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KOJIC ACID POLYMERS

CROSS-REFERENCE TO RELATED APPLICATION(S)
This application claims priority from United States Provisional Application Number

62/146,027, filed April 10, 2015, which application is herein incorporated by reference.

BACKGROUND OF THE INVENTION

Kojic acid (5-Hydroxy-2-(hydroxymethyl)-4-pyrone), a natural tyrosinase inhibitor
possessing antimicrobial and antioxidant activity, is commonly utilized in personal care
products as a skin lightener and in the food industry as a natural preservative. While
effective, kojic acid’s inclination to undergo thermal and photodegradation impairs its
efficacy and makes it less desirable as an active agent commercially.

Although kojic acid has recently been grafted onto chitosan polymers, it has not been
incorporated into a polymer backbone. Additionally, while kojic acid is utilized as a food
‘additive, complex systems (such as kojic acid polymer films) have not been explored.

There is currently a need for a form of kojic acid or a formulation of kojic acid that
has improved stability properties. Such a formulation or form would make kojic acid a more
viable active agent for an expanded list of applications. Accordingly, a controlled release

system for kojic acid having improved stability is desirable.

SUMMARY OF THE INVENTION

A controlled release system for kojic acid having improved stability has been
identified. To minimize degradation, kojic acid was incorporated into a hydrolytically
degradable polymer (e.g., a poly(carbonate-ester)). By synthesizing polymer precursors
containing kojic acid-linker-kojic acid chemical structures, versatile monomers were
developed that can be used to modulate polymer properties. Additionally the synthetic
method lends itself to the development of other polymer systems.

Polymer physicochemical properties were characterized by nuclear magnetic
resonance and Fourier transform infrared spectroscopies, whereas gel permeation
chromatography was employed to assess polymer weight-averaged molecular weight and
polydispersity index data. Thermal properties were evaluated and polymer stability
examined. Polymer hydrolytic degradation was investigated under physiological conditions

to determine kojic acid-based poly(carbonate-ester’s) release profile and degradation media
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bioactivity assessed against identical concentrations of free kojic acid. The polymers
comprising kojic acid are useful, for example, in the manufacture of films capable of
releasing kojic acid in a sustained manner for personal care and active packaging
applications.

Accordingly the invention provides a polymer having a backbone wherein the
backbone comprises one or more groups that will yield kojic acid upon degradation of the
polymer.

The invention also provides a pharmaceutical composition comprising a polymer of
the invention and a pharmaceutically acceptable carrier.

The invention also provides a cosmetic formulation comprising a polymer of the
invention and an acceptable carrier.

The invention also provides film comprising a polymer of the invention.

The invention also provides a packing material (e.g. an active packaging material)
comprising a polymer of the invention.

The invention also provides a method comprising delivering kojic acid to a surface
(e.g. a counter top, a desk top, or skin), comprising contacting the surface with a polymer of
the invention.

The invention also provides a method for the treating a disease, disorder or condition
in a mammal comprising administering an effective amount of a polymer as described herein
to the mammal.

The invention provides a polymer of the invention for use in medical therapy, as well
as the use of a polymer of the invention for the manufacture of a medicament useful for the
treatment of a disease, disorder or condition in a mammal, such as a human.

The invention also provides processes and intermediates disclosed herein that are

useful for preparing a polymer of the invention.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the NMR spectra for compound 101 and for compounds 102, 103,
and 4 wherein R was derived from sebacic acid.
Figure 2 shows the IR spectrum for compound 4, wherein R was derived from
sebacic acid.
Figure 3 shows an IR spectrum for polymer 5, wherein R was derived from sebacic

acid.
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Figures 4A-C show kojic acid release via polymer degradation. Figure 4A shows a
schematic of the in vitro studies, which were performed using phosphate buffered saline
(PBS, pH 7.4) at 37°C, mimicking physiological conditions. Figure 4B shows the proposed
hydrolytic degradation pathway of polymer 5. Hydrolysis first occurs at the carbonate site to
release monomer 4, followed ester hydrolysis to release kojic acid. UV-Vis analyses were
performed at at A = 270 nm. Figure 4C shows the cumulative percentage of kojic acid release
over 30 days for polymer (5¢) and (5d). As shown, the release rate increased with decreasing
linker molecule length.

Figure 5 shows day 10 degradation media tyrosinase inhibition activity of (5¢), which
has statistically similar activity when compared to its degradation products (KA and azelaic
acid) at identical concentrations. Additionally, this data shows that the tyrosinase inhibition
activity is predominately from KA as the concentration of azelaic acid is too low.

Figure 6 shows KA poly(carbonate-ester) cytotoxicity following 24, 48, and 72 h in
cell culture media with polymer concentrations of 0.1, 0.01, and 0.001 mg/mL. Within each
grouping, 24 h is shown on the left, 48 h in the middle and 72 h on the right.

Figure 7 shows the cytocompatibility profile of the monomers (4a-4¢). Within each
grouping, 24 h is shown on the left, 48 h in the middle and 72 h on the right.

DETAILED DESCRIPTION

The following definitions are used, unless otherwise described: halo is fluoro, chloro,
bromo, or iodo. Alkyl, alkoxy, etc. denote both straight and branched groups; but reference
to an individual radical such as "propyl" embraces only the straight chain radical, a branched
chain isomer such as "isopropyl" being specifically referred to. Aryl denotes a phenyl radical
or an ortho-fused bicyclic carbocyclic radical having about nine to ten ring atoms in which at
least one ring is aromatic. Heteroaryl encompasses a radical attached via a ring carbon of a
monocyclic aromatic ring containing five or six ring atoms consisting of carbon and one to
four heteroatoms each selected from the group consisting of non-peroxide oxygen, sulfur, and
N(X) wherein X is absent or is H, O, (C;-C¢)alkyl, phenyl or benzyl, as well as a radical of an
ortho-fused bicyclic heterocycle of about eight to ten ring atoms derived therefrom,
particularly a benz-derivative or one derived by fusing a propylene, trimethylene, or
tetramethylene diradical thereto.

The term "amino acid," comprises the residues of the natural amino acids (e.g. Ala,

Arg, Asn, Asp, Cys, Glu, Gln, Gly, His, Hyl, Hyp, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp,
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Tyr, and Val) in D or L form, as well as unnatural amino acids (e.g. phosphoserine,
phosphothreonine, phosphotyrosine, hydroxyproline, gamma-carboxyglutamate; hippuric
acid, octahydroindole-2-carboxylic acid, statine, 1,2,3,4,-tetrahydroisoquinoline-3-carboxylic
acid, penicillamine, ornithine, citruline, a-methyl-alanine, para-benzoylphenylalanine,
phenylglycine, propargylglycine, sarcosine, and tert-butylglycine). The term also comprises
natural and unnatural amino acids bearing a conventional amino protecting group (e.g. acetyl
or benzyloxycarbonyl), as well as natural and unnatural amino acids protected at the carboxy
terminus (e.g. as a (C;-Ce)alkyl, phenyl or benzyl ester or amide; or as an a-methylbenzyl
amide). Other suitable amino and carboxy protecting groups are known to those skilled in the
art (See for example, Greene, T.W.; Wutz, P.G.M. "Protecting Groups In Organic Synthesis"
second edition, 1991, New York, John Wiley & sons, Inc., and references cited fherein).

The term "peptide" describes a sequence of 2 to 35 amino acids (e.g. as defined
hereinabove) or peptidyl residues. The sequence may be linear or cyclic. For example, a
cyclic peptide can be prepared or may result from the formation of disulfide bridges between
two cysteine residues in a sequence. Preferably a peptide comprises 3 to 20, or 5 to 15 amino
acids. Peptide derivatives can be prepared as disclosed in U.S. Patent Numbers 4,612,302;
4,853,371; and 4,684,620, or as described in the Examples hereinbelow. Peptide sequences
specifically recited herein are written with the amino terminus on the left and the carboxy

terminus on the right.

Polymers of the Invention

The polymers of the invention are useful in a variety of applications where delivery of
kojic acid is desired. Examples of such applications include, but are not limited to, cosmetic
applications, personal care applications, and active packaging applications.

The polymers of the invention may be prepared in accordance with methods
commonly employed in the field of synthetic polymers to produce a variety of useful
products with valuable physical and chemical properties. The polymers can be readily
processed into pastes or solvent cast to yield films, coatings, microspheres and fibers with
different geometric shapes for design of various medical implants, and may also be processed
by compression molding and extrusion.

Polymers of the present invention can also be incorporated into products such as skin
moisturizers, cleansers, pads, plasters, lotions, creams, gels, ointments, solutions, shampoos,

tanning products and lipsticks.
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The invention provides homopolymers and mixed polymers that comprise kojic acid.
The mechanical and hydrolytic properties of the polymers can be controlled, for example, by
modifying the group (R) and/or the group (R?) in the polymer backbone.

The polymers of the present invention typically have average molecular weights
ranging between about 1500 daltons up to about 100,000 daltons, calculated by Gel
Permeation Chromatography (GPC) relative to narrow molecular weight polystyrene
standards. Certain specific polymers have average molecular weights of about 1500 daltons,
up to about 50,000 daltons calculated by Gel Permeation Chromatography (GPC) relative to
narrow molecular weight polystyrene standards. Other specific polymers have average
molecular weights of about 1500 daltons, up to about 35,000 daltons.

Accordingly, certain embodiments of the invention provide a polymer having a
backbone wherein the backbone comprises one or more groups that will yield kojic acid upon
degradation of the polymer.

In certain embodiments, the polymer is a polyester, a polyamide, a polyanhydride, a
polycarbonate, or a polycarbamate, or a copolymer thereof. |

In certain embodiments, the polymer is a copolymer that comprises one or more
repeating units comprising a polyester, a polyamide, a polyanhydride, a polycarbonate, or a
polycarbamate.

In certain embodiments, the polymer comprises one or more polyester or
polycarbonate units that comprise one or more groups that will yield kojic acid upon
degradation of the unit.

Certain embodiments of the invention provide a polymer that comprises one or more

units of formula (I):

o o
o © | OJ\RJ\O l © l _
zi/l}\o O/iLL
g o) o)

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,

wherein:

having from 1 to 25 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon

atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted
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on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected from the group consisting
of (Ci-Ce)alkoxy, (C3-Cs)cycloalkyl, (C;-Ce)alkanoyl, (C;-Ce)alkanoyloxy, (C;-
Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy, and wherein R,- is H or C;-Cg alkyl.

Certain embodiments of the invention provide a polymer of formula 5:

O O
/F /E(;/\”AOJLR/“\O/\E:J\ :l/
(0] (0]
(6] 0] n
5

wherein:

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from 1 to 25 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon
atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted
on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected from the group consisting
of (C;1-Ce)alkoxy, (Cs3-Cs)cycloalkyl, (C;-Ce)alkanoyl, (C;-Cg)alkanoyloxy, (Ci-
Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C,-Cs alkyl;
and

n is an integer from 2 to 500 inclusive.

In certain embodiments, n is an integer from 5 to 300, inclusive. In certain
embodiments, n is an integer from 10 to 300, inclusive. In certain embodiments, n is an
integer from 15 to 300, inclusive. In certain embodiments, n is an integer from 20 to 300,
inclusive. In certain embodiments, n is an integer from 20 to 250, inclusive. In certain
embodiments, n is an integer from 50 to 250, inclusive.

In certain embodiments, R may be any value as described herein.

Certain embodiments of the invention also provide a polymer that comprises one or

more units of formula (II):
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R and R? are each independently a divalent, branched or unbranched, saturated or

wherein:

unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more (¢.g.
1,2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain
is optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Ce)alkoxy, (Cs-Ce)cycloalkyl, (C;-Cg)alkanoyl, (C;-
Ce)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cs
alkyl.

