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COMMONWEALTH OF AUSTRALIA

Patents Act 1952 - 1969

DECLARATION IN SUPPORT OF A CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made by CIBA-GEIGY AG for a patent for
an invention entitled:

Herbicidal compositions

both care
We, Arnold Seiler and of CIBA-GEIGY AG, Klybeckstrasse 141,
Ernst Altherr 4002 Basle, Switzerland

do solemnly and sincerely declare as follows:

1. We are authorised by the applirant fnr the patent to make this declaration
on its behalf.

2. The basic application(e) as defined by Section 141 cf. the Act was (wece)
made in Switzerland
on March 6, 1987

by CIBA-GEIGY AG, 4002 Basle, Sdtzerland,

3, Hans Walter Hdsslin, Hebelstrasse 9A, 7889 Grenzach-Wyhlen 1,
Federal Republic of Germany, Wolfgang Paul Iwanzik,
Bodenackerstrasse 7 C, 4334 Sisseln, Switzerland

s (are) the actual inventor(s) of the invention and the facts upon which the
applicant is entitled to make the application are as follows: The said appli-
cant 1s the assignee of the actual inventor(s).

4. The basic application(s) cseferred to in paragraph 2 of this Declaration was
(weres the first application(s) made in a Convention country in respect of
the invention the subject of the application.

DECLARED at Basle, Switzerland on February 18, 1988
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Arnold Seiler Ernst Altherr
To: The Commissioner of Patents
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(57) Claim

1. A herbicidal composition which comprises an aqueous suspension of
microcapsules having a capsule wall of polyurea and encapsulating a

herbicidally active N-chloroacetylcyclohexeneamine of the formula I

R\}lq/@—CHa—Cl

R3 ./ \, 1 (I))

wherein R is C;-Cg-alkyl or C3-Cg-alkenyl and R!', R?, R® and R* indepen-

dently from each other are hydrogen or C;-Cy-alkyl.

2. A herbicidal composition which comprises an aqueous suspension of
microcapsules having a capsule wall of polyurea and encapsulating a
mixture of a herbicidally active N-chloroacetylcyclohexeneamine of the

formula I
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/N, a (1),

wherein R is C;-Cg-alkyl or C3-Cg-alkenyl and R}, R?, R?® and R* indepen-
dently from each other are hydrogen or C;-Cy-alkyl and a herbicidally

active chloroacetanilide of the formula II

/Rs
e—o 7
e an,
-=-\R CO—CH2C1
6

wherein R5 and R6 independently from each other are hydrogen, halogen,
methyl or ethyl and R7 represents Cl-C4-a1koxymethy],
2-(C1-C4-a1koxy)-ethy1 or 2-(C1-Cq-a1koxy)-l-methy]ethy], the per weight
ratio of the N-chloro-acetylcyclohexeneamine of the formula I to the
chloroacetanilide of the formuia II being within the range of 2:1 to 1:2.

22. The use of herbicidal composition according to any one of claims
1 to 21 for combatting undesired plant growth.
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Complete Specification for the invention entitled:

. "Aqueous Suspensions
of Microcapsules Containing Herbicidal N-chloroacetylcyclohexenamines".

S T

The following statement is a full description of this invention, including the
best method of performing it known to me/us
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. "Aqueous Suspensions

of Microcapsules Containing Herbictdal N-chloroacetylcyclohexenamines".
The present invention relates to herbicidal compositions in the form of
aqueous suspensions of micrccapsules enclosing a herbicidally active
N-chloroacetylcyclohexeneamine or a mixture of a herbicidally active
N-chloroacetylcyclohexeneamine and herbicidally active chloroacetanilide.

oo, s Herbicidally active N-chloroacetylcyclohexeneamines are known from

.: ° U.S. Patent Specification 4,351,667 and European Patent Specification

v e EP-A-0 113 030. In conventional formulations, such as emulsifiable

‘e et concentrates, these compounds show a pronounced initial activity.

':"y@ However, their long term activity is unsatisfactory.

. Herbicidally active haloacetanilides are known from R. Wegler, Chemie der
fefert Pflanzenschutz- und Schdadlingsbekampfungsmittel, Vol. 8, Springer Verlag,

LN Heidelberg-New York, 1982, pages 90-93 and 322-327.

¢ Well known compounds of this class are N-chlorvacetyl-N-(2-methoxy-1-
methylelthyl)-2-ethyl-6-methylaniline (Metolachlor) and N-chloroacetyl-
N-methoxymethyl-2,6-diethylaniline (Alachlor).

tccee

cuvee

It is known to improve the long term activity of agrochemicals by

application of specific formulation techniques. For example an active

ingredient can be absorbed on porous carriers from which it is slowly
e} released. Further, it is known to enclose active substances into micro- i

capsules having a capsule wall consisting of polymeric material, such as ¢

polyurea. From these microcapsules the active ingredient is slowly g

released by diffusion through the capsule wall. A desired rate of release

can be adjusted by the thickness of capsule wall and by the choice of an

appropriate wall-forming material. This microencapsulation technique is ‘

generally suitable to ensure a satisfactory long term activity of an ]

active substance. However, a considerable and sometimes drastic loss of ¥
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initial activity has to be accepted according to common experience. This
is particularly true for haloacetanilides which when encapsulated into
microcapsules having a wall of polyurea show only a poor initial activ-

ity.

It is the object of the present invention to provide herbicidal composi-
tions containing a herbicidally active N-chloroacetylcyclohexeneamine as

active ingredient and having satisfaclory initial and long term activity.

It has been found that N-chloroacetylcyclohexeneamines encapsulated into
microcapsules having a capsule wall of polyurea show satisfactory initial
and long term activity which is superior to that of other formulations
containing herbicidally active N-chloroacetylcyclohexeneamins, such as

emulsifiable concentrates and wettable powders.

Accordingly, the present invention provides herbicidal compositions which
comprise an aqueous suspension of microcapsules having a capsule wall of
polyurea and encapsulating a herbicidally active N-chloroacstylcyclo-

hexeneamine of the formula I

R\ / ~-CHp-Cl
R3

¥
N e

/N
R7 N g

wherein R is C;-C¢-alkyl or C3-Cg-alkenyl and R!, R?, R} and R* indepen-
dently from each other are hydrogen or C;-Cy-alkyl.

Preferred N-chloroacetylcyclohexeneamines of the formula I are those
wherein R is C;-Cy-alkyl or C3-Cg-alkenyl and R!, R?, R?® and R* indepen-

dently from each other are hydrogen or methyl.

Particularly preferred N-chloroacetylcyclohexeneamins of the formula I

are:
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N-isopropyl-N-chloracetylcyclohex-l-eneamine,
N-isopropyl—N;chloracetyl—3(5)—methylcyclohex—l—eneamine,
N-isopropyl-N-chloracetyl-3,5,5(3)-trimethylcyclohex-1-eneamine
(Trimexachlor) and N-isopropyl-N-chloracetyl-3,3,5,5~-tetramethylcyclo-

hex-1-eneamine.

The most preferred N-chloroacetylcyclohexene of the formula I is Tri-

mexachlor.

If the two pairs of substituents attached to cyclohexene ring in posi-~
tion 3 and 5 are different the compound of formula I can exist in two

isomeric forms according to the equilibrium shown below:

l\l}r/g-CHz-Cl R\IP/ -CH2-Cl

3 ./.\. 1 3 ,/.\. 1
BN BSOA
AN VAW

(1) (")

The present invewntion encompasses the isomers of formulae I and I' as
well as all other isomers derivable from the meaning of the substituents
R and R! to R* as defined above.

In the above definition of formula I C;-=Cg-alkyl encompasses methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec.-butyl, tert.~butyl ﬁ

and all isomers derivable from the pentyl and hexyl radicals. ¥

The C3=Cg-alkenyl groups are always bound through a sp3®-center. Preferred
alkenyl groups are allyl, methallyl and 2-butenyl.

Aqueous suspensions of microcapsules having capsule wall of polyurea and
enclosing a liquid substance which 1s insoluble or sparingly soluble in
water can be prepared according to known processes by dissolving a
polyisocyanate in the liquid substance to be encapsulated, dispersing the
solution thus obtained in water and reacting the dispersion with an
aqueous solution of polyamine. In such a process the capsule wall is

formed by interfacial reaction of the polyisocyanate dissolved in the
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dispersed or organic phase with the polyamine present in the continuous
aqueous phase. The dispersion in water of the solution of the polyiso-
cyanate in the substance to be encapsulated as a rule is carried out in
the presence of one or more dispersing agents, such is polyvinyl alcohol,
gelatine, and methyl cellulose (c.f. U.S. Patent Specifica-

tion 3,577,515), salts of ligninsulfonic acid (c.f. U.S. Patent Specifi-
cations 4,280,833 and 4,417,916), or combination of dispersing agents,
for example a combination of an anionic dispersant, such is a salt of
polystyrenesulfonic acid, a salt of polyvinylsulfonic acid, a salt of a
condensate of naphthalenesulfonic acid with formaldehyde or salts of a
condensate of naphthalenesulfonic acid with phenolsulfonic acid and
formaldehyde and a nonionic dispersant, such as polyvnyl alcohol,
polyvinyl methyl ether, polyvinylpyrrolidone, hydroxyethyl cellulose,
hydroxypropyl cellulose, methyl cellulose, alkylpolyethyleneglycol
ethers, alkylphenolpolyglycol ethers, styrylphenolpolyglycol ethers,
polyethylene oxides and polyethylenoxide-polypropyleneoxide block
polymers (c.f. U.S. Patent Application No. 776,080, filed September 13,
1985, or the corresponding European Patent Application EP-A-0 214 936).
The processes desribed in the afore-mentioned references are not limited
to the encapsulation of liquid substances. Solid substances can also be

encapsulated as solutions in an appropriate water-imiscible solvent.

