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[57] ABSTRACT

Compounds of the formula

CF;y
Y X
O
Z
NO»

wherein

X is a hydrogen atom, a halogen atom, a trihalo-
methyl group, an alkyl group, or a cyano group,

Y is a hydrogen atom, or a trihalomethyl group, and

Z is an alkoxy group, an alkoxyalkoxy group, a hy-
droxyalkoxy group, an alkyl group, a halogen
atom, an alkylamino group, a dialkylamino group,
an alkylthio group, a carboxy group, a carbalkoxy
group, a carboxyalkoxy group, a carbalkoxyalkoxy
group, a carboxyalkyl group, a carbalkoxyalkyl
group, a dialkylureido group, an alkanoylamino
group, or carbalkoxyamino group,

and compositions containing these compounds exhibit
herbicidal activity.

5 Claims, No Drawings
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HERBICIDAL
4-TRIFLUOROMETHYL-4-NITRODIPHENYL
ETHERS

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
APPLICATION

This application is a continuation-in-part of our co-
pending application Ser. No. 234,651, filed Mar. 14,
1972, now U.S. Pat. No. 3,789,276, granted Mar. 19,
1974,

This invention relates to novel compounds which
show activity as herbicides, to novel herbicidal compo-
sitions which contain these compounds, and to new
methods of controlling weeds with these herbicidal
compositions.

Certain diphenyl ethers have been shown to be effec-
tive weed control agents. However, the herbicidal ef-
fectiveness of a given diphenyl ether cannot be pre-
dicted from an examination of the substituent groups
attached to the phenyl rings in the ether, and often quite
closely related compounds will have quite different
weed control abilities. Various diphenyl ethers may
have overlapping or complementary areas of activity or
selectivity, and can thus be useful in combination to
control a variety of weeds upon application of a single
composition. Furthermore, the diphenyl ethers hereto-
fore disclosed as herbicides are not completely effec-
tive. An ideal herbicide should give selective weed
control, over the full growing season, with a single
administration at low rates of application. It should be
able to control all common weeds by killing them as the
seed, the germinating seed, the seedling, and the grow-
ing plant. At the same time, the herbicide should not be
phytotoxic to the crops to which it is applied and should
decompose or otherwise be dissipated so as not to poi-
son the soil permanently. The known diphenyl ether
herbicides fall short of these ideals, and it would thus be
desirable to have new herbicides which show even
more selective control of undesirable plants among
desirable crop plants or which complement the known
diphenyl ethers in activity.

In accordance with the present invention, there is
provided a new class of novel diphenyl ethers having
the formula

CF3 (I
Y X
O
Z
NO;

wherein X is a hydrogen atom, a halogen atom, prefera-
bly a fluorine atom or a chlorine atom, a trihalomethyl
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2
group, preferably a trifluoromethyl group, a (Ci-Cs)al-

kyl group, preferably a methyl group, or a cyano group,

Y is a hydrogen atom, a halogen atom, preferably a
fluorine atom or a chlorine atom, or a trihalo-
methyl group, preferably a trifluoromethyl group,
and

Z is a hydroxy group, an alkoxy group, preferably
having 1 to 6 carbon atoms, and most preferably

1 to 4 carbon atoms, an alkyl group, preferably

having 1 to 4 carbon atoms, a halogen atom, prefer-

ably a chlorine atom or a fluorine atom, an amino
group, preferably having up to 6 carbon atorms, an
alkylthio group, preferably having 1 to 4 carbon
atoms, a cyano group, a carboxy group, a carbalk-
oxy group, —CO»R, preferably having 1 to 4 car-
bon atoms in the alkoxy moiety, a carboxyalkyl
group, —R'COzH, preferably having up to 4 car-
bon atoms, a carbalkoxyalkyl group, —R'CO2R,
preferably having up to 6 carbon atoms, an al-
kanoyloxy group, —OCOR, preferably having up

to 4 carbon atoms, optionally substituted with a

halogen atom, or a carbamoyloxy group, —O-

CONH;, —OCONHR, or —OCONR), preferably

having up to 6 carbon atoms.

In the above definitions of the Z substituent, R repre-
sents an alkyl group, and R’ represents a divalent alkyi-
ene group. The alkyl or alkylene portion of the alkyl-
containing X and Z substituents can have either a
straight- or branched-chain or a cyclic spatial configu-
ration.

As used in the present specification and claims, the
term “‘alkoxy group” is intended to include both unsub-
stituted alkoxy groups as well as substituted alkoxy
groups which have one or more of the hydrogen atoms
replaced by a substitutent group. Among the substituted
alkoxy groups which Z can represent are alkoxy groups
of preferably up to 4 carbon atoms substiiuted with a
halogen atom, a hydroxy group, a (C;-Cg)alkoxy
group, a carboxy group, a carbalkoxy group, preferably
having up to 4 carbon atoms in the ester alkoxy group,
a trihaloalkyl group, preferably a trifluoromethyl
group, an alkenyl group, an alkynyl group, preferably
an ethynyl group, an amino group, an alkyl-or dialkyl-
amino group, including heterocyclic substituents such
as morpholino, piperazino, piperidino, and the hike, and
preferably having a total of up to 4 carbon atoms, an
alkylthio group, preferably having up to 4 carbon
atoms, a alkylsulfony! group, preferably having up to 4
carbon atoms, an epoxy group, an alkylcarbonyl group,
including halo-substituted alkylcarbonyl, and prefera-
bly having up to 4 carbon atoms in the alkyl group, most
preferably methylcrbonyl, a carbamoyl group, includ-
ing alkyl- or dialkylcarbamoyl, preferably having a total
of up to 4 carbon atoms in the alkyl substituents.

The term “amino group” as used in the present speci-
fication and claims is intended to include an unsubsti-
tuted amino group, —NHj, as well as amino groups
having one or both hydrogen atoms replaced by substit-
uent groups. Among the substituted amino groups
which C can represent are amino groups substituted
with one or two alkyl grouvps, preferably having a total
of up to 6 carbon atoms, halo-, hydroxy-, or alkoxy-sub-
stituted alkyl groups, preferably having a total of up to
6 carbon atoms, one or two alkylthio carbonyl groups,
preferably having a total of up to 4 carbon atoms in the
alkyl moiety, carboxy groups, carbalkoxy groups, pref-
erably having up to 4 carbon atoms 1n the alkoxy group,
carbamoyl groups, including alkyl or dialkylcarbamoyl
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groups, preferably having up to 4 carbon atoms in the
alkyl moiety, alkylcarbonyl groups, preferably having
up to 4 carbon atoms, or halo-substituted alkylcarbony]
groups, preferably having up to 4 carbon atoms.

The substituted amino groups can also be heterocy-
clic amino groups, such as piperidino, piperazino, mor-
pholino, pyrrolidinyl, and the like. When the Z substitu-
ent 1S or contains a carboxy group, either the free acid
or the salt form can be used.

When Z is an alkyl group, it may be optionally substi-
tuted with a hydroxy group, a (C1~-Cg4)alkoxy group, or
a halogen atom, preferably a chlorine atom.

These novel compounds have been found to show
unexpected activity as weed control agents. In a pre-
ferred embodiment of the invention, X is a halogen
atom oOr a cyano group, Y is a hydrogen atom or a halo-
gen atom, and Z is an alkoxy group.

Examples of the compounds of the invention em-
braced by Formula I include:
2-chloro-a,a,a-trifluoro-p-tolyl-4-nitro-m-tolyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-butyl-4-nitrophenyl

ether,
2,a,a,a-tetrafluoro-p-tolyl-4-nitro-3-n-propoxyphenyl

ether,
2—chlor0-6,a,a,a-tetraﬂuom—p-mly]-3-methylthw-4~ |
nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-propyl-4-nitrophenyl
ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-nitrophenyl
ether,
a,a,a-trifluoro-2-10do-p-tolyl-3-ethoxy-4-nitrophenyl
ether, :
2,6-dichloro-a,a,a-trifluoro-p-tolyl-4-nitro-3-n-propox-
yphenyl ether,
a,a,aa’,a’,a’-hexafluoro-2,4-xylyl-3-n-butoxy-4-
nitrophenyl ether,
2-cyan-a,a,a-trifluoro-p-tolyl- 3-ethoxy-4-mtrophenyl
ether,
2-chloro-6-cyano-a,a,a-trifluoro-p-tolyl-4-nitro-3-n-
propoxyphenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-carboxy-4-nitrophe-
nyl ether,
2,6-dibromo-a,a,a-trifluoro-p-tolyl-3-methoxyme-
thoxy-4-nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(2-hydroxyethoxy)-
4-mitrophenyl ether,
2,a,a,a-tetrafluoro-p-tolyl-4-nitro-3-n-
propylaminophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-dimethylamino-4-
nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-carbethoxy-4-
nitrophenyl ether
2,6-dichloro-a,a,a-trifluoro-p-tolyl-3-carbethoxy-4-
nitrophenyl ether
2-ethyl-a,a,a-triflnoro-p-tolyl-3-(2-carboxy ethoxy)-4-
nitrophenyl ether,
a,a,aa’,a’,a’-hexafluoro-2,4-xylyl-3-carbethoxymeth-
yl-4-mitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-(2-carboxy propyl)-4-
nitrophenyl ether,
2a,a,a-tetrafluoro-p-tolyl-3-carbethoxymethoxy-4-
nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(3,3-diethylureid o)-4-
nitrophenyl ether,
2-chloro-6-cyano-a,a,a-trifluoro-p-tolyl-3-acetamido-
4-nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-carbethoxyamino-4-
nitrophenyl ether,
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4

