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CRYSTALLINE FORM OF 4-[5 - [3 -CHLORO-5 - (TRIFLUOROMETHYL) PHENYL] -4,5
-DIHYDRO-5 - (TRIFLUOROMETHYL) -3 -

ISOXAZOLYL] -N- [2-0X0-2-[(2,2,2-TRIFLUOROETHYL) AMINO] ETHYL] -1-
NAPHTHALENECARBOXAMIDE

1TTLE
SOLID FORM OF A NAPHTHALENECARBOXAMIDE

FIELD OF THE INVENTION

This invention relates to a solid form of 4-[5-]3-chloro-5-(trifluoromethyl)phenyl]-4,5-
dihydro-5-(trifluoromethyl)-3-1soxazolyl]-N-| 2-0x0-2-[(2,2,2-trifluoroethyl )amino]ethyl |-1-

naphthalenecarboxamide.

BACKGROUND OF THE INVENTION

The solid state of chemical compounds can be amorphous (1.€. no long-range order 1n

the positions of atoms) or crystalline (1.e. atoms arranged in an orderly repeating pattern).
While only one crystal form 1s known for the solid state of many compounds, polymorphs
have been discovered for some compounds. The term “polymorph™ refers to a particular
crystal form (1.e. structure of crystal lattice) of a chemical compound that can exist 1n more
than one crystal form 1n the solid state. Polymorphs can ditfer in such chemical and physical
(1.e. physiochemical) properties as crystal shape, density, hardness, color, chemical stability,
melting point, hydroscopicity, suspensibility and dissolution rate, and such biological
properties as biological availability.

Predicting physiochemical properties such as melting point for a crystal form or crystal
forms 1n which the solid state of a chemical compound can exist remains i1mpossible.
Furthermore, even predicting whether the solid state of a compound may be present in more
than one crystal form is not possible.

PCT  Patent  Publicatton WO  09/002809  discloses  4-|5-]3-chloro-5-
(trifluoromethyl)phenyl]-4,5-dihydro-5-(trifluoromethyl)-3-1soxazolyl]-N-[2-0x0-2-[(2,2,2-
tritfluoroethyl)amino]ethyl ]-1-naphthalenecarboxamide and methods for its preparation, as
well as the utility of this compound as an invertebrate pest control agent. A new solid torm

of this compound has now been discovered.

SUMMARY OF THE INVENTION
This invention relates to a solid form of 4-[5-]3-chloro-5-(trifluoromethyl)phenyl]-4,5-

dihydro-5-(trifluoromethyl)-3-1soxazolyl]-N-| 2-0x0-2-[(2,2,2-trifluoroethyl )amino]ethyl |-1-

naphthalenecarboxamide (Compound 1). More particularly, this invention i1s directed to a

crystalline polymorph of Compound 1 designated Form B characterized by a powder X-ray
diffraction pattern having at least the 20 reflection positions 17.433, 18.586, 20.207, 20.791,
21.41, 22.112, 23.182, 24.567 and 27.344.

This invention also relates to compositions containing a solid form of Compound 1 and
methods for controlling an invertebrate pest comprising contacting the invertebrate pest or 1ts
environment with a biologically effective amount of a solid form of Compound 1 or a

composition containing a solid form of Compound 1.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 1s the powder X-ray diffraction patterns of polymorph and

pseudopolymorph crystal forms of Compound 1 showing absolute intensity count graphed

against 20 reflection positions.

DETAILED DESCRIPTION OF THE INVENTION

27 66

b B Y b S Y

As used herein, the terms ““‘comprises,” “comprising,” “includes,” “including,” “has,”

“having”, “contains™ or “containing” or any other variation thereof, are intended to cover a
non-exclusive inclusion. For example, a composition, process, method, article, or apparatus
that comprises a list of elements 1s not necessarily limited to only those elements but may
include other elements not expressly listed or inherent to such composition, process, method,
article, or apparatus. Further, unless expressly stated to the contrary, “or” refers to an
inclusive or and not to an exclusive or. For example, a condition A or B 1s satisfied by any
one of the following: A 1s true (or present) and B 1s false (or not present), A 1s false (or not
present) and B 1s true (or present), and both A and B are true (or present).

Also, the indefinite articles “a” and “an” preceding an element or component of the
invention are intended to be nonrestrictive regarding the number of instances (1.e.
occurrences) of the element or component. Therefore “a” or “an™ should be read to include
one or at least one, and the singular word form of the element or component also includes the

plural unless the number 1s obviously meant to be singular.

Embodiments of the present invention include:

Embodiment 1. The crystalline solid form of 4-|5-|3-chloro-5-(trifluoromethyl)phenyl|-
4,5-dihydro-5-(tritfluoromethyl)-3-1soxazolyl]-N-|2-0x0-2-[(2,2,2-
trifluoroethyl)amino Jethyl]-1-naphthalenecarboxamide wherein at least 90% ot
the solid form 1s polymorph Form B.

