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ULTRAVIOLET RADIATION ABSORBING POLYMERS

This application claims priority to US provisional application 61/665430 filed June
28, 2012.

FIELD OF THE INVENTION
The invention relates to polymers bearing a chromophore suited for the absorption of

ultraviolet radiation.

BACKGROUND OF THE INVENTION

Skin cancer is a significant public health concern which represents 50% of diagnosed
cases of cancer in the United States. Ultraviolet radiation (UV) can cause molecular and
celtular level damage, and is considered the leading environmental factor responsible for skin
cancer. The prolonged exposure to UV radiation, such as from the sun, can lead to the
formation of light dermatoses and erythemas, as well as increase the risk of skin cancers,
such as melanoma, and accelerate skin aging processes, such as loss of skin elasticity and
wrinkling.

The damaging effects of UV exposure can be suppressed by topical application of
sunscreens which contain compounds that absorb, reflect or scatter UV, typically in the UVA
(wavelengths from about 320 to 400 nm) or UVB (wavelengths from around 290 to 320 nm)
range of the spectrum. Numerous sunscreen compounds are commercially available with
varying ability to shield the body from ultraviolet light.

It has been suggested to use sunscreen molecules having high molecular weights in
order to reduce the penetration of the sunscreen molecule through the epidermis. However,
the inventors have recognized that it would be desirable to have entirely new polymeric
sunscreen compounds (ultraviolet radiation-absorbing polymers) in order to provide any of

various benefits such as improved protection from UV.

SUMMARY OF THE INVENTION
The present invention includes ultraviolet radiation absorbing polymers that include a

repeat unit as shown below:

CA 2877476 2019-09-24
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wherein X comprises a UV absorbing chromophore, and R; is a saturated or unsaturated
hydrocarbon moiety having a number of carbon atoms between 4 and 30; ultraviolet radiation
absorbing polymers that include the reaction product of a monoglyceride and a poly-acid

5 monomer containing a UV-chromophore énd compositions that include ultraviolet radiation

absorbing polymers of the present invention and a cosmetically-acceptable carrier.

In one aspect, the invention provides an ultraviolet radiation absorbing polymer

comprising the reaction product of a monoglyceride and a poly-acid monomer containing a
UV-chromophore.

10 In another aspect, the invention provides an ultraviolet radiation absorbing polymer

comprising a polymer comprising a repeat unit

) OYR;
o o /Ci
,\NJLX/[LO ou,
- -n

wherein X comprises a UV chromophore, wherein n is a number such that the
ultraviolet radiation absorbing polymer has an average molecular weight from about 500 to
- 15 about 50,000, and R1 is a saturated or unsaturated hydrocarbon moiety having a number of

carbon atoms between 4 and 30.

CA 2877476 2019-09-24
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In another aspect, the invention provides a composition comprising a cosmetically
acceptable topical carrier and an ultraviolet radiation absorbing polymer that comprises the

reaction product of a monoglyceride and a poly-acid monomer containing a UV-chromophore.

In another aspect, the invention provides a composition comprising a cosmetically
acceptable topical carrier and an ultraviolet radiation absorbing polymer comprising a

polymer comprising a repeat unit:

] oﬁ,Rf
S
ol K Ao,
L. -n

wherein X comprises a UV chromophore, wherein n is a number such that the
ultraviolet radiation absorbing polymer has an average molecular weight from about 500 to
about 50,000, and R1 is a saturated or unsaturated hydrocarbon moiety having a number of

carbon atoms between 4 and 30.

DETAILED DESCRIPTION OF THE INVENTION

It is believed that one skilled in the art can, based upon the description herein, utilize
the present invention to its fullest extent. The following specific embodiments are to be
construed as merely illustrative, and not limitative of the remainder of the disclosure in any
way whatsoever. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the

invention belongs.
UV ABSORBING POLYMER

Embodiments of the invention relate to polymer compositions including an ultraviolet

radiation absorbing polymer, (i.e., "UV absorbing polymer"). By "UV absorbing polymer," it
-2a-
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is meant a polymer that absorbs radiation in some portion of the ultraviolet spectrum
(wavelengths between 290 and 400 nm). The UV absorbing polymer composition has a
molecular weight (My,), which may be suitable for reducing or preventing the UV-
chromophore from absorbing through the skin. According to one embodiment, a suitable
molecular weight for the UV absorbing polymer is My, greater than 500. In one embodiment,
My, is in the range from about 500 to about 50,000. In another embodiment, the UV absorbing
polymer composition has an My, from about 4000 to about 12,000.

According to one aspect of the invention, the polymer composition includes a UV

absorbing polymer having a repeat unit as shown below in Formula 1A:

-2b-
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OY R4

O
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XJ\O ©
FORMULA IA

A “repeat unit”, as defined herein and known in the art, is the smallest atom or group
5 of atoms (with pendant atoms or groups, if any) comprising a part of the essential structure of
a macromolecule, oligomer, block, or chain, the repetition of which constitutes a regular
macromolecule, a regular oligomer molecule, a regular block, or a regular chain.
In Formula IA, X comprises a UV absorbing moiety, or a structure with a pendant UV
absorbing moiety (UV-chromophore), such as a UVA absorbing moiety. R; is a saturated or
10 unsaturated hydrocarbon moicty having a number of carbon atoms between 4 and 30; in one
embodiment, the number of carbon atoms is between 12 and 18. Further, subscript “n”
indicates the number of repeat units in the polymer chain.
The UV-chromophore may be part of the polymer backbone, or may be pendant to the
polymer backbone. As will be recognized by those of skill in the art, the “backbone” refers
15  generally to that portion of the polymer molecule having the largest number of continuous
and covalently bonded atoms. Other smaller groups of covalently bonded atoms are
considered pendant groups that branch from the backbone.
According to one embodiment, the UV absorbing polymer composition includes a

polymer having a structure as shown below in FORMULA 1.
Y

LI
HO xJko O-n

20 n

FORMULA I

According to another embodiment, the UV absorbing polymer composition includes a

branched polymer, shown below in FORMULA 11.
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FORMULA II

Some UV-chromophores have a single functional group suitable for covalent
attachment to a polymer. Examples of these functional groups include, but are not limited to,
carboxylic acids, amings, alcohols, thiols, and isocyanates. These UV-chromophores can be
covalently attached as pendant groups to polymers like those illustrated in FORMULA I and
FORMULA II using various approaches. Two embodiments are described herein: covalent
attachment of a UV-chromophore to a polymer backbone, and polymerization of monomers
with pendant UV-chromophorcs.

According to another embodiment, the UV absorbing polymer composition is the
reaction product of a monoglyceride and a poly-acid monomer containing a UV-
chromophore. In one embodiment, the UV-chromophore contains a single functional group
attached covalently to complimentary functional groups on the polymer. In one embodiment,
a polymer is synthesized through polycondensation of a monoglyceride with a poly-acidic
monomer, i.e., has at least two carboxylic acid groups, that contains an additional functional
group. The additional functional group is incorporated into the polymer, and provides a site
for covalent attachment of the UV-chromophore to the polymer. Examples of functional
groups that arc sites for covalent attachment of UV-chromophores include, but are not limited
to, conjugated alkenes, amines, alcohols, and carboxylic acids.

A monoglyceride is defined herein as a derivative of glycerol containing a single long
chain. e.g., from 4 up to and including 30 carbon atoms, such as from 12 up to and including
18 carbon atoms, alkyl cster. Suitablec monoglycerides include, but arc not limited to,
glycerol monostearate, glycerol monopalmitate, glycerol monomyristate, glycerol
monocaprate, glycerol monodecanoate, glycerol monolaurate, glycerol monolinoleate,
glycerol monooleate, and combinations thereof. In one embodiment, the monoglyceride is
glycerol monolaurate.

Examples of poly-acidic monomers with conjugated alkene functional groups include

maleic, fumaric, itaconic and citraconic acids. UV-chromophores functionalized with amines

_4-
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or thiols, for example, can covalently bond to these alkene groups in polymers through
conjugate addition reactions. Polymers containing amines or hydroxyl groups are
synthesized by polycondensation of monoglycerides with poly-acidic monomers containing
amine or hydroxyl functional groups. The amine or hydroxyl groups are masked to prevent
interference with the polymerization reaction using protecting groups known to those skilled
in the art. The protecting groups are removed following polymerization. In the case of
polymers containing free hydroxyl or amine groups, a UV-chromophore containing a
carboxylate group may be covalently attached to the polymer using a number of methods
familiar to those skilled in the art. Condensation reagents can be used to form covalent bonds
between UV-chromophores with carboxylic acids and amine or hydroxyl groups on
polymers, generating amide and ester bonds, respectively; in one embodiment, the
condensation reagent is N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride.
The carboxylic acid of the UV-chromophore may also be attached to hydroxyl groups on the
polymer through ester bonds using transition metal catalysts. In one embodiment, the
catalyst is tin (IT) ethylhexanote. The UV-chromophore can also be attached to the polymer
by converting the UV-chromophore carboxylic acid to the corresponding acid chloride. The
acid chloride reacts with amine or hydroxyl groups on the functional polymer forming amide
or ester bonds, respectively. In one embodiment, this conversion to the acid chloride is
performed using thionyl chloride. The UV-chromophore carboxylic acid may also be
converted to the isocyanate through Curtius rearrangement of an intermediate acid azide. The
UV-chromophore isocyanate reacts with amine or hydroxyl groups on the functional polymer
forming urea or urethane bonds, respectively.

In the second embodiment, the UV-chromophore containing a single functional group
is chemically modified. The product of the modification contains two or more carboxylic
acid functional groups, and can participate in polycondensation polymerization with
monoglycerides. Molecules which can be used to chemically modify UV-chromophores to
generate structures with multiple carboxylic acid groups include, but are not limited to,
iminodiacetic acid, aminoisophthalic acid, glutamic acid, and aminomalonic acid. In one
cmbodiment, the molecule which can be used to generate structures with multiple carboxylic
acid groups is iminodiacetic acid. The reaction product of a UV-chromophore containing a
carboxylic acid and iminodiacetic acid is illustrated by structure “A” in FORMULA III. One
skilled in the art will recognize that the molecule represented by structure “A” can be

synthesized by activating the carboxylic acid on the UV-chromophore using various mcans,

-5-
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including condensation reagents, and activation using chlorinating reagents such as thionyl
chloride. Alternatively, the carboxylic acid on the UV-chromophore may be converted to the
isocyanate through Curtius rcarrangement of an intermediate acid azide. The reaction of this
isocyante with the amine of iminodiaectic acid would generate a product represented by

structure “B” in FORMULA III.

