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ABSTRACT

The subject inventicon provides stable liguid fluensulfone
formulations comprising an amount of fluensulfone, an amount of a
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cyclic ketone, and at least ally acceptable inert

inventi

ovides high-concentra

formulations comprising i £ and at least one

agrochemically accepltable inert additive, wherein the formulation
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comprise anic phase and the concentration of f£
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in the organic phase of the formulation is greater than 40% by
welght. The subject invention also provides methods of controlling

present invention provides processes of preparing the fluensulfone
formulations described herein.
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HIGH-CONCENTRATION FLUENSULFONE FORMULATIONS, THEIR USES AND

PROCESSES OF PREPARATION

This application is a divisional application of Australian patent
application 2017371909, which claims benefit of U.S. Provisional
Application No. 62/517,391, filed June 9, 2017, the entire content

of which is hereby incorporated by reference herein.

This application also <claims benefit of PCT 1International
Application No. PCT/IB2016/001863, filed December 9, 2016, the

entire content of which is hereby incorporated by reference herein.

Throughout this application, various publications are cited.
Disclosures of the documents and publications referred to herein
are hereby incorporated in their entireties by reference into this

application.
BACKGROUND

Nematodes are agricultural pests that attack a wide range of crops,
including common vegetables, field crops, fruit trees and
ornamentals. Nematodes are difficult to control and they spread

easily from area to area through soil, tools or infested plants.

Fluensulfone (5-chloro-2-(3,4,4-trifluorobut-3-enylsulfonyl)-1,3-
thiazole; CAS No. 318290-98-1) 1s a fluorocalkenyl thiocether
nematicide which has a significantly lower environmental impact
compared to other currently available nematicides due to its low
toxicity to non-target insects and mammals. Fluensulfone's mode of
action is also distinct from other currently available nematicides

and therefore presents a promising entity for crop protection.

All target nematodes are essentially aquatic animals, which live
and move in fluids. Soil nematodes live in water films surrounding
soil particles. Commercially available fluensulfone formulations
are first mixed with water and then applied in the field as foliar

sprays or by through irrigation methods. In order to be effective
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for controlling nematodes, fluensulfone should be delivered to
water films surrounding soil particles where plant feeding

nematodes live.

Fluensulfone 1is currently available in emulsifiable concentrate
(EC) and granule (GR) formulations. In order to prepare the
emulsifiable concentrate fluensulfone formulation, it is necessary
to dissolve the fluensulfone in an appropriate organic solvent and
add surfactants so that the solution will form an oil-in-water

emulsion when added to water.

Disclosed herein is a new formulation of fluensulfone.
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SUMMARY OF THE PRESENT SUBJECT MATTER

Generally, the present subject matter relates to formulations with

highwconcentrations of fluensulfone in the organic phase of the

organic solwvent necessary to form a homogeneous 1ligquid mixture

ations with high-

~oncentrations of

It is extremely surprising that fluensulfone in the organic phase

£

of the high-concentration formulations according to the invention

)

does not crystallize ocut when diluted with water.
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the presence of cyclic ketone prevents fluensulfone in the high-
concentration formulation in the spray liquor from crystallizing

ut.
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The subject invention providezs a stable liquid formulation
comprising:

(i) an amount of fluensulfocone,

(1i) an amount of a cyclic ketons, and

(iii) at least one agrochemically acceptable inert additive.
The subject inventicon also provides a stable ligquid high-

comprising an amount of fi uensulfone and
iy acceptable inert additive, wherein the
*rganﬁc phase and the concentration of

the formulation is greater

than 40% by weight.

ect invention also provides a stable ligquid high-
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formulation comprising an amount of fluensulfone and
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at least one agrochemically acceptable inert additive, wherein the
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formulation has an organic phase
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fluensulfone in the organic phase
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than 76% by weight.

The subject invention also provides a method of controlling a pest
comprising applving the fluensulf

to the pest, Juveniles of the pest or eggs or cysts of the pest,

or to a medium in which the pest, the juveniles of the pest or the

controlling the pest.

The present invention also provides a method of contrelling a pest

CompflSlW”'

(1) obtaining & stable liguid high~conc
formulation comprising an amount of fluensulfone and

at least one agrochsmically acceptable inert

additive, wherein the formulation has an organlc
phase and the concentration of fluensulfone in the
organic phase of the formulation is greater than 40%

by weight, and

ton formulation to the
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pest, juveniles of the pest or eggs or cysts of the
pest, or to a medium in which the pest, the juvenilies
of the pest cor the eggs or cysts of the pest is

apable of being present thereby controliing the

The present invention also provides a method of controlling a pest

(1) obtaining a stab

at least one agrochemically  acceptable iner

additive, wherein the formulation has an organic
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the high-concentration formulation toe the

o

uveniles of the pest or eggs or cysts cof the

pest, or to a medium in which the pest, the juveniles

capalble of being present thereby controlling the

&

10 pest.
The subject invention also provides a process of preparing the
stable liquid formulations comprising the steps

f:

Q

—
"l

iy preparing a homogenous mixture comprising the amount

[

G2

amount of the cyclic ketone,

(i) mixing the homogenous mixture with the at least one
agrochemically acceptable inert additive to form a

1

20 stable ligquid fluensulfone formulation.