The aqueous suspensions of microcapsules of this invention can be
prepared according to the processes described in the afore-mentioned
references. Solid N-chloroacetylcyclohexeneamins, for example Trimexa-

chlor, are advantageously encapsulated as solutions in a water-imiscible o

RN S

solvent. In many cases the polyisocyanate used as reactive component for

the formation of the capsule wall can serve as solvent which together !
with the solid N-chloroacetylcyclohexeneamine forms a liquid capable of ‘
being dispersed in water and subsequently reacted with a polyamine.

Preferably, however, an additional water-imiscible solvent, such as an

aliphatic or aromatic hydrocarbon, a cyclic ketone or a halogenated

hydrocarbon.

Solvents which can be used for this purpose are, for example, hexane,

cyclohexane, benzene, toluene, xylene, mineral oil, kerosene, cyclo-

'hexanone, methylene chloride, chloroform, chlorobenzene and o-dichlorn-
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benzene. The mixtures of mono- and polyalkylated aromatics commerically
available under the registered trade mark SHELLSOL® are also suitable.
The use of these solvent is also favourably in cases where polyisocyanate
is insoluble or only sparingly soluble in the substancé to be encapsu-
lated. Further, by the use of a water-imiscible solvent the release rate
of the herbicide can be influenced and the solvent has also an anti-
freezing effect. As rule 0.25-0.75 parts per weight of solvent can be

used per part of N-chloroacetylcyclohexeneamine of the formula I.

Apart from the afore-mentioned advantages the use of an additional
solvent is also accompanied by a certain disadvantage because the
additional solvent which is encapsulated together with the active
compound reduces the amount of active compound which can be encapsulated
into a capsule of a given size. It has now been found that the solvent
used for the encapsulation of solid N-chloroacetylcyclohexeneamines of
the formula I can be totally or partially replaced by a herbicidally

active haloacetanilide.

Accordingly, the present invention also provides herbicidal compositions
which comprise an aqueous suspension of microcapsules having a capsule
wall of polyurea and encapsulating a mixture of a herbicidally active

N-chloroacetylcyclohexeneamine of the formula I

T R I Fila i m f

R3 / \, Rl (I)i

wherein R is C;-Cg-alkyl or C3-Cg-alkenyl and R!', R?, R? and R* indepen-
dently from each other are hydrogen or C;-Cy-alkyl and a herbicidally

active chloroacetanilide of the formula II

e—s 7
Z \-—N<R (11),

v
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wherein R5 and R6 independently from each other are hydrogen, halogen,
methyl or ethyl and R7 reprisents CI-C4-a]koxymethy1, 2-(C1-C4-a1koxy)
-ethyl or 2-(C1-C4-a1koxy)-1-methy1ethy], the per weight ratio of the
N-chloro-acetylcyclohexeneamine of the formula I to the chloroacetanilide
of the formula II being within the range of 2:1 to 1:2.

Preferably, the per weight ratio of the N-chloroacetylcyclohexeneamine of

the formula I to the N-chloroacetanilide of the formula II is about 1:1.
Suitable chloroacetanilide of the formula II are:

N-chloroacetyl-N-ethoxymethyl-2-ethyl-6-methylaniline,
N-chloroacetyl-N-methoxymethyl-2.6-diethylaniline (Alachlor),
N-chloroacetyl-N-(2-methoxyethyl)-2.6-dimethylaniline (Dimethachlor),
N-chloroacetyl-N-(2-n-propoxyethyl)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-isopropoxyethyl)-2.6~dimethylaniline,
N-chloroacetyl-N—(2-meth6xyethyl)—2-ethy1-6-methylaniline,
N-chloroacetyl-N-(methoxyethyl)-2.6~-diethylaniline,
N-chloroacetyl-N-(2-ethoxyethyl)-2-ethyl-6-methylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2-methylaniline,
N-chloroacetyl-N-(2-methoxy-l-methylethyl)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2.6-diethylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2-ethyl-6-methylaniline
(Metolachlor),
N-chloroacetyl-N-(2-ethoxyethyl)-2.6-diethylaniline,
N-chloroacetyl-N-(2-n-propoxyethyl)=-2-ethyl-6~methylaniline,
N-chloroacetyl-N-(2-propoxyethyl)-2.6-diethylaniline,

'N-chloroacetyl—N-(2-isopropoxyethy1)—2-eth§l—6-methylaniline,

N—chloroacetyl-N-(2—ethoxyethyl)-2-methy1aniline,
2-chloroacetyl-N-(2-methoxyethyl)-2-methylaniline,
N-chloroacetyl-N-(2-methoxy-2-methylethyl)-2.6~dimethylaniline,
N-chloroacetyl-N-(l-ethyl-2-methoxyethyi)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-ethoxyethyl-l-methylethyl)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-methoxyethyl)-2-chlor-6-methylaniline,
N-chloroacetyl-N-(2-ethoxyethyl)-2-chlor-6-methylaniline,
N-(n-butoxymethyl)-N-chloroacetyl-2.6-diethylaniline and
N-(2-n—butoxyethyl)-N-chloroAcetyl-Z.6—diethylaniline.

e R g
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Preferred chlbroacetanilide of the formula II are those which form
liquids when they are intimately mixed with an N-chloroacetylcyclohexene-
amine of the formula I. Particularly preferred chloroacetanilides of the
formula II are those which are liquid at normal temperature. The most
preferred compound of this kind is Metolachlor. With the use of chloro-
acetanilides of the formula II which form liquids when they are intimate-
ly mixed with a N-chloroacetylecyclohexeneamine of the formula I or which
are liquids themselves no additional solvent is necessary. With the use
of other chloroacetanilides of the formula II which are solids themselves
the amount of solvent can be reduced considerably. In this way it is
possibile to produce microcapsules containing an increased amount of

active substance.

Preferred herbicidal compositions according to the invention are aqueous
suspensions of microcapsules having a capsule wall of polyurea and
encapsulating a mixture of N-isopropyl-N-chloroacetyl-3,5,5(3)-trimethyl-
cyclohex-1-ene-amine(Trimexachlor) and N-chloroacetyl-N-(2-methoxy-1-

methylethyl)-2-ethyl-6-methylaniline(Metolachlor).

The aqueous capsule suspensions according to the present invention are
prepared by dissolving a polyisocyanate in a N-chloroacetylcyclohexene-
amine of the formula I or in a mixture of a N-chloroacetylcyclohexene~-
amine of the formula I and N-chloroacetanilide of the formula II,
dispersing the solution thus obtained in water in the presence of one or
more dispersing agents and reacting the dispersion with an aqueous

solution of the polyamine. 3

Suitable polyisocyanate in general are those compounds that contain two
or more isocyanate groups in the molecule. Preferred isocyanates are di-
and triisocynates whose isocyanate groups may be linked to an aliphatic
or aromatic moiety. Examples of suitable aliphatic diisocyanates are
tetramethylene diisocyanate, pentamethylene diisocyanate and hexamethy-
lene diisocyanate. Suitable aromatic isocyanates are toluylene diiso-
cyanate (TDI: mixture of 2,4- and 2,6-isomers), diphenylmethane-4,4'-di-
isocyanate (MDI: DESMODUR® VL, Bayer), (polymethylene polyphenylisocya-

nate (MONDUR® MR, Mobay Chemical Company); PAPI®, PAPI® 135 (Upjohn Co.),

e e e gt . B s e e e
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2,4,4'-diphenyl ether triisocyanate, 3,3'-dimethyl-4,4'-diphenyl diiso-
cyanate, 3,3'-dimethoxy-4,4'-diphenyl diisocyanate, 1,5-naphthylene di-
isocyanate and 4,4',4"-triphenylmethane triisocyanate. A further suitable
diisocyanate is isophorone diisocyanate. Also suitable are adducts of
diisocyanates with polyhydric alcohols such as ethylene glycol, glycerol
and trimethylolpropane, obtained by addition, per mole of polyhydric
alcohol, of a number of moles of diisocyanate corresponding to the number
of hydroxyl groups of the respective alcohol. In this way several
molecules of diisocyanate are linked through urethane groups to the
polyhydric alcohol to form high molecular polyisocyanates. A particularly
suitable product of this kind (DESMODUR® L) can be prepared by reacting 3
moles of toluylene diisocyanate with 1 mole of 2-ethylglycerol (1,l-bis-
methylolpropane). Further suitable products are obtained by addition of
hexamethylene diisocyanate or isophorone diisocyanate with ethylene
glycol or glycerol. Preferred polyisocyanates are diphenylmethane-4,4'-
diisocyanate and polymethylene polyphenylisocyanate.