2-chloro-a,a,a-trifluoro-p-tolyl-3-chloro-4-nitrophenyl
ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-hydroxy-4-nitrophe-
nyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-butynyloxy-4-
nitrophenyl ether
2-cyano-a,a,a-trifluoro-p-tolyl-3-(2-methyl)-
propynyloxy-4-nitropheny! ether,
2,6-dichloro-a,a,a-trifluoro-p-tolyl-3-(2,2,2-trifluoro)e-
thoxy-4-nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(2-dimethylaminoe-
thoxy)-4-nitrophenyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-acetoxy-4-nitrophe-
nyl ether,
a,a,aa’,a’,a’-hexafluoro-2,4-xylyl-3-(2-hydroxye-
thylamino)-4-nitrophenyl ether
at,at,ad-trifluoro-2,4-xylyl-3-amino-4-nitrophenyl
ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-morpholino-4-
nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-(N-methylcar-
bamoyloxy)-4-nitrophenyl ether,
2-chloro-6,a,a,a-tetrafluoro-p-tolyl-3-propionamido-4-
nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-chloroacetamido-4-
nitrophenyl ether,
al,a,at-trifluoro-2,4xylyl-3-(2,3-epoxypropoxy)-4-
mitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(2,3-dihydroxy-
propoxy)-4-nitrophenyl! ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-(2-methylthioethox-
y)-4-nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(1-ethyl-3-
methylureido)-4-nitrophenyl ether,
2-bromo-a,a,a-trifluoro- -p-tolyl-3-(2-methylsulfonyle-
thoxy)-4-nitrophenyl ether,

- a,a,aa’,a’,a’-hexafluoro-2,4-xylyl-3-(3-methylureido)-

4-nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-ethylthiocar-

bonylamido-4-nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-cyano-4-nitrophenyl

ether,
2,6-dichloro-a,a,a-trifluoro-p-tolyl-3-carboxy-4-
nitrophenyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-(1-carbamoylethox-
v)-4-nitrophenyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-(3-oxobutoxy)-4-
nitrophenyl ether,
and the like.

The novel diphenyl ethers of the invention are useful
both as preemergence and as postemergence herbicides.
Preemergence herbicides are ordinarily used to treat the
soil in which the desired crop is to be planted by appli-
cation either before seeding, during seeding, or, as in
most applications, after seeding and before the crop
emerges. Postemergence herbicides are those which are
applied after the plants have emerged and during their
growth period.

Among the crops on which the diphenyl ethers of the
invention can be advantageously employed are, for
example, cotton, soybeans, peanuts, safflower, beans,
peas, carrots, corn, wheat, and other cereal crops.

Diphenyl ethers of the invention are useful for con-
trolling weeds in rice crops. When used in transplanted
rice crops, the ethers can be applied either preemer-
gence or postemergence to the weeds—that is, they can
be applied to the growth medium of the transplanted
plants either before the weed plants have emerged or
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while they are in their early stages of growth. The
ethers can be applied to the growth medium either
before or after the rice has been transPIanted to that
medium.

The dipheny] ethers of the invention can be applied in
any amount which will give the required control of
weeds. A preferred rate of application of the herbicides
of the invention is from about 0.1 to about 12, and most
preferably about 0.125 to 4, pounds of the diphenyl
ether per acre.

Under some conditions, the diphenyl ethers of the
invention may be advantageously incorporated into the
soil or other growth medium prior to planting a crop.
This incorporation can be carried out by any conve-
nient means, including by simple mixing with the soil,
by applying the diphenyl ether to the surface of the soil
and then disking or dragging into the soil to the desired
depth, or by employing a liquid carrier to accomplish
the necessary penetration and impregnation.

A diphenyl ether of the invention can be applied to
the growth medium or to plants to be treated either by
itself or, as is generally done, as a component in a herbi-
cidal composition or formulation which also comprises
an agronomically acceptable carrier. By agronomically
acceptable carrier is meant any substance which can be
used to dissolve, disperse, or diffuse a herbicidal com-
pound in the composition without impairing the effec-
tiveness of the herbicidal compound and which by itself
has no detrimental effect on the soil, equipment, crops,
or agronomic environment. Mixtures of the diphenyl
ethers of the invention may also be used in any of these
herbicidal formulations. The herbicidal compositions of
the invention can be either solid or liquid formulations
or solutions. For example, the diphenyl ethers can be
formulated as wettable powders, emulsifiable concen-
trates, dusts, granular formulations, aerosols, or flow-
able emulsion concentrates. In such formulations, the
compounds are extended with a liquid or solid carrier
and, when desired, suitable surfactants are 1ncorpo
rated.

It 1s usually desirable, particularly in postemergence
applications, to include adjuvants, such as wetting
agents, spreading agents, dispersing agents, stickers,
adhesives, and the like, in accordance with agricultural
practices. Examples of adjuvants which are commonly
used in the art can be found in the John W. McCutch-
eon, Inc. publication “Detergents and Emulsifiers An-
nual™.

The dlpheny ether compounds of thls invention can
be dissolved in any appropriate solvent. Examples of
solvents which are useful in the practice of this inven-
tion include alcohols, ketones, aromatic hydrocarbons,
halogenated hydrocarbons, dimethylformamide, diox-
ane, dimethyl sulfoxide, and the like. Mixtures of these
solvents can also be used. The concentration of the
solution can vary from about 2% to about 98% with a
preferred range being about 25% to about 75%.

For the preparation of emulsifiable concentrates, the
diphenyl ether can be dissolved in organic solvents,
such as benzene, toluene, xylene, methylated naphtha-
lene, corn oil, pine oil, o-dichlorobenzene, isophorone,
cyclohexanone, methyl oleate, and the like, or in mix-
tures of these solvents, together with an emulsifying
agent which permits dispersion in water. Suitable emul-
sifiers include, for example, the ethylene oxide deriva-
tives of alkylphenols or long-chain alcohols, mercap-
tans, carboxylic acids, and reactive amines and partially
esterified polyhydric alcohols. Solvent-soluble sulfates

6

or sulfonates, such as the alkaline earth salts or amine
salts of alkylbenzenesulfonates and the fatty alcohol
sodium sulfates, having surface-active properties can be

~used as emulsifiers either alone or in conjunction with
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an ethylene oxide reaction product. Flowable emulsion
concentrates are formulated similarly to the emulsifi-
able concentrates and include, in addition to the above
components, water and a stabilizing agent such as a
water-soluble cellulose derivative or a water-soluble
salt of a polyacrylic acid. The concentration of  the
active ingredient in emulsifiable concentrates is usually
about 10% to 60% and in flowable emulsion concen-
trates, this can be as high as about 75%.

Wettable powders suitable for spraying, can be pre-
pared by admixing the compound with a finely divided
solid, such as clays, inorganic silicates and carbonates,
and silicas and incorporating wetting agents, sticking
agents, and/or dispersing agents in such mixtures. The
concentration of active ingredients in such formulations
is usually i1n the range of about 20% to 989%, preferably
about 40% to 75%. A dispersing agent can constitute
about 0.5% to about 3% of the composition, and a a
wetting agent can constitute from about 0.1% to about
5% of the composition.

Dusts can be prepared by mixing the compounds of
the invention with finely divided inert solids which may
be organic or inorganic in nature. Materials useful for
this purpose include, for example, botanical flours, sili-
cas, silicates, carbonates and clays. One convenient

30 method of preparing a dust is to dilute a wettable pow-
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der with a finely divided carrier. Dust concentrates
containing about 20% to 80% of the active ingredient
are commonly made and are subsequently diluted to
about 1% to 10% use concentration.

Granular formulations can be prepared by impregnat-
ing a solid such as granular fuller's earch, vermiculite,
ground corn cobs, seed hulls, including bran or other
grain-hulls, or similar material. A solution of one or
more of the diphenyl ethers in a volatile organic solvent
can be sprayed or mixed with the granular solid and the
solvent then removed by evaporation. The granular
material can have any suitable size, with a preferable
size range of 16 to 60 mesh. The diphenyl ether will
usually comprise about 2 to 15% of the granular formu-
lation.

