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ABSTRACT OF THE DISCLOSURE
Herbicidal use of compounds of the formula

Rn ) (/:|) Ri,z e G)/Rﬂ

I: % >—soz—N;’c~N——R':| ANCR!

[ R
whercin R is selected from the group consisting of chloro,
bromo, iodo, cyano, alkyl having a maximum of four

carbon atoms, alkoxy having a maximum of four car-
bon atoms, nitro, amino and the group

_NHJ‘I}_RB

wherein R3 is hydrogen or alkyl having a maximum of
four carbon atoms; » is the integer one to three, provided
that when » is one, R is substituted in the 4’-position of
the phenyl ring; R’ and R? are each independently selected
from the group consisting of hydrogen, alkyl having a
maximum of twelve carbon atoms, alkoxy having a maxi-
mum of five carbon atoms, alkynyl having at least three
and a maximum of five carbon atoms, cycloalkenyl having
at least five and a maximum of seven carbon atoms, cyclo-
alkyl having at least five and a maximum of seven carbon
atoms, mono substituted cycloalkyl said substituent being
alkyl having a maximum of four carbon atoms, phenyl,
substituted phenyl having a maximum of three substituents
said substituents being selected from the group consisting
of alkyl having a maximum of four carbon atoms, bro-
mine, chlorine, hydroxy, alkoxy having a maximum of
four carbon atoms, trifluoromethyl, phenoxy, mono and
dihalogenated phenoxy said halogen being chlorine or
bromine and the group
. o e
—o—c—n"
RS

said group being in the 3-position -

wherein R¢ and R? are each independently selected from
the group consisting of hydrogen and alkyl having a
maximum of four carbon atoms; RS, R7 and R8 are each
independently selected from the group consisting of hy-
drogen, alkyl having a maximum of twelve carbon atoms,
alkenyl having a maximum of six carbon atoms provided
that the acetylenic linkage is not on the carbon attached
to the nitrogen, hydroxyalkyl having a maximum of six
carbon atoms, two of the groups R3, R® and R7 can be
joined together to form an alkylene having four to seven
carbon atoms, provided that when two of the groups RS,
K& and R are joined together the remaining group is
hydrogen, and further provided that the groups R5, RS®
and R7 are not all hydrogen.

This application is a continuation-in-part of Ser. No.
406,884, filed Oct. 27, 1964, which in turn is a division
of 210,217, filed July 16, 1962, both now abandoned.

This invention relates to the control of plant growth
by the application of a herbicidal effective amount of an
amine salt of substituted benzenesulfonyl urea.
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The anionic portion of the salts of substituted benzene-
sulfonyl urea is a resonance hybrid
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[ Q_so,_Ni_N_m]

which has the terminologoy of “isourea” or “urea” de-
pending upon the charge location. For convenience the
terminology “isourea” and the hybrid formula

Ra (I) ©
[« nd o]

will be used in the specification and claims. -
The effective compounds of this invention are of the
formula

R O R? ] Ré
RS i
—80;—N="C—~N—R’ | HN—R?
AN
- Ra
wherein R is selected from the group consisting of chloro,
bromo, iodo, cyano, alkyl having a maximum of four
carbon atoms, alkoxy having a maximum of four carbon
atoms, nitro, amino and the group

-—NH%—REJ

wherein R3 is hydrogen or alkyl having a maximum of
four carbon atoms; » is the integer one to three, provided
that when n is one, R is substituted in the 4’-position
of the phenyl ring; R’ and R? each independently selected
from the group consisting of hydrogen, alkyl having a
maximum of twelve carbon atoms, alkoxy having a maxi-
mum of five carbon atoms, alkynyl having at least three
and a maximum of five carbon atoms, cycloalkenyl hav-
ing at least five and a maximum of seven carbon atoms,
cycloalky! having at least five and a maximum of seven
carbon atoms, mono substituted cycloalkyl said sub-
stituent being alkyl having a maximum of four carbon
atoms,; phenyl, substituted phenyl having a2 maximum of
three substituents said substitutents being selected from
the group consisting of alkyl having a maximum of four
carbon atoms, bromine, chlorine, hydroxy, alkoxy having
a maximum of four carbon atoms, trifluoromethyl, phe-
noxy, mono and dihalogenated phenoxy said halogen being
chlorine or bromine and the group

Rt
—0— /
g \

said group being in the 3-position wherein R¢ and R5 are
each independently selected from the group consisting of
hydrogen and alkyl having a maximum of four carbon
atoms; RS, R7 and R8 are each independently selected from
the group consisting of hydrogen, alkyl having a maximum
of twelve carbon atoms, alkenyl having a maximum of
six carbon atoms, alkynyl having at least three and a
maximum of six carbon atoms provided that the acetylenic
linkage is not on the carbon attached to the nitrogen,
hydroxyalkyl having a maximum of six carbon atoms,
two of the groups R5, R® and R7 can be joined together
to form an alkylene having four to seven carbon atoms,
provided that when two of the groups R5, Ré and R7 are
joined together the remaining group is hydrogen, and fur-
ther provided that the groups R3 RS and R7 are not all
hydrogen.
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A preferred embodiment of thlS 1nventlon is when the
compounds are of the formula -:-
HN-R?
AN

