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(57) Abstract: Biodegradable, cross-linked polymer films and methods of making the same are described. The polymer films can be
used for preventing adhesions following surgery and/or delivering therapeutic agents.
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Polymer Films

Cross Reference (o Related Apnlications

{0011 This application claims the bensfit of U.B. provisional patent application number
61/880,029, filed September 19, 2013, the entire disclosure of which is incorporated herein by

reference.

Field

(002} Biodegradable polymer films for the prevention of lissue adhesions following surgery

and/or for the delivery of therapeutic agenis are described.

Summary

[0031 Described hergin generally are biodegradable, cross-iinked films. The films can be
bindegradable. The films can be utilized for the prevention of contamination following surgery

and/or for the delivery of therapeutic agents.

[084] Thess films can also be used during or after surgery, 1o cover a wound/abrasion, o
seal a vessel, or the like. The fiims can be polymeric and include and/or be formed of one or
more monomers and a orosslinker susceptible to chemical hydrolysis or enzymalic action. The
polymer films can be used for preventing adhssions following surgery andfor delivering

therapeutic agenis.

{0051 Fims can comprise a polymer including a reaction product of at least one monomer
and at least one crosslinker; wherein the polymer is susceptible io degradation through
chemical hydrolysis or enzymalic action. Films as described herein can have various
thicknesses depending on a particular use, but generally can have a thickness between about 5

um and about 1,200 um,

(08681 Methods of making a polymer film as described hersin are alse described. These
methods comprise: preparing an agueous-based prepolymer solution including at least one
monomer, at least one crosslinker suscepiible to degradation through chemical hydrolysis or
enzymatic action, and an inilialor; and dispersing the aqueous-based prepolymer solution

thereby forming the polymer film via polymerization.

{0071 Other methods can include the step of reacting a prepolymer sciution o form a
polvmer film. The prepolymer solution can include al least one monomer comprising at least

one funclional group, at least one crosslinker susceptible to degradation, and an iniliator.



WO 2015/042462 PCT/US2014/056647

{0081 Crosslinkers used to form the polymer films can impart biodegradabiiity to the films.
For example, the crosslinker can include at least one linkage susceptible to degradation through
chemical hydrolysis or enzymatic action. The cross-inker can be glycidyl, glycidyl amino, or
protein based. A glycidyl based crosslinker may be bis-glycidyl amino alcohol. A protein based

crosslinker may be bi-functionalized methacryioyl-Ala-Pro-Gly-Leu-AEE-methacrylate.

Drawings

(06381 Figure 1is a graph showing various characteristics of different polymer films.
[0810] Figure 2 is a graph showing the progression of degradation for different polymer films.

[0811] Figure 3 is a graph showing time to full degradation for different polymer films.

Detailed Description

[0812] Described herein generally are polymeric films formed of or including a polymer
material comprising a reaction product of one or more monomers and a crosslinker. The
polymeric films described herein can be susceplible to cleavage by hydrolysis, oxidation, or
reduction; by enzymatic or non-enzymatic means. The films can also be compressible andfor

bicdegradable, for gase of use,

[0013] The polymer or polymeric films can be formed from a prepolymer mixdure or solution.
The prepolymer solution can comprise: {I) one or more monomers that contain a singular
functional group amenable to polymerization and {il} one or more crosslinkers.  In some

embodiments, a polymerization initiator may be utilized.

[0014] In some embodiments, If one of the monomer{s} and/or crosslinker(s) is a solid, a
solvent can be utilized in the preparation of the films. If liquid monomers and crosslinkers are
utitized, a solvent may not be required. In some embodiments, even when using liquid
monomers and crosslinkers, a solvent may still be used. Solvents may include any lquid that
can dissolve or substantially dissolve a monomer, monomer mixiure, and/or a crosslinker. Any
aqueocus or organic solvent may be used that dissolves the desired monomer(s), crossiinker{(s),
and/or polymerization initiators. In ong embodiment, the solvent can be water. Additionally,
solutes, e.g. sodium chioride, may be added 1o the solvent o increase the rate of

polymerization.

[0015] Solvent concenirations in the prepolymer solutions can be about 10% wiw, about 20%
wiw, aboul 30% wiw, about 40% wiw, about 50% wiw, about 80% wiw, about 70% wiw, aboul

80% wiw, about 90% wiw, betwesn about 20% wiw and about 80% w/w, betwesen about 50%
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wiw and about 80% wiw, or between about 30% w/iw and about 80% wiw of the solution.

[0018] Anv fype of crosslinking chemistry can be utllized to preparg the described polymer
films. In some embodiments, for example crosslinking chemistries such as, but not limited o
nucleophile/N-hydroxysuccinimide  esters, nucieophile/halide, vinyl  sulfone/acryiate  or
maleimide/acrylate can be used. In one example embodiment, free radical polymerization can
be used. As such, monomers with a singular sthylenically unsaturated group, such as acryiate,
acrylamide, methacrylate, methacrylamide, and vinyl, may be used when employing free radical

polymerization.

[0017] Any amount of monomer can be used that allows for a desired final film with desired
properties. Monomer concentration in the solvent in the prepolymer solution can be about 1%
wiw, about 2% wiw, about 3% wiw, about 4% wiw, aboul 5% wiw, about 10% wiw, about 15%
wiw, about 20% wiw, about 30% w/w, about 40% wiw, about 50% wiw, about 60% wiw, about
70% wiw, about 80% wiw, about 80% wiw, about 100% wiw, belween about 1% w/w and about
100% wiw, between about 40% w/w and about 60% wiw, belween about 50% wiw and aboui

80% wiw, or bebween about 40% wiw and about 50% wiw.

[0018] Monomers can be selected based on imparting desired chemical and/or mechanical
properties to the polymer film. If desired, uncharged, reactive moieties can be introduced into
the film. For example, hydroxyl groups can be introduced into the films with the addition of
2-hydroxyethyl acrylate, 2-hydroxymethacrylate, derivatives thereof, or combinations thereof to
a monomer. Alternatively, uncharged, relatively unreactive moieties can be introduced into the
films. For example, acrylamide, methacrylamide, methyl methacrylate, derivatives thereof, or

combinations thereof can be added.