OTO

o o
A HOJ\/N\)LOH B HO)K’N\)LOH

FORMULA III

Suitable UV-chromophores include those that have absorbance of UVA radiation;
other suitable UV-chromophores arc those which have absorbance in the UVB region. In onc
embodiment, the UV-chromophore absorbs in both the UVA and UVB region. In one
embodiment, when the UV -absorbing polyether is cast into a film, it is possible to generate a
molar extinction coefficient measured for at least one wavelength in this wavelength range of
at least about 1000 mol™ cm™, preferably at least about 2000 mol™ cm™, more preferably at
least about 4000 mol ' cm™. In one embodiment, the molar extinction coefficient among at
least 40% of the wavelengths in this portion of the spectrum is at least about 1000 mol' cm™.
Examples of UV-chromophores that are UVA absorbing include triazoles such as
benzotriazoles; camphors such as benzylidene camphor and its derivatives (such as
terephthalylidene dicamphor sulfonic acid); dibenzoylmethanes and their derivatives. By
triazole, it is meant a moiety containing a five-membered heterocyclic ring with two carbon
and three nitrogen atoms.

In one embodiment, the UV-chromophore is a benzotriazole, such as a benzotriazole
providing both photostability and strong UV-A absorbance with a structure represented in

FORMULA IV:

FORMULA 1V
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wherein R4 is independently selected from the group consisting of hydrogen, C;-Cyg alkyl,
alkoxy, acyl, alkyloxy, alkylamino, and halogen; Rs is independently selected from the
group consisting of hydrogen, C,-Cyy alkyl, alkoxy, acyl, alkyloxy, and alkylamino; and Ry,
is selected from C;-C, alkyl, alkoxy, acyl, alkyloxy, and alkylamino. Either of the Rys or Ry;
groups may include functional groups that allow attachment to a polymer, or allow for
participation in condensation polymerization reactions. Monomeric compounds of
FORMULA IV are described in U.S. Pat. No. 5,869,030, and include, but are not limited to,
methylene bis-benzotriazolyl tetramethylbutylphenol (a compound sold under the trade name
TINSORB M by BASF Corporation, Wyandotte, Michigan). In one embodiment, the UV
absorbing triazole is a transesterification product of 3-(3-(2H-benzo[d][1,2,3]triazol-2-y1)-5-
(tert-butyl)-4-hydroxyphenyl) propanoic acid with polyethylene glycol 300, commercially
available under the trade name TINUVIN 213, also available from BASF. In another
embodiment, the UV chromophore is a triazine moiety. By triazine, it is meant a six
membered heterocycle containing three nitrogen and three carbon atoms. An exemplary
triazine is 6-octyl-2-(4-(4,6-di([1,1'-biphenyl]-4-y1)-1,3,5-triazin-2-yl)-3-
hydroxyphenoxy)propanoate (a compound sold under the trade name TINUVIN 479 by
BASF Corporation, Wyandotte, Michigan).

In another embodiment, the UV-chromophore is a UVB absorbing moiety. By UV
absorbing it is meant that the UV-chromophore has appreciable absorbance in the UVB
portion (290 to 320 nm) of the ultraviolet spectrum. In one embodiment, the criteria for
consideration as a UVB absorbing chromophore is similar to those described above for an
UVA absorbing chromophore, except that the wavelength range is 290 nm to 320 nm.

Examples of suitable UVB absorbing chromophores include 4-aminobenzoic acid and
alkane esters thercof; anthranilic acid and alkane esters thereof; salicylic acid and alkane
esters thereof; hydroxycinnamic acid and alkane esters thereof; dihydroxy-, dicarboxy-, and
hydroxycarboxybenzophenones and alkane ester or acid halide derivatives thereof;
dihydroxy-, dicarboxy-, and hydroxycarboxychalcones and alkane ester or acid halide
derivatives thereof; dihydroxy-, dicarboxy-, and hydroxycarboxycoumarins and alkane ester
or acid halide derivatives thereof; benzalmalonate (benzylidene malonate); benzimidazole
derivatives (such as phenyl benzilimazole sulfonic acid, PBSA), benzoxazole derivatives, and
other suitably functionalized species capable of copolymerization within the polymer chain.

In some cases, the UV-chromophore may have two or more carboxylic acid functional

groups suitable for polymerization with monoglycerides. In these cases, the UV-

-7-



10

15

20

25

CA 02877476 2014-12-19

WO 2014/004176 PCT/US2013/046348

chromophore will be incorporated into the backbone of the polymer. On polymerization,
UV-chromophores that contain three or more carboxylic acids are expected to generate
branched structures, as illustrated in FORMULA II. In one embodiment, the UV-
chromophore is the product of base promoted hydrolysis of trioctyl 2,2',2"-(((1,3,5-triazine-
2,4,6-triyl) tris(3-hydroxybenzene-4,1-diyl))tris(oxy)) tripropanoate (a UV-chromophore sold
under the trade name TINUVIN 477 by BASF Corporation, Wyandotte, Michigan).

The UV absorbing polymer may optionally further incorporate other poly-ols, i.c.
moieties that have at least two hydroxyl groups, in addition to the monoglyceride, in the
interest of optimizing the material properties. Suitable poly-ols include, but are not limited
to, ethylene glycol, 1,2-propylene glycol, 1,3-propanediol, bis-2-hydroxyethyl ether, 1,4-
butanediol, 1,5-pentanediol, 1, 6-hexanediol, 1,8-octanediol, 1,10-decanediol, 1,12-
dodecanediol, other diols, linear poly(ethylene glycol), branched poly(ethylene glycol), linear
poly(propylene glycol), branched poly(propylene glycol), linear poly(ethylene-co-propylene
glycol)s and branched poly(ethylene-co-propylene glycol)s glycols, polyglycerols,
polyglycerol esters, glycerol, monosaccharide, disaccharides, and polysaccharides. Suitable
poly-ols also include lincar polysiloxanes end-functionalized with carbinol groups, the
number of siloxane linkages (—Si—O—) in the backbone of the polymer ranging from 1 to
about 100. In one embodiment, the number of siloxane linkages is between 5 and 50.

The UV absorbing polymer may optionally further include other poly-acids in
addition to the poly-acid monomer containing a UV-chromophore, in the interest of
optimizing the material properties. Suitable poly-acids include, but are not limited to, natural
multifunctional carboxylic acids, such as succinic, glutaric, adipic, pimelic, suberic, and
sebacic acids; hydroxy acids, such as diglycolic, malic, tartaric and citric acids; and
unsaturated acids, such as fumaric and maleic acids. Poly-acid derivatives include
anhydrides, such as succinic anhydride, diglycolic anhydride, glutaric anhydride and maleic
anhydride, mixed anhydrides, esters, activated esters and acid halides. In one embodiment,
the poly-acid is succinic acid. In another embodiment, the poly-acid is sebacic acid.

Alternative embodiments of the UV absorbing polymer are shown in FORMULA V:
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FORMULA V

wherein X and R, are defined as described above for FORMULA I and FORMULA II; n, m
and o are real numbers indicating the number of each of the repeat units shown in
FORMULA V above, where (n — m), (n — o), (m) and (o) represent, for example, the molar
feed ratio of the various components; the monomer containing structure Y representing the
structure from additional poly-acids such as those defined above; the monomer containing
structure Z representing the structure resulting from the use of additional poly-ols as defined
above.

In one embodiment, a UV absorbing polymer composition is prepared by the
polycondensation of the monoglyceride with the poly-acid containing a UV-chromophore by
melt polymerization. The polymerization of the monoglyceride, poly-acid containing a UV-
chromophore, and in some cases with other poly-ols and poly-acids, is performed in the
presence of an organometallic catalyst at elevated temperatures. In one embodiment, the
catalyst is a tin-based catalyst, e.g. tin (II) ethyl hexanoate. In one embodiment, the molar
feed ratios of the poly-acid containing a UV-chromophore, monoglyceride, other poly-acid
and other poly-ol are such that n equals 1, and m and o (FORMULA V) are equal to or
between 0 and 0.9. In another embodiment, n equals 1, and both m and o are equal to 0. The
catalyst will be present in the mixture at a mole ratio of poly-ol and polycarboxylic acid to
catalyst in the range of from about 100/1 to 100,000/1. In onc embodiment the catalyst will
be present in the range of 1000/1 to 10,000/1. The melt polymerization reaction is performed

at a temperature between 120 °C and 240 °C. In one embodiment, the polymerization is

-9.-
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performed at about 180° C. The polymerization reaction is allowed to proceed at this
temperature from about 15 minutes to about 72 hours. In one embodiment, the reaction is
performed for about 4 hours.

In another embodiment, the polymerization of the monoglyceride, poly-acid
containing a UV-chromophore, and in some cases other poly-ols and poly-acids, is prepared
by solution polymerization using condensation reagents. Condensation reagents include, but
are not limited to, 1-cthyl-3-(3'-dimethylaminopropyl)carbodiimide,
dicyclohexylcarbodiimide, diisopropylcarbodiimide, benzotriazole-1-yl-oxy-tris-
(dimethylamino)-phosphonium hexafluorophosphate, O-(7-Azabenzotriazol-1-y1)-N,N,N’,N'-
tetramethyluronium hexafluorophosphate, 1,1'-carbonyldiimidazole, 1-[(1-(Cyano-2-ethoxy-
2-oxocthylidencaminooxy) dimethylaminomorpholino)] uronium hexafluorophosphate, 3-
(diethoxy-phosphoryloxy)-1,2,3-benzo[d]triazin-4(3H)-one, N,N'-Disuccinimidy! carbonate,
2-(1H-Benzotriazole-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate, O-(1H-6-
Chlorobenzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate, 6-Chloro-
benzotriazole-1-yloxy-tris-pyrrolidinophosphonium hexafluorophosphate, and 2-(1H-
Benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetrafluoroborate. In one embodiment, the
condensation reagent is diisopropylcarbodiimide.

The condensation polymerization is performed in solution using an organic
nucleophilic catalyst. In one embodiment, the catalyst is dimethylaminopyridine. In another
cmbodiment, the catalyst is the 1:1 salt of dimethylaminopyridine and para-toluene sulfonic
acid.

The reaction is performed in the range of -20 °C to 100 °C. In one embodiment, the
reaction is performed between 25 °C and 50 °C. Suitable solvents for the reaction include,
but are not limited to, acetone, acetonitrile, benzene, dichloromethane, diglyme ethyl acetate,
glyme, pyridine, tetrahydrofuran and triglyme. In one embodiment, the reaction solvent is a
mixture of dichloromethane and pyridine. In another embodiment, the reaction solvent is
acetone. The UV absorbing polymers described herein are useful in applications where UV
absorption is desired. For example, the polymer may be useful for combining with a suitable
cosmetically acceptable carrier for cosmetic applications. The cosmetically-acceptable
topical carrier is suitable for topical application to human skin and may include for example,
one or more of vehicles such as water, ethanol, isopropanol, emollients, humectants, and/or
one or more of surfactants/emulsifiers, fragrances, preservatives, water-proofing polymers,

and similar ingredients commonly used in cosmetic formulations. As such, the UV absorbing

-10 -
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polymer may be formulated using ingredients known in the art into a spray, lotion, gel, stick
or other product forms. Similarly, according to certain embodiments, one may protect human
skin from UV radiation by topically applying a composition comprising the UV absorbing
polymer.