Certain embodiments of the invention provide a polymer of formula 6:

O 0]
) o’ r o 19 8
o/q\ /\iy)\oj\ R3
0 (o] n

6
wherein:

R and R are each independently a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more (e.g.
1, 2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain
is optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Cg)alkoxy, (Cs3-Ce)cycloalkyl, (C;-Ce)alkanoyl, (Ci-
Ce)alkanoyloxy, (C;-Cg)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C;-Cg alkyl;
and

n is an integer from 2 to 500 inclusive.

In certain embodiments, n is an integer from 5 to 300, inclusive. In certain

embodiments, n is an integer from 10 to 300, inclusive. In certain embodiments, n is an
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integer from 15 to 300, inclusive. In certain embodiments, n is an integer from 20 to 300,
inclusive. In certain embodiments, n is an integer from 20 to 250, inclusive. In certain
embodiments, n is an integer from 50 to 250, inclusive.

In certain embodiments, R and R? are any value as described herein.

Compositions. Formulations, Materials and Films

Certain embodiments of the invention provide a pharmaceutical composition
comprising a polymer as described herein and a pharmaceutically acceptable carrier.

Certain embodiments of the invention provide a cosmetic formulation comprising a
polymer as described herein and an acceptable carrier (e.g., a dermatologically acceptable
carrier).

Certain embodiments of the invention provide a film comprising a polymer as
described herein.

Certain embodiments of the invention provide packing material (e.g., an active

packing material) comprising a polymer as described herein.

Methods of Use

Certain embodiments of the invention provide a method comprising delivering kojic

acid to a surface comprising contacting the surface with a polymer as described herein.

In certain embodiments, the surface is, e.g., a counter top, a desk top or skin.

Certain embodiments of the invention provide a polymer of the invention for use in
medical therapy.

Certain embodiments of the invention provide a method for treating a disease,
disorder or condition in a mammal (e.g., a human) comprising administering an effective
amount of a polymer of the invention to the mammal. In certain embodiments the polymer is
administered topically.

Certain embodiments of the invention provide a polymer of the invention for the
prophylactic or therapeutic treatment of a disease, disorder or condition.

Certain embodiments of the invention provide the use of a polymer of the invention
for the manufacture of a medicament useful for the treatment of a disease, disorder or
condition in a mammal, such as a human.

In certain embodiments, the disease, disorder or condition is a hyperpigmentation

disorder. As described herein, a hyperpigmentation disorder includes, but is not limited to,

8
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post-inflammatory hyperpigmentation, melasma, and lentigines.

Synthetic Methods

Certain embodiments of the invention provide a method for preparing a polymer of

formula 5:
0 O
/%i |O| o"r o |O|
0] 0 n
5

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,

wherein:

having from 1 to 25 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon
atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted
on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected from the group consisting
of (C1-Ce)alkoxy, (C3-Ce)cycloalkyl, (C;-Cg)alkanoyl, (Cy-Ce)alkanoyloxy, (C;-
Cs)alkoxycarbonyl, (C;-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy; and wherein R, is H or C;-Cg alkyl; and n is an
integer from 2 to 500 inclusive

comprising polymerizing a corresponding diol of formula 4:

O (@]
lol o’ o |ﬂ
(0] 0
4

to provide the polymer of formula 5.

In certain embodiments, the diol of formula 4 is polymerized in solution. In certain
embodiments, the solution comprises dichloromethane.

In certain embodiments, the diol of formula 4 is polymerized by treatment with
triphosgene in the presence of a base. In certain embodiments, the base is an amine base. In
certain embodiments, the amine base is triethylamine.

Certain embodiments of the invention provide a method for preparing a polymer of
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O O
O R o) g 8
AT LA
0 O n

6

formula 6;

wherein:

R and R? are each independently a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more (e.g.
1,2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain
is optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Cg)alkoxy, (Cs-Cs)cycloalkyl, (C;-Cg)alkanoyl, (C;-
Ce)alkanoyloxy, (Ci-Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C;-Cg alkyl;
and

n is an integer from 2 to 500 inclusive,

comprising reacting a corresponding diol of formula 4:

O (o]
|O| o r o |O|
O o]
4

with a corresponding diacid chloride of formula:

0 0]
cl /lL R3 /lkCI
to provide the polymer of formula 6.
In certain embodiments, the reaction is carried out in solution. In certain

embodiments, the polymerization is carried out in the presence of a base. In certain

embodiments, the base is an amine base, such as triethylamine.

Compounds of the Invention

Certain embodiments of the invention provide a compound of formula 1:

10
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wherein:

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from 1 to 25 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon
atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted
on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected from the group consisting
of (Ci-Ce)alkoxy, (C3-Cg)cycloalkyl, (Cy-Cg)alkanoyl, (C;-Ce)alkanoyloxy, (C;-
Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C;-Cs alkyl;

R'isHora hydroxy protecting group; and

R?is H or a hydroxy protecting group.

In certain embodiments, R may be any value as described herein.

In certain embodiments, R' is 4-methoxybenzyl.

In certain embodiments, R! is H.

In certain embodiments, R? is 4-methoxybenzyl.

In certain embodiments, R? is H.

Linking Group "R"

The nature of the linking group "R" in a polymer of the invention is not critical
provided the polymer of the invention possesses acceptable mechanical properties and release
kinetics for the selected application. The linking group R is typically a divalent organic
radical having a molecular weight of from about 25 daltons to about 400 daltons. More
specifically, R has a molecular weight of from about 40 daltons to about 200 daltons.

The linking group R typically has a length of from about 5 angstroms to about 100
angstroms using standard bond lengths and angles. More specifically, the linking group R
has a length of from about 10 angstroms to about 50 angstroms.

The linking group R may be biologically inactive, or may itself possess biological
activity. The linking group R can also comprise other functional groups (including hydroxy
groups, mercapto groups, amine groups, carboxylic acids, as well as others) that can be used

to modify the properties of the polymer (e.g. for branching, for cross linking, for appending

11
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other molecules (e.g. another biologically active compound) to the polymer, for changing the

solubility of the polymer, or for effecting the biodistribution of the polymer).

Linking Group "R>"

The nature of the linking group "R*" in a polymer of the invention is not critical

provided the polymer of the invention possesses acceptable mechanical properties and release
kinetics for the selected application. The linking group R? is typically a divalent organic
radical having a molecular weight of from about 25 daltons to about 400 daltons. More
specifically, R® has a molecular weight of from about 40 daltons to about 200 daltons.

The linking group R? typically has a length of from about 5 angstroms to about 100
angstroms using standard bond lengths and angles. More specifically, the linking group R®
has a length of from about 10 angstroms to about 50 angstroms.

The linking group R® may be biologically inactive, or may itself possess biological
activity. The linking group R> can also comprise other functional grou;;s (including hydroxy
groups, mercapto groups, amine groups, carboxylic acids, as well as others) that can be used
to modify the properties of the polymer (e.g. for branching, for cross linking, for appending
other molecules (e.g. another biologically active compound) to the polymer, for changing the

solubility of the polymer, or for effecting the biodistribution of the polymer).

Specific Values

Specific values listed herein for radicals, substituents, groups, and ranges, are for
illustration only; they do not exclude other defined values or other values within defined
ranges for the radicals and substituents.

Specifically, (C;-Ce)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, pentyl, 3-pentyl, or hexyl; (C3-C¢)cycloalkyl can be cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl; (C3-Cs)cycloalkyl(C;-Cg)alkyl can be cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, 2-cyclopropylethyl, 2-
cyclobutylethyl, 2-cyclopentylethyl, or 2-cyclohexylethyl; (C;-Ce)alkoxy can be methoxy,
ethoxy, propoxy, isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or
hexyloxy; (C;-Cg)alkanoyl can be acetyl, propanoyl or butanoyl; (C;-Cg)alkoxycarbonyl can
be methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, pentoxycarbonyl, or hexyloxycarbonyl; (C;-Ce)alkylthio can be methylthio,
ethylthio, propylthio, isopropylthio, butylthio, isobutylthio, pentylthio, or hexylthio; (C»-

12
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Ce)alkanoyloxy can be acetoxy, propanoyloxy, butanoyloxy, isobutanoyloxy, pentanoyloxy,
or hexanoyloxy; aryl can be phenyl, indenyl, or naphthyl; and heteroaryl can be furyl,
imidazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl, pyrazolyl, pyrrolyl,
pyrazinyl, tetrazolyl, pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide), indolyl,
isoquinolyl (or its N-oxide) or quinolyl (or its N-oxide).

A specific value for R is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 to 20 carbon atoms, wherein the chain is optionally
substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected from the group
consisting of (C;-Ce)alkoxy, (Cs-Cg)cycloalkyl, (C;-Ce)alkanoyl, (C1-Cg)alkanoyloxy, (C;-
Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy.

Another specific value for R is an amino acid.

Another specific value for R is a peptide

Another specific value for R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 20 carbon atoms, wherein one or more (e.g.
1,2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and wherein R, is
H or C;-Cg alkyl.

Another specific value for R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more (e.g.
1, 2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain
is optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Ce)alkoxy, (Cs-Ce)cycloalkyl, (C;-Cg)alkanoyl, (C;-
Cg)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cs
alkyl.

Another specific value for R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more (e.g.
1,2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR;-), and wherein R,
is H or C;-C¢ alkyl.

Another specific value for R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

Another specific value for R is a divalent, branched or unbranched, hydrocarbon

chain, having from 3 to 15 carbon atoms.
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Another specific value for R is a divalent, branched or unbranched, hydrocarbon
chain, having from 6 to 10 carbon atoms.

Another specific value for R is a divalent hydrocarbon chain having 7, 8§, or 9 carbon
atoms.

Another specific value for R is a divalent hydrocarbon chain having 8 carbon atoms.

Another specific value for R is a divalent hydrocarbon chain having 2, 3, 4, 5, 6, 7, 8,
or 9 carbon atoms.

Another specific value for R is a divalent hydrocarbon chain having 2, 4, or 8 carbon
atoms.

Another specific value for R is a divalent hydrocarbon chain having 2, 4, 7 or 8

carbon atoms. Another specific value for R is (CH,OCH3)s-.

A specific value for R* is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 20 carbon atoms, wherein the chain is
optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Cg)alkoxy, (C;-Ce)cycloalkyl, (C;-Cg)alkanoyl, (C;-
Ce)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (Cy-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

Another specific value for R? is an amino acid.

Another specific value for R?is a peptide

Another specific value for R?is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 20 carbon atoms, wherein one or more (e.g.
1, 2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and wherein R, is
H or C;-Cg alkyl.

Another specific value for Rlisa divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more (e.g.
1, 2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain
is optionally substituted on carbon with one or more (e.g. 1, 2, 3, or 4) substituents selected
from the group consisting of (C;-Cg)alkoxy, (Ca-Ce)cycloalkyl, (C;-Cg)alkanoyl, (Cy-
Ce)alkanoyloxy, (C;-Cg)alkoxycarbonyl, (Cy-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cs
alkyl.

Another specific value for R? is a divalent, branched or unbranched, saturated or

unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more (e.g.

14



WO 2016/164898 PCT/US2016/026931

1, 2, 3, or 4) of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and wherein R,
is H or C;-Cg alkyl. |

Another specific value for R3is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

Another specific value for R?is a divalent, branched or unbranched, hydrocarbon
chain, having from 3 to 15 carbon atoms.

Another specific value for R is a divalent, branched or unbranched, hydrocarbon
chain, having from 6 to 10 carbon atoms.

Another specific value for R?is a divalent hydrocarbon chain having 7, 8, or 9 carbon
atoms.

Another specific value for R? is a divalent hydrocarbon chain having 8 carbon atoms.

Another specific value for R3is a divalent hydrocarbon chain having 2, 3,4, 5,6, 7, 8,
or 9 carbon atoms.

Another specific value for R is a divalent hydrocarbon chain having 2, 4, or 8 carbon
atoms.

Another specific value for R? is a divalent hydrocarbon chain having 2, 4, 7 or 8
carbon atoms.