Embodiment 2. The crystalline solid form of 4-|5-|3-chloro-5-(trifluoromethyl)phenyl|-
4,5-dihydro-5-(tritfluoromethyl)-3-1soxazolyl]-N-|2-0x0-2-[(2,2,2-
trifluoroethyl)amino Jethyl]- 1-naphthalenecarboxamide wherein at least 80% of
the solid form 1s polymorph Form B.

Embodiment 3. The crystalline solid form of 4-|5-]3-chloro-5-(trifluoromethyl)phenyl|-
4,5-dihydro-5-(tritfluoromethyl)-3-1soxazolyl]-N-|2-0x0-2-[(2,2,2-
trifluoroethyl)amino]ethyl]- 1-naphthalenecarboxamide wherein at least 70% of
the solid form 1s polymorph Form B.

Embodiment 4. The crystalline solid form of 4-|5-|3-chloro-5-(trifluoromethyl)phenyl|-
4,5-dihydro-5-(tritfluoromethyl)-3-1soxazolyl]-N-|2-0x0-2-[(2,2,2-
trifluoroethyl)amino Jethyl]- 1-naphthalenecarboxamide wherein at least 60% of

the solid form 1s polymorph Form B.
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Embodiment 5. A composition comprising Compound 1, wherein Compound 1 is
present 1n at least 90% polymorph Form B, and at least one additional
component selected from the group consisting of surfactants, solid diluents and
liquid diluents, said composition optionally further comprising at least one
additional biologically active compound or agent.

Embodiment 6. A composition comprising Compound 1, wherein Compound 1 i1s
present 1n at least 80% polymorph Form B, and at least one additional
component selected from the group consisting of surfactants, solid diluents and
liquid diluents, said composition optionally further comprising at least one
additional biologically active compound or agent.

Embodiment 7. A composition comprising Compound 1, wherein Compound 1 is
present 1n at least 70% polymorph Form B, and at least one additional
component selected from the group consisting of surfactants, solid diluents and
liquid diluents, said composition optionally further comprising at least one
additional biologically active compound or agent.

Embodiment 8. A composition comprising Compound 1, wherein Compound 1 1s
present in at least 60% polymorph Form B, and at least one additional
component selected from the group consisting of surfactants, solid diluents and
liquid diluents, said composition optionally turther comprising at least one
additional biologically active compound or agent.

The crystalline polymorph of Compound 1 designated Form B, and any embodiments
of the invention can be used for the protection of an animal from an i1nvertebrate pest by
administration ot the compound to the animal.

Therefore, the invention 1s understood to include the crystalline polymorph of
Compound 1 designated Form B, or any embodiments of the invention for use as an animal
medicament, or more particularly a parasiticidal animal medicament. The medicament may
be 1n any art recognized dosage forms including oral, topical or parenteral dosage forms.

The invention 1s also understood to include the use of the crystalline polymorph of
Compound 1 designated Form B, or any embodiments of the invention for the manufacture
of a medicament for the protection of an animal from an invertebrate pest. The medicament
may be 1n any art recognized dosage forms including oral, topical or parenteral dosage
forms.

The invention is also understood to include the crystalline polymorph of Compound 1
designated Form B, or any embodiments of the invention, packaged and presented for the
protection of an animal from an invertebrate pest. The compounds of the invention may be
packaged and presented as oral, topical or parenteral dosage torms.

The 1nvention 1s also understood to include a process for manufacturing a

composition for protecting an animal from an invertebrate parasitic pest characterized in that
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the crystalline polymorph of Compound 1 designated Form B, or any embodiments of the
invention, are admixed with at least one carrier. The compounds of the invention may be
packaged and presented in any art recognized dosage forms including oral, topical or

parenteral dosage forms.

Compound 1 1S 4-15-3-chloro-5-(trifluoromethyl)phenyl]-4,5-dihydro-5-
(trifluoromethyl)-3-1soxazolyl]-N-[2-0x0-2-[(2,2,2-trifluoroethyl)amino|ethyl - 1-

naphthalenecarboxamide and has the following chemical structure:

Compound 1 can exist in more than one crystal form (i.e. polymorph). One skilled in
the art will appreciate that a polymorph of Compound 1 can exhibit beneficial effects (e.g.,
suitability for preparation of useful formulations, improved biological performance) relative
to another polymorph or a mixture of polymorphs of the same Compound 1. Differences
with respect to chemical stability, filterability, solubility, hygroscopicity, melting point, solid
density and flowability can have a significant eftect on the development of production
methods and formulations, and the quality and efficacy of plant treatment agents.

The molecular structure of Compound 1 can exist as two distinct stereoisomers (i.e.
enantiomers). The present invention encompasses a racemic mixture of Compound 1
comprising equal amounts of the two possible enantiomers.