Furthermore, the UV absorbing polymers may be combined with other materials (e.g.,
plastics, rubber, or other solid materials) to reduce UV degradation of these materials (e.g.,
melt blending the material with the UV absorbing polymer or coating the material with the
UV absorbing polymer). The incorporation of polymers of the present invention into such
compositions may provide enhanced SPF (primarily UVB absorbance), enhanced PFA

(primarily UVA absorbance), or enhancement of both.
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The following examples are illustrative of the principles and practice of this
invention, although not limited thereto. Numerous additional embodiments within the scope
and spirit of the invention will become apparent to those skilled in the art once having the

benefit of this disclosure.

EXAMPLES

Example 1. Synthesis of a di-acid monomer containing a UV-chromophore

. 0 s
2=O 2=O I OH 4 NaOH, HO R
socl,

N, N 2\” EOH N N
NH e NH —_—
EtOH HO O 0 2 HCI HO O, _OH
(6] (e} (aqueous)
HO EtO
iminodiacetic TINUVIN 213 2
acid
OH
1, 2, EDC-HCI,
HOB, DIPEA HO |)LOEt KOH, THF/H0 HO oél\l
—_—
,N‘N then workup with ,N‘ N N
- ;(l HCI (aqueous) - |\'| o)
OEt 4 O~ "OH

FORMULA VI. SYNTHESIS OF DI-ACID CONTAINING MONOMER WITH PENDANT
UV-CHROMOPHORE

The synthesis of a di-acid monomer 4 containing a UV chromophore (2-{3-[3-(2H-
1,2,3-benzotriazol-2-yl)-5-tert-butyl-4-hydroxyphenyl]-N-
(carboxymethyl)propanamido}acetic acid) was performed as illustrated in FORMULA VI.
Reactions were performed in oven-dried glassware. Solvents and reagents were purchased
from commercial sources and were used as received, unless noted otherwise. NMR analysis
was performed on a Varian Unity Inova 400 MHz spectrometer (‘H) spectrometer at 30 °C;
chemical shifts are reported in parts per million (ppm) on the 3 scale, and were referenced to
residual protonated solvent peaks or tetramethylsilane. Spectra obtained in DMSO-dg were
referenced to (CHD2)(CD3)SO at 8y 2.50.

Dicthyliminodiacetate 1 was purchased from Aldrich or prepared using a procedure
adapted from the literature (Kuehn, T.; Schwalbe, H. J. Am. Chem. Soc. 2000, 122, 6169).
An oven-dried 2-neck round bottom flask containing a magnetic stir bar was fitted with a
pressure equalizing addition funnel and reflux condenser with a nitrogen inlet adapter.
Anhydrous cthanol (EtOH, 750 mL) was addcd to the flask; the flask was immersed in an ice-
water bath. The addition funnel was charged with thionyl chloride (SOCl,, 110 mL, 1503
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mmol); SOCI; was added drop-wise to the EtOH with stirring. Once SOCI, addition was
complete, iminodiacetic acid (50 g, 376 mmol) was added to the reaction mixture. The flask
was transferred into a heated oil bath; the suspension was heated to reflux; the white
suspension gradually became more translucent, ultimately becoming clear and colorless. The
reaction mixture was refluxed overnight. The flask was removed from the oil bath, and the
mixture was allowed to cool to room temperature. 2.5% aq. sodium bicarbonate (NaHCO;,
200 mL) was added cautiously to the reaction mixture with vigorous stirring. Small portions
of anhydrous NaHCOs were then added to the stirred mixture until gas evolution ceased. The
mixture was vacuum filtered through paper and concentrated by rotary evaporation yielding
an oil floating on a clear, aqueous solution. The biphasic mixture was transferred into a
separatory funnel with 1:1 saturated aq. NaCl (brine) / HO (200 mL). The aqueous layer
was extracted with dichloromethane (CH,Cl,, 1 * 100 mL, then 2 x 50 mL). The CH,Cl,
layers were combined, washed with brine, dried over anhydrous Na,SQy,, filtered through
paper and concentrated by rotary evaporation to a pale tan oil. This oil was distilled under
reduced pressure (~ 95°C distillate at (.65 torr) affording diethyliminodiacetate (1, 44.7 g) as
a clear oil. '"H NMR (400 MHz, CDCI3) 6 ppm 4.20 (q, /= 7.2 Hz, 4 H), 3.46 (s, 4 H), 2.04
(br.s., 1 H), 1.28 (t, /= 7.1 Hz, 6 H).

The polyethylene glycol ester of 3-[3-(2H-1,2,3-benzotriazol-2-y1)-5-tert-butyl-4-
hydroxyphenyl]propanoate (a UV-chromophore sold under the trade name TINUVIN 213 by
BASF Corporation, Wyandotte, Michigan) (81.0 g) was added to a 2 L round bottom flask
containing a magnetic stir bar. EtOH (600 mL) was added to the flask by funnel, and the
mixture was stirred until homogeneous. Sodium hydroxide (NaOH, 30.8 g) was dissolved in
H,0 (400 mL); the basic solution was transferred into an addition funnel above the 2L flask.
The NaOH solution was added slowly to the stirred mixture; the pale amber cloudy solution
immediately turned clear and dark orange. When addition was complete, the mixture was
stirred overnight at room temperature. The solution was concentrated by rotary evaporation
to remove most of the EtOH. The resulting orange oil was diluted to 1400 mL with H,O.
The mixture was stirred mechanically and was acidified to ~ pH 1 by addition of 1 M aq. HCI
(~ 700 mL). The resulting white precipitate was filtered and pressed to remove water, then
recrystallized from EtOH. The first crop of crystals were long, thin colorless needles. The
supernatant was removed and concentrated by rotary evaporation; a second crop of material
was isolated as a white, amorphous solid. The two crops were combined and dried in a

vacuum oven overnight affording 3-(3-(2H-benzo[d]{1,2,3]triazol-2-y1)-5-(tert-butyl)-4-
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hydroxyphenyl) propanoic acid (2, 37.2 g) as a white solid. "H NMR (400 MHz, DMSO-ds)
dppm 11.25 (br. s, 1 H), 8.00 - 8.20 (m, 2 H), 7.95 (d, /= 2.1 Hz, 1 H), 7.50 - 7.67 (m, 2 H),
7.28(d,J=21Hz, 1 H),2.87(t,J=7.5Hz 2H),2.56 (t,J =7.5Hz, 2 H), 1.45 (s, 9 H).

An oven-dried 1000 mL round bottom flask containing a magnetic stir bar was
charged with 2 (35.00 g, 103.1 mmol) and 1 (23.42 g, 123.8 mmol). Anhydrous
dimethylformamide (DMF, 344 mL) was added to the flask by cannula under nitrogen
pressure; the resulting suspension was stirred vigorously until homogencous. N-(3-
Dimethylaminopropyl)-V'-ethylcarbodiimide hydrochloride (EDC-HCI, 23.72 g, 123.8
mmol) and hydroxybenzotriazole monohydrate (HOBt-H,0, 3.16 g, 20.6 mmol) were added
to the suspension. The suspension began to clear upon addition of the coupling reagent.
Diisopropylethylamine (DIPEA, 18.0 mL, 103 mmol) was added slowly to the reaction
mixture by syringe. The flask was sealed with a rubber stopper, and the mixture was stirred
for 3 hours. After removing the magnetic stir bar, the mixture was concentrated by rotary
evaporation, starting at 50 °C water bath temperature and increasing to 90 °C. The resulting
oil was transferred to a separatory funnel along with ethyl acetate (EtOAc, 550 mL) and 2.5%
aq. NaHCOs (350 mL). The flask was shaken, and the layers were allowed to scparate. The
NaHCOs layer was back extracted with EtOAc (1 x 100 mL). The combined EtOAc layers
were washed with 1M aq. HCI (2 x 200 mL) and brine (2 x 200 mL). The EtOAc layer was
dried over anhydrous Na,SOy, filtered through paper and concentrated by rotary evaporation
affording diethyl 2,2'-((3-(3-(2H-benzo[d][1,2,3 Jtriazol-2-yl)- 5-(tert-butyl)-4-
hydroxyphenyl) propanoyl) azanediyl) diacetate (3, 52.23 g) as a yellow oil that was used
without further purification. On standing, the oil solidified into stellate off-white crystals. 'H
NMR (400 MHz, CDCl3) 6 ppm 11.78 (s, 1 H), 8.13 (d, / = 2.1 Hz, 1 H), 7.89 - 7.96 (m, 2
H), 7.43 - 7.51 (m, 2 H), 7.22 (d, /= 2.1 Hz, 1 H), 4.14 - 4.27 (m, 8 H), 2.98 - 3.07 (m, 2 H),
2.62-2.73 (m,2 H), 1.50 (s, 9 H), 1.17 - 1.33 (m, 6 H).

Tetrahydrofuran (THF, 800 mL) was transferred into a 1000 mL round bottom flask
containing 3 (52.23 g, 103.1 mmol theoretical from previous reaction) and a magnetic stir
bar. The mixture was stirred until 3 was fully dissolved. Water (200 mL) was then added to
the flask. Lithium hydroxide (12.34 g, 515.7 mmol) was added slowly to the stirred reaction
mixture; the clear, pale yellow reaction mixture immediately turned orange. After stirring the
mixture overnight, the solution was concentrated to a volume of ~ 300 mL by rotary
gvaporation to remove the majority of THF. The resulting dark orange solution was

transferred to a 2L separatory funnel with an additional 1300 mL of H,O. The aqueous
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solution was extracted with diisopropyl ether (1 x 250 mL); the ether layer was back-
extracted with water (1 x 200 mL). The combined aqueous layers were transferred into a 4 L.
Erlenmeyer flask. With vigorous mechanical stirring, the solution was acidified to ~ pH 1
with 1M aq. HCI (~ 750 mL); this generated a white precipitate. EtOAc was added to the
stirred suspension until all of the precipitate had dissolved (final volume of EtOAc added was
750 mL). The organic and aqueous layers were separated; the aqueous layer was extracted
with an additional portion of EtOAc (1 x 200 mL). The EtOAc layers were combined, dried
over anhydrous Na,SOy, filtered through paper, and concentrated by rotary evaporation
affording a white paste. The paste was triturated with 2:3 EtOAc/hexanes (500 mL). The
precipitate was filtered, then dried in a vacuum oven affording 2,2'-((3-(3-(2H-
benzo[d][1,2,3]triazol-2-y1)- 5-(tert-butyl)- 4-hydroxyphenyl) propanoyl) azanediyl) diacetic
acid (4, 32.04 g) as a fine white solid. 'H NMR (400 MHz, DMSO-ds) 5 ppm 11.91 - 13.25
(brs, 1 H), 11.24 (s, 1 H), 8.03 - 8.12 (m, 2 H), 7.96 (d, J =2.1 Hz, 1 H), 7.55 - 7.63 (m, 2
H), 7.28 (d,J=2.0Hz 1 H), 4.21 (s, 2 H), 3.99 (s, 2 H), 2.85 (t, / = 6.8 Hz, 2 H), 2.63 (t, J
=7.5Hz, 2 H), 1.46 (s, 9 H).

