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Compositions and Articles Comprising Complexes of |-
methvylcycloproprene and Alpha-cyclodextrin

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to Polish Patent Application No. P.425413, filed
on 27 April 2018, to Polish Patent Application No. P.425414, filed on 27 April 2018, and
to Polish Patent Application No. P.425415, filed on 27 April 2018, all of which are

incorporated by reference in their entireties.

TECHNICAL FIELD
This invention relates to compositions comprising complexes of 1-
methylcyclopropene and a-cyclodextrin, and articles (such as labels, sticks, and
packaging) that include these complexes for use in delaying the maturation of, e.g., fruits,

vegetables, and plants.

BACKGROUND

Ethylene affects a wide range of physiological processes in plants, including
fruits, vegetables, and flowers, such as drooping, aging and maturation, chlorophyll loss,
softening, physiological disorders, germination, isocoumarin synthesis, lignification,
discoloration (browning), decomposition, and stimulation of defense systems. When
storing plant products, it is essential to control the influence of ethylene to prolong the
durability of these products, delay their maturation, browning or aging.

One of the methods used is to inhibit the action of ethylene by blocking ethylene
receptors in plant cells. 1-methylcyclopropene (1-MCP) is a gas that has been used for
this purpose. 1-MCP, which may be provided in the form of a complex with a-

cyclodextrin, is released upon exposure to water, ¢.g., in the form of humidity.

SUMMARY
In a first aspect, there is described a composition that includes: (a) a complex of
I-methylcyclopropene and a-cyclodextrin and (b) a polymer binder selected from the
group consisting of polyvinylpyrollidone and copolymers thereof, polyvinyl alcohol and

copolymers thereof, polyvinyl acetate copolymers, and combinations thereof. In some
1
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embodiments, the ratio of polymer binder to complex on a weight to weight basis ranges
from about 0.5:1 to about 3:1. In some embodiments, the ratio of polymer binder to
complex on a weight to weight basis ranges from about 0.5:1 to about 4:1. The
composition is capable of releasing the 1-methylcyclopropene in the form of a gas when
exposed to moisture and has a release profile characterized in that when exposed at room
temperature in a sealed vessel to conditions of 85% relative humidity, the composition
releases substantially no 1-methylcyclopropene after a time period of at least 1 hour after
exposure and thereafter continuously releases 1-methylcyclopropene for at least 5 hours
after exposure.

In some embodiments, the ratio of polymer binder to complex on a weight to
weight basis is about 1:1. In some embodiments, the polymer binder has a molecular
weight ranging from about 5,000 to about 15,000 (e.g., about 10,000). In some
embodiments, the 1-methylcyclopropene is present in the composition in an amount of
from about 0.825 wt% to about 2.2 wt%. In some embodiments, the 1-
methylcyclopropene is present in the composition in an amount of from about 0.66 wt%
to about 2.2 wt%.

In some embodiments, the composition includes a hygroscopic agent, ¢.g., a
hygroscopic agent selected from the group consisting of glycerol, glucose, and
combinations thercof. In some embodiments, the composition includes a humidity-
indicating dye. Examples of suitable humidity-indicating dyes include quinolone yellow,
curcumin (alone or in combination with sodium hydrogen carbonate,
tetrabutylammonium hydroxide (TBAOH), or patent blue), patent blue, hydrochromic
ink, thymol blue (alone or in combination with TBAOH), bromothymol blue (alone or in
combination with TBAOH or bromochlorophenol blue), indigo carmine (alone or in
combination with TBAOH), bromochlorophenol blue (alone or in combination with
TBAOH or acetic acid), and Reichardt’s dye (alone or in combination with TBAOH).

In some embodiments, the composition has a release profile characterized in that
when exposed at room temperature in a sealed vessel to conditions of 85% relative
humidity, the composition releases substantially no 1-methylcyclopropene after 2 hours
or after 3 hours. In some embodiments, the composition has a release profile
characterized in that when exposed at room temperature in a sealed vessel to conditions

of 85% relative humidity, the composition releases substantially no 1-
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methylcyclopropene after a time period of at least 1 hour or at least 3 hours after
exposure and thereafter continuously releases 1-methylcyclopropene for at least 24 hours
after exposure. Preferably, the compositions do not release 1-methylcyclopropene when
the relative humidity at room temperature is less than 60%.

The composition may be in the form of a stick that can be manually applied to a
surface of a substrate. Alternatively, the composition may be included in an adhesive
label where the label includes a substrate having a first surface and a second surface in
which the composition is provided on the first surface and an adhesive provided on the
second surface. Example of suitable substrates include paper, cardboard, and synthetic
substrates.

Where the composition is designed for use in a label, the composition may be
prepared from a precursor composition that includes the complex, polymer binder, and a
solvent, e.g., propanol, especially 2-propanol. Preferably, the polymer, solvent, and 1-
methylcyclopropene complex with a-cyclodextrin are combined in a ratio of 1: 2: 1, 2: 2:
1, 1: 2: 1. Preferably, the precursor composition contains 20-45% polymer, 40-55%
solvent and 15-40% complex of 1-methylcyclopropene with alpha-cyclodextrin.
Preferably, the precursor composition comprises glycerol, e.g, 5-20% glycerol. The
precursor composition may also include plasticizers and/or compounds that increase the
humidity of the active layer.

In some embodiments, the labels are prepared by a) preparing a paste from the
composition ingredients as defined above, b) applying a screen layer of paste to the
substrate (e.g., adhesive paper layer) with a screen printing technique, and ¢) drying the
resulting layer structure to remove solvent. In some embodiments, the thickness of the 1-
MCP-containing layer in the label can vary depending on the screen print mesh used. As
the mesh size number increases, less composition containing 1-MCP is applied. Thus,
thickness of the 1-MCP-containing layer in the label can decrease with increasing mesh
size number. A wide range of mesh sizes can be used to produce varying thicknesses of
the 1-MCP-containing layer in the label. Preferably, screen print mesh sizes 32T, 43T,
47T, 48T, 64T, and 68T are used.

The labels may be used in a method for prolonging plant life and delaying the

ripening process of fruit and vegetables comprising placing a label as defined above
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inside a package for storing plant products and exposing it on humidity conditions
produced in the package by plant products.

The label, due to its composition and construction, releases 1-MCP gas under the
influence of moisture generated in the natural process of fruit and vegetable breathing.
Under normal conditions of humidity, e.g., up to 60% or 75% relative humidity, the label
is stable. Above this level, there is a gradual release of 1-MCP gas from the surface of
the label after a period of time. The polymer binder (e.g., the PVP polymer) acts as a
binding agent and at the same time absorbs ambient moisture. One advantage of this type
of binder for 1-MCP is the ease of its use, versatility, the flexibility of the form, and the
possibility of straightforward modification to the customer's needs.

The layered design of the label sticker can be modified over an extensive range.
Depending on the time required for the release of 1-MCP and relative humidity, the label
can be covered with additional functional layers (barrier polymers, hydrophilic,
hydrophobic, hygroscopic additives, etc.). The size of the label can also vary based on
the size of the package and the weight of fruit/vegetables in this package, and the
necessary concentration of 1-MCP to be achieved.

Preferably, to assist the end user, the label includes an indicator to communicate
to the end user that 1-MCP has been released and has reached an effective concentration.
This can be achieved by adding a moisture indicator function to the label in the form of
an appearing figure or a colored bar. The attainment of at least 85% humidity, which is
indicated on the label, is synonymous with the release of 1-MCP.

The compositions have a viscosity, density, and cohesion that enable them to be
applied to substrate surfaces, e.g., by screen printing to obtain an active layer of
appropriate and reproducible thickness. They prolong the durability of fruits, vegetables,
ornamental plants, etc., because they release gaseous 1-methylcyclopropene after
reaching the appropriate level of ambient relative humidity at a given temperature (such
as 85% at room temperature) or absolute humidity denoting the water content in g/m’.