The present invention provides a process of preparing an oil-in-

gl

water formulation described herein comprising the steps of:

(i) preparing a first homogenous mixture comprising the

25 amount of fluensulfone and the amount of the cyclic
ketone,
(ii) preparing a second homogenous mixture comprising water

and the at least one agrochemical e inert
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It is understood that where a parameter range 1s provided, all

integers within that range, and tenths thereof, are also provided

5 specification )Y
reference ach
individual wag

specifically and indiwvidually indicated to be incorpoerated herein

by reference.

10 The subject invention provides a stable ligquid fluensulfone
formulatlion comprising:
(i) an amount of fluensulfone,
(1i} an amcunt of a cyclic ketone, and
(iii) at l=ast ons agrochemically acceptable inert additive.
i5 In some embodime the amount of flusnsulfone in the formulaticn
is in liquid state.
In scme emboediments, the cyclic ketone 1is selected from a group
consisting of acetophenone, cyclohexanone, N-ootyl-Z-pyrrolidone,
and any mixture therecf. In some embodiments, the cyclic ketone is
20 acetophenone and/or cyclohexanone. In some embodiments, the cyclic
ketone is acetophenone.
In some embodiments, the concentral
formulation is from about tc about
formulation. In some embodiments, of
25 ketone in the formulation is from abkout 5% to about 20% of by
weight of the total formulation. In some embodiments, the
concentration of cyclic ketone in the formulation is from about
10% to about 15% by
the concentration of cyclic ketone in the
30 about 10 g/L to about 300 g/L of the total
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some embodiments,

ketone in the formulation
the total formulation. In some embodimen

In
concentration of cyeclic
the total formulation. In

some emb

fermulation

the

embodiments, welght

ne in the formulation is

sulfo

the ratic of

embodiments,

SOome

welght

fluensulfone in the feormulation is

some embodiments, the weight ratio of ¢

fluensulfone in th formulation is from about
some  smbodimsnts, the weight ratic of th
fluensulfone in the formulation 1s about

comprizes from about 45% to 100% of the total

is from

has

concen
is from about 50 g/L

. i
Sy C

odiments

an

an organic

+

Che

4

is about 190

rganic

formua

total

tration

1s about 130 g/L
the concentration
g/L of the total

phase which

lation by wel

phase

formulation by

welght. In some embodiments, the formulation has an organic phase
which comprises from about €0% to about 80% of the total
by weight. In some embodimen the formulation has an organic

In some emboediments, the

organic phase of

some embodiments, the

embodiments 5

of the formulat from about 41% to

greater than about

the concentration of fluensul

zensulfone in the
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some embodiments, centration

phase of the

In some embodi

iments, the

formulation iz from

embodiments, the concentr

the

formulaticon is

i
o2
Y
Q.
}_

iments, the concentration of

formulation igs about 5% to

the concentraticn of the

phase of the formulation is about 10%

at

from the

hais

stabilizers, antioxidants,

antifreeze antifoaming

\.1\,« en ‘L S 7

absorbers, antibacteri

humectants, and any

surfactants. the

invention comprises at least one surfactant.

concentration of fluensulfone

nulation
the concentration of

formulation is

agrochemically
group consisting

polymers,

combination

{anionic

emulsicn

ketone in the

30% by

weight.
ketone 1n the

A
about 10%

by weight.

ketone

is about

- . s Nayel
about 20%

embodiments, tThe concentration of

acceptable

of adijuvants

~

anti-thicken:

_,
+3
-

G

agents, salts, pH

W

9]

Q

O

I

Q.

i

=} t-
Q o
o+ O
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Suitable nonionic surfactants a1l substances of this type which
can usually be emploved in agrochemical compesitionz, such as

-

polyoxyethylene octyl phenol ethers, alkoxylated alcohols such as

: isooctyl- occC L‘y’]_ - or DONY ']_',oheno 1 7 alkylphenyl
p 4 Y Y-t YL Y

colyglyveoel erthers tributylphenyvl colygiveoel ether alkylaryl
R 7 Pt g s i ’ R4

polyether alcohols, iIsctridecyl alcohol, fatty alcohol/ethylene
oxide condensates, ethoxylated castor oil, polyoxyethylene alky
ethers or polyoxypropylens alkyl ethers, lauryl alcohol polyglycel
ether acetate, sorbitol esters, lignin-derived su

1
polysaccharides (for example celluleose), hydrophobically

et
0]
0]
ot
oy

&

modified starches, silicon-based surfactants, polyvinyl alcohol

and its derivatives, pelyvalkoxylates, polyvinyiamines

polyvinylpyrrol

finglil 4

idone and their copolymers or block polymers an

the mixtures thereof.