Example 2. Synthesis of a di-acid monomer containing an oil-solubilizing moiety
ATEA oW, K&
0H2c:|2 l THF/HZO

FORMULA VII. SYNTHESIS OF 6, A SOLUBILIZING DI-ACID MONOMER

2-ethylhexanoyl
chloride

Synthesis of a di-acid monomer containing an oil-solubilizing moiety was prepared as
illustrated in

FORMULA VII. Diethyliminodiacetate (1, 13.42 g, 70.93 mmol) was added by
syringe to an oven-dried 500 mL round bottom flask fitted with a rubber septum and
containing a magnetic stir bar. Anhydrous CH,Cl, (200 mL) was added to the flask by
cannula under nitrogen pressure. Triethylamine (TEA, 8.2 mL, 59 mmol) was added to the
flask by syringe. 2-Ethylhexanoyl chloride was then added slowly to the stirred reaction
mixture by syringe. The mixture was stirred for 20 hours, during which time a white
precipitate evolved. The reaction mixture was concentrated by rotary evaporation; the
resulting oil was diluted with EtOAc (250 mL) and transferred to a separatory funnel. The
EtOAc solution was washed with 1M ag. HCI (2 x 100 mL) then with brine (1 x 250 mL).
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The EtOAc layer was dried over anhydrous Na,SOy, filtered through paper, and concentrated
by rotary evaporation affording diethyl 2,2'-((2-ethylhexanoyl)azanediyl)diacetate (5, 19.45
g) as a colorless oil that was used in subsequent reactions without further purification. 'H
NMR (400 MHz, CDCl3) 8 ppm 4.08 - 4.29 (m, 8 H), 2.44 (1, J = 8.1, 5.4 Hz, 1 H), 1.56 -
1.75 (m, 2 H), 1.36 - 1.55 (m, 2 H), 1.14 - 1.35 (m, 10 H), 0.79 - 0.94 (m, 6 H).

THF (500 mL) was transferred into the 1 L round bottom flask containing crude 5
(19.5 g, 59.1 mmol; theoretical yield from previous reaction) and a magnetic stir bar by
cannula under nitrogen pressure. The mixture was stirred until 5 was fully dissolved. Water
(100 mL) was added to the mixture, followed by lithium hydroxide (7.1 g, 296 mmol); the
solution turned cloudy and pale green. The mixture was stirred overnight at room
temperature. The reaction mixture was concentrated by rotary evaporation to a pale yellow
syrup. This was diluted with water (500 mL), transferred to a separatory funnel and washed
with diisopropyl ether (1 x 150 mL). The cther layer was back-extracted with water (1 x 100
mL) then acidified to ~ pH 1 with 1M aq. HCI. The acidified aqueous layer was then
extracted with EtOAc (3 x 100 mL). The organic layers were combined, dried over
anhydrous Na,SOy, filtered through paper, and concentrated by rotary evaporation to a clear
oil. The oil was triturated in hexanes to remove residual EtOAc. The hexane was decanted,
leaving a semi-solid that was heated at 80 °C in a vacuum oven overnight. This afforded the
desired product 2,2'-((2-ethylhexanoyl) azanediyl) diacetic acid (6, 11.01 g) as a white,
crystalline solid. "H NMR (400 MHz, DMSO-d) § ppm 11.31 - 13.50 (m, 1 H), 4.19 (dd, J
=314, 18.6 Hz, 2 H), 3.97 (dd, J = 33.5, 17.9 Hz, 2 H), 2.41 - 2.48 (m, 1 H), 1.40 - 1.55 (m,
2 H), 1.33- 1.40 (m, 1 H), 1.25 - 1.33 (m, 1 H), 1.07 - 1.25 (m, 4 H), 0.68 - 0.93 (m, 6 H).

Example 3. Polymerization of monomer 4 with glyceryl monostearate

A round bottom flask containing a magnetic stir bar was charged with monomer 4
(3.80 g, 8.37 mmol) and glyceryl monostcarate (a monoglyceride sold under the trade name
MYVEROL 18-06 by Kerry Group plc, Ketry, Ireland; purified by recrystallization from
EtOAc; 3.00 g, 8.37 mmol). The flask was fitted with a vacuum distillation head; the air in
the flask was evacuated under vacuum (0.2 to 1 torr) for 1 hour. The flask was then
backfilled with nitrogen. The distillation head was removed, and esterification catalyst tin
(I) 2-ethylhexanoate (27 puL, 0.08 mmol) was added to flask by syringe. The apparatus was
reassembled and subjected to 3 cycles of vacuum purges followed by nitrogen backfills.

After the final nitrogen fill, the reaction flask was immersed in an oil bath which pre-heated
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to 180 °C. The mixture was stirred under nitrogen for 4 hours, then allowed to cool to room
temperature under nitrogen atmosphere. The polymer was removed from the reaction vessel
by freezing the flask in liquid nitrogen, then fracturing the polymer into smaller picces; the
material was then transferred into a storage container. The container was allowed to warm to
room temperature under vacuum. This afforded the polymer as a pale yellow solid (4.73 g).
"H NMR (400 MHz, CDCl3) & ppm 11.51 - 11.90 (1 H), 7.97 - 825 (1 H), 7.67 - 7.97 (2 H),
7.31-7.60 (2 H), 7.06 - 7.25 (1 H), 4.95 - 5.56 (1 H), 4.15 (8 H), 2.80 - 3.14 (2 H), 2.47 -
2.80 (2 H),2.17 (2 H), 1.48 (11 H), 1.24 (28 H), 0.87 (3 H). Due to the broadness of the
proton resonances of the polymer 'H spectra, integrals are rounded to the nearest integer
value.

Gel permeation chromatography for molecular weight determination was performed
at 35 °C on a Waters Alliance 2695 Separations Module (Waters, Milford, MA) at a flow rate
of 0.5 mL/min THF (stabilized w/ 0.025% BHT). The 2695 was equipped with two GPC
columns in series (Waters Corp HR 0.5 and HR3) with dimensions of 7.8 x 300 mm with
Sum particle size) and a Waters model 410 refractive index detector. The molecular weights
of the samples were determined by comparison to polystyrene standards. Standards were
prepared by weighing 1-2 mg of each polystyrene (PS) polymer into a 2 mL vial with THF
solvent (2 standards per vial); samples were filtered (0.22 um) prior to analysis. Polystyrene
standards spanned a range between 70,000 to 600 Daltons, and were manufactured by three
vendors (Polymer Standards Service-USA, Phenomenex and Shodex). The resultant
calibration curve provided an r* = 0.9999. Experimental samples were dissolved in THF at a
concentration of 3 — 5 mg/mL and filtered (0.22 pm) prior to analysis. Number average
molecular weight (M,) and weight average molecular weight (M) are reported for each
material. GPC (THF) analysis for the polymer of Example 3: M, 5078, M, 10202,

HPLC analysis was used to determine residual monomer bearing UV-chromophore
(e.g., 4) following polymerization; results are reported as weight % residual monomer. This
technique used an external standard of the appropriate monomer. The standard solution was
prepared by weighing 1 — 2 mg (+ 0.1 mg) of the monomer into a 10 mL volumetric flask.
The material was dissolved in methanol (MeOH) and diluted to the mark. 8 — 10 mg of
polymer sample was dissolved in 1.0 mL of THF in a 4 mL vial and then dissolved by
sonication. After dissolution, 2.0 mL of MeOH was added with agitation. The cloudy
solution was then filtered through a 0.2um syringe filter into an HPLC vial. HPLC analysis
was performed at 50 °C on an Agilent 1100 HPLC with a Discovery C;s column (150 x 4.6
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mm, 3 um particle size) and photodiode array detector at 302 nm (Agilent Technologies,
Santa Clara, CA). The gradient was 40:60 to 10:90 A/B over 5.5 minutes, where A = water
with 0.1% trifluoroacetic acid, B = acetonitrile, with total runtime of 6.5 minutes. HPLC
analysis for the polymer of Example 3: 0.16 wt. % residual 4.

Sun protection factor (SPF) measurements for UV absorbing polymers were
performed using the following in vitro sun protection test method. Polymer samples were
measured into 8 mL glass vials. Mixed Cia to Cys alkyl benzoates (a cosmetic oil solvent sold
under the trade name FINSOLV TN by Innospec, Newark, NJ) was added to the vial to
achieve the desired weight percent solution of polymer. A magnetic stir bar was added to the
vial, which was then sealed with a Teflon lined screw cap. The polymer / oil
solution was stirred in a 100 °C aluminum reaction block until homogeneous. Once cooled,
32 mg of polymer solution was applied to a poly(methyl methacrylate) (PMMA) plate (a test
substrate sold under the trade name HELIOPLATE HD6 by Helioscience, Marseille, France).
The solution was spread evenly over the plate using one finger using a latex cot until the
weight of sample on the plate had decreased to 26 mg. The baseline transmission was
measured using an HD6 plate as received from the manufacturer. Absorbance was measured
using a calibrated Labsphere UV-1000S UV transmission analyzer (Labsphere, North Sutton,
N.H., USA). The absorbance measures were used to calculate SPF indices. SPF was
calculated using methods known in the art. The equation used for calculation of SPF is

described by Equation 1.

SPF inviwo = [ | E(Y) IO)AA] / [T EQ) 1) 107 (@] (D)

where:

E(A) = Erythema action spectrum

I(\) = spectral irradiance received from the UV source

Ao(A) = mean monochromatic absorbance of the test product layer before UV
exposure

di = Wavelength step (1 nm)

and the integrations are each performed over the wavelength range from 290 nm to
400nm.

Results of in vitro SPF testing are reported as [wt.% in FINSOLV TN, mean SPF
value]. Analytical data for the polymer of Example 3 follows: SPF testing: [50%, 17.5],
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[40%, 12.7], [30%, 11.3], [20%, 10.7], [10%, 6.0]. A summary of the in vitro SPF results for

all polymers is provided in Table 1 within Example 26.

Example 4. Polymerization of monomer 4 with glyceryl monolaurate

Monomer 4 (3.00 g, 6.60 mmol), glyceryl monolaurate (a monoglyceride sold under
the trade name MONOMULS 90-L 12 by Cognis Corporation, Monheim, Germany; 1.81 g,
6.60 mmol) and tin (II) 2-ethylhexanoate (21 puL, 0.07 mmol) were reacted as described in
Example 3 affording a yellow solid (3.85 g). HPLC analysis: 0.03 wt. % residual 4. GPC
(THF): M, 3500, My, 9600. '"H NMR (400 MHz, CDCls) & ppm 11.47 - 12.05 (1 H), 7.97 -
8.24 (1 H),7.61-7.97 2 H), 7.28 - 7.61 (2 H), 7.21 (1 H), 5.27 (1 H), 3.70 - 4.74 (§ H), 2.80
-3.16(2H),2.46 -2.80 (2H), 1.87-2.45(2H), 1.35-1.77 (11 H), 1.24 (18 H), 0.87 (3 H).
SPF testing: [29%, 19.3], [40%, 29.0].

