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FIG. 1A

treatment utilizing artificial melanin precursors and one or more amine compounds. In aspects,
the one or more amine compounds facilitate alkaline conditions during the hair treatment, while
being more tolerable to the hair, subject, and/or administrator compared to other conventional
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AMINE REAGENTS AND PROCESSES FOR ARTIFICIAL MELANIN
NANOPARTICLES FOR HAIR DYES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 63/306,650, filed February 4, 2022, which is hereby incorporated by

reference in its entirety.

BACKGROUND OF INVENTION
[0002] From countering the effects of aging or illness to expressing one’s
uniqueness, people have dyed their hair for a myriad of reasons throughout the ages.
There are various conventional methods and agents for dying hair, some of which are
permanent dyes and others are semi-permanent, for example. Due to such widespread
use, hair dye industries are now among the most profitable in the cosmetics sector.
Some studies suggest that over 50% of the population in developed countries has dyed
their hair at least once in their life. However, conventional methods suffer from requiring
long application times, harsh, potentially carcinogenic, reagents, poor persistence,

allergic reactions to reagents, and/or poor coloration.

[0003] New approaches to hair dying include use of nanoparticles, for example.
While the synthesis of gold nanoparticles in human hair has been proposed as an
effective way to darken white hair, the long reaction time required by this protocol (e.g.,
16 days) hampers its application as an effective hair dyeing method. A much faster
approach involves the use of graphene-based sheets for coloration. Hair coated with
this material showed good antistatic performance and heat dissipation properties,

however, the method was expensive and only produced a single color—black.

[0004] Human hair is comprised mainly of protein, at 65-95% by weight. Keratin, the
most abundant component, is a group of insoluble protein complexes which impart
elasticity, suppleness and resistance to the fibers. Melanin, nature’s hair pigment, is
mainly distributed in the middle layer of the hair shaft or cortex and is embedded
between keratin fibers, where it makes up only 1 to 3% of human hair by weight. These
nanometer-scale granular pigments (200-800 nm) generate the naturally beautiful colors
found in human hair. Colors arise from the distribution, concentration, and blending of
two types of melanin: brown and black eumelanins, and less commonly, red
pheomelanins. It follows then that the reduction or disappearance of melanin from hair
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fibers is the phenomenon that leads to color loss and consequent hair greying and

eventually whitening.

[0005] Thus, a very interesting approach to darken hair and a desirable alternative to
current formulations would be a synthetic version of the naturally occurring nano-sized
melanin pigment particles to reestablish color of the hair fibers. However, recent
successful human hair dyeing using synthetic melanin required high concentrations of
potentially toxic heavy metals such as copper and iron as chelators. Moreover, these
demonstrations were limited to a dark brown coloration and lack extensive imaging and
characterization of the dyeing mechanism. In other demonstrations of using synthetic
melanins, strong oxidative conditions using sodium periodate were employed for
successful dopamine deposition on human hair, but this method may not be suitable for

widespread use in an at-home or salon application.

[0006] It is thus apparent that there is need in the art for new methods and materials
for dying hair, which are effective but also address the above challenges associated with
conventional approaches, for example by being mild, tunable, biocompatible, metal-free,

and long-lasting.

SUMMARY OF THE INVENTION
[0007] Provided herein are methods and associated formulations for hair treatment
utilizing artificial melanin precursors and one or more amine compounds. In aspects, the
one or more amine compounds facilitate alkaline conditions during the hair treatment,
while being more tolerable to the hair, subject, and/or administrator (e.g., hair stylist;

(smell, allergies, etc.) compared to other conventional alkaline agents.

[0008] Aspects disclosed herein include a method of treating hair of a subject with an
artificial melanin material, the method comprising: contacting, in a solution, artificial
melanin precursors with an oxidizing agent in the presence of one or more amine
compounds and the hair of said subject to form said artificial melanin material, wherein
at least one of the one or more amine compounds is characterized by: (i) having an
alpha carbon that is a secondary or tertiary carbon; (ii) a molecule weight less than
(optionally, less than or equal to) 150 g/mol; (iii) a pKa greater than (optionally, greater
than or equal to) 8; (iv) having at least one hydroxyl group; and (v) being miscible in
water; and wherein said artificial melanin material associates with said hair of said
subject, thereby treating the hair of said subject.
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[0009] Aspects disclosed herein include a method of treating hair of a subject with an
artificial melanin material, the method comprising: contacting, in a solution, artificial
melanin precursors with an oxidizing agent in the presence of one or more amine
compounds and the hair of said subject to form said artificial melanin material, wherein

at least one of the one or more amine compounds is characterized by formula FX1:

R4/ \R5 (FX1); wherein: each of R', R2, and R3, R?*, and R® is independently a
functional group having C, O, H, or any combination of these, with the proviso that no
more than one of R', R2, and R? is H; wherein the at least one of the one or more amine
compounds is further characterized by: (i) having an alpha carbon that is a secondary or
tertiary carbon; (ii) a molecule weight less than (optionally, less than or equal to) 150
g/mol; (iii) a pKa greater than (optionally, greater than or equal to) 8; (iv) having at least
one hydroxyl group; and (v) being miscible in water; and wherein said artificial melanin
material associates with said hair of said subject, thereby treating the hair of said
subject. Optionally in any method and formulation herein, each of R', R? and R3, R*,
and R® is independently a functional group consisting of C, O, H, or any combination of
these. Optionally in any method and formulation herein, each of R', R? and R3 is
independently selected from the group consisting of H, CHs, OH, [CH2]xOH, and any
combination thereof, with the proviso that no more than one of R', R?, and R® is H; each
of R* and R® is independently selected from the group consisting of H, CHs, [CH2]yOH,
and any combination thereof, and each of x and y is independently an integer selected
from the range of 1 to 3. Optionally in any method and formulation herein, each of R',
R2, and R? is independently selected from the group consisting of H, CHs, OH,
[CH2]xOH, [CH2]-CHs, and any combination thereof, with the proviso that no more than
one of R', R?2, and R? is H; each of R* and R? is independently selected from the group
consisting of H, CHs, [CH2]yOH, [CH2]mCH3s, and any combination thereof; and each of x,
y, z, and m is independently an integer selected from the range of 1 to 3. Optionally in

any method and formulation herein, at least one of R', R?, and R? is not CH20H.

[0010] Optionally in any method and formulation herein, at least one of the one or
more amine compounds is characterized by having a primary amine group. Optionally in
any method and formulation herein, the one or more amine compounds are other than

3



10

15

20

25

WO 2023/150205 PCT/US2023/012182

monoethanolamine and tris(hydroxymethyl)aminomethane. Optionally in any method

and formulation herein, each of the one or more amine compounds is characterized by

~
formula FX1: R* g (FX1); wherein: each of R!, R2, and R, R and R® is

independently a functional group having C, O, H, or any combination of these, with the
proviso that no more than one of R', R?, and R? is H; and each of the one or more
amine compounds is further characterized by: (a) having an alpha carbon that is a
secondary or tertiary carbon; (b) a molecule weight less than 150 g/mol; (¢) a pKa
greater than 8; (d) having at least one hydroxyl group; and (e) being miscible in water.
Optionally in any method and formulation herein, each of R', R?, and R3 R* and R® is
independently a functional group consisting of C, O, H, or any combination of these.
Optionally in any method and formulation herein, each of R', R?2, and R? is
independently selected from the group consisting of H, CHs, OH, [CH2]xOH, and any
combination thereof, with the proviso that no more than one of R', R? and R®is H; each
of R* and R® is independently selected from the group consisting of H, CHs, [CH2]yOH,
and any combination thereof, and each of x and y is independently an integer selected
from the range of 1 to 3. Optionally in any method and formulation herein, each of R",
R2 and R?3 is independently selected from the group consisting of H, CHs, OH,
[CH2]xOH, [CH2]-CHs, and any combination thereof, with the proviso that no more than
one of R', R?2, and R? is H; each of R* and R? is independently selected from the group
consisting of H, CHs, [CH2]yOH, [CH2]mCH3s, and any combination thereof; and each of x,
y, z, and m is independently an integer selected from the range of 1 to 3. Optionally in

any method and formulation herein, at least one of R', R?, and R? is not CH20H.

[0011] Optionally in any method and formulation herein, each of the one or more
amine compounds is selected from the group consisting of aminomethyl proponal,
aminopropanol, dimethyaminomethyl propanol, aminomethyl propanediol,

tromomethane; any combination of these, and any derivative of these.

[0012] Optionally in any method and formulation herein, each of the one or more

amine compounds is characterized by formula FX2a, FX2b, FX2c, FX2d, or FX2e:
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OH HO OH

NH2 (FX2a); NH (FX2b);
OH

NH2  oH

NH; (FX2c); (FX2d): or
OH

/N\ (FX2e). Optionally in any method and formulation herein, each of
the one or more amine compounds is characterized by formula FX2a, FX2b, FX2d,
or FX2e.

[0013] Optionally in any method and formulation herein, at least one of the one or
more amine compounds is characterized by a molecular weight selected from the range
of 35 g/mol to 150 g/mol.

[0014] Optionally in any method and formulation herein, the step of contacting in a

solution is performed in the presence of two or more of the amine compounds.

[00156] Optionally in any method and formulation herein, the step of contacting is
performed in the absence of ammonium hydroxide in the solution. Optionally in any
method and formulation herein, the step of contacting is performed in the absence of a
buffer or alkaline compound provided for increasing pH of the solution other than the

one or more amine compounds.

[0016] Optionally in any method and formulation herein, the step of contacting is
performed at a pH selected from the range of 8.5 to 14. Optionally in any method and
formulation herein, the step of contacting is performed at a pH selected from the range
of 12 to 13. Optionally in any method and formulation herein, the step of contacting is
performed at a pH of 12.5 £0.2. Optionally in any method and formulation herein, the
solution further comprises one or more other bases or alkaline agents (e.g., other than

amine compounds), such as, but not limited to, ammonium hydroxide, sodium
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hydroxide, potassium hydroxide, etc., in order to obtain a useful pH of the solution.
Optionally in any method and formulation herein, the step of contacting is performed
further in the presence of one or more other bases or alkaline agents, such as, but not
limited to, ammonium hydroxide, sodium hydroxide, potassium hydroxide, etc., in order
to obtain a useful pH of the solution. Optionally in any method and formulation herein,
the solution further comprises one or more metal chelators or metal materials, such as
iron or iron-comprising material. Optionally in any method and formulation herein, the

solution further comprises an enzyme.

[0017] Optionally in any method and formulation herein, the step of contacting is
performed at a temperature greater than or equal to 20 °C. Optionally in any method and
formulation herein, the step of contacting is performed at a temperature greater than or
equal to 30 °C. Optionally in any method and formulation herein, the step of contacting

is performed at a temperature selected from the range of 20 °C to 60 °C.

[0018] Optionally in any method and formulation herein, the step of contacting
comprises forming said artificial melanin material and the step of forming said artificial
melanin material comprises covalent bonding between the artificial melanin precursors
and tat least a fraction of the one or more amine compounds to form said artificial
melanin material. Optionally in any method and formulation herein, the step of forming
the artificial melanin material comprises polymerization of the artificial melanin

precursors.

[0019] Optionally in any method and formulation herein, treating the hair of said
subject comprises changing hair color of the subject’s hair from an initial hair color to a
final hair color as a result of the contacting step; and wherein the method further
comprises a step of selecting the one or more amine compounds based on a desired
final hair color and based on an effect of the one or more amine compounds on the final

hair color.

[0020] Optionally in any method and formulation herein, treating the hair of said
subject comprises changing hair color of the subject’s hair from an initial hair color to a
final hair color as a result of the contacting step; and wherein: the initial hair color is
characterized as blond and the final hair color is characterized as brown or black; or the
initial hair color is characterized as gray and the final hair color is characterized as

brown.
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[0021] Optionally in any method and formulation herein, during the step of contacting
the solution comprises a total concentration of the one or more amine compounds
selected from the range of 0.01 to 15 M. Optionally in any method and formulation
herein, during the step of contacting the solution comprises a total concentration of the
one or more amine compounds selected to result in a pH of the solution being selected
from the range of 8.5 to 14. Optionally in any method and formulation herein, during the
step of contacting the solution comprises a total concentration of the artificial melanin

precursors is selected from the range of 0.5 to 100 mg/mL.

[0022] Optionally in any method and formulation herein, contacting the artificial
melanin precursors with the oxidizing agent in the presence of one or more amine
compounds and the hair of said subject is performed for a time selected from the range

of 30 minutes to 5 hours.

[0023] Optionally in any method and formulation herein, the solution is an aqueous

solution.

[0024] Optionally in any method and formulation herein, the artificial melanin
precursors are substituted or unsubstituted: dopamine monomers, 1,8-
dihydroxynaphthalene or its derivative, tyrosine monomers, tyramine monomers, amino
acids, phenolamines, catecholamines, or any combination of these. Optionally in any
method and formulation herein, the artificial melanin precursors are any artificial melanin
precursors or any combination of artificial melanin precursors described in International
Patent Pub. W02021/096692 (Gianneschi, et al.; International Patent App. No.
PCT/US2020/057939), which is incorporated herein by reference in its entirety.

[0025] Optionally in any method and formulation herein, the solution further
comprises a metal chelating agent. Optionally in any method and formulation herein, the

solution further comprises one or more enzymes.

[0026] Optionally in any method and formulation herein, the oxidizing agent
comprises oxygen, sodium periodate, potassium permanganate, ammonium persulfate,

or any combination of these.

[0027] Optionally in any method and formulation herein, the method comprising a

step of washing the subject’s hair after the treating step is complete.
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[0028] Optionally in any method herein, the step of contacting is performed for a time
selected from the range of 30 minutes to 5 hours, optionally any time selected from the

range of 5 minutes to 5 hours.

[0029] Aspects disclosed herein include a hair treatment formulation comprising: a
solution comprising artificial melanin precursors and one or more amine compounds

according to any embodiment(s) disclosed herein.

[0030] Without wishing to be bound by any particular theory, there may be discussion
herein of beliefs or understandings of underlying principles relating to the devices and
methods disclosed herein. It is recognized that regardless of the ultimate correctness of
any mechanistic explanation or hypothesis, an embodiment of the invention can

nonetheless be operative and useful.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] FIGs. 1A-1D: Aminomethyl Proponal Hair Dye. FIG. 1A: Chemical formula of
aminomethyl proponal. FIG. 1B: 5Smg/mL dopamine coated hair. FIG. 1C: 2.5 mg/mL

dopamine and L-dopa coated hair. FIG. 1D: Untreated hair control.

[0032] FIGs. 2A-2D: Aminoproponal hair dye. FIG. 2A: Chemical formula of
aminproponal. FIG. 2B: 5mg/mL dopamine coated hair. FIG. 2C: 2.5 mg/mL dopamine
and L-dopa coated hair. FIG. 2D: Untreated hair control.

