, 35,5-
dimethylcyclohexane-1,3-dione (14.2 g) and propionyl
chloride (9.7 g) were reacted in pyridine (9 ml) and
methylene chloride (100 ml) to yield 21.0 g. 3-pro-
pionoxy-5,5-dimethylcyclohex-2-en-1-one.

B. The product of Example 2A (19.62 g) and alumi-
num chloride (26.67 g) were treated according to the
procedure of Example 1B to yield 17.9 g. 2-propiono-
5,5-dimethyl-cyclohexane-1,3-dione.
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C. The product made according to Example 1D (1.22

g) and the product from Example 2B (1.65 g) were
treated according to the procedure of Example 1E to
vield the liquid product, 2-[1-(3’-chloroallyloxyamino)-
propylidene]-5,5-dimethylcyclohexane-1,3-dione.  See 5
Compound No. 2 in Table A.

EXAMPLE 3

Trans-2-{1-(3-chloroallyloxyimino)butyl}-5-(2-ethylthi-
opropyl)cyclohexane-1,3-dione 10

(a) 86.6 g of crotonaldehyde was added dropwise to a
mixture containing 64.0 g of ethanethiol and 2 mil of
triethylamine 1n 500 ml of acetonitrile at room tempera-
ture (about 20°-25° C.). The resulting mixture was
stirred overnight (about 15 hours) at room temperature
and then rotary evaporated to remove acetonitrile. The
residue was dissolved in 300 ml of ethyl ether, washed
twice with water, dried over magnesium sulfate and
then concentrated by evaporation affording a yellow
liquid concentrate of beta-ethylthiobutyraldehyde. 20

(b) A mixture containing 15.9 g of beta-ethylthi-
obutyraldehyde and 38.2 g of triphenylphosphoranyl-
dene-2-propanone in 300 ml of methylene chloride was
refluxed overnight and then evaporated affording a
thick residue. The residue was mixed with hexane and 23
filtered. The filtrate was evaporated under vacuum and
the residue then distilled under vacuum affording 6-

ethylthio-3-hepten-2-one.

(c) 2.53 g of metallic sodium were added to 100 ml of
ethanol at room temperature. To this was then added 30
17.6 g of diethyl malonate, with stirring, and then 17.2
g of 6-ethylthio-3-hepten-2-one was added. The result-
ing mixture was then refluxed for four hours and then
an aqueous sodium hydroxide solution, containing 9.5 g
of sodium hydroxide in 75 ml of water, was added and 35
the mixture refluxed for another two hours. The mix-
ture was cooled to 50° C. and then acidified by the
addition of concentrated hydrochloric acaid. The mix-
ture was then warm until decarboxylation was complete
and then evaporated to a liquid residue. The residue was 40
mixed with ethyl ether, washed with water, and evapo-
rated to a brown liquid. The hquid was base, acid ex-
tracted affording 5-(2-ethylthiopropyl) cyclohexane-
1,3-dione. | |

(d) 0.2 g of metallic sodium was dissolved in 1 ml of 45
methanol and then added to 3.2 g of 5-(2-ethylthio-
propyl)cyclohexane-1,3dione. 20 ml of butyric anhy-
dride was added and the mixture then refluxed for three
hours. The mixture was then evaporated and the residue
mixed with methylene chloride and then extracted with 50
aqueous 5> wt.% sodinm hydroxide. The base extract
was washed with methylene chloride, then acidified
with concentrated hydrochloric acid and then extracted
into methylene chloride. This was then evaporated
affording 2-butyryl-3-(2-ethylthiopropyl) cyclohexane- 55
1,3-dione.

(e) 0.38 g of sodium methoxide, 10 ml of methanol,
and 1.0 g of 3-chloroallyloxyamine hydrochloride
(H:2NOCH,,CH—CHC(CI) were admixed together and
then stirred for 10 minutes at room temperature. 2 g of 60
2-butyryl-5-(2-ethylthiopropyl)cyclohexane-1,3-dione
was added and the resulting mixture stirred for about
two days at room temperature. The mixture was then
concentrated by evaporation and the concentrate mixed
with 60 ml of diethyl ether and 40 ml of water. The 65
ether layer was extracted with 40 ml of aqueous 2 wt. %
sodium hydroxide solution, washed with 20 ml of water,
dried over anhydrous magnestum sulfate and evapo-

15
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rated affording a minor amount of the title compound as
the trans isomer.

The 2% sodium hydroxide solution extract was acidi-
fied to about pH 1 with aqueous 6 N hydrochloric acid
and then extracted with 100 ml of methylene chloride.
The organic layer was washed with 40 ml of water,
dried over magnesium sulfate and then evaporated af-
fording the trans isomer of the title compound as the
residue (Compound No. 54 of Table A hereinbelow).
The major portion of the title compound was recovered
from the sodium hydroxide extract.