Example 5. Polymerization of monomer 4 with glyceryl monooleate

Monomer 4 (3.00 g, 6.60 mmol), glyeryl monooleate (a monoglyceride sold under the
trade name MONOMULS 90-O 18 by Cognis Corporation, Monheim, Germany; 2.35 g, 6.60
mmol) and tin (II) 2-ethylhexanoate (21 puL, 0.07 mmol) were reacted as described in
Example 3 affording a dark yellow hard gum (4.55 g). HPLC analysis: 0.05 wt. % residual 4.
GPC (THF): M, 3115, M,, 4148. "H NMR (400 MHz, CDCl3) 3 ppm 11.80 (1 H), 7.99 - 8.31
(1H),7.68 -7.97 (2H),7.31-7.59 (2H), 7.03 - 7.24 (1 H), 4.84 - 5.62 (4 H), 3.55 - 4.77 (8
H),2.83-3.11 (2H),2.49-2.83 (4 H),2.11 -2.48 (2 H), 2.03 (4 H), 1.39 - 1.70 (11 H), 0.99
- 1.38 (18 H), 0.72 - 0.99 (3 H). SPF testing: [19%, 16.0], [38%, 22.7].

Example 6. Polymerization of monomer 4 and sebacic acid with glyceryl monostearate

Monomer 4 (1.90 g, 4.28 mmol), scbacic acid (0.85 g, 4.18 mmol), glyceryl
monostearate (MY VEROL 18-06; 3.00 g, 8.37 mmol), and tin (II) 2-ethylhexanoate (27 uL,
0.08 mmol) were reacted as described in Example 3 affording a waxy, pale yellow solid (4.55
g). HPLC analysis: 0.02 wt. % residual 4. GPC (THF): M, 3300, M,, 9500. "H NMR (400
MHz, CDCL) 6 ppm 11.03 - 12.14 (1 H), 7.99 - 8.26 (1 H), 7.69 - 7.97 (2 H), 7.32 - 7.62 (2
H), 7.02 - 7.25 (1 H), 4.80 - 5.50 (2 H), 3.75-4.74 (12 H), 2.83 - 3.26 (2 H), 2.47-2.83 (2
H), 1.93-2.43 (8 H), 1.40 - 1.77 (17 H), 1.25 (64 H), 0.69 - 0.95 (6 H). SPF testing: [20%,
10.4].
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Example 7. Polymerization of monomer 4 and succinic acid with glyceryl monostearate

Monomer 4 (1.90 g, 4.18 mmol), succinic acid (0.49 g, 4.18 mmol), glyceryl
monostearate (MY VEROL 18-06; 3.00 g, 8.37 mmol) and tin (II) 2-ethylhexanoate (21 puL,
0.07 mmol) were reacted as described in Example 3 affording a pale yellow solid (4.51 g).
HPLC analysis: 0.02 wt. % residual 4. GPC (THF): M, 3,300, M, 9,100. "H NMR (400
MHz, CDCl3) 3 ppm 11.46 - 11.99 (1 H), 8.01 - 8.27 (1 H), 7.72 - 7.99 (2 H), 7.30 - 7.63 (2
H), 7.08 - 7.25 (1 H), 4.82 - 5.66 (2 H), 3.50 - 4.73 (12 H), 2.84 - 3.40 (2 H), 2.45-2.83 (5
H), 2.03 -2.43 (5 H), 1.40 - 1.87 (m, 13 H), 1.27 (56 H), 0.74 - 0.97 (6 H). SPF testing:
[20%, 10.6], [40%, 15.0].

Example 8. Polymerization of monomers 4 and 6 with glyceryl monostearate

Monomer 4 (3.00 g, 6.60 mmol), ethyl hexyl iminodiacetate 6 (1.71 g, 6.60 mmol),
glyceryl monostearate (MYVEROL 18-06; 4.73 g, 13.2 mmol) and tin (II) 2-ethylhexanoate
(21 uL, 0.07 mmol) were reacted as described in Example 3 affording a pale yellow opaque
solid (8.15 g). HPLC analysis: 0.01 wt. % residual 4. GPC (THF): M, 4200, M, 11800. 'H
NMR (400 MHz, CDCl3) 8 ppm 11.43 - 12.03 (1 H), 8.01 - 8.32 (1 H), 7.70 - 7.99 (2 H), 7.31
-7.58(2H),7.05-726(1H),4.95-5.52(2H),3.38-4.69 (15H),2.84-3.23 (2H),2.52 -
2.81 (2H), 1.96-2.52 (5H), 1.36 - 1.78 (17 H), 1.26 (60 H), 0.61 - 0.96 (9 H). SPF testing:
[10%, 5], [21%, 11], [29%, 14], [40%, 17].

Example 9. Polymerization of monomer 4 and maleic acid with glycerol monooleate

Monomer 4 (2.00 g, 4.40 mmol), maleic acid (0.51 g, 4.40 mmol), glyceryl
monooleate (MONOMULS 90-O 18; 3.14 g, 8.80 mmol) and tin (II) 2-ethylhexanoate (14
ulL, 0.04 mmol) were reacted as described in Example 3 affording a clear, orange-yellow
solid (4.01 g). HPLC analysis: < 0.01 wt. % residual 4. GPC (THF): M, 3044, M., 8628. 'H
NMR (400 MHz, CDCl3) 6 ppm 11.49 - 11.95, 8.00 - 8.24, 7.70 - 7.96, 7.46, 7.22, 5.27,3.71
-4.72,2.45-3.16,2.11-2.42,2.04, 1.37 - 1.69, 1.24, 0.71 - 0.93. SPF testing: [20%, 13.7],
[29%, 11.7], [34%, 14.7].

Example 10. Polymerization of monomer 4 and maleic acid with glycerol monostearate

Monomer 4 (2.00 g, 4.40 mmol), maleic acid (510 mg, 4.40 mmol), glycerol
monostearate (MY VEROL 18-06; 3.16 g, 8.80 mmol) and tin (II) 2-ethylhexanoate (29 uL,

0.09 mmol) were reacted as described in Example 3, then under reduced pressure for an
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additional hour at 180 °C affording an opaque yellow-orange solid (4.59 g). HPLC analysis:
<0.01 wt. % residual 4. GPC (THF): M, 3205, M., 8605. "H NMR (400 MHz, CDCl3) & ppm
11.47 -11.99 (1 H), 7.97 - 8.26 (1 H), 7.70 - 7.97 (2 H), 7.33 - 7.62 (2 H), 7.10 - 7.24 (1 H),
6.56 - 6.94 (1 H), 4.84 - 5.50 (1 H), 3.87 - 4.67 (12 H), 2.83 - 3.15 (2 H), 2.48 - 2.83 (2 H),
2.32(4 H), 1.37 - 1.70 (15 H), 1.26 (57 H), 0.70 - 0.95 (6 H). SPF testing: [25%, 15], [35%,
201, [40%, 44].

Example 11. Polymerization of monomer 4 and itaconic acid with glycerol monostearate.

Monomer 4 (2.50 g, 5.50 mmol), itaconic acid (715 mg, 5.50 mmol), glycerol
monostearate (MY VEROL 18-06; 3.94 g, 11.00 mmol) and tin (II) 2-cthylhexanoate (38 uL,
0.11 mmol) were reacted as described in Example 3 affording a pale orange opaque solid
(5.92 g). HPLC analysis: 0.01 wt. % residual 4. GPC (THF): M, 2498, M,, 4543. "H NMR
(400 MHz, CDCl3) d ppm 11.54 - 12.06 (1 H), 7.99 - 8.23 (1 H), 7.68 - 7.97 (2 H), 7.32 -
7.58 (2 H), 7.06 - 7.25 (1 H), 6.00 - 6.49 (1 H), 5.55 - 5.87 (1 H), 4.80 - 5.46 (1 H), 3.97 -
4.70 (11 H), 3.53 - 3.87 (1 H), 3.14-3.49 (1 H), 2.82 - 3.11 (2 H), 2.55 - 2.82 (2 H), 2.09 -
245(5H), 1.39-1.75 (14 H), 1.26 (58 H), 0.76 - 0.96 (6 H). SPF testing: [10%, 6], [20%,
91, [40%, 22].

Example 12. Polymerization of monomer 4 with glycerol monolaurate and 1k silicone

Monomer 4 (2.02 g, 4.44 mmol), glycerol monolaurate (MONOMULS 90-L 12; 974
mg, 3.55 mmol), monodicarbinol polydimethylsiloxane (a carbinol modified
polydimethylsiloxane obtained from Gelest, Morrisville, PA; catalog number MCR-C61, ~
1000 M.W., 903 mg, ~ 0.88 mmol) and tin (II) 2-cthylhexanoate (7 puL, 0.02 mmol) were
reacted as described in Example 3, with a reaction time of 5 hours (instead of 4 hours)
affording a pale yellow, clear, brittle solid (3.10 g). HPLC analysis: 0.16 wt. % residual 4.
GPC (THF): M, 4100, M,, 11,900. "H NMR (400 MHz, CDCl3) & ppm 11.52 - 11.91 (1 H),
7.97-822 (1 H),7.93 (2H), 7.48 (2H), 7.04 - 7.26 (1 H), 4.96 - 5.49 (1 H), 3.81 - 4.70 (12
H),3.11-3.44 (1 H), 2.81 - 3.10 (3 H), 2.48 - 2.81 (3 H), 2.07 - 2.45 (3 H), 1.49 (18 H), 0.98
-1.37 (21 H), 0.66 - 0.98 (5 H), 0.28 - 0.61 (1 H), 0.00 - 0.15 (22 H). SPF testing: [40%, 22],
[75%, 155].
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Example 13. Polymerization of monomer 4 with glycerol monolaurate and 5k silicone

Monomer 4 (6.00 g, 13.2 mmol), glycerol monolaurate (MONOMULS 90-L 12; 3.53
2, 12.89 mmol), hydroxy terminated polydimethylsiloxane (a carbinol modified
polydimethylsiloxane obtained from Gelest, Morrisville, PA; catalog DMS-C21, ~ 5000
M.W., 1.65 g, ~ 0.33 mmol) and tin (II) ethylhexanoate (21 uL, 0.07 mmol) were reacted as
described in Example 3 with a reaction time of 7 hours (instead of 4 hours) affording an
opaque yellow solid (10.10 g). HPLC analysis: 0.04 wt. % residual 4. GPC (THF): M, 3600,
M,, 11700. "H NMR (400 MHz, CDCl;) & ppm 11.31 - 11.97, 7.98 - 8.21, 7.87, 7.43, 6.88 -
7.25,5.02-5.53,3.82-4.71, 3.63 - 3.78, 3.50 - 3.59, 3.35-3.49,2.99,2.49 - 2.82, 1.97 -
2.44,1.71-1.92,1.37 - 1.68, 1.25, 0.87, 0.03 - 0.15. SPF testing: [63%, 76].