[0033] FIGs. 3A-3D: Dimethyaminomethyl proponal hair dye. FIG. 3A: Chemical
formula of dimethyaminomethyl proponal. FIG. 3B: 5mg/mL dopamine coated hair. FIG.
3C: 2.5 mg/mL dopamine and L-dopa coated hair. FIG. 3D: Untreated hair control.

[0034] FIG. 4: Chemical formulas and names of certain examples of use amine
compounds, according to embodiments herein, and a summary of an exemplary solution

or formulation for hair dye using amine compounds, according to certain embodiments.

[0035] FIG. 5: A table comparing untreated or pre-treated hair to the hair after dye

treatment with one of three amine compounds and the listed melanin precursor(s).

STATEMENTS REGARDING CHEMICAL COMPOUNDS AND NOMENCLATURE

[0036] In general, the terms and phrases used herein have their art-recognized

meaning, which can be found by reference to standard texts, journal references and

8



10

15

20

25

30

WO 2023/150205 PCT/US2023/012182

contexts known to those skilled in the art. The following definitions are provided to

clarify their specific use in the context of the invention.

[0037] The term “amine compound’ refers to a compound or molecule having one or
more amine groups, where each amine group may be a primary, secondary, or tertiary

amine group.

[0038] Wherein the term “alpha carbon” is used to describe an amine compound, the
alpha carbon refers to a carbon closest to an N (nitrogen) of an amine group. An alpha
carbon that is a secondary carbon has one H directly bound to it (e.g., a secondary
alpha carbon can be bound to an N, two other carbons, and one H). An alpha carbon
that is a tertiary carbon has no H directly bound to it (e.g., a tertiary alpha carbon is

bound to an N and three other carbons).

[0039] The term “melanin” generally refers to one or more compounds or materials
that function as a pigment, such as when internalized or taken up by a biological cell, for
example. It is also noted that melanin is not necessarily taken up by cells. Melanin can
be used for forming cell walls in fungi, for example, such as to provide rigidity, defense
mechanisms, and more. In another illustrative example, melanin is used by birds, such
as where melanin is organized in a matrix of keratin or similar type of biological material,
where it can be organized into monolayers or multilayers to provide structural color,
warmth, and more. A melanin compound or material may be, but is not limited to, a
melanin monomer, a melanin oligomer, a melanin polymer, a melanin nanoparticle, a
melanin layer (e.g., a melanin thin film or coating), or other melanin material, for
example. For example, melanin nanoparticles internalized by a biological cell function as

a pigment in the cell.

[0040] The terms “artificial melanin” and “synthetic melanin” are used
interchangeably herein and refer to one or more melanin compounds, molecules, or
materials, such as melanin monomers, melanin oligomers, or melanin nanoparticles,
that are synthesized and are at least partially, or preferably entirely, not derived from or
not extracted from a natural source, such as a biological source, a living organism, or a
once living organism. The terms “synthetic” and “artificial” are used interchangeably
herein when referring to a melanin or a material comprising a melanin. The terms
"synthetic melanin nanoparticles" and “artificial melanin nanoparticles” are used
interchangeably herein, and are intended to have the same meaning throughout the

9
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present disclosure, and refer to nanoparticles formed of artificial melanin, such as
artificial melanin monomers and/or artificial melanin oligomers. The terms "synthetic
melanin thin film" and “artificial melanin thin film” are used interchangeably herein, and
are intended to have the same meaning throughout the present disclosure, and refer to
a thin film formed of artificial melanin, such as artificial melanin monomers and/or
artificial melanin oligomers. The terms "synthetic melanin layer" and “artificial melanin
layer” are used interchangeably herein, and are intended to have the same meaning
throughout the present disclosure, and refer to a layer formed of artificial melanin, such
as artificial melanin monomers and/or artificial melanin oligomers. An artificial melanin
nanoparticle, artificial melanin thin film, artificial melanin layer, and any compound,
material, or formulation comprising any of these, comprises artificial melanin monomers,
artificial melanin oligomers, and/or artificial melanin polymers. Optionally, an artificial
melanin nanoparticle, artificial melanin thin film, artificial melanin layer, and any
compound, material, or formulation comprising any of these, consists of or consists
essentially of artificial melanin, such as artificial melanin monomers, artificial melanin
oligomers, and/or artificial melanin polymers. Optionally, an artificial melanin
nanoparticle, artificial melanin thin film, artificial melanin layer, and any compound,
material, or formulation comprising any of these, is free (or substantially free) of artificial
melanin monomers and comprises artificial melanin oligomers and/or artificial melanin
polymers. Preferably, each artificial melanin monomer, artificial melanin oligomer, and
artificial melanin polymer of an artificial melanin nanoparticle, artificial melanin thin film,
artificial melanin layer, and any compound, material, or formulation comprising any of
these, is not bound to, conjugated to, attached to, coated by, encompassed by or
chemically otherwise associated with a natural or biological proteinaceous lipid. A
natural or biological proteinaceous lipid refers to a naturally or biologically derived lipid
or a lipid extracted from a natural or biological source, such as a once living organism,
said lipid comprising one or more proteins such as the lipid (plasma) membrane of a
melanocyte or melanosome). Optionally, each artificial melanin monomer, artificial
melanin oligomer, and artificial melanin polymer of an artificial melanin nanoparticle,
artificial melanin thin film, artificial melanin layer, and any compound, material, or
formulation comprising any of these, is not bound to, conjugated to, attached to, coated
by, encompassed by or otherwise chemically associated with a natural or biological lipid
(e.g. a lipid bilayer, lipid membrane or phospholipid compound). A natural or biological

lipid refers to a naturally or biologically derived lipid or a lipid extracted from a natural or
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biological source, such as a once living organism. Optionally, any artificial melanin
monomer, artificial melanin oligomer, and artificial melanin polymer of an artificial
melanin nanoparticle, artificial melanin thin film, artificial melanin layer, and any
compound, material, or formulation comprising any of these, is bound to, conjugated to,
attached to, coated by, encompassed by, and/or otherwise associated with a synthetic
or artificial lipid or with a synthetic or artificial phospholipid. A synthetic or artificial lipid
refers to a synthesized lipid that is not derived from or is not extracted from a natural or

biological source, such as a once living organism.

[0041] The term “artificial melanin precursor” refers to a compound or material that
can form an artificial melanin material after a chemical reaction, such as after a chemical
reaction with an oxidation agent. An artificial melanin precursor can be, but is not
necessarily, itself a melanin. For example, an artificial melanin precursor can be, but is
not necessarily, a melanin monomer. For example, contacting artificial melanin
precursors such as melanin monomers with an oxidizing agent can result in oxidative
oligomerization (or, polymerization) among the artificial melanin precursors thereby

forming artificial melanin material(s).

[0042] The term “selenomelanin” refers to melanin comprising selenium. For
example, a selenomelanin material comprises selenium. Preferably, a chemical formula

of a selenomelanin material comprises selenium (e.g., at least one selenium atom).

[0043] In certain embodiments, the term “pheomelanin” refers to a melanin whose
chemical formula comprises at least one substituted or unsubstituted benzothiazine, at
least one substituted or unsubstituted benzothiazole, at least one substituted or
unsubstituted benzoselenazole, at least one substituted or unsubstituted
benzoselenazine, at least one derivative of any of these, or any combination of these. In
certain embodiments, the term pheomelanin refers to a melanin made from L-DOPA and
cysteine, whose chemical formula comprises at least one substituted or unsubstituted
benzothiazine, at least one substituted or unsubstituted benzothiazole, at least one
substituted or unsubstituted benzoselenazole, at least one substituted or unsubstituted
benzoselenazine, at least one derivative of any of these, or any combination of these. In
certain embodiments, a selenium pheomelanin refers to a melanin whose chemical

formula comprises at least one substituted or unsubstituted benzoselenazole, at least
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one substituted or unsubstituted benzoselenazine, at least one derivative of any of

these, or any combination of these.

[0044] In certain embodiments, the term eumelanin refers to a melanin whose
chemical formula comprises at least one dihydoxyindole (DHI) (e.g., 5,6-
dihydroxyindole), at least one dihydroxyindole-2-carboxylic acid (DHICA) (e.g., 5,6-

dihydroxyindole-2-carboxylic acid), or a combination of these.

[0045] As used herein, treatment of hair and treating hair refer to changing a color of
hair, such as, but not necessarily, making hair darker, such as, but not necessarily,
more brown or more black, and/or increasing persistence of a hair color, such as, but
not necessarily, increasing the persistence of a dark color (e.g., brown or black) of hair
that is initially the dark color. Any of the methods of treating hair and any of the artificial
melanin materials disclosed herein can be used for treating hair. A change in a hair
color as a result of treating hair preferably, but not necessarily, corresponds to a
darkening of the hair color. A change in a hair color as a result of treating hair
preferably, but not necessarily, corresponds to the hair color becoming more brown or
more dark. Preferably, but not necessarily, a change in a hair color as a result of treating
hair corresponds to any change in color of the hair. Exemplary changes in hair color as
a result of treating hair, such as according to embodiments disclosed herein, include,
but are not limited to, hair becoming: a dark brown color, a brown color with shades of
red, an orange or dark orange color, a brown color, a brown color with orange shades,

and/or a bright blond color.

[0046] The term “persistence” of a hair colors refers to limited, low, or lack of change
in the hair color, such as in response to time and/or exposure to one or more conditions
or processes that can otherwise affect hair color, such as rinsing and/or washing of the
hair with a solvent (e.g., water) and/or a surfactant (e.g., shampoo). A hair color or a
change in hair color characterized as persistent refers to the hair color or the change in
hair color having persistence. A persistent change in hair color refers to the hair color
resulting from the treating of the hair (e.g., the color obtained after treating hair) having
persistence. Hair color persistence can be characterized by absolute and/or relative
change, if any, of RGB color intensities and/or RGB color ratios corresponding to the

hair color.
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[0047] The term “aging”, when used in reference to artificial melanin nanoparticles
herein, refers to a process by which synthesized and isolated artificial melanin
nanoparticles oxidize, and optionally further darker, over time during exposure to
oxygen, such due to exposure to air. Isolated artificial melanin nanoparticles can be
artificial melanin nanoparticles that are purified, such as by centrifugation, and re-
dispersed in water, such as ultrapure water, or optionally another solvent or solvent
solution. For example, artificial melanin nanoparticles may age if the particles are
dispersed in water and are stored in a vial with the vial’s top on (closed) and with the
top not being opened for some extended period of time, because there is residual
oxygen in the container. The aging process can alter certain properties or
characteristics of artificial melanin nanoparticles, such as increasing solubility in organic
solvent or decreasing toxicity to certain living biological cells. For example, without
wishing to be bound by any particular theory, in some embodiments, freshly synthesized
artificial melanin nanoparticles can be dynamic and shed monomers or oligomers into a
cell when internalized by the cell. For example, without wishing to be bound by any
particular theory, in some embodiments, freshly synthesized artificial melanin
nanoparticles can be dynamic and have surface chemistry oxidation state that is not
optimal for living cells when internalized by cells. For example, without wishing to be
bound by any particular theory, in some embodiments, the aging process can lead to
more crosslinking or otherwise chemical association between melanin compounds
(monomers, oligomers) in the artificial melanin nanoparticles, potentially leading to
reduced cytotoxicity, such as due to reduced shedding of melanin compounds into the

cell and/or altering or stabilizing of the particles’ surface chemistry.

[0048] The term "nanoparticle" as used herein, refers to a physical particle having at
least one size characteristic or physical dimension less than less than 1 um. Preferably,
term "nanoparticle" as used herein, refers to a physical particle whose longest size

characteristic or physical dimension is less than 1 um.

[0049] The term “size characteristic” refers to a property, or set of properties, of a
particle that directly or indirectly relates to a size attribute. According to some
embodiments, a size characteristic corresponds to an empirically-derived size
characteristic of a particle(s) being detected, such as a size characteristic based on,
determined by, or corresponding to data from any technique or instrument that may be

used to determine a particle size, such as electron microscope (e.g., SEM and TEM) or
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a light scattering technique (e.g., DLS). For example, a size characteristic can
correspond to a spherical particle exhibiting similar or substantially same properties,
such as aerodynamic, hydrodynamic, optical, and/or electrical properties, as the
particle(s) being detected). According to some embodiments, a size characteristic
corresponds to a physical dimension, such as a cross-sectional size (e.g., length, width,

thickness, or diameter).

[0050] The term “particles” refers to small solid objects that may be dispersed and/or
suspended in a fluid (e.g., liquid). For example, a slurry, a dispersion, and a suspension
each include particles in a fluid. The terms “particle” and “particulate” may be used
interchangeably. An exemplary particle is an artificial melanin nanoparticle. A plurality of
particles may be associated together to form an agglomerate of particles. Generally, the
term “particle”, such as “nanoparticle” or “melanin nanoparticle”, refers to an individual

particle rather than to an agglomerate of such individual particles.

[0051] The term “dispersed’ refers to species, such as particles, in a fluid forming a
dispersion. As used herein, the term “dispersion” broadly refers to a mixture of one or
more chemical species, such as particles, in a fluid, such as the art-recognized meaning
of solution, dispersion, and/or suspension. The chemical species, such as particles,
dispersed in a dispersion can be referred as a dispersed species. Preferably, a
dispersion is a mixture of particles, such as artificial melanin particles, in a liquid, such
as a solvent. Preferably, but not necessarily, a dispersion is a homogeneous mixture. In
the context of a dispersion, the term “homogeneous” refers to a liquid mixture that
appears uniform to the naked eye. In contrast, a heterogenous liquid mixture includes
particles that are precipitated from or suspended in the liquid mixture and are large
enough to be distinctly identifiable by the naked eye in the liquid mixture. A
heterogeneous liquid mixture includes, for example, sedimented and/or sedimenting
particles. Preferably, but not necessarily, the term “dispersion” is broadly intended to
include solutions and dispersions, such as colloids, which are not heterogenous liquid
mixtures. Preferably, but not necessarily, a dispersion is a microscopically homogenous,
or uniform, mixture of particles in a liquid, such as a solvent. Preferably, but not
necessarily, a dispersion is thermodynamically favored remain stably dispersed or is
thermodynamically favored to segregate by sedimentation but wherein sedimentation is
kinetically slowed or prevented. Particles, of a dispersion, that are characterized as

stably dispersed remain dispersed in the dispersion and do not sediment or precipitate
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out of the liquid, of the dispersion, for at least 5 hours, preferably at least 12 hours,
preferably at least 24 hours, and more preferably at least 1 week, under normal
temperature and pressure (NTP) and exposure to air. In embodiments, particles that are
not or cannot be dispersed in a fluid refer to particles that form precipitates or sediments

upon being mixed in the fluid.