Another specific value for R? is -(CH;OCHy)s-.

Another specific value for R? is a divalent hydrocarbon chain having 4 carbon atoms.

In another specific embodiment, R is a divalent hydrocarbon chain having 2, 4, 7 or 8
carbon atoms or R is -(CH,OCH>);- and R? is a divalent hydrocarbon chain having 4 carbon

atoms.

Administration

The polymers of the invention can be formulated as pharmaceutical compositions and
administered to a mammalian host, such as a human patient in a variety of forms adapted to
the chosen route of administration, i.e., orally, rectally, or parenterally, by intravenous,
intramuscular, intraperitoneal, intraspinal, intracranial, topical, ocular or subcutaneous routes.
For some routes of administration, the polymer can conveniently be formulated as micronized
particles.

Thus, the polymers of the invention may be systemically administered, e.g., orally, in
combination with a pharmaceutically acceptable vehicle such as an inert diluent or an

assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules, may
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be compressed into tablets, or may be incorporated directly with the food of the patient's diet.
For oral therapeutic administration, the active compound may be combined with one or more
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions and preparations preferably
contain at least 0.1 % of polymer by weight. The percentage of the compositions and
preparations may, of course, be varied and may conveniently be between about 2 to about
80% of the weight and preferably 2 to about 60 % of a given unit dosage form. The amount
of polymer in such therapeutically useful compositions is such that an effective dosage level
will be obtained.

The tablets, troches, pills, capsules, and the like may also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the like;
a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, fructose,
lactose or aspartame or a flavoring agent such as peppermint, oil of wintergreen, or cherry
flavoring may be added. When the unit dosage form is a capsule, it may contain, in addition
to materials of the above type, a liquid carrier, such as a vegetable oil or a polyethylene
glycol. Various other materials may be present as coatings or to otherwise modify the
physical form of the solid unit dosage form. For instance, tablets, pills, or capsules may be
coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir may contain the
active compound, sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any material
used in preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the active compound may be
incorporated into sustained-release preparations and devices.

The polymer may also be administered intravenously, intraspinal, intracranial, or
intraperitoneally by infusion or injection. Solutions of the polymer can be prepared a suitable
solvent such as an alcohol, optionally mixed with a nontoxic surfactant. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in
oils. Under ordinary conditions of storage and use, these preparations contain a preservative
to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include sterile
solutions or dispersions or sterile powders comprising the polymer containing the active

ingredient which are adapted for the extemporaneous preparation of sterile injectable or
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infusible solutions or dispersions, optionally encapsulated in liposomes. In all cases, the
ultimate dosage form should be sterile, fluid and stable under the conditions of manufacture
and storage. The liquid carrier or vehicle can be a solvent or liquid dispersion medium
comprising, for example, ethanol, a polyol (for example, glycerol, propylene glycol, liquid
polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the formation of
liposomes, by the maintenance of the required particle size in the case of dispersions or by
the use of surfactants. The prevention of the action of microorganisms can be brought about
by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the polymer in the required
amount in the appropriate solvent with various of the other ingredients enumerated above, as
required, followed by filter sterilization. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are vacuum drying and the
freeze drying techniques, which yield a powder of the active ingredient plus any additional
desired ingredient present in the previously sterile-filtered solutions.

For topical administration, the present polymers can be applied in pure form.
However, it will generally be desirable to administer them as compositions or formulations,
in combination with a dermatologically acceptable carrier, which may be a solid or a liquid.

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline
cellulose, silica, alumina and the like. Useful liquid carriers include, alcohols or glycols or
alcohol/glycol blends, in which the present compounds can be dissolved or dispersed at
effective levels, optionally with the aid of non-toxic surfactants. Adjuvants such as
fragrances and additional antimicrobial agents can be added to optimize the properties for a
given use. The resultant liquid compositions can be applied from absorbent pads, used to
impregnate bandages and other dressings, or sprayed onto the affected area using pump-type
or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty
alcohols, modified celluloses or modified mineral materials can also be employed with liquid

carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly
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to the skin of the user.

Examples of useful dermatological compositions which can be used to deliver the
polymers of the invention to the skin are known to the art; for example, see Jacquet et al.
(U.S. Pat. No. 4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat. No.
4,559,157) and Wortzman (U.S. Pat. No. 4,820,508).

Characterization

Polymeric drug delivery systems of the present invention can be characterized by
proton nuclear magnetic resonance (NMR) spectroscopy, infrared (IR) spectroscopy, gel
permeation chromatography (GPC), high performance liquid chromatography (HPLC),
differential scanning calorimetry (DSC), and thermal gravimetric analysis (TGA). For
infrared spectroscopy, samples are prepared by solvent casting on NaCl plates. 'H and *C
NMR spectroscopy is obtained in solutions of CDCl3 or DMSO-ds with solvent as the
internal reference.

GPC can be performed to determine molecular weight and polydispersity. In this
method, samples are dissolved in dichloromethane and eluted through a mixed bed column
(Jordi divinylbenzyl, mixed bed, 7.8 x 300 mm) at a flow rate of 1.0 mL/minute. Typically
the samples (about 10 mg/mL) are dissolved into dichloromethane and filtered using 0.5 pm
PTFE syringe filters prior to column injection. Molecular weights are determined relative to
narrow molecular weight polystyrene standards (Polysciences, Inc.).

Thermal analysis can also be performed using a system such as the Perkin-Elmer
system consisting of a TGA 7 thermal gravimetric analyzer equipped with PE AD-4
autobalance and Pyris 1 DSC analyzer. In this system, Pyris software is used to carry out
data analysis on a DEC Venturis 5100 computer. For DSC, an average sample weight of 5-
10 mg is heated at 10°C/minute at a 30 psi flow of N,. For TGA, an average sample weight
of 10 mg is heated at 20°C/minute under a 8 psi flow of N2. Sessile drop contact angle
measurements are obtained with an NRL Goniometer (Rame-hart) using distilled water.
Solutions of polymer in methylene chloride (10% wt/volume) are spun-coated onto glass
slips, at 5,000 rpm for 30 seconds.

Degradation and drug release profiles of the polymer drug delivery systems of the
present invention can also be determined routinely. For these experiments, the polymers are
processed into either films, pellets, microspheres, nanospheres or fibers (depending on their

properties). After processing, the materials are be characterized to determine if any
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physicochemical changes have occurred during processing. Uniform processed, weighed,
and characterized samples are then degraded in acidic, neutral, and basic phosphate buffer
(conditions chosen to simulate physiological range) in triplicate. Periodically the buffer is
removed and replaced with fresh media to simulate sink conditions. The spent buffer is
analyzed by HPLC to determine the cumulative release of the drug. At defined time periods,
samples are removed from the buffer and superficially dried (blotted). They are then
weighed to determine the water uptake. At this point, the contact angle (hydrated) is also
measured to determine changes in hydrophobicity during degradation. The samples are then
thoroughly dried under vacuum and weighed to determine their mass Joss. Contact angles
(dry) are measured again to determine the hydrophobicity of the dry material, and how it
compares to that of the hydrated material. By plotting cumulative release of the degradation
products over time, the degradation kinetics can be defined. Wet and dry polymer weights
over time indicate if the material is bulk or surface eroding. If there is an increase in water
uptake, it can be determined that the polymer is bulk eroding, whereas if there is little or no
water uptake the material is considered surface-eroding. By plotting the changes in dry
weight versus time, the mass lost by the polymer as it erodes can be determined. This
information will give additional insight into how the material is degrading. Changes in
molecular weight over time are also examined to bolster the degradation results.

Polymers of the present invention can be isolated by known methods commonly
employed in the field of synthetic polymers. Polymeric drug delivery systems of the
invention can be readily processed into pastes or solvent cast to yield films, coatings,
microspheres and fibers with different geometric shapes for design of various medical
implants, and may also be processed by compression molding and extrusion. Medical
implant applications include the use of polymers to form shaped articles such as vascular
grafts and stents, bone plates, sutures, implantable sensors, implantable drug delivery devices,
stents for tissue regeneration.

The invention will now be illustrated by the following non-limiting Examples.
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EXAMPLES

Example 1.  Synthesis of Representative Polymers of the Invention

Representative polymers of the invention were prepared as illustrated in Scheme 1
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Scheme 1. Synthesis of compounds and polymers of the invention. Other compounds and
polymers of the invention, wherein R and R’ are defined as described herein may be
synthesized using similar methods.

Kojic acid (KA) was protected with paramethoxybenzyl chloride (PMB-CI) and
subsequently conjugated to a dicarboxylic acid (succinic, adipic, azelaic, sebacic, and
tetraglycolic) via carbodiimide coupling. The resulting diester was selectively deprotected
(e.g. using TFA) and the resulting dienol was polymerized by solution polymerization to
produce the corresponding poly(carbonate-ester). NMR spectra for compound 101 and for
compounds 102, 4, and 5 wherein R was derived from sebacic acid are shown in Figure 1.
An IR spectrum for compound 4, wherein R was derived from sebacic acid, is shown in
Figure 2; an IR spectrum for polymer 5, wherein R was derived from sebacic acid, is shown
in Figure 3; disappearance of the phenol peak at 3262 and the appearance of the carbonate
peak at 1796 shows formation of the carbonate ester.

The resulting KA (sebacic acid) polymer was characterized. Data is shown in the

following Table.
Polymer Tg Decomposition Molecular Weight PDI
Temperature (kDa)
KA 15°C 208 °C 18.0 1.8
(Sebacic)

Polymer 6 may also be prepared as shown in Scheme 1 and characterized in manner

similar to polymer 5.
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Example 2. Synthesis and characterization of polymers and dienols comprising kojic
acid

Tyrosinase, a copper-containing enzyme and key regulator of melanin biosynthesis,
catalyzes distinct reactions in the melanogenic cascade (Slominski, et al., Physiol Rev 2004,
84, 1155-1228). More specifically, tyrosinase facilitates the hydroxylation of L-tyrosine to
L-dihydroxyphenylalanine (L-DOPA) and the subsequent L-DOPA oxidation (Slominski, et
al., Physiol Rev 2004, 84, 1155-1228), the former which is rate-determining (Chang,
Materials 2012, 5, (12), 1661-1685), in concerted or concurrent steps in the initial melanin
biosynthesis (Solomon, et al., Chemical Reviews 1996, 96, 2563-2605). The two copper ions
present in tyrosinase’s active site are important in the catalysis of the aforementioned reaction
(Solomon, et al., Chemical Reviews 1996, 96, 2563-2605); thus considerable research has
focused on tyrosinase inhibition (Chang, International journal of molecular sciences 2009,
10, (6), 2440-75).

Kojic acid, a natural tyrosinase inhibitor possessing antimicrobial and antioxidant
activity, is commonly utilized in personal care products as a skin lightener and in the food
industry as a natural preservative. While effective, kojic acid’s inclination to undergo
thermal and photodegradation impairs its efficacy, necessitating the development of novel
delivery systems. Thus, to overcome these deficiencies and minimize degradation, kojic acid
was incorporated into hydrolytically degradable poly(carbonate-esters) and polyesters with
naturally occurring diacids through solution polymerization methods. By synthesizing
polymer precursors containing kojic acid-linker-kojic acid chemical structures, versatile
monomers were developed capable modulating polymer properties. Polymer physicochemical
properties were characterized by nuclear magnetic resonance and Fourier transform infrared
spectroscopies, whereas gel permeation chromatography was employed to assess polymer
weight-averaged molecular weight and polydispersity index data. Thermal properties were
evaluated and polymer stability examined. Polymer hydrolytic degradation was investigated
under physiological conditions to determine kojic acid-based poly(carbonate-ester’s) and
polyester’s release profile and degradation media bioactivity assessed against identical

concentrations of free kojic acid.

