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POLYOXAZOLINE COPOLYMERS
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Cross Reference To Related Application

This application claims the beneftt of U8, Provisiowal Patent Application No, 61/739162, filed

December 19, 2012, the disclosurs of which is incorporated by reference herein in its entirety.

BACKGROUND

16 Prevention of biofouling remains a challenging problem in numerous areas. These include, but
are not Himited to, biomedical applications, marine coating technologies, water filtration, transport, and
storage systems. Undesirable consequences of this ubiquitous problem can include reduction in the
efficacy/sensitivity of devices, operational losses, thrombosis, as well as nuierobial infections. Therefore,
the development of new technologies and materials that redhice or completely prevent any undesired

15 deposition of microorganismas is of great importance. However, tailoring an efficient non-fouling
material requires understanding the interactions involved, which is hindered by the complexity of the
process, making it challenging to provide solutions to the problem.

Biofifm formation generally starts within seconds following implantation of a given material

(e.g., medical implant) in aqueous environments, such as blood, muwicipal andfor sea water. While

29 biofilms can be formed by a single species, often they are composed of a community of different types of
microorganisims. The first step of the process is often the adsorption of proteins on the substrate surface,
which i3 followed by adsorption of a cascade of larger, mwore complex species that include
microorganisms such as bacteria, fungt, and algae. Thus, one can argee that the farger microorganisms
rarely interact with the clean surface but rather with the proteins adsorbed on it. One approach that has

23 been emploved to prevent the biofouling provess is the incorporation of antimicrobially active
ingredients into materials, This can be done by blending actives into the material during its manufacture,
covalently attaching ap active agent to the surface of the material, or coating/painting an antimicrobial
onie a surface such that it can subsequently leach from the material. However, once a certain amount of
organic material {e.g., cell debris) has formed, the surface activity decreases as the active material can no

30 longer reach its target. An alternative approach is to prevent biofouling by preventing the attachment of
a broad range of species, rather than kifling them.

A key challenge in preventing biofilm formation is the design of smart materials or engineered

surfiaces that can effectively resist the irreversible attachment of & wide variety of species including

proteins, nicrobial cells, and spores. Many approaches have been investigated, and hydrophilic

il
L2

sodification of surfaces using poly(ethylene glycoly (PEG) and 2witterionic polymers with high
wettability are among the most promising. However, larger microorganisms as well as proteins are

inherently amphiphilic. They operate by different attachment mechanisms, with some having higher
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attachment affinity to hvdrophobic surfaces and others to hydrophilic surfaces. Therefore, a desirable
antifouling coating can be defined as one that can show stealth behavior agatrst multiple species. With
these findings, there is increasing demand for engineered materials, particularly ampbiphilic matenals,
which, similar to living organisms, can restructure their surfaces depending on the environment,
However, one should be aware that a delicate balance of hydrophiticity to hydrophobicity {or
amphiphilicity) should be met for a panticidar surface/coating to be effective in prevention of biofilm

formation across & wide variety of species.

SUMMARY
The present disclosure provides polyoxazoline (POX) copolvimers. More specifically, the
disclosure provides novel copolymers, and in certain embodiments, amphiphilic copolymers, where
polyoxazolines are employed as the hydrophilic component and a perfluorinated group is eraploved as
the hivdrophohic component.  Copolyioers of the present disclosure are useful in making coatings that
resist biofilm formation or that enhance the release of formed biofiling.
In one embodiment, the present diselosure provides a copolymer derived from a monomer

mixture that meludes monomers having the formulas:

Q
e | 2!
N Q/*
{0
R and
{A) {B)
wherein: s O or N R is Hoor CHyg R s an organic group that includes a hydralyzable sifyl group,
R is Hor CHy P s:
; )
: ‘*\(1»&0

2k e

wherein: R is selecied from H, an afky} group, an aryl group, and a combination thereof, RY is selected
from an alkyl group, an arvl group, a contbination thereof, and a R“Y-ACH b grovp; Riisa
perfluorinated alkyl group; Y is selected from a bond, ~S{OR-N{CH -, -S5O 3-NCCHCH . =S
Oy = &{0 ) rmer ~CLO s (8, (OO, ~C(O)-NH,
~CIN-NICH -, ~C{ORN(CHOH: b, ~(CHLCH Q) oy 0, and
O CN-CH=CH-O-O- 1 s an integer of greater than 20 x s an integer of at least 20 and v is an
integer of at teast |, In P, the {*) is the point of attachment to Q in Monomer B.