The di- and triisocyanates specified above can be employed individually

or as mixtures of two or more such isocyanzates.

Suitable polyamines in general are those compounds that contain two and
mere amino groups in the molecule, which amino groups may be linked to
aliphatic and aromatic moieties. Examples of suitable aliphatic poly-

amines are o,w-diamines of the formula

HaN—fCH23—NH

wherein n 1is an integer from 2-6. Exemplary of such diamines are
ethylenediamine, propylene-1,3-~diamine, tetramethylenediamine, penta-
methylenediamine and hexamethylenediamine. A preferred diamine is

hexamethylenediamine.

Further suitable aliphatic polyamines are polyethylenimines of the

formula

HaN—fCH g—CHZ-—NH};-H

AT e
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wherein n is an integer from 2 to 5. Representative examples of such
polyethylenimines are: diethylenetriamine, triethylenetriamine, tetra-

ethylenepentamine, pentaethylenehexamine.

Further suitable aliphatic polyamines are dioxaalkane-¢,w-diamines such

as 4,9-dioxadodecane-1,12-diamine of formula

HaN—{CHg—};o—-ECHg]—;—o—ECHg}S—NHZ .

Examples of suitable aromatic polyamines are 1,3-phenylenediamine,
2,4-toluylenediamine, 4,4'-diaminodiphenylmethane, 1,5-diaminonaphtha-
lene, 1,3,5-triaminobenzene, 2,4,6-triaminotoluene, 1,3,6-triamino-
naphthalene, 2,4,4'-triaminodiphenyl ether, 3,4,5-triamino-1,2,4-triazole
and 1,4,5,8-tetraaminoanthraquinone. Those polyamines which are insoluble

or insufficiently soluble in water may be used as hydrochlorides.

Yet further suitable polyamines are those that contain sulfo or carboxyl
groups in addition to the amino groups. Examples of such polyamines are
1,4-phenylenediaminesulfonic acid, 4,4'-diaminodiphenyl-2-sulfonic acid,

or diaminomonocarboxylic acids such as ornithine and lysine.

The above polyamines may be used individually or as mixtures of two or

more polyamines.

Polyamines used for polycondensation may also be generated in a process

DIREE ac ot

known per se by reacting an appropriate polyisocvanate with water

followed by decarboxylation of the carbamic acid formed.

Suitable solvents (cosolvents) in which the N-chloroacetylcyclohexene-
amines of the formula I or mixtures of a N-chloroacetylcyclohexene of the
formula I and a N-chloroacetanilide of the formula I may be dissolved are
aliphatic and aromatic hydrocarbons such as hexane, cyclohexane,

benzene, toluene, xylene, mineral oil or kerosin. Also suitable are

cyclohexanone, as well as halogenated hydrocarbons such as methylene

i
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chloride, chloroform, chlorobenzene and o-dichlorobenzene. The mixtures
of mono- and polyalkylated aromatics commercially available under the

registered trademark SHELLSOL® are also suitable.

With the general process discribed above microcapsules are obtained
having a wall of polyurea. According to a variation of this process
microcapsules can be prepared having a wall of polyurea which contains up
to 30 % of a polyamide. According to this variation up to 30 % of the
molar amount of polyisocyanate required for the formation of the capsule
wall is replaced by the corresponding amount of an acid chloride of a di-
or polycarboxylic acid. Suitable acide chlorides are, for example, adipic
acid dichloride, maleic acid dichloride, sebacid acid dichloride and
succinic acid dichloride. These acid chlorides can be dissolved together
with the polyisocyanate in a N-chloroacetylcyclohexeneamine of the
formula I or in a mixture of a N-chloroacetylcyclohexeneamine of the
formula I and a N-chloroacetanilide of the formula II optionally in the

presence of an additional water-imiscible solvent.

The preparation of the aqueous suspensions of microcapsules is
advantageously carried out in the presence of one or more dispersants.
Suitable dispersants are anionic and nonionic dispersants. Preferably the
aqueous suspensions of microcapsules of this invention are prepared
according to the process described in the European Patent Application
EP-A-0 214 936 in the presence of an anionic dispersant and of at least

one nonionic protective coloid and/or a nonionic surfactant.

Suitable anionic dispersants are in general oligomers and polymers, as
well as polycondensates, which contain a sufficient number of anionic
groups to ensure their water-solubility. Examples of suitable anionic
gfoups are sulfo groups or carboxyl groups; but polymers containing
carboxyl groups can only be used in the higher pH range, preferably at a
pH higher than 5. The number of anionic groups per polymer molecule is
usually at least 60 % of the number of monomer units contributing to the
structure of the molecule. Oligomers and polymers that contain sulfo
groups can be prepared either by polymerising monomers that contain sulfo
groups or by sulfonating the.appropriate oligomers or polymers. Polymers

that contain carboxyl groups can be obtained by saponifying polyacrylates
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or polymethacrylates, in which case the degree of saponification must be
at least 60 %. Particularly suitable anionic dispersants are sulfonated
polymers and condensates of aromatic sulfonic acids with formaldehyde.

Typical examples of such anionic dispersants are:

A. Salts of polystyrenesulfonic acid, in particular the alkali metal,

alkaline earth metal and ammonium salts, and the salts of organic
amines which can be obtained by polymerising styrenesulfonic acid or
salts thereof or by sulfonation of polystyrene and subsequent
neutralisation with a suitable base, in which latter case the degree

of sulfonation must be at least 60 %;

B. Salts of polyvinylsulfonic acid, in particular the alkali metal,

alkaline earth metal and ammonium salts, and the salts with organic
amines which can be obtained by polymerising vinylsulfonic acid or
salts therof;

C. Salts of condensates of naphthalenesulfonic acids, preferably

naphthalene-2-solfonic acid, with formaldehyde, in particular the
alkali metal, alkaline earth metal and ammonium salts, and salts of
thereof with organic amines which can be obtained by sulfonation of
naphthalene, condensation of the resultant naphthalenesulfonic acids
with formaldehyde, and neutralisation with a suitable base. The

condensates may be represented by the formula

./ \. ./ \. '/ \‘
I f-sosH " ——so0sM I —f-s0sM
SN,/ N/ N7
W +—CH; - — CH =l
\./ [ N J NV
n

wherein M is sodium, potassium, magnesium, calcium, ammonium or the
cation derived from an organic amine, and n is 1 to 25. The molecular

weight of these compounds is in the range from about 500 to 6000.

e
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D. Salts of condensates of naphthalenesulfonic acid with phenolsulfonic
acid and formaldehyde, in particular the alkali metal, alkaline earth
metal and ammonium salts, and salts with organic amines. These
products are sulfo group containing polymers with an average molecular
weight of 6000 to 8000, in which the momomer units naphthalene and
phenol are linked to each other partly through methylene groups and

partly through sulfo groups. Their approximate structure is:

. SO ..o P 1%
AN AN NS N, AN
I I 480~ #-CHp—+ I  +4-CHpo—# +-SO0—F {-SO03M
VAN NSRS
6H CH2
[ SO3M . . . . o(
INSK SN, AN, AN K
| 4+CHp—F+ S0~ || +-CH—+ I |
X,” \,/ \.” \ W4 \/\K
b S03M
CHa
SO3M SO3M S0;
N Y S Y
| 4#-50,—+ d4-CHp—+ I +-CHo—+ I 4-CH—# +...etc
\'/ \0/ \./ \'/ \./ \. \./
o OH SOsM by

wherein M is sodium, potassium, magnesium, calcium, ammonium or the

cation derived from an organic amine.

E. Salts of ligninsulfonic acid, in particular the sodium, potassium,

magnesium, calcium or ammonium salt.

Preferred anionic dispersants are salts of polystyrenesulfonic acid (type
A), salts of condensates of naphthalenesulfonic acid with formaldehyde
(type C) and, in particular, condensates of naphthalenesulfonic acid with

phenolsulfonic acid and formaldehyde (type D).