EXAMPLE 4

This example illustrates the preparation of the
acyloxy compounds of the invention.

To a reaction mixture containing 3.0 g (0.01) mol of
2-]11-(3’'-chloroallyloxyamino)-butylidene}-5,5-dimethyl-
cyclohexane-1,3-dione and 0.87 gm (0.011 mol) of pyri-
dine 1in 20 ml of methylene chloride stirred at 0° C. is
added 0.89 gm (0.011 mol) of acetyl chloride. The mix-
ture is then stirred at room temperature for 2 hours. The
mixture 1s then worked up by washing with water,
drying with anhydrous magnesium sulfate, and filtered.
The filtrate 1s evaporated under vacuum affording 3-
acetyloxy-2-[1-(3’-chloroallyloxyamino)-butylidene}-

5, 5-dimethylcyclohex-2-en-1-one.

Similarly, by following the same procedure, the cor-
responding 3-acetyloxy derivative of each of the prod-
ucts listed in Table A hereinbelow are respectively
prepared.

EXAMPLE 5

This example illustrates the preparation of the salts of
the present invention.

To 3.0 gm (0.01 mol) of 2-[1-(3'-chloroallylox-
yvamino)-butylidene]-5,5-dimethylcyclohexane-1,3-
dione in 10 ml of acetone is added 0.4 gm (0.01 mol) of
sodium hydroxide dissolved 1n 2 ml of water. The sol-
vents are evaporated under vacuum affording the 3-
hydroxy sodium salt of 2-[1-(3'-chloroallyloxyamino)-
butylidene]-3-hydroxy-5,5-dimethylcyclohex-2-en-
1-one. |

Similarly, by following the same procedure, the so-
dium salts of each of the products listed in Table A
hereinbelow are respectively prepared.

UTILITY

The compounds of the present invention are, in gen-
eral, herbicidal in both pre- and post-emergent applica-
tions. For pre-emergent control of undesirable vegeta-
tion, the herbicidal compounds will be applied in herbi-
cidally effective amounts to the locus or growth me-
dium of the vegetation, e.g., soil infested with seeds
and/or seedlings of such vegetation. Such application
will inhibit the growth of or kill the seeds, germinating
seeds and seedlings. For post-emergent applications, the
herbicidal compounds will be applied directly to the
foliage and other plant parts. Generally, the herbicidal
compounds of the mvention are especially effective
against grassy weeds and by proper dosage regulation
can be safely applied for the control or prevention of
grasses in broad leaf crops. Moreover, certain of the
compounds (for example 2-[1-(3-chloroallyloxyimino)-
butyl}-5-(2-ethylthiopropyl)cyclohexane-1,3-dione and
its 4-chlorobenzyl analog)exhibit excellent soil stability
which is particularly advantageous for pre-emergence
appication.
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The compounds, when applied to growing plants
above the ground in such an amount that the com-
pounds will not kill beneficial plants, also show efficient
plant growth regulating or retarding effects and may be
advantageously employed, for example, to prevent or
retard the growth of lateral buds in plants and to pro-
mote the thinning out of superfluous fruits in various
fruit trees.

‘The compounds can be applied in any of a variety o
compositions. In general, the compounds can be ex-
tended with a carrier material of the kind used and
commonly referred to in the art such as inert solids,
water and organic hiquids.

The compounds will be included in such composi-
tions in sufficient amount so that they can exert an her-
bicidal or growth-regulating effect. Usually from about
0.5 to 95% by weight of the compounds are included in
such formulations.

Solid compositions can be made with inert powders.
The compositions thus can be homogeneous powders
that can be used as such, diluted with inert solids to
form dusts, or suspended in a suitable liquid medium for
spray application. The powders usually comprise the
active ingredient admixed with minor amounts of con-
ditioning agent. Natural clays, either absorptive, such as
attapulgite, or relatively non-absorptive, such as china
clays, diatomaceous earth, synthetic fine silica, calcium
silicate and other inert solid carriers of the kind conven-
tionally employed in powdered herbicidal compositions
can be used. The active ingredient usually makes up
from 0.5-90% of these powder compositions. The solids
ordinarily should be very finely divided. For conver-
sion of the powders to dusts, talc, pyrophyllite, and the
like, are customarily used. |

Liquid compositions including the active compounds
described above can be prepared by admixing the com-
pound with a suitable liquid diluent medium. Typical of
the liquid media commonly employed are methanol,
benzene, toluene, and the like. The active ingredient
usually makes up about 0.5 to 50% of these liquid com-
posttions. Some of these compositions are designated to
be used as such, and others to be extended with large
quantities of water.

Compositions in the form of wettable powders or
liquids can also include one or more surface-active
agents, such as wetting, dispersing or emulsifying
agents. The surface-active agents cause the composi-
tions of wettable powders or liquids to disperse or emul-
sify easily in water to give aqueous sprays.