Inn one embodiment, the present disclosure provides a brush copolymer derived from a monomer

mixture that includes monomers having the formulas:
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O 0
HO, | 1 H,C »
N Q/R Vo
f{l ) 12
and
(&) {(8)

wherein: Qs O or N R s H or CHs; RM s —Z-SHR ™ R s H or CHa: each R s independently

selected from an alky! group, an aryl group, a combination thereo (i, atkary! or avalkyi group), and a
hydrolyzable group; at least one RY is a hydrolyzable group; Z ts selected from an alkylene group, an
aryiene group, and a combination thereof (1., alkarylene or aralkylene), optionally including —O—, -

(O, =NH~, -5~ or a combination thereof, within the cham; P is;

+ . 3 . . - 2.
wherein: R' is selected from H, an alkyl group, an ary! group, and combinations thereof, R is

REY - CHy b group; RUis a perfluarinated (C1-C8alkyvi group: Y is a bond, ~S{Oh-N{CHi )},

and v is an integer from | to 20, In P, the () is the point of attachioent {0 Q i Monomer B.
As used herein, the term “organic group” means a hydrocarbon gronp {with optional elements
other than carbon and hydrogen, such as oxygen, nitrogen, salfur, silicon, and halogens) that is classified

g., atkaryl and

b

as an aliphatic group, eyelic group, or combination of aliphatic and eyclic groups (e,
aralkyl groups). In the context of the present invention, the organic groups are thase that do not isterfere
with the formation of the copolymer. The term “aliphatic group” means a saturated or unsaturated linear
or branched hydrocarbon group. This term is used to encompass afkyf, alkeny!, and alkyvnyl groups, for
example. The term “atky! group™ is defined herein below. The term “alkeny] group™ means an
unsaturated, linear or branched hydrovarbon group with one or morve carbon-carbon double bonids, such
as & vinvl groap, The term “alkyvoyl group™ means an ansaturated, {inear or branched hydrocarbon group
with one or more carbon-carbon triple bonds. The term “cyelic group™ means a closed ring bydrocarbon
group that is classified as an alicvelic group, aromatic group, or heteroevelic group. The term “alicyelic
group” means a cvelic hydrocarbon group having properties resembling those of aliphatic groups. The
tern “aromatic group™ or “aryl group™ are defined hereirt befow. The term “heterocyclic group” micans 2
closed ring hvdrocarbon in which one or more of the atoms in the ring is an clement other than carbon
{e.g.. nitrogen, oxygen, sulfur, etc), The organic group can have any suitable valency but is often
monovalent or divalent.

The term “alkyl” refers to 2 monovalent group that is a radical of an alkane and mcludes
stratght-chain, branched, cvelic, and bicyclic atkyi groups, and combinations thereof. including both

3
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unsubstituted and substituted alkyl groups. Unless otherwise indicated, the alkyl groups typicadly
contam from 1 to 38 carbor atoms.  In some embodiments, the alliyl groups contain | to 20 carbon
atoms, 1 1o 10 carbon atoms, | to 6 carbon atoms, 1 to 4 carbon atoms, or 1 to 3 carbon atoma,
Examples of alky! groups include, but are not limited to, methyl, ethyl, n-propyl, n-butvl, n-pentvi,
isobutyl, t-butyl, isopropyl, n-octyl, n-heptyl, ethylhexyl, cyelopentyvi, evclohexyl, eycloheptyl,
adamantyl, norbornyl, and the like.

The term “alkylene™ refers to a divalens group that is a radical of an alkane and includes groups
that are linear, bravched. eyclic, bievelie, or a combination thereof, Unless utherwise indicated, the
allyvlene group typically has 1 to 30 carbon atoms. In some embodiments, the alkyvlene group has 1o 20
carbon atoms, 1 1o [0 carbon atoms, 1 to 6 carbon atoms, of | to 4 carbun atoms. Examples ot atkylene
groups include methylene, ethylene, L3-propylene, {,2-propylene, 1,d-butylene, L4-cyclohexylene, and
L d-ovclohexyvidimathviene,

The term “aromatic™ refers {o g group that is carboeyelic or heterocyelic and that is fully
unsaturated.

The term “aryl” refers to a monovalent group that is aromatic and, optionally, carboeychie. The
aryl has at least one aromatic ring, Any additional rings can be unsatwrated, partially saturated,
saturated, or aromatic, Optionallyv, an sromatic ving can have one or more additional carboeyclic rings
that are fused o the aromatic ring. Linless otherwise indicated, the arvl groups typically contain from 6
e 30 carbon atoms. In some embodiments, the aryl groups contain 610 20, 6 to 18, 6 to 16, 610 12, or b
to (0 carbon atoms. Examples of an aryl group include phenyl, naphthyl, biphenyl, phenantheyl; and
anthracyl.