The condensates of naphthalenesulfonic acid with phenolsulfonic acid and
formaldehyde of type D, which are especially preferred anionic dis-
persants, have so far not been described in the literature. They can be

prepared by converting naphthalene, at 120°-130°C, first with con-

centrated sulfuric acid and/or oleum into naphthalenesulfonic acid, then

T
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adding phenol to the reaction mixture, and carrying out further reaction
initially at 120°-130°C and then removing the water of reaction in vacuo
at 150°-170°C and condensing the reaction product with formaldehyde after
cooling to 90°-100°C, then neutralising the reaction mixture to pH 6-7
and evaporating it to dryness and granulating the residue, affo:ding a
water-soluble anionic dispersant (hereinafter referred to as "dispersant

A") in granular form with an average molecular weight of 6000 to 8000.
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The sulfonation of naphthalene under the above specified conditions

yields mainly naphthalene-2-sulfonic acid together with insignificant

amounts of naphthalenedisulfonic acid. Upon addition of phenol, this is

also sulfonated. However, in this process, in particular when sub-

sequently heating to 150°-170°C, large amounts of sulfones such as

4,4'-dihydroxydiphenylsulfone and 4-hydroxyphenylnaphthylsulfone are also
formed in addition to phenolsulfonic acid. Hence a polymer whose monomer
units naphthalene and phenol are linked partly through methylene groups

and partly through sulfo groups is formed in the subsequent condensation

with formaldehyde. In the preparation of dispersant
phenol, sulfuric acid, formaldehyde and base may be
ratio of 1:0.5-1:2-2.5:0.4-0.8:2-3. The molar ratio

naphthalene:phenol:sulfuric acid: formaldehyde:base

1:0.7:2:0.5:2, with sodium hydroxide being advantageously used as base.

A, naphthalene,
used in the molar
of

is conveniently

The sulfuric acid consists advantageously of mixtures of concentrated

sulfuric acid and oleum, with the amount of free SO3 in the oleum being
at least equivalent to the amount of water in the concentrated sulfuric

acid, so that at least 100 % sulfuric acid is formed when mixing concen-

trated sulfuric acid and oleum. Formaldehyde is conveniently used as

aqueous solution, for example as 37 % aqueous solution. The separation of

the water of reaction by distillation is advantageously effected under a

pfessure of 10-50 bar.

Suitable nonionic protective colloids are in general water-soluble

T et - e

polymers whose molecular weight is normally in the range from 10,000 to
200,000. The average diameter of the capsules can be influenced by the
molecular weight of the respective polymer employed. The use of water-
soluble polymers of low molegular weight results in a lower viscosity of

the reaction mixture and thus in the formation of larger capsules,

oy
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whereas the use of water-soluble polymers of high molecular weight leads
to a higher viscosity of the reaction mixture and therefore to the
formation of capsules of smaller diameter. Examples of suitable water-
soluble polymers are:

polyvinyl alcohol, polyvinyl methyl ether, polyvinylpyrrolidone, hydroxy-
ethyl cellulose, hydroxypropyl cellulose, methyl cellulose (degree of
substitution: 1.5 - 2), hydroxyethylmethyl cellulose, hydroxypropylmethyl
cellvlose, poly(2-hydroxyethyl)methacrylate, poly[2-(2-hydroxyethoxy)-
ethyl]methacrylate, polyethylene oxide (polyoxyethylene) and polyallyl
alcohol (polyglycidol).

A preferred nonionic protective colloid is polyvinyl alcohol. Par-
ticularly preferred are polyvinyl alcohols with a viscosity of 4-60 cp
(measured in 4 % aqueous solutions at 20°C), which have been prepared by
saponification of polyvinyl acetate, with the degree of saponification
being at least 60 %, but preferably 80-95 %. Suitable products of this
kind are those commercially available under the registered trademark
MOWIOL®.

Suitable nonionic surfactants are in general nonionic water-soluble
polymers having an average molecular weight of below 20,000. Particularly
suitable nonionic surfactants of this kind are the products which can be
obtained by reaction of ethylene oxide, or by the combined reaction of
ethylene oxide and propylene oxide, with fatty alcohols, alkylphenols,
fatty acids, fatty acid esters of polyhydroxy compounds, fatty acid

amides and fatty amines, where the number of ethylene oxide and propylene

oxide units may vary within wide limits. In general, the number of

ethylene oxide units or ethylene oxide and propylene oxide units is from i
1-200, preferably from 5-100 and, most prefearably, from 8-40. Examples of
suitable nonionic surfactants are:

alkylpolyethylene glycol ethers of the formula

Rl-o-E—CHz-CHZ-@'n—I—H
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wherein R; is Cg~Czgalkyl and n; is 2-100. Products of this kind are
commercially available under the registered trademarks BRIJ® (Atlas
Chemical), ETHYLAN® CD and ETHYLAN ® D (Diamond Shamrock), GENAPOL® C,
GENAPOL® 0 and GENAPOL® S (Hoechst AG);

alkylphenol polyethylene glycol ethers of the formula

2N,
/

(sz:;z.

0f-CH,—CH 2‘0};‘5}1

wherein Ry is Cg=Cjzalkyl, m; is 1 to 3 and n; is 2 to 40. Preferred
meanings of R are octyl and nonyl. Products of this kind are
commercially available, for example under the registered trademarks
Antarox (GAF), TRITON® X (Rohm and Haas Co.), ATLOX® 4991 (ICI),
ARKOPAL® N (American Hoechst) und ETHYLAN® (Lankro Chem. Ltd);

a-phenethylphenol polyglycol ethers of the formula

AN

-0 IHa *
7 N\,
N

—
=.>-—O—-ECH 2=CHz—O0——H

ma
wherein mp is 1 to 3 and n3 is 5 to 40. These products are designated

ethoxylated styryl phenols. Commercially available products of this kind

are for example: DISTY® 125 (Geronazzo) and SOPROPHOR® CY 18 (Rhone
Poulenc S.A.);

fétty acid (polyethoxyethyl) esters of the formula

Ra-@-o—ECHg—CHz—o—}n—uH

® ;?«f
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wherein R3 is Cg-Cz2alkyl or C;o-Czzalkenyl and ny is 2 to 50. These
products are derived in particular from lauric acid, oleic acid and
stearic acid. Such products are commercially available for example under

the registered trademarks NONISOL® (Ciba-Geigy) or MRYJ® (ICI);

sorbitan polyethylene glycol ether fatty acid esters of the formula

H—EO—CHZ}X—O—EH——EH—O-ECHZ—CHQ—O—};H ﬁ

Ha N/ H—CH—CH,—O0————C~Ry

© CH,—CH 2—0}—2-1{

wherein Ry is Cg-Czpalkyl and x, y and z are each 1 to 50, and the sum of
X +y + 2 is 20-150. Possible acid radicals Ry are in particular the
radicals of lauric acid, stearic acid, palmitic acid and oleic acid. Such
products are also known as polysorbates and are commercially available

for example under the registered trademark TWEEN® (ICI);
triglvceride polyethylene glycol ethers of the formula
Hz—O—g-Rs

H—O——B—Re

Hz—o—g—R7

wherein Rs, R¢ and Ry are the radical of the formula

— e
I e LA S e e

CH Z—CHg—oﬂn—SH
—FCHa}——CH=CH—CH,—CH—{CHo}—CHs

and each of Rs and Rg independently of the other is also Cg-Czpalkyl or
Cg—Czoalkenyl, and ns is 3-100. Suitable acid radicals RsCO- and RgCO-
containing Cg-Cagalkyl and Cg-Czoalkenyl groups are in particular the

radicals of lauric acid, palmitic acid, stearic acid and oleic acid. A
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preferred representative of this type of surfactant is ethoxylated
castor oil. Such products are commercially available under the registered
trademark EMULSOGEN® (Hoechst AG);

fatty acid polyethoxyethylamides of the formula

@ [CHg-CHg—O};——H
Rg~C-N 6
[CHg—CHg—O}E;H

wherein Rg is Cg~Cgzgalkyl, Cg-Czgalkenyl and ng and n, are each 1-25,
Suitable acid radicals RgCO- are in particular the radicals of lauric
acid, oleic acid, palmitic acid and stearic acid. Products of this kind
are commercially available for example under the registered trademarks

AMIDOX® (Stephan Chemical Co.) and ETHOMID® (Armak Co.);

N-polyethoxyethylamines of the formula

Rg—N<
[CH 2-CH» -O}n_a—H

wherein Rg is Cg-Cigalkyl or Cg-Cigalkenyl and ng is 1-15. The products
derived from fatty amines, such as coconut fatty amine, oleylamine,
stearylamine and tallow fatty amine, are particularly suitable. Such
products are commercially available for example under the registered
trademark GENAMIN® (Hoechst AG);

ERIRE £33 -~ SULASEE S

N,N,N'N'~tetra(polyethoxypolypropoxyethyl) ethylenediamines of the
formula

H3

H3
HfO-CHg* H};ﬁO—CHz-CHg) (CHg—CHQ—O%;é" H—CH2—0}§H

e T

H3
H€0-CHjy- H};éO-CHa-CHg)X (CHg—Cﬂz—O};€~ H—CH2—0%§H

T3
1%
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wherein x and y are each 2-50 and the sum of x + y is 4-100. Products of
this kind are commercially available, especially under the registered
trademarks TERRONIL® and TETRONIC® (BASF Wyandotte Corp.);

alkyl polyethylene glycol/polypropylene glycol ethers of the formula

Hj
R1o—O—{CHZ—CH2—0};;{-EH—CH2—O}ET;{CHz—CHg-O};TT~H

wherein R;o is hydrogen, Cg-zpalkyl or Cg—Czoalkenyl and ng and n;; are
each 2-200, njg is 10-80 and the sum of ng + n;g + n3; is 15-450.
Particularly suitable products of this kind are for example polyethylene
oxide/polypropylene oxide block polymers (R;o=H) commercially available
under the registered trademark PLURONIC® (BASF Wyandotte Corp.).