[0019] In one embodiment, films can be prepared from monomers having a single functional
group suitable for polymerization. Functional groups can include those suitable to free radical
polymerization, such as acrylate, acrylamide, methacrylate, and methacrylamide. Other
polymerization schemes can include, but are not limited to nucleophile/N-hydroxysuccinimide
esters, nucleophile/halide, vinyl sulfone/acrylate or maleimide/acrylate. Selection of the
monomers is governed by the desired mechanical properties of the resulting film and minimizing

the biological effects of degradation products.

[0020] In some embodiments, the monomer can additionally contain an ionizable functional
group that is basic (e.g. amines, derivatives thereof, or combinations thereof). The amine group

may be protonated at pHs less than the pKa of the amine, and deprotonated at pHs greater than
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the pKa of the amine. In other embodiments, the monomer can additionally contain an ionizable
functional group that is acidic (e.g. carboxylic acids, sulfonic acids, derivatives thereof, or
combinations thereof). The acid group may be deprotonated at pHs greater than the pKa of the

acid, and protonated at pHs less than the pKa of the acid.

(00211 i the binding of positively charged drugs is desired, monomers with negatively charged
moigties, e.g. carboxylic acids, or cther acidic moisties can be polymerized into the films.
Acidic, ionizable, ethylenically unsaturated monomers can include, but are not limited to acrylic
acid, methacrylic acid, 3-sulfopropyl acrylate, 3-sulfopropyl methacrylate, derivatives thereof,
combinations thereof, and salts thereof. On the other hand, if the binding of negatively charged
drugs is desired, monomers with positively charged moielies, e.g. amines, or other basic
moleties can be included. Basic, ionizable, ethylenically unsaturated monomers can include,
but are not limited to amino ethyl methacrylate, aminopropyl methacrylate, derivatives theredf,

combinations thereof, and salts thereof.

[0022] An addilional fackor in monomer selection can be desire for degradation products of the
films to elicit a negligible response from the host. In other embodiments, there can be desire for

degradation products of the films {o slicit substantially no response from the host

(08231 A crosslinker can include one or more polymerizable groups, can join monomer chains
together, and permit the formation of films, Biodegradation can be imparted {o the films by
utilizing a crosslinker with linkages susceptible o degradation in a physiclogical environment.
Over time in vivo, linkages can break and the polvmer chains may no ionger be bound together.
The judicious selection of monomers permits the formation of water-soluble degradation
products that diffuse away from the area of treatment and are cleared by the host. Linkages
susceptible to hydrolysis, such as esters, thioesters, carbamates, and carbonates, or peptides

degraded by enzymeas can be used in biodegradable films.

[0024] In one embodiment, one or more crosslinkers can gontain at least two funclional
groups suitable for polymerization and at least one linkage susceptible to breakage to impart
biodegradation to the films. Linkages susceptible to breakage in a physiclogical environment or
in vivo can include, bul are not limited {o those susceptible o hydrolysis, including esters,
thioesters, carbamates, and carbonates, and those susceplible to enzymatic action, including
peptides that are cleaved by malrix metalioproteinases, collagenases, slastasss, and
cathepsins. In some embodiments, multiple crosslinkers can be ulilized to control degradation
rate in a manner not possible with only one crosslinker. In one embodiment, at least one

crossiinker is susceptible to hydrolysis and at least one crosslinker is susceptible (o enzymatic
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degradation.

[0025] In some embodiments, the at least ong linkage Is a peptide cleavable by matrix
metalloproleinases, a peplide cleavable by matrix collagenases, a peptlide cleavable by matrix

elastases, a peptide cleavable by malrix cathepsins, or a combination thereof.

[0026] In some embodimenis, the polymers used to form the films can include a sscond
crossiinker, inciuding a second linkage selected from an ester, a thicesier, & carbonale, a
carbamate, a peptide cleavable by malrix metalioproteinases, a peplide cleavable by malrix
collagenases, a peptide cleavable by malrix elastases, and a peplide cleavable by matrix

cathepsins.

(00271 In still other smbodiments, the polymers used to form the films can include a third,

fourth, fifth or more crosslinkers gach including the same or a different linkage.

[0028] Crosslinkers can include peptide based crosslinkers, carbonate based crosslinkers, dis
glycidyl amine corosslinkers, TMP gly ester crosslinkers, dithicester crosslinkers, or jeffamine
glycidyt amine crosslinkers. Preferred concentrations of the crosslinkers in the final product can
be about 0.05% wiw, about 0.1% wiw, aboul 0.5% wiw, about 1.0% wiw, about 2.0% w/w, aboul
3.0% wiw, about 4.0% wiw, between about 0.1% wiw and about 4.0% w/w, between about 0.5%
wiw and about 2% w/w, or between about 1% w/w and about 1.5% wiw. A skilled artisan
understands how to caiculale final concentrations based on the amount in sclvent used in the

prepolymer solution.

[0028] In one embodiment, crossiinkers can be peplide based compounds.  In one

embodiment, a peplide based crosslinker can be

H \)OI\ T T H H
AMORAASCAACARaS Sas
H H H
o) o) o) o)

O

or @ derivative thereof. In ancther embodiment, the peplide based crosslinker can be

o)

HooJ HooT H
/\"/N\_E)I\N l N\)I\H/KOFN\/O\/\O H\/\/Hw)‘\
0] 0]

or a derivative thereof.



WO 2015/042462 PCT/US2014/056647

in some embodiments, a peptide based crosslinker can be bi-funclionalized methacrylovi-Ala-

Pro-Gly-Leu-AEE-methacryiate.

30381  In ancther embodiment, crosslinkers can have a structure

0o 0o
)H‘/éo\/\ O)%H/X\”/{O\/\OH‘\K
O O

wherein nis 1 to 20;
mis 1 {0 20; and
XisCor&.

f0031] In another embodiment, the crossiinker can have a structure

0 0
Hprcdymypeniby
o o )

[0032] In another embodiment, the crosslinker can have a structure

[0033] A crosslinker can alsg have a structure

o) 0O
YL{ O/\/OMO\/\O%Y
0

wharein o is 1 1o 20; and
pis 11020,

[0034] In one embodiment, the structure can be

[0035] A crosslinker can further have a structure
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Ay ianrpy

[0036] Whereingis 110 10. In one embodiment, g is 1.

[0037] A crosslinker can also have a struclure

Aoty

wherein ris 1 to 20; and
Y and Z are each independently selected from O, S, and NH.