[0052] The term “size stable” refers to stability of particles in a dispersion with
respect to a size characteristic of said particles. Preferably, particles in a dispersion
characterized as size stable are characterized by a size characteristic being within 50%,
within 40%, within 30%, preferably within 20%, more preferably within 15%, still more
preferably within 10%, further more preferably within 5%, or equivalent to a reference or
initial size characteristic, under given conditions and optionally for a given time. For
example, nanoparticles of a dispersion characterized as size-stable in the dispersion
having a pH of at least 11, with respect to an average size of the nanoparticle in the
dispersion having a pH of 7, have an average size in the pH 11 dispersion that is within
50%, within 40%, within 30%, preferably within 20%, more preferably within 15%, still
more preferably within 10%, further more preferably within 5%, or equivalent to an
average size of the otherwise equivalent nanoparticles in the otherwise equivalent
dispersion having a pH of 7. Preferably, but not necessarily, nanoparticles characterized
as size stable as so size stable for time that is at least 1 hour to 5 hours, preferably at
least 5 hours to 12 hours, more preferably at least 12 hours to 1 week, still more

preferably at least 1 week.

[0053] The term “strong oxidizing agent” refers to a substance (e.g., compound,
molecule, material) having a greater ability for subtracting, removing, or accepting one
or more electron from another other substance compared to oxygen gas, including
oxygen gas dissolved in a solution. The greater ability may be due to thermodynamic,
kinetic, and/or electrochemical characteristics thereof. Optionally, a strong oxidizing

agent has a greater or more positive standard electrode potential than O:.

[0054] The term “U” in a unit of concentration, such as “U/mL”, refers to “unit of
activity” and is a known term of art referring to enzyme catalytic activity. A unit “U” refers
to the amount of enzyme that catalyzes the conversion of 1 micromole (umole) of a

substrate per minute. Thus, 1 enzyme unit (U) = 1 ymol/min, where pmol refers to the
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amount of substrate converted. Because each enzyme has a unique substrate, a unit of

activity is different for one enzyme versus another.

[0055] The term “structural color’ refers to the generation of color due to interference
of visible light structural features, such as a film or layer or a microstructured surface. A
layer of melanin nanoparticles may exhibit color due to interference of visible light with
the microstructure of the layer, rather than solely due to pigmentation. Without wishing
to be bound by any particular theory, the effect of structural color can enable a spectrum
on non-fading, non-photobleaching colors which can be iridescent or non-iridescent.
Without wishing to be bound by any particular theory, high refractive index of melanin
and synthetic melanin, and its broadband absorption across the visible spectrum allows

it to interact with light in such a way that a multitude of colors are produced.

[0056] The term “peak size” size refers to the statistical mode, or peak frequency, of
a particle size distribution, or the particle size most commonly found in the particle size
distribution. A particle size distribution can be measured using dynamic light scattering,

for example.

[0057] The term "sphere" as used herein, in the usual and customary sense, refers to
a round or substantially round geometrical object in three-dimensional space that is
substantially the surface of a completely round ball, analogous to a circular object in two
dimensions. A sphere may be defined mathematically as the set of points that are all at
the same or substantially all at the same distance r from a given point, but in three-
dimensional space, where r is the radius of the mathematical ball and the given point is
the center or substantially the center of the mathematical ball. In embodiments, the
longest straight line through the ball, connecting two points of the sphere, passes
through the center and its length is thus twice the radius; it is a diameter of the ball. A

nanosphere is a nanoparticle having a radius of less than 1 um.

[0058] The terms "ultraviolet induced damage" and "UV induced damage" as used
interchangeably herein refer, in the usual and customary sense, to chemical changes
attending irradiation of light of sufficient energy. UV induced damage can include
scission of nucleic acids (e.g., DNA or RNA), and breaking of bonds in proteins, lipids,
and other physiological molecules. For example, the damage can be damage resulting

from reactive oxygen species (ROS).
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[0069] The terms "reactive oxygen species" and "ROS" as used interchangeably
herein refer, in the usual and customary sense, to transient species, typically formed
during exposure to radiation (e.g., UV irradiation) capable of inducing oxidative

decomposition.

[0060] The terms "cell" and “biological cell” are used interchangeably are refer to a
cell carrying out metabolic or other function sufficient to preserve or replicate its
genomic DNA. A cell can be identified by well-known methods in the art including, for
example, presence of an intact membrane, staining by a particular dye, ability to
produce progeny or, in the case of a gamete, ability to combine with a second gamete to
produce a viable offspring. Cells may include prokaryotic and eukaryotic cells.
Prokaryotic cells include but are not limited to bacteria. Eukaryotic cells include but are
not limited to yeast cells and cells derived from plants and animals, for example
mammalian, insect (e.g., spodoptera) and human cells. A “viable cell” is a living

biological cell.

[0061] The term “self-assembly” refers to a process in which individual elements
assemble into a network or organized structure without external direction. In an
embodiment, self-assembly leads to a decrease in entropy of a system. In an
embodiment, self-assembly may be induced, or initiated, via contacting or reacting the
individual elements, optionally at a certain critical concentration, and/or via temperature
and/or via pressure. A “self-assembled structure” is a structure or network formed by
self-assembly. In an embodiment, self-assembly is a polymer crystallization process.
The Gibbs free energy of the self-assembled structure is lower than of the sum of the
individual components in their non-organized arrangement prior to self-assembly under
otherwise identical conditions (e.g., temperature and pressure). In an embodiment,
entropy of a self-assembled structure is lower than that of the sum of the individual
components in their non-organized arrangement prior to self-assembly under otherwise
identical conditions (e.g., temperature and pressure). For example, artificial melanin
nanoparticles of this disclosure can form by self-assembly of a plurality of oligomers
and/or melanin monomers. For example, structures or layers (e.g., films) for artificial
melanin nanoparticles may form by self-assembly, such as structures or layers formed

of artificial melanin nanoparticles and exhibiting structural color.
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[0062] The term “substantially” refers to a property, condition, or value that is within
20%, 10%, within 5%, within 1%, optionally within 0.1%, or is equivalent to a reference
property, condition, or value. The term “substantially equal’, “substantially equivalent”, or
“substantially unchanged”, when used in conjunction with a reference value describing a
property or condition, refers to a value that is within 20%, within 10%, optionally within
5%, optionally within 1%, optionally within 0.1%, or optionally is equal to the provided
reference value. For example, a diameter is substantially equal to 100 nm (or, “is
substantially 100 nm”) if the value of the diameter is within 20%, optionally within 10%,
optionally within 5%, optionally within 1%, within 0.1%, or optionally equal to 100 nm.
The term “substantially greater”, when used in conjunction with a reference value
describing a property or condition, refers to a value that is at least 1%, optionally at least
5%, optionally at least 10%, or optionally at least 20% greater than the provided
reference value. The term “substantially less”, when used in conjunction with a
reference value describing a property or condition, refers to a value that is at least 1%,
optionally at least 5%, optionally at least 10%, or optionally at least 20% less than the

provided reference value.

[0063] The terms "keratinocyte" and "keratinocytes" as used herein, refer to the
predominant cell type in the epidermis, the outermost layer of the skin, constituting the
majority (e.g., 90%-95%) of the cells found there. Keratinocytes are found in the deepest
basal layer of the stratified epithelium that comprises the epidermis, and are sometimes
referred to as basal cells or basal keratinocytes. Keratinocytes are maintained at various
stages of differentiation in the epidermis and are responsible for forming tight junctions
with the nerves of the skin. They also keep Langerhans cells of the epidermis and
lymphocytes of the dermis in place. Keratinocytes contribute to protecting the body from
UV radiation by taking up melanosomes. Keratinocytes contribute to protecting the body
from UV radiation by taking up melanosomes, vesicles containing the endogenous
photoprotectant melanin, from epidermal melanocytes. Each melanocyte in the
epidermis has several dendrites that stretch out to connect it with many keratinocytes.
The melanin is then stored within keratinocytes and melanocytes in the perinuclear area
as "supranuclear caps", where it protects the DNA from UV-induced damage. In addition
to their structural role, keratinocytes play a role in immune system function. The skin is
the first line of defense and keratinocytes serve as a barrier between an organism and

its environment. In addition to preventing toxins and pathogens from entering an
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organisms body, they prevent the loss of moisture, heat and other important
constituents of the body. In addition to their physical role, keratinocytes serve a
chemical immune role as immunomodulaters, responsible for secreting inhibitory
cytokines in the absence of injury and stimulating inflammation and activating
Langerhans cells in response to injury. Langerhans cells serve as antigen-presenting
cells when there is a skin infection and are the first cells to process microbial antigens

entering the body from a skin breach.

[0064] The terms "under conditions suitable to afford uptake", "taken up" and "take
up" as used herein, refer, in the usual and customary sense, to experimental conditions
well known in the art which allow uptake (e.g., endocytosis) of a species into a cell. In
some embodiments, the term “internalized” when referring to particles internalized in or
by a biological cell, refers to particles taken up by the biological cell, such as by, but not

limited to, formation of perinuclear caps.

[0065] The term "endocytosis" as used herein, refers to a form of active transport in
which a cell transports molecules (such as proteins) into the cell by engulfing them in an
energy-using process. Endocytosis includes pinocytosis and phagocytosis . Pinocytosis
is @ mode of endocytosis in which small particles are brought into the cell, forming an
invagination, and then suspended within small vesicles. These pinocytotic vesicles
subsequently fuse with lysosomes to hydrolyze (break down) the particles. Phagocytosis
is the process by which a cell engulfs a solid particle to form an internal compartment

known as a phagosome.

[0066] The terms "treating" or "treatment" as used herein, refers to any indicia of
success in the treatment or amelioration of an injury, disease, pathology or condition,
including any objective or subjective parameter such as abatement; remission;
diminishing of symptoms or making the injury, pathology or condition more tolerable to
the patient; slowing in the rate of degeneration or decline; making the final point of
degeneration less debilitating; improving a patient's physical or mental well-being. The
treatment or amelioration of symptoms can be based on objective or subjective
parameters; including the results of a physical examination, neuropsychiatric exams,
and/or a psychiatric evaluation. The term "treating," and conjugations thereof, include

prevention of an injury, pathology, condition, or disease.
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[0067] The term "effective amount" as used herein, refers to an amount sufficient to
accomplish a stated purpose (e.g. Achieve the effect for which it is administered, treat a
disease, reduce one or more symptoms of a disease or condition, and the like). An
example of an "effective amount" is an amount sufficient to contribute to the treatment,
prevention, or reduction of a symptom or symptoms of a disease, which could also be
referred to as a "therapeutically effective amount." A "reduction" of a symptom or
symptoms (and grammatical equivalents of this phrase) means decreasing of the
severity or frequency of the symptom(s), or elimination of the symptom(s). A
"prophylactically effective amount" of a drug is an amount of a drug that, when
administered to a subject, will have the intended prophylactic effect, e.g., preventing or
delaying the onset (or reoccurrence) of an injury, disease, pathology or condition, or
reducing the likelihood of the onset (or reoccurrence) of an injury, disease, pathology, or
condition, or their symptoms. The full prophylactic effect does not necessarily occur by
administration of one dose, and may occur only after administration of a series of doses.
Thus, a prophylactically effective amount may be administered in one or more
administrations. The exact amounts will depend on the purpose of the treatment, and
will be ascertainable by one skilled in the art using known techniques (see, e.g.,
Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science
and Technology of Pharmaceutical Compounding (1999); Pickar, Dosage Calculations
(1999); and Remington: The Science and Practice of Pharmacy, 20th Edition, 2003,
Gennaro, Ed., Lippincott, Williams & Wilkins).

[0068] The term "administering" as used herein, refers to oral administration,
administration as an inhaled aerosol or as an inhaled dry powder, suppository, topical
contact, intravenous, parenteral, intraperitoneal, intramuscular, intralcsional, intrathecal,
intranasal or subcutaneous administration, or the implantation of a slow-release device,
e.g., a mini-osmotic pump, to a subject. Administration is by any route, including
parenteral and transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal, vaginal,
rectal, or transdermal). Parenteral administration includes, e.g., intravenous,
intramuscular, intra-arteriole, intradermal, subcutaneous, intraperitoneal, intraventricular,
and intracranial. Other modes of delivery include, but are not limited to, the use of
liposomal formulations, intravenous infusion, transdermal patches, etc. By "co-
administer" it is meant that a composition described herein is administered at the same

time, just prior to, or just after the administration of one or more additional therapies, for
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example cancer therapies such as chemotherapy, hormonal therapy, radiotherapy, or
immunotherapy. The compound of the invention can be administered alone or can be
co-administered to the patient. Co-administration is meant to include simultaneous or
sequential administration of the compound individually or in combination (more than one
compound or agent). The compositions of the present invention can be delivered
transdermally, by a topical route, formulated as applicator sticks, solutions, suspensions,
emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and aerosols. Oral
preparations include tablets, pills, powder, dragees, capsules, liquids, lozenges,
cachets, gels, syrups, slurries, suspensions, etc., suitable for ingestion by the patient.
Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories,
and dispersible granules. Liquid form preparations include solutions, suspensions, and
emulsions, for example, water or water/propylene glycol solutions. The compositions of
the present invention may additionally include components to provide sustained release
and/or comfort. Such components include high molecular weight, anionic mucomimetic
polymers, gelling polysaccharides and finely- divided drug carrier substrates. These
components are discussed in greater detail in U.S. Pat. Nos. 4,911,920; 5,403,841;
5,212,162; and 4,861,760. The entire contents of these patents are incorporated herein
by reference in their entirety for all purposes. The compositions of the present invention
can also be delivered as microspheres for slow release in the body. For example,
microspheres can be administered via intradermal injection of drug-containing
microspheres, which slowly release subcutaneously (see Rao, J Biomater Sci. Polym.
Ed. 7:623-645, 1995; as biodegradable and injectable gel formulations (see, e.g., Gao
Pharm. Res. 12:857-863, 1995); or, as microspheres for oral administration (see, e.g.,
Eyles, J Pharm. Pharmacol. 49:669-674, 1997). In another embodiment, the
formulations of the compositions of the present invention can be delivered by the use of
liposomes which fuse with the cellular membrane or are endocytosed, i.e., by employing
receptor ligands attached to the liposome, that bind to surface membrane protein
receptors of the cell resulting in endocytosis. By using liposomes, particularly where the
liposome surface carries receptor ligands specific for target cells, or are otherwise
preferentially directed to a specific organ, one can focus the delivery of the compositions
of the present invention into the target cells in vivo. (See, e.g., Al-Muhammed, J.
Microencapsul. 13 :293306, 1996; Chonn, Curr. Opin. Biotechnol. 6:698-708, 1995;
Qstio, Am. J Hasp. Pharm. 46: 1576-1587, 1989).
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[0069] The term "contacting" may include allowing two species to react, interact, or
physically touch, wherein the two species may be, for example, a pharmaceutical
composition as provided herein and a cell. In embodiments contacting includes, for
example, allowing a pharmaceutical composition as described herein to interact with a

cell or a patient.

[0070] The terms "analog" and "analogue" are used interchangeably and are used in
accordance with their plain ordinary meaning within Chemistry and Biology and refers to
a chemical compound that is structurally similar to another compound (i.e., a so-called
"reference" compound) but differs in composition, e.g., in the replacement of one atom
by an atom of a different element, or in the presence of a particular functional group, or
the replacement of one functional group by another functional group, or the absolute
stereochemistry of one or more chiral centers of the reference compound, including
isomers thereof. Accordingly, an analog is a compound that is similar or comparable in

function and appearance but not in structure or origin to a reference compound.

