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MOLECULAR COMPLEXES COMPRISING MCPA AND A TRIAZINE HERBICIDE

FIELD OF THE INVENTION

This invention relates to molecular complexes of herbicide compounds. In particular this
invention relates to molecular complexes comprising 2-methyl-4-chlorophenoxyacetic
acid and a triazine herbicide, and to herbicidal compositions comprising such molecular

complexes.

BACKGROUND OF THE INVENTION

2-methyl-4-chlorophenoxyacetic acid (MCPA) is a widely used systemic herbicide which
is a member of the phenoxy family of herbicides. MCPA acts as a synthetic auxin which
is a plant hormone which is absorbed by the leaves of plants. MCPA is used to control

broadleaf weeds, in particular for agricultural applications.

An increasing number of weed populations have been identified which show resistance
to MCPA, and the spread of these resistant populations could have a significant impact
on the effectiveness of this herbicide. For example, it has been found that intensive use
of MCPA in Western Australia has led to the evolution of MCPA resistant wild radish
populations (J. Agric. Food. Chem, 2013, 61, 12516-12521).

One strategy to overcome such issues is the use of MCPA in combination with one or
more additional herbicide compounds with alternative modes of action. The
development of a single formulation containing each of the herbicide compounds to be
applied in combination is attractive. For example, the development of such formulations
can reduce the need for multiple applications of herbicide, can help to ensure consistent

delivery of the desired ratio of each herbicide compound, and can reduce delivery costs.

However, the development of such formulations incorporating MCPA is challenging. For
example, a single combination formulation must provide conditions in which both MCPA
and additional herbicide compounds are stable. In addition, the relatively high aqueous
solubility of MCPA can lead to potential problems in the development of combination
formulations with less water soluble active agents due to the relatively rapid release of

MCPA after application.

There remains a need to develop new stable herbicide formulations containing MCPA

which overcome one or more of the issues identified above.
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SUMMARY OF THE INVENTION

The present inventors have surprisingly found that triazine herbicides may be used to
form molecular complexes with 2-methyl-4-chlorophenoxyacetic acid (MCPA). The
molecular complexes formed have been found to have high stability, modified melting

point, and provide MCPA in a form which has reduced solubility.

Therefore, in a first aspect of the invention there are provided molecular complexes of 2-
methyl-4-chlorophenoxyacetic acid (MCPA) and a compound selected from the group of

triazine herbicides.

Triazine herbicides of particular utility may be represented by formula (I):

Y
NH
Rz/

()

wherein X = Cl, -OCHs, or -SCHj3; R4 = ethyl or isopropyl; R> = ethyl, iso-propyl,
cyclopropyl, tert-butyl, or -C(CH3)CN.

Preferably, the triazine herbicide is selected from atrazine, simazine, cyanazine,
propazine, terbutryn, prometryn or ametryn. Typically, the molar ratio of MCPA: triazine
herbicide 1:1.

Typically, the molecular complexes are formed by solution or slurry crystallisation
processes. Therefore, in a second aspect of the invention there is provided a method for
the preparation of molecular complexes as described herein which comprises combining

MCPA and a triazine herbicide in a suitable solvent.

In a third aspect of the invention there is provided a method for preparing a molecular
complex as described herein, the method comprising the step of applying dual
asymmetric centrifugal forces to a mixture of MCPA and the triazine herbicide to form the

molecular complex.

In a fourth aspect of the invention there is provided a herbicidal composition comprising
molecular complexes as described herein and at least one agriculturally acceptable

carrier. Typically, such compositions may be in the form of a solid formulation, such as a

2
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powder or granulated composition, or may be a liquid formulation, such as an aqueous

suspension concentrate or a suspo-emulsion.

In a fifth aspect of the invention, there is provided the use of such herbicidal

compositions for controlling undesired vegetation, for example during crop cultivation.

In a sixth aspect of the invention there is provided a method for controlling undesired
vegetation comprising contacting the vegetation with a composition comprising molecular

complexes as described herein and at least one agriculturally acceptable carrier.
DEFINITIONS

The term “about” or “approximately” means an acceptable error for a particular value as
determined by a person of ordinary skill in the art, which depends in part on how the
value is measured or determined. In certain embodiments, the term “about” or
“approximately” means within 1, 2, 3 or 4 standard deviations. In certain embodiments,
the term “about” or “approximately” means within 30%, 25%, 20%, 15%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or 0.5% of a given value or range. In certain
embodiments and with reference to X-ray powder diffraction two-theta peaks, the terms

“about” or “approximately” means within £ 0.2 © 26.

The term “ambient temperature” means one or more room temperatures between about
15 °C to about 30 °C, such as about 15 °C to about 25 °C.

The term “crystalline” and related terms used herein, when used to describe a
compound, substance, modification, material, component or product, unless otherwise
specified, means that the compound, substance, modification, material, component or
product is substantially crystalline as determined by X-ray diffraction. See, e.g.,
Remington: The Science and Practice of Pharmacy, 21st edition, Lippincott, Williams and
Wilkins, Baltimore, Md. (2005); The United States Pharmacopeia, 23rd ed., 1843-1844
(1995).

The term “overnight” refers to the period of time between the end of one working day to
the subsequent working day in which a time frame of about 12 to about 18 hours has
elapsed between the end of one procedural step and the instigation of the following step

in a procedure.

“Slurry” means a heterogeneous mixture of at least a portion of the molecular complex in
one or more solvents. “Slurry” therefore includes a mixture of molecular complex which
is partially present as a solid, as well as being partially dissolved in the one or more

solvents.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 1.

Figure 2 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 1.

Figure 3 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 2.

Figure 4 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 2.

Figure 5 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 3.

Figure 6 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 3.

Figure 7 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 4.

Figure 8 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 4.

Figure 9 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 5.

Figure 10 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 5.

Figure 11 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 6.

Figure 12 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 6.

Figure 13 shows a representative x-ray powder diffraction pattern of the molecular

complex of Example 7.

Figure 14 shows a representative differential scanning calorimetry (DSC) curve of the

molecular complex of Example 7.

Figure 15A-C illustrate how centrifugal forces are applied to materials in a SpeedMixer™.
4
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Figure 15A is a view from above showing the base plate and basket. The base plate

rotates in a clockwise direction.
Figure 15B is a side view of the base plate and basket.

Figure 15C is a view from above along line A in Figure 10B. The basket rotates in an anti-

clockwise direction.

DETAILED DESCRIPTION OF THE INVENTION

Preferred and/or optional features of the invention will now be set out. Any aspect of the
invention may be combined with any other aspect of the invention unless the context
demands otherwise. Any of the preferred and/or optional features of any aspect may be
combined, either singly or in combination, with any aspect of the invention unless the

context demands otherwise.

The present invention relates to an isolated molecular complex comprising 2-methyl-4-
dichlorophenoxyacetic acid (MCPA) and a compound selected from the group of triazine

herbicides, and to herbicidal compositions comprising such crystalline materials.

A molecular complex is a crystalline material composed of two or more different
components which has a defined single-phase crystal structure. The components are
held together by non-covalent bonding, such as hydrogen bonding, ionic bonding, van
der Waals interactions, -1 interactions, etc. The term molecular complex includes
salts, co-crystals and salt/cocrystal hybrids. In one embodiment, the molecular complex
is a salt. In another embodiment, the molecular complex is a co-crystal. In another

embodiment, the molecular complex is a salt/co-crystal hybrid.