As noted above, the composition may be provided in the form of a stick for
application to a surface (e.g., by spreading manually). To form the stick, the 1-
methylcyclopropene/a-cyclodextrin complex is combined with a multicomponent mixture
comprising polymers, waxes, paraffin, mono- and polyhydric alcohols, dyes, and/or

excipients that are molded into a stick. The stick forms a soft substance in the shape of an
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a rod that, in turn, is embedded in a case that allows pulling out, for self-application
outside or inside packages for storing fruit, vegetables or flowers (Fig. 34).

In some embodiments, the stick includes a molded mass contains 5-50 wt.% 1-
methylcyclopropene/a-cyclodextrin complex, 2-45 wt.% polymer binder (e.g.,
polyvinylpyrrolidone (PVP)), and a casing in which the column is embedded. The mass
may further include polymers, waxes, paraffin, mono-and polyhydric alcohols, dyes (e.g.,
cochineal red), and auxiliary components. Specific examples include coconut oil, SE-PF
emulsifier, beeswax, stearic acid, candelilla wax, glycerol, and isopropyl alcohol. In
some embodiments, the mass includes components selected from 0.5 wt.% dyes, 49.5
wt.% isopropyl alcohol, 53 wt.% coconut oil, 20 wt.% SE-PF emulsifier, 7.5-24 wt.%
beeswax, 10 wt.% stearic acid, 7.5-24 wt.% candelilla wax, and/or 15-30 wt.% glycerin.

In one embodiment, the components of the mass constitute 45 wt.%
polyvinylpyrrolidone (PVP), 5 wt.% 1- methylcyclopropene/a-cyclodextrin complex, 0.5
wt.% cochineal red, and 49.5 wt.% isopropyl alcohol.

In one embodiment, the components of the mass constitute 53 wt.% coconut oil,
20 wt.% SE-PF emulsifier, 10 wt.% stearic acid, 9.5 wt.% beeswax, 0.5 wt.% cochineal
red, 2 wt.% polyvinylpyrrolidone (PVP), and 5 wt.% 1-methylcyclopropene/a-
cyclodextrin complex.

In one embodiment, the components of the mass constitute 50 wt.% 1-
methylcyclopropene/a-cyclodextrin complex, 24 wt.% beeswax, 24 wt.% candelilla wax,
and 2 wt.% polyvinylpyrrolidone (PVP).

In one embodiment, the components of the mass constitute 30 wt.% 1-
methylcyclopropene /a-cyclodextrin complex, 20 wt.% beeswax, 20 wt.% candelilla wax,
and 30 wt.% polyvinylpyrrolidone (PVP).

In one embodiment, the components of the mass constitute 20 wt.% beeswax, 20
wt.% candelilla wax, 30 wt.% 1-methyl-cyclopropene/a-cyclodextrin complex, and 30
wt.% polyvinylpyrrolidone (PVP).

In one embodiment, the components of the mass constitute 35 wt.% 1-
methylcyclopropene/a-cyclodextrin complex, 30 wt.% glycerol, and 35 wt.%
polyvinylpyrrolidone (PVP).
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In one embodiment, the components of the mass constitute 7.5 wt.% beeswax, 7.5
wt.% candelilla wax, 15 wt.% glycerol, 30 wt.% 1-methylcyclopropene/a-cyclodextrin
complex, and 30% wt. polyvinylpyrrolidone (PVP).

The stick may be used to apply the composition to packaging in the form of paper,
cardboard, or foil.

Use of the stick inhibits the process induced by ethylene, thus delaying the
maturation and aging of plant products, by spreading the stick mass defined above on a
material for packaging, storing a plant product from the inside of the package in which
the plant product is found, and closing the packaging. 1-MCP release occurs after at least
one hour when the relative humidity within the packaging reaches about 85%.

In a second aspect, there is described a composite mixture comprising a complex
of 1-methylcyclopropene with a-cyclodextrin and copolymers of ethylene and vinyl
acetate characterized by a melting point of 47-100°C, mixed in a weight ratio of 1:3.
Examples of ethylene vinyl acetate copolymers are ethylene vinyl acetate copolymers
have a vinyl acetate content of 17% to 41%, ethylene and vinyl acetate modified maleic
anhydride, ethylene vinyl acetate copolymer modified with acrylic acid, and ethylene
vinyl acetate copolymer with acetate content from 7.5% to 40%.

Also described is a granulate for an active layer of a PET composite film
comprising the composite mixture described above.

Also described is a PET polyester composite film comprising in the active layer a
granulate as described above. In some embodiments, the granulate content in the active
layer is 0.1-5 wt%, e.g., 1 wt%.

In some embodiments, the PET film includes at least two active layers and at least
one support layer, and is present in the ABA format where A is the active layer
containing the 1-MCP/a-cyclodextrin complex and B is the carrier layer containing
polyethylene. The active layer may be placed between the support layers.

In some embodiments, the active layer is 10% to 30% of the thickness of the
composite film, and the support layer is 70-90%. The total thickness of the film may be
0.1-2 mm.

Also described is a process for preparing a PET composite film comprising a 1-
methylcyclopropene complex with a-cyclodextrin that includes: (a) mixing the 1-

methylcyclopropene/a-cyclodextrin complex with a copolymer of ethylene and vinyl
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acetate; (b) extruding the mixture obtained in step (a) to form a composite; (¢) cooling
and mechanically granuate the composite to form granules; (d) mixing the granules
obtained in step (c) with carrier polymer granules to form a granule mixture; and ¢) co-
extruding the granule mixture obtained in step (d) at 230°C to 275°C, preferably 230 to
260°C, to form the composite film.

In some embodiments, the 1-methylcyclopropene/a-cyclodextrin complex is
mixed with a 1:3 copolymer of ethylene and vinyl acetate in a weight ratio of 1:3.
Examples of suitable ethylene vinyl acetate copolymers are described above.

In some embodiments, the extrusion in step (b) is carried out at 80°C.

In some embodiments, the granulate obtained in step (c) is mixed with the carrier
polymer granules in step (d) in a weight ratio of A: B from 1: 9 to 1: 2.33.

In some embodiments, in step (¢), a composite film is co-extruded in a three-layer
system ABA, where layer A forms an upper layer in contact with layer B, and layer A
forms a bottom layer in contact with layer B, wherein layer A is a layer obtained from the
granulate obtained in step (c), and the layer B is a carrier polymer.

In some embodiments, the co-extrusion process is carried out with a single-screw
or twin-screw extruder.

The PET polyester composite film may be used to manufacture of fruit and
vegetable storage packaging, e.g., thermoformable packaging.

The mixture of 1-methylcyclopropene/a-cyclodextrin complex with polymers that
are characterized by a high melt flow index and compatibility with polyester polymers
(e.g, polyethylene terephthalate) makes it possible to incorporate the granulate as an
additive to the outer layer in an extrusion process of PET film in ABA format, where A is
a layer comprising a 1-MCP /a-cyclodextrin complex, hereinafter referred to as an active
layer (Fig. 39). The granulate is obtained by melting and mixing the ingredients,
followed by extrusion, cooling, and granulation.

In some embodiments, films have been prepared in which 1-MCP modified
polyethylene is used as the active layer and placed between polyethylene layers or as a
binder of two polyethylene films, where the polyethylene films are derivatives of high
melt flow and low melting/softening /molding polyethylene. Specifically, a granulate
comprising a 1-MCP /a-cyclodextrin complex and an ethylene vinyl acetate copolymer

(for example Evatane (Arkema), Elvax (Dupont), Bynel (Dupont) having a melting point
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in the range of 47-100°C have been prepared. The granules prepared in this way are used
as a 1% addition to the outer layer of PET film extruded in the ABA system at a
temperature of 230-260°C and even up to 275°C. The co-extrusion process is carried out
using an extruder. The addition of the granulate is in the range of 0.1-5% by weight in
the outer layer, which is from 10% to 30% of the thickness of the extruded film. The
thickness of the film is 0.1-2 mm.