MATERIALS AND METHODS
Materials. 1 N hydrochloric acid (HC1), polytetrafluoroethylene (PTFE), and
poly(vinylidine fluoride) (PVDF) syringe filters, and Wheaton glass scintillation vials were
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purchased from Fisher Scientific (Fair Lawn, NJ). Kojic Acid and Azelaic acid were
acquired from Acros Organics (Morris Plains, NJ). 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI) was purchased from AK Scientific (Union City,
CA). P-methoxybenzyl chloride was obtained from TCI (Portland, OR). All other reagents,
solvents, and fine chemicals were purchased from Aldrich (Milwaukee, WI) and used as
received.

'H and BC NMR and FT-IR spectroscopies. Varian 400 or 500 MHz spectrometers
were used to record proton (‘H) and carbon (*>C) nuclear magnetic resonance NMR) spectra
using deuterated chloroform (CDCl3) with tetramethylsilane as an internal reference or
deuterated dimethyl sulfoxide (DMSO-d) as solvent and internal reference. Fourier
transform infrared (FT-IR) spectra were obtained using a Thermo Nicolet/Avatar 360
spectrometer, with samples (1-3 wt %) ground and pressed with potassium bromide (KBr)
into a disc using an IR pellet die (International Crystal Laboratories, Garfield, NJ) or solvent
casted via dichloromethane (DCM) to acquire a thin film on sodium chloride (NaCl) plates.
Each spectrum was an average of 32 scans.

Molecular Weight. Polymer precursors were analyzed via mass spectrometry (MS)
to determine molecular weights. A Finnigan LCQ-DUO equipped with Xcalibur software
and an adjustable atmospheric pressure ionization electrospray ion source (API-ESI Ion
Source) was used with a pressure of 0.8 x 10~ and 150 °C API temperature. Samples
dissolved in methanol (< 10 ng/mL) were injected via a glass syringe. Gel permeation
chromatography (GPC) was used to determine polymer weight-averaged molecular weight
(My,) and polydispersity indices (PDI) using a Waters liquid chromatography system
consisting of a Series 2414 refractive index detector, a 1515 isocratic high performance liquid
chromatography (HPLC) pump, and a 717plus autosampler. Automation of the samples and
processing of the data was performed using a Dell OptiPlex GX110 computer running Waters
Breeze Version 3.20 software. Polymer samples were prepared for autoinjection by
dissolving in DCM (10 mg/mL) and filtering through 0.45 pm PTFE syringe filters. Samples
were resolved on a Jordi divinylbenzene mixed-bed GPC column (7.8 x 300 mm, Alltech
Associates, Deerfield, IL) at 25 °C, with DCM as the mobile phase at a flow rate of 1.0
mL/min. Molecular weights were calibrated relative to narrow polystyrene standards
(Polymer Source Inc., Dorval, Canada).

Thermal Properties. Differential scanning calorimetry (DSC) measurements were

carried out on TA Instrument Q200 to determine melting (Tr,) and glass transition (Ty)
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temperatures. Samples (4-6 mg) were heated under nitrogen atmosphere from —10 °C to 200
°C at a heating rate of 10 °C/min and cooled to —10 °C at a rate of 10 °C/min with a two-
cycle minimum. TA Instruments Universal Analysis 2000 software, version 4.5A, was used
to analyze the data. Thermogravimetric analysis (TGA) was utilized for determining
decomposition temperatures (Tg4) using a Perkin-Elmer Pyris 1 system with TAC 7/DX
instrument controller and Perkin-Elmer Pyris software for data collection. Samples (5-10
mg) were heated under nitrogen atmosphere from 25 °C to 400 °C at a heating rate of 10

°C/min. Decomposition temperatures were measured at the onset of thermal decomposition.
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Scheme 2. KA-containing polymer precursors including PMB-KA (2), PMB-KA Diesters (3)
with varying linkers (a-¢), and KA Dienols (4) with varying linkers (a-e).

24



WO 2016/164898 PCT/US2016/026931

o o j\ j\
o o
|Ol O/U\R/“\O IOI TEA/Triphosgene 0 ] 0 R O/\E[J\
HO OH DCM, Ny, 0°C o o
o] o o o} n
4 5
Adipoyl Chioride 5¢ (/\}7
Pyridine, DCM, N, R= 5d (/\)é
s O
TR
o o
DS
o (o)
o} o)
6
6a (/\)i
6b (A&
R= 6¢ (/\)?
6d (/\)8
6e \@/O\/)/g,

Scheme 3. Synthesis of KA Poly(carbonate-ester) (5), with various linkers (c-¢), and KA
Polyester (6), with various linkers (a-e).

PMB-KA (2) Synthesis. PMB-KA was synthesized utilizing a modified literature
procedure (Chen, et al., Med. Chem. Res. 2013, 22, 995-1003). KA (1, 1 eq) was dissolved in
50 mL anhydrous dimethylformamide (DMF) under nitrogen. Anhydrous sodium carbonate
(Na,COs3, 2.1 eq) and para-methoxybenzyl chloride (PMB-CI, 1.05 eq) were added and the
reaction flask, equipped with a reflux condenser and heated to 50 °C. Thin layer
chromatography (TLC, ethyl acetate eluent) was used to monitor the reaction progress.
Following KA consumption the reaction was cooled to room temperature and solvent
removed in vacuo. The resulting beige powder was triturated in 200 mL deionized (DI) water
for 30 minutes and subsequently filtered. The residue was dried under vacuum overnight to
acquire pure 2.

Yield: 77% (off-white powder). "H-NMR (400 MHz, DMSO-4): & 8.13 (s, 1H, Ar-
H), 7.32 (d, 2H, Ar-H), 6.93 (d, 2H, Ar-H), 6.29 (s, 1H, Ar-H), 5.65 (t, 1H, -OH), 4.84 (s, 2H,
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-CH,), 4.27 (d, 2H, -CHy), 3.74 (s, 3H, -CH3). BCNMR (DMSO-4): §173.7 (C), 168.4 (C),
159.7 (C), 147.0 (C), 141.6 (C), 130.5 (2C), 128.5 (C), 114.3 (2C), 111.6 (C), 70.8 (C), 59.8
(C), 55.6 (C). IR (KBr, cm™): 3311 (OH, alcohol), 1652 and 1617 (C=C).

PMB-KA Diester (3) Synthesis. PMB-KA (2, 2 eq), Diacid (1 eq), and 4-
dimethylaminopyridine (DMAP, 2.2 eq) were dissolved in 20 mL anhydrous DCM to which
EDCI (3 eq) was added. TLC (ethyl acetate eluent) was used to monitor reaction progress.
Following PMB-KA consumption, the reaction mixture was diluted with DCM (80 mL) and
washed with 10% potassium bisulfate (3 x 100 mL) and saturated sodium bicarbonate (3 x
100 mL). The organic layer was collected, dried over MgSOs, isolated via vacuum filtration,
and concentrated in vacuo to acquire pure 3.

PMB-KA (succinic) Diester (3a). Succinic acid was used as the diacid. Yield: 86%
(white powder). "H NMR (400 MHz, DMSO-4) : & 8.19 (s, 2H, Ar-H), 7.32 (d, 4H, Ar-H),
6.93 (d, 4H, Ar-H), 6.43 (s, 2H, Ar-H), 4.95 (s, 4H, CH,), 4.83 (s, 4H, CH>), 3.74 (s, 6H,
OCHj3), 2.69 (2, 4H, CHa). *C NMR (CDCls): § 174.4 (2C), 172.0 (2C), 161.3 (2C), 159.8
(2C), 147.2 (2C), 141.8 (4C), 129.6 (2C), 127.7 (2C), 114.2 (4C), 114.1 (2C), 71.8 (2C), 61.0
(20), 55.3 (2C) 33.6 (2C), 24.1 (2C). IR (NaCl, em™): 1728 (C=0, ketone and ester), 1651
and 1618 (C=C).

PMB-KA (Adipic) Diester (3b). Adipic acid was used as the diacid. Yield: 87%
(white powder). 'H-NMR (500 MHz, CDCls): & 7.54 (s, 2H, Ar-H), 7.31 (d, 4H, Ar-H), 6.90
(d, 4H, Ar-H), 6.41 (s, 2H, Ar-H), 5.01 (s, 4H, CH,), 4.88 (s, 4H, CH»), 3.79 (s, 6H, OCH3),
2.42 (t, 4H, CH,), 1.70 (t, 4H, CH,). C NMR (CDCL): & 174.4 (2C), 171.0 (2C), 161.0
(2C), 159.8 (2C), 147.1 (2C), 141.7 (4C), 129.6 (2C), 127.6 (2C), 114.3 (4C), 114.1 (2C),
71.7 (2C), 61.4 (2C), 55.3 (2C) 28.5 (2C). IR (NaCl, em™): 1725 (C=0, ketone and ester),
1651 and 1621 (C=C).

PMB-KA (azelaic) Diester (3¢). Azelaic acid was used as the diacid. Yield: 95%
(white powder). 'H-NMR (400 MHz, CDCl):  7.51 (s, 2H, Ar-H), 7.29 (d, 4H, Ar-H), 6.87
(d, 4H, Ar-H), 6.39 (s, 2H, Ar-H), 4.98 (s, 4H, CH,), 4.85 (s, 4H, CHy), 3.78 (s, 6H, OCH3),
2.37 (1, 4H, CH,), 1.62 (m, 4H, CH,), 1.31 (m, 8H, CH,). BC-NMR (CDCL): § 174.4 (2C),
172.5 (20), 161.5 (2C), 159.8 (2C), 147.1 (2C), 141.7 (4C), 129.6 (2C), 129.6 (2C), 114.1
(40), 114.0 (2C), 71.7 (2C), 60.9 (2C), 55.3 (2C), 33.8 (2C), 28.8 (3C), 24.6 (2C). IR (NaCl,
em™): 1747 (C=0, ester and ketone), 1656 and 1613 (C=C), and 1515 (C-C, aromatic).

PMB-KA (sebacic) Diester (3d). Sebacic acid was used as the diacid. Yield: 95%
(white powder). 'H-NMR (400 MHz, CDCl;): 8 7.51 (s, 2H, Ar-H), 7.30 (d, 4H, Ar-H), 6.87
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(d, 4H, Ar-H), 6.40 (s, 2H, Ar-H), 4.99 (s, 4H, CH,), 4.85 (s, 4H, CHy), 3.79 (s, 6H, OCHj3),
2.37 (t, 4H, CH,), 1.63 (m, 4H, CH»), 1.30 (m, 8H, CH,). BC.NMR (CDCls): & 174.4 (20),
172.6 (2C), 161.6 (2C), 159.8 (2C), 147.1 (2C), 141.7 (4C), 129.6 (2C), 129.6 (2C), 114.1
(4C), 114.0 (2C), 71.7 (2C), 60.9 (2C), 55.3 (2C), 33.8 (2C), 28.9 (4C), 24.7 (C). IR (NaCl,
em™): 1732 (C=0, ester and ketone), 1651 and 1621 (C=C), and 1519 (C-C, aromatic).

PMB-KA (tetraglycolic) Diester (3¢). 3,6,9-trioxaundecandioic acid was used as the
diacid. The crude product was further purified by preabsorbing onto silica gel and
performing flash chromatography using 100:0 — 60:40 ethyl acetate:acetone gradient. Yield:
43% (white powder). '"H-NMR (400 MHz, CDCl;): 8 7.50 (a, 2H, Ar-H), 7.25 (d, 4H, Ar-H),
6.82 (d, 4H, Ar-H), 6.37 (s, 2H, Ar-H), 4.92 (s, 4H, CH2), 4.88 (s, 4H, CH>), 4.19 (s, 6H,
CHs), 3.73 (s, 4H, CHb), 3.67 (m, 4H, CH,), 3.64 (m, 4H, CH,). >C-NMR (CDCls): § 174.3
(20), 169.5 (2C), 160.8 (2C), 159.8 (2C), 147.8 (2C), 141.7 (4C), 129.6 (2C), 127.6 (2C),
114.4 (4C), 114.1 (2C), 71.7 (2C), 71.1 (2C), 70.6 (2C), 68.3 (2C), 61.2 (2C), 55.3 (). IR
(NaCl, cm’! ): 1765 (C=0, ester and ketone), 1651 and 1614 (C=C), and 1515 (C-C,
aromatic).