Without wishing to be bound by theory, it is believed that when the molecular complex is
a co-crystal, the co-crystal demonstrates improved physiochemical properties, such as
crystallinity, solubility properties and/or modified melting points. In certain embodiments,
the melting point of the molecular complex may be higher than the melting point of
MCPA itself and/or the triazine itself. In this instance, a higher melting point may be of
benefit in the preparation of, for example, a suspension concentrate formulation of the
molecular complex. In certain embodiments, the melting point of the molecular complex
may be lower than the melting point of MCPA itself and/or the triazine itself. In this
instance, a lower melting point may be of benefit in the preparation of, for example, an
encapsulated formulation of the molecular complex or liquid formulation of the molecular

complex.
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The molecular complexes may be distinguished from mixtures of MCPA and the selected
triazine herbicide by standard analytical means which are well known to those skilled in
the art, for example x-ray powder diffraction (XRPD), single crystal x-ray diffraction, or
differential scanning calorimetry (DSC). The molar ratio of the components of the

molecular complex may be determined using, for example, HPLC or '"H NMR.

The molecular complexes comprise 2-methyl-4-chlorophenoxyacetic acid (MCPA) and a
triazine herbicide. Triazine herbicides are well known to those skilled in the art and
comprise a 1,3,5-triazine core with -N(H)alkyl substituents at the 2- and 4- positions, and
a further substituent at the 6-position, such as a chloro, -OCHj3 or -SCHj3 substituent.
Typically, the alkyl groups are unbranched, branched or cyclic C1.s alkyl groups,

optionally substituted, for example with -CN.

Triazine herbicides of particular utility may be represented by formula (1):

Y
NH
Rz/

()

wherein X = Cl, -OCHs, or -SCHjs; R4 = ethyl or isopropyl; R> = ethyl, iso-propyl,
cyclopropyl, tert-butyl, or -C(CHs).CN.

Preferably, X = Cl or -SCH3, more preferably X = Cl.

Further preferred compounds have X = -OCHjs, R1 = isopropyl, and Rz = isopropyl; or X =
-SCHs, Ry = ethyl or iso-propyl, and R2 = iso-propyl or tert-butyl.

Preferably, the triazine herbicide is selected from atrazine (6-chloro-4-N-ethyl-2-N-
(propan-2-yl)-1,3,5-triazine-2,4-diamine), simazine (6-chloro-2-N,4-N-diethyl-1,3,5-
triazine-2,4-diamine), cyanazine (2-[[4-chloro-6-(ethylamino)-1,3,5-triazin-2-ylJamino]-2-
methylpropanenitrile), propazine (6-chloro-2-N,4-N-di(propan-2-yl)-1,3,5-triazine-2,4-
diamine), terbutryn (2-N-tert-butyl-4-N-ethyl-6-methylsulfanyl-1,3,5-triazine-2,4-diamine),
prometryn (6-methylsulfanyl-2-N,4-N-di(propan-2-yl)-1,3,5-triazine-2,4-diamine) or
ametryn (4-N-ethyl-6-methylsulfanyl-2-N-propan-2-yl-1,3,5-triazine-2,4-diamine).

In one embodiment, the present invention relates to a molecular complex comprising, or

consisting of, MCPA and atrazine (6-chloro-4-N-ethyl-2-N-(propan-2-yl)-1,3,5-triazine-
6
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2,4-diamine). The molar ratio of MCPA:atrazine is generally in the range from 1:1 to 2:1,
such as 1:1. However, variations are possible which typically do not exceed 20 mol%

and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: atrazine is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 1. The XRPD degree 2-theta (° 20) values are
shown in Table 1. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 1 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 2, in particular by the melting point temperature with an onset

temperature of about 128.9 °C as determined by DSC.

In another embodiment, the present invention relates to a molecular complex comprising,
or consisting of, MCPA and propazine (6-chloro-2-N,4-N-di(propan-2-yl)-1,3,5-triazine-
2,4-diamine). The molar ratio of MCPA: propazine is generally in the range from 1:1 to
2:1, such as 1:1. However, variations are possible which typically do not exceed 20

mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: propazine is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 3. The XRPD degree 2-theta (° 20) values are
shown in Table 2. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 2 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 4, in particular by the melting point temperature with an onset

temperature of about 112.4 °C as determined by DSC.

In a further embodiment, the present invention relates to molecular complexes
comprising, or consisting of, MCPA and cyanazine ((2-[[4-chloro-6-(ethylamino)-1,3,5-
triazin-2-ylJamino]-2-methylpropanenitrile). The molar ratio of MCPA: cyanazine is
generally in the range from 1:1 to 2:1, such as 1:1. However, variations are possible

which typically do not exceed 20 mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA and cyanazine is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko

radiation) substantially as shown in Figure 5. The XRPD degree 2-theta (° 20) values are
7
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shown in Table 3. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 3 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 6, in particular by the melting point temperature with an onset

temperature of about 144.4 °C as determined by DSC.

In another embodiment, the present invention relates to a molecular complex comprising,
or consisting essentially of, MCPA and simazine ((6-chloro-2-N,4-N-diethyl-1,3,5-triazine-
2,4-diamine). The molar ratio of MCPA: simazine is generally in the range from 1:1 to
2:1, such as 1:1. However, variations are possible which typically do not exceed 20

mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: simazine is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 7. The XRPD degree 2-theta (° 20) values are
shown in Table 4. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 4 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 8, in particular by the melting point temperature with an onset

temperature of about 128.4 °C as determined by DSC.

In a further embodiment, the present invention relates to a molecular complex
comprising, or consisting essentially of, MCPA and terbutryn (2-N-tert-butyl-4-N-ethyl-6-
methylsulfanyl-1,3,5-triazine-2,4-diamine). The molar ratio of MCPA: terbutryn is
generally in the range from 1:1 to 2:1, such as 1:1. However, variations are possible

which typically do not exceed 20 mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: terbutryn is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 9. The XRPD degree 2-theta (° 20) values are
shown in Table 5. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 5 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 10, in particular by the melting point temperature with an onset

temperature of about 52.5 °C as determined by DSC.

8
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In a further embodiment, the present invention relates to a molecular complex
comprising, or consisting essentially of, MCPA and prometryn (6-methylsulfanyl-2-N,4-N-
di(propan-2-yl)-1,3,5-triazine-2,4-diamine). The molar ratio of MCPA: prometryn is
generally in the range from 1:1 to 2:1, such as 1:1. However, variations are possible

which typically do not exceed 20 mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: prometryn is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 11. The XRPD degree 2-theta (° 26) values
are shown in Table 6. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 6 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 12, in particular by the melting point temperature with an onset

temperature of about 62.3 °C as determined by DSC.

In a further embodiment, the present invention relates to a molecular complex
comprising, or consisting essentially of, MCPA and ametryn (4-N-ethyl-6-methylsulfanyl-
2-N-propan-2-yl-1,3,5-triazine-2,4-diamine). The molar ratio of MCPA: ametryn is
generally in the range from 1:1 to 2:1, such as 1:1. However, variations are possible

which typically do not exceed 20 mol% and preferably do not exceed 10 mol%.

In the case that the molar ratio of MCPA: ametryn is 1:1, the current inventors have
identified a crystalline form which exhibits an x-ray powder diffraction pattern (Cu Ko
radiation) substantially as shown in Figure 13. The XRPD degree 2-theta (° 26) values
are shown in Table 7. Preferably, the molecular complex shows at least 5, preferably at
least 8 or at least 12, more preferably at least 15, even more preferably at least 20, or all
of the reflexes shown in Table 7 as degree 2-Theta (°28) values + 0.2 degrees 2-theta.
The crystalline form may also be identified by its differential scanning calorimetry (DSC)
curve as shown in Figure 14, in particular by the melting point temperature with an onset

temperature of about 43.6 °C as determined by DSC.

The molecular complexes may be formulated into a herbicidal composition with at least
one agriculturally acceptable carrier. The composition may be a solid formulation, for
example a powder, granule, or dust, or may be a liquid formulation, such as a

suspension of particles of the molecular complex.
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In one embodiment, the herbicidal composition is an aqueous suspension concentrate,
i.e. an aqueous composition comprising particles of the molecular complex dispersed in

an aqueous medium.