The resulting PET co-extruded films release 1-MCP under the influence of
moisture. Due to the natural hygroscopicity of PET, it is not necessary to include an
additive that causes water absorption. It is also possible to obtain a PET film containing
1-MCP in a one-stage extrusion process, rather than a multistage lamination process,
which is much more technologically complicated. Furthermore, the method allows the
production of films of different thickness, as well as 1-MCP content only in the outer
layer. The method also allows the production of packages by thermoforming from the
obtained film (e.g., shell-type cloths) for storing fruit, vegetables, and flowers. Active 1-
MCP is released under the influence of moisture generated in the natural breathing
process of fruits and vegetables after they have been placed in a container.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS

Fig. 1. is an exploded perspective view of a functional sticker with an active layer
containing 1-MCP.

Fig. 2 is a graph showing dependence of the concentration of isolated 1-MCP
(mL/L) from a time (h) at a relative humidity of 85% and 100% for Example A-1.

Fig. 3 is a graph showing dependence of the concentration of isolated 1-MCP
(mL/L) from a time (h) in the moisture content of apple for Example A-1.

Fig. 4 is a graph showing dependence of the concentration of isolated 1-MCP
(UL/L) from a time (h) at a relative humidity of 100% at 6°C for Example A-1.

Fig. 5 is a graph showing dependence of the released 1-MCP concentration

(mL/L) from time (h) at 85% and 100% relative humidity for Example A-2.
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Fig. 6 is a graph showing dependence of the concentration of isolated 1-MCP
(UL/L) from a time (h) at a relative humidity of 100% at 6°C for Example A-2.

Fig. 7 is a graph showing dependence of the concentration of isolated 1-MCP
(mL/L) from a time (h) at a relative humidity of 85% and 100% for Example 3.

Fig. 8 is a graph showing dependence of the concentration of isolated 1-MCP
(UL/L) from a time (h) at a relative humidity of 100% at 6°C for Example A-3.

Fig. 9 is a graph showing dependence of the concentration of isolated 1-MCP
(mL/L) from a time (h) at a relative humidity of 85% and 100% for Example A-4.

Fig. 10 is a graph showing dependence of the concentration of isolated 1-MCP
(UL/L) from a time (h) at a relative humidity of 100% at 6°C for Example A-4.

Fig. 11 is a graph showing dependence of the concentration of isolated 1-MCP
(mL/L) from a time (h) at a relative humidity of 85% and 100% for Example A-5.

Fig. 12A is a chromatogram from which the concentration presented in Fig. 11
was determined.

Fig. 12B is a chromatogram from which the concentration presented in Fig. 11
was determined.

Fig. 13A is a chromatogram from which the concentration presented in Fig. 11
was determined.

Fig. 13B is a chromatogram from which the concentration presented in Fig. 11
was determined.

Fig. 14 is a graph showing dependence of 1-MCP isolated concentration (mL/L)
from time (h) at 75% and 80% relative humidity for Example A-6.

Fig. 15 is a graph showing dependence of the secreted concentration of 1-MCP
(mL/L) from a time (h) at a relative humidity of 85% and 100% for Example A-7.

Fig. 16 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 1 of Example A-8 at 85% relative humidity.

Fig. 17 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 2 of Example A-8 at 85% relative humidity.

Fig. 18 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 3 of Example A-8 at 85% relative humidity.

Fig. 19 is a graph showing concentration of 1-MCP released over time per cm? of

Sample 4 of Example A-8 at 85% relative humidity.
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Fig. 20 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 5 of Example A-8 at 85% relative humidity.

Fig. 21 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 6 of Example A-8 at 85% relative humidity.

Fig. 22 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 7 of Example A-8 at 85% relative humidity.

Fig. 23 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 8 of Example A-8 at 85% relative humidity.

Fig. 24 is a graph showing concentration of 1-MCP released over time per cm? for
a 5 cm? sample of Example A-8 at 85% relative humidity.

Fig. 25 is a graph showing concentration of 1-MCP released over time per cm? for
a 10 cm? sample of Example A-8 at 85% relative humidity.

Fig. 26 is a graph showing concentration of 1-MCP released over time per cm? for
a 20 cm? sample of Example A-8 at 85% relative humidity.

Fig. 27 is a graph showing concentration of 1-MCP released over time per cm? for
a 40 cm? sample of Example A-8 at 85% relative humidity.

Fig. 28 is a graph showing concentration of 1-MCP released over time per cm? for
Sample A, a 100 cm? sample, of Example A-8 at 85% relative humidity.

Fig. 29 is a graph showing concentration of 1-MCP released over time per cm? for
Sample B, a 100 cm? sample, of Example A-8 at 85% relative humidity.

Fig. 30 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 1 of Example A-9 at 85% relative humidity.

Fig. 31 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 2 of Example A-9 at 85% relative humidity.

Fig. 32 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 1 of Example A-10 at 85% relative humidity.

Fig. 33 is a graph showing concentration of 1-MCP released over time per cm? of
Sample 2 of Example A-10 at 85% relative humidity.

Fig. 34 illustrates an example of a stick containing 1-MCP included in a dispenser

for applying the contents of the stick.

10
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Fig. 35 is a chromatogram presented for the stick described in Example B-1. The
1-MCP retention time was 5.920 min. versus a retention time of 6.395 min. for the cis-2-
butene reference standard.

Fig. 36 is a chromatogram presented for the stick described in Example B-2. The
1-MCP retention time was 6.067 min. versus a retention time of 6.540 min. for the cis-2-
butene reference standard.

Fig. 37 is a graph showing the concentration of 1-MCP released over the time
from the stick described in Example B-3.

Fig. 38 is a graph showing the concentration of 1-MCP released over time from
the stick described in Example B-4.

Fig. 39 shows the construction of a functional film in ABA format, where ABA
means the system: active layer A/carrier layer B/active layer A.

Fig. 40 shows the chromatogram of air from a film sample made by head
technique space.

Fig. 41 shows the mass spectrum of 1-methylcyclopropene.

Fig. 42 shows the mass spectrum of cis-2-butene.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

The invention will now be described further by way of the following examples.

A. Labels

Example 1

Poly(vinylpyrrolidone) (MW=10,000) (25% by weight) was dissolved in 2-
propanol (50% by weight) and the 1-methylcyclopropene/alpha-cyclodextrin complex
(25% by weight) was added (the 1-MCP content in the complex was 3.3%). The resulting
paste was applied to self-adhesive paper by screen printing (polyester mesh 64T, resolution
160 dpi). After drying at room temperature, labels were cut from the paper and tested by
placing each in gas-tight containers with sampling valves under conditions of defined
humidity.

6.4 cmx4.6 cm labels were placed in a 900 ml glass vessel. A container with a
saturated solution of the appropriate salt was placed in the vessel to obtain the correct

relative humidity, or a sponge soaked in water was placed in the vessel instead of salt
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solution to obtain 100% relative humidity. 250 pL of cis-2-butene was introduced into the
vessel with a gas-tight syringe.

The concentration of 1-MCP was determined as compared to cis-2-butene as a
reference, using a gas chromatograph equipped with a PoraBOND Q column: 25mx0.25
mm internal diameter (i.d.)*3pm and a flame ionization detector (FID). Cis-2-butene was
used as a reference because it has the same response from an FID detector as 1-
methylcyclopropene.