[3038] In one embodiment, the crosslinker can have a structurs

o o
)H‘/S\/\éo/\/()}\/\s)kf )}\’(S\/\O/\/O\/\S)J\K
o r or o .

[0038] Further, in another embodiment, the crosslinker can have a struciure

<Ahr&
A&z

A

wherein G, H and J are each independently CH,, O, 8, NH, or not present,

O

a, b, and ¢ are each independently 1 to 20; and
gis 110 20.

[0840] In ancther embodiment, a, b, and ¢ are each independently 1 to 10, In stili another

embodiment, G, H and J are each independently O or NH.

[0041] In one embodiment, the crosslinker has a structure
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A 4
\_{\O z
o)
OH
whereain a, b, and ¢ are each independently 1 fo 20.

[0042] Further, in ancther embodiment, the crosslinker can have a structure

( o/_\)d\L&ﬂog\%
< h O/_\)e\Mg\jO&%

o N
f N
<
Y 0
wherein L, M and N are each independently CH,, O, 8, NH, or not present,
d, e, and f are each independently 1 to 20; and

his 110 20.

[0843] In ancother emboediment, d, &, and | are each independently 1 io 10. In still ancther

embodiment, L, M and N are each independently O or NH.

[0044] In one embodiment, the crosslinker has a structure

O/_\)\)\j)\_<

\\ \\ 7
/_7\ 0 AN
O/_\)f\NH

5 <
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wherein d, e, and f arg gach independently 1 10 20.

[0045] A crosslinker can also have a structure

R e T G e S

wherein s is 1 to 20;

wherein tis 1 to 20; and

X', K2 X* and X* are each independently O or 5.
[3048] In one embodiment, the structure can be

; Q 2
l U s I v“E'L\,~f*’\\f-S\ PRGN NN ﬂ\,

: Q
,,f') s E‘ o S TN O R S

o 0

[0047] A crosslinker can also have a structure
@] @] OH
OH o] O .

[0048] In some embodiments, a crosslinksr can be a telra ester, a teira thioester or a dithio
ester.  In other ambodiments, the crosslinker can be a peplide crosslinker or a carbonate

crossiinker. A glycidyl based crosslinker may be bis-glycidy! amino alcohol.

[0049] Polymerization of the prepolymer solution can be by reduction-oxidation, radiation,
heat, or any other method known in the art. Radiation cross-linking of the prepolymer solution
can be achieved with uliraviolet light or visible Hight with suitable inilialors or ionizing radiation
{2.g. slectron beam or gamma ray) without initiators.  Cross-linking can be achieved by
application of heat, either by conventionally heating the solution using a heat source such as a
heating well, or by application of infrared light to the monomer solution.  The free radical
polymerization of the monomer(s) and crosslinker{s) is preferred and requires an initiator o start
the reaction. In a preferred embodiment, the cross-linking method utilizes azobisisobutyronitrile
(AIBN)  or another walaer soluble AIBN  derivalive such  as  (2,2'azobis{2-
methylpropionamidinedihydrochioride). Qther cross-linking agents or initiators can include, but

are not limited to NN N N-tetramsthylethylenediamine, ammonium persulfate, benzovl
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peroxides, and combinations thered!, including azobisisobutyronilriles. A preferred initiator can

be a combination of N,N,N',N'-tetramethylethylenediamine and ammonium persulfate.

[6058] Polymer films can be produced or formed by methods including: reacting a prepolymer
solution including at least one monomer including at least one functional group, at least one

crosslinker susceptible 10 degradation, and an initiator; and forming the polymer film.

[0051] After the preparation of the films, they c¢an be optionally dyed {o permit visualization
during preparation by the physician. Any of the dyes from the family of reaciive dyes which
bond covalently o the films can be used. Dyes can include, but are not limited to, reactive blue
21, reaclive orange 78, reactive yellow 15, reactive blug No. 19, reactive blue No.4, Cl reactive
red 11, C.1 reactive yellow 86, C.1. reactive blue 163, C.1. reactive red 180, .1, reactive black 5§,
C.L reactive orange 78, C.I reactive yveliow 15, C.L reactive blue No. 18, Cl reactive blue 21, or
any of the color additives. Some color additives are approved for use by the FDA part 73,
subpart D, In other embodiments, a dye that can irreversibly bond to the polymer matrix of the

films may be used,

[0052] 1 the film doss not bind any of the reactive dyes above adequately, a monomer
containing an amine can be added to the monomer solution in an amount to achieve the desired
coloration. In some embodiments, even if the disclosed dyes do adequatsly bind to the films, a
monomer containing an amine can still be added to the monomer solution. Examples of suilabie
monomers containing an aming include aminopropyl methacrylate, aminosthy! methacrylale,
aminopropy! acryiate, aminoethyl acrylate, derivatives thergof, combinations thereof, and salls
thereof. Preferred concentrations of the amine containing monomers in the final product can be

less than or equal to about 1% wiw.

[0053] The polymer films can be prepared by polymerization belween two plates separated by
spaces. The plaies can be formed of metal, glass or plastic. In one embodiment, the plales are
formed of glass. The plates can be flat, curved or ctherwise appropriaiely shaped. In some
embodiments, the plates are flat. The monomer solution is placed or injected on a fiat plate with
pre-positioned spacers. The spacers can form any desired shape. A second flat plale is placed

on top of the spacers, creating a thin space for the monomer solution.

[0054] Afier polymerization is complele, the top flat plale is rermoved and the polymer film is
recoverad from the bottom flat plate. The polymer film can then be washed to remove any
and/or all residual monomers, solvent, or salt. Washing solutions include acstong, alcohols,

water, and combinations thereof.

10
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[0055] Polymerization can be allowed 1o proceed as long as necessary 1o produce films
between the plales with desired resiliency. Polymerization can be allowed o proceed for about
1hr, 2hr, 3hr,dhr, 5hr,8hr, 7hr, Shr, 9 hr, 10 hr, 11 hr, 12 hr, 18 hr, 24 hr, 48 hr, 72 hr, 6
hr, between about 1 hr and about 12 hr, between about 1 hr and about 8 hr, between about 4 hr
and about 12 hr, betwsen about 8 hr and about 24 hr, between about 1 hr and about 86 hr,

hetween about 12 hr and about 72 hr, or at least aboul 8 hr.