5
/|
R@-SO;—N—_’O—N

\Rz RS

wherein R is selected from the group consisting of chloro,
bromo, iodo, nitro, amino and the group

I?ZO

&l It [ ‘
wherein R3 is hydrogen, alkyl having a maximum of four
carbon atoms, R’ is selected from the group consisting
of hydrogen, alkyl having at least seven and a maximum of
twelve carbon atoms, alkoxy having a maximum of four
carbon atoms, alkynyl having at least three and a maxi-
mum of five carbon atoms, cycloalkenyl having at least
five and a maximum of seven carbon atoms, cycloalkyl
having at least five and a maximum of seven carbon atoms,
mono substituted cycloalkyl said substituent being alkyl
having a maximum of four carbon atoms, mono substi-
tuted phenyl, said substituents being selected from the
group consisting -of alkoxy having 2 maximum of four
carbon atoms, hydroxy, trifluoromethyl, phenoxy, mono
and dihalogenated phenoxy said halogens being chlorine
or bromine and the group

’ RS
© 8/

said group being in the 3-position, wherein R* and RS
are each independently selected from the group consisting
of hydrogen and alkyl having a maximum of four carbon
atoms; R? is selected from the group consisting of hy-
drogen and alkyl having a maximum of three carbon
atoms; and RS, R” and R® are as previously defined.

A more preferred embodiment of this invention is of
the formula

PYLT
U
R—@—SOZ—N—_’O—N-—W]

wherein R6 and R7 are each selected from the group con-
sisting of hydrogen, alkyl having a maximum of twelve
carbon atoms, alkenyl having a maximum of six carbon
atoms, alkynyl having at least three and a maximum of
six carbon atoms provided that the acetylenic linkage is
not on the carbon attached to the nitrogen and monohy-
droxyalkyl having a maximum of three carbon :dtoms,
provided both R® and R7 are not both hydrogen; R is se-
lected from the group consisting of chloro, bromo, iodo,
nitro, amino and the group

H O

—Ndms

e
Hzle\]a'/
N

R

wherein R3 is hydrogen, alkyl having a maximum of four

carbon atoms, R’ is selected from the group consisting of
hydrogen, alkyl having at least seven and a maximum of
twelve carbon atoms, alkoxy having a maximum of four
carbon atoms, alkynyl having at least three and a maxi-
mum of five carbon atoms, cycloalkenyl having at least

five and a maximum of seven carbon atomis, cycloalkyl”

having at least five and a maximum of seven -carbon
atoms, mono substituted cycloalkyl said substituent being
alkyl having a maximum of four carbon atoms, imono

substituted phenyl, said substituent being selected from

the group consisting of alkoxy having 2 maximum of four
carbon atoms, hydroxy, trifluoromethyl, phenoxy, mono
and dihalogenated phenoxy said halogens being chlorine
or bromine and the group .
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said group bemg in the 3-posmon whexem R¢ and RS are
each independently selected from the group consisting “of
hydrogen and alkyl having a maximum of four carbon
atoms; R2 is selected from the group consisting of hydro-
gen and alkyl having a maximum of three carbon atoms.

Amines useful for the preparation of the amine salts
of substituted benzenesulfonyl ureas include, but is not
limited to dimethyl amine, allylamine, diallylamine,
ethanolamine, diethanolamine, hexamethyleneimine, bu-
tylamine, di-tertiary butylamine, propylamine, dipropyl-
amine, proparglamine, . di-proparglamine, - propargl-iso-
propylamine, methylbutylamine, 2 ethylhexylamine,
dodecylamine, diisopropylamine, and the like.

Methods for the preparation of benzenesulfonyl ureas
are known in the art. The following illustrate the known
procedures for preparation of these compounds:

(1
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The amine salts are then prepared by the reaction of
an excess of amine compound with the substituted ben-
zenesulfonyl urea. This procedure is illustrated by the fol-
lowing example. If the amine is a gas or a high vapor
pressure, the reaction can be carried out under pressure.
Quantmes are expressed in parts by welght unless other-
w1se designated.

u®
—_—

EXAMPLE 1

To a suitable vessel is charged 6.5 parts of p-nitro-

“"benzenesuifonyl urea and approximately 2.2 parts dimeth-
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ylamine. The resultant mixture was heated with- stirring
until the excess dimethylamine was evaporated. The crude
solid-which remained was recrystallized from ethanol. A
99% yield of the pale yellow solid product, M.P, 137.6—
138.4.was obtained.