For analysis, 250 pulL gas was collected with a gas-tight syringe and injected into
the above-mentioned column under the following conditions: temperature of the
split/splitless injector 120°C; isothermal 120 °C, temperature of the FID 240°C detector,
split 20:1, carrier gas flow (helium) 50 cm/s.

Example 2

Poly(vinylpyrrolidone) (MW=10,000) (40 wt%) was dissolved in 2-propanol (40
wt%) and the 1-methylcyclopropene/alpha-cyclodextrin complex (20 wt%) was added (the
I-MCP content in the complex was 3.3%). The resulting paste was applied to the self-
adhesive paper by screen printing (polyester mesh 64T, resolution 160dpi). After drying at
room temperature, labels were cut from the paper and tested by placing them in gas-tight
containers with sampling valves under conditions of defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 3

Poly(vinylpyrrolidone) (MW=10,000) (20 wt%) was dissolved in 2-propanol (40
wt%) and the 1-methylcyclopropene/alpha-cyclodextrin complex (40 wt%) was added (the
I-MCP content in the complex was 3.3%). The resulting paste was applied to the self-
adhesive paper by screen printing (polyester mesh 64T, resolution 160dpi). After drying at
room temperature, labels were cut from the paper and tested by placing them in gas-tight
containers with sampling valves under conditions of defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 4

Poly(vinylpyrrolidone) (MW=10,000) (45 wt%) was dissolved in 2-propanol (40
wt%) and the 1-methylcyclopropene/alpha-cyclodextrin complex (15 wt%) was added (the
I-MCP content in the complex was 3.3%). The resulting paste was applied to the self-
adhesive paper by screen printing (polyester mesh 64T, resolution 160dpi). After drying at
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room temperature, labels were cut from the paper and tested by placing them in gas-tight
containers with sampling valves under conditions of defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 5§

Poly (1-vinylpyrrolidone-co-vinyl acetate) (MW=13,000) (25% by weight) was
dissolved in 2-propanol (50% by weight) and the 1-methylcyclopropene/alpha-
cyclodextrin complex (25% by weight) was added (content 1 -MCP in the complex was
3.3%). The resulting paste was applied to the self-adhesive paper by screen printing
(polyester mesh 64T, resolution 160dpi). After drying at room temperature, labels were cut
from the paper and tested by placing them in gas-tight containers with sampling valves
under conditions of defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 6

Poly(vinylpyrrolidone) (MW=10,000) (20 wt%) was dissolved in 2-propanol (40
wt%) and the 1-methylcyclopropene/alpha-cyclodextrin complex (20 wt%) was added (the
1-MCP content in the complex was 3.3%), and glycerine (20% by weight). The resulting
paste was applied to the self-adhesive paper by screen printing (polyester mesh 64T,
resolution 160dpi). After drying at room temperature, labels were cut from the paper and
tested by placing them in gas-tight containers with sampling valves under conditions of
defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 7

Poly(vinylpyrrolidone) (MW=10,000) (20 wt%) was dissolved in 2-propanol (55
wt%) and the 1-methylcyclopropene/alpha-cyclodextrin complex (20 wt%) was added (the
I-MCP content in the complex was 3.3%), and glycerine (5% by weight). The resulting
paste was applied to the self-adhesive paper using screen printing (polyester mesh 64T,
resolution 160dpi). After drying at room temperature, labels were cut from the paper and
tested by placing them in gas-tight containers with sampling valves under conditions of
defined humidity.

The concentration of 1-MCP was determined analogously to Example 1.

Example 8
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A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%) and 1-
methylcyclopropene/alpha-cyclodextrin complex (50 wt%) was prepared. The dry
mixture was combined with 2-propanol in an amount sufficient to form a paste (for every
10 g of dry mixture, between 5 mL and 20 mL 2-propanol is used). The resulting paste
was applied to self-adhesive paper by screen printing (polyester mesh 64T, resolution 160
dpi). After drying at room temperature, 6.4 cmx4.6 cm labels (29.44 ¢cm?) were cut from
the paper and tested for total amount of 1-MCP released and amount of 1-MCP released
per cm? of the label, under 100% relative humidity conditions or 85% relative humidity
conditions.

To test the samples under 100% relative humidity conditions, the samples were
cach placed in a 250 mL bottle and then 2 mL of distilled water was added. Next, the
bottle was tightly closed and 250 pL of cis-2-butene was added. To determine the total
amount of 1-MCP released and the amount of 1-MCP released per cm? of label, the
samples were analyzed on a gas chromatograph analogously to Example 1. Results are

shown in Table 1.

Table 1. Total 1-MCP released under 100% relative humidity

Sample A|Sample B|Sample C|Sample D
1-MCP (mg/em’) | 0.04255| 0.04784] 0.05125| 0.05601
1-MCP (uL) 17.6 19.8 21.2 23.2

To test the samples under 85% relative humidity conditions, the samples were
cach pasted in 900 mL vessels. To obtain a relative humidity of 85%, a container with a
saturated solution of potassium chloride was placed into the vessel. At 20 °C, relative
humidity for potassium chloride is 85.11 = 0.29. The vessel was then tightly closed and
250 pL of cis-2-butene was added. The samples were analyzed on a gas chromatograph
to measure the concentration of released 1-MCP from the sample over time. At each time
interval, samples were removed from the vessels and the concentration was obtained by
comparing the areas of the peaks (1-MCP and cis-2-butene). The results are shown in

Tables 2-4 and Figs. 16-23.
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Table 2. 1-MCP released over time per cm? of label (uL/L) at 85% relative humidity

Time (h) | Sample 1 | Sample 2

1 - -

2 - -

3 1.18 0.46

4 2.10 1.51

5 2.79 2.35

6 291 2.72

7 3.35 3.18
9.5 4.17 3.84
26 5.81 5.28

Table 3.1-MCP released over time per cm? of label (nL/L) at 85% relative humidity

Time (h) | Sample 3 | Sample 4

1.5 - -

2.5 1.03 1.03
3.5 1.68 1.47
55 2.83 3.04

17.5 5.25 5.77
19 523 6.22

20.5 5.25 6.24
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Table 4. 1-MCP released over time per cm? of label (uL/L) at 85% relative humidity

Time [h] | Sample 5 | Sample 6 | Sample 7 | Sample 8
1 - - - -
3 0.74 0.78 1.11 0.67
4 1.18 1.2 1.53 1.02
6 1.71 1.78 1.71 1.66
20 241 2.82 2.63 2.84
21 2.48 2.65 2.56 253
25 2.74 3.09 2.47 2.8
27 3.22 3.47 32 3.23
68 3.22 3.94 2.94 3.47

The release profiles of different label sizes were also analyzed. Labels were

prepared as above, cut to size, and pasted into 2000 mL vessels. To obtain a relative

humidity of 85%, a container with a saturated solution of potassium chloride was placed

into the vessel. The vessel was then tightly closed and 250 pL of cis-2-butene was added.

The samples were analyzed on a gas chromatograph to measure the concentration of

released 1-MCP from the sample over time as described above for 100% relative

humidity. The measurements are shown in Tables 5-6 and illustrated in Figs. 24-29.