In a further embodiment, the herbicidal composition is a suspo-emulsion, i.e. an aqueous
composition comprising particles of the molecular complex dispersed in an aqueous
medium and a water-immiscible organic solvent, optionally with one or more additional

herbicides solubilised in the organic solvent.

In another embodiment, the herbicidal composition is a solid formulation, such a powder,
for example a water-dispersible powder or a dustable powder, or a granulated

composition, such as water-dispersible granules.

It will be understood by the skilled person that the compositions may also include further
components, such as surfactants, viscosity modifiers, anti-freeze agents, agents for pH

control, preservatives, stabilisers and anti-caking agents.

The amount of the molecular complex in the composition is generally between 0.001 and
99 wt%, such as between 1 and 99%, 5 and 95 wt% or 10 and 90 wt% based on the total

weight of the composition.

In liquid compositions which are designed to be diluted prior to use, such as an aqueous
suspension concentrate or a suspo-emulsion, the amount of molecular complex is
typically in the range from 10 and 90 wt%, such as between 10 and 70 wt%, in particular
in the range from 15 to 50 wt%, based on the total weight of the composition. Such
compositions are then diluted, typically with water, to around 0.001 and 1 wt% of active

material before application.

In solid formulations, the amount of molecular complex is typically in the range from 10 to
90 wt%, in particular in the range from 15 to 70 wt%, based on the total weight of the

composition.

The amount of carrier varies depending on the formulation type. Typically, the carrier is
in the range from 1 to 90 wt%, in particular from 30 to 90 wt%, or particularly preferably

between 30 to 85 wt%, or 50 to 85 wt% based on the total weight of the composition.

Suitable agriculturally acceptable carriers are well known to those skilled in the art. Such
carriers should not be phytotoxic to crops, in particular at the concentrations employed
for the control of undesirable plants in the presence of crops, and should not react

chemically with the compounds of the molecular complex or other composition

10
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components. The compositions may be applied directly, or may be formulations or

concentrates which are diluted, for example with water, prior to application.

Liquid carriers that may be employed include water, optionally including water-miscible
organic solvents, and organic solvents, although it is typically preferred that water is
used. If organic solvents are used, then it will be understood that the organic solvent or
solvents should be selected in which the molecular complexes have low solubility, for

examples solvents in which the solubility is less than 1 mg/ml at 25 °C.

Suitable solid carriers include mineral earths, such as clays, silicates, diatomaceous
earths, or kaolin, fertilisers, and organic products such as woodmeal and cellulose

carriers.

Generally, the solid and liquid compositions comprise the molecular complexes in finely
divided particulate form. In liquid compositions, the particles of the molecular complex
are suspended in a liquid medium, preferably in an aqueous medium. |n water-
dispersible granules or water-dispersible powders the finely divided particles are typically
loosely agglomerated into larger granules that disintegrate upon dilution in water and
then lead to a suspension of these finely divided particles. The size of the particles of the
molecular complex, i.e. the size which is not exceeded by 90% by weight of the active
compound particles, is typically not more than 30 um, preferably not more than 20 um, in
particular not more than 10 um, especially not more than 5 um, as determined by

dynamic light scattering.

Suspension concentrates, in particular aqueous suspension concentrates, can be
prepared by suspending particles of the molecular complex in a suitable liquid carrier.
The suspension concentrate may also be prepared by mixing or milling particles of
MCPA and the selected triazine herbicide in the liquid medium until a molecular complex

has been formed.

Suspo-emulsions can be prepared in accordance with the method as described for
suspension concentrates with the addition of an organic solvent, typically containing an
additional active ingredient, such as a herbicide, pesticide or fungicide, to the formed

suspension concentrate or during the preparation of the suspension concentrate.

Powders, such as dustable or water-dispersible powders, can be prepared by mixing or

grinding particles of the molecular complex with a solid carrier.

Granules, for example water-dispersible granules, can be prepared by binding the

particles of the molecular complex to suitable solid carriers.
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The compositions as described above may also comprise further active compounds. For

example, insecticides, fungicides, or further herbicides can be added as required.

All embodiments of the compositions comprising at least one molecular complex

described herein are referred to as a "herbicidal composition".

The herbicidal compositions as described herein may be used for controlling undesirable
vegetation. Undesirable vegetation is understood to mean plants considered undesirable

in a particular location, e.g. in an area of crops, and may be known as weeds.

Control may be achieved by a method comprising contacting the vegetation with the
herbicidal composition. It will be understood by the skilled person that the composition at
the point of application should contain a herbicidally effective amount of the molecular
complex. A herbicidally effective amount is an amount of the active ingredients which

causes an adverse deviation of the natural development of the undesired vegetation.

In particular, the compositions have utility for controlling undesirable vegetation in a
culture of crop plants, especially crop plants which are tolerant to MCPA and / or triazine
herbicides, for example through genetic modification of the crop plants. The
compositions may also have particular utility for the control of undesirable vegetation

which is resistant to either MCPA and / or the selected triazine herbicide.

The present invention also comprises a method for the preparation of molecular
complexes according to the present invention, the method comprising combining MCPA

and the selected triazine herbicide in a suitable solvent.

In one embodiment of the process, MCPA and the triazine herbicide are dissolved in at
least one solvent to form a solution, optionally with heating, and then crystallisation is
induced, for example, by cooling the solution, evaporation of the solvent, or by
precipitation. Precipitation may be induced, for example, by the addition of an anti-

solvent or by cooling.

For example, in the case that the molecular complex comprises MCPA and atrazine,
crystallisation may be achieved by the formation a solution of MCPA and atrazine in a
suitable solvent, such as toluene, and then cooling the solution to induce precipitation of
the molecular complex, such as cooling to a temperature of around 5 °C. In the case
that the molecular complex comprises MCPA and cyanazine, crystallisation may be
achieved by the formation a solution of MCPA and cyanazine in a suitable solvent, such

as methanol, at an elevated temperature, such as between 40 and 60 °C, and then
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cooling the solution to induce precipitation of the molecular complex, such as cooling to a

temperature of around 5 °C.

In a further embodiment of the process, MCPA and the triazine herbicide are combined
with a suitable solvent but the compounds are not fully dissolved so that solid material
remains. The mixture is then subjected to stirring, milling or grinding until the molecular
complex is obtained. The amount of time required for crystal formation can be readily
determined by one skilled in the art and depends on factors including the temperature

and the level of energy input.

For example, in the case that the molecular complex comprises MCPA and propazine or
MCPA and simazine, crystallisation may be achieved by the combination of MCPA and
propazine or MCPA and simazine with a suitable solvent, such as heptane, in an amount
such that the compounds are not fully dissolved, and then stirring at an elevated

temperature, such as between 40 and 60 °C, and then filtering the crystalline product.

In the case that the molecular complex comprises MCPA and terbutryn, MCPA and
prometryn, or MCPA and ametryn, crystallisation may be achieved by the combination of
MCPA and terbutryn, MCPA and prometryn, or MCPA and ametryn with a suitable
solvent, such as heptane, in an amount such that the compounds are not fully dissolved,
for example at a temperature between 2 and 7 °C, and then filtering the crystalline

product.

It has been advantageously found that the molecular complexes may be formed by
milling the active materials in an aqueous medium to form a suspension of particles of
the molecular complexes. Such a method may simplify the manufacture of herbicidal
compositions as described herein, in particular compositions provided in the form of a
suspension concentrate. Therefore, in a further embodiment of the method, the method
comprises the steps of (i) preparing an aqueous suspension of MCPA and a triazine

herbicide; (ii) milling the aqueous suspension.

Alternatively, the MCPA triazine herbicide molecular complex may be prepared by a
method comprising the step of applying dual asymmetric centrifugal forces to a mixture

of MCPA and the triazine herbicide to form the molecular complex.