Example 14. Polymerization of monomer 4 with glycerol monolaurate and <1k silicone

Monomer 4 (6.00 g, 13.2 mmol), glycerol monolaurate (MONOMULS 90-L 12; 3.26
g, 11.9 mmol), hydroxy terminated polydimethylsiloxane (a carbinol modified
polydimethylsiloxane obtained from Gelest, Morrisville, PA Gelest DMS-C16, ~ 725 M.W.,
0.96 g, ~ 1.32 mmol) and tin (II) ethylhexanoate (21 puL, 0.07 mmol) were reacted as
described in Example 3 affording a pale yellow, semi-transparent solid (8.43 g). HPLC
analysis: 0.21 wt. % residual 4. GPC (THF): M, 3300, M,, 9200. '"H NMR (400 MHz, CDCls)
S ppm 11.14-12.07 (1 H), 7.99 - 8.29 (1 H), 7.63 - 7.96 (2 H), 7.31 - 7.57 (2 H), 7.06 - 7.25
(1H),4.96-543 (1H),3.67-4.71 (12H),2.83-3.13 (3 H), 2.45-2.83 (3H),2.00-2.43 (3
H), 1.35-1.85 (20 H), 1.24 (23 H), 0.74 - 1.01 (4 H), 0.40 - 0.67 (1 H), -0.01 - 0.18 (33 H).
SPF testing: [58%, 118]; [40%, 16].

Example 15. Polymerization of monomer 4 with glycerol monolaurate and dodecanediol

Monomer 4 (6.00 g, 13.2 mmol), glycerol monolaurate (MONOMULS 90-L 12; 3.26
g, 11.9 mmol), 1,12-dodecanediol (267 mg, 1.32 mmol) and tin (IT) ethylhexanoate (21 L,
0.07 mmol) were reacted as described in Example 3, with a reaction time of 6 hours (instead
of 4 hours) affording a transparent yellow solid (8.39 g). HPLC analysis: 0.02 wt. % residual
4. GPC (THF): M, 3600, M., 9800. 'H NMR (400 MHz, CDCl:) & ppm 11.53 - 11.90 (1 H),
7.97-8.26 (1 H), 7.59 - 7.97 (2 H), 7.46 (2 H), 7.22 (1 H), 5.27 (1 H), 3.70 - 4.73 (7 H), 2.83
-3.16(2H),2.43 -2.81 (2H),2.11 -2.40 (3 H), 2.04 (1 H), 1.79 (1 H), 1.36 - 1.66 (14 H),
1.24 (20 H), 0.66 - 0.98 (4 H).

22



10

15

20

25

CA 02877476 2014-12-19

WO 2014/004176 PCT/US2013/046348

Example 16. Polymerization of monomer 4 with glycerol monolaurate and triglycerol

monostearate

Monomer 4 (6.00 g, 13.2 mmol), glycerol monolaurate (MONOMULS 90-L 12; 3.26
g, 11.9 mmol), triglycerol monostearate (a polyglycerol derivative sold under the trade name
TGMS-KFG by Lonza, Allendale, NJ; 0.335 g, 0.66 mmol) and tin (II) ethylhexanoate (21
uL, 0.07 mmol) were reacted as described in Example 3 with a reaction time of 6 hours
(instead of 4 hours) affording a transparent yellow solid (7.53 g). HPLC analysis: 0.08 wt. %
residual 4. GPC (THF) M, 3500, M., 11600. 'H NMR (400 MHz, CDCl3) 3 ppm 11.48 -
11.99 (2 H), 7.98 - 8.22 (2 H), 7.68 - 7.98 (4 H), 7.29 - 7.54 (4 H), 7.22 (2 H), 5.28 (2 H),
3.79 -4.81 (17 H), 2.81 - 3.16 (5 H), 2.50 - 2.81 (4 H), 1.99 - 2.45 (4 H), 1.36 - 1.74 (23 H),
1.25 (34 H), 0.88 (6 H).

Examplc 17. Synthesis of a tri-acid monomcr containing a UV-chromophore

Ro N, _R> Ry N _R;
Y h g
NN KOH NN
Y — Y
R, R3
o] (o]
HO o) .CgHi7 HO e}
w LT %0 e LT Y”OH
'77’ TINUVIN 477 %’ 7

FORMULA VIII. HYDROLYSIS REACTION TO GENERATE TRI-ACID FUNCTIONAL
MONOMER

The synthesis of tri-acid monomer 7 is illustrated in FORMULA VIIL. Trioctyl
2,27,277-(((1,3,5-triazine-2,4,6-triyl) tris(3-hydroxybenzene-4,1-diy))tris(oxy)) tripropanoate
(a UV-chromophore sold under the trade name TINUVIN 477 by BASF Corporation,
Wyandotte, Michigan; material number 554300622, 42.4 ¢) was transferred into a 500 mL
round bottom flask containing a magnetic stir bar. MeOH (300 mL) was added to the flask;
stirring the mixture generated a yellow suspension. Water (50 mL) was added to the flask,
and the suspension changed from yellow to white. Potassium hydroxide pellets (33.1 g) were
added slowly to the stirred suspension, causing an immediate color change to yellow; further
addition of KOH produced a dark orange color. The reaction mixture was stirred for 20
hours at room temperature and then concentrated by rotary evaporation to remove the
majority of MeOH. The resulting dark orange solution was diluted to 600 mL with water and

transferred into a separatory funnel. The aqueous solution was washed with diisopropyl ether

-23 -



10

15

20

25

30

CA 02877476 2014-12-19

WO 2014/004176 PCT/US2013/046348

(2 x 125 mL) and then acidified to ~ pH 1 with the addition of 6 M aq. HC], causing the
formation of a precipitate. The aqueous layer was extracted with EtOAc (1 x 300 mL, 1 x
100 mL then 1 x 50 mL). The EtOAc layers were combined, washed with brine, dried over
Na,SO, and filtered through a fluted paper cone. The solution was concentrated by rotary
evaporation affording a yellow paste; the paste was triturated with hexanes (~ 400 mL), and
the resulting suspension was filtered. The filtered solids were dried under vacuum at ~ 80 °C,
affording the desired product as a yellow solid (22.4 g). 'H NMR (400 MHz, DMSO-ds) &
ppm 13.27 (s, 1 H), 13.10 (br. 5., 3 H), 12.79 (br. s., 2 H), 7.98 — 8.48 (3 H), 6.26 — 6.81 (6
H), 4.84 - 5.20 (3 H), 1.46 - 1.67 (9 H).

Example 18. Polymerization of monomer 7 with glyceryl monostearate (1:1.5 ratio)

Solution polymerizations of compound 7 were performed using a variation of a
literature procedure (Moore, J. S.; Stupp, S. I. Macromolecules 1990, 23, 65-70.) Monomer 7
(1.00 g, 1.61 mmol), glycerol monostearate (MY VEROL 18-06, 865 mg, 2.41 mmol) and
catalyst 4-dimethylamino pyridine / p-toluene sulfonic acid 1:1 salt (DPTS; 284 mg, 0.97
mmol) were added to an oven-dried 100 mL round bottom flask containing a magnetic stir
bar. The flask was sealed with a rubber septum and flushed with nitrogen gas. Anhydrous
CH,Cl, (40 mL) was introduced into the flask by syringe; the resulting suspension was stirred
whilst warming in an oil bath at 50 °C. Pyridine (3 mL) was then added to the flask with
stirring, causing most of the suspended solids to dissolve in the solution. The flask was then
removed from the oil bath and allowed to cool to room temperature.
Diisopropylcarbodiimide (1.24 mL, 8.04 mmol) was added to the stirred solution by syringe.
The solution briefly became clear, and then a precipitate formed. The reaction mixture was
stirred for 26 hours and then poured into MeOH generating a yellowish precipitate. The
precipitate was filtered from the suspension and dried in a vacuum oven at ~ 50 °C affording
the polymer as a white powder with slight ycllow cast (1.57 g). GPC (THF): M, 11,200, M.,
21,700. '"H NMR (400 MHz, CDCl3) & ppm 11.83 — 13.82 (3 H), 7.32 — 9.02 (4 H), 5.68 —
7.15(9 H), 5.12-5.68 (2 H),3.45-5.12 (17 H), 2.00 —2.71 (6 H), 1.42 - 2.00 (26 H), 0.95
—1.42 (92 H), 0.87 (10 H). SPF testing: [20%, 23].

Example 19. Polymerization of monomer 7 with glyceryl monolaurate (1:1 ratio)

Monomer 7 (1.00 g, 1.61 mmol), glyceryl monolaurate (MONOMULS 90-L 12; 441
mg, 1.61 mmol), and DPTS catalyst (284 mg, 0.97 mmol) were added to an oven-dried 100
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mL round bottom flask containing a magnetic stir bar. The flask was sealed with a rubber
septum and flushed with nitrogen. Pyridine (6 mL) was added to the flask by syringe,
followed by CH,Cl, (30 mL). With stirring, the reaction mixture became a slightly cloudy
solution. While stirring the mixture at room temperature, diisopropylcarbodiimide (1.25 mL,
8.04 mmol) was added to the reaction mixture. The flask was immersed in an oil bath at 50
°C which was gradually cooled to 35 °C. The mixture was stirred under nitrogen at 35 °C for
26 hours, then poured into 300 mL of vigorously stirred MeOH. The volume of the
suspension was adjusted to 500 mL with additional MeOH; the solid was isolated by vacuum
filtration and then dried overnight in a vacuum oven at ~ 50 °C. The resulting polymer was a
pale yellow solid (1.20 g). GPC (THF): M, 19,100, M,, 45,233. 'H NMR (400 MHz, CDCl;)
dppm 12.05—13.64 (m, 1 H), 7.46 — 8.95 (3 H), 5.83 - 7.20 (6 H), 2.94 — 5.83 (12 H), 1.98 -
2.69 (5H), 1.54 (21 H), 0.95 — 1.41 (37 H), 0.85 (7 H).

Example 20. Polymerization of monomer 7 with glycerol monolaurate (1:1.5 ratio)

Monomer 7 (1.00 g, 1.61 mmol), glyceryl monolaurate (MONOMULS 90-L 12, 662
mg, 2.41 mmol) and DPTS catalyst (284 mg, 0.97 mmol) were added to an oven-dried 100
mL round bottom flask containing a magnetic stir bar. The flask was sealed with a rubber
septum, flushed with nitrogen, and immersed into a 50 °C oil bath. Pyridine (6 mL) and
anhydrous CH,Cl, (40 mL) were added to the flask by syringe. The flask was then removed
from the oil bath and allowed to cool to room temperature. Diisopropylcarbodiimide (1.25
mL, 8.04 mmol) was then added to the stirred reaction mixture by syringe. The mixture was
stirred for 21 hours and then poured into vigorously stirred MeOH (300 mL). The volume of
the suspension was adjusted to 500 mL with MeOH; the precipitate was isolated by vacuum
filtration and dried overnight in a vacuum oven at ~50 °C. The resulting polymer was a pale
yellow solid (1.19 g). GPC (THF): M, 9,957, M, 18,661. "HNMR (400 MHz, CDCl3) 8
ppm 12.08 —13.78 (2 H), 7.33 - 9.29 (3 H), 5.83 - 6.95 (2 H), 3.16 —5.74 (6 H), 1.99 — 2.68
(2 H), 1.54 (9 H), 1.24 (13 H), 0.71 — 0.98 (3 H). SPF testing: [39%, > 500].