Table 5. 1-MCP released over time under 85% relative humidity for varying label

sizes (nL/L)
Time Sem? | 10em? | 20 cm? | 40 cm?
0.5 - - - -
1 - - - -
1.5 - - - -
D) - - - -
2.5 - - - 0.09
3 - 0.15 0.21 0.25
35 - - 0.5 0.36
4 0.75 0.71 0.75 0.47
4.5 - 0.93 091 0.69
5 1.19 1.19 - 091
5.5 1.69 1.33 0.97 1.03
6 2.04 - 1.11 1.27
24 2.49 2.72 2.59 2.58
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Table 6. 1-MCP released over time under 85% relative humidity 100 cm? labels

(nL/L)

Time 100 cm2 100 cm?2
(h) (Sample A) | (Sample B)
0.5 - -

1 - -
1.5 - -
2 - -
2.5 - -
3 - -
3.5 0.07 0.04
4 0.12 0.11
5 0.28 0.22
6 0.52 0.38
7 0.74 0.59
24 2.35 2.08
27.5 221 2.18
Example 9

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%), 1-
methylcyclopropene/alpha-cyclodextrin complex (25 wt%), and pure alpha-cyclodextrin
(25 wt%) was prepared. The dry mixture was combined with 2-propanol in an amount
sufficient to form a paste as described in Example A-8. The resulting paste was applied to
self-adhesive paper by screen printing (polyester mesh 64T, resolution 160 dpi). After
drying at room temperature, labels were cut from the paper and tested for total amount of
1-MCP released and amount of 1-MCP released per cm? of the label, under 100% relative
humidity conditions or 85% relative humidity conditions.

To test under 100% relative humidity conditions, a 6.4 cm*4.6 cm label (29.44

cm?) sample was placed in a 250 mL bottle and then 2 mL of distilled water was added.
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Next, the bottle was tightly closed and 250 pL of cis-2-butene was added. To determine
the total amount of 1-MCP released and the amount of 1-MCP released per cm? of label,
the sample was analyzed on a gas chromatograph as described in Example A-8. The
sample released 0.02364 mg/cm?2 (or 9.8 ulL) 1-MCP.

Two sample labels with a surface area of 20 cm? were tested under 85% relative
humidity conditions as described in Example A-8. The results are shown in Table 7 and

Figs. 30-31.

Table 7. 1-MCP released over time per cm? of label (uL/L) at 85% relative humidity

Time (h) | Sample | Sample 2
1
1 - -
2 - -
3.5 0.399 0.381
5 - 0.928
6 0.936 1.239
20.5 1.285 1.753
23 1.574 1.861
25 1.462 1.924
Example 10

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (66.7 wt%), and 1-
methylcyclopropene/alpha-cyclodextrin complex (33 wt%) was prepared. The dry
mixture was combined with 2-propanol in an amount sufficient to form a paste as
described in Example A-8. The resulting paste was applied to self-adhesive paper by
screen printing (polyester mesh 64T, resolution 160 dpi). After drying at room
temperature, labels were cut from the paper and tested for total amount of 1-MCP
released and amount of 1-MCP released per cm? of the label, under 100% relative
humidity conditions or 85% relative humidity conditions.

To test under 100% relative humidity conditions, a 6.4 cm*4.6 cm label (29.44
cm?2) sample was placed in a 250 mL bottle and then 2 mL of distilled water was added.
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Next, the bottle was tightly closed and 250 pL of cis-2-butene was added. To determine
the total amount of 1-MCP released and the amount of 1-MCP released per cm?2 of label,
the sample was analyzed on a gas chromatograph as described in Example A-8. The
sample released 0.02264 mg/cm? (or 9.4 pL) 1-MCP.

Two sample labels with a surface area of 20 cm2 were tested under 85% relative
humidity conditions as described in Example A-8. The results are shown in Table 8 and

Figs. 32-33.

Table 8. 1-MCP released over time per cm? of label (uL/L) at 85% relative humidity

Time (h) | Sample 1 | Sample 2
1 - -
2 - -
3.5 0.416 0.529
5 1.216 0.937
6 1.223 1.234
20.5 1.657 1.532
23 1.53 1.561
25 1.604 1.497
Example 11

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%), 1-
methylcyclopropene/alpha-cyclodextrin complex (25 wt%), and glucose (25 wt%) was
prepared. The dry mixture was combined with 2-propanol in an amount sufficient to form
a paste as described in Example A-8. The resulting paste was applied to self-adhesive

paper by screen printing (polyester mesh 64T, resolution 160 dpi).

Example 12

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%), 1-
methylcyclopropene/alpha-cyclodextrin complex (12.5 wt%), and pure alpha-
cyclodextrin (37.5 wt%) was prepared. The dry mixture was combined with 2-propanol in

an amount sufficient to form a paste as described in Example A-8. The resulting paste
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was applied to self-adhesive paper by screen printing (polyester mesh 64T, resolution 160

dpi).

Example 13

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%), 1-
methylcyclopropene/alpha-cyclodextrin complex (12.5 wt%), and glucose (37.5 wt%)
was prepared. The dry mixture was combined with 2-propanol in an amount sufficient to
form a paste as described in Example A-8. The resulting paste was applied to self-

adhesive paper by screen printing (polyester mesh 64T, resolution 160 dpi).

Example 14

A dry mixture of poly(vinylpyrrolidone) (MW=10,000) (50 wt%), 1-
methylcyclopropene/alpha-cyclodextrin complex (25 wt%), pure alpha-cyclodextrin (12.5
wt%), and glucose (12.5 wt%) was prepared. The dry mixture was combined with 2-
propanol in an amount sufficient to form a paste as described in Example A-8. The
resulting paste was applied to self-adhesive paper by screen printing (polyester mesh

64T, resolution 160 dpi).

B. Stick

Example 1

Polyvinylpyrrolidone (PVP) (45 wt. %, MW = 10,000), 1-MCP/a-cyclodextrin
complex (5 wt. %, 1-MCP content = 3.4%), cochineal red (0.5 wt.%), and isopropyl
alcohol (49.5 wt. %) were placed in a round bottom flask. The contents of the flask were
mixed using a magnetic stirrer for 0.5 hours at room temperature. Isopropanol was then
removed at 40° C under reduced pressure on a rotary evaporator. The resulting mass was
formed in the form of a stick and then evenly spread on paper with a weight of 100 g/m?
and an area of 6.9 cm % 7.8 cm. After drying, samples were prepared for analysis and
tested for 1-MCP per 1 cm? of support. The paper with the mass applied was cut and
placed in a 250 mL bottle, then 2 mL distilled water was added to the bottle and sealed
with a Mininert® valve plug, followed by 250 pL cis-2-butene with a gas-tight syringe.

The samples were shaken for 30 minutes at a frequency of 600 cycles/min.
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The concentration of 1-MCP was determined against the standard, which was cis-
2-butene, using a gas chromatograph equipped with a PoraBOND Q column: 25m x 0.25
mm (i.d.) x 3pum and a flame ionization detector (FID). Cis-2-butene was used as a
standard because it has the same response from an FID detector as 1-
methylcyclopropene. From a previously prepared test in a 250 mL bottle, 250 pL gas
was withdrawn with a gas-tight syringe and injected into the above-mentioned column
under the following conditions: temperature of the split/splitless dispenser 120°C;
isothermal 120°C, temperature of the FID 240°C detector, split 20:1, carrier gas flow
(helium) 50 cm/s. After a single application, the concentration of 1-MCP on the material
as mentioned above was 0.0122 mg/cm?.

Example 2

Coconut oil (53 wt.%), emulsifier SE-PF (20 wt.%), stearic acid (10 wt. %),
beeswax (9.5 wt. %), cochineal red (0.5 wt. %), polyvinylpyrrolidone (PVP) (2 wt. %,
MW = 10,000), and a 1-MCP/a-cyclodextrin complex (5 wt. %, 3.3% 1-MCP) was mixed
using a mechanical stirrer in a round bottom flask placed in an oil bath at 70° C until a
uniform consistency was obtained. The mass obtained was formed in the form of a stick
and tested for 1-MCP per 1 cm? of 100g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above was 0.0106 mg/cm?. The concentration was determined analogously to
Example B-1.