The molecular complex of MCPA and triazine herbicide is formed using dual asymmetric
centrifugal forces. By “dual asymmetric centrifugal forces” we mean that two centrifugal
forces, at an angle to each other, are simultaneously applied to the particles. In order to

create an efficient mixing environment, the centrifugal forces preferably rotate in opposite
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directions. The Speedmixer™ by Hauschild (http:/www.speedmixer.co.uk/index.php)
utilises this dual rotation method whereby the motor of the Speedmixer™ rotates the
base plate of the mixing unit in a clockwise direction (see Figure 15A) and the basket is

spun in an anti-clockwise direction (see Figures 15B and 15C).

The method may be controlled by various parameters including the rotation speed at
which the process takes place, the length of processing time, the level to which the
mixing container is filled, the use of milling media and/or the control of the temperature of

the components within the milling pot.

The dual asymmetric centrifugal forces may be applied for a continuous period of time.
By “continuous” we mean a period of time without interruption. The period of time may
be from about 1 second to about 90 minutes, such as about 5 seconds to about 60

minutes, for example, about 40 minutes.

Alternatively, the dual asymmetric centrifugal forces may be applied for an aggregate
period of time. By “aggregate” we mean the sum or total of more than one periods of
time (e.g. 2, 3, 4, 5 or more times). The advantage of applying the centrifugal forces in a
stepwise manner is that excessive heating of the particles can be avoided. The dual
asymmetric centrifugal forces may be applied for an aggregate period of about 1 second
to about 30 minutes, for example about 30 seconds to about 15 minutes and such as
about 10 seconds to about 10 minutes. In one embodiment, the dual asymmetric
centrifugal forces are applied in a stepwise manner with periods of cooling therebetween.
In another embodiment, the dual asymmetric centrifugal forces may be applied in a

stepwise manner at one or more different speeds.

The speed of the dual asymmetric centrifugal forces may be from about 200 rpm to about
4000 rpm. In one embodiment, the speed may be from about 300 rpm to about 3750
rpm, for example about 500 rpm to about 3500 rpm. In one embodiment, the speed may
be about 1900 rpm.

The level to which the mixing container is filled is determined by various factors which
will be apparent to the skilled person. These factors include the apparent density of the
MCPA and triazine herbicide, the volume of the mixing container and the weight

restrictions imposed on the mixer itself.

Milling media as described above may be used to assist the reaction. In certain
embodiments, the dual asymmetric centrifugal forces may be applied in a stepwise

manner in which milling media may be used for some, but not all, periods of time.
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The method may be carried out in a wet or dry environment. For example, water may
added to the mixture of MCPA and triazine herbicide. Water can act to minimise particle
welding. The addition of water may be particularly helpful if the MCPA and/or triazine
herbicide being reacted has agglomerated prior to use, in which case the water can

assist with breaking down the agglomerates.

When the method is carried out in a dry environment, no additional solvent (such as

water) is added to the mixture of MCPA and triazine herbicide.

When the dual asymmetric centrifugal forces are applied for an aggregate period of time,
the wet or dry environment may be changed for each period of time. For example, the
method may comprise a first period of time in which the environment is dry (i.e. MCPA
and triazine herbicide are reacted together optionally with milling media in the absence of
solvent), and a second period of time in which the environment is wet after the addition of

solvent.

The MCPA may be present in stoichiometric or excess molar equivalents to the triazine

herbicide. In one embodiment, the MCPA is present in stoichiometric quantities.

The present invention will now be described with reference to the following examples,
which are provided to assist with understanding the present invention, and are not

intended to limit its scope.

Examples

Example 1 - MCPA: atrazine (1:1) molecular complex

Atrazine (20 mg) (Tokyo Chemical Industry) and MCPA (18.6 mg, 1 mol eq.) (Sigma
Aldrich) were dissolved in toluene (0.6 ml) at 50 °C with stirring. The clear solution was
cooled to 5 °C at 0.2 °C min™ to give a slurry. This slurry was filtered, then dried under

suction to yield a crystalline product.

The crystalline material was analysed by '"H NMR which confirmed a molar ratio of
MCPA: atrazine of 1:1.

The material was also analysed by XRPD which showed a crystalline material and

yielded a diffractogram as provided in Figure 1.

The molecular complex of MCPA and atrazine shows at least 5, preferably at least 8 or
at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 1 as degree 2-Theta (° 20) values + 0.2 degrees 2-theta.
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Table 1 — MCPA: Atrazine (1:1) molecular complex XRPD data

PCT/GB2019/052217

Angle Intensity Angle Intensity

(2-Theta °) (%) (2-Theta °) (%)
6.4 87.2 254 7.0
7.5 9.6 25.8 9.1
12.0 100.0 26.6 17.2
14.1 5.9 26.9 12.5
16.9 12.0 27.2 5.6
18.1 55.5 28.1 6.3
20.2 26.7 30.0 5.3
20.7 57 31.7 5.6
21.0 6.6 32.5 5.0
22.5 20.8 34.8 10.5
22.7 56.8 36.1 7.5
241 9.2 36.4 55
24.9 4.1

DSC analysis (Figure 2) indicated a melting point with an onset temperature of about
128.9 °C.

Example 2 - MCPA: propazine (1:1) molecular complex

Propazine (20 mg) (Bond Chemicals Ltd) and of MCPA (17.5 mg, 1 mol eq.) (Sigma
Aldrich) were suspended in heptane (1.2 ml) at 50 °C with stirring. The slurry was

filtered, then dried under suction to yield a crystalline product.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of

MCPA: propazine of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 3.

The molecular complex of MCPA and propazine shows at least 5, preferably at least 8 or
at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 2 as degree 2-Theta (28) values + 0.2 degrees 2-theta.

Table 2 - MCPA: Propazine (1:1) molecular complex XRPD data

Angle Intensity Angle Intensity
(2-Theta °) (%) (2-Theta °) (%)
9.1 20.1 20.0 9.1
9.8 73.5 20.2 8.3
10.2 11.5 20.8 52
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Angle Intensity Angle Intensity
(2-Theta °) (%) (2-Theta °) (%)
11.2 36.2 21.5 7.2
12.2 371 21.7 9.2
12.6 3.5 221 12.0
13.1 55 22.5 54
13.4 16.4 24.0 6.5
13.6 3.7 253 100.0
14.1 2.6 26.0 8.0
14.6 55 27.2 259
16.0 9.6 29.4 7.5
17.3 2.8 31.7 9.4
18.5 20.7
19.0 4.0

DSC analysis (Figure 4) indicated a melting point with an onset temperature of about
112.4°C.

Example 3 — MCPA: cyanazine: (1:1) molecular complex

20 mg of cyanazine (Bond Chemicals Ltd) and 16.7 mg of MCPA (1 mol eq.) (Sigma
Aldrich) were dissolved in methanol (0.4 ml) at 50 °C with stirring. The clear solution was
cooled to 5 °C at 0.2 °C min™' to give a slurry. This slurry was filtered, then dried in a

vacuum oven for a few days.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of
MCPA: cyanazine of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 5.

This molecular complex of MCPA and cyanazine shows at least 5, preferably at least 8
or at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 3 as degree 2-Theta (28) values + 0.2 degrees 2-theta.

Table 3 - MCPA: cyanazine (1:1) molecular complex XRPD data

Angle Intensity Angle Intensity
(2-Theta °) (%) (2-Theta °) (%)
6.1 40.6 22.9 37.4
8.9 100.0 23.1 14.7
10.2 45.6 24.5 41.2
11.4 46.8 254 11.9
12.2 82.3 25.8 59.5
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141 214 26.3 30.9
15.3 9.8 26.8 19.7
16.5 17.9 27.3 69.7
19.6 32.6 29.6 10.5
20.3 8.6 32.1 19.3
20.7 20.9 32.3 12.6
21.0 13.9 33.4 7.5
21.2 14.9 40.0 111
214 40.5

DSC analysis (Figure 6) indicated a melting point with an onset temperature of about 144.4
°C.