[0058] Polymerization can be performed al a temperature to produce films with desired
resiliency. Polymerization can be run at a temperalure of about 10°C, about 20°C, about 30°C,
about 40°C, about 50°C, about 80°C, about 70°C, about 80°C, about 80°C, aboul 100°C,
between about 10°C and about 100°C, belween about 10°C and about 30°C, at least about
20°C, at most about 100°C, or at about room temperature. In one embodiment, polymerization

ocours at room temperature.

(06571 Further, the polymer films can be allowed o incubate for a given period of time {o
produce a desired resiliency.  Incubation can be allowead o proceed for about 1 he, 2 hr, 3 hr, 4
hr, 5he, 8 hr, 7hr, 8 hr, 8 hr, 10 hr, 11 hr, 12 hr, 18 hr, 24 hr, 48 hr, 72 hr, 96 hr, between about
1 hr and about 12 hr, between about 1 hr and about 6 hr, between about 4 hr and about 12 hr,
between about 6 hr and about 24 hr, between about 1 hr and about 88 hr, between about 12 hr

and about 72 hr, or at lsast about 8 hr,

[0058] Incubation can proceed at any temperalure that produces a film with a desired
resiliency.  Incubation can be performed at a temperaiure of about 10°C, about 20°C, about
30°C, about 35°C, about 37°C, about 40°C, about 50°C, about 80°C, about 70°C, about 80°C,
about 80°C, about 100°C, between about 10°C and about 100°C, belween about 10°C and

about 30°C, at least about 20°C, at most about 100°C, or at about room temperature.

[0059] In one embodiment, polymerization is allowed to proceed for at least 2 hrs at room

temperature followsd by overnight incubation at 37°C.

[0080] After the polymerization is complete, the films may be washed to remove any solule,
unreacted monomer(s), and/or unbound oligomers.  Any solvent may be utilized, but care
should be taken if agueous solutions are used o wash films including polymers with linkages
susceptibie to hvdrolysis.  Preferred washing solutions can include, but are nof limiled to

acetone, alcohols, water, saline, and combinations therecof,

[0081] Optionally, the washed films can then be dyed {0 permit visualization before injechion

info a microcatheter. A dye bath can be made by dissolving sodium carbonate and the desired

11
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dye in water. Films are added to the dye bath and stirred. After the dying process, any
unbound dye is removed through washing. After dying and washing, the films can be packaged

into vials or pouches, and sterilized,

[0062] Desired film thickness can be about 1 um, about 2 ym, about 3 ym, about 4 ym, about
5 um, about 6 ym about 7 ym, about 8 um, about 9 ym, about 10 ym, about 15 um, about 20
pm, about 30 um, about 40 um, about 50 uym, about 100 um, about 200 ym, about 300 um,
about 400 pm, about 500 um, about 600 um, about 700 ym, about 800 um, about 900 um,
about 1,000 ym, about 1,100 ym, about 1,200 um, about 1,300 ym, about 1,400 um, about
1,500 um, about 1,600 ym, between about 5 ym and about 1,500 ym, between about 10 ym
and about 500 ym, between about 100 uym and about 1,000 ym, at least about 1 ym, at least
about 5 uym, at least about 50 uym, at least about 80 ym, at most about 1,500 ym, or at most
about 1,200 ym.

{08631 Films can have any shape necessary to serve a required biological purpose. Shapes
can be prefabricated including, but not limited to circles, squares, triangles, ellipses, pentagons,
and the like. In some embodiments, one shape film can be formed and then custom cut to fit a

desired location.

[08684] The films described herein can be sterilized without substantially degrading the
polymer. After sterilization, al least about 50%, about 0%, about 70%, about 80%, about 80%,
about 95%, about 89%, or about 100% of the film can remain intact. In one embodiment, the
sterilization method can be autoclaving, gamma radiation, or ethyleng oxide and can be utilized

befors administration.

[0065] In some embodiments, it may be desirable for the fiims to degrade over time, or in
other words to be biodegradable. In such embodiments, the films can degrade fo less than
about 40%, about 30%, about 20%, about 10%, about 5% or about 1% intact after about 2 days,
about 3 days, about 5 days, about 2 weeks, about 1 month, about 2 months, about 6 months,
about 8 months, about a year, about 2 years, about 5 vears, or about 10 years. In one
embodiment, the films can be substantially degraded in less than about 1 month. In another

embodiment, the films can be subslantially degraded in less than aboul 6 months.

[0086] The films described herein can be compressible yet durable encugh not to break apart
or fragment. Substantially no change in the size or thickness of the films ocours during delivery.
in other words, after delivery, the films described herein remain greater than about 60%, about

70%, about 80%, about 80%, about 85%, about 98%, or about 100% intact affer delivery.

12
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{00671 Further, the films can be cohesive enough o stick o the tissue andfor remain In place
through friction with or between tissues. The films can further be prepared with an adhesive

side in order {0 add tack to stick o tissues.

Example 1
Preparation of a glycidyl-based crosslinker

OH o
H
)\’(O\j\/N\/\O/\/O\/\N/\g/\O)Y
H
O

OH

[0068] To 10 g (67.6 mmol) of 2,2%ethylenedioxy bis-ethylamine is mixed 10 g {70.4 mmol) of
glycidyl methacrylate, and 3 g of silica gel {Aldrich 845524, 60 Angstrom, 200-425 mesh). After
stirring for 1 hr, ancther 8 g (63.4 mmol) of glycidyl methacrylale was added and the suspension
was stirred for additional 1.5 hr. The mixture was diluted with 200 mb chioroform and filtered
through a 600 ml fritted glass Buchner 1o remove the silica gel. LC-MS analysis of the resuliant
chloroform soiution shows a negligible amount of mono-glycidyl amino alcchol and mostly bis-
ghycidyl amino alcohol at [M+H]" m/z 433.2. The solution was concentrated to about 50 g in

vacuo. The resultant heavy syrup was diluted o 160 mb with acetonitrile and stored at -80°C.