The solid state of Compound 1 has now been discovered to be preparable in more than
one solid form. These solid forms include an amorphous solid torm, 1n which there 1s no
long-range order in the positions of molecules (e.g., foams and glasses). These solid forms
also include crystalline forms, 1n which constituent molecules are arranged 1n an orderly
repeating pattern extending in all three spatial dimensions. The term “polymorph™ refers to a
particular crystalline form of a chemical compound that can exist in more than one crystal
structure (e.g., lattice type) in the solid state. Crystalline forms of Compound 1 in this
invention relate to embodiments which include a single polymorph (1.e. single crystalline
form) and to embodiments which include a mixture of polymorphs (i.e. different crystalline

forms). Polymorphs can differ in such chemical, physical and biological properties as
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crystal shape, density, hardness, color, chemical stability, melting point, hygroscopicity,
suspensibility, dissolution rate and biological availability. One skilled 1in the art will
appreciate that a polymorph of Compound 1 can exhibit beneficial effects (e.g., suitability
for preparation of useful formulations, improved biological performance) relative to another
polymorph or a mixture of polymorphs of Compound 1. Differences with respect to
chemical stability, filterability, solubility, hygroscopicity, melting point, solid density and
flowability can have a significant effect on the development of production methods and
formulations, and the quality and efficacy of plant treatment agents. Preparation and
isolation of particular polymorphs of Compound 1 has now been achieved.

Most of the polymorphs of Compound 1 are pseudopolymorphs (different crystal types
that are a result of hydration or solvation). A solvate 1s a crystal form with either a
stoichiometric or non-stoichiometric amount of solvent. A hydrate 1s a solvate with water as
the solvent.

A variety of experimental procedures were conducted to explore the crystalline solid
profile for Compound 1. Crystalline solids with eight unique X-ray powder diffraction
patterns (XRPD) as well as X-ray amorphous material were generated. The XRPD patterns
for the various solids are shown 1n Figure 1. Most of the solids are solvates or hydrates.
Solids known to be composed of a single phase are designated as 'Form X' and solids labeled
'Pattern X' may represent a mixture of solid torms. Two polymorphs were 1dentified (Form

A and Form B). The crystalline solid profile experiments can be summarized as shown 1n

Scheme 1.
Scheme 1
Pattern C
EtOACc solvate
Pattern D Form B
dioxane solvate hydrate
EtOAc
dioxane MeOH/H,0
1PrOH
Patterh F --—---+-+««---—— Form A melt X_ray
quench amorphous
nPrOH iPrOH/H,O
ACN/H»O vacuum
dry
Pattern F Pattern H
nPrOH solvate iPrOH solvate
Pattern G

ACN solvate
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Compound 1 can exist as an amorphous solid. The XRPD pattern for amorphous solid
Compound 1 shows no significant signals and thus 1s readily distinguished from the patterns
of crystalline Compound 1.

The amorphous form of Compound 1 can also be characterized by cyclic Differential
Scanning Calorimetry. As described in Characterization Example 2 the glass transition
temperature of an amorphous form of Compound 1 was determined to be about 72 °C. The
amorphous form of Compound 1 is physically unstable and readily crystallized in its pure
solid form (shown 1n Characterization Example 3).

The amorphous solid form was prepared by melting polymorph Form A and then
quickly quenching 1n a dry 1ce/acetone bath.

One crystalline polymorph form of Compound 1 is designated as Form A. This solid
form 1s a desolvated solvate. A desolvated solvate 1s formed from a solvate crystal form
(containing Compound 1 and solvent molecules) losing the solvent molecules via channels in
the crystal under vacuum and heating conditions resulting 1n a desolvated crystal form with
the same molecular packing as the parent solvate crystal form. Form A can be characterized
by X-Ray powder diffraction (XRPD) and Differential Scanning Calorimetry (DSC).

The powder X-ray diffraction pattern of polymorph Form A of Compound 1 is shown
in Figure 1. The corresponding 20 values are tabulated in Table 1 of Characterization
Example 1. Polymorph Form A of Compound 1 can be identified by a powder X-ray
diffraction pattern having at least the 20 reflection positions

20
16.196
19.389
20.324

21.494

22.263

22.797
23.766
25.672

2'7.492

Polymorph Form A of Compound 1 can also be characterized by Differential Scanning
Calorimetry. DSC indicates the melting point of polymorph Form A 1s about 113 °C. The
details of a DSC experiment are provided in Characterization Example 2. Polymorph Form
A 1s non-hygroscopic and a desolvated solvate related to Pattern G solid which 1s the
acetonitrile solvate of Form A (shown 1n Characterization Example 3 and 5).

Polymorph Form A of Compound 1 can be prepared by the procedure described in
PCT Patent Publication WO 09/025983 (for example, see Synthesis Example 7).
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Recrystallization of the crude solid product from acetonitrile usually yields a mixture of
Pattern G solid and Form A of Compound 1. Conversion of the mixed solvate/desolvate
recrystallized product to Form A can be achieved by vacuum drying (50 °C, 4-24 hours).

A second crystalline polymorph form of Compound 1 1s designated as Form B. This
solid form 1s a hydrate.