Example 3

1-Methylcyclopropene/a-cyclodextrin complex (50 wt. %, content of 1-MCP
3.3%), beeswax (24 wt. %), candelilla wax (24 wt. %), and polyvinylpyrrolidone (PVP)
(2 wt. %, MW = 10,000) were placed in a mortar. The substances were mixed for 15
minutes to obtain a uniform consistency. The obtained mass was formed in the form of a
stick and tested for 1-MCP per 1 cm? of 100g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above was 0.007805 mg/cm®. The concentration was determined analogously
to Example B-1.

Example 4

Beeswax (24 wt. %), candelilla wax (24 wt. %), and polyvinylpyrrolidone (PVP)
(2 wt %, MW = 10,000) were placed in a beaker and heated to melt at 50°C, after which
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1-MCP complex with a-cyclodextrin (50% by weight, 1-MCP content was 3.3%) was
added. The ingredients were mixed to a homogeneous consistency. After cooling, the
resulting mass was formed into a stick and tested for 1-MCP per 1 cm? of 100g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above is 0.01026 mg/cm?. The concentration was determined analogously to
Example B-1.

Example 5§

1-Methylcyclopropene/a-cyclodextrin complex (30 wt. %, 1-MCP content 3.3%),
beeswax (20 wt. %), candelilla wax (20 wt. %), and polyvinylpyrrolidone (PVP) (30 wt.
%) were placed in a mortar. The substances were mixed for 15 minutes to obtain a
uniform consistency. The resulting mass was formed into a stick and tested for 1-MCP
per 1 cm? of 100 g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above was 0.02645 mg/cm”. The concentration was determined analogously
to Example B-1.

Example 6

Beeswax (20 wt. %) and candelilla wax (20 wt. %) were placed in a beaker and
heated to melt at 50°C, after which 1-MCP/a-cyclodextrin complex (30 wt. %, 1-MCP
content was 3.3 %) and polyvinylpyrrolidone (PVP) (30 wt. %) were added. The
components were mixed to a homogeneous consistency. After cooling, the resulting
mass was formed into a stick and tested for 1-MCP per 1 cm? of 100 g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above is 0.02186 mg/cm?. The concentration was determined analogously to
Example B-1.

Example 7

1-Methylcyclopropene/a-cyclodextrin complex (35 wt.%, 1-MCP content 3.3%),
glycerol (30 wt. %), and polyvinylpyrrolidone (PVP) (35 wt. %) were placed in a mortar.
The substances were mixed for 15 minutes to obtain a uniform consistency. The
resulting mass was formed into a stick and tested for 1-MCP per 1 cm? of 100 g/m? paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above was 0.02894 mg/cm”. The concentration was determined analogously

to Example B-1.
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Example 8

Beeswax (7.5 wt. %), candelilla wax (7.5 wt. %), and glycerol (15 wt. %) were
placed in a beaker and heated to melt at 50°C, after which 1-MCP/a~cyclodextrin
complex (30 wt%, 1-MCP content was 3.3%) and polyvinylpyrrolidone (PVP) (30 wt%)
were added. The components were mixed to a homogeneous consistency. After cooling,
the resulting mass was formed into a stick and tested for 1-MCP per 1 cm? of 100 g/m?
paper.

After a single application, the concentration of 1-MCP on the material as
mentioned above was 0.02845 mg/cm”. The concentration was determined analogously
to Example B-1.

The 1-MCP concentration was also analyzed at 100% humidity at room
temperature using the sticks prepared in Examples B-3 and B-4. The paper sheet with the
mass applied was placed in a 900 mL glass vessel. A sponge soaked in water was
inserted into the dish and then sealed, and 250 pL of cis-2-butene was introduced with a
gas-tight syringe.

The concentration was determined against the standard, which was cis-2-butene,
using a gas chromatograph equipped with a PoraBOND Q column: 25m % 0.25 mm (i.d.)
% 3um and a flame ionization detector (FID). Cis-2-butene was used because it has the
same response from an FID detector as 1-methylcyclopropene.

For analysis, 250 uL. gas was collected with a gas-tight syringe and injected into
the above-mentioned column under the following conditions: temperature of the split /
splitless dispenser 120 °C; isothermal 120 °C, temperature of the FID 240 °C detector,
split 20:1, carrier gas flow (helium) 50 cm/s.

The analysis was performed on a gas chromatograph, testing the concentration of

[UL/L] of 1-MCP released over time. The results are shown in Figs. 4 and 5.

C. Packaging
Example 1

Film production

25% by weight of a 1-methylcyclopropene /a-cyclodextrin complex with 3.3% 1-
MCP was mixed with 75% by weight of ethylene vinyl acetate copolymer (Evatane® 28-
03) and placed in a co-rotating twin screw extruder BTSK 20 / 40D with block heating to
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80°C. The composite was extruded through a 3 mm diameter nozzle at a speed of 2 kg/h.
The extruded composite was cooled with air and then granulated mechanically.

The content of 1-MCP was determined against a cis-2-butene standard using a gas
chromatograph equipped with a flame ionization detector (FID) and a PoraBOND Q
column: 25mx0.25 mm (i.d.) x3um. The content of 1-MCP in the granulate was 0.42%
by weight as calculated by the formula according to the CIPAC/4669/method.

The granulate composite prepared in this way was coextruded with PET granulate
to form a three-layer film in the ABA format where each A layer is 10% and the B layer
80% of the finished film. The addition of 1-MCP containing granules to layer A is 1%
by weight.

The co-extrusion process was carried out using a single-screw extruder at 260 °C
to obtain a 0.5 mm thick film.

The co-extruded film was analyzed with respect to MCP content using a
PoraBOND Q column: 25mx0.25 mm (i.d.) x3pm and a gas chromatograph coupled with
a triple quadrupole mass spectrometer (Shimadzu, GCMS-TQ8040). The analysis was
carried out at 120°C in product ion scan mode, 120°C dispenser temperature, 1:1 split, 55
cm/s carrier gas flow.

Analysis of the 1-MCP content in the film was done by crushing a sample of 100
cm? of film and then placing it in a gas-tight vial with a volume of 25 mL in 100%
humidity, then a standard was added, which was 250 nL cis-2-butene. After two hours of
incubation, the analysis was performed by injecting 250 pL of gas withdrawn from the
vial. Fig. 40 is an exemplary chromatogram of the released 1-methylcyclopropene. Figs.
41 and 42 are mass spectra of the released 1-MCP and cis-butene reference standard,
respectively. The 1-MCP content calculated against the standard was 10.1 nL/L from 1
cm? of a 0.5 mm thick film.

A basket was made of the film prepared in this way, and the content of 1-MCP
was determined after the thermoforming process.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope

of the following claims.
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WHAT IS CLAIMED IS:

1.

A composition comprising:

(a) a complex of 1-methylcyclopropene and a-cyclodextrin and

(b) a polymer binder selected from the group consisting of polyvinylpyrrolidone,
copolymers thereof, and combinations thereof,

wherein the ratio of polymer binder to complex on a weight to weight basis ranges from
about 1:2 to about 4:1, and

wherein the composition is capable of releasing the 1-methylcyclopropene in the form of
a gas when exposed to moisture, the composition having a release profile characterized in
that when exposed at room temperature in a sealed vessel to conditions of 85% relative
humidity, the composition releases substantially no 1-methylcyclopropene for a first time
period of at least 1 hour after exposure; and releases 1-methylcyclopropene for a second

time period of at least 5 hours that starts after the first time period.

The composition of claim 1, wherein the ratio of polymer binder to complex on a weight

to weight basis is from about 1:2 to about 3:1.

The composition of claim 1 or 2, wherein the ratio of polymer binder to complex on a

weight to weight basis is about 1:1.

The composition of any one of claims 1-3, wherein the polymer binder has a molecular

weight ranging from about 5,000 to about 15,000.