The surface-active agents employed can be of the
anionic, cationic or nonionic type. They include, for
example, sodium long-chain carboxylates, alkyl aryl
sulfonates, sodium lauryl sulfate, polyethylene oxides,
hgnin sulfonates and other surface-active agents.

When used as a pre-emergent treatment, it is desirable
to include a fertilizer, an insecticide, a fungicide or
another herbicide.

The amount of active compound or composition
administered will vary with the particular plant part or
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plant growth medium which is to be contacted, the
general location of application—i.e., sheltered areas
such as greenhouses, as compared to exposed areas such
as fields—as well as the desired type of control. Gener-
ally for both pre- and post-emergent herbicidal contro],
the compounds of the invention are applied at rates of
0.2 to 60 kg/ha, and the preferred rate is in the range of
0.5 to 40 kg/ha. For plant growth regulating or retard-
ing activity, it is essential to apply the compounds at a
concentration not so high as to kill the plants. There-
tore, the application rates for plant growth regulating or
retarding activity will generally be lower than the rate
used for killing the plants. Generally, such rates vary
from 0.1 to 5 kg/ha, and preferably from 0.1 to 3 kg/ha.
Herbicidal tests on representative compounds of the
invention were made using the following methods.

Pre-Emergent Herbicidal Test

An acetone solution of the test compound was pre-
pared by mixing 500 mg of the compound, 158 mg of a
nonionic surfactant and 20 ml of acetone. Twenty ml of
this solution was added to 80 ml of water to give the test
solution.

Seeds of the test vegetation were planted in a pot of
soil and the test solution was sprayed uniformly onto
the soil surface at a dose of 27.5 micrograms/cm2. The
pot was watered and placed in a greenhouse. The pot
was watered intermittently and observed for seedling
emergence, health of emerging seedlings, etc., for a
3-week period. At the end of this period, the herbicidal
effectiveness of the compound was rated based on the
physiological observations. A 0-to-100 scale was used, 0
representing no phytotoxicity, 100 representing com-
plete kill. The results of these tests appear in Table I.

In follow-up tests, the procedure above was repeated
using diluted test solution which was sprayed onto the
soil surface at various dosages. The results of these tests
appear in Table 11.

Post-Emergent Herbicidal Test

The test compound was formulated in the same man-
ner as described above for the pre-emergent test. This
formulation was uniformly sprayed on 2 similar pots of
24-day-old plants (approximately 15 to 25 plants per
pot) at a dose of 27.5 micrograms/cm?2. After the plants
had dried, they were placed in a greenhouse and then
watered intermittently at their bases, as needed. The
plants were observed periodically for phytotoxic effects
and physiological and morphological responses to the
treatment. After 3 weeks, the herbicidal effectiveness of
the compound was rated based on these observations. A
0-to-100 scale was used, O representing no phytotoxicity
and 100 representing complete kill. The results of these

" tests appear in Table 1.

In follow-up tests, the procedure above was repeated
using diluted test solution which was sprayed onto the
so1l surface at various dosages. The results of these tests
appear in Table II.
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TABLE A