Example 2
Preparation of a peptide-based crosslinker

T T H
/\”/NJ%NJH/KOFN\/O N /\[(H\/\/H\Hk
O O

o)

(00691 A helerobifunctional, istrapeplide {methacryioyl-Ala-Pro-Gly-Leu-AEE-methacrylale)
was provided (Bachem, Torrance, CA). The peptide (853 mg, 1 mmole) was dissolved in & mib
DMF  and  N-(3-aminopropylimethacrylamide hydrochioride (190 mg, 1.1 mmol} and
N, N-diisopropvigthvlamine (174 pl, 1 mmol} were added. After 2 hr, 20 mg butyiated
hydroxyltoluene was added. The reaction mbdure was precipitated with 200 mb of ethyi sther.
The solids were collected using centrifugation. The pellet was redissolved in a 80/5/5 solution
of chioroform/methanol/methanol+10% aqueous ammonia and applied fo 50 g of silica gel in a
5x20 om column (Aldrich, 60 Angstrom, 200-425 mesh). The silica gel column was developed
with 500 mL of 80/5/5 solution of chiororm/methancl/methanol+5% agueous ammonia and the

peptide containing eluent concentrated in vacuo o vield 110 mg of pale yeliow oil. The pale

13



WO 2015/042462 PCT/US2014/056647

yellow oif was dissclved in 10 mbL of methandl and stored at -80°C. LC-MES analysis of the
product showed the desired [M+H]" at m/z 880 and [M+Na]" at m/z 702.

Example 3
MA-AEEAc-ALAL-AEEAc-MA, ALAL tetrapeptide crosslinker

H J]\ b TR H H
NN ™ N N N N N/\/O\/\O/ﬁ(N\/\/N
(0] H (0] A (0] A (0]

O

(00701 To 841 mg (1 mmol) of NHS ester, MA-AEEAC-ALAL-AEEAC-NHSE was added 178 mg
of 3-aminopropyt methacrylate-HC! inlo a clean dry 15 mbL flask with 3 dry stir bar and a dry
septum, followed by 5 mb of dry dimethyl formamide. Upon stirring a clear solution resuited and
200 microlitres (1 mmol) of dilsopropyiethylamine was added all af once. After one hour, the
reaclion mixture was transferred o a 250 mbl pear shaped flask using 3X5 mbl of MeOH and
placed on the vacuum line overnight. The next day the reaction mixiure was transferred to a
scintillation vial with two mb of methanol, to give approx. 35% solids, and stored at -80°C. The
crude crosslinker above gives a single HPLC peak gives [M+HI" at miz of 869.8, molecular

mass calculated for CaHaNgOy2 is 8688.5.

Example 4
Carbonate Crosslinkers

[0671] To 33 g (100 mmol) cesium carbonate suspended in 500 mb of 11
acetonitrile:methanol was added 17.2 g (200 mmol) of methacrylic acid over one hour with good
stirring. After stirring for an additional two hours, solvent was removed from the reaction mixiure
and the residue was suspended in 500 mb of dry ether and collected by filtration onto a dry 800
mil Buchner funnel with a medium frit.  After carefully rinsing the solids on the funnel with 200
mL dry ether several times, the solids were dried in the vacuum oven overnight to give 45 g of a
hygroscopic beige powder (Compound A) which has to be quickly placed into a dry

environment.

086721 HEMA-1-Chloroethyl carbonate: To 24 mb of HEMA (200 mmol} in 1,000 mL of dry
ether was added 16.8 mL {213 mmol) of pyridine at 4-10°C, under argon. To this solution was
added 21.3 mL {200 mmol) of 1-chioroethyl chlorocarbonate, drop wise with stirring over 4%
hour, After stirring 2 hour at 4-10°C, the heavy precipitate (Compound B) is removed by

filtration and the filtrate is concentrated to an oil in vacuo, vielding 44 g (100%).

14
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{00731 To 4.4 g (20 mmol) of Compound B in 40 mb of anhydrous dimethyl formamide, was
added 0.9 g (4.0 mmol) of Compound A at 100° C, under argon, with good stirring. After 15 min,
another 1.2 g (5.4 mmol) of Compound A was added at 100°C, under argon, with good stirring
followed by a final 0.8 g (4.0 mmol), under the same conditions, for a total of 2.8 g Compound A
{13.4 mmol). The yellow brown reaction mixture was heated at 100°C for an additional 3 hrs and
after cooling to room temperature the solvent was removed in vacuo, and the residus was left
on the vacuum line overnight. The residue was taken up in 50 mb of 1:1 Chioroform:Hexane
and applied to a 750 gram gold column and eluted with Hexane then (-20% Ethyl Acelats in

Hexane. The foilowing carbonale

came out starting at 27 min and the following carbonate

(@) (@)
O O
Y‘\ \[Ol/

came off at 32 min.

Example 5
TMP Gly Ester

0 0
(I
H o o)
TINA <
H
O/_\)f\NH o
I <

[0074] TMP-Chioroacstamide: To 13.2 grams of triamino trimethylol propane sthoxviate in 250

mb of dry tetrahydrofuran (THF) was added 6.32 g (80 mmol) of pyridine and this solution was
added to 6.44 g of chloroacstyl chioride in 250 mb of THF with good stimring, at 4-10°C under Ar.
After stirring for fifteen minutes, the reaction mixiure was warmed to room temperature and the
THF and other volatile material were removed in vacuo. The resulling solids were dissolved into
200 mL of chioroform which was in turn washed with 100 mbL of saluraied aqueous sodium

bicarbonate, dried over magnesium sulfate and the solvent was removed in vacuo.
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[0075] TMP-NH-Glyv-Methacrylate: To approx 15 g of material above dissolved into 75 mbL of
anhydrous dimethyl formamide was added 18 g of cesium methacrylate and the resulting

suspension heated at 40-50°C for 2 hrs.

[0076] After precipitation with 500 mb of chioroform, the inorganic salis were colleclad by
filtration and the filtrate was concenirated to an oil in vacuo to give 18 g of a reddish brown oil.
This oil could be polymerized with AIBN at 80°C, in IPA to a hard pellet.  Chromatography on 8
g of this through a plug of the above silica with 1,200 mb of 2-20 % methanol in chioroform,

gave 6 g of light red colored material.