Preferred nonionic s=surfactants are se

consisting of castor oil 5
(PVA), ethylene oxide/propylene oxide block copolymers and any

combination therecf. In some embodiments, the nonionic surfactant

w
C
-
ot
Qs
(o2
-
0]
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FJ
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Q
C
R
Hh
Q.
e
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.
¢}
jay

can usually be employed in agrochemical compositions. Pr

dispersants are salts of polystyrenesulphonic acids, salts of

polyvinylsulphonic acids, sa

acid/formaldehyde condensates, salts of condensates of
naphthalenesulphonic acid, phenclsulphonic aclid and formaldehyde,

In scme embodiments, the block copolymsr 1is a linear b

copolymer. In some embodiments, the block copolymer is a di-block

b
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copolymer or tri-block copolymer. In some embodimen the block
copolymer is a comb block copolymer.
In some embodiments, the block copolymer comprises an anchoring
molety and at least one moiety.

5 In some embodiments, the anchoring molety 1s a hydrophobic block

hydrophobkic

acrylate

‘.___\
O

derivatives

monomers 1s
derivatives,

, and comb

hydrophobic menomer is et
In some embodiments, the

fod

a

D

G2
o

e

Q.

block copolymer. I

congisting of N-vinvipyrrolidone,
A

nd acrylamide.,

the weight of

the weight of

g/mol,

ination thereof. I

hyl

the &

mbodiments, at least 90% of the anchoring
MoONoMers. In some embodiments, the
selected from the group conzisting of
methacrylate derivatives, styrene

some embodiments, the

acrylate (EA).,

= at least one stabilizing moiety is a
'n some embodiments, at least 60% by
stabilizing moiety are charged monomers.
% by weight of the monomers in

stral hydrophilic monomers. In scome

are anionic monomers. In some
anionic monomers has a sulfonate
ast one of the anionic monomers

sulphonate {(AMPS) . Iin socome
ilic monomer is selected from

ethylerne oxide, glycoside

!_..\
&3]
<

o+
@]

monomers,

the stabilizing moiety is 5,000 to 100,000
of the anchoring moiety is 500 to 5,000 g/mol,



09 Nov 2022

2022268321

-t

-t

N

N

n

—
(-

&)l

n

)
wn
]

) the weight percentage of the stabilizing moiety is

0]

20% of the total weight of the block copolymer

+
oy
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£ the molar vratio of the ancheoring moiety to

meiety iz 1:2-4, and/or

the

«Q
-
=
=
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concentration of the block copolymer

In some emboc

acryloyvlamino-2

In zome embodiments, the concentration of

on—-ionic surfactant is

o

from about 5 ¢g/L to about 80 g/L in the formulation. In =some

=

embodiments, the concentrat:

&)

of non—-ionic surfactant is about 1

ot
0
3

g/L in the formulation. In some embodiments, the non-ionic

P .
t

surfactant has a concentration of about 60 g/L in the formulation.

.

Suitable antifoaming agents are all substances which can usually
be  employed for this purpose in  agrochemica

Praeference 1is given to silicone oils and magnesium stearate. In

(3

some embodiments, the antifoaming agent is a silicone antifoaming

emploved for this purpose in agrochemical compositions. Preference

is given to utbylated hydroxytoluene (2,6-di-t-butyl-4-

methyliphenol, BHT).

for this purpose in agrochemical compositions. Examples which may

be mentioned are titanium dioxide, carbon black, zinc oxide and

blue pigments and permanent red.
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is given to urea, glycerol and propylene glycol. In  some

embodiments, the antifreeze agent is propylene glycool.

In some embodiments, one ¢f the agrochemically acceptable inert

n some embodiments, the pH modifier

In some embodimentsz, the concentration of all the agrochemically

@

ceceptable inert additives in the formulation is about 5% to about

concentration of all the agrochemica

In some smbodimesnts, the concentration of all the agrochemically
acceptable inert additives in the formulation is from about 5 g/L
to about 30 ¢g/L of the total formu

concentration of all the agrochemically acceptable inert

5
1
i

in the formulation is about from 15 g/L to about 20 ¢

- b e TV ol . . e e
total formulation.

In some embodiments, the concentration of all the agrochemically

acceptable inert additives in the formulation is from about 50 g/L
nts
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agrochemically acceptable inert

eg in the formulation is about from 150 g/L to about 200

In zome embodiments, the formulation has a density of about 1 g/mL
to about 1.5 g¢g/mL. In some embodiments, the formulation has a

density of about 1.1 g/mlL to about 1.2 g/mbl.

ot

Tn some embodiments, the formulation has a pH of about 4.5 to about

1 gome embodiments, the formulaticn has a pH of akout 5 to
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formulation (BEC). In some embodiments, the formulation is an
emulsion feormulation. In some embodiments, the formulaticon is an

olil=-in-water emulsion formulation (EW).

.

In some embodiments, the cyclic ketone selected from a group

consisting of cyclohexanones, N-octyl-Z-pyrreolidone, and a mixture

therecf. In zome embodiments, the c¢yclic ketone is other than
acetophenone
In some embodiments, the agrochemically acceptable inert additive

is other than a block copolymer. In some embodiments, the

agrochemically acceptable inert additive i1s other than a dik

o
o
O
e}
¢}
}._..
.
5
o
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Q
N
o
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[
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6]
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i
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acrylate

ically acceptable inert additive

is other than sodium 2-acryloylamino-2-methylpropane-1-

sulfonate/ethyvl acrylate block copolymer.