Compounds of the Formula

R NOR!
N/
C

O OH

RZ R
R2 and R? are each methyl unless otherwise indicated

ANALYSIS
mp C H N
No. R R} °C. Calc. Fd. Calc. Fd. Calc. Fd.
| CsH5 CH>CCl=CH; Oil 5844 59.33 705 7.43 490  5.06
) CH;CH>CH; CH»CCl=CH3> Oil 6009 5941 740 7.61 467 470
3 CH;CH,CH; Trans-CHyCH==CHCI Oit 6009 62.13 7.40 7.80 4.67  4.88
4 C>Hs Trans-CHyCH=CHCI Oil 58.84 SB.69 705 7.22 490  5.06
5 CH;CH>CH; Cl Oil 6523 6629 691 7.36 400  4.05
6 CyH; Cl Oil 6437 6456 6.6 681 417  4.17
7 CH3CH.CH3 Oil 6523 65.16 691 7.18 400 3.6l
CH:—QCI
8 CyHj Oil 6437 63.93 660 674 417  3.81
CH:QCI
9  CHiCH,CH; Oil 6845 71.78 7.26 7.88 420  4.67
10  CaHs Oil  67.69 68.19 698 7.70 439 4.60
F
11 CHiCH;CH; Oil 6845 68.83 726 7.92 420 425
i2  CyHs Oil  67.69 67.88 698 7.26 439 441
i3 CH3CH,CH; Cl Oil 6523 6684 691 74 400 4.34
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TABLE A-continued
Compounds of the Formula
R NOR |
N F
C
O% OH
RZ R’
RZ and R? are each methyl unless otherwise indicated
ANALYSIS
mp C H N
No. R R/ | °C. Cale. Fd. Calc. Fd. Cale. Fd.
14 CyHs Cl Onl 64.37 6545 660 699 417 4133
15 CHiCH,CH3 Ci 70-71 5938 60.34 6.03 636 131.65 31.83
ClI
16 CH:1CH,CH» (cis)}-CHyYCH=CHC(I Ol 60.09 62.05 740 R.31 4.67 4.9
17 CHj; Cl Ol 61.33 6145 549 643 443 4.56
(R*= H, R’ = H)
CH»
8 CH; Cl] B4.7 5489 5535 4.61 507 4.27 4.17
(R? = H,R3 = H)
CH>
Cl
19 CH3(CH»);3 CH,CCI=CH; Oil  61.23 61.25 771 836 4.44 4.16
20 CHj CHyCCI=CH; Oil 5776 37.11 668 696 5.15 4.98
21 CH3CH;CH; CH,CCl=CHC(I Otl 5390 5452 6.33 68 4.19 4.20
22 CH; CHyCCI=CHC(I Oil 50.99 50.77 560 6.02 4.57 4.6
23 CH3{CH3;); CHCCI=CHC(I Oil 5518 54.16 6.66 7.06 4.02 3.99
24 CsHs CHyCCi=CHC{I Oil 5251 52.58 598 497 4137 4.17
25 CHi(CH»); il 69.15 69.23 T7.54 793 4.03 4.15
26 (CH1);CHCH; Oni 69.15 6941 754 789 403 4.04
27 CH,; {c;?s)-CHzCH:CHCI i 5740 62.13 6.68 7.48 5.25 5.56
28 C>yHs {ci8)-CHyCH=CHC] Oi 58.84 56.29 7.05 693 490 4.71
29 (CH3),CHCH3 {ci5)-CH;CH=CHCI Oi 61.23 3971 7.71 795 446 411
30 CHrHs Oil 58.39 3523 5.72 593 178 3,35

CHZ‘QC]
Cl
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TABLE A-continued

Compounds of the Formula

R NOR!
\C,{/

D% OH

R? R
R2 and R? are each methyl unless otherwise indicated

ANALYSIS
mp C H N
No. R R} *C. (Cale. Fd. Calc. Fd. Cale. Fd.
3] CH3;CH;CH; Oil 5940 56.53 603 623 3.64  3.22
CHzQCI
Cl
32 CHi(CH>)3 Oil  60.30 58.37 633 637 352 3124
chm
C
33 (CH3);CHCH; Oil  60.30 57.62 633 637 352 312
CH;AQ—G
Cl
34  CH3;CH;CH> CH;CCI=CHj3 Oil  57.06 54.85 6.76 683 3191  4.66
3  CH3;CH,CH;3 CH-CH=CCICH; Oil 6123 6267 171 790 446 512
16 CH; Oil 6345 61.30 626 614 435 398
CH2—<: >—Cl
37 CHj (trans)-CH,CH=CHCI Oil 57.46 59931 678 701 502  5.57
18 CHs CH;CH=CCICH3 Oil S8.84 57.69 7.05 7.55 490  5.57
39 CHj 41-42 66.87 67.56 6.60 6.85 459  4.6]
40 CH3(CH3)3 CH;CH-C! Oil 59.69 61.55 802 846 464 404
41 CH3CH,;CH; (cis}-CH;CH=CHCI Oil 5706 5838 676 7.05 391 476
42  CiHs Cl 70-71 58.39 5871 572 5.89 378 197
CHQ—{ >
Cl
43 CHiCH;CH; (cis)-CHCH=CHCH;Cl Oil 6124 621 7.70 801 446  4.08
44 CH; CH;CH;Cl Oil 5549 5588 698 7.02 539 4.8
45  CyHs CH,;CH==CCICHj Oil  60.10 59.96 7.40 7.57 467  4.67
46  CoHs (trans)-CH;CH=CHCH;C} Oil 60.10 6021 7.40 7.71 467 374
47 CH;;CH)CH3 Oil  69.54 7026 7.88 798 405 447

CHﬂEH;G—@
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TABLE A-continued

Compounds of the Formula

RZ and R3 are each methyl uniess otherwise indicated

R
CH;3;CH>CH>

C.Hj5

C->Hj;

CH3CH2CH>

CyHs

CH;;CH,CH>

CH1CH,;CHj;

Rl

CH,CH,CH,0

CH>

{0

CH3

F3

C]

<

Cl

CH> Cl

4

ClI

CHyCH=CHCl(trans)

(R? = H, R} = —CH;CHSCH;CH3)

CHCH-»CH>

|
CH;

CH» Cl

s

(R? = H, R} = —CH;CHSCH,CH3)

C2Hj5

|
CHj

CH>

>

NO»