Preferred nonionic surfactants are ethylene oxide/propylene oxide block
polymers (PLURONICS®), N,N,N',N'-tetra(polyethoxypolypropoxyethyl)-
ethylenediamines (TETRONICS®), nonylphenol polyglycol ethers containing
10-20 ethylene oxide units, alkyl polyethylene glycol ethers which are
derived from fatty alcohols (GENAPOL®) and N-polyethoxyethylamines which
are derived from fatty amines (GENAMIN®). Particularly preferred nonionic
surfactants are ethylene oxide/propylene oxide block polymers
(PLURONICS®).

The preferred process for the preparation of the aqueous suspensions of

TR BRI

microcapsules of this inventions is carried out by first dissolving the
anionic dispersant and the nonionic protective colloid and/or nonionic
surfactant in water and then adding a solution of one or more polyiso-
cyanates in a N-chloroacetylcyclohexeneamine of the formula I or in a
mixture of a N-chloroacetylcyclohexeneamine of the formula I and a
chloroacetanilide of the formula II, or a solution of a N-chloroacetyl-
cyclohexenz=amine of the formula I or a mixture of a N-chloroacetylcyclo-
hexeneamine of the formula I and a chloroacetanilide of the formula II in
a water-immiscible solvent, and stirring the mixture efficiently until a

homogeneous dispersion is obtained. With continuous stirring, one or more

o
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polyamines are added and stirring of the mixture is continued until the
reaction of the polyamine with the isocyanate is completed. The poly-

amines can conveniently be added as aqueous solution.

The reaction time for the reaction of the polyisocyanate with the
polyamine is normally from 2 to 30 minutes. The degree of conversion and
the end of the reaction can be determined by titration of the free amine

present in the aqueous phase.

The components required to form the capsule walls may generally be
employed in an amount of 2.5 to 40% by weight, preferably 5 to 30% by
weight, and most preferably 10 to 25% by weight, based on the material to
be encapsulated. The material to be encapsulated may consist of a
N-chloroacetylcyclohexeneamine of the formula I or of a mixture of a
N-chloroacetylcyclohexeneamine :! the formula I and a chloroacetanilide
of the formula II, or of a solution of a N-chloroacetylcyclohexeneamine
of the formula I or a mixture of a N-chloroacetylcyclohexeneamine of the
formula I and a chloroacetanilide of the formula II in a water-immiscible
solvent. The amount of components required to form the capsule wall in
each specific case depends primarily on the wall thickness of the

capsules to be prepared and also on the capsule size.

The diameter of the microcapsules produced according to the procedure
described above is determined by the diameter of the droplets dispersed
in the aqueous phase. The diameter of these droplets in turn depends on

the stirring rate applied for the formation of the dispersion. High

R

stirring rates will produce small droplets and the diameter of the

droplets will increase with lowering of the stirring rate. However, the ' b
diameter of the microcapsules produced not only depends on the stirring
rate but also on other factors, such as the type of stirrer employed, the
volume to be stirred, the viscosity of the mixture etc. The parameters
necessary for the production of microcapsules having a specific diameter

can be easily determined experimentally.

The herbicidal compositions according to this invention advantageously

contain microcapsules having a diameter within the range of 1 to 50 um. i
Preferably, the diameter of the microcapsules is from 2 to 30 pum. For a ‘
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given diameter of the microcapsules the thickness of the capsule wall
depends on the amount of polymer formed by the wall - forming components,
i.e. from the amount of polyisocyaznate and polyamine used. For the
microcapsules having a diameter within the range given above a polymer
content of 2.5 to 40% by weight is suggested. Preferably, the micro-
capsules have a polymer content of 5 to 30% by weight and, most preferab-

ly, 10 to 25% by weight, based on the material to be encapsulated.

The release rate of the active ingredient can be influenced by the
thickness of the capsule wall, the diameter of the capsules and by
encapsulating an additional water-imiscible solvent together with the
active substance. When dispersing the liquid phase to be encapsulated
containing the polyisocyanate in water, the simultaneous use of an
anionic dispersant and a nonionic protective colloid and/or nonionic
surfactant prevents the sharp rise in viscosity that occurs particularly
if an anionic dispersant alone is used, for example a ligninsulfonate. It
is thus not only easier to carry out the process, but also simultaneously
to achieve a more rapid and more complete reaction of polyisocyanate and
polyamine, thereby substantially preventing the formation of undesirable
by-products. Lowering the viscosity of the reaction mixture also leads to
the formation of a finer dispersion at the same shearing force and thus
to a reduction in the diameter of the capsules obtained. The capsule
suspensions prepared by the process of this invention are stable and,
even on prolonged storage, exhibit no formation of serum or sediment.
Further, by appropriate choice of the kind and amount of the anionic and
nonionic dispersants, the capsule suspensions obtainable in the process
of this invention exhibit thixotropic properties and can therefore be
brought in simple manner into a readily flowable state by shaking or

stirring.

With the process described above it is possible to prepare aqueous
suspensions of microcapsules that contain 100-700 g of microcapsules per
litre. Preferably the suspensions contain 400-600 g of microcapsules per
litre.

TR PPRRCEIA,
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The suspensions of microcapsules obtainable in the process described
above are directly ready for use. However, for transportation and storage
they can be stabilised by the addition of further ingredients, such as
surface-active agents, thickeners, antifoams and antifreeze agents. It
is, however, also possible to seperate the microcapsules from the
directly obtained suspension, for example by filtration or
centrifugation, and either to dry or convert them once more into a
suspension. The microcapsules which have been isolated from the
suspension and dried are in the form of a flowable powder that has a

virtually unlimited shelf of life.

The herbicidal compositions provided by the present invention have both a
good initial activity and a good long term activity. This must be
considered as surprising because according to common experience the
microencapsulation of active substances is accompanied by a loss of

initial activity.

In the following Examples which illustrate the invention more in detail
the registered trademarks and other designations that are not self-

evident denote the following products:

MDI is 4,4'-diphenylmethanediisocyanate

HMDA is 1,6-hexamethylenediamine

CS 500, CS 450, CS 400 and CS 300 denote the amount of active ingredient
microencapsulated per litre (500 g/l, 450 g/1, 400 g/l or
300 g/1)

EC 250 and EC 480 denote the amount of active ingredient in conventional

NSRS
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emulsion concentrates per litre (250 g/1 or 480 g/l)

Anionic dispersants

Dispersant A : sodium salt of a condensate of naphthalenesulfonic acid
with phenolsulfonic acid and formaldehyde, prepared

according to Example Al.

e~
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Nonionic surfactants

PLURONIC® F-108: ethylene oxide/propylene oxide block polymer of the
formula (EO)X——(PO)y——(EO)Z, with mol wt of c. 16,000
and an ethylene oxide content of 80 %, supplier BASF

Wyandotte Corp.

Antaron® P-904: Butylpolyvinylpyrrolidon with an average mol wt.
of 1600, supplier: GAT Chem. Corp.

Example Al: Preparation of dispersant A
Starting materials: 288 g (2.25 moles) of naphthalene
144 g (1.53 moles) of phenol
440 g (4.48 moles) of 100 % sulfuric acid
78.5 g (0.97 mole) of 37 % aqueous formaldehyde

solution

370 g (4.4 moles) of 48 % aqueous sodium hydroxide

solution

The naphthalene is melted in a stirred reactor and, after addition of
sulfuric acid, the melt is heated for 4 hours to 120°-125°C. The phenol
is then added and the temperature is kept for a further hour at
120°-125°C. The reaction vessel is subsequently evacuated to a pressure
of 15 mbar and the temperature is increased slowly to 160°C and kept for
3 hours while distilling off the water of reaction. The reaction mixture
is cooled to 105°-110°C and homogenised by stirring. The batch is then
cooled to 90°C by cautiously adding 200 g of ice, while maintaining the
homogeneity of the mixture by continual stirring. The formaldehyde
solution is then added at 90°-95°C over 1 hour and stirred for 3 hours at
95°C. A sample of the reaction mixture then forms with water a clear 5 %
solution and no longer smells of formaldehyde. The reaction mixture is
then cooled to 80°C by addition of 60 g of ice and 60 g of water. After
addition of a further 180 ml of water, the reaction mixture is
neutralised with about 230-250 ml of 48 % sodium hydroxide solution at a
temperature of 80°C. The pH of a 10% solution of a sample of the reaction
mixture is about 6.5. The reaction mixture is then evaporated to dryness
and the residue is granulated, affording 900 g of dispersant A in the

form of water-soluble granules.
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Examples for microencapsulation of N-chloroacetyl-N-isopropyl-3,5,5(3)-

trimethylcyclohex~1-en-amine (Trimexachlor)

In the examples given hereinafter the average particle size is determined

by the stirring rate.