In some embodiments, the formulation is free of acetophenone.

In some embodiments, the formulation is free of block copolymer.

(=N

In some embodiments, the formulation is free of diblock copolymer.

In some embodiments, the formulation i1s free of block copolymer
Z-acrylamido-2-methylpropane

monomers. In some embodis

nts, the formulation

tmge

vioylamino—2-methylpropane~1-

9
hee
j-
=
=
-3
Q
o
o)
\\
0}
o
o
L<’:
n
o1}
@
[
V\'
'fl)
o+
0}
o
—
;
\S
~
e}
O
e}
s}
T
"
P |
=
0l
[

Tn some embodiments, the high-concentration formulation is other

than an oil-in-wa emulsion formulation comprising fluensulfone,

acetophenons, 2,6-di-tert-outyl-4d-methylphenol, castor oil ethylene

-9 A 34 R | 1 mrne > sl — P / s
oxlde, sodium Z-acryvioyvlamino-Z-methylpropane-l-sulfonate/ethyl

acrylate

pPropy:
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In some embodiments, the high-concentration formulation is other
than an ocil-in-water emulsion formulaticon comprising 51% by weight

of fluensulfone, 16.8% by weilght of acetophencne, 0.4% by weight

Q
hey
N
-
[e)t
0,
l_.l
=+
0]
i
(4-
o

-butyl-4-methylphencl, 1% by weight of castor oil

P

ethylene oxide, 2.78% by weilght

2
block copolymer, 2.78% by

'...

QO

i

=

= 0
[\ ;
ot

0]

methylpropane-l-sulfonate/ethyl

ﬁ
3
@
<

[
O
X
-
3
N
]
A

L
D
b
[te}
ot
O
h

walter.

The subject invention also provides a stable liguid fluensulfcone

formulation consisting of:

(i) an amount of fluensulfone,

an amount of a cyclic ketone, and

The subiject invention also provides a stab

formulation consisti

o
3

o]
o
n
1]
D
3
ot
1
9}
L
-

g
O
=h

mount

Q
o]
Q)
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n
o
o
i
O
o]
]

(1i) an amount of a cyclic ketons, and

-
1
.

(iii) at least one agrochemically acceptable irert additive.

The subiject invention also provides

w
[99]
o
o
o
.
®
-
[,

QO
G
b
o3
o)
[
oy

|

concentn

comprising an amount of fl uensulforne and

at least one agrochemlcally acceptable inert additive, wherein the

The subject invention also provides & stable ligquid high-
concentration formulation comprising an amount of fluensulfone and
at least one agrochemically acceptable inert additive, wherein the
ation has an organic phase and the concentration of
fluensulfone in the organic phase of the formulation is greater

than 76% by weight.
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In some embodlments, the nematode is Heterod gilycines. In some
empodiments, the nematode 1s Meloidogyne incognita. In some

embodiments, the nematode is Meloidogyne javanica.
The present invention also provides a process of preparing the
5 formulations described herein, wherein the process comprizes the
steps of:
(i) preparing a homogenous mixture comprising the amount of
fluensulfone and the amcunt of the cyclic ketone, and
(11) mixing the homogenous mixture with the at least one
O agrochemically acceptable inert additive to form =
stable liquid fluensulfone formulation.
In some embodiments, the formulation 1s prepared under a
temperature between 15°C to 70°C.

a3

2

process for

provides

g1

on des |

ion feormulati

s&s

of:

compr i

the steps

herein,

preparing the

wherein

(i) preparing a first homogencus mixture comprising the
amount of fluensulfone and the amcunt of the cyclic
ketone,

0 (ii) preparing a second homogenous mixture comprising water
and the at least one agrochemically acceptable inert
additive, and

(i mixing the homogenous mixture and the second
homogencus mixture to form th stable ocil-in-water

5 mulsion flusensulfone formulation.

In some embodiments, step (1) is performed at a temperature between
45°C to 50°C. In some embodiments, the first homogenous mixturs
furthe: comprises an antioxidant. In some embodiments, the

6~-di-tert-butyl-4-methylphenol {

sSome

(n



09 Nov 2022

2022268321

[
(]

g1

-t
(
{

30

embodiments, the first homogenous mixture further comprises a non-

ionic surfactant. In some embodiments, the non-ionic surfactant is

In scome embodiments, step (ii} is performed at a temperature between

80°C to 85°C. In some embodimsnts, the agrochemically acceptable

inert additive is an emulsifier. In some embodiments, the emulsifier

is polyvinyl alcohol (PVA) some embodiments, the PVA is mixed

with the water until the PVA is dissolved. In some embodiments, the

iss
v acceptable inert additive is an antifreeze agent. In

some embodiments, the antifreeze agent is propylens glycol. In some

2

e I1nert additive i1s an

-
1
Ao

embodiments, the agrochemica

i . T,
Ly acceptab

1 some embodiments, the agrochsmically acceptable

4

antifoam agent.

inert additive is a pH modifier. In some embodiments, the pH modifier

is  hexamethylenetelr: some  embodiments the
agrochemically accept is mixed with the water

until the agrochemical additive is dissolved.