KA Dienol (4) Synthesis. Compound 3 (1 eq) was dissolved in anhydrous DCM (25
mL), and anhydrous trifluoroacetic acid (TFA, 10 eq) added (Chen, et al., Med. Chem. Res.
2013, 22, 995-1003). TLC (ethyl acetate eluent) was used to monitor reaction progress.
Following 3 consumption, solvent was removed in vacuo and the resulting residue was
triturated with ethyl acetate (25 mL), isolated via vacuum filtration, and dried in vacuo for 24
hours.

KA (succinic) Dienol (4a). Yield: 95% (white powder). "H-NMR (400 MHz,
DMSO0-4): 6 9.23 (bs, 2H, -OH), 8.06 (s, 2H, Ar-H), 6.45 (s, 2H, Ar-H), 4.95 (s, 4H, CH,),
2.69 (s, 4H, CH,). >C-NMR (DMSO-4): 8 174.1 (2C) 171.8 (2C), 161.9 (2C), 146.5 (2C),
140.3 (20), 112.9 (20), 61.9 (2C), 28.8 (2C). MS: m/z =365.3 [M-1] |

KA (adipic) Dienol (4b). Yield: 95% (white powder). 'H-NMR (400 MHz, DMSO-
4): 89.24 (bs, 2H, -OH), 8.09 (s, 2H, Ar-H), 6.47 (s, 2H, Ar-H), 4.96 (s, 4H, CH>), 2.44 (¢,
4H, CH,), 1.58 (t, 4H, CHy). “C-NMR (DMSO-4): & 174.1 2C) 172.6 (2C), 162.0 (2C),
146.5 (2C), 140.3 (20), 112.9 (2C), 61.7 (2C), 33.2 (2C), 24.1 (2C). MS: m/z =393.1 [M-1].

KA (azelaic) Dienol (4¢). Yield: 92% (off-white powder). "H-NMR (400 MHz,
DMSO-4): 6 9.20 (bs, 2H, -OH), 8.06 (s, 2H, Ar-H), 6.42 (s, 2H, Ar-H), 4.93 (s, 4H, CH»),
2.37 (t, 4H, CHy), 1.50 (m, 4H, CHy), 1.24 (m, 6H, CH,). >C-NMR (DMSO_4): § 176.3
(20), 174.9 (2C), 164.3 (2C), 148.7 (2C), 142.5 (2C), 115.1 (2C), 63.8 (2C), 35.7 (2C), 30.8
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(30), 26.7 (2C). IR (KBr, cm™): 3246 (OH, enol), 1746 (C=0, ester), 1732 (C=0, ketone),
1656 and 1633 (C=C). MS: m/z=4354[M-1].

KA (sebacic) Dienol (4d). Yield: 89 % (off-white powder). "TH-NMR (500 MHz,
DMSO-dy): 8 9.21 (s, 2H, -OH), 8.06 (s, 2H, Ar-H), 6.42 (s, 2H, Ar-H), 4.93 (s, 4H,CHy),
2.36 (t, 2H, CH,), 1.51 (m, 2H, J=16 Hz, R-CH=CH-R), 1.22 (s, 4H, CH. ), 3.84 (s, 6H,
OCH3). C-NMR (DMSO-4): & 176.2 (2C), 174.9 (2C), 164.3 (2C), 148.7 (2C), 142.5 (20),
142.4 (20), 115.1 (2C), 63.7 (2C), 35.7 (2C), 31.1 (2C), 30.9 (2C), 26.9 (2C). IR (KBr, e’
1): 3265 (OH, enol), 1748 (C=0, ester), 1729 (C=0, ketone), 1646 and 1622 (C=C). MS:
m/z=4494 M - 1].

KA (tetraglycolic) Dienol (4¢). Yield: 97% (white powder). "H-NMR (500 MHz,
DMSO-dy): 6 9.22 (s, 2H, COOH), 8.07 (d, 2H, J=16 Hz, R-CH=CH-R), 6.48 (s, 2 H, Ar-H),
4.99 (d, 2H, J=8 Hz, Ar-H), 4.23 (d, 2H, J=8 Hz, Ar-H), 3.59 (d, 2H, /=16 Hz, R-CH=CH-
R), 3.53 (s, 4H, CHy). PC-NMR (DMSO-dp): & 174.1 (2C), 170.1 (2C), 161.7 (2C), 146.5
(20), 140.4 (2C), 113.1 (2C), 70.5 (2C), 70.1 (2C), 67.9 (2C), 61.8 (2C). IR (KB, cm™):
3261 (OH, enol), 1745 (C=0, ester), 1739 (C=0, ketone), 1644 and 1620 (C=C). MS: m/z =
469.0 [M - 1].

KA Poly(carbonate-ester) (5) Synthesis. Polymer (5) was prepared using a
modified solution polymerization (Scheme 3) (Schmeltzer, et al., J. Biomater. Sci. Polym. Ed.
2008, 19, (10), 1295-306). In brief, 4 (1 eq) was dissolved in anhydrous DCM (20 mL) under
argon and triethylamine (TEA, 4.4 eq) added as a proton acceptor. The reaction mixture was
cooled to 0 °C, after which triphosgene (1 eq) dissolved in anhydrous DCM (5 mL) was
added drop-wise (10 mL/h). The reaction was allowed to stir at 0 °C until CO, evolution
ceased (ca. 4 h). The reaction mixture was poured over chilled diethyl ether (400 mL) and
the precipitate isolated via vacuum filtration. The residue was dissolved in anhydrous DCM,
washed with acidic water (1 x 250 mL), dried over MgSQO4, concentrated to ~10 mL, and
precipitated with an excess of chilled diethyl ether (400 mL). Polymer 5 was isolated via
vacuum filtration and dried in vacuo at room temperature.

KA (Azelaic) Polymer (5¢). Yield: 60 % (beige powder). "H-NMR (400 MHz,
CDCls): & 8.17 (s, 2H, Ar-H), 6.52 (s, 2H, Ar-H), 4.95 (s, 4H, -CH,), 2.41 (t, 4H, -CH>), 1.66
(bm, 4H, -CH,), 1.35 (b, 6H, -CH,). *C-NMR (CDCl5): § 172.5 (2C), 171.5 (2C), 163.1
(2C), 148.9 (2C), 148.5 (2C), 141.4 (2C), 115.3 (2C), 60.9 (2C), 33.7 (2C), 28.7 (3C), 24.6
(2C). M, = 18.8 kDa, PDI =2.0. T, =26 °C, T4=230"°C
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KA (sebacic) Polymer (5d). Yield: 54 % (beige powder). 'H-NMR (400 MHz,
CDClL): & 8.14 (s, 2H, Ar-H), 6.52 (s, 2 H, Ar-H), 4.95 (s, 4H, CH>), 2.41 (t, 4H, CHy), 1.66
(m, 4H, CH,), 1.32 (m, 8H, CH>»). (NaCl, cm'l): 1796 (C=0, carbonate), 1743 (C=0, ester
and ketone), 1673 and 1643 (C=C). My, = 18.0 kDaDa, PDI =1.8. T, =15 °C. T4=208 °C.

KA (tetraglycolic) Polymer (5¢). Yield: 90 % (light beige powder). 'H-NMR (500
MHz, CDCL): & 8.16 (s, 2H, Ar-H), 6.54 (s, 2 H, Ar-H), 4.99 (s, 4H, CHQ), 4.26 (b, 4H,
CHy), 3.73 (b, 4H, CH,), 3.67 (b, 4H, CH,). M,, =7.2kDa, PDI=1.1. T;=32°C. Tq4=251
°C.

KA Polyester (6) Synthesis. Polymer (6) was prepared following Scheme 3. In brief,
4 (1 eq) was dissolved in anhydrous 4 mL DCM, unless noted otherwise, under argon and
pyridine (2.2 eq) added. Diacyl chloride (1.05 eq), dissolved in 2 mL anhydrous DCM, was
then added dropwise over 1h. The reaction was monitored via GPC until My, growth ceased
(~4 h). The reaction was quenched with 25 mL 1 N HCl and taken up into a separatory
funnel. The organic layer was washed 2 x 50 mL 1 N HCI, 2 x 50 mL sat. NaHCOs, dried
over MgSQy, and concentrated in vacuo. The polymer was further dried under vacuum
overnight to attain 6.

KA (Succinic) Polymer (6a). Dimethylformamide (DMF, 5 mL) used as solvent.
Yield: % (white powder). 'H-NMR (400 MHz, CDCl;):  7.92 (s, 2H, Ar-H), 6.41 (s, 2H,

' Ar-H), 4.94 (s, 4H, CH»), 2.77 (s, 4H, CH,), 2.64 (bm, 4H, CH), 1.86 (bm, 4H, CH,). My, =
5.5 kDa, PDI = 1.6.

KA (Adipic) Polymer (6b). Dimethylformamide (DMF, 5 mL) used as solvent.
Yield: % (white powder). 'H-NMR (400 MHz, DMSO-4): 8 8.52 (s, 2H, Ar-H), 6.59 (s,
2H, Ar-H), 5.02 (s, 4H, CH,), 2.63 (t, 4H, CHy), 2.46 (t, 4H, CH,), 1.71 (t, 4H, CH»), 1.59 (¢,
4H, CH,). M,,=4.2kDa, PDI=1.9.

KA (Azelaic) Polymer (6¢). Yield: 96 % (white powder). "H-NMR (400 MHz,
CDCL): 6 7.90 (s, 2H, Ar-H), 6.47 (s, 2H, Ar-H), 4.91 (s, 4H, CH>), 2.65 (bm, 4H, CH,),
2.39 (t, 4H, CH,), 1.87 (bm, 4H, CHy), 1.65 (bm, 4H, CH,), 1.33 (bm, 6H, CH). My, =9.2
kDa, PDI=13. Tg=4°C

KA (Sebacic) Polymer (6d). Yield: 71 % (white powder). "H-NMR (400 MHz,
CDCls): 67.89 (s, 2H, Ar-H), 6.47 (s, 2H, Ar-H), 4.93 (s, 4H, CH3), 2.65 (bm, 4H, CH>),
2.40 (1, 4H, CH,), 1.86 (bm, 4H, CHy), 1.65 (bm, 4H, CH), 1.31 (bm, 8H, CHz). My =9.0
kDa,PDI=14. T,=-1°C
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KA (Tetraglycolic) Polymer (6e). 7 mL 5:2 anhydrous DCM:DMF was used as
solvent Yield: 81 % (white powder). 'H-NMR (400 MHz, CDClL): § 8 7.91 (s, 2H, Ar-H),
6.50 (s, 2H, Ar-H), 5.00 (s, 4H, CHy), 4.27 (s, 4H, CH,), 3.76 (t, 4H, CHy), 3.71 (t, 4H, CHy),
2.65 (bm, 4H, CH>), 1.85 (bm, 4H, CH;). M,,=9.6 kDa, PDI=1.7. T,=10°C.

Dienol (4) Log P Determination. Log P, partitioning coefficient of respective
compounds between a hydrophilic (aqueous) and lipophilic (oil) phase, studies were
conducted to investigate the relative hydrophobicity of Dienols (4). Using HPLC equipped
with an XTerra reverse-phase Cig (RP18) 3.5 um 4.6 x 150 mm column (Waters, Milford,
MA) and Waters 2695 Separations Module, sample retention times were analyzed via a
Waters 2487 Dual 4 Absorbance Detector monitoring 254 and 270 nm. Mobile phases of
HPLC grade methanol (MeOH) and 50 mM KH,PO4 with 1% formic acid in HPLC grade
water were utilized at varying ratios (45:55 — 60:40) and run at 1 mL/min flow rate and 25
°C (Ayouni, et al., Chromatographia 2005, 62, (5-6), 251-255). All samples were first
dissolved in DMSO and subsequently diluted with phosphate-buffer saline (PBS) to acquire
1% DMSO solutions and filtered through 0.22 um PVDF syringe filters prior to autoinjection
(20 pL).