Example 21. Polymerization of monomer 7 with glycerol monostearate (1:1 ratio)

Monomer 7 (1.00 g, 1.61 mmol), glyceryl monostearate (MY VEROL 18-06; 577 mg,
1.61 mmol) and DPTS catalyst (284 mg) were added to a 100 mL oven-dried round bottom
flask containing a magnctic stir bar. The flask was fitted with a rubber septum, flushed with

nitrogen, and immersed in a 50 °C oil bath. Anhydrous CH,Cl, (40 mL) was added by
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syringe, followed by pyridine (6 mL); with stirring, most solids dissolved in the solvent,
forming a clear solution. The flask was removed from the oil bath and the mixture was
allowed to cool to room temperature. Diisopropylcarbodiimide was added to the stirred
reaction mixture by syringe. The mixture was stirred for 25 hours, then poured into
vigorously stirred MeOH (500 mL). The resulting precipitate was collected by vacuum
filtration and dried overnight in a vacuum oven at ~ 50 °C. The resulting polymer was a
cream-colored solid (1.34 g). HPLC analysis: 0.01 wt. % residual monomer 7. GPC (THF):
M, 13,036, My, 24,948. "H NMR (400 MHz, CDCl3) & ppm 11.53 — 13.89 (3 H), 7.40 — 9.02
(4 H),5.71-7.23 (9 H), 3.54 - 5.58 (7 H), 2.06 — 2.58 (5 H), 1.00 — 2.03 (108 H), 0.88 (10
H).

Example 22. Polymerization of monomer 7 with glyceryl monolaurate under melt conditions

Triacid monomer 7 (3.51 g), adipic acid (1.15 g), glyccrol monolaurate
(MONOMULS 90-L 12; 3.48 g), and stearyl alcohol (2.86 g) were weighed into a 100 mL 2-
neck round bottom flask. The flask was equipped with a nitrogen inlet on the side neck and a
distillation adapter on the center neck leading to an ice chilled receiving flask. A magnetic
stir bar was added to the round bottom flask, which was then immersed in an oil bath on top
of a magnetic stir plate. Mixing was starting, and the mixture was heated under nitrogen
blanket to an internal temperature of 161 °C. Initially, the reaction mixture appeared to be a
pasty yellow suspension of the triacid 7 in the other molten components. After 50 minutes,
the triacid monomer 7 dissolved, and the reaction mixture became a clear yellow solution. A
4.97% solution of tin (1) ethylhexanoate in THF (0.217 g) was added to the solution. The
reaction mixture was stirred for 190 minutes under nitrogen resulting in a viscous, yellow
liquid that became a tacky solid once cooled to room temperature. HPLC analysis: <0.2 wt.
% residual monomer 7. GPC (THF): M, 2,500, M., 26,000. "H NMR (400 MHz, CDCls) &
ppm 12.10 - 13.72 (1 H), 7.29 - 8.69 (3 H), 5.72 - 6.98 (5§ H), 3.50 - 5.57 (14 H), 2.02 — 2.65
(8 H), 1.46 — 1.91 (18 H), 1.27 (65 H), 0.65 - 0.96 (9 H).
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Example 23. Post-polymerization modification of poly (glyceryl monostearate / itaconic

anhydride) with amine functionalized benzotriazole UV-chromophore

N. V.
, N

CHCls,
o) 8 NaOH O 9
HN HN
_\—NHQHCI —\_NHz HN™ ~0
Og~C17H3s
AIBN H Y
HN 0]
OH o]
Ho\)\/o\n,CWH35 o HO o o
0 tin (I 0 H o
glyceryl monostearate ethgllr)wxanoate, HO o
+ - O 11
e}
090 180 °C /g 10
CizHgs™ O

itaconic anhydride

FORMULA IX. POST-POLYMERIZATION FUNCTIONALIZATION

In this example, the synthesis of a monoglyceride based polyester containing
functionalizable vinylic groups, and covalent attachment of a UV- chromophore to the
backbone of the polyester is described. The approach is illustrated in FORMULA IX.

The synthesis of 3-(3-(2H-benzo[d][1,2,3 Jtriazol-2-y1)-5-(tert-butyl)-4-
hydroxyphenyl)-N-(2-aminocthyl)propanamide hydrochloride (compound 8) has been
described (US 5166234). The hydrochloride salt of 8 (5.0 g, 12.0 mmol) was added to a 250
mL separatory funnel with ~ 75 mL of chloroform (CHCI3). Aqueous NaOH solution (1 M,
50 ml.) was added to the funnel. After shaking the mixture, the aqueous layer was removed,
and the CHCl; layer was washed with 2 additional portions of NaOH solution. The CHCls
layer was washed with portions of brine; the pH of the resulting aqueous layers were
monitored using universal indicator strips. Brine washes were repeated until the pH of the
aqueous solutions was ~ 7. The CHCI; solution was dried over MgSQOy, filtered through
paper, and concentrated by rotary evaporation; residual solvent was removed under vacuum
affording the free base (compound 9). 'H NMR (400 MHz, DMSO-ds) & ppm 8.03 — 8.11
(m, 1 H), 7.94 (d, 1 H), 7.81 (t, 1 H), 7.53 — 7.63 (m, 2 H), 7.24 (d, 1 H), 4.73 (br. s., 3 H),
3.04 (q,2 H),2.87 (t,2H), 2.52 (t, 2 H), 2.42 (t, 2 H), 1.37 — 1.49 (m, 9 H).

Glyceryl monostearate (a monoglyceride sold under the trade name MYVEROL 18-
06 by Kerry Group plc, Kerry, Ircland; purified by recrystallization from EtOAc; 14.34 g,
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40.0 mmol), itaconic anhydride (4.48 g, 40.0 mmol), and tin (II) 2-ethylhexanoate (3.6 uL of
a 0.33 molar solution in toluene) were added to a 250 mL single neck round bottom flask
containing a magnetic stir bar. The flask was fitted with a distillation adapter with a 100 mL
round bottom collection vessel and a connection to a vacuum / nitrogen line. The flask was
placed under vacuum and backfilled with nitrogen. The reaction flask was immersed in an oil
bath pre-warmed to 185 °C; the mixture was stirred for 24 hours. The material was cooled
and removed from the reaction flask by freeze-fracture, then warmed to room temperature
under nitrogen. The resulting polymer (10) was an opaque solid with a light tan-orange color
and waxy consistency. GPC (THF): M, 3400, M, 15700. 'H NMR (400 MHz, CDCl;) 3
ppm 6.70 — 6.86, 6.25 - 6.47, 5.66 — 6.02, 5.01 — 5.52,3.94 — 4.68, 3.59 —3.87,3.21 —3.47,
2.32,2.18-2.23,1.97-2.16,1.49 - 1.71, 1.26, 0.77 - 0.98.

Polymer 10 (5.00 g, 11.0 mmol), amine derivatized UV-chromophore 9 (2.11 g, 5.5
mmol) and 2,2'-azobis(2-methylpropionitrile) (AIBN; 82 mg, 0.5 mmol) were added to a 250
mL round bottom flask containing a magnetic stir bar. THF (150 mL) was added to the flask.
The flask was fitted with a reflux condenser and then immersed an oil bath pre-warmed to 50
°C; the reaction mixturc was stirred for 72 hours. The mixture was then added drop-wise to
stirred ice-cold methanol (400 mL); the suspension was placed in a -20 °C freezer for 30
minutes. The methanol was then decanted from the flask and replaced with 200 mL of fresh
methanol; the flask was placed in the freezer for 15 minutes. The suspension was vacuum
filtered through paper; the precipitate was washed with an additional portion of methanol;
residual solvent was removed under reduced pressure at room temperature affording the
conjugate 11 as a solid. GPC (THF): M, 900, M,, 5100. 'H NMR (400 MHz, CDCl:) & ppm
11.45-1198 (1 H),7.99-822 (1 H),7.74-7.99 (2 H), 7.37 -7.56 (2 H), 7.08 = 7.25 (1
H), 6.68-6.92 (1 H), 5.63 - 6.49 (2 H), 491 —5.51 (3 H), 4.18 (22 H), 3.11 —3.88 (16 H),
2.86-3.10 (SH),2.42-2.84 (10 H), 2.19 -2.42 (15 H), 1.70 - 2.19 (6 H), 0.96 — 1.70 (193
H), 0.89 (19 H).
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Example 24. Conversion of benzotriazole carboxylate to acid chloride 12 (3-(3-(2H-
benzo[d][1,2,3 Jtriazol-2-y1)-5-(tert-butyl)-4-hydroxyphenyl)propanoyl chloride)

HO
SOCI,, DMF (cat.), =N,
@: toluene, heat ©: N
» =\
12 cl
(0]

FORMULA X. CONVERSION OF CARBOXYLATE 2 TO ACID CHLORIDE 12

The conversion of the benzotriazole carboxylic acid 2 to the corresponding acid
chloride 12 is illustrated in FORMULA X. Compound 2 (50 g 147 mmol, synthesized as
described in Example 1) was added to a 1000 mL 3-neck tlask containing a magnetic stir bar;
the flask was equipped with a reflux condenser, nitrogen inlet, and rubber septum.
Anhydrous toluene (~ 500 mL) was transferred into the flask by cannula through the septa.
Thionyl chloride (16.1 mL, 221 mmol) was transferred into the flask by syringe; DMF (2.7
mL) was then added to the flask by syringe. The flask was immersed in an oil bath set at 80
°C; the suspension was stirred; the solids began to disperse, eventually yielding a clear
solution. After ~ 4 hours, the reaction mixture was allowed to cool, transferred to a round
bottom flask and concentrated by rotary evaporation. The resulting oil was triturated with
hexanes, affording a beige solid. The suspension of material was recrystallized by adding
additional hexanes and warming to reflux, filtration through paper, and slow cooling to room
temperature with stirring. The resulting beige crystals were filtered and dried under vacuum
at 50 °C. The filtrate was concentrated, and the recrystallization performed a second time
affording a second crop of crystals; the mass of the combined crops of compound 12 was
44.7 grams. "H NMR (400 MHz, CDCls)  11.88 (s, 1 H), 8.16 (d, J=2.2 Hz, 1 H), 7.91 -
7.98 (m, 2 H), 7.47 - 7.54 (m, 2 H), 7.21 (d, /J=2.2 Hz, | H), 3.29 (t, J= 7.5 Hz, 2 H), 3.07
(t,J=7.5Hz, 2 H), 1.50 - 1.53 (s, 9 H).
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Example 25. Conversion of benzotriazole acid chloride 12 to isocyanate 13 (2-(2H-

benzo[d][1,2,3 Jtriazol-2-y1)-6-(tert-butyl)-4-(2-isocyanatoethyl)phenol)