Example 6
Discrete Thio Ester

0]

o]
[8077] To 8.6 mbL (40 mmol) 2,2-{ethylenedioxydiethanethiol in 200 mbL of tetrahydrofuran

(THF) was added 20.8 mL of dilsopropylethyl amine and the resulling dry solution was added fo

11.5 mL of methacryloy! chioride (120 mmol) in 200 mL of dry THF, at -5°C, with good stirring
over 1 hr. The reaction mixiure was stirred at 0°C for 1 hr and at 20°C for one hour at which

point 10 mb of isopropyl alcohol was added and the solvent was removed in vacuo.

[0678] The residue was applied to a 330 g silica {gold) column in a minimum volume of
chloroform and the column was eluted with 0-5% isopropyl alcchol in methylene chioride at 200
ml/min. The fraction which eluted at 13-14 min as a single peak was isclated as 1.3 g of ysliow

oil. AIBN initiated reaction of 50 mg of this materiai displayed a hard pellel.

Example 7
Polymeric Thio Ester

RAAOUNS

[80738] To 40 mbi of dry tetrahydrofuran (THF), at 0°C, containing 0.4 mbL {4 mmol) of
methacryloyl chioride was added 20 mb of dry THF containing 2.0 g {(1.33 mmol) of

poly(ethyiene glycol) dithiol 1,500 mw and 0.7 mbL (4.0 mmol)} diisopropylethylamine, dropwise
over 5 min, with rapid slirring. After stirring for 2 hrs, the reaction mixture was warmed to room
temperature and solvent was removed in vacuo, Then 100 mb of chloroform was used to

dissolve the reaction mixiure and this was removed in vacuo © entrain methacryloy! chioride.
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{00801 The reaction mixiure was placed on the vacuum ling overnight al approximately 30
microns and a yellow solid formed. AIBN initiated reaction of 50 mg of this in 50 microliters of

isocpropyl alcohol resulted in a sponge of yellow gel.

Example 8
Jeffamine Glycidyl amine

( O/AL\H/_%/OJO&:
O/A)b\N/_i/ OJéi
O/A)C\N:

\_{\O{):

[0081] To 11 g Jeffamine {25 mmol) is added 10.5 g of glycidyl methacrylate (75 mmol)

followed by 4 g silica gel and 100 mg butylated hydroxyioluene. The reaction mixture was stirred
at 20°C. After 2 hrs, 50 mb of chioroform was added to the thickening reaction mixture and
stirring was continued, After another eighteen hours, 200 additional mbL of chioroform was
added and the reaction mixiure was filtered to remove silica gel and most of the solvent
removed in vaouo. The residue was dissolved in 20 mb of isopropy! alcchol {0 give 40 mb of

approximately 50% desired compound.

Example 9
Film prepared with a glycidyl-based crosslinker

[0082] The prepolymer solution was prepared by dissolving 1.4 g of 2-hydroxypropyl acrylate
(HPA)Y, 0.4 g of sodium acrylate, and 0.015 g of a glvcidyl-based crosslinker from Example 1, in

4.0 g of distilled water. This solution was vacuum degassed for 5 min and flushed with argon.

[6083] An iniliator solution was made by dissolving 0.25 g of ammonium persuifate in 1.0 g of
distilled water. Additionaily, two glass plates were prepared with 4 small dividers, such as a

glass insert, placed at the four corners. This was wiped clean with isopropanol.

[0084] N NN N-Tetramsthylethylenediamine {(approximately 50 pl) was added o the
prepolymer solution and the solution was mixed. After a minute, about 25 yb of the initiator
solution was added o the prepolymer solution while stirring. This was then poured onto one of
the previously prepared glass plales, covered with the second glass plate and a weight placed
on fop.  This was allowed to polymerize over 2 hrs before being placed in a 37°C oven

overnight.
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Example 10
Film prepared with a peptide crosslinker

[0085] The prepolymer solution was prepared by dissolving 1.9 g acrviamide, 1.1 ¢ sodium
acrylate, and 0.1 g of a peptide-based crosslinker from Example 2 in 10.0 g of distilled water.

This solution was vacuum degassed for 5 min and flushed with argon.

[0888] An initiator solution was made by dissolving (.25 g of ammonium persulfate in 1.0 g of
distilled water. Addifionally, two glass plates were prepared with 4 small dividers, such as a

glass insert, placed at the four cormers. This was wiped clean with isopropanol.

[0087] N NN N'-Telramethviethvienediamine (approximately 64 pl)y was added to the
prepolymer solution and the solution mixed. After a minule, approximately 25 ul. of the initiator
solution was added to the prepolymer solution while stirring. This was then poured onto one of
the previcusly prepared glass plates, covered with the second glass plate and a weight placed
on top. This was allowed to polymerize over 2 hrs before being placed in a 37°C oven

overnight.

Example 11
Purification of Films

[0088] After the polymerization was complete, the plates were opened and the film cut to the
desired size. These were then placed in a plastic beaker with solution for washing. The
preferred method of washing is placing the films through an acelone solution gradienl. For
approximately 2 hrs, the films were suspended in 75% solvent, 80% solvent, 85% solvent, 80%
solvent, 85% solvent, and 100% sclvent. At this time, the films were allowsd {0 stay in acelons
overnight; the next day, the liquid was exchanged out for fresh solution. After approximately 6
hrs, the films were left without solvent to air-dry and/or placed in the vacuum oven overnight.

Subseguently, the films were packaged, and sterilized.

Example 12
Determination of film adhesiveness on a liver

[0G83] To simulale the use of adhesion barrier films, prepared as in Exampie 8, a sample was
placed on either porcing or bovine liver. The film was applied dry or pre-hydrated and irrigated
once on the organ. The samples were fesied for manageability, flexibility, sturdiness and
adhssiveness over time. The grading scale for the samples were divided in three parts and
added to come 1o a total maximum score of 10 points. Flexibility was scored as follows: (4)
does not break easily after re-hydration, (2) breaks easily re-hydrated, and (1) stiff, crumbles

under pressure. Manageability was scored as foliows: {3} easily manageabie, not slicky, to (1)
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gummy and sticks o itself. Adhesiveness was scored as follows: (3) strong adhesivity, (2}
some adhesivity, butl disicdged sasily, and (1) no adhesivily. Figure 1 llustrates data for a

variety of monomers used for polymer film preparation in Example 8.