The powder X-ray diffraction pattern of polymorph Form B of Compound 1 is shown
in Figure 1. The corresponding 20 values are tabulated in Table 2 of Characterization
Example 1. Polymorph Form B of Compound 1 can be identified by a powder X-ray
diffraction pattern having at least the 20 reflection positions

20
17.433
18.586

20.207

20.791

21.41

22.112

23.182
24.567
2'7.844

Polymorph Form B of Compound 1 can also be characterized by Differential Scanning
Calorimetry. DSC 1ndicates the melting point of polymorph Form B 1s about 147 °C. The
details of a DSC experiment are provided in Characterization Example 2. Polymorph Form
B 1s physically stable and hydrated in i1ts pure solid form (shown in Characterization
Example 3). The higher melting point of polymorph Form B 1s advantageous for use in
formulations that involve milling of the active ingredient or a slurry of the active ingredient
in liquid carriers.

Slow recrystallization of Form A from methanol/water provided a first purified crop of
Form B crystals as described in Preparation Example 1. Polymorph Form B was also
produced by slurring polymorph Form A in methanol/water (1:2) at 60 °C for 3 days and
then cooling to 22 °C and filtration. Efficient large-scale preparation of Form B 1s facilitated
by the addition of the previously prepared Form B seed crystals to the solution of Compound
1 in methanol/water to cause the product to crystallize in polymorph Form B (see
Preparation Examples 2 and 3).

The relative stability of polymorphic Forms A and B of Compound 1 was
characterized with interconversion slurry experiments (see Characterization Example 4).
The relative physical stability of Compound 1 solid forms 1s dependent on the solvent used

in the slurry experiment. Pattern G solid 1s the most stable solid form in acetonitrile.
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Polymorph Form A 1s a metastable solid form with respect to Pattern G solid 1n acetonitrile
and 1s sometimes formed 1n a mixture with Pattern G solid from acetonitrile. Pattern G solid
can be converted to polymorph Form A by desolvation via vacuum drying. Polymorph Form
B 1s the most stable solid form 1n organic solvent/water mixtures especially 1n
methanol/water.

Another crystalline solid form of Compound 1 was designated Pattern C solid. Pattern
C solid was characterized by X-Ray powder diffraction and Differential Scanning
Calorimetry. The powder X-ray diffraction pattern of Pattern C of Compound 1 1s shown in
Figure 1. By DSC Pattern C solid exhibited a single endotherm at 101 °C accompanied by a
9.4% weight loss. FEthyl acetate was detected in the 'H NMR of the material indicating that
the solid is an ethyl acetate solvate. Pattern C solid was prepared by dissolving Compound 1
in ethyl acetate at 80 °C and then slow cooling to 22 °C and filtration.

Another crystalline solid form of Compound 1 was designated Pattern D solid. Pattern
D solid was characterized by X-Ray powder diffraction and Differential Scanning
Calorimetry. The powder X-ray diffraction pattern of Pattern D of Compound 1 1s shown in
Figure 1. By DSC Pattern D solid exhibited a single endotherm at 105 °C accompanied by a
5.1% weight loss. Dioxane was detected in the 'H NMR of the material indicating that the
solid 1s a dioxane solvate. Pattern D solid was prepared by dissolving Compound 1 in
dioxane and then fast evaporation under a stream of nitrogen gas at 22 °C.

Another crystalline solid form of Compound 1 was designated Pattern E solid. Pattern
E solid was characterized only by X-Ray powder diffraction (Figure 1). Pattern E solid was
prepared by dissolving Compound 1 1n 1sopropyl alcohol and then fast evaporation under a
stream of nitrogen gas at 22 °C.

Another crystalline solid form of Compound 1 was designated Pattern F solid. Pattern
I solid was characterized by X-Ray powder diffraction and Ditterential Scanning
Calorimetry. The powder X-ray diffraction pattern of Pattern F of Compound 1 is shown in
Figure 1. By DSC Pattern F solid exhibited a single endotherm at 87 °C accompanied by a
10% weight loss. 1-Propanol was detected in the 'H NMR of the material indicating that the
solid is a 1-propanol solvate. Pattern F solid was prepared by slurring Compound 1 in 1-
propanol/water (9:1) at 40 °C for 4 days and then cooling to 22 °C and filtration.

Another crystalline solid form of Compound 1 was designated Pattern G solid. Pattern
G solid was characterized by X-Ray powder diffraction and Ditterential Scanning
Calorimetry. The powder X-ray diffraction pattern of Pattern G of Compound 1 1s shown in
Figure 1. By DSC Pattern G solid exhibited a single endotherm at 73 °C accompanied by a
7% weight loss. Acetonitrile was detected in the 1H NMR of the material indicating that the
solid 1s an acetonitrile solvate. Pattern G solid was prepared by slurring Compound 1 in

acetonitrile/water (1:1) at 40 °C and then slow cooling to 22 °C and filtration. Pattern G
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solid was consistently prepared from acetonitrile under a variety of recrystallization
conditions.