The term “arviene” reéfers to a divalent groop that is aromatic and, optienally, carbocyelic. The
arvlene has at least one arcmatic ving. Awny additional rings can be vosaturated, partially saturated, ov
satugsfed. Optionally, 2 aromatic ring can hive one or more asdditiona! carbocyelic rings that are fused
tr the aromatic ring,  Undess otherwise indicated, arvlene groups often have 6 to 28 carbon atoms, 6 to
18 carbon atonss, & ty 16 carbon atoms, 6 to 12 carbon atams, or 510 10 carbon atouns.

The term “arudky! refers to a monovalent group that is an alky! group substituted with an arvl

group {e.g. as in g benzyl group) The term “alkaryl” refers to a monovalent group that s an aryl

subsiituted with an alkyl group (eog., as m a oyl group). Unless otherwise indicated, for both grows,
the atky! portion oftert has | to [0 carbon atoms, 1 to 6 carbon atoms, or 1t 4 carbos atoms and an aryl
portion often has 6 to 20 carbon atoms, 6 to 18 carborn atons, 6 to 16 carbon atoms, 6 to 12 carbon
atoms, or 6 to 10 carbon atons,

The term arvalliviene” refers to a divadent groap that s an alkyvlene group substituted with an
aryl group or an alkvlene group attached to an arviene group. The term “atkaryviene™ refers to a divalent
group that s an arylene group substituted with ancalky! group or an arviene group attached to an alkylene
group. Unless otherwise indicated, for both groups, the alkyt or alkylene portion typically has from | to

20 cigbhon atoms, o 10 carbon atoms, | te 6 carbon atoms, or | to 4 carbon atonmis. Unless otherwise
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indwated, Tor both groups, the aryl or arylens portion typically has from 6 to 20 carbon atoms, 6 to 18
carbont atoms, 6 1o 1o carbon atoms. & 1 12 carbon atoms, or 6 (& {4 carbon atoms.

The term “perflocrinated alky! group™ or "perfluoroalky? group™ refers o an alkane group
having all O-H bonds replaced with C-F bonds.

The tersy “silyl” refers to 2 monovalent group of formuda -SUR™ ) where R is a hydrolyaable
aroup or # non-hydrotyzable group, In many embodiments, the silyl group s a “hydrolyzable sityl”

P4

grougs, which means that the sib group contains at least one RY group that is a hydrolvzable group.

The termy “hvdrobvzable group™ refers to a group that can react with water having a pH of [ o 10
under conditions of atmospheric pressure. The hvdrolyzable group s often converted to a hydroxy!
group when it reacts. The hydroxyt group often anderpoes further reactions such as condensation
reactions. Tvpical hydrolyzable groups include, but are not bimited to, alkoxy, arvioxy, aralkyloxy,
alkarylony. uoyiony. arhado, As used herein, the temy is often used in reference 1o one of more groups
bonded tova silicon atom 1 a silyvl grogp.

The term “non-hydrolyzable group™ refers to a group that cannot react with water having a pH of
1 to 10 under conditicms of atmospheric pressure. Typical non-bvdrolvzable grovups inchude, bt are nan
Histed to, alkyl, arvl, aralbyl, and albaryl. As osed herein, the tenm s often used in reference to one or
more groups bonded to a silicon atom in a sifyvl group.

The term “atkoxy™ vefers to a monovalent group having an oxy group bonded direetly to an alkyl

Hroup.
The term “arvioxy” refers to a monovalent group having an oxy group bonded ditectly to an aryl
PLERUIN I N

The tersms “aralkyvloxy™ and “alkarvloxy™ refer to @ monovalent group liaving an ony groap
bonded directly to any aralbyl group or an alkaryl group, respectively.

he term vacyloxy™ refers to o monavalent group of formula -O{COR where R is alkyl, aryl.

aratkyvl, or alkaryvl. Suitable afkyl R” wroups often have | to 10 carbon atoms, 1 to 6 carbon atoms, or | to
4 carbon atoms. Suitable arvl RY groups often have 6 to 12 carbon atoms such as, for example, phenyl,
Suitable arallivl and atkary] RY groups often have an alkyl group with | to 10 carbon atoms, | 1o 6 carbon
stoms, or 1 1o 4 carbon atoms and an ary) Raving 6 1o 12 carbon atoms,

The term “halo™ refers 10 a halogen atom such as fluore, bromo, lode, or chlore. When part of a
reactive silyl, te balo group ¥s ofter chioro.

The term “{methjaceyiovioxy group™ cludes an acrviovioxy group {~O{CO-CH=CH;) and a
methacrylmdoxy group ((O-COCCH »=CH:)

The term “(methacrviolvamine group™ ineludes an acevloylamine group ((NRACO)-CH=CH,)
and a methacryloylamine group (-NR-(CO)-C{CH; =CH,) including erubodiments wherein the amide

nitrogen is bonded to a hydrogen, methy! group, or ethyl group (R is H, methyl, or ethyl).