[0071] Except where otherwise specified, the term “molecular weight” refers to an
average molecular weight. Except where otherwise specified, the term “average
molecular weight,” refers to number-average molecular weight. Number average
molecular weight is defined as the total weight of a sample volume divided by the
number of molecules within the sample. As is customary and well known in the art, peak
average molecular weight and weight average molecular weight may also be used to

characterize the molecular weight of the distribution of polymers within a sample.

[0072] The term “weight-average molecular weight” (Mw) refers to the average
molecular weight defined as the sum of the products of the molecular weight of each
polymer molecule (Mi) multiplied by its weight fraction (wi): Mw = ZwiMi. As is customary
and well known in the art, peak average molecular weight and number average
molecular weight may also be used to characterize the molecular weight of the

distribution of polymers within a sample.

[0073] The term “wt.%” or “wt%” refers to a weight percent, or a mass fraction
represented as a percentage by mass. The term “at.%” or “at%” refers to an atomic
percent, or an atomic ratio represented as a percentage of a type of atom with respect
to total atoms in a given matter, such as a molecule, compound, material, nanoparticle,

polymer, dispersion, etc.
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[0074] The term “oligomerization” refers to a chemical process of converting a
monomer or a mixture of monomers into an oligomer. The term “oxidative
oligomerization” refers to a chemical process of oligomerization that includes chemical
oxidation of one or more monomers to form an oligomer. An oligomerization is a

polymerization process, wherein an oligomer is formed as a result of the polymerization.

[0075] As used herein, the term “polymer” refers to a molecule composed of
repeating structural units connected by covalent chemical bonds often characterized by
a number of repeating units, also referred to as base units (e.g., greater than or equal to
2 base units). As used herein, a term “polymer” is inclusive of an “oligomer” (i.e., an
oligomer is a polymer; i.e., a polymer is optionally an oligomer). An “oligomer” refers to a
molecule composed of repeating structural units, also referred to as base units,
connected by covalent chemical bonds often characterized by a number of repeating
units less such that the oligomer is a low molecular weight polymer. Preferably, but not
necessarily, for example, an oligomer has equal to or less than 100 repeating units.
Preferably, but not necessarily, for example, an oligomer has a lower molecular weight
less than or equal to 10,000 Da. Oligomers may be the polymerization product of one or
more monomer precursors. Polymerization of one or more monomers, or monomer
precursors, resulting in formation of an oligomer may be referred to as oligomerization.
An oligomer optionally includes 100 or less, 50 or less, 15 or less, 12 or less, 10 or less,
or 5 or less repeating units (or, “base units”). An oligomer may be characterized has
having a molecular weight of 10,000 Da or less, 5,000 Da or less, 1,000 Da or less, 500
Da or less, or 200 Da or less. A dimer, a trimer, a tetramer, or a pentamer is an oligomer
having two, three, four, or five, respectively, repeating units, or base units. Polymers can
have, for example, greater than 100 repeating units. Polymers can have, for example, a
high molecular weight, such as greater than 10,000 Da, in some embodiments greater
than or equal to 50,000 Da or greater than or equal to 100,000 Da. The term polymer
includes homopolymers, or polymers consisting essentially of a single repeating
monomer subunit. The term polymer also includes copolymers which are formed when
two or more different types of monomers are linked in the same polymer. Copolymers
may comprise two or more monomer subunits, and include random, block, brush, brush
block, alternating, segmented, grafted, tapered and other architectures. Useful

polymers include organic polymers or inorganic polymers that may be in amorphous,

23



10

15

20

25

30

WO 2023/150205 PCT/US2023/012182

semi-amorphous, crystalline or semi-crystalline states. Polymer side chains capable of

cross linking polymers (e.g., physical cross linking) may be useful for some applications.

[0076] An “oligomer” refers to a molecule composed of repeating structural units,
also referred to as base units, connected by covalent chemical bonds often
characterized by a number of repeating units less than that of a polymer (e.g., equal to
or less than 100 repeating units) and a lower molecular weights (e.g. less than or equal
to 10,000 Da) than polymers. Oligomers may be the polymerization product of one or
more monomer precursors. Polymerization of one or more monomers, or monomer
precursors, resulting in formation of an oligomer may be referred to as oligomerization.
An oligomer optionally includes 100 or less, 50 or less, 15 or less, 12 or less, 10 or less,
or 5 or less repeating units (or, “base units”). An oligomer may be characterized has
having a molecular weight of 10,000 Da or less, 5,000 Da or less, 1,000 Da or less, 500
Da or less, or 200 Da or less. A dimer, a trimer, a tetramer, or a pentamer is an oligomer

having two, three, four, or five, respectively, repeating units, or base units.

[0077] As used herein, the term “group” may refer to a functional group of a chemical
compound. Groups of the present compounds refer to an atom or a collection of atoms
that are a part of the compound. Groups of the present invention may be attached to
other atoms of the compound via one or more covalent bonds. Groups may also be
characterized with respect to their valence state. The present invention includes groups

characterized as monovalent, divalent, trivalent, etc. valence states.

[0078] The term “moiety” refers to a group, such as a functional group, of a chemical
compound or molecule. A moiety is a collection of atoms that are part of the chemical
compound or molecule. The present invention includes moieties characterized as
monovalent, divalent, trivalent, etc. valence states. Generally, but not necessarily, a

moiety comprises more than one functional group.

[0079] As used herein, the term “substituted” refers to a compound wherein one or
more hydrogens is replaced by another functional group, provided that the designated
atom’s normal valence is not exceeded. An exemplary substituent includes, but is not
limited to: a halogen or halide, an alkyl, a cycloalkyl, an aryl, a heteroaryl, an acyl, an
alkoxy, an alkenyl, an alkynyl, an alkylaryl, an arylene, a heteroarylene, an alkenylene, a
cycloalkenylene, an alkynylene, a hydroxyl (-OH), a carbonyl (RCOR’), a sulfide (e.g.,
RSR’), a phosphate (ROP(=0)(OH)2), an azo (RNNR’), a cyanate (ROCN), an amine
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(e.g., primary, secondary, or tertiary), an imine (RC(=NH)R"), a nitrile (RCN), a pyridinyl
(or pyridyl), a diamine, a triamine, an azide, a diimine, a triimine, an amide, a diimide, or
an ether (ROR’); where each of R and R’ is independently a hydrogen or a substituted
or unsubstituted alkyl group, aryl group, alkenyl group, or a combination of these.
Optional substituent functional groups are also described below. In some embodiments,
the term substituted refers to a compound wherein each of more than one hydrogen is
replaced by another functional group, such as a halogen group. For example, when the
substituent is oxo (i.e., =0), then two hydrogens on the atom are replaced. The
substituent group can be any substituent group described herein. For example,
substituent groups can include one or more of a hydroxyl, an amino (e.g., primary,
secondary, or tertiary), an aldehyde, a carboxylic acid, an ester, an amide, a ketone,
nitro, an urea, a guanidine, cyano, fluoroalkyl (e.g., trifluoromethane), halo (e.g., fluoro),
aryl (e.g., phenyl), heterocyclyl or heterocyclic group (i.e., cyclic group, e.g., aromatic
(e.g., heteroaryl) or non-aromatic where the cyclic group has one or more heteroatoms),
oxo, or combinations thereof. Combinations of substituents and/or variables are
permissible provided that the substitutions do not significantly adversely affect synthesis

or use of the compound.

[0080] As used herein, the term “derivative” refers to a compound wherein an atom or
functional group is replaced by another atom or functional group (e.g., a substituent
function group as also described below), including, but not limited to: a hydrogen, a
halogen or halide, an alkyl, a cycloalkyl, an aryl, a heteroaryl, an acyl, an alkoxy, an
alkenyl, an alkynyl, an alkylaryl, an arylene, a heteroarylene, an alkenylene, a
cycloalkenylene, an alkynylene, a hydroxyl (-OH), a carbonyl (RCOR’), a sulfide (e.g.,
RSR’), a phosphate (ROP(=0)(OH)2), an azo (RNNR’), a cyanate (ROCN), an amine
(e.g., primary, secondary, or tertiary), an imine (RC(=NH)R"), a nitrile (RCN), a pyridinyl
(or pyridyl), a diamine, a triamine, an azide, a diimine, a triimine, an amide, a diimide, or
an ether (ROR’); where each of R and R’ is independently a hydrogen or a substituted
or unsubstituted alkyl group, aryl group, alkenyl group, or a combination of these.
Optional substituent functional groups are also described below. Preferably, the term
“derivative” refers to a compound wherein one or two atoms or functional groups are
independently replaced by another atom or functional group. Optionally, the term
derivative does not refer to or include replacement of a chalcogen atom (S, Se) that is a
member of a heterocyclic group. Optionally, and unless otherwise stated, the term

derivative does not refer to or include replacement of a chalcogen atom (S, Se) nora N
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(nitrogen) where the chalcogen atom and the N are members same heterocyclic group.
Optionally, but not necessarily, the term derivative does not include breaking a ring

structure, replacement of a ring member, or removal of a ring member.

[0081] As is customary and well known in the art, hydrogen atoms in formula, are not
always explicitly shown, for example, hydrogen atoms bonded to the carbon atoms of
aromatic, heteroaromatic, and alicyclic rings are not always explicitly shown. The
structures provided herein, for example in the context of the description of formula and
schematics and structures in the drawings, are intended to convey to one of reasonable
skill in the art the chemical composition of compounds of the methods and compositions
of the invention, and as will be understood by one of skill in the art, the structures
provided do not indicate the specific positions and/or orientations of atoms and the

corresponding bond angles between atoms of these compounds.

[0082] As used herein, the terms “alkylene” and “alkylene group” are used
synonymously and refer to a divalent group derived from an alkyl group as defined
herein. The invention includes compounds having one or more alkylene groups.
Alkylene groups in some compounds function as linking and/or spacer groups.
Compounds of the invention may have substituted and/or unsubstituted C1-Cz0 alkylene,
C1-C10 alkylene and C1-Cs alkylene groups, for example, as one or more linking groups
(e.g. L' —L®).

[0083] As used herein, the terms “cycloalkylene” and “cycloalkylene group” are used
synonymously and refer to a divalent group derived from a cycloalkyl group as defined
herein. The invention includes compounds having one or more cycloalkylene groups.
Cycloalkyl groups in some compounds function as linking and/or spacer groups.
Compounds of the invention may have substituted and/or unsubstituted C3-C2o
cycloalkylene, C3-C1o cycloalkylene and C3-Cs cycloalkylene groups, for example, as

one or more linking groups (e.g. L' — L®).

[0084] As used herein, the terms “arylene” and “arylene group” are used synonymously
and refer to a divalent group derived from an aryl group as defined herein. The
invention includes compounds having one or more arylene groups. In some
embodiments, an arylene is a divalent group derived from an aryl group by removal of
hydrogen atoms from two intra-ring carbon atoms of an aromatic ring of the aryl group.
Arylene groups in some compounds function as linking and/or spacer groups. Arylene

groups in some compounds function as chromophore, fluorophore, aromatic antenna,
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dye and/or imaging groups. Compounds of the invention include substituted and/or
unsubstituted C3-Cao arylene, C3-C2o arylene, C3-C1o arylene and C1-Cs arylene groups,

for example, as one or more linking groups (e.g. L' — L8).

[0085] As used herein, the terms “heteroarylene” and “heteroarylene group” are used
synonymously and refer to a divalent group derived from a heteroaryl group as defined
herein. The invention includes compounds having one or more heteroarylene groups.

In an embodiment, a heteroarylene is a divalent group derived from a heteroaryl group
by removal of hydrogen atoms from two intra-ring carbon atoms or intra-ring nitrogen
atoms of a heteroaromatic or aromatic ring of the heteroaryl group. Heteroarylene
groups in some compounds function as linking and/or spacer groups. Heteroarylene
groups in some compounds function as chromophore, aromatic antenna, fluorophore,
dye and/or imaging groups. Compounds of the invention include substituted and/or
unsubstituted C3-C3o0 heteroarylene, C3-C2o heteroarylene, C1-C1o heteroarylene and Cs-

Cs heteroarylene groups, for example, as one or more linking groups (e.g. L' — L®).

[0086] As used herein, the terms “alkenylene” and “alkenylene group” are used
synonymously and refer to a divalent group derived from an alkenyl group as defined
herein. The invention includes compounds having one or more alkenylene groups.
Alkenylene groups in some compounds function as linking and/or spacer groups.
Compounds of the invention include substituted and/or unsubstituted C2-C2o alkenylene,
C2-C10 alkenylene and C2-Cs alkenylene groups, for example, as one or more linking

groups (e.g. L' —L8).

[0087] As used herein, the terms “cylcoalkenylene” and “cylcoalkenylene group” are
used synonymously and refer to a divalent group derived from a cylcoalkenyl group as
defined herein. The invention includes compounds having one or more cylcoalkenylene
groups. Cycloalkenylene groups in some compounds function as linking and/or spacer
groups. Compounds of the invention include substituted and/or unsubstituted C3-Cz2o
cylcoalkenylene, C3-C1o cylcoalkenylene and C3-Cs cylcoalkenylene groups, for

example, as one or more linking groups (e.g. L' — L8).

[0088] As used herein, the terms “alkynylene” and “alkynylene group” are used
synonymously and refer to a divalent group derived from an alkynyl group as defined
herein. The invention includes compounds having one or more alkynylene groups.
Alkynylene groups in some compounds function as linking and/or spacer groups.

Compounds of the invention include substituted and/or unsubstituted C2-C20 alkynylene,
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C2-C10 alkynylene and C2-Cs alkynylene groups, for example, as one or more linking

groups (e.g. L' —L%).

[0089] As used herein, the term “halo” refers to a halogen group such as a fluoro (-
F), chloro (-Cl), bromo (-Br), iodo (1) or astato (—At).

[0090] The term "heterocyclic" refers to ring structures containing at least one other
kind of atom, in addition to carbon, in the ring. Examples of such heteroatoms include
nitrogen, oxygen and sulfur. Heterocyclic rings include heterocyclic alicyclic rings and
heterocyclic aromatic rings. Examples of heterocyclic rings include, but are not limited
to, pyrrolidinyl, piperidyl, imidazolidinyl, tetrahydrofuryl, tetrahydrothienyl, furyl, thienyl,
pyridyl, quinolyl, isoquinolyl, pyridazinyl, pyrazinyl, indolyl, imidazolyl, oxazolyl, thiazolyl,
pyrazolyl, pyridinyl, benzoxadiazolyl, benzothiadiazolyl, triazolyl and tetrazolyl groups.
Atoms of heterocyclic rings can be bonded to a wide range of other atoms and

functional groups, for example, provided as substituents.

[0091] The term “carbocyclic” refers to ring structures containing only carbon atoms in
the ring. Carbon atoms of carbocyclic rings can be bonded to a wide range of other

atoms and functional groups, for example, provided as substituents.