18

R NOR|

N #
C

OH
R2 R
ANALYSIS

mp C H
°C. Calc. Fd. Cale. Fd. Cale. Fd.
Oil  70.17 68.52 B.13 836 390 148
54-56 6647 6743 669 736 388 408
Oil  61.78 6225 6.00 6.17 3.79  3.93
Oil 6235 633 631 663 365 3.76
Oif  58.39 $7.10 572 5.50 3.78 3.4
Oil 59.38 56.02 603 558 364 378
Oil 57.82 5703 7.55 742 3176 372
Oil 6234 61.54 7.13 7.14 3130  2.93
Oil 6242 6182 640 660 809 804
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TABLE A-continued
Compounds of the Formula
R NOR |
N\ #
C
O% OH
R? R
RZ and R3 are each methyl unless otherwise indicated
ANALYSIS
mp C H N
No. R R *C. Calc. Fd. Calc. Fd. Cale. Fd.
A CH3;CH>CH3 CH>CH=CH; (See U.S. Pat. No. 4,011,256}
57  CH3;CH3 Oil 6178 609 600 65 379  3.87
CH3 CF3
58  CH3CH;CH; Oil 62.65 61.63 6.31 700 3.65 416
CH; CF;
*Compound has = CO;CHj substituent at the 4-poisition of cyclohexane ring
TABLE I | 30 TABLE I-continued
HERBICIDAL ACTIVITY HERBICIDAL ACTIVITY
Pre/Post % Control (27.5 gamma{cmz} Pre/Post 9% Controt (27.5 gammax’cmz)
No L M P C W O No. L M P C W O
e e
1 0/0 0/0 0/0 100/75 100/106¢  50/93 X 0/43 0/23 0/40 0/0 25/15 15/0
2 0/50 20/55  30/35 100/60 100,/98 00/68 15 M 0/25 0/0 0/0 80/30 100/100  53/98
3 30/25 10720 35/20 1007100  100/i100  1Q0/10G 35 48/33  0/63 0/0 95/23 100/93 43/75
4 40/10 23725  15/0 100100 1007100 100/100 36 35/20 0/0 25/0 G8/55 100/100 4|3./90
5 0/35 40/55 45/745  98/50 100/68 55/15 37 50735 0/55 0/0 100/90 100/100 53/98
6 40/40 60/58 43/63 65725 80/4(} 30/0 33 0715 0/0 0/0 98/6{) 100/98 35/20
7 0/45 07353 0/28 100/70 100100 100/100 39 35/33  0/C 0/0 100/68 100/100 43/93
8 0/25 /65 G/40 100/75 100100  B5/100 40 40 70/25 0/38 /25 40/10 50/43 30/0
D G/55 0/63 0/30 100720 100/88 55730 41 33/13 070 13/15  100/55 100/100 65/98
10 0/45 0/45 0/30 98/35 100/83 48/23 42 18/28 0/0 15/33 53/0 53/28 0/235
11 20/40 0735 0/23 100/53 1007100 1G0/100 43 0/235 6/0 0/0 25/25 55760 20/20
12 i15/23 0/30 0/13 100/60 100/100  68/100 44 60/0 0/0 0/0 53/60 100/93 35/35
13 0/23 0/73 0/0 98/35 98/80 75/88 45 0/30 0/0 0/0 63/35 100/95 45/75
14 0/13 /60 /0 95733 100/88 65/78 46 15/23 0/0 0/0 15/25 60/45 15/20
15 0/0  0/0  0/0  95/40  100/95  65/53 43 47 0/30 0/0  0/0  90/43  100/60  50/25
16 0/40 0/60 0/20 100/90 1007100  73/100 48 0/25 0/43 0/25 100/30 100/90 15/25
17 0/45 0/30 0/0 0/0 0/0 0/0 49 0/0 a/0 0/0 100/70 100/100  35/100
18 0/25 10/35 10/23 0/0 0/0 0/0 50 43715 20/55 15/15 60/30 60/58 45/15
19 0/55 0/68 0/30 45/23 931/58 35/10 51 35/15 0/0 0/15 100/50 90/65 55/90
20 30/0 0/0 0/0 65/70 98/100 35/20 52 0/25 0/45 0/23 40/20 85/40 0/0
21 0/5S 0/88  0/28  100/45  100/98  60/88 50 53 0/35 0/80 0740  70/20 98/58 30/20
22 20723 0/60 0/23 55/25 100/98 35/0 54 0/40 0/20 0/0 100/100  100/100  100/100
23 0/38 0/98 0/28 55/10 100/70 30/10 35 /30 0/10 0/18 100/100 100/100  100/100
24 30735 0775 0/23 100/28 100/95 55/38 56 0/0 0/0 0/0 08/98 100/10¢  50/100
25 25740 0/B8 0/30 45/20 33/0 33/0 57 60/0 70/55 35/45 —/90 100/95 78/88
26 0/30 0/55 0/0 85/20 95/80 537100 58 0/25 0/55 0/43 —/80 100/100 100/100
27 0/0 0/0 0/0 98/65 100/100  40/80 55 -“———“_'—"_“_—“__""““_““‘__"L "~ Lambsauarter (Ch ——
28 20/28 10/— 0/0 100760  100/100  53/100 vl L:E;;f;“};;;;j:fﬂj;‘f’ aloum}
29 028 0/70 0/C 70/0 100/98 50/45 P = Pigweed (dmaranthus retroflexus)
30 0/50 0/40 0/48 63/23 100/80 35/20 C = Crabgrass (Digitaria sanguinalis)
31 0/28 0/38 0/0 45/20 100/45 55/55 W = Watergrass (Echinochloa crusgalii)
32 035 0/60 0/0 0/0 0/25 0/0 O = Wild Oats (A'venua faiua)
TABLE 11
HERBICIDAL ACTIVITY
Pre/Post % Control (rate in gamma/cm?)
No. Rate Soybeans Rice L M P . C W O
1 i1 0/0 99/82 37/0 0/25% 0/3 97/52  100/100  B8O/65
44 0/0 73/3 0/0 0/0 0/0 93/7 100/99 80/7
1.8  0/0 27/0 0/0 0/0 0/0 52/0 99/95 28/0
0.7 0/0 5/0 0/0 0/0 0/0 23/0 55/7 0/0
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TABLE II-continued