The preparatory examples are performed by using a X20- or X40- high shear
mixer purchased from YSTRAL GmbH, D-7801 Ballrechten-Dottingen, the upper
particle silzes are obtained using a conventional blate thrill.

Depending on stirring rate and mixer type used, the particle sizes given

can be obtained:
X 20- or X40- high shear mixer

stirring rate I particle size

10 m/sec 2 um
5 m/sec 6 um

blade thrill:

stirring rate l particle size

0,5 m/sec l 30 um

Example Hl: Preparation of $S500 microcapsules of trimexachlor

P

la. In a 250 ml glass beaker there are dissolved 0.8 g of dispersant A
and 0.8 g of Pluronic T 108 in 71 g of deionised water and while stirring
vigorously there is added a solution of 3.4 g of MDI in 80 g of trimexa-
chlor. After about one minute, there is added further 1.4 g of HMDA (as
40 % aqueous solution). Stirring is continued at a moderate rate for one
hour, whereby the reaction mixture cools down to room temperature.

According to the stirring rate, microcapsules of 2-30 um are obtained .
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1b. In a 250 ml beaker glass, there are dissolved 0.8 g of dispersant A
and 0.8 g of Pluronic F 108 in 64 ml of deionised water and while
stirring vigorously, a solution of 7.2 g MDI in 30 g of trimexachlor is
added. After about one minute, there is further added 3.0 g HMDA as 40 %
aqueous solution. Stirring is then continued for ovne hour at moderate
rate. According to the stirring rate, microcapsules of 2-30 um are

obtained.

lc. In a 250 ml beaker glass there are dissolved in 53 g of deionised
water 1.6 g of dispersant A and 1.6 g of Pluronic F 108 while stirring
lo vigorously there is added thereto first a solution of 14.9 g of MDI in
80 g of trimexachlor and after about one minute 6.2 g of HMDA (as 40 %
cin aqueous solution). Stirring is continued at a moderate rate for about one
’ hour. According to the stirring rate microcapsules of 2 to 30 um are

obtained.

Example H2: Preparation of CS 450 microcapsules of trimexachlor

2a. To a solution of 0.9 g dispersant A and 1.8 g of Pluronic F 108 in

72.7 g of deionised water are added while stirring vigorously, first a
‘k“. soluiton of 11.6 g of MDI in 81 g of trimexachlor and after about one
e minute 4.8 g of HMDA (as 40 % aqueous solution). The reaction mixture is
' 20 then stirred at moderate rate for one hour. According to the stirring

rate, microcapsules of 3 to 30 pm are obtained.

2b. To a solution of 0.9 g of dispersant A and 1.8 g of Pluronic F 108 in

VDRI e

56 g of deionised water are added while stirring vigorously, first a

solution of 14.6 g of MDI in 72 g of trimexachlor and after about one

P A

minute 0.6 g of HMDA (in form of a 40 % aqueous solution). Stirring is

continued at a moderate rate for one hour. According to the stirring

rate, microcapsules of 3 to 30 um are obtained.

- Example H3: Preparation of CS 400 microcapsules of trimexachlor

3a. To a solution of 0.8 g of dispersant A 0.8 g of Pluronic F 108 and
i Y 8 g of 1,2 Propyleneglycol in 14.4 g of deionised water are added while
stirring vigorously, first a solution of 28 g of toluene and 7.2 g of MDI
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in 64 g of trimexachlcor and after about one minute 3.0 g of HMDA (as
40 % aqueous solution). Stirring is continued for one hour at moderate

rate. According to the stirring rate, microcapsules of 2 to 30 um are
obtained.

3b. To a solution of 0.8 g of dispersant A, 0.8 g of Pluronic F 108 and

8 g of 1,2 propyleneglycol in 46.2 g of deionised water are added, while
stirring vigorously first a solution 28 g of toluene and 8.4 g of MDI in
64 g of trimexachlor and then after about one minute 1.8 g of ethylene-
diamine (as 40 % aqueous solution). Stirring is then continued for one
hour at moderate rate. According to the stirring rate when adding the
trimexachor solution to the aqueous solution, microcapsules of 2 to 30 um

are obtained.

3c. To a solution of 0.8 g of dispersant A and 0.8 g of Pluronic F 108 in
52.4 g of deionised water there are added, while stirring vigorously,
first a soluiton of 28 g of toluene and 7.2 g of MDI in 64 g of trimexa-
chlor and then, after about one minute 3.0 g of HMDA (as 40 % aqueous
solution). Stirring is continued at a moderate rate for one hour. Accor-

ding to the stirring rate, microcapsules of 2 to 30 pm are obtained.

3d. To a solution of 0.8 g of dispersant A and 0.8 g of Pluronic F 108 in
54.2 g of deionised water are added, while stirring vigorously, first a
solution of 18 g of toluene and 8.4 g of MDI in 64 g of trimexachlor and
then, after about one minute 1.8 g of ethylene diamine (as 40 % aqueous

solution). Stirring is then continued for one hour at a moderate rate.

According to the stirring rate, microcapsules of 2 to 30 um are obtained.

3e. To a solution of 0.8 g of dispersant A and 0.8 g of Pluronic F .108 in
56.8 g of deionised water are added, while stirring vigorously first a
solution of 30.3 g of isophoron and 3.5 g of MDI in 64 g of trimexachlor
and then, after about one minute 1.5 g of HMDA (as 40 % aqueous solu-

tion). Stirring is continued for one hour at a moderate rate.

e
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3f. To a solution of 0.8 g of dispersant A and 0.8 g of Pluronic F 108 in
56.8 g of deionised water are added, while stirring vigorously, first a
solution of 30.3 g of 3,3,5~trimethylcyclohexanaone and 3.5 g of MDA in
64 g of trimexachlor and then, after about one minute, 1.5 g of HMDA (as

40 % aqueous solution). Stirring is then continued at a moderate rate.

3g. To a solution of 0.8 g of Antaron P 904 and 8.0 g of 1.2 propylene-
glycol in 45.2 g of deionised water are added, while stirring vigorously,
first a solution of 28 g of toluene and 7.2 g of MDI in 64 g of trimexa-
chlor, and then, after about one minute 3.0 g of HMDA (as 40 % aqueous

solution). Stirring is then continued at a moderate rate.

3h. To a solution of 8.0 g of Antonon P 904 and 8.0‘g of 1,2 propylene-
glycol in 48 g of deionised water are added, while stirring vigorously,
first a soluiton of 28 g of toluene and 8.4 g of MDI in 64 g of tri-
mexachlor and then, after about one minute 1.8 g of ethylenediamine (as
40 % aqueous solution). Stirring is then continued for one hour at

moderate rate.

3i. To a soluiton of 8.0 g of Artaron P 904 in 55 g of deionised water
are added, while stirring vigorously, first a solution of 28 g of toluene
and 8.4 g of MDI in 64 g of trimexachlor and then, after about one minute
1.8 g of ethylenediamine (as 40 % aqueous solution). Stirring is then

continued at a moderate rate.

Example H4: Preparation of CS 300 trimexachlor microcapsules

4a. 5.0 g dispersant A and 5.0 g Pluronic F 108 are dissolved in 316.4 g !

deion. water and, with efficient stirring, a solution of 195 g toluene Do
and 87,5 g MDI in 300 g Trimexachlor is added. After 1 minute 36.3 g HMDA
(as 40 % aqueous solution) are added and further stirred at a lower rate

for one hour.

Depending on the stirring rate, during aldition of the trimexachlor

solution to the aqueous phase, one obtains microcapsules of 2 to 3G pm

size.
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4b. 7.5 g dispersant A and 7.5 g Pluronic F 108 are dissolved in 523 g
deion. water and, with efficient stirring, a solution of 58.4 g MDI in
293 g toluene and 450 g Trimexachlor is added. After 1 minute 24.2 g HMDA
(as 40 % aqueous solution) are added and further stirred at a lower rate

for one hour.

Depending on the stirring rate, during addition of the trimexachlor
solution to the aqueous phase, one obtains microcapsules of 2 to 30 um

size.

4e. 7.5 g dispersant A and 7.5 g Pluronic F 108 are dissolved in 535 g
lo deion. water and with, efficient stirring, a solution of 27.6 g MDI in
SO 293 g toluene and 450 g trimexachlor is added. After 1 minute 11.5 g HMDA
- (as 40 % aqueous solution) are added and further stirred at a lower rate

for one hour.

Depending on the siirring rate, during addition of the trimexachlor
solution to the aqueous phase, one obtains microcapsules of 2 to 30 um

size.

4d. 0.6 g dispersant A and 0.6 g Pluronic F 108 are dissolved in 52.8 g
deion. water and, with efficient stirring, a solution of 20.6 g MDI in
15 g toluene and 36 g Trimexachlor is added. After 1 minute 2.3 g HMDA

Q0 (as 40 % aqueous solution) are added and further stirred at a lower rate
for one hour.