The composition of any one of claims 1-4, wherein the polymer binder has a molecular

weight of about 10,000.

The composition of any one of claims 1-5, further comprising a hygroscopic agent.

The composition of claim 6, wherein the hygroscopic agent is selected from the group

consisting of glycerol, glucose, and combinations thereof.

The composition of any one of claims 1-7, further comprising a humidity-indicating dye.
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10.

11.

12.

13.

14.

15.

16.

17.

The composition of any one of claims 1-8, wherein the first time period is 2 hours.

The composition of any one of claims 1-8, wherein the first time period is 3 hours.

The composition of any one of claims 1-8, wherein the second time period is at least 24

hours.

The composition of any one of claims 1-8, wherein the first time period is least 3 hours

and the second time period is at least 24 hours.

The composition of any one of claims 1-12, wherein the composition is in the form of a

stick that can be manually applied to a surface of a substrate.

An adhesive label comprising (a) a substrate having a first surface and a second surface;
(b) the composition of any one of claims 1-13 provided on the first surface; and (c) an

adhesive provided on the second surface.

The adhesive label of claim 14, wherein the substrate comprises a paper substrate.

The composition of any one of claims 1-13, wherein the 1-methylcyclopropene is present

in the composition in an amount of from about 0.66 wt% to about 2.2 wt%.

The composition of any one of claims 1-13 and 16, wherein the 1-methylcyclopropene is

present in the composition in an amount of from about 0.825 wt% to about 2.2 wt%.

26



PCT/EP2019/060816

WO 2019/207146

1/44

IoAe] QATSIUPY

I0Ae] odeg

IoAE] QATIOY

| K|




WO 2019/207146 PCT/EP2019/060816

2/44
]
4]
= 2
L0 5 -
g 2 T =
< e B
S E X E
O 3 w3
- = 00 C
W
N <t
e g\
\ ~
\ 2 £
) Q
=
F
\ o
\ & —
<o
@ 0 3 " — A -
s S s = = S
< P =

(1/7Tt) UOTEIUSOUO))



WO 2019/207146 PCT/EP2019/060816

3/44

3
Time (h)

FIG. 3

% —
— <

0.25
0.2
0.05

(7/TW) UOLBIIUSOUO))



WO 2019/207146 PCT/EP2019/060816

4/44

160

140

120

100

80
Time [h]
FIG. 4

60

a <

\ <

\ =

\\\ &

\1‘. _

jon] jooml joun joomd [} o) = = - -

foom o < < s} & = = =
< * = ak =t @ [\ —

[1/11] uorrenuUSOUO)



PCT/EP2019/060816

WO 2019/207146

5/44

Aupiwny
9AIR|9Y %G8 -

Aupiwny
9AI1RI3Y %00T —g

e

€00

=

(/TW) UOHRIUIUO))

N
<

ST0



WO 2019/207146 PCT/EP2019/060816

6/44

160

B
-
120 140

]
100

Time [h]
FIG. 6

60

20

"~

o < < <
< < < <
<t o o~

[”17’111] uoIeNUIdUO))

700
600
100

0



PCT/EP2019/060816

WO 2019/207146

7/44

Aupiwny
9AIR|9Y %G8 -

Aupiwny
9AI1RI3Y %00T —g

i

€00

—
<

(7/TW) UONBNUOUO))

™
=

Al



WO 2019/207146 PCT/EP2019/060816

8/44

160

-
140

120

100

80
Time [h]
FIG. 8

60

/

20

0

&

800
00
00
00

o
<
Wy

[j/jﬁ] uouenuaogog

900
200
100



PCT/EP2019/060816

WO 2019/207146
9/44
[
= @
= =
© [t
o Z o >
o = o =
S ° o O
o £ X E
Q3 wn D
= o0 L
W
) \
\\ \\ )
\ .
\ « VaminY U.
= et
p— m
O
=
]
\ -
\ S\
N —
o o] el <t o r— o) O < . -
= < < < s = = =

(/TW) UOLBITUOUO))



WO 2019/207146 PCT/EP2019/060816

10/44

160

)
140

<
o~
\ &
\ [
<
Al
[
<
| Se—
< (D] c
= .
= O
[t
o et
e
\\ g
\\\ 8
\
\\
e
<>
o o o o - = - - - - -
S Al S A S el = F £ 2
(Ve <t =t A o~ Q n <

[(:I/’D‘i] UONBIIUIUO))



WO 2019/207146 PCT/EP2019/060816

11/44

@
= @
b= =
LY ]
v = T >
o = o =
0\0_9 o O
o £ X £
o 3 n S
e o0 L
W
a ¢

FIG. 11

0

) )
< <
=] )

(/W) UOTENUSOUO))

0.04

0.14
0.12
0.1
0.0



PCT/EP2019/060816

WO 2019/207146

12/44

[rroa]

\£4BR) (| |
vEL 769 $5'9 S1'9 SL'S
LST'9
SE€L9
6LLL NS
68558 89¥L 8649 N
Lig#l 152 1829 i
HOVAIINS funw oo/ A [u] SIVAd

% NOLLVAIDITIVd HOVAINS HINIL NOILNHIHY dHHNON

00

00

o

o

0

0

€0
[Aw]



PCT/EP2019/060816

WO 2019/207146

13/44

[urw]

e0'L

4 K|
699 S€9 709 89°¢
SS0'9
$E5°9

2002 WNS
10989 LigL $E5°9 N
66€°LE 089 5509 LY
AOVAINS furws oot/ AF) [un] Ivad

% NOILLVAIDIIENVd  dDVAdNSs

HALL NOLINHIHY dHdWNN

00

00

1o

1o

(40

(4

z0
[Aw]



PCT/EP2019/060816

WO 2019/207146

14/44

[urw]

LEL

VeI "D
60°L 189 769 ¥29
8169
€90°L
£022 WS
99629 881 £90°L 2
vE0LE a8 8469 L
HOVAINS [ 0oL AF] fu} Ivad

% NOLLVdIDIINVd  dOvA4dNs

HANLL NOIINHIHY  dHINIIN

00

00

1o

1o

o

- 70

A

[Aw]



PCT/EP2019/060816

WO 2019/207146

15/44

d¢l "Dl
) 6L 'L 9.9 6v9
[umu] R . o ) , o ) N
0€T'L
8VL'9
alve NS
68922 85 0ezL on
LEYL 8981 8rL’9 LY
HOVAANS fuw poL/L A [ua] AvVHd

% NOLLVdIDIIAVd HOVAINS HWNLL NOIINHIHY JHHNN

00

o

- 10

(4

€0

10

[Aw]



WO 2019/207146 PCT/EP2019/060816

16/44
v @
= =
s et
L > £ >
£5 &%
X £ X E
wy 3 oS
~ = o0 L
t 4 )
«
<
=
\ O
o]

FIG. 14

7
Time (h)

010
T
A
AV
TAWALY
TLOT
FAWAYA
ALY
004
IO
.00
7
£
X

Av

=20

(71/TW) UOLBIIUAOUO))



WO 2019/207146 PCT/EP2019/060816

17/44
Qv cu
2 2
s et
L > o >
£FT &£
X & X E
wy - oy 3
M~ o0 O
<
«
[aw)
<
W
i
s -~ 9
\ = =3
z
\ 2
o b
=

7
20

y
1
T
raY
A

s
£
7
O 14
AV e
L
v
0.0
O

-20

(/W) uonBnUIIUO))



WO 2019/207146 PCT/EP2019/060816

18/44

]
20

1
Time [h]

FIG. 16

10

o
<

7.00
6.00

o
<
W

1]

1.00
0.00

o

jew]
=
o~
O1RIIUSOUO))

= 4.00



WO 2019/207146 PCT/EP2019/060816

19/44

"
25

20

15

Time [h]