[0092] The term “alicyclic ring” refers to a ring, or plurality of fused rings, that is not an

aromatic ring. Alicyclic rings include both carbocyclic and heterocyclic rings.

[0093] The term “aromatic ring” refers to a ring, or a plurality of fused rings, that
includes at least one aromatic ring group. The term aromatic ring includes aromatic
rings comprising carbon, hydrogen and heteroatoms. Aromatic ring includes carbocyclic

and heterocyclic aromatic rings. Aromatic rings are components of aryl groups.

[0094] The term “fused ring” or “fused ring structure” refers to a plurality of alicyclic
and/or aromatic rings provided in a fused ring configuration, such as fused rings that

share at least two intra ring carbon atoms and/or heteroatoms.

[0095] As used herein, the term "alkoxyalkyl" refers to a substituent of the formula
alkyl-O-alkyl.

[0096] As used herein, the term "polyhydroxyalkyl" refers to a substituent having from 2
to 12 carbon atoms and from 2 to 5 hydroxyl groups, such as the 2,3-dihydroxypropyl,
2,3,4-trihydroxybutyl or 2,3,4,5-tetrahydroxypentyl residue.
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[0097] As used herein, the term "polyalkoxyalkyl" refers to a substituent of the formula
alkyl-(alkoxy)n-alkoxy wherein n is an integer from 1 to 10, preferably 1 to 4, and more

preferably for some embodiments 1 to 3.

[0098] Amino acids include glycine, alanine, valine, leucine, isoleucine, methionine,
proline, phenylalanine, tryptophan, asparagine, glutamine, glycine, serine, threonine,
serine, rhreonine, asparagine, glutamine, tyrosine, cysteine, lysine, arginine, histidine,
aspartic acid and glutamic acid. As used herein, reference to “a side chain residue of a
natural a-amino acid” specifically includes the side chains of the above-referenced
amino acids. Peptides and peptide moieties, as used and described herein, comprise

two or more amino acid groups connected via peptide bonds.

[0099] Amino acids and amino acid groups refer to naturally-occurring amino acids,
unnatural (non-naturally occurring) amino acids, and/or combinations of these.
Naturally-occurring amino acids are those encoded by the genetic code, as well as
those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate, and
O-phosphoserine. Naturally-occurring a-amino acids include, without limitation, alanine
(Ala), cysteine (Cys), aspartic acid (Asp), glutamic acid (Glu), phenylalanine (Phe),
glycine (Gly), histidine (His), isoleucine (lle), arginine (Arg), lysine (Lys), leucine (Leu),
methionine (Met), asparagine (Asn), proline (Pro), glutamine (GIn), serine (Ser),
threonine (Thr), valine (Val), tryptophan (Trp), tyrosine (Tyr), and combinations thereof.
Stereoisomers of a naturally-occurring a-amino acids include, without limitation, D-
alanine (D-Ala), D-cysteine (D-Cys), D-aspartic acid (D-Asp), D-glutamic acid (D-Glu),
D-phenylalanine (D-Phe), D-histidine (D-His), D-isoleucine (D-lle), D-arginine (D-Arg),
D-lysine (D-Lys), D-leucine (D-Leu), D-methionine (D-Met), D-asparagine (D-Asn), D-
proline (D-Pro), D-glutamine (D-GIn), D-serine (D-Ser), D-threonine (D-Thr), D-valine (D-
Val), D-tryptophan (D-Trp), D-tyrosine (D-Tyr), and combinations thereof.

[0100] Unnatural (non-naturally occurring) amino acids include, without limitation,
amino acid analogs, amino acid mimetics, synthetic amino acids, N-substituted glycines,
and N-methyl amino acids in either the L- or D-configuration that function in a manner
similar to the naturally-occurring amino acids. For example, “amino acid analogs” can
be unnatural amino acids that have the same basic chemical structure as naturally-
occurring amino acids (i.e., a carbon that is bonded to a hydrogen, a carboxyl group, an
amino group) but have modified side-chain groups or modified peptide backbones, e.g.,

homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium. “Amino
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acid mimetics” refer to chemical compounds that have a structure that is different from
the general chemical structure of an amino acid, but that functions in a manner similar to
a naturally-occurring amino acid. Amino acids may be referred to herein by either the
commonly known three letter symbols or by the one-letter symbols recommended by the

IUPAC-IUB Biochemical Nomenclature Commission.

[0101] The terms “monomer unit,” “repeating monomer unit,” “repeating unit,” and
“polymerized monomer” can be used interchangeably and refer to a monomeric portion
of a polymer described herein which is derived from or is a product of polymerization of
one individual “monomer” or “polymerizable monomer.” Each individual monomer unit
of a polymer is derived from or is a product of polymerization of one polymerizable
monomer. Each individual “monomer unit” or “repeating unit” of a polymer comprises
one (polymerized) polymer backbone group. For example, in a polymer that comprises
monomer units X and Y arranged as X-Y-X-Y-X-Y-X-Y (where each X is identical to
each other X and each Y is identical to each other Y), each X and each Y is

independently can be referred to as a repeating unit or monomer unit.

[0102] Alkyl groups include straight-chain, branched and cyclic alkyl groups. Alkyl
groups include those having from 1 to 30 carbon atoms. Alkyl groups include small alkyl
groups having 1 to 3 carbon atoms. Alkyl groups include medium length alkyl groups
having from 4-10 carbon atoms. Alkyl groups include long alkyl groups having more than
10 carbon atoms, particularly those having 10-30 carbon atoms. The term cycloalkyl
specifically refers to an alky group having a ring structure such as ring structure
comprising 3-30 carbon atoms, optionally 3-20 carbon atoms and optionally 2 — 10
carbon atoms, including an alkyl group having one or more rings. Cycloalkyl groups
include those having a 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10- member carbon ring(s) and
particularly those having a 3-, 4-, 5-, 6-, 7-, or 8- member ring(s). The carbon rings in
cycloalkyl groups can also carry alkyl groups. Cycloalkyl groups can include bicyclic and
tricycloalkyl groups. Alkyl groups are optionally substituted. Substituted alkyl groups
include among others those which are substituted with aryl groups, which in turn can be
optionally substituted. Specific alkyl groups include methyl, ethyl, n-propyl, iso-propyl,
cyclopropyl, n-butyl, s-butyl, t-butyl, cyclobutyl, n-pentyl, branched-pentyl, cyclopentyl, n-
hexyl, branched hexyl, and cyclohexyl groups, all of which are optionally substituted.
Substituted alkyl groups include fully halogenated or semihalogenated alkyl groups,

such as alkyl groups having one or more hydrogens replaced with one or more fluorine
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atoms, chlorine atoms, bromine atoms and/or iodine atoms. Substituted alkyl groups
include fully fluorinated or semifluorinated alkyl groups, such as alkyl groups having one
or more hydrogens replaced with one or more fluorine atoms. An alkoxy group is an
alkyl group that has been modified by linkage to oxygen and can be represented by the
formula R—O and can also be referred to as an alkyl ether group. Examples of alkoxy
groups include, but are not limited to, methoxy, ethoxy, propoxy, butoxy and heptoxy.
Alkoxy groups include substituted alkoxy groups wherein the alky portion of the groups
is substituted as provided herein in connection with the description of alkyl groups. As
used herein MeO- refers to CH3sO—. Compositions of some embodiments of the
invention comprise alkyl groups as terminating groups, such as polymer backbone
terminating groups and/or polymer side chain terminating groups. Substituted alky!
groups may include substitution to incorporate one or more silyl groups, for example

wherein one or more carbons are replaced by Si.

[0103] Alkenyl groups include straight-chain, branched and cyclic alkenyl groups.
Alkenyl groups include those having 1, 2 or more double bonds and those in which two
or more of the double bonds are conjugated double bonds. Alkenyl groups include those
having from 2 to 20 carbon atoms. Alkenyl groups include small alkenyl groups having 2
to 3 carbon atoms. Alkenyl groups include medium length alkenyl groups having from 4-
10 carbon atoms. Alkenyl groups include long alkenyl groups having more than 10
carbon atoms, particularly those having 10-20 carbon atoms. Cycloalkenyl groups
include those in which a double bond is in the ring or in an alkenyl group attached to a
ring. The term cycloalkenyl specifically refers to an alkenyl group having a ring structure,
including an alkenyl group having a 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-member carbon ring(s)
and particularly those having a 3-, 4-, 5-, 6- or 7-member ring(s). The carbon rings in
cycloalkenyl groups can also carry alkyl groups. Cycloalkenyl groups can include
bicyclic and tricyclic alkenyl groups. Alkenyl groups are optionally substituted.
Substituted alkenyl groups include among others those which are substituted with alkyl
or aryl groups, which groups in turn can be optionally substituted. Specific alkenyl
groups include ethenyl, prop-1-enyl, prop-2-enyl, cycloprop-1-enyl, but-1-enyl, but-2-
enyl, cyclobut-1-enyl, cyclobut-2-enyl, pent-1-enyl, pent-2-enyl, branched pentenyl,
cyclopent-1-enyl, hex-1-enyl, branched hexenyl, cyclohexenyl, all of which are optionally
substituted. Substituted alkenyl groups include fully halogenated or semihalogenated
alkenyl groups, such as alkenyl groups having one or more hydrogens replaced with

one or more fluorine atoms, chlorine atoms, bromine atoms and/or iodine atoms.
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Substituted alkenyl groups include fully fluorinated or semifluorinated alkenyl groups,
such as alkenyl groups having one or more hydrogen atoms replaced with one or more
fluorine atoms. Compositions of some embodiments of the invention comprise alkenyl
groups as terminating groups, such as polymer backbone terminating groups and/or

polymer side chain terminating groups.

[0104] Aryl groups include groups having one or more 5-, 6- 7-, or 8- member aromatic
rings, including heterocyclic aromatic rings. The term heteroary!| specifically refers to aryl
groups having at least one 5-, 6- 7-, or 8- member heterocyclic aromatic rings. Aryl
groups can contain one or more fused aromatic rings, including one or more fused
heteroaromatic rings, and/or a combination of one or more aromatic rings and one or
more nonaromatic rings that may be fused or linked via covalent bonds. Heterocyclic
aromatic rings can include one or more N, O, or S atoms in the ring. Heterocyclic
aromatic rings can include those with one, two or three N atoms, those with one or two
O atoms, and those with one or two S atoms, or combinations of one or two or three N,
O or S atoms. Aryl groups are optionally substituted. Substituted aryl groups include
among others those that are substituted with alkyl or alkenyl groups, which groups in
turn can be optionally substituted. Specific aryl groups include phenyl, biphenyl groups,
pyrrolidinyl, imidazolidinyl, tetrahydrofuryl, tetrahydrothienyl, furyl, thienyl, pyridyl,
quinolyl, isoquinolyl, pyridazinyl, pyrazinyl, indolyl, imidazolyl, oxazolyl, thiazolyl,
pyrazolyl, pyridinyl, benzoxadiazolyl, benzothiadiazolyl, and naphthyl groups, all of
which are optionally substituted. Substituted aryl groups include fully halogenated or
semihalogenated aryl groups, such as aryl groups having one or more hydrogens
replaced with one or more fluorine atoms, chlorine atoms, bromine atoms and/or iodine
atoms. Substituted aryl groups include fully fluorinated or semifluorinated aryl groups,
such as aryl groups having one or more hydrogens replaced with one or more fluorine
atoms. Aryl groups include, but are not limited to, aromatic group-containing or
heterocylic aromatic group-containing groups corresponding to any one of the following:
benzene, naphthalene, naphthoquinone, diphenylmethane, fluorene, anthracene,
anthraquinone, phenanthrene, tetracene, tetracenedione, pyridine, quinoline,
iIsoquinoline, indoles, isoindole, pyrrole, imidazole, oxazole, thiazole, pyrazole, pyrazine,
pyrimidine, purine, benzimidazole, furans, benzofuran, dibenzofuran, carbazole,
acridine, acridone, phenanthridine, thiophene, benzothiophene, dibenzothiophene,
xanthene, xanthone, flavone, coumarin, azulene or anthracycline. As used herein, a

group corresponding to the groups listed above expressly includes an aromatic or
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heterocyclic aromatic group, including monovalent, divalent and polyvalent groups, of
the aromatic and heterocyclic aromatic groups listed herein are provided in a covalently
bonded configuration in the compounds of the invention at any suitable point of
attachment. In embodiments, aryl groups contain between 5 and 30 carbon atoms. In
embodiments, aryl groups contain one aromatic or heteroaromatic six-member ring and
one or more additional five- or six-member aromatic or heteroaromatic ring. In
embodiments, aryl groups contain between five and eighteen carbon atoms in the rings.
Aryl groups optionally have one or more aromatic rings or heterocyclic aromatic rings
having one or more electron donating groups, electron withdrawing groups and/or
targeting ligands provided as substituents. Compositions of some embodiments of the
invention comprise aryl groups as terminating groups, such as polymer backbone

terminating groups and/or polymer side chain terminating groups.

[0105] Arylalkyl groups are alkyl groups substituted with one or more aryl groups
wherein the alkyl groups optionally carry additional substituents and the aryl groups are
optionally substituted. Specific alkylaryl groups are phenyl-substituted alkyl groups, e.g.,
phenylmethyl groups. Alkylaryl groups are alternatively described as aryl groups
substituted with one or more alkyl groups wherein the alkyl groups optionally carry
additional substituents and the aryl groups are optionally substituted. Specific alkylaryl
groups are alkyl-substituted phenyl groups such as methylphenyl. Substituted arylalky!
groups include fully halogenated or semihalogenated arylalkyl groups, such as arylalkyl
groups having one or more alkyl and/or aryl groups having one or more hydrogens
replaced with one or more fluorine atoms, chlorine atoms, bromine atoms and/or iodine
atoms. Compositions of some embodiments of the invention comprise arylalkyl groups
as terminating groups, such as polymer backbone terminating groups and/or polymer

side chain terminating groups.

[0106] As to any of the groups described herein which contain one or more
substituents, it is understood that such groups do not contain any substitution or
substitution patterns which are sterically impractical and/or synthetically non-feasible. .
In addition, the compounds of this invention include all stereochemical isomers arising
from the substitution of these compounds. Optional substitution of alkyl groups includes
substitution with one or more alkenyl groups, aryl groups or both, wherein the alkenyl
groups or aryl groups are optionally substituted. Optional substitution of alkenyl groups

includes substitution with one or more alkyl groups, aryl groups, or both, wherein the
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alkyl groups or aryl groups are optionally substituted. Optional substitution of aryl groups
includes substitution of the aryl ring with one or more alkyl groups, alkenyl groups, or

both, wherein the alkyl groups or alkenyl groups are optionally substituted.