The diphenyl ethers of the mvennon can also be
mixed with fertilizers or fertilizing materials before
their application. In one type of solid fertilizing compo-
sition in which the diphenyl ethers can be used, particles
of a fertilizer or fertilizing ingredients, such as ammo-
nium sulfate, ammonium nitrate, or ammonium phos-
phate, can be coated with one or more of the ethers.
The solid diphenyl ethers and solid fertilizing material
can also be admixed in mixing or blending equipment,
or they can be incorporated with fertilizers in granular
formulations. Any relative proportion of diphenyl ether
and fertilizer can be used which is suitable for the crops
and weeds to be treated. The diphenyl! ether will com-
monly be from about 5% to about 25% of the fertilizing
composition. These compositions provide fertilizing
matenials which promote the rapid growth of desired
plants, and at the same time control the growth of unde-
sired plants.

The diphenyl ethers of the invention can be applied as
herbicidal sprays by methods commonly employed,
such as conventional high-gallonage hydraulic sprays,
low gallonage sprays, airblast spray, aerial sprays and
dusts. For low volume applications a solution of the
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compound is usually used. The dilution and rate of
application will usually depend upon such factors as the
type of equipment employed, the method of application,
the area to be treated and the type and stage of develop-
ment of the weeds. 5

For some applications, it may be desirable to add one
or more other herbicides along with diphenyl ethers of
the invention. Examples of other herbicides which can
be incorporated to provide additional advantages and
effectiveness include:

CARBOXYLIC ACIDS AND DERIVATIVES

2.3,6-trichlorobenzoic acid and its salts

2.3,5,6-tetrachlorobenzoic acid and its salts

2-methoxy-3,5,6-trichlorobenzoic acid and its salts

2-methoxy-3,6-dichlorobenzoic acid and its salts

2-methyl-3,6-dichlorobenzoic acid and its salts

2,3-dichloro-6-methylbenzoic acid and its salts

2.4-dichlorophenoxyacetic acid and its salts and esters

2.4,5-trichlorophenoxyacetic acid and its salts and esters 20

2-methyl-4-chlorophenoxyacetic acid and its salts and
esters

2-(2,4,5-trichlorophenoxy)propionic acid and its salts
and esters

4-(2,4-dichlorophenoxy)butyric acid and its salts and 25
esters

4-(2-methyl-4-chlorophenoxy)butyric acid and its salts
and esters

2,3,6-trichlorophenylacetic acid and its salts
3,6-endoxohexahydrophthalic acid

dimethyl 2,3,5,6-tetrachloroterephthalate
trichloroacetic acid and its salts
2,2-dichloropropionic acid and its salts
2.3-dichloroisobutyric acid and its salts

CARBAMIC ACID DERIVATIVES

ethyl N,N-di(n-propyl)thiolcarbamate
propyl N,N-di(n-propyl)thiolcarbamate
ethy! N-ethyl-N-(n-butyl)thiolcarbamate
propyl N-ethyl-N-(n-butyl)thiolcarbamate
2-chloroallyl N,N-diethyldithiocarbamate
N-methyldithiocarbamic acid salts

ethyl I-hexamethyleneiminecarbothiolate
isopropyl N-phenylcarbamate

isopropyl N-(m-chlorophenyl)carbamate
4-chloro-2-butynyl N-(m-chlorophenyl)carbamate
methyl N-(3,4-dichlorophenyl)carbamate

Phenols

dinitro-o-(sec-butyl)phenol and 1ts salts
pentachlorophenol and its salts

SUBSTITUTED UREAS

3-(3,4-dichlorophenyl)-1,1-dimethylurea
3.phenyl-1,1-dimethylurea
3-(3,4-dichlorophenyl)-3-methoxy-1,1 -dimethyvlurea
3-(4-chlorophenyl)-3-methoxy-1,1-dimethylurea
3-(3,4-dichlorophenyl)-1-n-butyl-1-methylurea
3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea
3-(4-chlorophenyl)-1-methoxy-1-phenylurea
3-(3,4-dichlorophenyl)-1,1,3-trimethylurea
3-(3,4-dichlorophenyl)-1,1-diethylurea

dichloral urea

SUBSTITUTED TRIAZINES

2-chloro-4,6-bis(ethylamino)-s-triazine
2-chloro-4-ethylamino-6-isopropylamino-s-triazine
2-chloro-4,6-bis(methoxypropylamino)-s-triazine
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2-methoxy-4,6-bis(isopropylamino)-s-triazine
2-chloro-4-ethylamino-6-(3-methoxypropylamino)-s-
triazine
2-methylmercapto-4,6-bis(isopropylamino)-s-triazine
2-methylmercapto—4,6-bis(ethylamino)-s-triazine
2-methylmercapto-4-ethylamino-6-isopropylamino-s-
triazine
2-chloro-4,6-bis(isopropylamino)-s-triazine
2-methoxy-4,6-bis(ethylamino)-s-triazine
2-methoxy-4-ethylamino-6-isopropylamino-s-triazine
2-methylmercapto-4-(2-methoxyethylamino)-6-1s0-
propylamino-s-triazine

DIPHENYL ETHER DERIVATIVES

2,4-dichloro-4'-nitrodiphenyl ether
2.4,6-trichloro-4’-nitrodiphenyl ether

2 4-dichloro-6-fluoro-4'-nitrodiphenyl ether
3-methyl-4'-nitrodiphenyl ether
3,5-dimethyl-4'-nitrodiphenyl ether
2.4'-dinitro-4-trifluoromethyldiphenyl ether
2.4-dichloro-3'-methoxy-4'-nitrodiphenyl ether

ANILIDES

N-(3,4-dichlorophenyl)propionamide
N-(3,4-dichlorophenyl)methacrylamide
N-(3-chloro-4-methylphenyl)-2-methylpentanamide
N-(3,4-dichlorophenyl)trimethylacetamide
N-(3,4-dichlorophenyl)-a,a-dimethylvaleramide
N-isopropyl-N-phenylchloroacetamide
N-n-butoxymethyl-N-(2,6-diethylphenyl)chloroaceta-
mide

mide
URACILS

5-bromo-3-s-butyl-6-methyluracil
5.bromo-3-cyclohexyl-1,6-dimethyluracil
3-cyclohexyl-5,6-trimethyleneuracil
5-bromo-3-isopropyl-6-methyluracil
3-tert-butyl-5-chloro-6-methyluracil

NITRILES

2,6-dichlorobenzonitrile
diphenylacetonitrile
3,5-dibromo-4-hydroxybenzonitrile
3,5-diiodo-4-hydroxybenzonitrile

OTHER ORGANIC HERBICIDES

2-chloro-N,N-diallylacetamide
N-(1,1-dimethyl-2-propynyl)-3,5-dichlorobenzamide
maleic hydrazide
3-amino-1,2,4-triazole
monosodium methanearsonate
disodium methanearsonate
N,N-dimethyl-aa-diphenylacetamide
N,N-di(n-propyl)-2,6-dinitro-4-trifluoromethylaniline
N,N-di(n-propyl)-z,6-dinitro-4—methylani]ine
N,N-di(n-propyl)-2,6-dinitro-4-methylsulfonylaniline
0-(2,4-dichlorophenyl)-O-methyl-isopropylphos-
phoramidothioate
4-amino-3,5,6-trichloropiclinic acid
2,3-dichloro-1,4-naphthoquinone
di(methoxythiocarbonyl)disulfide
3-isopropyl-1H-2,1,3-benzothiadiazin-(4)3H-one-2,2-
dioxide
6,7-dihydrodipyridol[1,2-a:2’,1’-c]pyrazidinium salts
1,1'-dimethyl-4,4'-bipyridinium salts

N-n-methoxymethyl-N-(2,6-diethylphenyl)chloroaceta-
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3,4,5,6-tetrahydro-3,5-dimethyl-2-thio-2H-1,3,5-thiadia-

zine.

When mixtures of herbicides are employed, the relative
proportions which are used will depend upon the crop
to be treated and the degree of selectivity 1n weed con- 5

trol which is desired.

The diphenyl ethers of the invention or their precur-
sors can be prepared by reacting a suitably substituted
phenol, or the potassium or sodium salt of the phenol,
with a suitably substituted halobenzene, such as a chlo-

731

10

ro- or fluorobenzene, in the presence of an alkaline

agent.

The following examples will further illustrate this
invention but are not intended to limit it in any way. In
Table I, typical diphenyl ethers of the invention are
listed, with their melting points and elemental analyses.
Specific, illustrative preparations of the compounds of
Examples 3, 7, 10, 19, 21, 25, 16, 37, 47, 48, 49, 51, 55,
and 56 are described after Table I.