Other examples of compounds prepared are:

dhhethylarrﬂno salt of p-nitrobenzenesulfonylisourea
n-dodecylamino salt of p-nitrobenzenesulfonylisourea

“n-butylamino salt of p-nitrobenzenesulfonylisourea

diethanolamino salt of p-nitrobenzenesulfonylisourea
diallylamino salt of p-nitrobenzenesulfonylisourea
ethanolamino salt of p-nitrobenzenesulfonylisourea
dimethylamino salt of p-aminobenzenesulfonylisourea

‘n-dodecylamino salt of p- aminobenzenesulfonylisourea

diethanolamino salt of p-aminobenzenesulfonylisourea
ethanolamino salt of p-aminobenzenésiilfonylisourea =
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dimethylamino salt of p-formylaminobenzenesulfonyl-
isourea

dimethylamino salt of p-acetylaminobenzenesulfonyl-
isourea

diethylamino salt of p-nitrobenzenesulfonylisourea

diethylamino salt of p-aminobenzenesulfonylisourea

diethylamino salt of p-formylaminobenzenesulfonyl-
isourea

diallylamino salt of p-aminobenzenesulfonylisourea

diallylamino salt of p-formylaminobenzenesulfonyl-
isourea

dialiylamino salt of p-acetylaminobenzenesulfonylisourea

triethylamino salt of p-nitrobenzenesulfonylisourea

triethylamino salt of p-aminobenzenesulfonylisourea

triethylamino salt of p-formylaminobenzenesulfonyl-
isourea

triethylamino salt of p-acetylaminobenzenesulfonyl-

isourea

n-butylamino salt of p-aminobenzenesulfonylisourea

n-butylamino salt of p-formylaminobenzenesulfonyl-
isourea

n-butylamino salt of p-acetylaminobenzenesulfonyl-
isourea

n-dodecylamino salt of p-formylaminobenzenesulfonyl-
isourea

n-dodecylamino salt of p-acetylaminobenzesulfonyl-

isourea .
ethanolamino salt of p-formylaminobenzenesulfonyl-

isourea )

ethanolamino salt of p-acetylaminobenzenesulfonyl-
isourea .

diethanolamino salt of p-formylaminobenzenesulfonyl-
isourea .

diethanolamino salt of p-acetylaminobenzenesulfonyl-

isourea ]
di-isopropylamino salt of p-nitrobenzenesulfonylisourea

di-isopropylamino salt of p-aminobenz;nesulfonylisourea

di-isopropylamino salt of p-formylaminobenzenesul-
fonylisourea

di-isopropylamino salt of p-acetylaminobenzene-
sulfonylisourea

dimethylamino salt of 1-(p-nitrobenzenesulfonyl)-3-
propylisourea

dimethylamino salt of 1-(p-aminobenzenesulfonyl)-3-
propylisourea

dimethylamino salt of 1-(p-formylaminobenzene-
sulfonyl)-3-propylisourea

dimethylamino salt of 1-(p-acetylaminobenzene-
sulfonyl)-3-propylisourea

dimethylamino salt of 1-(p-nitrobenzenesulfonyl)-3-
butylisourea

dimethylamino salt of 1-(p-aminobenzenesulfonyl)-3-
butylisourea

dimethylamino salt of 1-(p-formylaminobenzene-
sulfonyl)-3-butylisourea

dimethylamino salt of 1-(p-acetylaminobenzene-
sulfonyl)-3-butylisourea

di-dodecylamino salt of 1-(p-acetylaminobenzene-
sulfonyl)-3-ethylisourea

tri-n-butylamino salt of 1-(p-acetylaminobenzene-
sulfonyl)-3-methoxyisourea

dipropargylamino salt of 1-(p-nitrobenzenesulfonyl)-
3-methyl-3-heptylisourea

dioctylamino salt of 1-(3,4-dichlorobenzenesulfonyl)-
3-methyl-3-(3-hydroxyphenyl)isourea

di-n-amylamino salt of 1-(p-chlorobenzenesulfonyl)-
3-butyne-2-isourea

dipropylamino salt of 1-(p-cyanobenzenesulfonyl)-
3,3-dimethylisourea

di-n-amylamino salt of 1-(p-methoxybenzenesuifonyl)-
3-propoxyisourea

triethylamino salt of 1-(2-chloro-5-nitrobenzene-
sulfonyl)-3-dodecylisourea
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6

di-n-butylamino salt of 1-(3,5-dichloro-4-amino-
benzenesulfonyl)-3-methylisourea

diethylamino salt of 1-(p-nitrobenzenesulfonyl)-3-(3’-
tertiary butylcarbamoyloxyphenyl)isourea

dimethylamino salt of 1-(p-aminobenzenesuifonyl-3-
[4'-(4”"~chlorophenoxy) phenyl]isourea

diethylamino salt of 1-(p-nitrobenzenesulfonyl)-3-
propyne-2-isourea

dipropylamino salt of 1-(p-nitrobenzenesulfonyl)-3-
(2-methylcyclohexyl)isourea

trimethylamino salt of 1-(p-nitrobenzenesulfonyl)-3-
(1-cyclohexen-1-yl)-3-methylisourea

ethanolamino salt of 1-(p-nitrobenzenesulfonyl})-3-
(3-trifluoromethylphenyl)isourea :