In some embodiments, step (i1ii} iz performed under high shear. In
some embodiments, high shear is continued until a mean droplet size
of about 0.1 pm to about 5 ym is reached. In preferred embodiments,

3

the mean droplet size is about 0.3 um to about

is about 0.% to about 2 um. In

some embodiments, the mean droplet size is about 1 um,

of about 1.5 uym, more preferablie of about 2 um.

Tn some embodiments, the amcunt of fluensulforne is liguefied in

the

raticn of the formulation.

C
-3
@)
o)
®
[#9]
€]
[
T
=
[
@]
o

contemplated as Dbeing
embodiments. Thus, all

nts described herein are within

%
<
st}
=
LJ
Q
D
M
=
D

combinations of th

n
the scope of the invention. In addition, the elements recited ir
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xamples are provided below to facilitate a more complet

®

understanding of the present subjsct matter. The following examples
illustrate the exemplary modes of making and practicing the present
subject matter. However, the scope of the present subject matter

is not limited to specific embodiments disclosed in these Examples,

diments will

which are for purposes of illustration only.

specification and examples. It is intended
inciuding the examples, iz considered

limiting the scope and spirit of the present -

{
a
o

i
D
Q
ot
=
QO
ot
ot
0]
[

Example la: High-Concentration Fluensulfone Oil-in-Water Emulsion,

Formulation A

In this example, a high-concentration oil-in-water emulsion

-

containing 635 g/L of fluensulfone (74%

luensulfone in organic

phase) is presented in Table 1 below.
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Components

Manufacturer

Description

% of

Total

Amount (g}

Formulation
Fhuensulfone Tech. | Adama Active ingredient 310 635.0
Makhteshim
Acetophenone Rutgers Solvent 168 208.7
Tonol® CP Oxaris 2,6-di-tert-butyl-4- 0.4 4.8
methviphenol;
Anti-oxadant
C0O-20 (Berol 829) | AkzoNobel Castor o1l ecthylene | 1.0 12.5
oxide;
Non-ionic surfactant
Total Organic Phase 69.1 860.9

Components Manufacturer Description Y% Gram
PolvAgro B2 Solvay AMPS-EA  di-block | 2.78 34.5
copolymer {2Da
10Da);
Approx. 30% agueous
solution
Synperonic™ Croda Ethoxylated 2.78 345
PE/L64 polypropylene oxide
Propylene glycol Incos - 22 274
SAG 1572 Momentive Silicon anti-foam | 0.1 4.8
emulsion
Soft water - Solvent 23.0 2869
Total Water Phase 309 38472
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G2

Fluensulfone tech. was melited and charged to the vessel. The vessel
was heated to 45°C-50°C and acetophencone, Ionol® CP and CO-20(Berol
823y were added and mixed until a homogeneous solution was

obtained. The solution was

Soft water was charged to the wvessel. Then Synperonic PE/L 64,

™
(]

PolyAgro BZ, Propylene glycol and SAG 1572 were added to the vessel

ond

and mixed until a homogeneous

&
)
165}
@)
}._..
[
-t
P.
C
v
=
5
=3
W
@O
&3
C
t
©
}_/ -
—
—
o]
2

—
3

Organic Phase A was charged to the Water Phase B slowly while under

high shear. The high shear was continued until droplet size of

Example lb: High-Concentration Fluensulfone QOil-in-Water Emulsion,
Formulation B

In this example, a high-concentration oil-in-water emulsion

containing 655 ¢/L of fluensulfone (75.5% sulfone in organic
phase} is presented in Table 2 below.

Formulation

Components Manufacturer Description % of TTotal | Amount (g)

W
3]
L2

Fluensulfone Tech. | Adama Active ingredient 657

{99.7%) Makhteshim

(ad

Acetophenone Ruotgers Solvent 15.4 19

W

Ionol® CP Oxiris 2.6-distert-butvl-4- | 04
methyiphenol;

Anti-oxidant
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C0-20 (Berol 829) AkzoNobel Castor oil ethylene | 1.0 12.9
oxide;

Non-ionic
surfactant

Total Organic Phase 69.1 3679

(=]
o™

Components Manufacturer Description Gram

PolyAgro B2 Solvay AMPS-EA di-block | 2.8
copolymer {(2Da -
10Day);

L2
A
N2

Approx. 30%
agqueous solution

(43
[ ]
[

Synperonic™ PE/L64 Croda Ethoxvlated 2.8
polvpropviene
oxide

?;ﬂTA} tonetetaming; | CALDIC - 0.9 114
{Hexamethylenetetranime ) CHEMIEB V

SAG 1572 Momentive Stlicon  aonti-foam | 0.1 0.8
emulsion

Soft water - Solvent 243 304

Total Water Phase 33.9 386.6

Organic phase A:

Fluaenzulfone tech. was melted and charged to the vessel. The veszssel
)

~ O~ ) " - . . PRI . 3
was heated to 45°C-50"C and acetophenone, Ionol® CP and CO-20
(Berol 82%) were added and mixed until a homogenecus solution was

obtained. The s=solution was filtered to remove any so

contaminations.
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Soft water was charged to the wvessel. Then Synperonic PE/L 64,
PolyAgro B2 and SAG 1572 were added to the vessel and mixed until

a homogeneous solution

2022268321

[

O

Crganic Phase R was charged to the Water Phase B slowly while under
high shear. The high shear was continued until droplet size of
about D90=2um was reached.