Another crystalline solid form of Compound 1 was designated Pattern H solid. Pattern
H solid was characterized by X-Ray powder diffraction and Differential Scanning
Calorimetry. The powder X-ray diffraction pattern of Pattern H of Compound 1 1s shown in
Figure 1. By DSC Pattern H solid exhibited a single endotherm at 97 °C accompanied by a
3.5% weight loss. Iso-propanol was detected in the 1H NMR of the material indicating that
the solid 1s a 1so-propanol solvate. Pattern H solid was prepared by slurring Compound 1 in

1so-propanol/water (1:1) at 40 °C for 4 days and then cooling to 22 °C and filtration.

CHARACTERIZATION EXAMPLE 1

X-Ray Powder Diffraction Experiments

Powder X-ray diffraction was used to identify the crystallized phases of Compound 1.
X-ray Powder Diffraction (XRPD) analysis were preformed using an Inel XRG-3000
diffractometer equipped with a CPS (Curved Position Sensitive) detector with a 20 range of
120°. Slits used were S mm by 160 um.

XRPD analysis were also performed using a Shimadzu XRD-6000 with Cu (Ka)
radiation.

The radiation was Cu (Ka), 40 kV, 30 mA. Samples were packed powders 1n an
spinning capillary. Data were collected at 20 angles with an equivalent step size of 0.03

degrees and acquisition time was 300 seconds.

Table 1
20 X-ray maxima for Polymorph A of Compound 1
20 20 20 20 20 20
7.937 18.804 24.97 32.824 40.012 49.287
11.233 19.389 25.672 33.443 41.447 50.022
13.021 20.324 2'7.492 34.197 43.486 75.486
13.707 21.494 28.262 34.963 44.001
14.574 22.263 29.586 36.598 44.675
16.196 22.797 30.335 37.908 45.726
16.797 23.7766 30.969 38.338 47.079
17.203 24.218 31.955 39.073 48.4353
Table 2
20 X-ray maxima for Polymorph B of Compound 1
20 20 20 20 20 20
9.393 17.433 23.182 28.828 39.273 48.635
11.117 18.586 24.567 29.967 40.593 50.172




CA 02799963 2012-11-19

10

15

20

25

30

WO 2011/149749 PCT/US2011/037083
10
20 20 20 20 20 20
12.452 20.207 25.103 32.39 42.034 59.533
14.023 20.791 25.853 34.83 43.237
14.744 21.41 26.942 36.301 44.906
15.361 22.112 27.844 37.286 47.078

CHARACTERIZATION EXAMPLE 2

Difterential Scanning Calorimetry Experiments

Differential scanning calorimetry was performed on a Thermal Analysis Q2000
Differential Scanning Calorimeter. A sample was placed in an aluminum DSC pan and the
weight accurately recorded. The sample cell was equilibrated at 25 °C or -30 °C and heated
under a nitrogen purge at a rate of 10 °C/minute up to a final temperature of 250 °C. Indium
metal was used as the calibration standard.

A cyclic DSC experiment was also preformed using a Thermal Analysis Q2000
Differential Scanning Calorimeter. A sample was placed in an aluminum DSC pan and the
weight accurately recorded. The sample cell was equilibrated at 25 °C and heated under a
nitrogen purge at a rate of 10 °C/minute up to a final temperature of 140 °C, rapidly cooled
to -40 °C and reheated to a final temperature of 250 °C. Indium metal was used as the
calibration standard. The glass transition temperature (1) ot amorphous Compound 1 was
determined to be 72 °C at half-height.

The DSC curve for polymorph Form A of Compound 1 was observed to exhibit a
sharp endotherm at 113 °C.

The DSC curve for polymorph Form B of Compound 1 was observed to exhibit a
sharp endotherm at 147 °C.

CHARACTERIZATION EXAMPLE 3
Stability Experiments for Solid Forms of Compound 1

The physical stability of the amorphous material was characterized. Amorphous
Compound 1 was vapor stressed under acetonitrile at 25 °C for 2 days resulting in the
formation of irregular fragments of crystals which were determined to be Pattern G material
by XRPD. Amorphous Compound 1 was also slurried in methanol\water (1:1) for 5 days at
60 “C resulting in wrregular fragments of crystals determined to be Form B by XRPD. This
indicates that the amorphous solid was physically unstable and readily crystallized.

The physical stability of polymorph Form A was characterized. A samples of Form A
exposed to 5 to 95% relative humidity at 25 °C (5 hours) showed only negligible weight
change indicating the material 1s non-hygroscopic.

The physical stability of polymorph Form B was characterized. Samples of Form B
were stressed under 75% relative humidity (40 °C) and 60% relative humidity (25 °C) for 1
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month were also unchanged by XRPD, indicating that Farm B is stable under the conditions
tested.