Example 13
Determination of in vitro degradability

(06301 A 1"x1" sample of the polymer film prepared as in Example 8 was placed in a 50 mbL
conical tube with 45 mb of (.01 M phosphate buffered saline. The samples were placed in a
37°C and a 55°C oven for monitoring.  The visual analysis included transparency of the film,
integrily of the edges, sturdiness of the film, and the viscosity of the film in solution. The grading
scale for the samples included (8) sturdy film with clear edges, (3} large gelatinous mass that
still maintains film structure, and (1) viscous liguid with no apparent solid mass. Grading resulls

are illustrated in Figure 2.

[0691] Depending on film characteristics such as the amount of crosslinker used, degradation
can fake over 160 days in some cases, and less than & days in others. Figure 3 illustrates the

number of days required for the glycidyl-based cross-linker film sampies 1o degrade.

Example 14
Yetra Ester Crosslinker
. o OH
N U NN NN N
oo o 5

(06921 To a 200 ml pear-shaped flask, 10 ¢ (84.8 mmol} of succinic acid, 40 g {0.688 mol) of
allyl alcohol and 30 yl of 98% H,80,; were added. The reaction mixiure was refluxed for 6 hrs
and then quenched by an addition of 25 mbL of 1 M sodium carbonate solution. The product,
dialiyl succinate, was extracted with ethyi acetate, 4 x 50 mbL. The organic phase was coilected
and dried with MgS0O, and the solvent was then removed in vacuo 0 give 9.26 g of dialivi

succinats.

[8083] Toa 1Ll round bottom flask, 5.2 g (£6.3 mmol} of diallyl succinate and 20 g {¢.118 mol}
of meta-chioroperoxybenzoic acid (mCPBA) were dissolved in 400 mb of dichloromethane. The
reaction mixiure was refluxed at 40°C overnight. The reaction mixture was then passed through
an Amberlyst freg base column to remove the by-product, m-chlorobenzoic acid. The solvent
was removed under vacuum o give the crude. Chromatography using ethyl acetate in hexane

from 5% to 20% at 210 nm gave the pure diglycidyl succinate.
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{8084] To a 20 mi vial, 1.15 g (& mmoal} of diglycidyl succinate, 850 mg {11 mmol) of
methacrylic acid and 1.5 g (7 mmol} of 1-bulyl-3-methylimidazolium bromide ({bmim|Br} were
added. The reaction mixture was stirred at 75°C. After 1 hr, the TLC showed no presence of the
spoxide. The reaction mixture was suspended in 50 mb of 1 M sodium carbonate solution and
the product was extracted with ethyl acetate, 3 x 50 mbL. The organic layer was collected and
dried over MgSQ04, and then concentrated under vacuum. The TLC ran with 50:50 ethyi
acetate:dichioromethane showed only one spol. Two grams of tetra ester crosslinker was
collecied with 99% vield.

Example 15
Tetra Thicester Crosslinker
Q 0
,lL ,S\ P Ny ,O\ ,» - . . R "'Q‘\V"J\\S"ﬁ\ -

P \ﬂ/ v D

S
1
i

G H

— \_/-/A\ S k\\v‘,«’.\\ ‘H/-S‘\' - . O./ S
O

[6885] Toa 500 mb 3-neck round botiom flask under Argon chilied at § °C, 100 mb of dry THF
was added. Under stirring, 20 g (0.11 mol) of 2,2'-(ethylenedioxyjdiethanthiol and 16 mbL (0.08
mol) of dilscpropylethylamine were added. To 40 mb of dry THF, 5 mlL {0.045 mol} of succinyl
chloride was dissolved. Under Argon, the solution was added drop wise into the reaction mixiurs
at (°C via an addition funnel with vigorous slirring. Following the addition, the reaction mixiure
was stirred for 1 hour at §°C and then allowed to warm up {o room temperalure {0 slir overnight.
The reaction mixture was then concentrated under vacuum. Flash chromatography with ethyl

acetate in DCM from 0% 1o 15% at 254 nm gave the dithiol ester intermediate.

[0896] To a 250 mbl 3-neck round botiom flask under Argon chilled at 0°C, 50 mlL of dry THF
was added. Under sliring, 3.17 g (7.1 mmole) of dithiol esler intermediate and 3.6 mbL (20
mmole) of diisopropylethylamine were added. To 50 mbL of dry THF, 2 mb (20 mmole) of
methacryloyl chloride was dissolved. Under Argon, the solution was added drop wise inlo the
reaction mixture at 0°C via an addition funnel with vigorous stirring. Following the addition, the
reaction mixture was stirred for 1 hr at 0°C and then allowed 1o warm up to reom temperature {o
stir overnight. The reaclion mixlure was then ooncenfrated under vacuum. Fiash
chromatlography with ethyl acelate in dichloromethane from 0% to 10% at 254 nm eluted the
desired tetra thiol ester crosslinker from 4 min to 12 min. The mass spectrometry analysis gave

805.1 corresponding to M+Nal™ of the calculated mass of CoyHaaQS,.

(08971 The preceding disclosures are illustrative embodiments. It should be appreciated by
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those of skill in the art that the devices, techniquss and methods disclosed hergin slucidate
representative embodimenis that function well in the praclice of the present disclosure.
However, those of skill in the art shouid, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments that are disclosed and siill oblain a like or

similar result without departing from the spirit and scope of the invention.

(006381 Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as molecular weight, reaction conditions, and s¢ forth used in the specification and claims
are to be understood as being modified in all instances by the term "about” Accordingly, unless
indicated to the contrary, the numerical parameiers set forth in the following specification and
attached claims are approximations that may vary depending upon the desired properties
sought io be oblained by the present invention. Al the very least, and not as an atternpt {o limit
the application of the doclring of equivalents 1o the scope of the claims, sach numerical
parameter should at least be construed in light of the number of reporied significant digits and
by applving ordinary rounding fechniques. Notwithsianding that the numerical ranges and
parameters setting forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reporied as precisely as possible. Any numerical
value, however, inherently contains ceriain errors necessarily resulting from the sfandard

deviation found in their respective testing measuremenis.

[0099] The terms "a" and "an” and "the" and similar referents used in the contaxt of describing
the invention {especially in the context of the following claims) are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly confradicted by context.
Recitation of ranges of vaiues herein is merely intended {0 serve as a shorthand method of
referring individually to sach separate value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated info the specification as if it were individually
recited herein. Al methods described herein can be performad in any suifable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language {e.g. "such as”) provided herein is infended merely to belter
fluminate the invention and does not pose a limitation on the scope of the invention otherwise
claimed. No ianguage in the specification should be construed as indicating any non-claimed

slement essential (o the practice of the invention.