HMTA addition

The HMTA was added gradually while mixing with low shear.

PolyAgro B2 used in the above high-concentration fluensulfcne oil-
in-water emulsion 1is a polyelectrolyte-layer forming Dblock

AMPS AMPS

{mol%:} {wtYo)

EA

{(wi%)

Total
Mnth

{g/mol)

STAB
Mnth

{g/mol}

ANCHOR
Mrnth

{g/mah)

DBPn
STAB

DPg
ANCHOR.

69

16.7

12,000

10,000

2,000

44

N

forming block copolymer iz a di-block

copolymer, of

12000 g/mol,

(Stabilizing block — STAB)}. The stabilizing, hydrophilic, block

i
O
Q
e
=
j-
=
)

~Acryloylamino-2-methyipropane-i-sulfonate (AMPS)

69% of the overall monomers in
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j-m

O

[
n

(]
G2

(9]

O

1

The other 31 % of the monomers belongs to the anchor, hydrophobic,
block which iz made of ethyl acrylate monomers. The tcotal amcunt

s 64

of monomers in the polymer (degree of polymerization, DPn

i

[=H

mononers.

Such polymer may b

0]
{1

obtained from Rhodia Cperations, a corporation

of Paris, France, a member of the SOLVAY Group.

No., PCT/IB 6/001863 was applied by Rhodia Operations, a member of
the SOLVAY Group, and Adama Makhteshim Ltd. 2As described in PCT

Internati

o)

ned Application No. PCT/IBR2016/001863, the

-

polyelectrolyte-layver forming Dblock copolymer used in  the

-
o)
I
e
=
&
}__

ilations of the subfject invention may be prepared according to

Sl

a; Macro CT

Into a 21, double jacketed with mechanical

and refiux condenszser

g
of
o
o
I}
L.
Pl

-
W
-
0.
5
o
§=N
~

i)
O
~h
’)
D
’D
Q.

water and 1400g of AMPS(Na)
solution (50% active) and 1.7g of sodium persulfate. The reactor

contents were heated to 70°C under agitation and nitrogen. The

ct

reaction mixture was aged at 70°C feor a further hour whereupon i

o}

was cocled to ambient temperature and discharged. The measure

]

double jacketed reactor eguipped with mechanical agitator

and reflux condenser waszs added 1314.8g of macro CTA solution (ses
a) and 283g of de-icnized water. The reactor content was heated to
70°C under agitation and nitrogen at 70°C start add 100g of ethyl

acrylate (EA) over 2H00 and 24.8g of a solution of 12 wt% of sodium

0
rersulia > Qvelr 2h30. Afte e nd O Che &) \.—J:.- of e
persulfate over Zh30 fter the end of the cducticon of the
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Example 3:

30

Stability of High-Concentration Fluensulfone Oil-in-

Water Emulsion (Formulation C)

To evaluate LThe

Formulation C,

Specifically,

temperature and at temperatures of 4°C and 54°C and for two

I O ey
at 40°C.

stability

n acce

g

the fermulation

of the high-concentraticn fluensulfone

wWas

stored

foxr

2 weeks

erated storage stability test was conducted.

at room

months

The results of the accelerated stability tests are summarized in
Table 5 below.
Table 5
Standard Room Oven 54°C Cold 4°C Oven 40°C
Acceptable 2 months
hints
Appearance white milky | white milky | white milky | white mitky | white milky
emulsion emulsion emrulsion emulsion emulsion
Fluensulfone 360 — 400 380 g/L 382 g/L. 380 /L 381 g/L
Concentration o/t
Density, g/ml 11-1.2 1.165 g/mL 1.165 g¢/mL 1.163 g/mL 1.165 g/mL
g/mL
pH (1%) 45-75 6.8 6.6 6.8 6.7
Eonlsion Stability stable stable stable stable stable
dilution 1:1
Wet Sieve residue no no no no no
test 45y after crystallization | crvstallization | crystallization | crvstallization | crystallization

dilution 1:1 {room
temperature}
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In-vitro trial results showed that both the 655EW and the 3
formulations effectively inmmcbilized nematodes at 24 hours a

rinse.

The results alsc showed that there is a post-action of fluensulf
F

o2
o
Rl
=!
=

h
ot
0]
[

after contact with nematodes. In particular, the percentage of

immobilized nematcedes at 24 hours after rinse was higher than

percentags o

fact that the percentage of immobilized nematodes continued to

after rinse uggests tha the fluensulfone, which is in
concentration in the organlic phase, efficiently diffused into
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rise
high

nematodes such that even the nematodes that survived initi

.
H
L

uensulfone inside and were immobil

ized shortly af

less effective in all the tests. Moreover, the poest-action of

.

with water 1s reduced relative to

h
ot
’D
I
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'«;
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D
Q
h
ot
D
I
=
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wn
D

the 655EW and the 380EW formulation. Therefore, the results

hetercgensous way concentrated in the organic solvent droplets, as
compared to ilts delivery homogencusly diluted in the agueous phasze.