¢ctee
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solution to the aqueous phase, one obtains microcapsules of 2 to 30 um P

size.

be. 0.6 g dispersant A and 0.6 g Pluronic F 108 are dissolved in 53.8 g
deion. water and, with efficient stirring, a solution of 12.9 g MDI in
15 g toluene and 36 g Trimexachlor is added. After 1 minute 0.1 g

1,4-diazabicyclo[2,2,2]octane (as 40 % aqueous solution) are added. The

mixture is then warmed to 45 - 50°C and further stirred at a lower rate

2 for one hour.
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Depending on the stirring rate, during addition of the trimexachlor
solution to the aqueous phase, one obtains microcapsules of 2 to 30 pm

size.

4f. 0.6 g dispersant A and 0.6 g Pluronic F 108 are dissolved in 61.6 g
deion. water and, with efficient stirring, a solution of 3.0 g MDI in

15 g toluene, 1.0 g sebacic acid dichloride and 36.0 g Trimexachlor is
added. After 1 minute 1.7 g HMDA (as 40 % aqueous solution) are added and

further stirred at a lower rate for one hour.

Der - iing on the stirring rate, during addition of the trimexachlor
solution to the aqueous phase, one obtains microcapsules of 2 to 30 pm

size.

4g. 0.6 g dispersant A and 0.6 g Pluronic F 108 are dissolved in 62.6 g
deion. water and, with efficient stirring, a solution of 3.5 g MDI in
15 g toluene, 1.1 g sebacic acid dichloride and 36.0 g Trimexachlor is
added. After 1 minute 1.1 g ethylenediamine (as 40 % aqueous solution)

are added and further stirred at a lower rate for one hour.

Depending on the stirring rate, during addition of the trimexachlor
solution to the aqueous phase, one obtains microcapsules of 2 to 30 um

size.

Example H5: Preparation of microcapsules containing trimexachlor/metola- ﬁ

chlor mixtures {

5a. 1.6 g dispersant A, 8.0 g 1,2-propylenglycol and 1.6 g Pluronic F 108
are dissolved in a 250 ml beaker in 54 g water. With efficient stirring a
solution of 40.0 g trimexachlor and 6.9 g MDI in 40.0 g metolachlor is
added and it is further stirred until the desired particle size is
reached. Then 2.8 g HMDA (as 40 % aqueous solution) are added. Depending

on the stirring rate microcapsules of 2 to 30 um size are obtained.

The microcapsules prepared are of 10.0 % polymer content, calculated on

the amount of trimexachlor and metolachlor (CS 500 - microencapsulation). i
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S5b. 1.6 g dispersant A, 8.0 g 1,2-propylenglycol and 1.6 g Pluro-

nic F 108 are dissolved in a 250 ml beaker in 36.5 g water. With effi-
cient stirring a solution of 40.0 g trimexachlor and 17.9 g MDI in 40.0 g
metolachlor is added and it is further stirred until the desired particle
size is reached. Then 7.4 g HMDA (as 40 % aqueous solution) are added.
Depending on the stirring rate microcapsules of 2 to 30 um size are

obtained.

The microcapsules prepared are of 26 % polymer content, calculated on the

amount of trimexachlor and metolachlor (CS 500 - microencapsulation).

5c. 1.6 g dispersant A and 1.6 g Pluronic F 108 are dissolved in a 250 ml
beaker in 38.0 g water. With efficient stirring a solution of 56.0 g
trimexachlor and 15.8 g MDI in 24.0 g metolachlor is added and it is
further stirred until the desired particle size is reached. Then 6.5 g
HMDA (as 40 % aqueous solution) are added and it is further stirred for
one hour. Depending on the stirring rate microcapsules of 2 to 30 um size

are obtained.

The microcapsules prepared are of 23 % polymer content, calculated on the

amount of trimexachlor and metolachlor (CS 500 - microencapsulation).

5d. 1.6 g dispersant A, 8.0 g 1,2-propylenglycol and 1.6 g Pluronic F 108
are dissolved in a 250 ml beaker in 38.2 g water. With efficient stirring
a solution of 42.7 g trimexachlor and 15.0 g MDI in 21.3 g metolachlor
and 16.0 g toluene is added and it is further stirred until the desired
particle size is reached. Then 6.2 g HMDA (as 40 % aqueous solution) are
added. Depending on the stirring rate microcapsules of 2 to 30 pm size

are obtained.

The microcapsules prepared are of 21 % polymer content, calculated on the
amount of trimexachlor, toluene and metolachlor (CS 400 -microencapsula-
tion).

5e. 1.6 g dispersant A, 8.0 g 1,2-propylenglycol and 1.6 g Pluronic F 108
are dissolved in a 250 ml-beaker in 38.2 g water. With efficient stirring
a solution of 26.6 g trimexachlor and 15.0 g MDI in 53.4 g metolachlor is
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added and it is further stirred until the desired particle size is
reached. Then 6.2 g HMDA (as 40 % aqueous soluiton) are added and it is
slowly stirred further. Depending on the stirring rate microcapsules of 2

to 30 pm size are obtained.

The microcapsules prepared are of 21 % polymer content, calculated on the

amount of trimexachlor and metolachlor (CS 500 - microencapsulation).

5f. 1.6 g dispersant A, 8.0 g 1,2-propylenglycol and 1.6 g Pluronic F 108
are dissolved in a 250 ml beaker in 54 g water. With efficient stirring a
solution of 40.0 g trimexachlor and 3.5 g MDI in 40.0 g metolachlor is
added and it is further stirred until the desired particle size is
reached. Then 1.4 g HMDA (as 40 % aqueous solution) are added. Depending

on the stirring rate microcapsules of 2 to 30 pm size are obtained.

The microcapsules prepared are of 5.0 % polymer content, calculated on

the amount of trimexachlor and metolachlor (CS 500 - microencapsulation).

The date of microcapsules obtained according to examples 5a to 5f are

summarizsed in table 1.
Table 1

Example content Trimexachlor/ content of Polymer capsules

of AI [%] Metolachlor ratio solvent [%] content [%]* size [um]

5a 50 % 1:1 - 10,8 2-30
5b 50 % 1:1 - 24,0 2-30
5c 50 % 2,3:1 - 22,0 2-30
5d 40 % 2:1 20,0 21,0 2-30
Se 50 % 1:2 - 21,0 2-30
5f 50 % 1:1 - 5,0 2-30

%) in relation to the whole capsular material

ﬂﬁ.’g-
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Biological examples

Example Bl Activity against Echinochloa crus-galli, initial- and long-

term—-activity (in sterilized soil)

Plastic pots (50 x 30 x 10 cm) are filled with sterilized soil and, after
treatment with the formulation of active agent to be investigated at the
application rate given, are kept in the greenhouse. Immediately after
application (test series I, determination of initial activity) or three
weeks after application (test series II, determination of long term
activity) seeds of Echinochloa crus-galli were sown onto the surface. The
herbicial activity is evluated 10 to 12 days after sowing by visual means
(0 = like untreated control, 100 = 100 % herbicidal activity).
Trimexachlor (N-Isopropyl-N-chloroacetyl-3,5,5(3)-trimethyl-cyclohex-1-
en-amine) is tested in an EC 250 standard formulation (emulsifiable
concentrate) and as CS 500 according to example la having an average

partical size of 2 to 4 pm and a polymer content of 2,5 to 20 %.

This formulation of trimexachlor are compared with a commercially
available emulsifiable concentrate (EC 480) and a commercially available
microencapsulated formulation (MT 480) of alachlor (N-Chloroacetyl-N-
methoxymethyl-2,6-diethylaniline) in relation to their initial- and
long-term activity.

<y
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The results are summarized in table 2:

Table 2

Active ingredient Applica- | Test series I Test series II
formulation tion [immediately [3 weeks after
[kg AI/ha]| after application] application]
Trimexachlor 0,25 99 0
0,5 100 5
EC 250 1.0 100 60
2,0 100 95
Trimexachlor 2,5 %) 0,25 99 20
2) 0,5 100 35
CcS 500 2-4 pm 1.0 100 65
2,0 100 99
Trimexachlor 5 %1) 0,25 100 20
2) 0,5 100 35
€S 500 2-4 pm 1.0 100 89
2,0 100 97
Trimexachlor 10 %1 0,25 100 35
2) 0,5 100 55
CS 500 2=4 um 1,0 100 89
2,0 100 100
Trimexachlor 20 %) 0,25 95 70
2) 0,5 99 90
CcS 500 2-4 pm 1,0 100 100
2,0 100 100
Alachlor 0,25 97 40
3) 0,5 99 45
EC 480 1.0 100 97
2,0 100 99
Alachlor 0,25 30 65
4) 0,5 80 94
MT 480 1.0 93 95
2,0 100 100

1) Polymer content

2) Particle size

3) Emulsifiable concentrate commercially obtainable as Lasso® of

Monsanto Comp. USA (AI content 480 g/1)

4) Microencapsulated formulation commercially obtainable as Micro-

Tech™ Lasso® of Monsanto Comp. USA (AI content 480 g/l).