Example 4 — MCPA: simazine (1:1) molecular complex

A mixture of 20 mg of simazine (Atlantic Research Chemicals Ltd) and 19.9 mg of MCPA
(1 mol eq) (Sigma Aldrich) was suspended in heptane (1.2 ml) and stirred at 50 °C for

12 hrs. The slurry was filtered and dried under suction.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of
MCPA: simazine of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 7.

This molecular complex of MCPA and simazine shows at least 5, preferably at least 8 or
at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 4 as degree 2-Theta (28) values x 0.2 degrees 2-theta.

Table 4 - MCPA: simazine (1:1) molecular complex XRPD data

Angle Intensity
(2-Theta °) (%)
6.6 95.5
9.7 12.5
11.8 100.0
12.0 33.3
13.1 32.7
19.3 38.1
19.9 18.2
20.3 13.5
22.3 27.2
23.3 55.7
24.8 21.0
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25.7 9.0
26.1 131
271 22.8
277 24.6
29.7 10.2

DSC analysis (Figure 8) indicated a melting point with an onset temperature of about
128.4 °C.

Example 5 — MCPA: terbutryn (1:1) molecular complex

A mixture of 20 mg of terbutryn (Bond Chemicals Ltd) and 16.6 mg of MCPA (1 mol eq)
(Sigma Aldrich) was placed in heptane (50 pl) and stirred at 5 °C. The slurry was filtered

and dried by evaporation.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of
MCPA: terbutryn of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 9.

This molecular complex of MCPA and terbutryn shows at least 5, preferably at least 8 or
at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 5 as degree 2-Theta (28) values + 0.2 degrees 2-theta.

Table 5 - MCPA: terbutryn (1:1) molecular complex XRPD data

Angle Intensity Angle Intensity
(2-Theta °) (%) (2-Theta °) (%)
7.5 34.5 19.6 100.0
7.9 48.0 20.4 14.1
10.9 49.7 20.9 32.9
11.2 24.4 21.3 26.6
11.8 11.8 21.5 61.8
13.2 13.1 22.5 16.4
14.0 54.9 23.0 35.2
14.7 52.8 23.3 64.3
14.9 24.5 241 35.5
15.5 12.2 24.5 32.6
15.9 51.6 25.7 54.1
16.2 13.7 26.3 26.0
16.6 9.6 29.0 15.8
16.9 38.5 31.8 32.5
18.5 14.5 33.3 15.5
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| 190 | 559 34.2 11.4

DSC analysis (Figure 10) indicated a melting point with an onset temperature of about
52.5°C.

Example 6 — MCPA: prometryn (1:1) molecular complex

A mixture of 20 mg of prometryn (Bond Chemicals Ltd) and 16.6 mg of MCPA (1 mol eq)
(Sigma Aldrich) was placed in heptane (50 pl) and stirred at 5 °C. The slurry was filtered

and dried by evaporation.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of
MCPA: prometryn of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 11.

This molecular complex of MCPA and prometryn shows at least 5, preferably at least 8
or at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 6 as degree 2-Theta (28) values + 0.2 degrees 2-theta.

Table 6 - MCPA: prometryn (1:1) molecular complex XRPD data

Angle Intensity Angle Intensity
(2-Theta °) (%) (2-Theta °) (%)
4.7 23.9 19.9 6.8
7.1 8.9 20.3 15.4
7.3 17.8 20.4 12.0
8.7 100.0 20.8 27.4
9.0 78.4 21.0 10.3
9.4 22.0 21.5 19.2
11.3 10.9 21.7 14.7
12.1 59.1 22.2 18.9
12.4 9.1 22.5 25.0
13.0 4.6 227 13.7
13.5 14.3 22.9 18.3
14.1 28.2 24.4 16.8
14.7 21.8 251 15.3
15.3 13.5 25.9 32.6
16.1 17.6 26.7 35.1
17.0 6.6 27.5 13.2
17.6 20.8 28.2 12.4
17.8 13.2 28.6 9.2
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18.2 13.5 29.3 7.4
18.8 17.7 29.8 7.3
19.4 8.2 31.6 8.0
19.7 9.0 35.1 9.7

DSC analysis (Figure 12) indicated a melting point with an onset temperature of about
62.3°C.

Example 7 — MCPA: ametryn (1:1) molecular complex

A mixture of 20 mg of ametryn (Bond Chemicals Ltd) and 17.7 mg of MCPA (1 mol eq)
(Sigma Aldrich) was placed in heptane (50 ml) and stirred at 5 °C. The slurry was filtered

and dried by evaporation.

The molecular complex was analysed by '"H NMR which confirmed a molar ratio of
MCPA: ametryn of 1:1.

The molecular complex was also analysed by XRPD which showed a crystalline material

and yielded a diffractogram as provided in Figure 13.

This molecular complex of MCPA and ametryn shows at least 5, preferably at least 8 or
at least 12, more preferably at least 15, even more preferably at least 20, or all of the

reflexes shown in Table 7 as degrees2-Theta (20) values * 0.2 degrees 2-theta.

Table 7 - MCPA: ametryn (1:1) molecular complex XRPD data

Angle (2- | Intensity | Angle (2- | Intensity

Theta °) (%) Theta °) (%)
7.5 28.2 21.0 20.2
7.6 31.8 214 19.2
9.6 100.0 21.5 20.5
10.2 43.5 22.2 37.4
13.2 29.5 22.7 30.2
13.6 19.7 23.1 54.8
15.0 60.2 23.9 43.6
15.4 43.4 24.3 28.9
16.8 23.1 24.5 30.3
18.1 19.5 25.0 91.0
19.0 20.5 26.8 37.0
20.0 20.0 29.3 16.9
20.5 45.8 31.6 19.5
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DSC analysis (Figure 14) indicated a melting point with an onset temperature of about
43.6 °C.

Example 8 — Preparation of MCPA: atrazine (1:1) molecular complex in water

Atrazine (20 mg) (Tokyo Chemical Industry) and MCPA (19 mg) (Sigma Aldrich) was
placed in a 2 ml HPLC vial with two grinding beads. The mixture was initially wetted with
water (20 ul) and ground for 2 hr at 600 rpm using a Fritsch milling system with an

Automaxion adapter then air dried for 5 min.
XRPD analysis provided a diffractogram which was consistent with that of Example 1

Example 9 — Preparation of MCPA: simazine (1:1) molecular complex in water

Simazine (20 mg) (Tokyo Chemical Industry) and MCPA (20 mg) (Sigma Aldrich) was
placed in a 2 ml HPLC vial with two grinding beads. The mixture was initially wetted with
water (20 ul) and ground for 2 hr at 600 rpm using a Fritsch milling system with an

Automaxion adapter then air dried for 5 min.
XRPD analysis provided a diffractogram which was consistent with that of Example 4

Example 10 — preparation of MCPA: cyanazine (1:1) molecular complex in water

Cyanazine (20 mg) (Tokyo Chemical Industry) and MCPA (17 mg) (Sigma Aldrich) was
placed in a 2 ml HPLC vial with two grinding beads. The mixture was initially wetted with
water (20 ul) and ground for 2 hr at 600 rpm using a Fritsch milling system with an

Automaxion adapter then air dried for 5 min.
XRPD analysis provided a diffractogram which was consistent with that of Example 3.

Example 11 — MCPA : atrazine (1:1) molecular complex

A mixture of atrazine (538 mg) (Tokyo Chemical Industry) and MCPA (500 mg, 1 mol eq.)
(Tokyo Chemical Industry) was placed in a 40 ml plastic beaker with 3 mm stainless steel
beads 0.5 ml of water were added. The mixture was milled at 1900 rpm for 40 min in a
DAC 150-FVZK Speedmixer™. Samples obtained after this milling procedure were air-
dried overnight before analysis. XRPD data and DSC analysis indicated a molecular

complex consistent with Example 1 and Figures 1 and 2.