[0107] Optional substituents for any alkyl, alkenyl and aryl group includes substitution

with one or more of the following substituents, among others:
halogen, including fluorine, chlorine, bromine or iodine;
pseudohalides, including —CN;

—COOR where R is a hydrogen or an alkyl group or an aryl group and more
specifically where R is a methyl, ethyl, propyl, butyl, or phenyl group all of which groups

are optionally substituted;

—COR where R is a hydrogen or an alkyl group or an aryl group and more
specifically where R is a methyl, ethyl, propyl, butyl, or phenyl group all of which groups

are optionally substituted;

—CON(R)2 where each R, independently of each other R, is a hydrogen or an
alkyl group or an aryl group and more specifically where R is a methyl, ethyl, propyl,
butyl, or phenyl group all of which groups are optionally substituted; and where R and R
can form a ring which can contain one or more double bonds and can contain one or

more additional carbon atoms;

—OCON(R)2 where each R, independently of each other R, is a hydrogen or an
alkyl group or an aryl group and more specifically where R is a methyl, ethyl, propyl,
butyl, or phenyl group all of which groups are optionally substituted; and where R and R
can form a ring which can contain one or more double bonds and can contain one or

more additional carbon atoms;

—N(R)2 where each R, independently of each other R, is a hydrogen, or an alkyl
group, or an acyl group or an aryl group and more specifically where R is a methyl,
ethyl, propyl, butyl, phenyl or acetyl group, all of which are optionally substituted; and
where R and R can form a ring which can contain one or more double bonds and can

contain one or more additional carbon atoms;

—SR, where R is hydrogen or an alkyl group or an aryl group and more
specifically where R is hydrogen, methyl, ethyl, propyl, butyl, or a phenyl group, which

are optionally substituted;
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—-SO2R, or —SOR where R is an alkyl group or an aryl group and more specifically
where R is a methyl, ethyl, propyl, butyl, or phenyl group, all of which are optionally

substituted:;

—OCOOR where R is an alkyl group or an aryl group;

—-S02N(R)2 where each R, independently of each other R, is a hydrogen, or an
alkyl group, or an aryl group all of which are optionally substituted and wherein R and R
can form a ring which can contain one or more double bonds and can contain one or

more additional carbon atoms; and

[0108] —OR where R is H, an alkyl group, an aryl group, or an acyl group all of
which are optionally substituted. In a particular example R can be an acyl yielding —
OCOR” where R” is a hydrogen or an alkyl group or an aryl group and more specifically
where R” is methyl, ethyl, propyl, butyl, or phenyl groups all of which groups are

optionally substituted.

[0109] Specific substituted alkyl groups include haloalkyl groups, particularly
trihalomethyl groups and specifically trifluoromethyl groups. Specific substituted aryl
groups include mono-, di-, tri, tetra- and pentahalo-substituted phenyl groups; mono-,
di-, tri-, tetra-, penta-, hexa-, and hepta-halo-substituted naphthalene groups; 3- or 4-
halo-substituted phenyl groups, 3- or 4-alkyl-substituted phenyl groups, 3- or 4-alkoxy-
substituted phenyl groups, 3- or 4-RCO-substituted phenyl, 5- or 6-halo-substituted
naphthalene groups. More specifically, substituted aryl groups include acetylphenyl
groups, particularly 4-acetylphenyl groups; fluorophenyl groups, particularly 3-
fluorophenyl and 4-fluorophenyl groups; chlorophenyl groups, particularly 3-
chlorophenyl and 4-chlorophenyl groups; methylphenyl groups, particularly 4-
methylphenyl groups; and methoxyphenyl groups, particularly 4-methoxyphenyl groups.

[0110] As to any of the above groups which contain one or more substituents, it is
understood that such groups do not contain any substitution or substitution patterns

which are sterically impractical and/or synthetically non-feasible.

[0111] Many of the molecules disclosed herein contain one or more ionizable groups.
lonizable groups include groups from which a proton can be removed (e.g.,
—COOH) or added (e.g., amines) and groups that can be quaternized (e.g., amines). All

possible ionic forms of such molecules and salts thereof are intended to be included
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individually in the disclosure herein. With regard to salts of the compounds herein, one
of ordinary sKkill in the art can select from among a wide variety of available counterions
that are appropriate for preparation of salts of this invention for a given application. In
specific applications, the selection of a given anion or cation for preparation of a salt can

result in increased or decreased solubility of that salt.

[0112] The compounds of this invention can contain one or more chiral centers.
Accordingly, this invention is intended to include racemic mixtures, diastereomers,
enantiomers, tautomers and mixtures enriched in one or more stereoisomer. The scope
of the invention as described and claimed encompasses the racemic forms of the

compounds as well as the individual enantiomers and non-racemic mixtures thereof.

[0113] As used herein, the term "isomers" refers to compounds having the same
number and kind of atoms, and hence the same molecular weight, but differing in

respect to the structural arrangement or configuration of the atoms.

[0114] The term "tautomer," as used herein, refers to one of two or more structural
isomers which exist in equilibrium and which are readily converted from one isomeric
form to another. It will be apparent to one skilled in the art that certain compounds of this
invention may exist in tautomeric forms, all such tautomeric forms of the compounds

being within the scope of the invention.

[0115] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each
asymmetric center. Therefore, single stereochemical isomers as well as enantiomeric
and diastereomeric mixtures of the present compounds are within the scope of the

invention.

[0116] Unless otherwise stated, structures depicted herein are also meant to include
compounds which differ only in the presence of one or more isotopically enriched atoms.
For example, compounds having the present structures except for the replacement of a
hydrogen by a deuterium or tritium, or the replacement of a carbon by '3*C- or '4C-

enriched carbon are within the scope of this invention.

[0117] The compounds of the present invention may also contain unnatural proportions
of atomic isotopes at one or more of the atoms that constitute such compounds. For

example, the compounds may be radiolabeled with radioactive isotopes, such as for
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example tritium (3H), iodine-125 ('), or carbon-14 ('#C). All isotopic variations of the
compounds of the present invention, whether radioactive or not, are encompassed

within the scope of the present invention.

[0118] The symbol “~" denotes the point of attachment of a chemical moiety,
functional group, atom, ion, unpaired electron, or other chemical species to the

represented molecule, compound, or chemical formula. For example, in the formula

X , “X” represents a molecule or compound, the symbol “~~" denotes a point of
attachment of a chemical moiety, functional group, atom, ion, unpaired electron, or other
chemical species to X (where X corresponds to the represented molecule, compound, or
chemical formula) via covalent bonding. As used herein, the various functional groups
represented will be understood to have a point of attachment at the functional group
having the hyphen or dash (-) or a dash used in combination with an asterisk (*). In
other words, in the case of -CH2CH2CH3 or -CH2CH2CHs, it will be understood that the
point of attachment is the CHz group at the far left. If a group is recited without an
asterisk or a dash, then the attachment point is indicated by the plain and ordinary

meaning of the recited group.

[0119] Where substituent groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical
substituents that would result from writing the structure from right to left, e.g., -CH20- is

equivalent to -OCH2-.

[0120] Additional embodiments, aspects, and descriptions may be found in U.S.
Provisional Patent Application 62/928,129, filed October 30, 2019, U.S. Provisional
Patent Application No. 62/868,369, filed June 28, 2019, Huang, et al. (Huang, Y.; Li, Y;
Hu, Z.; Yue, X.; Proetto, M. T.; Jones, Y.; Gianneschi, N. C., Mimicking Melanosomes:
Polydopamine Nanoparticles as Artificial Microparasols. ACS Cent Sci 2017, 3 (6), 564-
569), and US Patent Publication No. 2020/0113934A1, all of which are incorporated

herein in their entirety to the extent not inconsistent herewith.

[0121] In an embodiment, a composition or compound of the invention, such as an

alloy or precursor to an alloy, is isolated or substantially purified. In an embodiment, an

isolated or purified compound is at least partially isolated or substantially purified as

would be understood in the art. In an embodiment, a substantially purified composition,
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compound or formulation of the invention has a chemical purity of 95%, optionally for
some applications 99%, optionally for some applications 99.9%, optionally for some

applications 99.99%, and optionally for some applications 99.999% pure.

DETAILED DESCRIPTION OF THE INVENTION
[0122] In the following description, numerous specific details of the devices, device
components and methods of the present invention are set forth in order to provide a
thorough explanation of the precise nature of the invention. It will be apparent, however,
to those of skill in the art that the invention can be practiced without these specific

details.

[0123] The invention can be further understood by the following non-limiting

examples.

[0124] Example 1: Aminomethyl Proponal (AMP-ULTRA™ PC-2000)

[0125] In an exemplary useful aspect, aminomethyl proponal is used as an amine

compound according to methods disclosed herein.

[0126] For example: hair was dyed in a water bath heated to 40 °C and covered with
parafilm to help keep water from evaporating. Blond hair was placed at the bottom of a
glass dish. 300 mL of water was added to completely submerge the hair. 1.5 g of
dopamine was added for a final concentration of 5 mg/mL of dopamine. 45 mL of the
amine aminomethyl proponal was added to the water bath for a final concentration of
140 mg/mL. The solution immediately started to turn brown. The solution with the hair
was heated at 40 °C for two hours. Once hair dyeing is done, the hair can be washed

with shampoo and water.

[0127] For example, the same protocol may be followed to dye hair with dopamine
and L-dopa. Instead of adding 1.5 g of dopamine, 0.75 g of dopamine and 0.75 g of L-
dopa could be added for a final concentration of 2.5 mg/mL of each monomer and a

total 5 mg/mL of both monomers.

[0128] FIGs. 1A-1D: Exemplary hair dye results using aminomethyl proponal. FIG.
1A: Chemical formula of aminomethyl proponal. FIG. 1B: 5mg/mL dopamine coated
hair. FIG. 1C: 2.5 mg/mL dopamine and L-dopa coated hair. FIG. 1D: Untreated hair

control.
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[0129] Example 2: Aminopropanol (DL-2AP ULTRA PC™)

[0130] In an exemplary useful aspect, aminopropanol is used as an amine compound

according to methods disclosed herein.

[0131] For example: hair was dyed in a water bath heated to 40 °C and covered with
parafilm to help keep water from evaporating. Blond hair was placed at the bottom of a
glass dish. 300 mL of water was added to completely submerge the hair. 1.5 g of
dopamine was added for a final concentration of 5 mg/mL of dopamine. 45 mL of the
amine aminopropanol was added to the water bath for a final concentration of 140
mg/mL. The solution immediately started to turn brown. The solution with the hair was

heated at 40 °C for two hours.

[0132] For example, the same protocol could be followed to dye hair with dopamine
and L-dopa. Instead of adding 1.5 g of dopamine, 0.75 g of dopamine and 0.75 g of L-
dopa could be added for a final concentration of 2.5 mg/mL of each monomer and a
total 5 mg/mL of both monomers. Once hair dyeing is done, the hair can be washed with

shampoo and water.

[0133] FIGs. 2A-2D: Exemplary hair dye results using aminoproponal. FIG. 2A:
Chemical formula of aminproponal. FIG. 2B: 5mg/mL dopamine coated hair. FIG. 2C:
2.5 mg/mL dopamine and L-dopa coated hair. FIG. 2D: Untreated hair control.

[0134] Example 3: Dimethyaminomethy! Propanol (DMAMP ULTRA PC™)

[0135] In an exemplary useful aspect, dimethyaminomethyl propanol is used as an

amine compound according to methods disclosed herein.

[0136] For example: hair was dyed in a water bath heated to 40 °C and covered with
parafilm to help keep water from evaporating. Blond hair was placed at the bottom of a
glass dish. 300 mL of water was added to completely submerge the hair. 1.5 g of
dopamine was added for a final concentration of 5 mg/mL of dopamine. 45 mL of the
amine dimethyaminomethyl proponal was added to the water bath for a final
concentration of 140 mg/mL. The solution immediately started to turn brown. The
solution with the hair was heated at 40 °C for two hours. Once hair dyeing is done, the

hair can be washed with shampoo and water.
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[0137] For example, the same protocol could be followed to dye hair with dopamine
and L-dopa. Instead of adding 1.5 g of dopamine, 0.75 g of dopamine and 0.75 g of L-
dopa could be added for a final concentration of 2.5 mg/mL of each monomer and a

total 5 mg/mL of both monomers.

[0138] FIGs. 3A-3D: Exemplary hair dye results using dimethyaminomethyl
proponal. FIG. 3A: Chemical formula of dimethyaminomethyl proponal. FIG. 3B:
5mg/mL dopamine coated hair. FIG. 3C: 2.5 mg/mL dopamine and L-dopa coated hair.
FIG. 3D: Untreated hair control.

[0139] Example 4: Artificial Melanin Precursors

[0140] Any artificial melanin precursor or precursors herein is preferably, but not
necessarily, an artificial melanin precursor or artificial melanin precursors, respectively,
disclosed in International Patent Pub. W02021/096692 (Gianneschi, et al.; International
Patent App. No. PCT/US2020/057939), which is incorporated herein by reference in its

entirety.

[0141] Example 5. Discussion of useful embodiments of amine compounds

[0142] In embodiments, useful amine compounds are those that are capable of
increasing pH (increasing alkalinity) of a solution, such as an aqueous solution. In
embodiments, alkaline conditions are useful for facilitating or accelerating
polymerization of the artificial melanin precursors. Optionally, conjugated amines may
be useful, which typically have high pKa values and so are sufficiently strong bases. A
pKa greater than 7 usually donates a base, with an amine compound having a pKa of at
least 8 being more preferable for increasing the alkalinity of a solution, in embodiments.
An amine compound being miscible in water is useful because the reaction is may

performed in water or aqueous solution, in embodiments.

[0143] Example 6: Other embodiments.

[0144] Various useful aspects, embodiments (e.g., oxidizing agent(s)), definitions,
and background information may be found in International Patent Pub. W02021/096692
(Gianneschi, et al.; International Patent App. No. PCT/US2020/057939), which is

incorporated herein by reference in its entirety.
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[0145] Example 7: Temperature

[0146] For some application, hair-treatment is preferably performed at temperature
>30 °C, because a higher temperature may generally increase the rate of reaction(s)
involved in the hair treatment disclosed herein. Accordingly, lower temperatures may be
used, optionally with an appropriate increase in reaction time. For example, a useful

temperature is 45 °C +5 °C.

[0147] Certain Aspects And Embodiments:

[0148] Various aspects are contemplated and disclosed herein, several of which are
set forth in the paragraphs below. It is explicitly contemplated and disclosed that any
aspect or portion thereof can be combined to form an aspect. In addition, it is explicitly
contemplated and disclosed that: any reference to aspect 1 includes reference to
aspects 1a, 1b, 1c, 1d, and/or 1e, and any combination thereof, any reference to Aspect
34 includes reference to Aspects 34a and 34b; and so on (i.e., any reference to an
aspect includes reference to that aspect’s lettered versions). Moreover, the terms “any
preceding aspect” and “any one of the preceding aspects” means any aspect that
appears prior to the aspect that contains such phrase (for example, the sentence
“‘Aspect 32: The method or formulation of any preceding aspect...” means that any
aspect prior to aspect 32 is referenced, including letter versions, including aspects 1a
through 31). For example, it is contemplated and disclosed that, optionally, any
composition, method, or formulation of any the below aspects may be useful with or
combined with any other aspect provided below. Further, for example, it is contemplated
and disclosed that any embodiment or aspect described above may, optionally, be

combined with any of the below listed aspects.