HERBICIDAL ACTIVITY
Pre/Post % Control (rate in gamma/cmz)

37

No. Rate Soybeans Rice L M P C W O
2 2785 /25 —/55 — /50  —/55 /35  —/60 —/98 — /68
44 O/— 95/ — 0/—  0/—  O/—  23/—  55/— 0/—
1.8 0/— 83/ — 0/— 0/—  O/—  B8/— 100/— @ T1/—
0.7 0O/— 60/ — 0/—  0O/—  0/—  B3/— 100/—  58/—
3 44 0/10 100795  0/0 0/0 0/0 93775 1007100 95799
1.8  0/0 92/88 0/0 0/0 0/0 82/27 100/100  90/93
0.7 0/0 73/60 0/0 0/0 0/0 53/20 100/97  62/52
0.28 0/0 27/7 0/0 0/0 . 0/0 22/0  100/95  33/23
4 44 0/0 1007100 0/0 0/0 0/0 98/100 100/100  95/99
(.8 0/0 100798  0/0 0/0 0/0 98/100 100/100 87,95
0.7 0/0 97/95 0/0 0/0 0/0 82/83 100/95  58/—
0.28 0/0 80/50 0/0 0/0 0/0 67/12  100/90  0/0
5 275 —/10 —/10 —/35 —/55 —/45 —/50 —/68 —/15
44 0/— 12/ — 0/— 0/— O0/—  25/— 78/— 20/ —
1.8 0/— Of 0/— O/— O/—  T/—  58/— 0/—
0.7 0/— O/ — 0/— O/— 0O/— O/—  0/— 0/—
0.28 0/— 0/ — o/— 0/— O/— O/—  0O/— 0/ —
6 27.5 20/20 48/13 40/40  60/58 43/61  65/25  80/40 30/0
7 44  0/1 100/96  0/0 0/0 0/0 77/0  100/100  90/100
1.8 0/3 92/60 0/0 0/0 0/0 57/0  100/98 78,97
0.7 0/0 90/0 0/0 0/0 0/0 8/0 85/92 67/85
0.28 0/0 30/0 0/0 0/0 0/0 0/0 25/40 15/7
8§ 44 0/4 100/96  20/0 0/0 0/0 87/7  100/98  95/76
.8  0/0 R3/57 0/0 0/0 0/0 13/0  87/95 7/32
0.7 0/0 18/12 0/0 0/0 0/0 0/0 22/73 0/0
0.28 0/0 0/0 0/0 0/0 0/0 0/0 7/0 0/0
11 44 2/0 97/72 0/0 0/0 0/0 57/0  100/100  48/100
18 0/0 40/30 0/0 0/0 0/0 0/0 63/95 15/68
0.7 0/0 0/0 0/0 0/0 0/0 6/0 20/73 0/7
0.28 0O/— 0/ — 0/0 0/0 0/0 0/—  0O/— 0/ —
16 44 0/0 78/57 0/0 0/0 63/G 60725 1007100 27/92
1.8  0/0 65710 0/0 0/0 65/0 073 92,/98 0/15
0.7 0/0 3/3 0/0 0/0 0/0 0/0 40/95 0/0
0.28 0/0 0/0 0/0 0/0 0/0 0/0 0/32 0/0
19  27.5 0/10 13/0 0/55  0/68 0730  45/23  93/58 35/10
20 275 0/0 50/60 0/30 0/0 0/0 70/65  100/98  20/35
22 275 0/0 43/55 20/23  0/60 0723 55/25  100/98  35/0
23 27.5 0720 20/10 0/38  0/98 0728  55/10 100770  30/10
24 27.5 . 0/0 78/50 30725 0775 0723 100728 100/95  78/38
27 44  0/0 77/87 0/0 0/0 0/0 —/93  100/100  13/17
1.8 0/0 53/10 0/0 0/0 0/0 —23 43793 0/0
0.7 00 0/0 0/0 0/0 0/0 —/0  0/13 0/0
28 275 —/0 — /7 _—f =0 = ) —f—
44 0/— 72/ — 0/— O/— O/— —/— 100/— @ 47/—
18 0/— 53/— 0/— O/— O/— —/— 92/ 0/ —
0.7 0/— {0/ — 0/— 0/—  O/— —/—  63/— 0/—
0.28 0/— 0/— 0/— 0/—  O— —fe Of— 0/—
29 275 0/0 60/30 0/28  0/70 . 070 70/0  100/98  50/45
A 44 0/0 90/90 0/0 0/0 0/0 —/100 1007100  88/100
1.8 0/0 62/62 0/0 0/0 0/0 /100 98/100  52/63
0.7 0/0 37/37 0/0 0/0 0/0 —/22  65/80 40/22
0.28 0/0 3/3 0/0 0/0 0/0 —/0 0710 7/0