Example 5: Activity of High-Concentration Fluensulfone

Formulations against Msloidogyne javanica J-2

n-vitro studies were conducted to determine the =fficacy of

F~

[

leloidogyne

-

380EW and 480EC formulations to contro

in tomato plants.

o
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J-2
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Table 11: Effect of treatments with fluensulfone formulations

(480EC and 380EW) on tomato fresh shoot growth/weight.

Treatment Concentration | Fresh Student t
{mg A.T./L shoot statistical
soil) welght analvsisH®

(gr) J

Control O 17.1 2.9 folo

(nematode

free)

Control G 13.4 1.¢ e-g

(infested)

480EC 0.5 14.3 3.2 d-f

480EC 2 12.5 1.4 g

380EW 0.5 16.7 1.6 bc

*Different letters denote statistical significance in cutcome between the
greoups compared (p<C.05).
Table 12: Effect of treatments with fluensulfone formulations

(

480EC

on galling

index

to plants

Treatment

Q*udﬁn* t
statist

Teal

-t

Control
(nematode
free)

Control 0 3.3 0.4 a
{infezted)

420EC 0.5 0.1 0.1 e
480K Z o 0 e
280EW 0.5 0 0.1 de
38CEW 2 O 0 &

Galling Ind
"Differe
he groups ¢

OMPO A

ex (-5
etters
ared

I
}
.

(0~

denote
(p<G.05)
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concentration of cyclic ketone in the organic phase of the

formulation is about 5% to about 20% by weight.

The formulation of any one of claims 1-19, wherein the at
ieast one agrochemically acceptable inert additive is
uvants, surfactants,
stabilizers, polymers, thickening agents, antioxidants,

antifreeze agents, antifoaming agents, colorants, ultraviolet

6}

light absorbers, antibacterial agents, =salts, pH modifiers,

co-solvents, humsctants, and any combination thereof,

The formulation of claim 20, wherein the surfactant is an

The formulation of claim 21, wherein the ionic surfactant is

an anilonic surfactant.

anionic surfactant

The formulation of
is szelected from a group consisting of alkali metal and

alkaline earth metal salts of alkylsuiphonic acids or

‘he formulation of claim 22, wherein the anionic surfactant
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The formulation of claim 24, wherein the anionic surfactant

is sedium Z-acryvioylaminco-Z-nmethylpropane-l-sulfonate/ethyl

20, wherein the surfactant is ¢
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36.

29,

41.

’\,

/

The formulation of any one of c¢laims 20-34, wherein the

n
®
o
G

colorant 1s ~ted from a group congisting of titanium

dioxide, carbon black, zinc oxide, Dblue pigments and
permanent red.
The formulation of any one of c¢laims 20-35, wherein th

antifreeze agent is selected from a group consisting of urea,

The formulation of claim 36, wherein the antifreeze agent is

The formulation of any one of claims 20-37, wherein the pH

The formulation of any one of claims 1-38,

concentration of all the 3 chemically acceptable inert
additive (s} 1n the formulation is from about 5% to about 30%
by welght of the total formulation.

additive(s) in the formulation iz from about 5 g/L to about

o
0

M

[y
|_J

elin the

[InS

of any one of claims 1-

.

density of about 1 to about 1.5 g/mi.

The formulation of any one of claims 1-41, wherein the

Formulation has a density of about 1.1 g/mL to about 1.2 ¢g/mL.

The formulation of any one of claims 1-42, wherein the

formulation has a pH of 4.5 to 7.5.
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44,

48,

The formulation of any one of claims 1-43, wherein the

formulation has a pH of 5 to 8.

of any one of claims 1-44, wherein the

emulsifiable concentrate (EC).

The formulation of any one of claims 1-44, wherein the

formulation 1s an oil-in-water emualsion (EW).

The formulation of any one of claims 1-4, €-24 and 26-46,

a) the cyclic ketone is other than

)
Q
[0}
ot
C

o
[y

chenone,

b} the agrochemically acceptable inert additive is other

oylamino-2-methyipropane-1-

-
1
Ao

than sodium 2-acry

acrylate block copolyme:

K.J
<
Q
(—r
./
=
T
3
;ZI
[
|_._
w0
i../
O
=
o]

<) the formulation i1s other than an oll-in-

1% by welght of fluensu

.

formulation comprisin

e}
(@]

16.8% by weight of acetophenone, 0.4% by weight of 2, 6-
di-tert-butyl-4-methylphenol, 1% by weight of castor oil
ethylene oxide, 2.78% by  welght of sodium 2=

acryiovlamino-2-methylpropane~i-sulfonate/eth

.5..
9
i

2

s by weight of ethoxvliated

%)
[V
9]
b
P._
|’\ 3
("
(/
O
9]
s
(‘
*G
<
L\/<
=
r-/
b
[}
[N
0]

polypropylene oxide, 2.2% by weight of propylene glycol,

0.1% by weight of silicone based antifos

9]
=

ming agent and

-

A stable liquid high-concentration formulation comprising an

fluenzulfone and at least one agrochemically

o]

e s e
acceptable 1nert additive, wherein the formulation has

'—h
fj
]
-
]
t
oo
o

organic phase and the concentration of fluensulf

organic phase of the formulation 1s greater than

IS
(@]
o
o
Mg

o +
weight.
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51.
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17
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=
O