C[ 1. NaN,, acetone, HZO ©:
2. CHCls, heat

FORMULA XI. CONVERSION OF ACID CHLORIDE 12 TO ISOCYANATE 13

Sodium azide (NaNjs, 2.5 g, 38 mmol: CAUTION! NaNs is a violent poison) was
carefully transferred into a single necked 500 mL round bottom flask containing a magnetic
stir bar. Deionized water (20 mL) was added to the flask; the NaNs dissolved with mixing
affording a clear solution. The flask was immersed in an ice bath. Acid chloride 12 (7.0 g 20
mmol) and anhydrous acctone (45 mL) were transferred into a pressurce cqualizing addition
funnel in a positive pressure N, atmosphere glove box. The acid chloride dissolved in the
acetone with gentle swirling, affording a clear yellow solution. The addition funnel
containing 12 was fitted into the flask containing the aqueous solution of NaNjs; the top of the
addition funnel was fitted with a N, adapter connected to a Schlenk line. The solution of 12
was added dropwise to the NaNsz solution. After addition of several drops, a white precipitate
began to appear, suspended in the aqueous solution. Complete addition of 12 was complete
within 30 minutes; mixing was continued for 20 minutes in the ice bath. Water (30 mL) was
added to the resulting white slurry; solids were collected by filtration through a glass frit
under vacuum. The white solid was transferred to a separatory funnel followed with CHCls
(185 mL). The flask was shaken and the layers were allowed to separate. The lower organic
phase was removed from the small aqueous layer and dried over Na,SOy4. The solution was
filtered; the filtrate was placed in a single necked 500 mL round bottom flask containing a
magnetic stir bar; the flask was fitted with a reflux condenscr with nitrogen inlct adapter and
immersed in an oil bath. The solution was heated slowly, with mixing, to reflux, over 30
minutes. The final oil bath temperature was 65°C. As the oil bath temperature surpassed
55°C, bubbling was apparent in the solution. The reaction was allowed to reflux for a total of
90 min. CHCl; was then removed by rotary evaporation; the resulting oil crystallized
overnight on standing affording the product 12 (5.8 g) as a slightly grey solid. "H NMR (400
MHz, CDCls) 6 11.91 (s, 1 H), 8.18 (d, /=1.9 Hz, 1 H), 7.92 - 7.98 (m, 2 H), 7.47 - 7.53 (m, 2
H),7.23 (d, /=2.1 Hz, 1 H), 3.59 (t, /=6.9 Hz, 2 H), 2.96 (t, /=6.9 Hz, 2 H), 1.52 (s, 9 H).
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Example 26. Summary of SPF Results

The in vitro SPF measurement results for a selection of polymers described in the
previous examples are summarized in
Table 1. The in vitro test method employed for the measurement of the polymer

samples is described in Example 3.

Table 1. Summary of in vitro SPF testing results for select examples

Example # Vehicle wt. % polymer | in vitro SPF
in vehicle
3 FINSOLVTN | 50 17.5
FINSOLV TN | 40 12.7
FINSOLVTN |30 11.3
FINSOLVTN |20 10.7
FINSOLVTN | 10 6.0
4 FINSOLVTN |29 19.3
FINSOLV TN | 40 29.0
5 FINSOLVTN | 19 16
FINSOLV TN | 38 22.7
6 FINSOLV TN |20 10.4
7 FINSOLV TN |20 10.6
FINSOLV TN | 40 15.0
8 FINSOLVTN | 10 5.0
FINSOLVTN |21 11.0
FINSOLVTN |29 14.0
FINSOLV TN |40 17.0
9 FINSOLVTN | 34 14.7
FINSOLV TN | 20 13.7
10 FINSOLVTN |40 44.0
FINSOLVTN | 35 20.0
FINSOLV TN | 25 15.0
11 FINSOLVTN |40 22.0
FINSOLVTN |20 9.0
FINSOLVTN | 10 6.0
12 FINSOLV TN |40 22.0
FINSOLVTN | 75 155.0
13 FINSOLV TN | 63 76.0
14 FINSOLV TN | 58 118.0
FINSOLV TN | 40 16.0
18 FINSOLV TN |20 23.0
20 FINSOLVTN |39 > 500
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CLAIMS:

l.

An ultraviolet radiation absorbing polymer comprising the reaction product of a

monoglyceride and a poly-acid monomer containing a UV-chromophore.

The polymer of claim 1, wherein the monoglyceride is selected from the group
consisting of glycerol monostearate, glycerol monopalmitate, glycerol monomyristate,
glycerol monocaprate, glycerol monodecanoate, glycerol monolaurate, glycerol

monolinoleate, and glycerol monooleate.

The polymer of claim 1 or 2, wherein the UV-chromophore is selected from the group
consisting of triazoles, camphors, dibenzoylmethanes, 4-aminobenzoic acid, alkane
esters of 4-aminobenzoic acid, anthranilic acid, alkane esters of anthranilic acid,
salicylic acid, alkane esters of salicylic acid, hydroxycinnamic acid, alkane esters of
hydroxycinnamic acid, dihydroxybenzophenones, dicarboxybenzophenones,
hydroxycarboxybenzophenones, alkane ester derivatives of dihydroxybenzophenones,
acid halide derivatives of dihydroxybenzophenones, alkane ester derivatives of
dicarboxybenzophenones, acid halide derivatives of dicarboxybenzophenones, alkane
ester derivatives of hydroxycarboxybenzophenones, acid halide derivatives of
hydroxycarboxybenzophenones, dihydroxychalcones, dicarboxychalcones,
hydroxycarboxychalcones, alkane ester derivatives of dihydroxychalcones, acid halide
derivatives of dihydroxychalcones, alkane ester derivatives of dicarboxychalcones, acid
halide derivatives of dicarboxychalcones, alkane ester derivatives of
hydroxycarboxychalcones, acid halide derivatives of hydroxycarboxychalcones,
dihydroxycoumarins, dicarboxycoumarins, hydroxycarboxycoumarins, alkane ester
derivatives of dihydroxycoumarins, acid halide derivatives of dihydroxycoumarins,
alkane ester derivatives of dicarboxycoumarins, acid halide derivatives of
dicarboxycoumarins, alkane ester derivatives of hydroxycarboxycoumarins, acid halide
derivatives of hydroxycarboxycoumarins, benzalmalonate; benzimidazole derivatives,
benzoxazole derivatives, 3-(3-(2H-benzo[d][1,2,3]triazol-2-y1)-5-(tert-buty1)-4-
hydroxyphenyl), 6-octyl-2~(4-(4,6-di([1,1"-biphenyl]-4-yI)-1,3,5-triazin-2-yl)-3-
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hydroxyphenoxy)propanoate and trioctyl 2,2',2"-(((1,3,5-triazine-2,4,6-triyl) tris(3-
hydroxybenzene-4,1-diyl))tris(oxy)) tripropanoate.

The polymer of any one of claims 1 to 3, comprising the reaction product of said
monoglyceride, said poly-acid monomer containing a UV-chromophore and a polyol
selected from the group consisting of ethylene glycol, 1,2-propylene glycol, 1,3-
propanediol, bis-2-hydroxyethyl ether, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,8-octanediol, 1,10-decanediol, 1,12-dodecanediol, linear poly(ethylene glycol),
branched poly(ethylene glycol), linear poly(propylene glycol), branched poly(propylene
glycol), linear poly(ethylene-co-propylene glycol)s, branched poly(ethylene-co-
propylene glycol)s glycols, polyglycerols, polyglycerol esters, glycerol,
monosaccharides, disaccharides, polysaccharides, and linear polysiloxanes end-

functionalized with carbinol groups.

The polymer of any one of claims 1 to 3, wherein the polymer is a reaction product of
said monoglyceride, said poly-acid monomer containing a UV-chromophore and a poly-
acid selected from the group consisting of natural multifunctional carboxylic acids,

hydroxy acids, and unsaturated acids;

wherein the natural multifunctional carboxylic acids are selected from the group

consisting of succinic, glutaric, adipic, pimelic, suberic, and sebacic acids;

wherein the hydroxy acids are selected from the group consisting of diglycolic, malic,

tartaric and citric acids;

and wherein the unsaturated acids are selected from the group consisting of fumaric acid

and maleic acid.

The polymer of any one of claims 1 to 5, wherein the ultraviolet radiation absorbing

polymer has a weight average molecular weight from about 500 to about 50,000.

An ultraviolet radiation absorbing polymer comprising a polymer comprising a repeat

unit
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5
8.
9.
10
15

wherein X comprises a UV chromophore, wherein n is a number such that the ultraviolet
radiation absorbing polymer has an average molecular weight from about 500 to about
50,000, and R1 is a saturated or unsaturated hydrocarbon moiety having a number of

carbon atoms between 4 and 30.

The ultraviolet radiation absorbing polymer of claim 7, wherein the polymer has the

structure

R4

3

Y
L1L
H{)*"u‘xj‘o O~H

The ultraviolet radiation absorbing polymer of claim 7 or 8, wherein the UV-
chromophore is selected from the group consisting of triazoles, camphors,
dibenzoylmethanes, 4-aminobenzoic acid, alkane esters of 4-aminobenzoic acid,
anthranilic acid, alkane esters of anthranilic acid, salicylic acid, alkane esters of salicylic
acid, hydroxycinnamic acid, alkane esters of hydroxycinnamic acid;
dihydroxybenzophenones, dicarboxybenzophenones, hydroxycarboxybenzophenones,
alkane ester derivatives of dihydroxybenzophenones, acid halide derivatives of
dihydroxybenzophenones, alkane ester derivatives of dicarboxybenzophenones, acid
halide derivatives of dicarboxybenzophenones, alkane ester derivatives of

hydroxycarboxybenzophenones, acid halide derivatives of
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10.

1.

hydroxycarboxybenzophenones, dihydroxychalcones, dicarboxychalcones,
hydroxycarboxychalcones, alkane ester derivatives of dihydroxychalcones, acid halide
derivatives of dihydroxychalcones, alkane ester derivatives of dicarboxychalcones, acid
halide derivatives of dicarboxychalcones, alkane ester derivatives of
hydroxycarboxychalcones, acid halide derivatives of hydroxycarboxychalcones,
dihydroxycoumarins, dicarboxycoumarins, hydroxycarboxycoumarins, alkane ester
derivatives of dihydroxycoumarins, acid halide derivatives of dihydroxycoumarins,
alkane ester derivatives of dicarboxycoumarins, acid halide derivatives of
dicarboxycoumarins, alkane ester derivatives of hydroxycarboxycoumarins, acid halide
derivatives of hydroxycarboxycoumarins, benzalmalonate, benzimidazole derivatives,
benzoxazole derivatives, 3-(3-(2H-benzo[d][1,2,3]triazol-2-yl)-5-(tert-butyl)-4-
hydroxyphenyl), 6-octyl-2-(4-(4,6-di([1,1"-biphenyl]-4-y1)-1,3,5-triazin-2-yl1)-3-
hydroxyphenoxy)propanoate and trioctyl 2,2',2"- (((1,3,5-triazine-2,4,6-triyl) tris(3-
hydroxybenzene-4,1-diyl))tris(oxy)) tripropanoate.

A composition comprising a cosmetically acceptable topical carrier and an ultraviolet
radiation absorbing polymer that comprises the reaction product of a monoglyceride and

a poly-acid monomer containing a UV-chromophore.

A composition comprising a cosmetically acceptable topical carrier and an ultraviolet

radiation absorbing polymer comprising a polymer comprising a repeat unit:

QYR;
3L
;\r\l‘n\xfuso Qwn,

oo e py

wherein X comprises a UV chromophore, wherein n is a number such that the ultraviolet
radiation absorbing polymer has an average molecular weight from about 500 to about
50,000, and R1 is a saturated or unsaturated hydrocarbon moiety having a number of

carbon atoms between 4 and 30.
35
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