44 0710 1007100  0/0 0/0 0/0 —/100 1007100 47/93
1.8 0/0 98/77 0/0 0/0 0/0 —/85 100/98  45/15
0.7 0/0 35/12 0/0 0/0 0/0 —/22. 100747  22/0
0.28 0O/ 2/0 0/0 0/0 0/0 —/0 5277 0/0
19 44  0/0 72/98 0/0 0/0 0/0 —/17 1007100 42/73
1.8  0/0 62/73 0/0 0/0 0/0 —/13  98/92 0/0
0.7 0/0 32/12 0/0 0/0 0/0 —/0 55775 0/0
0.28 0/0 0/0 0/0 0/0 0/0 —/0  32/0 0/0
46 11  —/5 — /87 —/0 —/32  —/25 —/13 —/100 —/100
44  0/0 90/48 0/0 0/0 0/0 32/0  100/100  60/82
1.8  0/0 60/13 0/0 0/0 0/0 3/0 100/98  45/73
0.7 0/0 13/5 0/0 0/0 0/0 0/0 40/58 0/12
0.28 0/— B/— 0/— 0O/— O/—  O/—  13/— 0/—
54 44  2/0 100/100  0/0 0/0 0/0 94,97 1007100 997100
1.8 0/0 100/100 0/0 0/0 6/0 95/90 1007100  96/100
0.7 0/0 99/100  0/C 0/0 0/0 73/50 98798 85/100
0.28 0/0 73/82 0/0 0/0 0/0 13/15  58/90 73/87
55 44  5/0 98/100 0/0 - 0/0 0/0 93/75 1007100  99/100
1.8 2/0 §7/100  0/0 0/0 0/0 33/58  100/100 92/100
0.7 0/0 57/97 0/0 0/0 0/0 0/15  98/98 17/9%
0.28 0/0 0/62 0/0 0/0 0/0 0/0 10/92 62/82

claims, can be made without departing from the essence
and scope thereof.
What i1s claimed is:

Obviously many modifications and variations of the
invention, described hereinabove and below in the



Re. 32,489

23

1. A compound of the formula

wherein

R 15 alkyl of 1 to 6 carbon atoms or phenyl;

R!is haloalkenyl of 2 to 6 carbon atoms and 1 to 3
halogen atoms, p-halobenzyl or p-trifluoromethyl-
benzvl;

R? and RJ are independently hydrogen, alkyl of 1 to
3 carbon atoms, alkylthio of 1 to 6 carbon atoms, or
alkylthioalkyl of 2 to 8 carbon atoms;

R4is hydrogen, or carbalkoxy of 2 to 4 carbon atoms:

R3 is hydrogen, a cation, or

W
—'CRE'

wherein R¢ is alkyl of 1 to 6 carbon atoms, phenyl or
naphthyl.

2. The compound of claim 1 wherein R4 and R are
each hydrogen.

3. The compound of claim 2 wherein R 1s alkyl of 1 to
6 carbon atoms.

4. The compound of claim 3 wherein R! is said ha-
loaltkenyl.

5. The compound according to claim 4 wherein R?2
and R? are alkyl of 1 to 3 carbon atoms.

6. The compound according to claim § wherein R is
propyl, R?and R? are methyl and R!is 3-trans-chloroal-
lyl.

7. The compound according to claim 5 wherein R is
ethyl, R? and R are methyl and R! is 3-trans-chloroal-
lyl.

8. The compound of claim 1 wherein R!is p-haloben-
zyl or p-trifluoromethylbenzyl.

9. The compound of claim 8 wherein R2 and R3 are
independently alkyl of I to 3 carbon atoms.

10. The compound of claim 9 wherein R is ethyl or
propyl, R? and R are each methyl, R4 is hydrogen and
R! is p-chlorobenzyl.