TABLE 1
~ Diphenyl Ethers - Physical Data
CF;
Y X
O
Z
NO>
Analysis _
Example No. X Y Z m.p. ("C.) % C %H %N %Cl %F
1 H H OC:Hs 72-75 found 54.67 3175 4.19 15.25
| reqgs. 55.05 370 4.28 17.42
2 Cl H OCH; 95-100 found 4878 289 401 965 1491
regs. 48.33 2,61 403 1020 1640
3 Cl H OC;Hs 83-84 found 49.85 333 368 990 1531
reqs. 49.80 3.07 387 980 1575
4 Cl H OCyH—: 49.5-31 found 51.02 358 352 9.62 1558
reqs. 51.18 349 373 942 15.16
5 Cl H OCi3H7—n 75-76 found 51,36 3.60 362 943 15.00
: reqs. 51.18 349 173 942 15.16
6 Cl H OC4Ho—n 51-52 found 5207 403 338 928 14.65
regs. 52.42 3188 359 9.10 14.63
7 CN H OCpHs 143-145 found 54.84 3136 8.0} 15.85
| regs. 52.18 3.01 7.61 15.48
8 CN H OC3H7—n 96.5-98 found §5.70 365 7.56
reqs. 55.74 358 7.65 15.56
) CN H CHj 86-88.5 found 5595 2.80 B.62 17.68
reqs. 5590 281 872 17.69
10 Cl H OH 68-70 found 47.07 2.11 400 10.76 17.00
regs. 46.79 2.12 420 1063 17.08
il Cl H OCH:;CF; 78-80 found 4330 177 322 860 27.60
reqs. 43.35 194 117 854 2740
12 Ci H OCH;CH=CH; 76.78.5 found 51.76 2.77 375 9.51 15.32
regs. 542 297 375 948 15.25
13 Cl H OCH)C==CH 89-93 found 51.83 2.22 352 961 1531
regs. 5170 2.44 377 954 1533
14 Cl H OCH;CH;C=CCHj3; 93-54 found 5399 295 335 893 14.12
reqs. $4.10 3.28 3.50 B8.87 14.25
15 Cl H OCH;CH>OH 76-77 found 47.53 292 355 988 1498
h regs. 47.70 294 371 938 1509
16 Cl H OCH;CH;0OC;Hs 62-64 found 5075 3.82 337 848 14.00
reqs. 50.32 3.73 345 874 1405
17 Cl H OCH;CH;N(CH3)ha oil found 5030 376 642 919 1380
reqgs. 5044 398 692 876 14.03
18 Cl H OCOCH; B5-89 found 47.82 250 365 958 1479
regs. 4790 242 173 944 1520
19 Cl H NHC;Hs 82-83 found 50.01 3.23 7.82 995 1548
regs. 4994 335 7.77 983 1580
20 Cl H N(CH3j)? 82-83 found 50.27 346 795 962 1530
reqgs. 4997 3315 777 983 15.80
21 Cl H N(C;Hsh *170° C./0.0l mm found S52.80 189 7.10 925 1458
reqs. 52.50 4.15 7.20 9.12 14.68
22 Cl H NHCH;CH,O0H B5-87 found 4622 333 706 850 1530
reqs. 4782 321 744 942 1513
23 Cl H OCH;COzH 94-96 found 45.96 2.21 371 917 13199
regs. 46.00 2.32 357 905 1456
24 Cl H OCH>CO2C;3H; Te-17 found 48.49 293 325 858 13.65
reqs. 4860 313 3134 B46 13.62
25 Cl H OCH(CH3;)CO;H 103-109 found 47.34 263 3152 878 1370
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TABLE I-continued
Diphenyl Ethers - Physical Data

12

CH;
X
O
Z
NO;
___Analysis
Example No. X Y Z m.p. (*C.) %C %H %N %Cl %F
regs. 4735 273 345 873 1405
26 Ci H OCH(CH3)COCaHs 71-72.5 found 4978 340 307 B8.31 1290
reqs. 4985 3149 323 B.18 1315
27 Cl H NH; 85.5-89.5 found 486 287 801 1037 17.09
reqs. 4693 242 342 1066 17.14
4. Cl H *180-185/0.04 mm found 50.61 3.39 680 895 13.7]
/ \ reds. 50.70 3.50 696 880 14.15
N O
/
29 Cl H OCH;CH;C=CH I04-1035.5 found 5267 305 344 941 1433
regs. 53.00 2.87 363 920 14380
3O Cl H OCH(CHy)C=CH 40-42 found 52.59 2.77 361 966 1527
. regs. 53.00 2.87 363 920 1480
31 Cl H OCH;CH;COCH) 74-76 found 5044 327 336 881 1449
reqs. 50.60 325 347 875 14.12
32 Cl H OCH(CHj;)COCH:) oil found” 48.07 326 317 B.18 14.26
reqs. 5060 325 347 875 1412
33 Cl H OCONHCH; B5-88 found 45.57 3.21 802 948 1476
reqs. 4610 2.58 7.18 908 1460
RE Cl H NHCOC;H; ol found 49.50 314 701 912 1471
reqs. 4940 3.12 7.20 912 1468
35 Cl H NHCOCH)CI oil found 44.51 1.85 660 17.34 1490
reqs. 4403 222 685 1733 1393
36 Ch H CH; *135° C./0.8 mm found 5091 2.81 431 1063 1695
reqgs. 5070 2.73 422 1069 17.19
37 Cl H Ci *153° C./0.24 mm found 44.15 1.58 409 1813 (848
reqs. 44.34 1.72 398 20.14 16.19
18 Cl H O 49-51 found 47.88 250 332 1058 14.82
/ \ reqs. 49.30 2.84 360 9.1 1473
OCH;CHCH;
39 Ci H OCH;CHOHCH;OH 59-64 found 4749 132 335 888 1473
reqs. 49.00 335 358 9.05 1458
() Cl H OCH;CH;SCH; 42-45 found 47.09 295 334 880 1405
regs. 47.12 321 344 869 1398
41 Cl H N(CiyHy—n)h oil found S4.04 462 634 871 1355
regs. 5475 4.84 6.72 850 13.67
42 Cl H OCH;CH;SOCH; 127.5-129.5 found 43.53 2.71 299 827 13.19
reqs. 4369 298 119 BO6 1296
43 Cl H N(CH3)CH;CH20H ol found 4895 365 7.18 929 1487
reqs. 49.18 361 7.17 907 14.59
44 Cl H NHCONHCH; 204-208 found 46.52 2.56 1076 940 1447
reqgs. 4622 2.85 1078 9.10 14.63
45 Cl H WNHCOSC;Hs F1E-112 found 45.76 288 677 858 1324
reqs. 45.66 2.88 6.66 842 11.55
46 Cl H NCOSC;Hs); 99-100 found 4508 3.14 553 720 1103
- regs. 4484 3.17 550 697 11.20
47 ClI H CN 95-103 found 4992 182 768 1157 15.69
reqs. 49.05 1.77 8.18 1035 16.65
48 Cl H CO;H 140-150 found 46.26 1.8¢ 345 11.03 1448
regs. 4650 1.95 387 982 1578
49 Cl H C0OzCHa o1l found 47.77 264 348 1049 12.93
reqs. 4790 242 37} 945 15120
50 Cl H OCH(CH;)CO;CHj 6870 found 48.58 298 315 858 1173
reqs. 4860 298 335 843 1158
S| ClI H OCH(CH)CONH; 108-111 found 47.61 321 670 898 14.37
reqs. 4750 299 693 878 1410
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TABLE l-continued
Diphenyl Ethers - Physical Data

14

CF;
Y X
O
Z
NO;
Analysis _
Example No. X Y Z m.p. ("C.) %C %H %N %Cl %F
52 Cl H OCH(CHj}CONHCH; 121-126 found 4868 153 654 B78 1172
regs. 48.80 337 670 848 1162
53 Cl H OCH(CH3CON(CHjy)z 83-85 found S50.17 378 625 BR37 1122
regs. 5000 373 048 820 1318
54 Cl H N(CyHs}CH>CH;OH found 5044 399 692 876 1408
regs. 50.27 410 689 886 14,18
35 Cl H N(CHs}XCONHCH; 127.5-128.5 found 4951 191 995 B8.64 1260
" reqs. 48.87 3.62 1006 849 13.64
56 Cl Cl OCyHs 100.5-102 found 4526 243 336 18.00 123}
regs. 4547 254 3154 1790 14.39
*hoiling point
EXAMPLE 3 0 1o give 1,3-bis(2-chloro-a,a,a-trifluoro-p-tolyloxy)-4-

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-nitrophe-
nyl ether

Method A
a.
1,3-Bis(2-chloro-a,a,a-trifluoro-p-tolyloxy)benzene

A solution of potassium hydroxide (3.26 g. 0.05 mole, ,,

85%) in water (~3 g.) is added slowly dropwise to a
solution of resorcinol (2.75 g. 0.025 mole) and 3,4-
dichloro-a,a,a-trifluorotoluene (10.75 g. 0.05 mole) in
sulfolane (125 ml) at 150°-160° C., with stirring. When
the addition is complete, the strongly colored reaction
mixture is stirred at 150°-160° C. overnight, then
cooled, diluted with benzene (200 ml), and washed
cautiously with water (700 ml). Hexane (200 ml) s
added and the mixture washed with water (600 ml),
dilute sulfuric acid (600 ml), dilute sodium hydroxide
solution (600 ml), and water (600 ml), dried, and the
solvent removed to give 1,3-bis(2-chloro-a,a,a-tri-
fluoro-p-tolyloxy)benzene (8.6 g. 65%) b.p. 160°-70°
C.70.1 mm.

b.