[0149] Aspect 1a: A method of treating hair of a subject with an artificial melanin

material, the method comprising:

contacting, in a solution, artificial melanin precursors with an oxidizing agent in
the presence of one or more amine compounds and the hair of said subject to
form said artificial melanin material;
wherein at least one of the one or more amine compounds is
characterized by:

(1) having an alpha carbon that is a secondary or tertiary carbon;
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(i) a molecular weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
(v) being miscible in water; and
5 wherein said artificial melanin material associates (optionally, chemically
associates) with said hair of said subject, thereby treating the hair of said
subject.
[0150] Aspect 1b: A method of treating hair of a subject with an artificial melanin

material, the method comprising:

10 contacting, in a solution, artificial melanin precursors with an oxidizing agent in
the presence of one or more amine compounds and the hair of said subject to

form said artificial melanin material;
wherein at least one of the one or more amine compounds is

characterized by formula FX1:

R2

R’ RS

N
7~
re” g (FX1); wherein:

each of R', R?, R3 R* and R® is independently a functional group

15

comprising C, O, H, or any combination of these, with the proviso that
no more than one of R', R2, and R®is H;
wherein the at least one of the one or more amine compounds is further
20 characterized by:
(1) having an alpha carbon that is a secondary or tertiary carbon;
(i) a molecule weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
25 (v) being miscible in water; and
wherein said artificial melanin material associates (optionally, chemically
associates) with said hair of said subject, thereby treating the hair of said
subject.

[0151] Aspect 1c: A hair treatment formulation comprising:
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a solution comprising artificial melanin precursors and one or more amine
compounds;

wherein at least one of the one or more amine compounds is characterized by:

(1) having an alpha carbon that is a secondary or tertiary carbon;
5 (i) a molecular weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
(v) being miscible in water.
[0152] Aspect 1d: A hair treatment formulation comprising:
10 a solution comprising artificial melanin precursors and one or more amine
compounds;
wherein at least one of the one or more amine compounds is characterized by
formula FX1:
R2
R’ R®
N
R RS (FX1); wherein:
15 each of R', R?, R® R* and R?® is independently a functional group comprising C,
O, H, or any combination of these, with the proviso that no more than one of
R', R? and R3is H;
wherein the at least one of the one or more amine compounds is further
characterized by:
20 1) having an alpha carbon that is a secondary or tertiary carbon;

(
(i) a molecule weight less than 150 g/mol;

(iii) a pKa greater than 8;

(iv) having at least one hydroxyl group; and

(v) being miscible in water.

25 [0183] Aspect 1e: The hair treatment formulation of Aspect 1¢ or 1d, wherein said
artificial melanin precursors are capable of forming an artificial melanin material

associated with hair in the presence of an oxidizing agent and the hair.
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[0154] Aspect 2: The method or formulation of any of Aspects 1b, 1d, and 1e,
wherein each of R', R?, and R3, R*, and R® is independently a functional group

consisting of C, O, H, or any combination of these.

[0155] Aspect 3: The method or formulation of any of Aspects 1b, 1d, 1e, or 2,

wherein:

each of R', R?, and R? is independently selected from the group consisting of H,
CHs, OH, [CH2]xOH, and any combination thereof, with the proviso that no
more than one of R', R2, and R3 is H;
each of R* and R® is independently selected from the group consisting of H, CHs,
[CH2]yOH, and any combination thereof; and
each of x and y is independently an integer selected from the range of 1 to 3.
[0156] Aspect 4. The method or formulation of any of Aspects 1b, 1d, 1e, or 2-3,

wherein at least one of R', R2, and R? is not CH20H.

[0157] Aspect 5: The method or formulation of preceding Aspect, wherein at least

one of the one or more amine compounds is characterized by having a primary amine

group.

[0158] Aspect 6: The method or formulation of preceding Aspect, wherein the one or
more amine compounds are other than monoethanolamine and

tris(hydroxymethyl)aminomethane.

[0159] Aspect 7: The method or formulation of preceding Aspect, wherein each of the

one or more amine compounds is characterized by formula FX1:
R2

R’ R®
N

re” g (FX1); wherein:

each of R', R? and R3® R* and R® is independently a functional group comprising
C, O, H, or any combination of these, with the proviso that no more than one
of R', R2, and R?®is H; and

each of the one or more amine compounds is further characterized by:

(a) having an alpha carbon that is a secondary or tertiary carbon;
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(b) a molecule weight less than 150 g/mol;

(c) a pKa greater than 8;

(d) having at least one hydroxyl group; and

(e) being miscible in water.
[0160] Aspect 8 The method or formulation of Aspect 7, wherein each of R', R?, and
R3, R4 and R® is independently a functional group consisting of C, O, H, or any

combination of these.
[0161] Aspect 9: The method or formulation of Aspect 7 or 8, wherein:

each of R', R? and R? is independently selected from the group consisting of H,
CHs, OH, [CH2]xOH, and any combination thereof, with the proviso that no
more than one of R', R2, and R3 is H;
each of R* and R® is independently selected from the group consisting of H, CHs,
[CH2]yOH, and any combination thereof; and
each of x and y is independently an integer selected from the range of 1 to 3.
[0162] Aspect 10: The method or formulation of Aspect 7, 8, or 9, wherein at least
one of R', R2, and R?® is not CH20H.

[0163] Aspect 11: The method or formulation of any of Aspects 1-3 or 5-10, wherein
each of the one or more amine compounds is selected from the group consisting of
aminomethyl proponal, aminopropanol, dimethyaminomethyl propanol, aminomethyl

propanediol, tromomethane; any combination of these, and any derivative of these.

[0164] Aspect 12a: The method or formulation of any preceding Aspect, wherein
each of the one or more amine compounds is independently characterized by formula
FX2a, FX2b, FX2c, FX2d, or FX2e:

45



10

15

20

WO 2023/150205 PCT/US2023/012182

OH HO OH
Nz (FX2a), NH, (FX2b);
OH
HO OH
NH2 OH
NH; (FX2c); (FX2d); or
OH
N
PN (FX2e).

[0165] Aspect 12b: The method or formulation of any preceding Aspect, wherein
each of the one or more amine compounds is characterized by formula FX2a, FX2b,
FX2c, FX2d, or FX2e.

[0166] Aspect 13a: The method or formulation of Aspect 12, wherein each of the one
or more amine compounds is independently characterized by formula FX2a, FX2b,
FX2d, or FX2e. Aspect 13b: The method or formulation of Aspect 12, wherein each of
the one or more amine compounds is independently characterized by formula FX2a,
FX2b, FX2d, or FX2e.

[0167] Aspect 14. The method or formulation of any preceding Aspect, wherein at
least one of the one or more amine compounds is characterized by a molecular weight

selected from the range of 35 g/mol to 150 g/mol.

[0168] Aspect 15 The method or formulation of any preceding Aspect, wherein the
step of contacting in a solution is performed in the presence of two or more of the amine

compounds.

[0169] Aspect 16: The method or formulation of any preceding Aspect, wherein the

step of contacting is performed in the absence of ammonium hydroxide in the solution.

[0170] Aspect 17: The method or formulation of any preceding Aspect, wherein the

step of contacting is performed in the absence of a buffer or alkaline compound
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provided for increasing pH of the solution other than the one or more amine compounds

themselves.

[0171] Aspect 18: The method or formulation of any preceding Aspect, wherein the
step of contacting is performed at a pH selected from the range of 8.5 to 14, and
wherein any value and range of pH therebetween is explicitly contemplated and

disclosed herein inclusively.

[0172] Aspect 19: The method or formulation of any preceding Aspect, wherein the
step of contacting is performed at a pH selected from the range of 12 to 13, and wherein
any value and range of pH therebetween is explicitly contemplated and disclosed herein

inclusively.

[0173] Aspect 20: The method or formulation of any preceding Aspect, wherein the

step of contacting is performed at a temperature greater than or equal to 20 °C.

[0174] Aspect 21: The method or formulation of any preceding Aspect, wherein the

step of contacting is performed at a temperature greater than or equal to 30 °C.

[0175] Aspect 22: The method or formulation of any preceding Aspect, wherein the
step of contacting is performed at a temperature selected from the range of 20 °C to 60
°C, and wherein any value and range of temperature therebetween is explicitly

contemplated and disclosed herein inclusively.

[0176] Aspect 23a: The method or formulation of any preceding Aspect, wherein the
step of contacting comprises forming said artificial melanin material and the step of
forming said artificial melanin material comprises covalent bonding between the artificial
melanin precursors and at least a fraction of the one or more amine compounds to form
said artificial melanin material. Aspect 23b: The method or formulation of any preceding
Aspect, wherein said artificial melanin material associates with said hair of said subject
chemically and/or physically. Aspect 23c¢. The method or formulation of any preceding
Aspect, wherein said artificial melanin material associates with said hair of said subject
chemically, via one or more of covalent bond(s), ionic bond(s), coordination bond(s), van
der Waal's bond(s)/interaction(s), hydrogen bond(s), polar bond(s), or any combinations
or mixtures thereof, and/or physically. Aspect 23d: The method or formulation of any

preceding Aspect, wherein said artificial melanin material associates with said hair of
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said subject via one or more of covalent bond(s), ionic bond(s), coordination bond(s),
van der Waal's bond(s)/interaction(s), hydrogen bond(s), polar bond(s), or any

combinations.

[0177] Aspect 24: The method or formulation of any preceding Aspect, wherein the
step of forming the artificial melanin material comprises polymerization of the artificial

melanin precursors.

[0178] Aspect 25. The method or formulation of any preceding Aspect, wherein
treating the hair of said subject comprises changing hair color of the subject’s hair from
an initial hair color to a final hair color as a result of the contacting step; and wherein the
method further comprises a step of selecting the one or more amine compounds based
on a desired final hair color and based on a coloring effect of the one or more amine

compounds on the final hair color.

[0179] Aspect 26: The method or formulation of any preceding Aspect, wherein
treating the hair of said subject comprises changing hair color of the subject’s hair from
an initial hair color to a final hair color as a result of the contacting step; and wherein the

final hair color is darker, more brown, or more black than the initial hair color.

[0180] Aspect 27: The method or formulation of any preceding Aspect, wherein
treating the hair of said subject comprises changing hair color of the subject’s hair from

an initial hair color to a final hair color as a result of the contacting step; and wherein:

the initial hair color is characterized as blond and the final hair color is
characterized as brown or black; or
the initial hair color is characterized as gray and the final hair color is
characterized as brown.
[0181] Aspect 28: The method or formulation of any preceding Aspect, wherein
during the step of contacting the solution comprises a total concentration of the one or
more amine compounds selected from the range of 0.01 to 15 M, and wherein any value
and range of concentration therebetween is explicitly contemplated and disclosed herein

inclusively.

[0182] Aspect 29: The method or formulation of any preceding Aspect, wherein

during the step of contacting the solution comprises a total concentration of the one or
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more amine compounds selected to result in a pH of the solution being selected from
the range of 8.5 to 14, and wherein any value and range of pH therebetween is explicitly

contemplated and disclosed herein inclusively.

[0183] Aspect 30: The method or formulation of any preceding Aspect, wherein
during the step of contacting the solution comprises a total concentration of the artificial
melanin precursors being selected from the range of 0.5 to 100 mg/mL, and wherein any
value and range of concentration therebetween is explicitly contemplated and disclosed

herein inclusively.

[0184] Aspect 31: The method or formulation of any preceding Aspect, wherein
contacting the artificial melanin precursors with the oxidizing agent in the presence of
one or more amine compounds and the hair of said subject is performed for a treatment
time selected from the range of 30 minutes to 5 hours, and wherein any value and range

of time therebetween is explicitly contemplated and disclosed herein inclusively.

[0185] Aspect 32: The method or formulation of any preceding Aspect, wherein the

solution is an aqueous solution.

[0186] Aspect 33: The method or formulation of any preceding Aspect, wherein the
artificial melanin precursors are substituted or unsubstituted: dopamine monomers, 1,8-
dihydroxynaphthalene or its derivative, tyrosine monomers, tyramine monomers, amino

acids, phenolamines, catecholamines, or any combination of these.

[0187] Aspect 34a: The method or formulation of any preceding Aspect, wherein the
solution further comprises a metal chelating agent. Aspect 34b: The method of any
preceding Aspect, wherein the solution further comprises a metal chelating agent and

wherein the method comprises providing a metal chelating agent to the solution.

[0188] Aspect 35a: The method or formulation of any preceding Aspect, wherein the
solution further comprises one or more enzymes. Aspect 35b: The method of any
preceding Aspect, wherein the solution further comprises one or more enzymes and

wherein the method comprises providing one or more enzymes to the solution.

[0189] Aspect 36a: The method or formulation of any preceding Aspect, wherein the
oxidizing agent comprises oxygen, sodium periodate, potassium permanganate,

ammonium persulfate, or any combination of these. Aspect 36b: The method of any
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preceding Aspect, wherein the oxidizing agent comprises oxygen, sodium periodate,
potassium permanganate, ammonium persulfate, or any combination of these and

wherein the method comprises providing the oxidizing agent to the solution.

[0190] Aspect 37a: The method or formulation of any preceding Aspect, wherein the
solution further comprises one or more alkaline agents. Aspect 37b: The method of any
preceding Aspect, wherein the solution further comprises one or more alkaline agents
and wherein the method comprises providing one or more alkaline agents to the

solution..

[0191] Aspect 38: The method or formulation of any preceding Aspect further

comprising a step of washing the subject’s hair after the treating step is complete.

[0192] Aspect 39: A hair treatment formulation comprising: a solution comprising
artificial melanin precursors and one or more amine compounds according to any

preceding Aspect.
[0193] Aspect 40: A hair treatment formulation comprising:

a solution comprising artificial melanin precursors and one or more amine
compounds;
wherein at least one of the one or more amine compounds is characterized by:

1) having an alpha carbon that is a secondary or tertiary carbon;
i) a molecular weight less than 150 g/mol;

(

(

(iif) a pKa greater than 8;

(iv) having at least one hydroxyl group; and
(v) being miscible in water.

[0194] Aspect 41: A hair treatment formulation comprising:

a solution comprising artificial melanin precursors and one or more amine
compounds;

wherein at least one of the one or more amine compounds is characterized by
formula FX1:
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R2

R’ R®
N
R* R® (FX1); wherein:
each of R', R?, R® R* and R?® is independently a functional group comprising C,
O, H, or any combination of these, with the proviso that no more than one of
R' R2 and R®is H;
wherein the at least one of the one or more amine compounds is further
characterized by:
(1) having an alpha carbon that is a secondary or tertiary carbon;
(i) a molecule weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
(v) being miscible in water.
[0195] Aspect 42a: The formulation of Aspect 40 or 41, wherein said artificial melanin
precursors are capable of forming an artificial melanin material associated with hair in
the presence of an oxidizing agent and the hair. Aspect 42b: The formulation of Aspect
40 or 41, wherein said artificial melanin precursors are capable of forming and are
configured to form an artificial melanin material associated with hair in the presence of

an oxidizing agent and the hair.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
AND VARIATIONS

[0196] All references throughout this application, for example patent documents
including issued or granted patents or equivalents; patent application publications; and
non-patent literature documents or other source material, are hereby incorporated by
reference herein in their entireties, as though individually incorporated by reference, to
the extent each reference is at least partially not inconsistent with the disclosure in this
application (for example, a reference that is partially inconsistent is incorporated by

reference except for the partially inconsistent portion of the reference).