The following examples illustrate the invention. Parts
and percent are by weight unless otherwise indicated. -

The term “plant system” as used herein and in the
appended claims means germinant seeds, emerging seed-
lings and established vegetation including the roots and
above-ground portions.

EXAMPLE 2

The pre-emergent herbicidal activity of representative
salts of substituted benzenesulfonyl ureas of this inven-
tion is demonstrated as follows:

A good grade of top soil is placed in aluminum pans
and compacted to a depth of 3" to 14" from the top
of each pan. A predetermined number of seeds of each
of several plant species are placed on top of the soil
in the pans. The herbicidal compositions are applied to
the soil by two methods:

(1) Application to the surface of the top soil layer
and

(2) Admixture with or incorporation in the top soil
layer.

In the surface application method, the seeds are cov-
ered with a 3" layer of prepared soil and the pans
leveled. The herbicidal composition is applied by spray-
ing the surface of the top layer of soil, prior to watering
the seeds, with a solution containing a sufficient amount
of active ingredient to obtain the desired rate per acre
on the soil surface. In the soil incorporation method, the
soil required to fill the pans is weighed and admixed
with a herbicidal composition containing a known amount
of active ingredient. The seeds are then.covered with the
admixture and leveled. Initial watering is carried out by
permitting the soil to absorb moisture through the aper-
tured bottom of the pans.

The seed containing pans are placed on a wet sand
bench and maintained for approximately 14 days under
ordinary conditions of sunlight and watering. The plants
are observed at the end of approximately 14 days and
the results recorded. The herbicidal activity index is based
on the average percent germination of each seed lot.
The activity index is converted to a relative numerical
scale for the sake of brevity and simplicity in the exam-
ples. :

The pre-emergent herbicidal activity index used in the
following example is defined as follows:

Numerical scale: Herbicidal activity

O e None.
U Slight.

2 e e Moderate.
3 e Severe.

The pre-emergent herbicidal activity of some of the
salts of substituted benzenesulfonyl urea of this inven-
tion is recorded in Table I for a rate of five pounds per
acre of the active ingredient in both surface and soil-
incorporation application. Compound (5) is by surface
application, the remaining compounds are by soil in-
corporation,
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TABLE L—PRE-EMERGENT HERBICIDAL ACTIVITY
Compound

@3 W

—~
=
<

Plant species 2

Wild o

WHHOOHWNWDO - ®WM N
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(1) == Hexamethyleneimine salt of p-nitrobenzenesulfonylisoured.
(2) =Diallylamino salt of p-nitrobenzenesulfonylisourea.

(3) = Ethanolamino salt of p-nitrobenzenesulfonylisourea.
(4)=Diethanolamino salt of p-nitrobenzenesulfonylisourea.

(5) = Dodecylamino salt of p-nitrobenzenesulfonylisourea.

(6) =n-Butylamino salt of p-aminobenzenesulfonylisourea.

EXAMPLE 3

This example demonstrates the post-emergent herbi-
cidal activity of representative salts of substituted benzene-
sulfonyl isoureas of this invention. The active ingredient
are applied in spray form to 14- or 21-day old specimens
of the same plant species used in the pre-emergent test
above. The herbicidal sprays are acetone-water solutions
containing 0.5% active ingredient. The treated plants
are placed in a greenhouse and the effects are observed
and recorded after approximately 14 days.

The post-emergent herbicidal activity index used in

this example is based on the average percent injury of '

each plant species and is defined as follows:

Herbicidal activity
None.

Slight.
Moderate.
Severe.
Plants dead.