The same molecular complex was prepared by milling in the absence of water or solvents.

The dry sample showed an XRPD pattern consistent with that prepared with water.

Example 12 — MCPA : simazine (1:1) molecular complex
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A mixture of simazine (503 mg) (Atlantic Research Chemicals) and MCPA (500 mg, 1 mol
eq.) (Tokyo Chemical Industry) was placed in a 40 ml plastic beaker with 3 mm stainless
steel beads. The dry mixture was milled at 1900 rpm for 40 min in a DAC 150-FVZK
Speedmixer™. Samples obtained after this milling procedure were stored overnight before
analysis. XRPD data and DSC analysis indicated a molecular complex consistent with

Example 4 and Figures 7 and 8.

Molecular complex testing

X-Ray Powder Diffraction (XRPD)

XRPD diffractograms were collected on a Bruker D8 diffractometer.

Brucker D8 uses Cu Ka radiation (40 kV, 40 mA) and a 6-26 goniometer fitted with a Ge
monochromator. The incident beam passes through a 2.0 mm divergence slit followed by
a 0.2 mm anti-scatter slit and knife edge. The diffracted beam passes through an 8.0 mm
receiving slit with 2.5° Soller slits followed by the Lynxeye Detector. The software used
for data collection and analysis was Diffrac Plus XRD Commander and Diffrac Plus EVA

respectively.

Samples were run under ambient conditions as flat plate specimens using powder as
received. The sample was prepared on a polished, zero-background (510) silicon wafer
by gently pressing onto the flat surface or packed into a cut cavity. The sample was

rotated in its own plane.
Data collection method is:
¢ Angularrange: 2 to 42° 26
e Step size: 0.05° 26
e Collection time: 0.5 s/step (total collection time: 6.40 min)

Stability in water

The stability in water over a period of three weeks was assessed by stirring 50 mg of the

molecular complex in 1 ml water for 3 weeks at 25 °C followed by XRPD analysis.

Thermodynamic solubility in water

Aqueous solubility was determined by suspending sufficient amount of compound in
deionised water to give a maximum final concentration of =10 mg/ml of the compound.

The suspension was equilibrated at 25 °C, on a Heidolph plate shaker set to 750 rpm for
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24 hours. The pH of the saturated solution was then measured and the suspension
filtered through a glass fibre C filter (particle retention 1.2 ym) and diluted appropriately.
Quantitation was by HPLC with reference to a standard solution of approximately

0.15 mg/ml in DMSO. Different volumes of the standard, diluted and undiluted sample
solutions were injected. The solubility was calculated using the peak areas determined
by integration of the peak found at the same retention time as the principal peak in the

standard injection.

Table 8 - HPLC method for solubility measurements

Parameter Value
Type of method Reverse phase with gradient elution
Column Phenomenex Luna, C18 (2) 5 um 50 x 4.6 mm
Column
Temperature 25
(¢C)
Standard

Injections (ul) 1,2,3,4,57

Test Injections

(M)

1,2, 3,10, 15, 20

Detection:
Wavelength, 260,90
Bandwidth (nm)
Flow Rate o
(ml/min)
Phase A 0.1% TFA in water
Phase B 0.085% TFA in acetonitrile
Time (min) % Phase A % Phase B
0 95 5
1 80 20
Timetable 23 5 95
33 5 95
3.5 95 5
4.4 95 5

Analysis was performed on an Agilent HP1100 series system equipped with a diode

array detector and using ChemStation software.

Differential Scanning calorimetry (DSC)

DSC (melting point) was assessed using either a TA Instruments Q2000 or TA
Instruments Discovery DSC. Typically, 0.5 - 3 mg of each sample, in a pin-holed
aluminium pan, was heated at 10 °C/min from 25 °C to 300 °C. A purge of dry nitrogen at

50 ml/min was maintained over the sample.

Thermogravimetric analysis (TGA)
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TGA was assessed using either a TA Instruments Q500 TGA or TA Instruments
Discovery TGA. Typically, 5 - 10 mg of each sample was loaded onto a pre-tared
aluminium DSC pan and heated at 10 °C/min from ambient temperature to 350 °C. A

nitrogen purge at 60 ml/min was maintained over the sample.

Gravimetric Vapour Sorption

Hygroscopicity of a solid material may be determined by means of gravimetric vapour
sorption (GVS) analysis, sometimes known by dynamic vapour sorption (DVS) analysis.
The experiment subjects a sample material which is held in a fine wire basket on a
microbalance within a temperature and humidity controlled environment (chamber).
Using the software, the collected data can then be processed to determine the isotherm
points at the increment ranges specified during the experiment and show the overall

water uptake of the material.

Hygroscopicity was assessed by Gravimetric vapour sorption. Sorption isotherms were
obtained using a SMS DVS Intrinsic moisture sorption analyser, controlled by DVS
Intrinsic Control software. The sample temperature was maintained at 25 °C by the
instrument controls. The humidity was controlled by mixing streams of dry and wet
nitrogen, with a total flow rate of 200 ml/min. The relative humidity was measured by a
calibrated Rotronic probe (dynamic range of 1.0 — 100 %RH), located near the sample.
The weight change, (mass relaxation) of the sample as a function of %RH was

constantly monitored by a microbalance (accuracy £0.005 mg).

Typically, 5 - 30 mg of sample was placed in a tared mesh stainless steel basket under
ambient conditions. The sample was loaded and unloaded at 40 %RH and 25 °C (typical
room conditions). A moisture sorption isotherm was performed as outlined below (2
scans per complete cycle). The standard isotherm was performed at 25 °C at 10 %RH
intervals over a 0 — 90 %RH range. Typically, a double cycle (4 scans) was carried out.

Data analysis was carried out within Microsoft Excel using the DVS Analysis Suite.

Table 9 - Method for SMS DVS Intrinsic experiments

Parameter Value
Adsorption — Scan 1 40-90
Desorption, Adsorption — Scan 2 90-0,0-40
Intervals (%RH) 10
Number of Scans 4
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Flow rate (ml/min) 200
Temperature (°C) 25
Stability (°C/min) 0.2
Sorption Time (hours) 6 hour time out
Number of cycles 2

The sample was recovered after completion of the isotherm and re-analysed by XRPD.

Example 1

The physicochemical properties of the MCPA: atrazine molecular complex formed in
Example 1 were evaluated alongside the individual compounds MCPA and atrazine. The

results are provided in Table 10.

Table 10 — Results of the testing of physicochemical properties of molecular complex
formed in Example 1

Example 1 Atrazine MCPA
1
H-NMR :
1:1 N/A N/A
(Stoichiometry)
Thermodynamic MCPA: 0.18 mg/ml 0.81 mg/m
solubility in | Atrazine: 0.04 mg/ml 0.03 mg/mL
water (25 °C) (8.81) (2.96)
(pH) (3.91
DSC (melting 0 176.0 °C °
ooint) 128.9 °C 119.2 °C
TGA Degradation from ca. Degradatlor: from ca.| pegradation from ca.
100 °C 200°C 100 °C
Non hygroscopic up to
0,
Non hygroscopic up to . 70% RH .
20 % RH Non hygroscopic. | Hygroscopic with 8.3%
GVS  |4.1% uptake to 90% RH| 0.-16% uptake at | uptake from 70 to 90%
Small hysteresis from 90% RH Small rITHt .
80-40 % RH mall hysteresis
between 70 and 40%
RH
XRZ[\)/SOSt' No change No change No change
Example 2

The physicochemical properties of the MCPA: propazine molecular complex formed in
Example 2 were evaluated alongside the individual compounds MCPA and propazine. The
results are provided in Table 11.
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Table 11 — Results of the testing of physicochemical properties of molecular complex

formed in Example 2

Example 2 Propazine MCPA
1
H-NMR :
1:1 N/A N/A
(Stoichiometry)
Th d . MCPA: 0.51 mg/ml
ermodynamic 0.01 mg/ml 0.81 mg/ml
solubility in | Propazine: 0.01 mg/ml
water (25 °C) (8.75) (2.96)
(pH) (3.18)
DSC (melting 112.4°C 215.7 °C 119.2 °C
point)
TGA Degradation from 180 °C Degradggr:érom ca. Degrad%gr:érom ca.
Non hygroscopic up to Non hygrc;scoplc up| Non hygrc;scoplc up to
o to 70% RH 70% RH
6.4 % U zgk/; E:tween 20 Hygroscopic from 70| Hygroscopic with 8.3%
GVS 4 7o up o to 90% RH with 3.6 | uptake from 70 to 90%
and 90 % RH
] % uptake RH
Hysteresis between 90 Hyst is betw Small hvst .
and 40% RH ysteresis between mall hysteresis
70 and 40% RH |between 70 and 40% RH
XRPD post-
GVS No change No change No change
Example 3

The physicochemical properties of the MCPA:cyanazine molecular complex formed in

Example 3 were evaluated alongside the individual compounds MCPA and cyanazine.