1,3-Bis(2-chlom-a,a,a-triﬂuoro—p-tolylmy)-4—nitmben-
Zene

1,3-Bis(2-chloro-a,aa-trifluoro-p-tolyloxy)-benzene
(12 g. 0.0255 mole) is added to a mixture of concen-
trated nitric acid (12 g.) and sulfuric acid (15 g.)at 5° C.
The temperature is then allowed to rise to 25°-30" C.
with manual stirring and mild ice bath cooling and after
10-20 minutes, the oil solidifies. The mixture 1s taken up
in water/benzene (400 ml)/hexane (400 ml) and the
organic phase is washed with water, dried, filtered
through activated silica gel (~20 g.), and the solvents
removed. The residue is recrystallized from isopropanol

35

45

5%

nitrobenzene, (7.4 g. 56%) m.p. 110°-111.5° C.
C.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-ethoxy
-4-nitrophenyl ether

A 10% solution of potassium hydroxide in ethanol (10
ml) is added to a solution of 1,3-bis(2-chloro-a,a,a-tri-
fluoro-p-tolyloxy)-4-nitrobenzene (2 g. 0.0039 mole) In
dioxane (20 ml). After forty minutes at room tempera-
ture, the solution is heated to 45° C. for eight minutes,
then cooled, diluted with benzene (50 ml) and hexane
(50 ml) and washed with water (3X 100 ml), dried, and
the solvents removed. The residue is recrystallized from
isopropanol to give 2-chloro-a,a,a-trifluoro-p-tolyl-3-
ethoxy-4-nitrophenylether (1.21 g. 86%) m.p. 83°-84°
C.

Method B
a.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-hydroxyphenyl
ether

A mixture of the di-potassium salt os resorcinol (186.3
g., 1 mol), 3.4-dichloro-a,a,a-trifluorotoluene (53.7 g.,
0.25 mol), and sulfolane (100 ml.) is stirred for 30

Benzene (500 ml) and water (200 ml) are added and
the organic phase is washed with water (3200 ml),
diluted with hexane (500 ml) and washed again with
water, dried, filtered through activated silica gel (13g.).
the solvents removed, and the residue distilled to give
2-chloro-a,a,a-trifluoro-p-tolyl-3-hydroxyphenyl ether
(45.1 g., 62%) b.p. 112°-124" C./0.3 mm.

b.
2-Chloro-a,a,a-trifluoro-p-tolyl-3-acetoxyphenyl ether

A  mixture of 2-chloro-a,a,a-trifluoro-p-tolyl-3-
hydroxyphenylether (184 g.) and acetic anhydride (334
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g.) is heated on a steam bath for 1 hour and cooled. The
mixture is washed with 5% sodium carbonate solution
(2500 ml.) and distilled to give 2-chloro-a,a,a-tri-
fluoro-p-tolyl-3-acetoxyphenyl ether (84 g., 40%) b.p.
107°-117° C./0.09 mm.

C.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-acetoxy-4-nitrophe-
nyl ether

A solution of 2-chloro-a,a,a-trifluoro-p-tolyl-3-
acetoxyphenyl ether (249 g., 0.75 mol) in 1,2-dichloroe-
thane (1200 ml.) is stirred 2.2 hours at 20°-30° C. with a
cooled mixture of concentrated sulfuric acid (276 g.)
and nitric acid, 70% (227 g.). Hexane (700 ml.) 1s added
and the oil layer washed once with water, 3 times with
dilute sodium bicarbonate, and once more with water,
dried, filtered through activated silica gel (~40 g.), the
solvents removed. The product is crystallized from
hexane-benzene to give 2-chloro-a,a,a-trifluoro-p-
tolyl-3-acetoxy-4-nitrophenyl ether (207.5 g., 73%) m.p.
83°-89° C.

d.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-hydroxy-4-nitrophe-
nyl ether

A solution of 2-chloro-a,a,a-trifluoro-p-tolyl-3-
acetoxy-4-nitrophenyl ether (204.9 g., 0.545 mol) In
methanol (2900 ml.) is stirred 1 hour at 20° C. with
potassium carbonate (103 g., 0.745 mol). Ninety percent
of the methanol is removed; and benzene (1 liter), 7-8%
sulfuric acid solution (1600 ml.) are added and stirred
1.5 hours at 25° C. The oil layer is washed twice more
with water (200 ml. each), dried, filtered through acti-
vated silica gel (40 g.), the solvents removed, and the
residue crystallized in hexane to give 2-chloro-a,a,a-
trifluoro-p-tolyl-3-hydroxy-4-nitrophenyl ether (165.3
g. 90%)m.p. 68.5°-73" C.

€.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-nitrophe-
nyl ether

A solution of 2-chloro-a,a,a-trifluoro-p-trifluoro-p-
tolyl-3-hydroxy-4-nitrophenyl ether (60 g., 0.018 mol,
739% pure) and dimethylformamide (100 g.} is converted
to the potassium phenoxide and stirred with ethyl bro-
mide (35 g., 0.32 mol) 3 hours at 60° C. and 5 hours at
80° C. Perchlorethylene (150 g.) is added and the solu-
tion washed twice with water ( ~ 250 ml. each) at 50° C.
The solvents are removed to give 2-chloro-a,a,a-tri-
fluoro-p-tolyl-3-ethoxy-4-nitrophenyl ether (56 g., 83%,,
71% pure).

EXAMPLE 7

Preparation of
2-Cyano-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-nitrophenyl
ether

A solution of potassium hydroxide (2.6 g., 0.04 mole})
87.3% pure of 3-ethoxy-4-nitrophenol (7.3 g., 0.04
mole) in methanol (30 ml) is stripped to dryness under
reduce pressure. A residue of potassium 3-ethoxy-4-
nitrophenoxide is dissolved in sulfolane (200 g.) and
4-chloro-3-cyano-benzotrifluoride (8.2 g., 0.04 mole) 1s
added. Gas-liquid chromotography shows the reaction
to be complete after stirring at 110° C. for 43 hours and
135° C. for 24 hours. The reaction mixture is cooled and
poured into deionized water and the precipitate which
forms is filtered off and air dried. Recrystallization from
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isopropanol yields 2-cyano-a,a,a-trifluoro-p-tolyl-3-
ethocy-4-nitrophenyl ether (7.4 g. 53%) m.p. 143°-145°
C.

EXAMPLE 19

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-ethylamino-4-
nitrophenyl ether

A solution of 1,3-bis(2-chloro-a,a,a-trifluoro-p-
tolyloxy)-4-nitrobenzene (12.8 g. 0.025 mol), and ethyl-
amine (6.7 g. 0.15 mol) in dioxane (120 ml.) is heated 1n
a pressure bottle 4.5 hours at 50°-55° C. and 4.3 hours at
90°-95° C. Benzene (200 ml.), hexane (70 ml.} and water
(500 ml.) are added and the organic phase is washed
with water (500 ml.), 109% sodium bicarbonate solution
(200 ml.) and water (200 ml), dried, filtered through
activated silica gel (25 g.), the solvents removed, and
the residue is crystallized from hexane to give 2-chloro-
a,a,atrifluoro-p-tolyl-3-ethylamino-4-nitrophenyl ether
(7.9 g. 88%) m.p. 8§2°-83° C.

EXAMPLE 21

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-diethylamino-4-
nitrophenyl ether

A solution of 1,3-bis(2-chloro-a,a,a-trifluoro-p-
tolyloxy)-4-nitrobenzene (12.8 g. 0.025 mol) in p-diox-
ane (130 ml.) is heated under reflux for 26 hours at
65°-95° C. with diethylamine (50 g. 0.66 mol). Benzene
(~200 ml.) and water (~ 500 ml.) are added followed
by hexane (~70 ml.) and the oil layer is separated,
washed with water (500 ml), 10% sodium bicarbonate
solution (200 ml), and water (200 ml.), dried, filtered
through activated silica gel (~25 g.), the solvents re-
moved. The residual oil is distilled in vacuo to give
2-chloro-a,a,a-trifluoro-p-tolyl-3-diethylamine-4-
nitrophenyl ether (8.15 g 84%) b.p. 180°-190" C./0.01
mm.

EXAMPLE 25

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-carboxyethoxy)-
4-nitrophenyl ether

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-carbethoxye-
thoxy)-4-nitropheny! ether (8.6 g. of 0.02 mol), potas-
sium hydroxide 86% (2.6 g. 0.04 mol), ethanol (8 ml.),
dioxane (8 ml.) and water (100 ml.) are heated at 90°-95°
C. for 30 minutes. Ether (200 ml.) and water (200 ml.)
are added and the mixture acidified with dilute sulfuric
acid, the water layer extracted 3 times with ether (200
ml. each), dried, and the ether removed to give 2-
chloro-a,a,a-trifluoro-p-tolyl-3-(1-carboxyethoxy)-4-
nitrophenyl ether (6.4 g. 79%) m.p. 108°-109" C.