Dienol retention factor (k) for each methanol concentration was calculated according
to equation one, where tg and ty are the retention times of the Dienols and dead time, as
determined by the injection of sodium nitrate (Ayouni, et al., Chromatographia 2005, 62, (5-
6), 251-255), respectfully. From the obtained retention factors the k,, retention factor at
100% buffer, was extrapolated. Hydroxybenzyl alcohol, benzyl alcohol, 2-phenylethanol,
methylparaben, anisole, toluene, and thymol were used as reference samples and their
retention times acquired. Using reference samples’ published Log P, ,, values (OECD
Nuclear Energy Agency.; Organisation for Economic Co-operation and Development., In
OECD guidelines for the testing of chemicals 117, Organisation for Economic Co-Operation
and Development: Paris, 2004), a calibration curve was generated in which Log P, values
were plotted on the y-axis whereas log k., values, obtained from the same method as above,
were plotted on the x-axis (Ouimet, et al., Biomacromolecules 2015, 16, 2911-2919). Dienol

Log P values were then calculated from the curve using equation 2.

kw = (tr — t0)/to Equation 1
Log P = slope x log ky + y — intercept Equation 2
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Relative Polymer Hydrophobicity. Relative hydrophobicity of KA poly(carbonate-
esters) was determined by measuring sessile-drop contact angles of deionized (DI) water on
polymer discs using an automated Ramé-hart goniometer (Model 250, Netcong, NJ) with
DROPimage advanced software. Polymer discs were prepared by pressing finely ground
polymer samples (50 = 5 mg) into 8 mm diameter x 1 mm width discs in an IR pellet die
(International Crystal Laboratories, Garfield, NJ) with a bench-top hydraulic press (Carver
model M, Wabash, IN) by applying a pressure of 10,000 psi for 5 min at room temperature.
Angle measurements were obtained in triplicate for each polymer and an average value
acquired. Measurements were taken following equilibrium (~10 seconds).

In Vitro KA Release. KA release from polymer discs (n = 3, described above) was
monitored in phosphate-buffer saline (PBS, pH = 7.4), representing physiological conditions,
and acetate buffer (pH = 5.5), representing skin surface conditions (see, Figure 4A). Polymer
discs were incubated in 20 mL buffer in 20 mL Wheaton glass scintillation vials (Fisher
Scientific, Fair Lawn, NJ) at 37 °C with mild agitation (60 rpm) using a controlled
environment incubator-shaker (New Brunswick Scientific Co., Edison, NJ). To maintain sink
conditions degradation media (20 mL) was removed at predetermined time-points and
replaced with fresh buffer. Spent media was then examined via high-performance liquid
chromatography (HPLC) with an ultraviolet-visible (UV-Vis) spectroscopy detector. The
degradation products were analyzed and quantified via HPLC using an XTerra RP18 3.5 um
4.6 x 150 mm column (Waters, Milford, MA) by a Waters 2695 Separations Module
equipped with a Waters 2487 Dual A Absorbance Detector. Prior to autoinjection (20 pL) all
samples were filtered through 0.22 um PVDF syringe filters. A mobile phase of 10:90
acetonitrile and 50 mM KH,PQ4in HPLC grade water (Aldrich, Milwaukee, WI) with 1%
formic acid at a flow rate of 1.0 mL/min was used to separate degradation media products at
25 °C. Degradation media absorbance was monitored at 270 nm and KA release quantified
based on previously established calibration curves of KA from known standard solutions
(Figures 4A-C).

Mushroom Tyrosinase Inhibition Assay. Small molecule dienols (4a-¢) and
degradation products’ tyrosinase inhibition activity were assessed using a modified protocol
and compared to that of free KA in vitro (Chen, et al., Scientific reports 2015, 5, 7995).
Tyrosinase inhibition was evaluated by adding degradation media (25 pL) to 96-well plates
containing phosphate buffer (80 pL, pH = 6.8) and 125 pL substrate (0.5 mM L-DOPA) and
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incubated for 5 minutes at room temperature. A solution of mushroom tyrosinase (20 pL,
1250 U/mL) in phosphate buffer (pH = 6.8) was then added and incubated an additional 5
minutes at room temperature. The amount of dopachrome produced was then recorded with a
microplate reader (Coulter, Boulevard Brea, CA) at 475 nm.

Dienol (4a-e) tyrosinase inhibition activity was expressed as a function of its
concentration and inhibitory concentration 50 (ICsp) values calculated and compared to KA
(posttive control). For degradation media, fresh KA solutions prepared at concentrations
corresponding to day-10 HPLC data were analyzed identically to the aforementioned
degradation media samples. Tyrosinase inhibition % reduction was calculated following
Equation 3 where Absy is the negative control absorbance and Abs; is the sample
(degradation media or KA) absorbance after 5 minutes. Absy values were determined by
adding 25 pL to the 96-well plates in place of the samples and analyzing the resulting
absorbance (A =475 nm). All samples were corrected for background absorbance and
performed in triplicate. Student’s t-tests were performed to determine significant differences

between free KA and KA degradation media tyrosinase inhibition (p < 0.05).
[(Absy — Absy)/Absy] * 100 Equation 3

Cytotoxicity. In vitro cytocompatibility studies were performed by culturing 3T3
mouse fibroblasts in cell media (Dulbecco’s Modified Eagle Medium supplemented with
10% Fetal Bovine Serum, 1% Penicillin Streptomycin, and 1% L-glutamate) containing the
KA poly(carbonate-esters). Polymers (5a-5c¢, 6a-6e) and Dienols (4a-4e) were first sterilized
under UV at A = 254 nm for 900 s (Spectronics Corporation, Westbury, NY) and
subsequently dissolved in DMSO to acquire a stock solution. The stock solution was then
serial diluted with cell media. Cells were seeded in a 96-well plate at 2,000 cells/well in 100
pL media. Following incubation for 1 h, polymer-containing media in 1% DMSO, at
concentrations capable of inhibiting tyrosinase (0.1 mg/mL, 0.01 mg/mL and 0.001 mg/mL)
were added to allocated wells in a 96-well plate and incubated at 37 °C. DMSO (1 %) in cell
media was used as a negative control.

Cell viability was determined using CellTiter 96® Aqueous One Solution Cell
Proliferation Assay. After 24 h, 48 h, and 72 h incubation with polymers, 20 pL of (3-(4,5-
dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
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(MTS) reagent was added to each well and further incubated for 4 h at 37 °C. The absorbance

was then recorded with a microplate reader (Coulter, Boulevard Brea, CA) at 490 nm.

RESULTS

Synthesis and Characterization. Poly(carbonate-esters) and polyesters comprised
of KA and linear aliphatic and oxygen-containing diacids were successfully synthesized.
Following previously published methods, PMB-KA (2) was prepared via a selective Sn2
reaction with PMB-CI at the enolic site of KA (Chen, et al., Med. Chem. Res. 2013, 22, 995-
1003). PMB-KA diesters (3) were subsequently synthesized via carbodiimide coupling using
EDCI and DMAP. The diacids (succinic, adipic, azelaic, sebacic, and 3,6,9-
trioxaundecanedioic acid) were separately reacted with PMB KA to acquire 3. The low
purity of commercially available 3,6,9-trioxaundecanedioic acid (~ 70%) necessitated using
column chromatography to further purify the resulting crude product. KA dienols (4) were
obtained following a modified procedure described by Chen et al., in which the PMB-moiety
was selectively deprotected using TFA (Chen, et al., Med. Chem. Res. 2013, 22, 995-1003).
Successful synthesis of 2 was confirmed by the absence of the enolic proton and appearance
of PMB aromatic (7.32 and 6.93 ppm), benzyl (4.84 ppm), and methoxy protons (3.74 ppm,
Figure 1) and the aromatic functionality in both 3C NMR and FTIR spectra. Using 3¢ as an
example, the structure was confirmed by the presence of linker methylene protons (2.37,
1.62, and 1.31 ppm, Figure 1) in 'H NMR and the ester functionality in both 13C NMR and
FTIR spectra. Subsequent deprotection to acquire 4 was validated by the absence of the PMB
peaks (Figure 1) in '"H NMR. MS corroborated the mass of polymer precursors (3 and 4).

Following isolation and characterization of 4, KA poly(carbonate-esters) were
synthesized utilizing a modified solution polymerization with TEA as a proton acceptor and
triphosgene as a dehydrochlorination coupling reagent (Schmeltzer, et al., J. Biomater. Sci.
Polym. Ed. 2008, 19, (10), 1295-306). In initial trials pyridine was utilized in place of TEA
owing to its use in triphosgene-mediated solution polymerization to acquire polycarbonates
(Shpaisman, et al., Biomacromolecules 2012, 13, (8), 2279-86), however, it was found to
reduce My, and yield. Furthermore, polymerization attempts with 4a and 4b resulted in
insoluble systems and were not further characterized. Dienol polymerization was confirmed
by the downfield shift in olefin peaks of KA (Figure 1) and by the manifestation of the
carbonate bond in >C NMR and FTIR spectrums. KA polyesters were also synthesized

utilizing a modified procedure in which pyridine facilitated O-acylation of adipoyl chloride to
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acquire 6 (Pion, et al., Macromolecular Chemistry and Physics 2014, 215, (5), 431-439).

Using 6d as an example, successful polymerization was indicated by the absence of the

enolic proton and the appearance of new methylene peaks at 2.65 and 1.86 ppm.

KA poly(carbonate-esters) possessed molecular weights ranging from 7.2 to 18.8 kDa

with aliphatic linked KA Dienols producing higher molecular weight polymers (Sa-b).

Additionally, the linker composition and length was found to influence T, with heteroatom

containing (5¢) possessing the highest T, and decreasing aliphatic linker length culminating

in a higher T,. It is hypothesized that the former is due to the shorter C-O bond relative to C-

C bond reducing the polymer flexibility, whereas the latter is consistent with literature

(Prudencio, et al., Macromol. Biosci. 2016,16(2), 214-22; Prudencio, et al., Macromolecules
2005, 38, (16), 6895-6900). KA polyesters consistently displayed lower My, when compared

to KA poly(carbonate-ester) counterparts, with My, ranging from 4.2 — 9.6 kDa. As was

expected, KA polyesters also possessed lower Tgs owing to the introduction of a more

flexible aliphatic linkage.

Dienol (4) Log P Determination. Dienol (4) Log P studies were conducted to both

gain insight to water solubility, as Sc rapidly degrades when solubilized and 5a-b are

sparingly soluble, and skin permeation candidacy as Log P can be utilized as an estimate of

permeability. Thus, Dienol Log P values were extrapolated from an HPLC method to

determine lipophilicity (OECD Nuclear Energy Agency.; Organisation for Economic Co-

operation and Development., In OECD guidelines for the testing of chemicals 117,

Organisation for Economic Co-Operation and Development: Paris, 2004). Retention factors

(k) were calculated according to equation 1 for each concentration of MeOH and ky, values

extrapolated based off the retention times (Table 1).