Numerical scale:

POST-EMERGENT HERBICIDAL ACTIVITY

Compound
Plant species [¢3] 2(2) 3) . “) b(5).
Mommg glovy e 1 4 2 2 1
[ PP 0 4 1 1 4
Brome o e 1 4 1 0 4
Rye grass. o oo 1 4 0 0 4
i 1 3 3 2 1
2 3 4 3 0
4o D iccmeees
_________________________ 1.
4 1] 1 4
4o [ G .
4 1] 2. 3
4 4 C 4 3
4 3" 2 3
4 4 4 3
4 4 3 0
3 0 1 3
4 .. )

(1)-Dimethylamino salt of p-acetylaminobenzenesulfonylisourea.:- - -
(2)-Dimethylamino salt of p-aminobenzenesulfonylisourea. .
(3)-Diisopropylamino salt of p-chlorobenzenesulionylisourea.
(4)-Dimethylamino salt of 8',4/~dichlorobenzenesulfonylisourea.
(5)-n-Butylamino salt of p«formylammobenzenesulfonylisourea

= Effects of compound (2) were observed 5 weeks after spraying.

b Effects of compound (5) were observed 4 weeks after spraying.:

The amine salts of the benzenesulfonyl ureas have also

shown herbicidal activity against perennial grasses such

as Johnson grass, quack grass and Bermuda grass.

EXAMPLE 4

This example demonstrates the herbicidal activity of
representative salts of substituted benzenesulfonyl ureas
on quack grass, Johnson grass and Bermuda grass. .

The active ingredients are applied in spray form at a

=24
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rate of equivalent to 200 gallons of solution per acre, This .

rate is equivalent to 5 lbs. per acre for the active in-

gredient. The solution is applied to 6- to 8-inch tall quack
and Bermuda grass and 12- to 15-inch tall Johnson grass.
The sprayed plants were placed in a greenhouse and the
effects were observed after 7 weeks.

The herbicidal activity index used in this example ‘is
based as follows:

Numerical scale: Herbicidal activity

O e No injury.

. Slight 1n]ury

2 2l _ Moderate injury.

K S Severe injury (top growth
nearly or all dead).

S ~ Dead (both top and under-

ground plant parts dead).

Bermuda Johuson

Compound Quack grass grass 2rass
2 2 -3

1 2 1

2 2 3

1 2" 1

(1) =Iexamethyleneimine salt of p-nitrobenzenesulfonyiisoutrea.
(2)=Diallylamino salt of p-nitrobeinzenesulfonylisourea.
(3)=Ethanolamino salt of p-nitrobenzenesulfonylisourea.

(4) =Diethanolamino salt of p-nitrobenzcnesulfonylisourca.

The herbicidal compositions of this invention com-
prise an active ingredient and one or more herbicidal
adjuvants which can be solid or liquid extenders, carriers,
diluents, conditioning agents and the like. Preferred herbi-
cidal compositions containing the active ingredients -of
this invention have been developed so that the active in-
gredients can be used to the greatest advantage to modify
the growth of plant systems in soil. The preferred compo-
sitions comprise certain wettable powders, aqueous sus-
pensions, dust formulations, granules, emulsifiable oils and -
solutions in solvents. In general these preferred composi-
tions can all contain one or more surface-active agents.

Surface-active agents which can be used in the herbi-
cidal compositions of this invention are set out, for ex-
ample ‘in Searle U.S. Pat. 2,426,417, Todd U.S. Pat.
2,655,447, Jones U.S. Pat. 2,412,510 and Lenher U.S.
Pat. 2,139,276. A detailed list of such agents is also set
forth by J. W. McCutcheon in “Soap and Chemical Spe-
cialties,” November 1947, page 8011 et seq., entitled “Syn-

- thetic Detergents;” “Detergents and Emulsifiers—Up to

Date” (1960), by J. W. McCutcheon, Inc., and Bulletin-
E-607 of the Bureau of Entomology and Plant Quaran-
tine of the U.S.D.A. In general ‘less than 15 parts by
weight of the surface active agent is present per- 100
parts. by ‘weight of the herbicidal composition. -

Wettable powders are water-dispersible - compositions
containing one or more active ingredients, an. inert solid
extender and one or more weiting and dispersing agents.’
The inert solid extenders are usually of mineral origin such
as the natural clays, diatomaceous earth and -synthstic
minerals  derived from silica and silicate. Examples. of
such extenders include kaolinites, attapulglte clay and
synthetic magnesium silicate. )

Preferred wetting agents are alkyl benzene and alkyl
naphthalene sulfonates, sulfated. fatty alcohols, -amines
or acid amides, long chain acid esters of sodiums iso=
thionate, esters. of sodium sulfosuccinate, sulfated or sul-
fonated fatty acid esters, petroleum-sulfonates, sulfonated
vegetable oils.and ditertiary acetylinic ‘glycols. Preferred

_dispersants are methyl cellulose, polyvinyl alcohol, sodium

lignin sulfonates, polymeric alkyl naphthalene sulfonates,
scdium naphthalene - sulfonate, polymethylene ' bisnaph-~
thalenesulfonate and  sodium N—methyl-N-(long chain
acid) taurates.