CHARACTERIZATION EXAMPLE 4
Relative Stability Experiments for Polymorph Form A and Form B

Interconversion slurry experiments were performed 1n a variety of solvents at different
temperatures. Sufficient amounts of Compound 1 were added to solvents in vials so that
excess solid remained. The mixtures were agitated 1n sealed vials at the selected temperature
and the solids were 1solated by filtration after the selected time and analyzed by XRPD.
Compound 1 slurried in acetonitrile for 3 days at 83 °C or for 8 days at O °C yielded Pattern
G solid. Compound 1 slurried in acetonitrile/water (9:1) for 3 days at 83 °C yielded
polymorph Form B. Compound 1 slurried in acetonitrile/water (9:1) for 8 days at 0 °C
yielded Pattern G solid.

CHARACTERIZATION EXAMPLE 5

Vacuum Drying Experiment

Conversion of Pattern G solid to Form A was achieved by vacuum drying (36-69
mtorr) Pattern G solid at 50 °C for 4 hours. Vacuum drying (51 mtorr) at 70 °C for 5 hours

caused Pattern G solid to become a solid glass.

Compound 1 can be prepared according to the procedures disclosed in PCT Patent
Publications WO 09/025983) and WO 09/126668.

PREPARATION EXAMPLE 1
Initial Preparation of Polymorph Form B of Compound 1

Crude Compound 1 (10.2 g) was added to boiling methanol (60 ml.). Water (12 mL)
was slowly added, followed by a small amount of methanol. The heat was removed, the
reaction mixture was allowed to cool briefly, and then seed crystals of Compound 1 Form A
were added. The reaction mixture was cooled to room temperature (seed crystals were again
added until they no longer dissolved), and then further cooled to about O °C for 24 h. The
reaction mixture was filtered to yield 6.0 g of a white solid melting at 100-105 °C (NMR
indicates solvent contamination).

The filtrate from above was allowed to sit for approximately 30 days at room
temperature, resulting in the formation of a second crop of crystals. The crystals were

isolated by filtration, washed with water, brietly air dried, and finally dried under vacuum at
50 °C to yield 2.9 g of a white solid melting at 144-150 °C.
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PREPARATION EXAMPLE 2
Preparation of Polymorph Form B of Compound 1 from Polymorph Form A

Compound 1 Form A (15.3 g) was added to methanol (120 g) and water (50.4 g). The
reaction mixture was heated to 40 °C, and after 10 min seed crystals of Compound 1 (Form
B) were added. The reaction mixture was stired at 35 °C for 72 h, cooled to room

temperature, and filtered. The 1solated solid was dried 1n a vacuum oven at 50-60 °C to yield
13.4 g of a white solid melting at 147-149 °C.

PREPARATION EXAMPLE 3
Preparation of Polymorph Form B of Compound 1 Using Seed Crystals

Compound 1 (95 g) was added to methanol (408 g). The mixture was mechanically
stirred and heated to 30 °C to dissolve the solid completely. Water (129 g) was added
dropwise until the solution was turbid and seed crystals of Form B were added. The mixture
was allowed to cool to 25 °C and stirred for 3.5 hours. A thick white solid began to
precipitate and the mixture was then heated to 45 °C for 1 hour and cooled to 25 °C over 45
minutes. The mixture was heated again to 45 "C for 50 minutes and then cooled to 25 °C
over 40 minutes and filtered. The temperature cycling enables the crystals to grow to a
larger size to enable filtration. The crystals were washed with a cold mixture of
methanol\water (95 mL of 3:1) and dried in a vacuum oven at 50 °C for 16 hours to give 82
o of a white solid melting at 145-148 °C.

Agronomic Formulation/Utility

A compound of this invention will generally be used as an invertebrate pest control
active ingredient 1n a composition, 1.e. formulation, with at least one additional component
selected from the group consisting of surfactants, solid diluents and liquid diluents, which
serves as a carrier. 'The formulation or composition ingredients are selected to be consistent
with the physical properties of the active ingredient, mode of application and environmental
factors such as soil type, moisture and temperature.

Usetul formulations include both liquid and solid compositions. Liquid compositions
include solutions (including emulsifiable concentrates), suspensions, emulsions (including
microemulsions and/or suspoemulsions) and the like, which optionally can be thickened into
oels. The general types of aqueous liquid compositions are soluble concentrate, suspension
concentrate, capsule suspension, concentrated emulsion, microemulsion and suspo-emulsion.
The general types of nonaqueous liquid compositions are emulsifiable concentrate,
microemulsifiable concentrate, dispersible concentrate and o1l dispersion.

The general types of solid compositions are dusts, powders, granules, pellets, prills,
pastilles, tablets, filled films (including seed coatings) and the like, which can be
water-dispersible (“wettable™) or water-soluble. Films and coatings formed from {film-

forming solutions or tlowable suspensions are particularly usetul for seed treatment. Active
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ingredient can be (micro)encapsulated and further formed into a suspension or solid
formulation; alternatively the entire formulation of active ingredient can be encapsulated (or
“overcoated”). Encapsulation can control or delay release of the active ingredient. An
emulsifiable granule combines the advantages of both an emulsifiable concentrate
formulation and a dry granular formulation. High-strength compositions are primarily used
as intermediates for further formulation.