The results are provided in Table 12.

Table 12 — Results of the testing of physicochemical properties of molecular complex

formed in Example 3

Example 3 Cyanazine MCPA
1
H-NMR :
1:1 N/A N/A
(Stoichiometry)
.| MCPA: 0.14 mg/ml
Thermoq_yngmlc 0.02 mg/ml 0.81 mg/ml
solubility in | Cyanazine: 0.16 mg/ml
water (25 °C) (7.39) (2.96)
(pH) (4.32)
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DSC (melting 144 .4 °C 164.5 °C 119.2 °C
point) ' ' '
TGA Degradation from 140 | Degradation from | Degradation from ca.
°C ca. 130 °C 100 °C
Non-hygroscopic up to | Non-hygroscopic Non-hy%cg/scsﬁlc up to
70% RH upto 70% RH 1\ osco ioc with 8.3%
0.8% uptake between | 1.9% uptake from yS taker;rom 70 t'o °
GVS 70 and 90% RH 70 to 90% RH P 90%R H
Small hysteresis Small hysteresis Small hosteresis
between 90 and 40% | between 90 and betw 7y0 d 40%
RH 40% RH e e T
XRZ[\)/EOSt' No change No change No change
Example 4

The physicochemical properties of the MCPA: simazine molecular complex formed in

Example 4 were evaluated alongside the individual compounds MCPA and simazine.

The results are provided in Table 13.

Table 13 — Results of the testing of physicochemical properties of molecular complex

Hysteresis between
80and 40% RH

Hysteresis between 80
and 40% RH

formed in Example 4.
Example 4 Simazine MCPA
1
H-NMR :
1:1 N/A N/A
(Stoichiometry)
. MCPA: 0.52 mg/ml
Thermodynamic <0.001 mg/ml 0.81 mg/m|
solubility in water| Simazine: 0.01 mg/ml
(25 °C) (7.27) (2.96)
(pH) 311
DSC (melting 0 o
ooint) 128.4 °C No melt 119.2 °C
TGA Degradation from 130 |Degradation from ca. 160|Degradation from ca.
°C °C 100 °C
Non hygroscopic up
Non-hygroscopic up to| Non-hygroscopic up to to 70% RH
70% RH, 70% RH, 3.2% uptake Hygroscopic with
GVS 5.5% uptake between| between 70% and 90% |8.3% uptake from 70
70 and 90% RH RH to 90% RH

Small hysteresis
between 70 and 40%
RH

XRPD post-GVS

No change

No change

No change

Example 5

28




10

WO 2020/074852

PCT/GB2019/052217

The physicochemical properties of the MCPA: terbutyrn molecular complex formed in

Example 5 were evaluated alongside the individual compounds MCPA and simazine.

The results are provided in Table 14.

Table 14 — Results of the testing of physicochemical properties of molecular complex
formed in Example 5.

Sample ID Example 5 Terbutyrn MCPA
1
H-NMR
1:1 N/A N/A
(Stoichiometry)
. MCPA: 0.42 mg/ml
Thermodynamic 0.03 mg/m| 0.81 mg/m|
solubility in | Terbutryn: 0.13 mg/ml
water (25 °C) (8.85) (2.96)
(pH) (3.67)
DSCpc()’iTr‘]f)'“”g 524 °C 1022 °C 119.2 °C
TGA Degradation from ca. | Degradation from ca. | Degradation from ca.
125 °C 140 °C 100 °C
Non-hy;;()rg/:cli\?ﬁlc up to Non hy%roscopic to [Non hygrc;scopic up to
Hygroscopic between 70% RH, . 70% RH .
20 and 90% RH with Hygroscopic after 70%,|Hygroscopic with 8.3%
GVS 3 49, uotake 2.2% uptake from 70 to| uptake from 70 to 90%
Sl h .fteresis 90% RH Small hysteresis
between 736 and 40 % Small hysteresis from | between 70 and 40%
RH ° 80 — 40 % RH RH
XRZ[\)/SOSt' No change No Change No change
Example 6

The physicochemical properties of the MCPA: prometryn molecular complex formed in

Example 6 were evaluated alongside the individual compounds MCPA and prometryn.

The results are provided in Table 15.
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Table 15 — Results of the testing of physicochemical properties of molecular complex

formed in Example 6.

Small hysteresis
between 80 and 40%
RH

Small hysteresis
between 80 and 40%
RH

Sample ID Example 6 Prometryn MCPA
1
H-NMR :
1:1 N/A N/A
(Stoichiometry)
MCPA: 0.34 mg/ml
Thermodynamic . 0.03 mg/ml 0.81 mg/ml
solubility in water | Prometryn: 0.14 e mg ©1mg
(25 °C) mg/ml (8.99) (2.96)
(pH) (3.6)
DSC (melting point) 62.3 °C 119.5°C 119.2 °C
TGA Degradation from ca. | Degradation from ca.| Degradation from ca.
140 °C 120 °C 100 °C
Non-hygroscopic up | Non-hygroscopic up | Non hygroscopic up to
to 70% RH, to 70% RH, 70% RH
4.3% uptake between| 1.0 % uptake after [Hygroscopic with 8.3%
GVS 70 and 90% RH, 70%, uptake from 70 to 90%

Small hysteresis
between 70 and 40%
RH

XRPD post-GVS

No change

No change

No change

Example 7

The physicochemical properties of the MCPA: ametryn molecular complex formed in

Example 7 were tested alongside the individual compounds MCPA and ametryn. The

results are provided

in Table 16.

Table 16 — Results of the testing of physicochemical properties of molecular complex

formed in Example 7

Sample ID Example 7 Ametryn MCPA
1
H-NMR
1:1 N/A N/A
(Stoichiometry)
. MPCA: 0.48 mg/ml

Therr_nod_ynamlc 0.20 mg/ml 0.81 mg/mi
solubility in water [ Ametryn: 0.52 mg/ml

(25 °C) (8.99) (2.96)

(pH) (3.88)
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DSC (melting 43.6°C 84.9 °C 119.2 °C
point)
TGA Degradation from ca. | Degradation from ca. 115|Degradation from ca.
120 °C °C 100 °C
Non hygroscopic up
Non hygroscopic up to 70% RH
to 70% RH Non-hygroscopic, 0.38% | Hygroscopic with
GVS 3.8% uptake from 70 uptake at 90% RH 8.3% uptake from 70
to 90% RH Small hysteresis between to 90%
Hysteresis from 80 to 80 and 40% RH Small hysteresis
40% RH between 70 and 40%
RH
XRPD post-GVS No change No change No change

The results of the testing of the physicochemical properties testing of the molecular

complexes generated in Examples 1-7 indicates that the MCPA / triazine molecular

complexes show good stability and a high melting point. In addition, the solubility of
MCPA is reduced and is more closed matched to the triazine active agents.
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Claims
1. A molecular complex comprising:
2-methyl-4-chlorophenoxyacetic acid (MCPA); and

a compound selected from the group of triazine herbicides.