The. wettable powders composxtxons of thxs mvent10n
usually contain from.about to about'5 to about 95
parts of.active ingredient, from about 0.25 to about:3.0.
parts. of wetting agent, from about 0.25 .to_about. 7
parts -of dispersant and from about-4.5 to about 94.5

-parts .of inert solid extender, all parts being by weight
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of the total composition. Where required from about
0.1 to 2.0 parts by weight of the solid inert extender
can be replaced by a corrosioin inhibitor or anti-foam-
ing agent or both.

Aqueous suspensions’ are usually prepared by mixing
together an aqueous slurry of water-insoluble active in-
gredient in the presence of dispersing agents to obtain
a concentrated slurry of very finely-divided particles.
The resulting concentrated aqueous suspension is char-
acterized by its extremely small particle size, so that
when diluted and sprayed coverage is very uniform.

Dusts are dense finely-divided particulate composi-
tions which are intended for application to the soil in
dry form. Dusts are characterized by their free-flowing
and rapid settling properties so that they are not readily
wind-borne to areas where they are of no value. Dusts
contain primarily an active ingredient and a dense, free-
flowing, finely-divided particulate extender. However, their
performance is sometimes aided by the inclusion of a
wetting agent such as those listed hereinbefore undet

" wettable powder compositions and convenience in manu-
facture frequently demands the inclusion of an inert,
absorptive grinding aid. Suitable classes of grinding aids
are natural clays, diatomaceous earth and synthetic
minerals derived from silica or silicate. Preferred grind-
ing aids include attapulgite clay, diatomaceous silica,
synthetic fine silica and synthetic calcium and magnesium
silicates.

The inert finely-divided solid extender for the dusts
can be of vegetable or mineral origin. The solid extenders
are characterized by possessing relatively low surface
areas and are poor in liquid absorption. Suitable inert
solid extenders for herbicidal dusts include micaceous
talcs, pyrophyllite, dense kaolin clays, ground calcium
phosphate rock and tobacco dust. The dusts usually con-
tain from about 0.5 to 99 parts active ingredient, 0 to
50 parts grinding aid, 0 to 3 parts wetting agent and 1
to 99.5 parts dense solid extender, all parts being by
weight based on the total weight of the dust.

The wettable powders described above may also be
used in the preparation of dusts. While such wettable
powders could be used directly in dust form, it is more
advantageous to dilute them by blending with the dense
dust diluent. In this manner, dispersing agents, corrosion
inhibitors, and anti-foam agents may also be found as
components of a dust.

Emulsifiable oils are usually solutions of active in-
gredient in water-immiscible solvents together with a sur-
factant. Suitable solvents for the active ingredient of
this invention include hydrocarbons and water-immiscible
ethers, esters or ketones. Suitable surfactants are anionic,
cationic and non-ionic such as alkyl aryl polyethoxy al-
cohols, alkyl and alkyl aryl polyether alcohols, poly-
ethylene sorbitol or sorbitan fatty acid esters, polyethyl-
ene glycol fatty esters, fatty alkyllol amide condensates,
amine salts of fatty alcohol sulfates together with long
chain alcohols and oil soluble petroleum sulfonates or
mixtures thereof. The emusifiable oil compositions gen-
erally contain from about 5 to 95 parts active ingredient,
about 1 to 10 parts surfactant and about 4 to 94 parts
solvent, all parts being by weight based on the total
weight of emulsifiable oil.

Granules are physically stable particulate compositions
comprising active ingredient adhering to or distributed
through a basic matrix of an inert, finely-divided par-
ticulate extender. In order to aid leaching of the active
ingredient from the particulate, a surfactant such as
those listed hereinbefore under wettable powders can be
present in the composition. Natural clays, pyrophyllites
and vermiculite are examples of operable classes of par-
ticulate mineral extenders. The preferred extenders are
the porous, absorptive, preformed particles such as pre-
formed and screened particulate attapulgite or heat ex-
pended, particulate vermiculite, and the finely-divided
clays such as kaolin clays, hydrated attapulgite or ben-
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tonitic clays. These extenders are sprayed or blended
with the active ingredient to form the herbicidal granules.

The mineral particles which' are used in the granular
herbicidal compositions of this invention usually have a
size range of 10 to 100 mesh, but preferably such that
a large majority of the particles have from 14 to 60
mesh with the optimum size being from 20 to 40 mesh.
Clay having substantially all particles between 14 and
80 mesh and at least about 80 percent between 20 and
40 mesh is particularly preferred for use in the present
granular compositions. The term “mesh” as used herein
means U.S. Sieve Series.

The granular herbicidal compositions of this invention
generally contain from about 1 part to about 30 parts
by weight of a salt of a substituted benzenesulfonyl urea
per 100 parts by weight of clay and 0 to about 5 parts
by weight of wetting agent per 100 parts by weight of
clay. The preferred herbicidal granular compositions
contain from about § parts to about 25 parts by weight
of active ingredient per 100 parts by weight of clay.