Sample Calculated ky, Calculated Log P Values
4a 0.806 0.353
4b 2.40 1.17
4c 16.0 2.59
4d 31.6 3.10
4e 0.688 0.235

Table 1. Calculated Log P values for dienols (4a-e) to elucidate lipophilicity

The calculated log P values in Table 1 follow the trend 4e < 4a <4b <4¢ <4d. Asas
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expected, 4e was the most hydrophilic dienol presumably due to the increase in oxygen
content as similar trends have been observed (Ouimet, et al., Biomacromolecules 2015, 16,
2911-2919), while the remaining dienols followed a trend of increasing aliphatic content
between the kojic moieties. All compounds possessed a Log P value greater than kojic acid
itself, which has been reported as low as -1.11 and high as -0.66 (Rho, et al. Bull. Korean
Chem. Soc. 2007, 28, (3), 471-473; Heng, et al. Handbook of Cosmeceutical Excipients and
Their Safeties. Woodhead Publishing: New York, NY, 2014)

In Vitro KA Release. KA poly(carbonate-ester) hydrolytic degradation was studied
utilizing polymer discs to minimize formulation influence on KA release. Polymer discs
were immersed in PBS under physiological conditions (pH = 7.4, 37 °C) and polymer
degradation investigated using HPLC, monitoring KA release. Degradation media KA
concentration was quantified at each time-point based on standardized calibration curves.

KA poly(carbonate-esters) were found to hydrolytically degrade through the
carbonate bond first, generating Dienol (4), which subsequently underwent further hydrolysis
to release KA as confirmed by HPLC. While carbonate bonds are classically more robust and
stable towards hydrolysis than esters, it is hypothesized that the enhanced stability of the enol
leaving group and hydrophilicity of the surrounding KA moieties promoted faster hydrolytic
degradation. Furthermore, upon initial hydrolysis at the carbonate site an unstable carbonic
acid forms, which literature has shown to readily decarboxylate, releasing CO, and the enol.
HPLC chromatograms displayed a peak at 2.23 min, corresponding to KA, while additional
peaks were present at later retention times, representing other degradation products (i.e.,
mono-enols, dienols, etc.).

The release profile of KA poly(carbonate-esters) was found to be drastically
influenced by the linker molecule. The water miscible, hydrophilic 3,6,9-trioxaundecandioic
acid linker of 5e promoted complete polymer degradation within three days, whereas
aliphatic linked 5¢ and 5d released 69% and 34% of KA after 30 days (Figure 4C). Although
only differing by a methylene unit, 5S¢ released KA considerably quicker than 5d. These
results are presumed to be due to the enhanced hydrophilicity of Sc as corroborated by log P
analysis. Moreover, Dienol log P trends were consistent with polymer release profiles with
decreasing log P (increasing hydrophilicity) correlating to increased KA release rate. The

KA release from Sc¢ and 5d was also monitored and quantified over 30 days.
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Mushroom Tyrosinase Inhibition Assay. Both Dienol (4a-4e) and polymer
degradation products were determined by a modified procedure using L-DOPA as a substrate
(Chen, et al., Scientific reports 2015, 5, 7995). Polymer degradation products were found to
possess similar tyrosinase inhibition activity as their free small molecule counterparts, using
identical concentrations (as determined by HPLC). Interestingly, all Dienols (4a-4¢) IC50
values were significantly more potent than kojic acid, most notably for compounds 4a-4c.

Compound 1C50 (uM) Ratio

4a 75.72 5.362
4b 60.94 6.662
4c 94.63 4.290
4d 270.4 1.502
4e 336.1 1.208
Kojic Acid  406.0 1

Table 2. IC50 values of Dienol compounds showing enhanced potency relative to

kojic acid itself.

Cytotoxicity. To ensure topical use of KA poly(carbonate-esters) was appropriate,
cytotoxicity studies were conducted using 3T3 mouse fibroblasts. Cells were incubated in the
presence of polymer-containing media at 0.1, 0.01, and 0.001 mg/mL, whereas DMSO-
containing media was used as a control. These concentrations represent therapeutically
relevant values based off KA ICs studies in literature (Neeley, et al., International journal of
molecular sciences 2009, 10, (9), 3811-23). Studies were performed over a 72 h duration,
monitoring cell viability every 24 h.

Collectively, all KA poly(carbonate-esters) were cytocompatible — exhibiting no
statistical difference in cell viability between polymer samples and DMSO control - at 0.01
mg/mL and 0.001 mg/mL over 72 hours (Figure 6). At 0.1 mg/mL, Se was found to be
cytocompatible whereas Sc¢ and 5d exhibited cytotoxicity. It is hypothesized that the
increased hydrophilicity of Se, as demonstrated by log P analysis, is responsible for the
improved cytocompatibility. Overall, all KA poly(carbonate-esters) were found to be
cytocompatible at therapeutically relevant concentrations as determined by KA tyrosinase

inhibition activity.
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As the dienols (4a-4¢) displayed significantly better tyrosinase inhibition than kojic
acid itself, their cytocompatibility was also investigated. All dienols were found to be
cytocompatible well above their IC50 values (1000 pM) after 24 h whereas kojic acid slightly
cytotoxic (Figure 7). This provides an additional advantage of polymer 5 and 6 as both
systems release their respective dienol, which all are more potent tyrosinase inhibitors and

more cytocompatible.

Example 3. Evaluation of polymers and dienols comprising kojic acid in melanocytes
The polymers and dienols described in Examples 1 and 2 may be further evaluated in

melanocytes. Described below are two assays, which may be performed to evaluate to the

polymers and compounds of the invention: MTT cytotoxicity assay and melanin assay.

Cytotoxicity Assay (MTT)

Aspirate media from the cells, add 1mL of trypsin and incubate 1-3 min at RT until
cells lift from plate. Collect the cells/trypsin, add contents to 15mL centrifuge tube and spin
at 180 x g for 7 min. Remove supernatant and resuspend pellet in 4mL media. Count cells
using hemocytometer by combining 20 pL cell suspension with 20pL trypan blue. Dilute
cells to 2 x 10° cells/mL and plate 100uL/well (2 x 10* cells/well) in 96 well plate. After 24h,
replace media with treatments (51 wells total): 1) 5 samples in triplicate at 3 concentrations
(45 wells); 2) no treatment control in triplicate (3 wells); and 3) kojic acid treatment control
in triplicate (3 wells). Incubate cells with treatment for 24, 48 or 72h. Prepare MTT stock
solution (component A): add 1mL of sterile PBS to one 5mg vial of MTT and mix by
vortexing (enough for 100 tests). The MTT stock solution may be stored at 4°C for 4 weeks.
Prepare component B solution: add 10mL of 0.01 M HCl to one tube containing 1g SDS
(component B) ahd mix by inversion. The component B solution should be prepared
immediately before use (enough for 100 tests). Remove media from cells, replace with 100
uL of fresh media. Add 10puL of MTT stock solution (component A) to each well, incubate
for 4h at 37°C. Add 100uL of SDS-HCI solution (component B), mix using pipette and
incubate for 4h at 37°C. Mix each sample using pipette and read absorbance using 570nm

using plate reader.
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Melanin Assay

Plate cells at 5 x 10* cells/well in a 24 well plate (51 wells total): 1) 5 samples in
triplicate at 3 concentrations (45 wells); 2) no treatment control (3 wells); 3) kojic acid
control (3 wells). Incubate for 24h at 37°C. Aspirate media and trypsinize cells with 100pL
of trypsin per well and incubate at RT for 1-3 mins, until cells lift from plates. Add 100ul.
10% FBS in DMEM to neutralize trypsin. Transfer lifted cells to microcentrifuge tubes and
then wash wells with 50ul. 10% FBS in DMEM and add to tubes. Centrifuge at 180 x g for 7
min. Heat 1N NaOH to 70°C and dissolve cell pellets in 200ul. NaOH. Heat samples at
70°C on heat block for 1h. Centrifuge tubes at 10,000 x g for 10 min. Transfer 100pL of
supernatant to 96 well plate and read absorbance at 405nm.

All publications, patents, and patent documents including the documents identified

below are incorporated by reference herein, as though individually incorporated by reference.

e Erdmann, L. et al. Biomaterials, 21 , 1941-1946 (2000)

¢ Schmeltzer, R. et al. Polym. Bull, 49, 441-448 (2003)

* Prudencio, Almudena. et al. Macromolecules, 8, 6895-6901 (2005)

» Aytemir, Karakaya. et al. Medicinal Chemistry and Drug Design, 1 —21 (2012)

e Balasubramanian, A. et al. Journal of Applied Packaging Research, 3, 193-221
(2009)

¢  Mounia, Oussalah. et al J. Agric. Food Chem 52 5598-5605 (2004)

 Coma, V. et al. Meat Science 78 90-103 (2008)

The invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many variations and

modifications may be made while remaining within the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. A polymer having a backbone wherein the backbone comprises one or more groups

that will yield kojic acid upon degradation of the polymer.

2. The polymer of claim 1 which is a polyester, a polyamide, a polyanhydride, a

polycarbonate, or a polycarbamate, or a copolymer thereof.

3. The polymer of claim 1 which is a copolymer that comprises one or more repeating
units comprising a polyester, a polyamide, a polyanhydride, a polycarbonate, or a

polycarbamate.

4, The polymer of any one of claims 1-3 that comprises one or more polyester or
polycarbonate units that comprise one or more groups that will yield kojic acid upon

degradation of the unit.

5. A compound of formula 1:
i
3 /“/\Tgﬂo R o/\@og\ .
~0 o
o) o} 1
wherein:

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from 1 to 25 carbon atoms, wherein one or more of the carbon atoms is optionally
replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted on carbon with one
or more substituents selected from the group consisting of (C;-Ce)alkoxy, (Cs-Ce)cycloalkyl,
(C1-Cgjalkanoyl, (C;-Cg)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy; wherein R, is
H or C;-Cg¢ alkyl;

R' is H or a hydroxy protecting group; and

R? is H or a hydroxy protecting group.
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6. The compound of claim 5 wherein R is a divalent, branched or unbranched, saturated
or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein the chain is
optionally substituted on carbon with one or more substituents selected from the group
consisting of (C-Ce)alkoxy, (C3-Ce)cycloakyl, (C;-Cg)alkanoyl, (C;-Ce)alkanoyloxy, (Cy-
Ce)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy.

7. The compound of claim 5 wherein R is a peptide.
8. The compound of claim 5 wherein R is an amino acid.
9. The compound of claim 5 wherein R is a divalent, branched or unbranched, saturated

or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), and wherein R, is H or C;-Cs
alkyl.

10. The compound of claim 5 wherein R is a divalent, branched or unbranched, saturated
or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally
substituted on carbon with one or more substituents selected from the group consisting of
(C1-Ce)alkoxy, (C3-Cg)cycloalkyl, (C;-Cg)alkanoyl, (C;-Ce)alkanoyloxy, (C;-
Ce)alkoxycarbonyl (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cg alkyl.

11. The compound of claim 5 wherein R is a divalent, branched or unbranched, saturated
or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), and wherein R, is H or C;-Cq
alkyl.

12. The compound of claim 5 wherein R is a divalent, branched or unbranched, saturated

or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

13. The compound of claim 5 wherein R is a divalent, branched or unbranched,
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hydrocarbon chain, having from 3 to 15 carbon atoms.

14.  The compound of claim 5 wherein R is a divalent, branched or unbranched,

hydrocarbon chain, having from 6 to 10 carbon atoms.

15. The compound of claim 5 wherein R is a divalent hydrocarbon chain having 2, 3, 4, 5,

6,7, 8, or 9 carbon atoms.

16.  The compound of claim 5 wherein R is a divalent hydrocarbon chain having 2, 4, 7 or

8 carbon atoms or wherein R is -(CH,OCH,)3-.
17.  The compound of any one of claims 5-16 wherein R! is 4-methoxybenzyl.

18.  The compound of any one of claims 5-16 wherein R'is H.

19.  The compound of any one of claims 5-18 wherein R? is 4-methoxybenzyl.
20.  The compound of any one of claims 5-18 wherein R?is H.
21. A polymer that comprises one or more units of formula (I):

o O
2 ) oY
N N o =
0 )

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,

wherein:

having from 1 to 25 carbon atoms, wherein one or more of the carbon atoms is optionally
replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted on carbon with one
or more substituents selected from the group consisting of (C;-Cg)alkoxy, (Cs3-Ce)cycloalkyl,
(C1-Ce)alkanoyl, (C;-Ce)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano,

nitro, halo, hydroxy, oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein
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R, is H or C1-Cg alkyl.