(081067 The use of the term "or" in the claims is used o mean "andfor” unless explicitly
indicated to refer o alternatives only or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to oniy altermnatives and "and/or”
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(001011 Groupings of alternative elements or embodiments of the invention disclosed herein
are not {o be construed as limitations. Each group member may be referred {0 and claimed
individually or in any combination with other members of the group or other elements found
hergin. 1t is anticipated that one or more members of a group may be included in, or deleted
from, a group for reasons of convenience and/or patentability. When any such indlusion or
deletion occurs, the specification is herein deemed o contain the group as modified thus

fulfiliing the written description of all Markush groups used in the appended claims.

[00102] Preferred embaodiments of this invention are described herein, including the best mode
known o the inventors Tor carrying out the invention. Of course, variations on those preferred
embodiments will become apparent to those of ordinary skill in the art upon reading the
foregoing description.  The inventor expecis those of ordinary skili in the art to employ such
variations as appropriate, and the inveniors inftend for the invention to be practiced otherwise
than specifically described herein.  Accordingly, this invention includes all modifications and
equivalents of the subject matter reciled in the claims appended herelo as permitied by
applicable law. Morecver, any combination of the above-described slements in all possible
varigtions thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly coniradicted by context.

[00103] Specific embodiments disclosed hersin may be further limited in the claims using
consisting of or consisting essentially of language. When used in the claims, whether as filed or
added per amendment, the transition ferm “consisiing of’ excludes any element, siep, or
ingredient not specifled in the dalms. The transition term “consisting essentially of” limits the
scope of a claim o the specified materials or sieps and those that do not materially affect the
basic and novel characteristic(s). Embaodiments of the invention s¢ claimed are inherently or

expressly described and gnablad herein.

[00104] Furthermore, numerous references have been made to palents and printed
publications throughout this specification. Each of the above ciled references and printed

publications are herein individually incorporated by reference in their entirety.

[00105] Further, it is 1o be undersiood that the embodiments of the invention disclosed herein
are illustrative of the principles of the present invention. Cther modifications that may be
smpioved are within the scope of the invention. Thus, by way of example, but not of limitation,
alternative configurations of the present invention may be utilized in accordance with the
teachings herein. Accordingly, the present invention is not limited to that precisely as shown

and described.
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We claim:

1. A polymer film comprising:
at least one monomer including at least one functional group; and
at least one crosslinker;

wherein the polymer film has a thickness between about 40 ym and about 1,200 um and

is biodegradable.

2. The polymer film of claim 1, wherein the polymer film has a shape selected from a circle,

square, rectangle, triangle, ellipse, or pentagon.

3. The polymer film of claim 1, wherein the at least one functional group is acrylate,

acrylamide, methacrylate, or methacrylamide.

4. The polymer film of claim 1, wherein the at least one monomer includes an ionizable

functional group.

5. The polymer film of claim 4, wherein the ionizable functional group is basic.
6. The polymer film of claim 4, wherein the ionizable functional group is acidic.
7. The polymer film of claim 1, wherein the at least one crosslinker includes at least two

functional groups.

8. The polymer film of claim 1, wherein the crosslinker includes at least one linkage

susceptible to degradation through hydrolysis or enzymatic action.
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9. The polymer film of claim 8, wherein the crosslinker is bis-glycidyl amino alcohol.
10. The polymer film of claim 8, wherein the crosslinker is
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OH or

3

wherein a, b, ¢, d, &, and { are each independantiy 1-20.

11. The polymer film of claim 8, wherein the at least one linkage is an ester, a thioester, a
carbonate, a carbamate, a peptide cleavable by matrix metalloproteinases, a peptide cleavable
by matrix collagenase, a peptide cleavable by matrix elastase, a peptide cleavable by matrix

cathepsin, or a combination thereof.

12. The polymer film of claim 11, including a second crosslinker including a second linkage
selected from an ester, a thioester, a carbonate, a carbamate, a peptide cleavable by matrix
metalloproteinases, a peptide cleavable by matrix collagenases, a peptide cleavable by matrix

elastases, and a peptide cleavable by matrix cathepsins.

13.  The polymer film of claim 1, wherein the polymer film is substantially degraded within

about 6 months of implantation.
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14. The polymer film of claim 1, wherein the polymer film is substantially degraded within

about 1 month of implantation.

15. The polymer film of claim 1, wherein the at least one monomer is acrylamide and the at

least one crosslinker is bis-glycidyl amino alcohol.

16. The polymer film of claim 1, wherein the at least one monomer is acrylamide and the at

least one crosslinker is bi-functionalized methacryloyl-Ala-Pro-Gly-Leu-AEE-methacrylate.

17. A method of making a polymer film comprising:

reacting a prepolymer solution including at least one monomer including at least one

functional group, at least one crosslinker susceptible to degradation, and an initiator; and

forming the polymer film, wherein the polymer film has a thickness between about 40 ym
and about 1,200 um.

18. The method of claim 17, wherein the film is formed between two plates including at least

one spacer.

19. The method of claim 17, wherein the initiator is N,N,N',N'-tetramethylethylenediamine.

20. The method of claim 17, wherein the polymer film has a shape selected from a circle,

square, rectangle, triangle, ellipse, or pentagon.

21. The method of claim 17, wherein the at least one functional group is acrylate,

acrylamide, methacrylate, or methacrylamide.

22. The method of claim 17, wherein the at least one crosslinker is bis-glycidyl amino

alcohol.
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23. The method of claim 17, wherein the at least one crosslinker is
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wherein a, b, ¢, d, &, and { are each independantiy 1-20.

) )
(0 Ty
H

24. The method of claim 17, wherein the polymer film is biodegradable.

25. The method of claim 24, wherein the polymer film is substantially degraded within about

1 month of implantation.

26. The method of claim 24, wherein the at least one monomer is acrylamide and the at

least one crosslinker is bis-glycidyl amino alcohol.

27. The method of claim 24, wherein the at least one monomer is acrylamide and the at

least one crosslinker is bi-functionalized methacryloyl-Ala-Pro-Gly-Leu-AEE-methacrylate.
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