The herbicidal compositions of this invention can also
contain other additaments, for example, fertilizers, other
heribicides, pesticides and the like, used as adjuvant or
in combination with any of the above-described ad-
juvants,

The compounds of this invention may be used in com-
bination with known herbicides in order to provide en-
hanced biological effectiveness. The wuse of various
herbicides in combination at the time of a single applica-
tion or sequentially is common in practice. Herbicdes
which may be used in combination with the compounds
of this invention include but are not limited to: substituted
phenoxyaliphatic acids such as

2 4-dichlorophenoxyacetic acid;

2,4,5-trichlorophenoxyacetic acid,

2-methyl-4-chlorophenoxyacetic acid and the salts, esters
and amides thereof;

triazine derivatives, such as 2-chloro-4-ethylamino-6-
isopropylamino-s-triazine;

2,4-bis(isopropylamino)-6-methoxy-s-triazine and 2-meth-
ylmercapto-4,6-bis(isopropylamino)-s-triazine;

urea derivatives such as 3-(3,4-dichlorophenyl)-1,1-di-
methylurea and 3-(m-trifluoromethylphenyl)-1,1-di-
methylurea and 3-(3,4-dichlorophenyl)-1-methoxy-1-
methylurea;

pyridylium derivatives such as 1: 1’~ethylene-2,2-dipyr-
idylium dihalide;

acetanilides such as N-isopropyl-alpha-chloroacetanilide,
?'rc;d 2- chloro-2',6’-diethyl—N-methoxymethyl acetani-
ide;
acetamides such as N,N-diallyl-alphachloroacetamide,
carbamates such as ethyl-N,N-di-n-propylthiolcarbamate,
and 2,3-dichloroallyl diisopropylthiolcarbamate;

substitl'llted uracils such as 5-bromo-3-sec-butyl-6-methyl-
uracil,

substituted anilines such as N,N-dipropyl-alpha,alpha,
alpha-triﬁuoro-z,6-dinitro-p-toluidine;

pyridazone derivatives such as 5-amino-4-chloro-2-
phenyl-3-(2H)-pyridazinone,

and the like.

Fertilizers useful in combination with the active ingre-
dients include, for example ammonium nitrate, urea and
superphosphate. Other useful additaments include mate-
rials in which plant organisms take root and grow such
as compost, manure, humus, sand and the like.

When operating in accordance with the present inven-
tion, effective amounts of the salts of substituted benzene-
sulfonyl ureas are dispersed on or in the soil or plant
growth media and applied to plant systems in any con-
venient fashion. Application to the soil or growth media
can be carried out by simply mixing with the media, by
applying to the surface of the soil and thereafter dragging
or discing into the soil to the desired depth, or by employ-
ing a liquid carrier to accomplish the penetration and
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impregnation. The application of liquid and particulate
solid herbicidal compositions to the surface of soil or to
plant systems can be carried out by conventional methods,
e.g., power dusters, boom and hand sprayers and spray
dusters. The compositions can also be applied from air-
planes as a dust or a spray because of their effectiveness
at low dosages. In a further method, the distribution of
the active ingredients in soil can be carried out by admix-
ture with the water employed to irrigate the soil. In such
procedures, the amount of water can be varied with the
porosity and water holding capacity of the soil to obtain
the desired depth of distribution of the herbicide.

The application of an effective or herbicidal amount
of the salts of substituted benzenesulfonyl ureas to the
soil or growth media or plant systems is essential and
critical for the practice of one embodiment of the present
invention. The exact amount of active ingredient to be
employed is dependent upon the response desired in the
plant as well as such other factors as the plant species and
stage of development thereof, the specific soil and depth
at which the active ingredients are distributed in the soil
and the amount of rainfall as well as the specific salt
of the substituted benzenesulfonyl urea employed. In
foliar treatment for the control or modification of vege-
tative growth, the active ingredients are applied in
amounts from about 1 to about 50 or more pounds per
acre. In applications to soil for the control or modification
of the growth of germinant seeds emerging seedlings and
established vegetation, the active ingredients are applied
in amounts from about 1 to about 50 or more pounds per
acre. It is believed that one skilled in the art can readily
determine from this specification, including examples,
the application rate for any specific situation,

The terms “soil” and “growth media” are employed in
the present specification and claims in their broadest sense
to be inclusive of all conventional “soils” as defined in
Webster’s New International Dictionary, Second Edition,
Unabridged (1961). Thus, the terms refer to any sub-
stance or media in which vegetation may take root and
grow, and are intended to include not only earth but com-
post, manure, muck, humus, sand and the like, adapted
to support plant growth.