22. A polymer of formula 5:

O O
/F‘)\ /EO]J/\O/U\R/U\O/\E[O]J\ J/
0] O
O O n
5

wherein:

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from 1 to 25 carbon atoms, whereih one or more of the carbon atoms is optionally
replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted on carbon with one
or more substituents selected from the group consisting of (C;-Cg)alkoxy, (C3-Cs)cycloalkyl,
(C1-Cg)alkanoyl, (C;-Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy; wherein

R.is H or C;-Cg alkyl;

and
n is an integer from 2 to 500 inclusive.

23. The polymer of claim 22 wherein n is an integer from 5 to 300, inclusive.
24. The polymer of claim 22 wherein n is an integer from 10 to 300, inclusive.
25.  The polymer of claim 22 wherein n is an integer from 15 to 300, inclusive.
26. The polymer of claim 22 wherein n is an integer from 20 to 300, inclusive.
27. The polymer of claim 22 wherein n is an integer from 20 to 250, inclusive.
28. The polymer of claim 22 wherein n is an integer from 50 to 250, inclusive.

29. The polymer of any one of claims 21-28 wherein R is a divalent, branched or
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unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein the chain is optionally substituted on carbon with one or more substituents selected
from the group consisting of (C;-Cg)alkoxy, (C3-Cg)cycloakyl, (C1-Cs)alkanoyl, (C,-
Ce)alkanoyloxy, (C-Cs)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

30.  The polymer of any one of claims 21-28 wherein R is a peptide.

31. The polymer of any one of claims 21-28 wherein R is an amino acid.

32.  The polymer of any one of claims 21-28 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and

wherein R, is H or C;-Cg alkyl.

33.  The polymer of any one of claims 21-28 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein
the chain is optionally substituted on carbon with one or more substituents selected from the
group consisting of (C;-Ce)alkoxy, (C3-Ce)cycloalkyl, (Ci-Cs)alkanoyl, (Ci-Ce)alkanoyloxy,
(C1-Cg)alkoxycarbonyl (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cs alkyl.

34.  The polymer of any one of claims 21-28 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and

wherein R, is H or C;-Cg alkyl.

35.  The polymer of any one of claims 21-28 wherein R is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

36. The polymer of claim any one of claims 21-28 wherein R is a divalent, branched or

unbranched, hydrocarbon chain, having from 3 to 15 carbon atoms.
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37. The polymer of any one of claims 21-28 wherein R is a divalent, branched or

unbranched, hydrocarbon chain, having from 6 to 10 carbon atoms.

38.  The polymer of any one of claims 21-28 wherein R is a divalent hydrocarbon chain

having 2, 3,4, 5, 6, 7, 8, or 9 carbon atoms.

39.  The polymer of any one of claims 21-28 wherein R is a divalent hydrocarbon chain

having 2, 4, 7 or 8 carbon atoms or wherein R is -(CH,OCH,);3-.

40. A method for preparing a polymer of formula 5:

o O
Jﬁc‘)\ /QAO/U\RJ\O/\E:J\ }/
(0] ’ (0]
0 0] n
5

wherein:

R is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from 1 to 25 carbon atoms, wherein one or more of the carbon atoms is optionally
replaced by (-O-) or (-NR,-), wherein the chain is optionally substituted on carbon with one
or more substituents selected from the group consisting of (C;-Ce)alkoxy, (Cs-Cg)cycloalkyl,
(Ci-Ce)alkanoyl, (C;-Cg)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy; and wherein
Rais H or C;-Cq alkyl; and n is an integer from 2 to 500 inclusive

comprising polymerizing a corresponding diol of formula 4:

0
O ()
TR YT
HO OH
(@) (@)
4

to provide the polymer of formula S.
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41.  The method of claim 40 wherein the diol of formula 4 is polymerized in solution.
42. The method of claim 41 wherein the solution comprises dichloromethane.
43. The method of any one of claims 40-42 wherein the diol of formula 4 is polymerized

by treatment with triphosgene in the presence of a base.

44.  The method of claim 43 wherein the base is an amine base.
45.  The method of claim 44 wherein the amine base is triethylamine.
46. A polymer that comprises one or more units of formula (II):

o0 O
Oy R o) g g
\;\O/KHJ/\ /\K’Q\OJJ\RB/U\;\
o) 0

R and R? are each independently a divalent, branched or unbranched, saturated or

wherein:

unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally
substituted on carbon with one or more substituents selected from the group consisting of
(C;-Cg)alkoxy, (C5-Cg)cycloalkyl, (C1-Cg)alkanoyl, (C;-Ce)alkanoyloxy, (C;-
Ce)alkoxycarbonyl, (C,-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,

aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cs alkyl.

47. A polymer of formula 6:
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60 O
O R o) g 8
AT
o) 0] n

6
wherein:

R and R? are each independently a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally
substituted on carbon with one or more substituents selected from the group consisting of
(C1-Ce)alkoxy, (C3-Cg)cycloalkyl, (Ci-Ce)alkanoyl, (C;-Ce)alkanoyloxy, (C;-
Ce)alkoxycarbonyl, (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C,-C¢ alkyl;

and

n is an integer from 2 to 500 inclusive.
48.  The polymer of claim 47 wherein n is an integer from 5 to 300, inclusive.
49.  The polymer of claim 47 wherein n is an integer from 10 to 300, inclusive.
50.  The polymer of claim 47 wherein n is an integer from 15 to 300, inclusive.
51.  The polymer of claim 47 wherein n is an integer from 20 to 300, inclusive.
52.  The polymer of claim 47 wherein n is an integer from 20 to 250, inclusive.
53.  The polymer of claim 47 wherein n is an integer from 50 to 250, inclusive.
54.  The polymer of any one of claims 46-53 wherein R is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein the chain is optionally substituted on carbon with one or more substituents selected
from the group consisting of (C;-Ce)alkoxy, (Cs-Ce)cycloakyl, (C;-Cg)alkanoyl, (Ci-
Ce)alkanoyloxy, (C;-Ce)alkoxycarbonyl, (C,-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
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oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.
55.  The polymer of any one of claims 46-53 wherein R is a peptide.
56.  The polymer of any one of claims 46-53 wherein R is an amino acid.

57.  The polymer of any one of claims 46-53 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and

wherein R, is H or C;-Cg alkyl.

58.  The polymer of any one of claims 46-53 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NRg-), wherein
the chain is optionally substituted on carbon with one or more substituents selected from the
group consisting of (C;-Ce)alkoxy, (C3-Ce)cycloalkyl, (C;-Ce)alkanoyl, (C1-Ce)alkanoyloxy,
(C;-Ce)alkoxycarbonyl (C;-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cg alkyl.

59.  The polymer of any one of claims 46-53 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and

wherein R, is H or C;-Cg alkyl.

60. The polymer of any one of claims 46-53 wherein R is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

61.  The polymer of claim any one of claims 46-53 wherein R is a divalent, branched or

unbranched, hydrocarbon chain, having from 3 to 15 carbon atoms.

62.  The polymer of any one of claims 46-53 wherein R is a divalent, branched or

unbranched, hydrocarbon chain, having from 6 to 10 carbon atoms.
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63.  The polymer of any one of claims 46-53 wherein R is a divalent hydrocarbon chain

having 2, 3,4, 5, 6, 7, 8, or 9 carbon atoms.

64.  The polymer of any one of claims 46-53 wherein R is a divalent hydrocarbon chain

having 2, 4’, 7 or 8 carbon atoms or wherein R is -(CH,OCH,);-.

65.  The polymer of any one of claims 46-64 wherein R? is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein the chain is optionally substituted on carbon with one or more substituents selected
from the group consisting of (C-Ce)alkoxy, (C3-Cs)cycloakyl, (C1-Ce)alkanoyl, (Ci-
Ce)alkanoyloxy, (Cj-Ce)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,

oxo, carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.
66.  The polymer of any one of claims 46-64 wherein R? is a peptide.
67.  The polymer of any one of claims 46-64 wherein R? is an amino acid.

68.  The polymer of any one of claims 46-64 wherein R? is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and

wherein R, is H or C;-Cg alkyl.

69.  The polymer of any one of claims 46-64 wherein R® is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein
the chain is optionally substituted on carbon with one or more substituents selected from the
group consisting of (C;-Cg)alkoxy, (C3-Ce)cycloalkyl, (C;-Cs)alkanoyl, (C,-Cg)alkanoyloxy,
(Ci-Ce)alkoxycarbonyl (C,-Cg)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy, and wherein R, is H or C;-Cg alkyl.

70.  The polymer of any one of claims 46-64 wherein R is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms,

wherein one or more of the carbon atoms is optionally replaced by (-O-) or (-NR,-), and
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wherein R, is H or C;-Cg alkyl.

71.  The polymer of any one of claims 46-64 wherein R? is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 3 to 15 carbon atoms.

72. The polymer of claim any one of claims 46-64 wherein R? is a divalent, branched or

unbranched, hydrocarbon chain, having from 3 to 15 carbon atoms.

73.  The polymer of any one of claims 46-64 wherein R? is a divalent, branched or

unbranched, hydrocarbon chain, having from 6 to 10 carbon atoms.

74. The polymer of any one of claims 46-64 wherein R? is a divalent hydrocarbon chain

having 2, 3, 4, 5, 6, 7, 8, or 9 carbon atoms.

75.  The polymer of any one of claims 46-64 wherein R3 is a divalent hydrocarbon chain

having 4 carbon atoms.

76. A pharmaceutical composition comprising a polymer as described in any one of

claims 1-39 or 46-75 and a pharmaceutically acceptable carrier.

77. A cosmetic formulation comprising a polymer as described in any one of claims 1-39

or 46-75 and an acceptable carrier.

78. A film comprising a polymer as described in any one of claims 1-39 or 46-75.

79. A packing material comprising a polymer as described in any one of claims 1-39 or
46-75.

80. A method comprising delivering kojic acid to a surface comprising contacting the

surface with a polymer as described in any one of claims 1-39 or 46-75.

81. The method of claim 80, wherein the surface is skin.
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82. A method for the treating a disease, disorder or condition in a mammal comprising
administering an effective amount of a polymer as described in any one of claims 1-39 or 46-

75 to the mammal.
83.  The method of claim 82, wherein the polymer is administered topically.

84. A polymer as described in any one of claims 1-39 or 46-75 for the prophylactic or

therapeutic treatment of a disease, disorder or condition.

85.  The use of a polymer as described in any one of claims 1-39 or 46-75 for the
manufacture of a medicament useful for the treatment of a disease, disorder or condition in a

mammal.

86.  The method, polymer or use of any one of claims 82-85, wherein the disorder is a

hyperpigmentation disorder.

87.  The method of claim 86, wherein the hyperpigmentation disorder is post-

inflammatory hyperpigmentation, melasma or lentigines.

88. A method for preparing a polymer of formula 6:

(0] (0]
0 oo 198
0] (0] n

6
wherein:

R and R are each independently a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having from 1 to 25 carbon atoms, wherein one or more of
the carbon atoms is optionally replaced by (-O-) or (-NR,-), wherein the chain is optionally
substituted on carbon with one or more substituents selected from the group consisting of
(C;-Ceg)alkoxy, (Cs-Cg)cycloalkyl, (Ci-Cg)alkanoyl, (C;-Cg)alkanoyloxy, (C;-
Cg)alkoxycarbonyl, (C;-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo, carboxy, aryl,
aryloxy, heteroaryl, and heteroaryloxy; wherein R, is H or C,-Cs alkyl; and
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n is an integer from 2 to 500 inclusive,

comprising reacting a corresponding diol of formula 4:

T
(@) (@)
A
HO OH
(@) (@)
4

to provide the polymer of formula 6.
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