[0197] International Patent Application No. PCT/US2020/057939, filed October 29,
2020, published on May 20, 2021 as International Publication No. WO 2021/096692, is

here by incorporated by reference in its entirety.
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[0198] The terms and expressions which have been employed herein are used as
terms of description and not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although
the present invention has been specifically disclosed by preferred embodiments,
exemplary embodiments and optional features, modification and variation of the
concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention as
defined by the appended claims. The specific embodiments provided herein are
examples of useful embodiments of the present invention and it will be apparent to one
skilled in the art that the present invention may be carried out using a large number of
variations of the devices, device components, methods steps set forth in the present
description. As will be obvious to one of skill in the art, methods and devices useful for
the present methods can include a large number of optional composition and processing

elements and steps.

[0199] As used herein and in the appended claims, the singular forms "a", "an", and
"the" include plural reference unless the context clearly dictates otherwise. Thus, for
example, reference to "a cell" includes a plurality of such cells and equivalents thereof
known to those skilled in the art. As well, the terms "a" (or "an"), "one or more" and "at
least one" can be used interchangeably herein. It is also to be noted that the terms
"comprising”, "including", and "having" can be used interchangeably. The expression “of
any of claims XX-YY” (wherein XX and YY refer to claim numbers) is intended to provide
a multiple dependent claim in the alternative form, and in some embodiments is

interchangeable with the expression “as in any one of claims XX-YY.”

[0200] When a group of substituents is disclosed herein, it is understood that all
individual members of that group and all subgroups, including any isomers,
enantiomers, and diastereomers of the group members, are disclosed separately.
When a Markush group or other grouping is used herein, all individual members of the
group and all combinations and subcombinations possible of the group are intended to
be individually included in the disclosure. When a compound is described herein such
that a particular isomer, enantiomer or diastereomer of the compound is not specified,

for example, in a formula or in a chemical name, that description is intended to include
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each isomers and enantiomer of the compound described individual or in any
combination. Additionally, unless otherwise specified, all isotopic variants of
compounds disclosed herein are intended to be encompassed by the disclosure. For
example, it will be understood that any one or more hydrogens in a molecule disclosed
can be replaced with deuterium or tritium. Isotopic variants of a molecule are generally
useful as standards in assays for the molecule and in chemical and biological research
related to the molecule or its use. Methods for making such isotopic variants are known
in the art. Specific names of compounds are intended to be exemplary, as it is known

that one of ordinary skill in the art can name the same compounds differently.

[0201] Certain molecules disclosed herein may contain one or more ionizable groups
[groups from which a proton can be removed (e.g., -COOH) or added (e.g., amines) or
which can be quaternized (e.g., amines)]. All possible ionic forms of such molecules
and salts thereof are intended to be included individually in the disclosure herein. With
regard to salts of the compounds herein, one of ordinary skill in the art can select from
among a wide variety of available counterions those that are appropriate for preparation
of salts of this invention for a given application. In specific applications, the selection of
a given anion or cation for preparation of a salt may result in increased or decreased

solubility of that salt.

[0202] Every material, compound, formulation, and method described or exemplified

herein can be used to practice the invention, unless otherwise stated.

[0203] Whenever arange is given in the specification, for example, a temperature
range, a time range, or a composition or concentration range, all intermediate ranges
and subranges, as well as all individual values included in the ranges given are intended
to be included in the disclosure. It will be understood that any subranges or individual
values in a range or subrange that are included in the description herein can be

excluded from the claims herein.

[0204] All patents and publications mentioned in the specification are indicative of the
levels of skill of those skilled in the art to which the invention pertains. References cited
herein are incorporated by reference herein in their entirety to indicate the state of the
art as of their publication or filing date and it is intended that this information can be
employed herein, if needed, to exclude specific embodiments that are in the prior art.
For example, when composition of matter are claimed, it should be understood that
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compounds known and available in the art prior to Applicant's invention, including
compounds for which an enabling disclosure is provided in the references cited herein,

are not intended to be included in the composition of matter claims herein.

[0205] As used herein, “comprising” is synonymous with "including," "containing," or
"characterized by," and is inclusive or open-ended and does not exclude additional,
unrecited elements or method steps. As used herein, "consisting of"' excludes any
element, step, or ingredient not specified in the claim element. As used herein,
"consisting essentially of' does not exclude materials or steps that do not materially
affect the basic and novel characteristics of the claim. In each instance herein any of
the terms "comprising", ""consisting essentially of" and "consisting of' may be replaced
with either of the other two terms. The invention illustratively described herein suitably
may be practiced in the absence of any element or elements, limitation or limitations

which is not specifically disclosed herein.

[0206] One of ordinary skill in the art will appreciate that starting materials, biological
materials, reagents, synthetic methods, purification methods, analytical methods, assay
methods, and biological methods other than those specifically exemplified can be
employed in the practice of the invention without resort to undue experimentation. All
art-known functional equivalents, of any such materials and methods are intended to be
included in this invention. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the
use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it should be understood that
although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the

appended claims.
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We claim:

1. A method of treating hair of a subject with an artificial melanin material, the
method comprising:
contacting, in a solution, artificial melanin precursors with an oxidizing agent in
the presence of one or more amine compounds and the hair of said subject to
form said artificial melanin material;
wherein at least one of the one or more amine compounds is
characterized by:
(1) having an alpha carbon that is a secondary or tertiary carbon;
(i) a molecular weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
(v) being miscible in water; and
wherein said artificial melanin material associates with said hair of said subject,

thereby treating the hair of said subject.

2. A method of treating hair of a subject with an artificial melanin material, the
method comprising:
contacting, in a solution, artificial melanin precursors with an oxidizing agent in
the presence of one or more amine compounds and the hair of said subject to
form said artificial melanin material;
wherein at least one of the one or more amine compounds is

characterized by formula FX1:

R2

R’ R®
N

R4/ \R5 (FX1); wherein:

each of R', R?, R3 R* and R® is independently a functional group
comprising C, O, H, or any combination of these, with the proviso that
no more than one of R', R2, and R®is H;

wherein the at least one of the one or more amine compounds is further
characterized by:

(1) having an alpha carbon that is a secondary or tertiary carbon;
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(i) a molecule weight less than 150 g/mol;
(iii) a pKa greater than 8;
(iv) having at least one hydroxyl group; and
(v) being miscible in water; and
wherein said artificial melanin material associates with said hair of said subject,

thereby treating the hair of said subject.

The method of claim 2, wherein each of R!, R2, and R3, R* and R% is
independently a functional group consisting of C, O, H, or any combination of

these.

The method of claim 2, wherein:

each of R', R? and R? is independently selected from the group consisting of H,
CHs, OH, [CH2]xOH, and any combination thereof, with the proviso that no
more than one of R', R2, and R3 is H;

each of R* and R? is independently selected from the group consisting of H, CHs,
[CH2]yOH, and any combination thereof; and

each of x and y is independently an integer selected from the range of 1 to 3.

The method of any one of claims claim 2-4, wherein at least one of R', R?, and R3
is not CH20H.

The method of any one of the preceding claims, wherein at least one of the one

or more amine compounds is characterized by having a primary amine group.

The method of any one of the preceding claims, wherein the one or more amine
compounds are other than monoethanolamine and

tris(hydroxymethyl)aminomethane.

The method of any one of the preceding claims, wherein each of the one or more

amine compounds is characterized by formula FX1:

R2
R® (FX1); wherein:
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each of R', R? and R3® R* and R® is independently a functional group comprising
C, O, H, or any combination of these, with the proviso that no more than one
of R, R2, and R®is H; and
each of the one or more amine compounds is further characterized by:
(a) having an alpha carbon that is a secondary or tertiary carbon;
b) a molecule weight less than 150 g/mol;
c
d

e) being miscible in water.

a pKa greater than 8;

(b)
(c)
(d) having at least one hydroxyl group; and

(e)

The method of claim 8, wherein each of R, R2, and R3, R*, and R® is
independently a functional group consisting of C, O, H, or any combination of

these.

The method of claim 8, wherein:

each of R', R?, and R? is independently selected from the group consisting of H,
CHs, OH, [CH2]xOH, and any combination thereof, with the proviso that no
more than one of R', R2, and R3 is H;

each of R* and R® is independently selected from the group consisting of H, CHs,
[CH2]yOH, and any combination thereof; and

each of x and y is independently an integer selected from the range of 1 to 3.

The method of any one of claims claim 8-10, wherein at least one of R', R?, and
R3 is not CH20H.

The method of any one of claims 1-4 and 6-10, wherein each of the one or more
amine compounds is selected from the group consisting of aminomethyl
proponal, aminopropanol, dimethyaminomethyl propanol, aminomethyl
propanediol, tromomethane; any combination of these, and any derivative of

these.

The method of any one of the preceding claims, wherein each of the one or more
amine compounds is independently characterized by formula FX2a, FX2b, FX2c,
FX2d, or FX2e:
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OH HO OH
Nz (FX2a), NH, (FX2b);
OH
HO OH
NH2 OH
NH; (FX2c); (FX2d); or
OH
N
PN (FX2e).

The method of claim 13, wherein each of the one or more amine compounds is
independently characterized by formula FX2a, FX2b, FX2d, or FX2e.

The method of any one of the preceding claims, wherein at least one of the one
or more amine compounds is characterized by a molecular weight selected from

the range of 35 g/mol to 150 g/mol.

The method of any one of the preceding claims, wherein the step of contacting in

a solution is performed in the presence of two or more of the amine compounds.

The method of any one of the preceding claims, wherein the step of contacting is

performed in the absence of ammonium hydroxide in the solution.

The method of any one of the preceding claims, wherein the step of contacting is
performed in the absence of a buffer or alkaline compound provided for
increasing pH of the solution other than the one or more amine compounds

themselves.

The method of any one of the preceding claims, wherein the step of contacting is

performed at a pH selected from the range of 8.5 to 14.

The method of any one of the preceding claims, wherein the step of contacting is

performed at a pH selected from the range of 12 to 13.
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The method of any one of the preceding claims, wherein the step of contacting is

performed at a temperature greater than or equal to 20 °C.

The method of the preceding claim, wherein the step of contacting is performed

at a temperature greater than or equal to 30 °C.

The method of any one of the preceding claims, wherein the step of contacting is

performed at a temperature selected from the range of 20 °C to 60 °C.

The method of any one of the preceding claims, wherein the step of contacting
comprises forming said artificial melanin material and the step of forming said
artificial melanin material comprises covalent bonding between the artificial
melanin precursors and at least a fraction of the one or more amine compounds

to form said artificial melanin material.

The method of the preceding claim, wherein the step of forming the artificial

melanin material comprises polymerization of the artificial melanin precursors.

The method of any one of the preceding claims, wherein treating the hair of said
subject comprises changing hair color of the subject’s hair from an initial hair
color to a final hair color as a result of the contacting step; and wherein the
method further comprises a step of selecting the one or more amine compounds
based on a desired final hair color and based on a coloring effect of the one or

more amine compounds on the final hair color.

The method of any one of the preceding claims, wherein treating the hair of said
subject comprises changing hair color of the subject’s hair from an initial hair
color to a final hair color as a result of the contacting step; and wherein the final

hair color is darker, more brown, or more black than the initial hair color.

The method of any one of the preceding claims, wherein treating the hair of said

subject comprises changing hair color of the subject’s hair from an initial hair

color to a final hair color as a result of the contacting step; and wherein:

the initial hair color is characterized as blond and the final hair color is
characterized as brown or black; or

the initial hair color is characterized as gray and the final hair color is

characterized as brown.
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The method of any one of the preceding claims, wherein during the step of
contacting the solution comprises a total concentration of the one or more amine

compounds selected from the range of 0.01 to 15 M.

The method of any one of the preceding claims, wherein during the step of
contacting the solution comprises a total concentration of the one or more amine
compounds selected to result in a pH of the solution being selected from the

range of 8.5 to 14.

The method of method of any one of the preceding claims, wherein during the
step of contacting the solution comprises a total concentration of the artificial

melanin precursors being selected from the range of 0.5 to 100 mg/mL.

The method of any one of the preceding claims, wherein contacting the artificial
melanin precursors with the oxidizing agent in the presence of one or more amine
compounds and the hair of said subject is performed for a treatment time

selected from the range of 30 minutes to 5 hours.

The method of any one of the preceding claims, wherein the solution is an

aqueous solution.

The method of any one of the preceding claims, wherein the artificial melanin
precursors are substituted or unsubstituted: dopamine monomers, 1,8-
dihydroxynaphthalene or its derivative, tyrosine monomers, tyramine monomers,

amino acids, phenolamines, catecholamines, or any combination of these.

The method of any one of the preceding claims, wherein the solution further

comprises a metal chelating agent.

The method of any one of the preceding claims, wherein the solution further

Comprises one or more enzymes.

The method of any one of the preceding claims, wherein the oxidizing agent
comprises oxygen, sodium periodate, potassium permanganate, ammonium

persulfate, or any combination of these.

The method of any one of the preceding claims, wherein the solution further

comprises one or more alkaline agents.

The method of any one of the preceding claims further comprising a step of

washing the subject’s hair after the treating step is complete.
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A hair treatment formulation comprising:
a solution comprising artificial melanin precursors and one or more amine

compounds according to any one of the preceding claims.

A hair treatment formulation comprising:

a solution comprising artificial melanin precursors and one or more amine
compounds;

wherein at least one of the one or more amine compounds is characterized by:

1) having an alpha carbon that is a secondary or tertiary carbon;
i) a molecular weight less than 150 g/mol;

(

(

(iif) a pKa greater than 8;

(iv) having at least one hydroxyl group; and
(

V) being miscible in water.

A hair treatment formulation comprising:

a solution comprising artificial melanin precursors and one or more amine
compounds;

wherein at least one of the one or more amine compounds is characterized by
formula FX1:

R2

R’ R®
N

R g (FX1); wherein:

each of R', R?, R® R* and R?® is independently a functional group comprising C,
O, H, or any combination of these, with the proviso that no more than one of
R' R2 and R®is H;

wherein the at least one of the one or more amine compounds is further
characterized by:

1) having an alpha carbon that is a secondary or tertiary carbon;

i) a molecule weight less than 150 g/mol;

(

(

(iif) a pKa greater than 8;

(iv) having at least one hydroxyl group; and
(

V) being miscible in water.
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43.  The hair treatment formulation of claim 41 or 42, wherein said artificial melanin
precursors are capable of forming an artificial melanin material associated with

hair in the presence of an oxidizing agent and the hair.
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