Sprayable formulations are typically extended in a suitable medium before spraying.
Such liquid and solid formulations are formulated to be readily diluted in the spray medium,
usually water. Spray volumes can range from about one to several thousand liters per
hectare, but more typically are in the range from about ten to several hundred liters per
hectare. Sprayable formulations can be tank mixed with water or another suitable medium
for foliar treatment by aerial or ground application, or for application to the growing medium
of the plant. Liquid and dry formulations can be metered directly into drip 1rrigation systems
or metered into the furrow during planting. Liquid and solid formulations can be applied
onto seeds of crops and other desirable vegetation as seed treatments before planting to
protect developing roots and other subterranean plant parts and/or foliage through systemic
uptake.

The formulations will typically contain effective amounts of active ingredient, diluent
and surfactant within the following approximate ranges which add up to 100 percent by
welght.

Weight Percent

Active
Ingredient Diluent Surfactant

Water-Dispersible Granules, 0.001-90 0-99.999 0-15
Tablets and Powders

O1l Dispersions, Aqueous 1-50 40-99 0-50
Suspensions

Dusts 1-25 70-99 0-5
Granules and Pellets 0.001-95 5-99.999 0-15
High Strength Compositions 90-99 0-10 0-2

Solid diluents 1nclude, for example, clays such as bentonite, montmorillonite,
attapulgite and kaolin, gypsum, cellulose, titanium dioxide, zinc oxide, starch, dextrin,
sugars (€.2., lactose, sucrose), silica, talc, mica, diatomaceous earth, urea, calcium carbonate,
sodium carbonate and bicarbonate, and sodium sulfate. Typical solid diluents are described
in Watkins et al., Handbook of Insecticide Dust Diluents and Carriers, 2nd Ed., Dorland
Books, Caldwell, New Jersey.
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Liquid diluents include, for example, water, N,N-dimethylalkanamides (e.g.,
N,N-dimethylformamide), Iimonene, dimethyl sulfoxide, N-alkylpyrrolidones (e.g.,
N-methylpyrrolidinone), ethylene glycol, triethylene glycol, propylene glycol, dipropylene
glycol, polypropylene glycol, propylene carbonate, butylene carbonate, paratfins (e.g., white
mineral oils, normal paraffins, isoparaffins), alkylbenzenes, alkylnaphthalenes, glycerine,
glycerol triacetate, sorbitol, aromatic hydrocarbons, dearomatized aliphatics, alkylbenzenes,
alkylnaphthalenes, ketones such as cyclohexanone, 2-heptanone, 1sophorone and 4-hydroxy-
4-methyl-2-pentanone, acetates such as 1soamyl acetate, hexyl acetate, heptyl acetate, octyl
acetate, nonyl acetate, tridecyl acetate and isobornyl acetate, other esters such as alkylated
lactate esters, dibasic esters and vy-butyrolactone, and alcohols, which can be linear,
branched, saturated or unsaturated, such as methanol, ethanol, n-propanol, isopropyl alcohol,
n-butanol, 1sobutyl alcohol, n-hexanol, 2-ethylhexanol, n-octanol, decanol, 1sodecyl alcohol,
1sooctadecanol, cetyl alcohol, lauryl alcohol, tridecyl alcohol, oleyl alcohol, cyclohexanol,
tetrahydrofurturyl alcohol, diacetone alcohol and benzyl alcohol. Liquid diluents also
include glycerol esters of saturated and unsaturated fatty acids (typically
Cg—Crr), such as plant seed and fruit oils (e.g., oils of olive, castor, linseed, sesame, corn
(maize), peanut, sunflower, grapeseed, satflower, cottonseed, soybean, rapeseed, coconut
and palm kernel), animal-sourced fats (e.g., beef tallow, pork tallow, lard, cod liver oil, fish
oil), and mixtures thercof. Liquid diluents also include alkylated fatty acids (e.g.,
methylated, ethylated, butylated) wherein the fatty acids may be obtained by hydrolysis of
glycerol esters from plant and animal sources, and can be purified by distillation. Typical
liquid diluents are described in Marsden, Solvents Guide, 2nd Ed., Interscience, New York,
1950.

The solid and liquid compositions of the present invention often include one or more
surfactants. When added to a liquid, surfactants (also known as “surface-active agents™)
generally modify, most often reduce, the surface tension of the liquid. Depending on the
nature of the hydrophilic and lipophilic groups 1n a surfactant molecule, surfactants can be
usetul as wetting agents, dispersants, emulsifiers or defoaming agents.