EXAMPLE 26

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-carbethoxyethox-
v)-4-nitrophenyl ether

Potassium 2-nitro-5-(2-chloro-a,a,a-trifluoro-p-
tolyloxy)phenoxide (7.4 g. 0.02 mol), ethyl 2-bromopro-
pionate (3.6 g. 0.02 mol) and sulfolane (30 ml.) are
heated 1.5 hours at 90°-95° C. Benzene (100 ml.) and
hexane (100 ml.) are added and the solution 1s washed
with dilute sodium carbonate solution then with water,
dried, and the solvents removed. The residue 1s crystal-
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lized from pentane to give 2-chloro-a,a,a-trifluoro-p-
tolyl-3-(1-carbethoxyethoxy)-4-nitrophenyl ether (6.2
g., 711%) m.p. 71°~-74° C.

EXAMPLE 37

Preparation of
2-chloro-a,a,a-trifluoro-p-tolyl-3-chloro-4-nitrophenyl
ether

a.
3-Chloro-4-nitrofluorobenzene

m-Chlorofluorobenzene (240 g. 1.85 moles) is added
to a mixture of sulfuric acid (185 g. 1.85 moles) and
nitric acid (166 g., 1.85 moles) at —5° C. in 3.5 hours,
stirred 13 hours, then benzene (200 ml.) and hexane (200
ml.) are added. The extract is washed with water
(1< 300 ml.), sodium carbonate solution (1300 ml.),
and water (1 X 300 ml.), dried and the solvents removed.
The residue is distilled to give 138 g. of mixed isomers.
The 4-nitro isomer crystallizes and is filtered off to give

3-chloro-4-nitrofluorobenzene (51 g. 16.7%) m.p.
36°-38° C.

EXAMPLES 47-49

Preparation of
2-chloro-a,a,a-trifluoro-p-tolyl-3-carbomethoxy-4-
nitrophenyl ether

a.
3-Cyano-4-nitrofluorobenzene

m-Fluorobenzonitrile (96.8 g., 0.8 mole) is added in
24 hours to a mixture of concentrated sulfuric acid (600
ml.) and potassium nitrate (80.9 g., 0.8 mole) at 3°~6° C,,
then allowed to warm to 25° C. The mixture is poured
over cracked ice (3000 ml.), extracted with chloroform
(5250 ml.), dried and the solvent removed. The resi-
due is extracted with pentane and dried to give 3-cyano-
4-nitrofluorobenzene (115 g., 86.5%) m.p. 102°-104° C.

b.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-cyano-4-nitrophenyl
ether

The potassium phenoxide of 2-chloro-a,a,a-trifluoro-
p-cresol (13.5 g 0.0688 mole) prepared in sulfolane at 5°
C. is added to a solution of 3-cyano-4-nitrofluoroben-
zene (11.4 g., 0.0688 mole) in sulfolane at 120° C. in
4hours, stirred 18 hours and cooled. Benzene (200 ml.)
and hexane (100 ml) are added and the solution 1s water
washed (5250 ml.), dried, filtered and the solvents
removed. The residue is crystallized to give 2-chloro-
a,a,a-p-tolyl-3-cyano-4-nitrophenyl ether (16.3 g,
69%) m.p. 95°-103° C. 85% pure.

C.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-carboxy-4-nitrophe-
nyl ether

2-Chloro-a,a,a-trifluoro-p-tolyl-3-cyano-4-nitrophe-
nyl ether (11.2 g. 0.0327 mole), acetic acid (25 ml.), and
hydrobromic acid (12 ml. of 47.8% purity) are heated at
120° C., in a pressure bottle, for 2 days, poured over
cracked ice and extracted with benzene (2 150 ml).
The benzene solution i1s dried, filtered, the solvent re-
moved, and the residue crystallized from pentane to
gIve 2-chloro-a,a,a-trifluoro-p-tolyl-3-carboxy-4-
nitrophenyl ester (7.5 g. 63.5%) m.p. 140°-150" C., 83%
pure.
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d.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-carbomethoxy-4-
nitrophenylether

Hydrogen chloride is bubbled thru a solution of 2-
chloro-a,a,a-trifluoro-p-tolyl-3-carboxy-4-nitropheny]l
ether (2.3 g. 0.0064 mole) in methanol (50 ml.) for 10
hours at 32° C., stirred overnite and the solvent re-
moved to give 2-chloro-a,a,a-trifluoro-p-tolyl-3-car-
bomethoxy-4-nitrophenyl ether (1.5 g. 40%)

EXAMPLE 51

Preparation of
2-chloro-a,a,a-trifluoro-p-tolyl-3-(1-carbamoylethox-
y)-4-nitrophenyl ether

a.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-chloroformyle-
thoxy)-4-nitrophenyl ether

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-carboxyethox-
y)-4-nitrophenyl ether (34.8 g. 0.086 mol), thionyl chlo-
ride (20.4 g. 0.172 mol), and benzene (150 ml.) are
stirred 5 hours at 95° C. and 16 hours at 25° C. The
benzene is removed to give 2-chloro-a,a,a-trifluoro-p-
tolyl-3-(1-chloroformylethoxy)-4-nitrophenyl ether
(33.4 g. 92%).

b.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(1-carbamoylethox-
y)-4-mitrophenyl ether

A solution of 2-chloro-a,a,a-trifluoro-p-tolyl-3-(1-
chloroformylethoxy)-4-nitrophenyl ether (4.2 g. 0.01
mol) in ether (50 ml.) is added to an ether solution (200
ml.) saturated with gaseous ammonia at zero tempera-
tures. After 30 minutes, water (100 ml.) is added and the
ether layer separated. The aqueous phase i1s extracted
with ether (3200 ml.) and the combined extracts
dried, filtered through activated silica gel (~20 g.), and
the solvent removed to give 2-chloro-a,a,a-trifluoro-p-
tolyl-3-(1-carbamoylethoxy)-4-nitrophenyl ether (2.4 g.
60%)m.p. 108°-111° C.

EXAMPLE 55

Preparation of
2-Chloro-a,a,a-trifluoro-p-tolyl-3-(3-methyl-1-
ethylureido)4-nitrophenyl ether

a.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(N-ethylchlorofor-
mamido)-4-nitropheny] ether

A mixture of 2-chloro-a,a,a-trifluoro-p-tolyl-3-
ethylamino-4-nitro phenyl ether (3.6 g. 0.01 mol), phos-
gene (18.9 g. 0.19 mol), 2,6-lutidine (2.2 g. 0.02 mol),
and benzene (~ 130 ml.) are heated in a pressure bottle
64 hours at 90°-95° C. The mixture is cooled, filtered
and the solvent removed to give 2-chloro-a,a,a-tri-
fluoro-p-tolyl-3-(N-ethylchloroformamido)-4-nitrophe-
nyl ether.

b.

2-Chloro-a,a,a-trifluoro-p-tolyl-3-(3-methyl-1-
ethylureido)-4-nitrophenyl ether

A solution of 2-chloro-a,a,a-trifluoro-p-tolyl-3-(N-
ethylchloroformamide)-4-nitrophenyl ether (4.4 g., 0.01
mol), methylamine (3.3 g 0.11 mol) and benzene ( ~ 60
ml.) is allowed to stand 25 minutes at zero °C., filtered,
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and the solvent removed. Benzene (~ 100 mlL.) and hex-
ane (50 ml.) are added and the solution is washed with
water (100 ml.) and aqueous 10% sodium carbonate
solution (2 X 100 ml.), dried, and the product absorbed
on activated silica gel (~25 g.). The product is eluted
with a mixture of benzene (400 ml.) and methanol (40
ml) the solvents removed and the product recrystallized
to give 2-chloro-a,a,a-trifluoro-p-tolyl-3-(3-methyl-1-
ethylureido)-4-nitrophenyl ether (2.6 g. 62%) m.p.
127.5°-128.5" C.

EXAMPLE 56

Preparation of
2,6-Dichloro-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-
 nitrophenyl ether

a.
3. 4-Dichloro-5S-nitro-a,a,a-trifluorotoluene

3,4-Dichloro-a,a,a-trifluorotoluene (862 g. 4.0 mols)
is added to a stirred mixture of concentrated sulfuric
acid (4400 g.) and nitric acid (3400 g.) at 35° C. The
mixture is stirred 70 minutes at 95° C. and allowed to
separate. The oil layer is washed once with water and
twice distilled to give 3,4-dichloro-5-nitro-a,a,a-tri-
fluorotoluene (188 g. 18%) b.p. 115°-118° C./15 mm,
88% pure.

b.
5-Amino-3,4-dichloro-a,a,a-trifluorotoluene

500 ml. of an ethanolic solution containing 3,4-
dichloro-5-nitro-a,a,a-trifluorotoluene (188 g. 0.72
mol), and platinum oxide (Adam's catalyst) (0.2 g.) is
reduced at room temperature in a low pressure hydro-
genation apparatus to give 5-Amino-3,4-dichloro-a,a,a-
trifluorotoluene (129.9 g. 78%) b.p. 65°-70" C./1-2 mm.