11. The compound of claim 9 wherein R is ethyl] or
propyl, R% and R3 are each methyl, R4 is hydrogen and
R!is p-trifluoromethylbenzyl.

12. The compound of claim 1 wherein R is alkyl and
one of R%or R is hydrogen and the other is alkylthioal-
kvl.

13. The compound of claim 12 wherein R4 is hydro-
gen.

14. The compound of claim 13 wherein R! is ha-.

loalkeny! or p-halobenzyl and R is ethyl or propyl.

15. The compound of claim 14 wherein R is hydro-
gen and R is propyl.

16. The compound of claim 1 wherein R is ethy] or
propyl and one of R2 or R3is hydrogen and the other is
2-ethylthiopropyl.

17. The compound of claim 16 wherein R is propyl,
R4is hydrogen and R!is haloalkenyl or p-halobenzyl.

18. The compound of claim 17 wherein R1is 3-trans-
chloroallyl or 4-chlorobenzyl.
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19. The compound of claim 18 wherein R!is 3-trans-
chloroallyl and R is hydrogen.

20. The compound of claim 18 wherein R! is 4-
chlorobenzyl and R is hydrogen.

21. A herbicidal composition comprising a biologi-
cally inert carrier and a herbicidally effective amount of
a compound of the formula defined in claim 1.

22. A method of killing vegetation which comprises
applying to said vegetation or its growth environment a
herbicidally effective amount of a compound of the
formula defined in claim 1.

23. A method of killing crabgrass, watergrass or wild
oats which comprises applying thereto or its growth
environment a herbicidally effective amount of a com-
pound of the formula defined in claim 1.

24. A method of killing watergrass which comprises
applying thereto or its growth environment a herbicid-
ally effective amount of a compound of the formula
defined in claim 1.

25, The compound of claim 3 wherein R\ is 3-trans-
chloroallyl or p-chlorobenzyl.

26, The compound of claim 25 wherein R\ is 3-trans-
chioroaliyl,

27. The compound of claim 26 wherein R is alkyl having
I to 3 carbon atoms.

28. The compound of claim 27 wherein one of R2or R3
is hydrogen and the other is alkylthioalkyl.

29. The compound of claim 28 wherein R is ethyl or
propyl.

30. The compound of claim 25 wherein R! is p-chloro-
benzyl, R is alkyl having 1 to 3 carbon atoms and one of
R? or R3 is hydrogen and the other is alkylthioalkyl

31. The compound of claim 30 wherein R is ethyl or
propyl.

32. The compound of claim 16 wherein R is ethyl, R4 is
hydrogen and R! is haloalkeny! or p-halobenzyl.

33. The compound of claim 32 wherein R is 3-trans-
chloroallyl or 4-chlorobenzyl.

34. The compound of claim 33 wherein Rl is 3-trans-
chloroallyl and R3 is hydrogen. |

35. The compound of claim 33 wherein R! is 4-chloro-
benzyl and R’ is hydrogen.

36. A compound having the formula

R
AN
C=NO—R!
O S OR?
R4
R2 R3

wherein R is methyl, ethyl or propyl: R1is 3-transchloroal-
Iyl or 4-chlorobenzyl; R? and R3 are each methy! or one of
RZor R3 is hydrogen and the other is 2-ethylthiopropyl: R4
is hydrogen and R3 is hydrogen.

37. The compound of claim 36 wherein one of R2or R’
is hydrogen and the other is 2-ethylthiopropyl

38. The compound of claim 37 wherein Rl is 3-trans-
chloroallyl.

39. The compound of claim 38 wherein R Is ethyl or
propyl.

40. The compound of claim 38 wherein R is methyl.

41. The compound of claim 37 wherein R! is 4-chloro-
benzyl!

42. The compound of claim 41 wherein R is ethyl or

propyl.
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43. The compound of claim 41 wherein R is methy! 46. A herbicidal composition comprising a carrier and a
44. A herbicidal composition comprising a carrier and a herbicidally effective amount of the compound of claim 19.
herbicidally effective amount of the compound of claim 34. 47. A method for killing grassy weeds which comprises

45. A method for killing grassy weeds which comprises applying a herbicidally effective amount of the compound

applying a herbicidally effective amount of the compound 5 of claim 19 to said grasses or their growth medium.

of claim 34 to said grasses or their growth medium. « * k% %
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