Example B2 Long-term-activity against Echinochloa crus—-galli in non-

sterile soil

Analogous to example Bl an EC 250 standard formulation of trimexachlor, a
CS 400 formulation of trimexachlor according to example H3 and two
metolachlor/trimexachlor formulations according to example H5 are tested.
Nonsterile soil is used in place of sterilized soil. The plants are sown

30 days after application and the herbicidal activity is evaluated 10 to
12 days after sowing.

The results are summarized in table 3:

ouo\@ Table 3

5.‘,‘, Formulations Trimexachlor Metolachlor/Trimexachlor 1:1
os o tested EC 250 S 400 €S 500 €S 500
%ol 10 % ol
e e rate kg AS/ha n
0,25 0 0 90 35
.:.::- 0,5 0 10 90 60
Wt 1,0 0 95 98 98

FO 7.5/GOT/kg¥
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Whet—is—elatmed—dg:

The claims defining the invention are as follows:

1. A herbicidal composition which comprises an aqueous suspension of
microcapsules having a capsule wall of polyurea and encapsulating a

herbicidally active N-chloroacetylcyclohexeneamine of the formula I

g—CHg-Cl

(1),

wherein R is C;-Cg-alkyl or C3-Cg-alkenyl and R!, R?, R® and R* indepen-
dently from each other are hydrogen or C;-Cy-alkyl.

2. A herbicidal composition which comprises an aqueous suspension of
microcapsules having a capsule wall of polyurea and encapsulating a
mixture of a herbicidally active N-chloroacetylcyclohexeneamine of the

formula I

R\¥/ -CH,-Cl1
Ra\i/ \i/Rl (I):
R"/.\'/‘\Rz x

wherein R is C;-Cg-alkyl or C3-Cg-alkenyl and R!, R?, R?® and R* indepen-
dently from each other are hydrogen or C;~Cy-alkyl and a herbicidally
active chloroacetanilide of the formula II
/RS
e—0 7
2N
\.=./

{ (11),
‘CO~CH2C1

g
(N
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5 and R6 independently from each other are hydrogen, halogen,

wherein R
methyl or ethyl and R7 represents Cl-C4-a1koxymethy1,
2-(C1-C4-a1koxy)-ethy1 or 2-(CI-C4-a1koxy)-l-methy]ethy], the per weight
ratio of the N-chloro-acetylcyclohexeneamine of the formula I to the

chloroacetanilide of the formula II being within the range of 2:1 to 1:2.

3. A herbicidal composition according to claim 2, wherein the per weight
ratio of the N-chloroacetylcyclohexeneamine of the formula I to the

N-chloroacetanilide of the formula II is about 1:l.

4. A herbicidal composition according to either of claims 1 or 2, wherein
the N-chloroacetylcyclohexeneamine of the formula I is selected from the
group consisting of N-isopropyl-N-chloracetylcyclohex-l-eneamine,
N-isopropyl-N-chloracetyl-3(5)-methylcyclohex-1-eneamine,
N-isopropyl-N-chloracetyl-3,5,5(3)~trimethylcyclohex-1-eneamine (Trimexa-
chlor) and N-isopropyl-N-chloracetyl-3,3,5,5-tetramethylcyclohex~1-ene-

amine.

5. A herbicidal composition according to either of claims 1 or 2, wherein

the N-chloroacetylcyclohexeneamine of the formula I is Trimexachlor.

6. A herbicidal composition according to claim 2, wherein a
chloroacetanilide of the formula II is selected from the group consisting
of

N-chloroacetyl;N-ethoxymethy1-2-ethyl-6-methylaniline,
N-chloroacetyl-N-methoxymethyl-2.6-diethylaniline (Alachlor),
N-chloroacetyl-N-(2-methoxyethyl)-2.6-dimethylaniline (Dimethachlor),
N-chloroacetyl-N-(2-n-propoxyethyl)-2.6~dimethylaniline,

S = v

N-chloroacetyl-N-(2-isopropoxyethyl)=-2.6-dimethylaniline,
N-chloroacetyl-N-(2-methoxyethyl)-2-ethyl-6-methylaniline,
N-chloroacetyl-N-(methoxyethyl)-2.6~diethylaniline,
N-chloroacetyl-N-(2-ethoxyethyl)-2-ethyl-6-methylaniline,
N-chloroacetyl-N-(2-methoxy~-l-methylethyl)-2-methylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2.6~-dimethylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2.6-diethylaniline,
N-chloroacetyl-N-(2-methoxy-1-methylethyl)-2-ethyl-6-methylaniline

'(Metolachlor), | i

VAT
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N-chloroacetyl-N-(2-ethoxyethyl)-2.6-diethylaniline,
N-chloroacetyl-N-(2-n-propoxyethyl)-2-ethyl-6-methylaniline,
N-chloroacetyl-N-(2-propoxyethyl)-2.6-diethylaniline,
N-chloroacetyl-N-(2-isopropoxyethyl)-2-ethyl-6-methylaniline,
N-chloroacetyl-N-(2-ethoxyethyl)-2-methylaniline,
2-chloroacetyl-N-(2-methoxyethyl)-2-methylaniline,
N-chloroacetyl-N-(2-methoxy-2-methylethyl)~2.6-dimethylaniline,
N-chloroacetyl-N-(1-ethyl-2-methoxyethyl)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-ethoxyethyl-1-methylethyl)-2.6-dimethylaniline,
N-chloroacetyl-N-(2-methoxyethyl)-2-chlor-6-methylaniline,
N-chloroacetyl~N-(2-ethoxyethyl)-2-chlor-6-methylaniline,
N-(n-butoxymethyl)-N-chloroacetyl-2.6-diethylaniline and
N-(2-n-butoxyethyl)-N-chloroacetyl-2.6-diethylaniline.

7. A herbicidal composition according to claim 2 containing a chloro-
acetanilide of the formula II which forms a liquid when it is intimately

mixed with a N-chloroacetylcyclohexeneamine of the formula I.

8. A herbicidal composition according to claim 2 containing a chloroacet-

anilide of the formula II which is liquid at normal temperature.

9. A herbicidal composition according to claim 2, wherein the chlorcacet-

anilide of the formula II is Metolachlor.

16. A herbicidal composition according to claim 2, wherein the
microcapsules contain a mixture of N-isopropyl-N-chloroacety] -3,5,5(3)-
trimethy]cyc]ohex-l-eneamine(Trimexach]or) and N-chloroacetyl-N-
(2-methoxy-1-methylethy1)-2-ethyl-6-methylaniline(Metolachl or).

11. A herbicidal composition according to either of claims 1 or 2,
wherein the microcapsules encapsulate in additior to a herbicidally
active N-chloroacetylcyclohexeneamine of the formula I or a mixture of a
herbicidally active N-chloroacetylcyclohexeneamine of the formula I and a
herbicidslly active N-chloroacetanilide of the fermula II 0.25-0.75 parts

per weight of a water-imiscible solvent per part of the N-chloroacetyl-

“g

TR & oot > RECL PO

SN
"“\0



- 37 -

cyclohexeneamine of the formula I or the mixture of the N-chloroacetyl-
cyclohexeneamine of the formula I and the N-chloroacetanilide of the
formula II.

12. A herbicidal composition according to claim 11, wherein the
water-imiscible solvent is selected from the group comprising aliphatic or
aromatic hydrocarbons, a cyclic ketone or a halogenated hydrocarbon.

13. A herbicidal composition according to claim 11, wherein the
water-imiscible solvent is selected from the group consisting of hexane,
cyclohexane, benzene, toluene, xylene, mineral oil, kerosene, cyclo-
hexanone, methylene chloride, chloroform, chlorobenzene, o-dichlorobenzene
or a mixture of mono- and polyalkylated aromatics.

14. A herbicidal composition according to either of claims 1 or 2,
wherein the microcapsules have a polymer content of 2.5 to 40% by weight
based on the material to be encapsulated.

15. A herbicidal composition according to claim 14, wherein the
microcapsules have a polymer content of 5 to 30% by weight based on the
material to be encapsulated.

16. A herbicidal composition according to claim 14, wherein the
microcapsules have a polymer content of 10 to 25% by weight based on the
material to be encapsulated.

17. A herbicidal composition according to either of claims 1 or 2
containing 100-700 g of microcapsules per Titre total volume of the aqueous
suspension.

18. A herbicidal composition according to claim 17 containing

400-600 g of microcapsules per litre total volume of the aqueous suspension.

19. A herbicidal composition according to either of claims 1 or 2,
wherein the microcapsules have a diameter within the range 1 to 50 pm.

20. A herbicidal composition according to claim 19, wherein the
microcapsules have a diameter of from 2 to 30 pum.

21. A herbicidal composition according to claim 1 or 2, wherein the
capsule wall of polyurea contains up to 30% by weight of a polyamide.

22. The use of herbicidal composition according to any one of claims
1 to 21 for combatting undesired plant growth.

23. A herbicidal composition substantially as herein described with
reference to any one of Examples H1 to H5.
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24. A process for preparing a herbicidal composition which process
is substantially as hereindescribed with reference to any one of Examples
H1 to H5.

DATED this TWENTIETH day of NOVEMBER 1990
Ciba-Geigy AG

Patent Attorneys for the Applicant
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