C.
3,4,5-Trichloro-a,aa-trifluorotoluene

A solution of sodium nitrite (39 g.) in water (85 ml.)
is added over 1 hour to a solution of 5-amino-3,4-
dichloro-a,a,a-trifluorotoluene (117.5 g., 0.51 mol) 1n
1700 ml. concentrated hydrochloric acid at —6° C. and
the solution stirred for 1 hour then filtered. The filtrate
is added to a solution of cuprous chloride (76.5 g.) 1n
concentrated hydrochloric acid (500 ml.) over 5 min-
utes at 0° to 8° C. and gradually heated to 80° C. over 80
minutes. The reaction mixture 1s cooled to 35° C. and
extracted with hexane (2300 ml.). The extract i1s
washed with water, 2% sodium hydroxide solution,
dried and distilled to give 3,4,5-trichloro-a,a,a-tri-
fluorotoluene (70 g., 55%) b.p. 82°-86" C./10 mm, 95%
pure.

d.
1,3-Bis(2,6-dichloro-a,a,a-trifluoro-p-tolyloxy)benzene

A mixture of 3.4,5-trichloro-a,a,a-trifluorotoluene
(10 g. 0.04 mol), and the dipotassium salt of 1,3-dthy-
droxybenzene (4 g. 0.021 mol) in 150 ml. sulfolane is
stirred and heated 70 minutes at ~ 120° C. The cooled
reaction mixture is diluted with benzene (350 ml.) and
washed once with water (1 ). Hexane (200 ml.) 1s
added, and the solution washed with water (3500 ml.)
dried, filtered through activated silica gel (~25 g.), and
the solvents removed. The residual oil is crystallized
from a mixture of pentane and benzene to give I,3-
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bis(2,6-dichloro-a,a,a-trifluoro-p-tolyloxy)benzene (5.3
g. 49%) m.p. 121°-122° C.

€.

1,3-Bis(2,6-dichloro-a,a,a-trifluoro-p-tolyloxy)-4-nitro-
benzene

A cooled mixture of concentrated sulfuric acid (6.5
ml.) and nitric acid (4.4 ml.) is added with stirring to an
ice cold solution of 1,3-bis(2,6-dichloro-a,a,a-trifluoro-
p-tolyloxy)-benzene (11.1 g. 0.021 mol) in 1,2-dichlore-
thane (30 ml.). After 30 minutes at room temperature,
the phases are allowed to separate and the organic phase
washed twice with water. Benzene (200 ml.) is added
and the solution washed twice with dilute sodium car-
bonate solution, dried, filtered through activated silica
gel (~25 g.), and the solvents removed. The residual
crystals are triturated with pentane, filtered, and dried
to obtain 1,3-bis(2,6-dichloro-a,a,a-trifluoro-p-tolylox-
y)-4-nitrobenzene (2.9 g., 829%) m.p. 137.5°-140.5° C.,
90% pure.

f.

2,6-Dichloro-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-
nitrophenyl ether

A solution of potassium hydroxide, 86% (1.9 g., 0.029
mol) in ethanol (20 ml.) is added to a solution of 1,3-bis
(2,6-dichloro-a,a,a-trifluoro-p-tolyloxy)-4-nitroben-
zene (8.0 g., 0.014 mol) in p-dioxane (70 ml.) and
warmed | hour at 50° C. The solution 1s cooled and
benzene (~ 250 ml.) 1s added and crystals of potassium
2-nitro-5-(2,6-dichloro-a,a,a-trifluoro-p-tolyloxy)-
phenoxide (2.9 g. 52%) are collected. Treatment with
acid yields the free phenol, 2,6-dichloro-a,a,a-trifluoro-
p-tolyl-3-hydroxy-4-nitrophenyl ether (2.0 g. 409%) m.p.
84.5°-86.5° C. This phenol (1.7 g. 0.0046 mol) s recon-
verted to the potassium salt, dissolved in dimethylform-
amide (20 ml.) and treated with ethyl iodide (1.2 g.
0.0077 mol) 2.5 hours at 50°-70° C. The reaction mix-
ture is diluted with benzene (~ 00 ml.) and hexane
(~50 ml.), washed with water (3 X 100 ml.), dried, fil-
tered through activated silica gel (~15 g.), and the
solvents removed to give 2,6-dichloro-a,a,a-trifluoro-
p-tolyl-3-ethoxy-4-nitrophenyl ether (0.8 g. 44%) m.p.
100.5°-102° C.

From the filtrate of the 2.9 g. of phenoxide there is
recovered ethyl 2,6-dichloro-a,a,a-trifluoro-p-tolyl
ether (3.0 g. 82%) b.p. 78° C./5 mm, and an additional
amount -trifluoro-p-tolyl- of the product 2,6-dichloro-
a,a,a-3-ethoxy-4-nitrophenyl ether (0.35 g. 6%) m.p.
88°-93° C.

EXAMPLES 57 to 72

Following the procedures of Examples 1 to 56, other
diphenyl ethers of Formula I are prepared. Among the
compounds which are prepared by these procedures
are:
a,a,a,a’,a’a’-hexafluoro-2,4-xylyl-3-ethoxy-4-

nitrophenyl ether
at,a’,a4-trifluoro-2,4-xylyl-3-n-propoxy-4-nitrophenyl

ether,
2-chloro-6,a,a,a-tetrafluoro-p-tolyl-3-ethyl-4-nitrophe-
nyl ether,
2-iodo-a,a,a-trifluoro-p-tolyl-3-methoxy-4-nitrophenyl
ether,
2-chloro-6-cyano-a,a,a-trifluoro-p-tolyl-3-methylthio-
4-nitrophenyl ether,
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2-bromo-a,%a,4ad-trifluoro-4,6-xylyl-3-ethoxy-4-
nitrophenyl ether,
2-chloro-a,a,a,a’,a’,a'-hexafluoro-4,6-xylyl-3-
methoxy-4-nitrophenyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-ethoxy-4-nitrophenyl
ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-n-butyl-4-nitrophe-
nyl ether,
2-chloro-a,a,a-trifluoro-p-tolyl-3-bromo-4-nitrophenyl
ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-acetoxy-4-nitrophe-
nyl ether,
2-bromo-a,a,a-trifluoro-p-tolyl-3-diethylamino-4-
nitrophenyl ether,
2,6-dichloro-a,a,a-trifluoro-p-tolyl-3-ethylamino-4-
nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-(1-carbethoxyethox-
y)-4-nitrophenyl ether,
2-cyano-a,a,a-trifluoro-p-tolyl-3-carbomethoxy-4-
nitrophenyl ether, and |
2-bromo-a,a,a-trifluoro-p-tolyl-3-carboxy-4-nitrophe-
nyl ether.
These diphenyl ethers have herbicidal properties.

It should be noted that the diphenyl ethers of the
invention can also be named correctly using different
systems of nomenclature. For example, the diphenyl
ether of Example 3 can also be named as 2-cyano-4-tri-
fluvoromethyl-3'-ethoxy-4'-nitrodiphenyl ether. How-
ever, within the specification and claims of this inven-
tion the system of nomenclature exemplified in Exam-
ples 1-56 has been followed. |

The following examples show the herbicidal proper-
ties of the diphenyl ethers of the invention.

EXAMPLE 73
This example shows the herbicidal activity of di-

pheny!l ethers of the invention towards a number of

common weeds. Using the procedure described below,
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diphenyl ethers were evaluated for control of the fol- 4

lowing weeds:
At 10 pounds per acre:

Monocots

barnyardgrass (Echinochloa crusgalli)
crabgrass (Digitaria spp.)

nutsedge (Cyperus esculentus)

wild oats (Avena fatua)

Dicots
bindweed (Convolvulus arvensis)
curly dock (Remex crispus)
velvetleaf (Abutilon theophrasti)

wild mustard (Brassica haber)
At 2 and 4 pounds per acre:

Monocots

barnyardgrass (Echinochloa crusgalli)
**Bermudagrass (Cynodon dactylon)
crabgrass (Digitaria spp.)