While the illustrative embodiments of the invention
have been described herein before with particularity, it
will be understood that various other modifications will be
apparent to and can readily be made by those skilled in
the art without departing from the scope and spirit of
the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
examples and description set forth herein but rather the
claims be construed as encompassing all the features of
patentable novelty which reside in the present invention
including all features which would be treated as equiv-
alents thereof by those skilled in the art to which the
invention pertains. i

What is claimed is:

1. A method of controlling the growth of plants which
comprises exposing the plant system to a herbicidally
effective amount of one or more compounds of the
formula

R’ o

)
U
S/ >—s 0—N=C~N—R: | A®

Ru

wherein R is selected from the group consisting of chlo-
rine, bromine, alkyl having a maximum of four carbon
atoms, nitro, amino, and the group

Il
—NHCRS?,

wherein R3 is hydrogen or alkyl having a maximum of
four carbon atoms; n is the integer one to three, provided
that when n is one R is substituted in the 4’-position;
R’ and R2 are each independently selected from the group
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consisting of hydrogen and alkyl having a maximum of
twelve carbon atoms; A is selected from the group con-
sisting of

(a) HY
H-~N (CHz)wm
e/

and

R

@/
HIN—R7
N

R

()]

wherein R6 and R7 are each independently selected from
the group consisting of hydrogen, alkyl having a maxi-
mum of twelve carbon atoms, alkenyl having a maximum
of six carbon atoms, and monohydroxyalkyl having a
maximum of six carbon atoms, m is an integer from
four to seven, and R8 is selected from the group consisting
of alkyl having a maximum of twelve carbon atoms,
alkenyl having a maximum of six carbon atoms, and
monohydroxyalkyl having a maximum of six carbon
atoms.

2. A method of claim 1 in which the compound is of
the formula

1LY
U
(R—@—SOz—N——'O—N‘R?

3. A method of claim 2 in which RS and R7 are hydro-
gen and R8 is monohydroxyalkyl.

4. A method of claim 3 in which R#8 is 2-hydroxyethyl.

5. A method of claim 4 in which the compound is the
ethanolamine salt of p-nitrobenzenesulfonylisourea.

6. A method of claim 2 in which Rf is hydrogen and
R7 and R8 are monohydroxyalkyl.

7. A method of claim 6 in which R® and R" are
2-hydroxyethyl.

8. A method of claim 7 in which the compound is the
diethanolamine salt of p-nitrobenzenesulfonylisourea.

9. A method of controlling perennial grasses which
comprises applying to the grasses a herbicidally effective
amount of one or more of the compounds of the formula

R

o/
HN—R7
RS

PN e

| @

f/ $-80:-N=/C—N—R2 | HNR
—— AN

RY R

wherein R is selected from the group consisting of chlo-
rine, bromine, alkyl having a maximum of four carbon
atoms, nitro, amino, and the group

i
—NIICRS;

wherein R3 is hydrogen or alkyl having a maximum of
four carbon atoms; n is the integer one to three, provided
that when #n is one R is substituted in the 4’-position;
R’ and R? are each independently selected from the group
consisting of hydrogen and alkyl having a maximum of
twelve carbon atoms; R® and R7 are each independently
selected from the group consisting of hydrogen, alkyl
having a maximum of twelve carbon atoms, alkenyl hav-
ing a maximum of six carbon atoms, and monohydroxy-
alkyl having a maximum of six carbon atoms; and RS is
selected from the group consisting of alkyl having a
maximum of twelve carbon atoms, alkenyl having a
maximum of six carbon atoms, and monohydroxyalkyl
having a maximum of six carbon atoms.
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10. A method of claim 9 in which R® and R7 are
hydrogen and R8 is monohydroxyalkyl.

11. A method of claim 10 in which R8 is 2-hydroxy-
ethyl.

12. A method of claim 11 in which the compound is
the ethanolamine salt of p-nitrobenzenesulfonylisourea.

13. A method of claim 9 in which R® is hydrogen and
R? and R8 are monohydroxyalkyl.

14. A method of claim 13 in which RS and R7 are
2-hydroxyethyl.

15. A method of claim 14 in which the compound is
the diethanolamine salt of p-nitrobenzenesulfonylisourea.

16. The process of selectively controlling the growth of
undesirable grass in an area in which desirable grasses
are prestnt, comprising the step of applying to said area
a herbicidally effective amount of a compound having
the formula

LY
(R—@—SOQ—NL' C—N-—R'—’>

RS
&/
HN—RT

AN

s

10

14
wherein R is nifro, amino or the group
o)
——NI—I(‘ERS
wherein R3 is alkyl having a maximum of four carbon
atoms; R’ is hydrogen, R? is hydrogen or alkyl having a
maximum of twelve carbon atoms; R6 and R7 are each
independently selected from the group consisting of hy-
drogen and alkyl having a maximum of 12 carbon atoms;
and R?® is alkyl having a maximum of 12 carbon atoms.
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