+
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chemi

311y

oy
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and

phase
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e

{

uensulfo
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{
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and

Lum

I3

©

med

&

pest

|4
&

the egg or cyst of the

or

of the pest,

b
=
-0

2
=L

Jjuven

L1

infe

th the

Wit

-3
1

treatec

£
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[y

[&y}

(&2l

n

(&)

~d

9]

e
B

o,

2

ants

-

formulation compared to growth of untreated p

infested with nematodes, and/ozr

c) the formulation is effective to improve rocot health of
plants infested with nematodes treated with the
fluensulfone formulation compared to growth of untreated

plants infested with nematodes.

pest, the juvenile of

The method of any one of claims 50~53, wherein the formulation

The rmethod of any one of claims 50-54, wherein the formulation

is applied at a rate from abouvt 1 g to about 50 g of

o)
D
=3
D
t
iy
15
[0
O
r—h
[}
et
ol
i._l -
=
I
&
~
Z
y
D
y
[0)
1od
)
+
o
O]
h

formuiation is appiled at

-3
Q
=+
[0}
@]
th
Hh
3
Q
=
w
o
@]
o
e
}..A
o]
+
C
[43]
o3
%
-
+
[N
w
9]

of fluensulfone per

The rmethod of any one of claims 50-56, wherein the formulation

is diluted with an amount of water prior to application.

The method of claim 57, wherein the amount of water is 10 to

10,000 times the amount of the f

nt [ P £ T =N~ et g - 1 - 2 =
The method of any one of claims 50-58, whereln the pest is a

tode.

(‘. i
ot

The method of c¢laim 59, wherein the plant pest 1s a nema
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o3

(o)

)

n
o

spg.; Lance nematcede, Hoplolaimus spp.; Pin nematode,
Paratylenchus spp.; Ring nematode, Criconemoides spp.; Root
knot nematode, Melcoidogyne sSpC. 7 Sheath nematode,

Hemicycliophora spp.: S$piral nematode, He

Stubby  rocot nematode, Irichodorus spp.; Cyst nematode

4 ! L 4 r

Heterodera spp.; Sting nematode, BRBelonolaimus, spp.: Stunt
L0 t L L

nematods, and/or Tylenchorhynchus spp.

the nematods 1s Heterodera

The method of claim 61,

glycines, Meloidogyne incognita or Meloidogyne javanica.
A process of preparing a stable liguid formulation comprising

ketone, and (iil) at least one agrochemically acceptable

[s1
83
—
o]
=
0]
rad
3]
[}
i../
-
[
(e
o
e
]

ocmegenous mixture comprising the amount of

fluensulfone and the amount of the cyclic ketone, and

o) mixing the homogencous mixture with the agrochemically

flusnzulfone formulation.

The process of c¢laim 63, wherein the formulation is prepared

4= 4 e e . a o0 N de ey Oy

at a temperature between 15°C to 70°C.
A process of vpreparing a stable oil-in-water emulsion
. PRI PN S A, e . s 7 Y P33y a7
formulation comprising (1} an amount of fluensulfcone, (ii) an

inert additive, wherein the process

Q
et
0]

agrochemically accepts

comprises the steps of:

-
e
P
)
<
P“
5
Y
-
F_A
=
w
il
=
<
=
C
s
o
S
c

mixture comprising the

ot

amount of fluensulfone and he amount of a cyclic

ketone,
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I
[0)Y

N
-~

[o)
o

~1
O

71

(@3]

~-1
[§5N

~J
(€]

and the at least one agrochemically acceptak

(<) mixing the

hOTOJ enous mixture to

e comprising water

-
)
¢
=
ot

et

LE

e e
the second

first homogenous mixture

)

1

s3]

form an oil-in-water emualzion

fluensulfone formulation.

3 e - o =
The process of

temperature bet

47}
n
o
h

The 1

§e]

TOoCces

8

mixture further

tert-butyli-4-me

agrochemically

The process of

alcohol (PVA).

The process
agrochemically

agent.

of any one of

@]
-
Qo
k
=3
fi
[9)Y
%
-
=y
o
i
®
e
=]
6]
T
®
[9}
e
-
w
o)
0]
3
F
O
~
®
Q
Qo
pu
o

124 55 & e e | : ; ; \
claim 65 or €6, wherein the filrst homogencous

comprises an anticxidant.

~

cidant is 2, 6-di-

67, wherein the antic

thyipheno

».J .
ot

wherel he

3

any one of claims 65-70, wherein step (ii} is

R

temperature betwsen 80°C to 85°C.

claims 65-71, wherein the

acceptable inert additive is an emulsifier.

claim 72, wherein the emulsifier is polyvinyl

65-73, wherein the

acceptable inert additive 1is an antifreeze

antifreeze agent

)
U
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