FIG. 17

o
<

s
<

6.00
5.00

00
1.00
0.00

[1/11] uonenueouo)



WO 2019/207146 PCT/EP2019/060816

20/44

25

? <
(]
=
B
ERE:
= g
\ S
= £
< =) - = - - - o
© AL =+ en i = =
[/ 1] uonenyusou0))



WO 2019/207146 PCT/EP2019/060816

21/44

P
20

=

L
£ o
foi e
\ = (o)
o]
f

N

= ]
= <

<
<

o

[’;/”[ﬁ] UOIBIIUS0U0))

7.00
6.00
3.00

1.060
0.00



WO 2019/207146 PCT/EP2019/060816

22/44

80

70

60

50

=
<t ‘é N
=
et
o
9
.\
K
AN
\..\
e
T — -
= o e o - - - -
e e i o~ h b e =
[1/11] uonenULOUO))



WO 2019/207146 PCT/EP2019/060816

23/44

80

70

60

50

40
Time [h]

FIG. 21

30

<

I

\ O

N =

\ O
o < < o < o = = . .
ral < i < " S A E A s
<t =t o o~ = = =

(/7] uonenusoU0))



WO 2019/207146 PCT/EP2019/060816

24/44

80

70

60

50

40

Time [h]
FIG. 22

30

10

No
b E 3 = 2 - ) o
@ @ (@] ] — - =

[1/71] uonenUaoOUO,)



WO 2019/207146 PCT/EP2019/060816

25/44

o
o]
=)
—
=)
=l
=
s
|
-
.
o
¥ 2 e
= e~
=R
=
o
o
<
&
\ )
\ i
\,O
e e o e e e e s o
S v <= S T < O S < S o O =
T o T s T = T < T e W

[/ 1] uonenusouo))



WO 2019/207146 PCT/EP2019/060816

26/44
<@
o
&Q
jan)
o~
—
i
[ S—1
290 -
g
o ®
=0
g
P
=
\.\\‘\ v
<
je] < ] o) = <@ =
= el = " = [ S
[ea} (@] o =

[1/11] uoﬁenugot;oo



WO 2019/207146 PCT/EP2019/060816

27/44

30

25

20

15
Time [h]
FIG. 25

10

& < &
< Wy <@

3.00
2.50
0.50
0.00

[1/11] uoﬁeuue;uo:)



WO 2019/207146 PCT/EP2019/060816

28/44

30

25

20

e
<
| S—
oL @
I~
= o
= O
et
ke
\ =
Wy
<o
L < s e e s o
S S o ST - S o S
o N L T ]

[1/11] uoﬁe.uua:)[;o:)



WO 2019/207146 PCT/EP2019/060816

29/44

30

25

20

e
o<
\ o
L8 e~
Lo (g |
Py .
=0
=
o
\ o
Wy
o
< < - o o < o
s 7 b A S & =
(<2 ol < <

[1/11] uoamluaougg



WO 2019/207146 PCT/EP2019/060816

30/44

30

25

20

15
Time [h]
FIG. 28

10

2.50
2.00

<
AR
—

1.00
.50
0.00

[1/11] uonenUsoUO))



WO 2019/207146 PCT/EP2019/060816

31/44

30

/.—’
25

e

1
Time [h]

FIG. 29

<
Wy

2.50

00
1.00
0.50
0.00

) [/ fuopenusouog



WO 2019/207146 PCT/EP2019/060816

32/44

20

Time [h]
FIG. 30

10

RN

= o} sl = < <
T a8 3 % % 3
<

1.80
1.60
0.20
0.00

ﬁ[’I/’]ﬁﬁ] u&mﬂuaouog



WO 2019/207146 PCT/EP2019/060816

33/44

25

20

15

Time [h]

FIG. 31

10

0

¢ o
W =

o

[1/1M] UO!],B.UI;G)OUOO

2.50
2.00
0.50
0.00



WO 2019/207146 PCT/EP2019/060816

34/44

30

25

e
20

1
Time [h]

FIG. 32

.\
\\‘\
<
< < < o & < < < joo jons
e P i < < <

B [”I;]ﬁ ] uope{xmouog



WO 2019/207146 PCT/EP2019/060816

35/44
&
&
<O
o~
.
<
| S—
woQ
- e
| & P
= )
=g
)
-
<
\\ .
\\
\
<
o < < < < o = - - -

) [”I/:[ﬁ] Uolmzuaoﬁog



PCT/EP2019/060816

WO 2019/207146

36/44

pe “OIAd

SUISTNOH e

ssew Sururejnod JON-|

.




PCT/EP2019/060816

WO 2019/207146

37/44

S€ O
789 €79 €6'S €9°¢
026'S
$6£'9
9161 WNS
yEC'08 Z601 SBE'Y N
999°11L vee 026'S LY
qOVAINS fuu ooi/L Al funag] AVHd
% NOLLVAIDILAVd HOVIANS HALL NOLLNALAY  JA9NNAN

00

00

o

o

[4\

€0

€0
[Aw]



PCT/EP2019/060816

WO 2019/207146

38/44

9¢ "OIA
$9'9 $€9 <09 SL'¢
L90'9
0vs'9
1202 NS

1E6°98 FA7AN a9 e
_g90°¢ElL ¥o2 £90°9 944
HOVAINS furu ooL/L A [} AVdd

% NOLLVAIDITIVd HOVAINS ANIL NOLLNHLTY  ITdNNN

00

00

o

o

[y

0

€0
[Aw]



WO 2019/207146 PCT/EP2019/060816

39/44

Wy
=¥

[t
40

Wy
oy
&
sy
£
| A—
(et Pt
o lop]
= )
= J
o ]
& g

N

0

oo,

700
00
(0

100

s
g
G
K

600

o
asl [

[1/11] Za,oum,wa:)uo:)

4




WO 2019/207146 PCT/EP2019/060816

40/44
&
L/-;
? “
Wy
oy
&
ey
\ il
& g x
= J
o o
& P
\\ e
\\\ -
[1/711] uonenuaouo)




PCT/EP2019/060816

WO 2019/207146

41/44

v JaAe| annoy

v J2Ae| sAlY

6t "Old




PCT/EP2019/060816

WO 2019/207146

42/44

00001 96076
NS SFOL 06E0L
NP0 F LSST s0LIT
myHY 94BN ol

un
i 0

0y "OId

007001 96¥06¢

§CLL SSLT0S EIENY 976'Z 9867
ee [pLLS 218 899'7 PILT
9RAY  BAY oy auny g suny g
D11 vodsy Jead
o 0z

I N " N i

#esd

e

—
J——

)

P’

m@wmw/i

EW0095/ 2000 P/ TIDLL

weiformon)

14 dnoany



WO 2019/207146 PCT/EP2019/060816

43/44

Line#: ] R Time:2.716(Scan#839)

MassPeaks:43

RawMeode:Averaged 2.710-2.722(856-862) BasePeak:39(6494)

BG Mode:-Cale. from Peak Group 1 - Event | Q3 Scan

100 v
: 3

B0

54

60

50

40

51

70

|
| | |
LA
}} ;56 62 66 75 T8g0 R4 94 98
+ ot + 1 1 1 T

40 50 60 70 80 90

34

FIG. 41



WO 2019/207146 PCT/EP2019/060816

44/44

Line#:2 R.Time:2.986(Scan#994)
MaussPealks:40
RawMode:Averaged 2.980-2.992(991-997) BasePeak:41(20634)
BG Mode:Cale. from Peak Group 1 - Event 1 Q3 Scan
100
41

56

90
80-
60“5:
39
4(}’
30-

20

H I 63 66 70 74 78 81 86 89 93 98
40 50 60 70 80 90

mz

FIG. 42



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