*downy brome (Bromus tectorum)
foxtail (Setaria fabern)

Johnsongrass (Sorghum halepense)
nutsedge (Cyperus esculentus)
quackgrass (Agropyron repens)
*ryegrass (Lolium perenne)

*wild oats (Avena fatua)

*yellow millet (Panicum mihaceum)
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Dicots

bindweed (Convolvulus arvensis)
cocklebur (Xanthium pensylvanicum)
**coffeeweed ( Sesbania macrocarpa)
*curly dock (Rumex crispus)
*lambsquarters (Chenopodium album)
morningglory (Ipomoea purpurea)
*nigweed (Amaranthus retroflexus)
**ragweed (Ambrosia artemisiifolia)
*smartweed (Polygonum pensylvanicum)
**tomato (Lycopersicon esculentum)
velvetleaf (Abutilon theophrasti)
*wild carrot {(Daucus carota)

*wild mustard (Brassica haber)
*Examples 1 to 9 only
ssExamples 10 to 56 only

The following test procedure is employed. Seeds of
selected crops and weeds are planted in soil in flats. For
preemergence tests, the flats are treated with the test
compound immediately after the planting. For post-
emergence tests, the seeds are allowed to germinate,
and after 2 weeks the flats are treated with the test
compound. The compound to be evaluated is dissolved
in acetone, diluted with water, and sprayed over the
flats using a carrier volume equivalent to 50 gallons per
acre at the rate of application (pounds per acre, 1b/A.)
specified in the tables. About 2 weeks after the applica-
tion of the test compound, the state of growth of the
plants is observed and the phytotoxic effect of the com-
pound is evaluated. Table Il gives the average percent
control achieved by the test compounds in terms of the
percent of the plants which are killed by the com-
pounds.

TABLE II
HERBICIDAL ACTIVITY
(% control)
Compound of Preemergence Postemergence
Example No. 1b./A. 10 4 2 10 4 2
] M* 42 76 82 57
p* 35 435 100 58
2 M 97 97 100 99
D 100 80 100 100
3 M 99 89 e84 100 99 +96
D 100 99 o6 100 100 +97
4 M 98 80
D 100 100
3 M 97 B4 100 99
D 100 78 100 100
6 M 65 77 97 91
D 70 53 100 94
7 M 61 65 65 100 75 82
D 60 57 54 100 77 80
8 M 81 61 52 85 48 35
D 82 37 46 100 80 66
9 M 99 90 81 100 97 82
D 92 66 67 100 81 75
10 M 70 66 &7 17
D 100 70 98 BS
11 M 81 88 g2 100
D 98 99 9 100
12 M 86 72 17 99
D 96 93 100 100
13 M 76 78 77 100
D %0 72 98 100
14 M o4 30 6l 9]
D 78 22 94 100
135 M 99 68 79 16
D 100 90 99 94
16 M 86 67 77 82
D 04 75 9 94
17 M v 20 435 39
D 84 31 89 98
18 M 67 99 28 28
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TABLE ll-continued

HERBICIDAL ACTIVITY
(% control)

Re. 31,731

Compound of Preemergence Postemergence
Example No. I|b./A. 10 4 2 10 4 2
D 100 100 86 98
19 M 91 717 84 94
D 06 01 OR 97
20 M 88 80 78 80
D 99 93 88 97
21 M 91 79 74 90
D 99 90 06 94
22 M 72 63 60 70
D 98 17 99 100
23 M 90 55 2 71
D 64 87 100 100
24 M 9] 62 86 84
D 68 97 99 100
25 M 87 40 97 88
D 88 93 100 100
26 M 08 75 99 93
D 100 99 100 100
27 M 76 74 82 99
D 0B 90 100 100
28 M 74 79 73 73
D 05 79 9% 100
29 M 74 66 79 97
D 73 84 100 100
30 M 81 78 75 q]
D 99 Q4 100 100
RY | M 74 68 61 68
D 99 69 100 100
32 M 86 81 86 100
D 100 81 100 100
33 M 53 79 32 65
D 99 74 98 100
34 M 35 83 32 47
D 52 85 89 90
35 M 40 60 45 63
D 40 72 98 B0
36 M 93 100 87 94
D 100 100 100 98
37 M 99 100 92 100
D 100 100 100 100
L} M 47 62 43 51
D 86 68 98 58
39 M 65 77 64 61
D 99 80 98 100
40 M 86 88 64 Bl
D 92 98 100 100
41 M 60 84 71 56
D 96 62 95 94
42 M 62 83 I8 63
D 80 60 o8 58
43 M 0 99 2 61
D 48 100 47 80
44 M 66 0 60 7
D 96 17 08 10
45 M 13 68 17 53
D 58 77 &8 78
46 M 0 34 0 0
D 20 87 30 4
47 M 6! 80 1 24
D 40 80 72 B4
48 M 99 100 75 84
D 97 100 100 97
49 M 92 100 86 77
95 100 100 100
50 M ) 98 97 100
D 83 100 100 100
51 M 79 96 75 86
D 100 100 100 98
52 M 79 98 87 93
D 67 75 100 100
53 M g8 98 79 Bl
D B3 100 100 100
54 M B3 98 79 71
D 75 98 100 10D
35 M 91 69 31
D 73 Qs 96
56 M 91} 100 5% 10D
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TABLE Il-continued

HERBICIDAL ACTIVITY
(% control)

Compound of Preemergence Postemergence

Example No. |b./A. 10 4 2 10 4 2
D 83 100 100 99

**1 Ib./A.

44 Ib./A.

*M = Monocols; D = Dicots

EXAMPLE 74

This example shows the selective herbicidal activity
of diphenyl ethers of the invention in a number of agro-
nomic crops. Following the general test procedure of
Example 73, diphenyl ethers are evaluated for signifi-
cant tolerance (as shown by 50% or less kill of the test
crop at levels of application which give more than 50%
kill of many or all of the weeds of Example 73} towards
some or all of the following common agronomic crops
(not all compounds tested against all crops): alfalfa,
snapbeans, corn, cotton, cucumbers, peanuts, rape, rice,
safflower, soybeans, tomatoes, and wheat.

Tolerance to snapbeans in preemergence applications
1s shown by the compounds of Examples 4 and 26. Tol-
erance to corn in preemergence applications 1s shown
by the compounds of Examples 4, 11, 19, 21, 34, 40, 52,
and 54 and in postemergence applications by the com-
pounds of Examples 4, 18, 19, 21, 26, 34, 36, 40, 49, 52,
53, 54, and 56. Tolerance to cotton 1n preemergence
applications is shown by the compounds of Examples 3,
4, and 30 and in postemergence or layby applications by
the compound of Example 3. Tolerance to peanuts in
preemergence applications is shown by the compounds
of Examples 3, 19, 21, 30, 34, 36, 40, 48, 49, 50, 52, 53,
and 56 and in postemergence applications by the com-
pounds of Examples 4, 18, 34, 36, 37, 40, 48, 53, and 54.
Tolerance to rice in preemergence applications 1s
shown by the compounds of Examples 4, 19, 21, 30, 34,
40, 52, and 54 and in postemergence applications or in
applications on transplanted rice by the compounds of
Examples 3, 11, 18, 20, 30, 34, 40, 48, 53, and 54. Toler-
ance to safflower in preemergence applications 1is
shown by the compound of Example 3. Tolerance to
soybeans in preemergence applications its shown by the
compounds of Examples 3, 4, 11, 18, 19, 21, 26, 30, 34,
40, 48, 49, 50, 52, 53, and 54, in postemergence or layby
applications by the compounds of Examples 3 and 34.
Tolerance to wheat in preemergence applications iIs
shown by the compounds of Example 4, 18, 19, 26, 34,
40, 50, 54, and 56 and in postemergence applications by
the compounds of Examples 4, 18, 21, 30, 34, 36, 48, and
54.

It is to be understood that changes and variations may
be made without departing from the spirit and scope of
the invention as defined by the appended claims.

We claim:

[1. A compound of the formula
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Ck;
Y X
O
V4
NQ;

wherein

X is a hydrogen atom, a halogen atom, a trifluoro-

methyl group, or a (Cy-Ca)alkyl group,

Y is a hvdrogen atom, a halogen atom, or a trifluoro-

methyl group, and

Z 15 a carboxy grou.p, a carbalkoxy group having up

to 4 carbon atoms in the alkoxy moiety, a carboxy-
alky] group having up to 4 carbon atoms, a carbalk-
oxyalkyl group having up to 6 carbon atoms. ]

F2. A compound according to claim 1 wherein Y 1s a
hydrogen atom. ]

I3 A compound according to claim 2 wherein X 1s a
halogen atom.]

4. A compound according to claim [3] 9 wherein Z
1s a carbalkoxy group.

5. A compound according to claim 4 wherein X 1s a
chlorine atom and Z is a carbomethoxy group.

F6. A compound according to claim 1 wherein X 15 a
nalogen atom, Y is a halogen atom, and Z 1s a carbalk-
oxy group.}

7. A compound of the formula:
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CFKF;
QL.
O
©N
NO32
wherein Z is a carbalkoxy group having ! to 4 carbon

atoms in the alkoxy moiety.
8. A compound of the formula:

Cl

COOH

CF;3

0:

NO;

9. A compound of the formula
CF»
O
@\Z

NQ3»

wherein X is a halogen atom and
Z is a carboxy group or a carbalkoxy group having up to

4 carbon atoms in the alkoxy moiety.
l ¥ * » »
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