Surfactants can be classified as nonionic, anionic or cationic. Nonionic surfactants
usetul for the present compositions include, but are not limited to: alcohol alkoxylates such
as alcohol alkoxylates based on natural and synthetic alcohols (which may be branched or
linear) and prepared from the alcohols and ethylene oxide, propylene oxide, butylene oxide
or mixtures thereof; amine ethoxylates, alkanolamides and ethoxylated alkanolamides;
alkoxylated triglycerides such as ethoxylated soybean, castor and rapeseed oils; alkylphenol
alkoxylates such as octylphenol ethoxylates, nonylphenol ethoxylates, dinonyl phenol
ethoxylates and dodecyl phenol ethoxylates (prepared from the phenols and ethylene oxide,
propylene oxide, butylene oxide or mixtures thereof); block polymers prepared from

ethylene oxide or propylene oxide and reverse block polymers where the terminal blocks are
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prepared from propylene oxide; ethoxylated fatty acids; ethoxylated fatty esters and oils;
cethoxylated methyl esters; ethoxylated tristyrylphenol (including those prepared from
cthylene oxide, propylene oxide, butylene oxide or mixtures thereof); fatty acid esters,
glycerol esters, lanolin-based derivatives, polyethoxylate esters such as polyethoxylated
sorbitan fatty acid esters, polyethoxylated sorbitol fatty acid esters and polyethoxylated
glycerol fatty acid esters; other sorbitan derivatives such as sorbitan esters; polymeric
surfactants such as random copolymers, block copolymers, alkyd peg (polyethylene glycol)
resins, graft or comb polymers and star polymers; polyethylene glycols (pegs); polyethylene
glycol fatty acid esters; silicone-based surfactants; and sugar-derivatives such as sucrose
esters, alkyl polyglycosides and alkyl polysaccharides.

Usetul anionic surfactants include, but are not limited to: alkylaryl sulfonic acids and
therr salts; carboxylated alcohol or alkylphenol ethoxylates; diphenyl sulfonate derivatives;
lignin and lignin derivatives such as lignosulfonates; maleic or succinic acids or their
anhydrides; olefin sulfonates; phosphate esters such as phosphate esters of alcohol
alkoxylates, phosphate esters of alkylphenol alkoxylates and phosphate esters of styryl
phenol ethoxylates; protein-based surfactants; sarcosine derivatives; styryl phenol ether
sulfate; sulfates and sulfonates of oils and fatty acids; sulfates and sulfonates of ethoxylated
alkylphenols; sulfates of alcohols; sulfates of ethoxylated alcohols; sultonates of amines and
amides such as N,N-alkyltaurates; sulfonates of benzene, cumene, toluene, xylene, and
dodecyl and tridecylbenzenes; sulfonates of condensed naphthalenes; sulfonates of
naphthalene and alkyl naphthalene; sulfonates of fractionated petroleum; sulfosuccinamates;
and sulfosuccinates and their derivatives such as dialkyl sulfosuccinate salts.

Usetul cationic surfactants include, but are not limited to: amides and ethoxylated
amides; amines such as N-alkyl propanediamines, tripropylenetriamines and
dipropylenetetramines, and ethoxylated amines, ethoxylated diamines and propoxylated
amines (prepared from the amines and ethylene oxide, propylene oxide, butylene oxide or
mixtures thereof); amine salts such as amine acetates and diamine salts; quaternary
ammonium salts such as quaternary salts, ethoxylated quaternary salts and diquaternary salts;
and amine oxides such as alkyldimethylamine oxides and bis-(2-hydroxyethyl)-alkylamine
oxides.

Also usetul for the present compositions are mixtures of nonionic and anionic
surfactants or mixtures of nonionic and cationic surfactants. Nonionic, anionic and cationic
surfactants and theirr recommended uses are disclosed 1in a variety of published references
including McCutcheon’s Emulsifiers and Detergents, annual American and International
Editions published by McCutcheon’s Division, The Manufacturing Confectioner Publishing
Co.; Sisely and Wood, Encyclopedia of Surface Active Agents, Chemical Publ. Co., Inc.,
New York, 1964; and A. S. Davidson and B. Milwidsky, Synthetic Detergents, Seventh
Edition, John Wiley and Sons, New York, 1987.
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Compositions of this invention may also contain formulation auxiliaries and additives,
known to those skilled in the art as formulation aids (some of which may be considered to
also function as solid diluents, liquid diluents or surfactants). Such formulation auxiliaries
and additives may control: pH (buffers), foaming during processing (antifoams such
polyorganosiloxanes), sedimentation of active ingredients (suspending agents), visSCoOSity
(thixotropic thickeners), in-container microbial growth (antimicrobials), product freezing
(antifreezes), color (dyes/pigment dispersions), wash-off (film formers or stickers),
evaporation (evaporation retardants), and other formulation attributes. Film formers include,
for example, polyvinyl acetates, polyvinyl acetate copolymers, polyvinylpyrrolidone-vinyl
acetate copolymer, polyvinyl alcohols, polyvinyl alcohol copolymers and waxes. Examples
of formulation auxiliaries and additives include those listed in McCutcheon’s Volume 2:
Functional Materials, annual International and North American editions published by
McCutcheon’s Division, The Manufacturing Confectioner Publishing Co.; and PCT
Publication WO 03/024222.

The compound of Formula 1 and any other active ingredients are typically
incorporated into the present compositions by dissolving the active ingredient in a solvent or
by grinding 1n a liquid or dry diluent. Solutions, including emulsifiable concentrates, can be
prepared by simply mixing the ingredients. If the solven<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>