2. A molecular complex according to claim 1 wherein the triazine herbicide is of
formula (I):
H
X N N

Y
NH
Rz/

()

wherein X = Cl, -OCHs, or -SCHjs; R4 = ethyl or isopropyl; R> = ethyl, iso-propyl,
cyclopropyl, tert-butyl, or -C(CHs).CN.

3. A molecular complex according to claim 1 or claim 2 wherein the molar ratio of
MCPA to the triazine herbicide is 1:1.

4. A molecular complex according to any one of the preceding claims wherein the
triazine herbicide is selected from atrazine, simazine, cyanazine, propazine, terbutryn,

prometryn or ametryn.

5. A molecular complex according to any one of the preceding claims wherein the

triazine herbicide is atrazine.

6. A molecular complex according to claim 5 wherein the molar ratio of MCPA:

atrazine is 1:1.

7. A molecular complex according to claim 5 or claim 6 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 6.4, 7.5, 12.0, 14.1,
16.9, 18.1, 20.2, 20.7, 21.0, 22.5,22.7, 24.1, 24.9, 25.4, 25.8, 26.6, 26.9, 27.2, 28.1,
30.0, 31.7, 32.5, 34.8, 36.1, 36.4 degrees two-theta + 0.2 degrees 2-theta.

8. A molecular complex according to claim 5 or claim 6 with a melting point with an

onset temperature of about 129 °C
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9. A molecular complex according to any one of the preceding claims wherein the

triazine herbicide is propazine.

10. A molecular complex according to claim 9 wherein the molar ratio of MCPA:

propazine is 1:1.

11. A molecular complex according to claim 9 or claim10 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 9.1, 9.8, 10.2, 11.2,
12.2,12.6, 13.1,13.4, 13.6, 14.1, 14.6, 16.0, 17.3, 18.5, 19.0, 20.0, 20.2, 20.8, 21.5,
21.7,22.1,22.5,24.0, 25.3, 26.0, 27.2, 29.4, 31.7 degrees two-theta + 0.2 degrees 2-
theta.

12. A molecular complex according to claim 9 or claim 10 with a melting point with an

onset temperature of about 112 °C.

13. A molecular complex according to any one of claims 1 to 4 wherein the triazine

herbicide is cyanazine.

14. A molecular complex according to claim 13 wherein the molar ratio of MCPA:

cyanazine is 1:1.

15. A molecular complex according to claim 13 or claim 14 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 6.1, 8.9, 10.2, 11.4,
12.2,14.1, 15.3, 16.5, 19.6, 20.3, 20.7, 21.0, 21.2, 21.4, 22.9, 23.1, 24.5, 25.4, 25.8,
26.3, 26.8, 27.3, 29.6, 32.1, 32.3, 33.4, 40.0 degrees two-theta £ 0.2 degrees 2-theta.

16. A molecular complex according to claim 13 or claim 14 with a melting point with

an onset temperature of about 112 °C.

17. A molecular complex according to any one of claims 1 to 4 wherein the triazine

herbicide is simazine.

18. A molecular complex according to claim 17 wherein the molar ratio of MCPA:

simazine is 1:1.

19 A molecular complex according to claim 17 or claim 18 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 6.6, 9.7, 11.8, 12.0,
13.1,19.3, 19.9, 20.3, 22.3, 23.3, 24.8, 25.7, 26.1, 27.1, 27.7, 29.7 degrees two-theta +
0.2 degrees 2-theta.

20. A molecular complex according to claim 17 or claim 18 with a melting point with

an onset temperature of about 128 °C.
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21. A molecular complex according to any one of claims 1 to 4 wherein the triazine

herbicide is terbutryn.

22. A molecular complex according to claim 21 wherein the molar ratio of MCPA:

terbutryn is 1:1.

23. A molecular complex according to claim 21 or claim 22 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 7.5, 7.9, 10.9, 11.2,
11.8, 13.2, 14.0, 14.7, 14.9, 15.5, 15.9, 16.2, 16.6, 16.9, 18.5, 19.0, 19.6, 20.4, 20.9,
21.3,21.5,22.5,23.0, 23.3,24.1, 24.5, 25.7, 26.3, 29.0, 31.8, 33.3, 34.2 degrees two-
theta £ 0.2 degrees 2-theta.

24. A molecular complex according to claim 21 or claim 22 with a melting point with

an onset temperature of about 53 °C.

25. A molecular complex according to any one of claims 1 to 4 wherein the triazine

herbicide is prometryn.

26. A molecular complex according to claim 25 wherein the molar ratio of MCPA:

prometryn is 1:1.

27 A molecular complex according to claim 25 or claim 26 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 4.7, 7.1, 7.3, 8.7, 9.0,
9.4,11.3,12.1,12.4, 13.0, 13.5, 14.1, 14.7, 15.3, 16.1, 17.0, 17.6, 17.8, 18.2, 18.8, 19.4,
19.7, 19.9, 20.3, 20.4, 20.8, 21.0, 21.5, 21.7,22.2, 22.5, 22.7, 22.9, 24.4, 25.1, 25.9,
26.7, 27.5, 28.2, 28.6, 29.3, 29.8, 31.6, 35.1 degrees two-theta + 0.2 degrees 2-theta.

28. A molecular complex according to claim 25 or claim 26 with a melting point with

an onset temperature of about 62 °C.

29. A molecular complex according to any one of claims 1 to 4 wherein the triazine

herbicide is ametryn.

30. A molecular complex according to claim 29 wherein the molar ratio of MCPA:

ametryn is 1:1.

31. A molecular complex according to claim 29 or claim 30 wherein an X-ray powder
diffractogram shows at least five of the following diffraction lines: 7.5, 7.6, 9.6, 10.2, 13.2,
13.6, 15.0, 15.4, 16.8, 18.1, 19.0, 20.0, 21.0, 21.4, 21.5, 22.2, 22.7, 23.1, 23.9, 24.3,
24.5, 25.0, 26.8, 29.3, 31.6 degrees two-theta + 0.2 degrees 2-theta.
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32. A molecular complex according to claim 29 or claim 30 with a melting point with

an onset temperature of about 44 °C.

33. A method for preparing a molecular complex according to any one of the
preceding claims, which comprises combining MCPA and a triazine herbicide in a

suitable solvent.

34. A method according to claim 33 comprising the steps of:
(i) preparing an aqueous suspension of MCPA and a triazine herbicide;
(ii) milling the aqueous suspension.

35. A method for preparing a molecular complex according to any one of claims 1 to
32, the method comprising the step of applying dual asymmetric centrifugal forces to a

mixture of MCPA and the triazine herbicide to form the molecular complex.

36. An herbicidal composition comprising a molecular complex according to any one

of claims 1 to 32 and at least one agriculturally acceptable carrier.

37. A herbicidal composition according to claim 36 wherein the composition is a solid

formulation, such as a powder or granulated composition.

38. A herbicidal composition according to claim 36 wherein the composition is a liquid

formulation, such as an aqueous suspension concentrate or a suspo-emulusion.

39. A herbicidal composition according to any one of claims 36 to 38 wherein the
composition comprises between 10 and 90 wt% of the molecular complex based on the

total weight of the composition.

40. The use of an herbicidal composition according to any one of claims 36 to 39 for

controlling undesired vegetation.

41. A method for controlling undesired vegetation comprising contacting the

vegetation with a herbicidal composition according to any one of claims 36 to 39.
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28-30, 32-41. However, as mixtures of MCPA with triazine herbicides are
well-known in the prior art (see e.g. example 6 of GB 1340271), the
present opinion is given for claims 1-41 only in so far as the molecular
complex is a crystalline material.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter 1I procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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