(W3
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The term “brush copolymer™ refers to a copolymer where at least one of the repeat units is
dertved from a macromonomer. Macromonomers are polymeric chains (typically, with at keast 10 repeat
anits) that bave a polymerizable group (e.g., an ethylenically unsaturated group) at one end.

The terms “comprises” and varations thereof do not have a luniting meaning where these terms
appear in the deseription and claims,

R

The words “preferved” and “preferably™ refer to embodiments of the disclosure that may afford
crtain benefits, under certaln circumstances. However, other embodiments may also be preferred, under
the ssume or other civcumstances. Furthermore, the recitation of one or more preferred embodiments does
got imply that other embodiments-are not uselul, and is not intended 1o exclude other embodiments from
the scope of the disclosure.
fnr this application, terms such as g™ “an,” and “the™ are not intended to refer to only a singular
entity, but include the general class of which a specific example may be used for illustration. The terns

I S,

“a,” "an,” and "the” are used interchangeably with the term “at least ove.” The phrases “at east one of”
and “comprises at least one of” followed by a list refers to my one of the items in the Hist and awy
combination of two or more tems in the Hat,

As used herein, the term “or™ is generalhy employed in its usual sense including “and/or™ unless
the content clearly dictates otherwise, The term “andfor’™ means one or all of the listed elements or a
combination of any two or more of the listed elements.

Alse heretn, all numbers are assamed (o be modified by the term “about” and preferably by the
term “exactly.” As used herein in connection with a measured quantify, the term “about™ refers to that
vartation in the measured quantity as would be expected by the skilled artisan making the measurement
and exercising a level of care commensurate with the objective of the measurement and the precision of
the measuring equipment used,

Also herein, the recitations of ranmerical ranges by eadpoints include alf numbers subsumed
within that range as well as the endpoints (e.g., 1 to S mcludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, ete.).

When a group is present more than once in a formula described herein, each group is
“independently” selected, whether specifically stated or not. For example, when more than one R group
is present in a Yormula, each R group is independently selected. Furthermore, subgroups contained
within these groups are also independently selected. For example, when cach R group containsa ¥
group, each Y is also independently selected.

As used herein, the term “roonm temperature” refers to a temperature of 20 °C t0 23 "C or 22°C

5°C.

[}

o
The above summary of the present disclosure is not intended to describe cach disclosed

embaodiment or every tmplementation of the present disclosure. The deseription that follows more

particularly exemplifies illustrative embodiments, In several places throughout the application, guidance

is provided through lists of examples, which examples can be used in various combinations. In cach
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uistance, the recited Hst serves only as a representative group and should not be interpreted as an

exclusive Hat

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The present disclosure provides polvoxazoline (POX) copolymers.

In recent vears, the use of polvoxazolings (POX} in biomedical applications has gained interest
due o their high biocompatibifity and stealth behavior that resembles PEG. POX’s can be oblained
through living cationic ring opening polymerization, which provides an vasy access to a wide variety of
well-defined polymers. Furthermore, the functionality and the resultiug physical properties of POXs
can be tuned simply by changing the initiator, monomer, and the end-group used in the polymerization.
Polyv(metiyl-oxaroline)s and poh{ethyl-oxazolines have been shown to have faster ig-vive clearance
and i the case of poly(methyvi-oxazoline) more hydrophilic character than PEG, which can atford an
advantage Tor nonfouling applications,

The present disclosure provides nove) copolymers, and in certain embodiments, amphiphilic
copotymers, where polyoxazolines mee employed as the hydrophilic component and a perfluorinated
group is emploved as the hydrophobic component, Such polvoxazoline copolymers, particularly the
amphiphilic copolymers, are useful in making coatings that resist biofilm formation, or enhance the
velease of formed hiofilms.

fu one embodiment, the present disclosure provides a copolymer derived from & monomer

mixture that includes monomers of the formulas:

0 %
me R (NG
‘Q} B _,//J\,\ (-.2 - %""».s» 4 () -
10 12
R sz R.
(A) (B)

As used herein, a copolymer s a polvmer containing two or more different monomeric {repeat)
moieties (including terpolymers, tetrapolymers ete,). Such copolymers can be random copolymers,
block copolymers, or anv other structural arrangement of monomeric moteties, In certain embodiments,
such eopolymers are brush capolymers.

Such copolvmers of the present disclosure have a weight average molecular weight of at least
2,800 gfmol.

In certain embodiments, QisQ or N. In certain embodiments Q is Q1

In certain embodiments, R™ is H or CHs. In cerlain embodiments, R is H.

In certain embodiments, R’ is an organic group that includes a hydrolyzable sibvl group. In
certain embodiments, B is ~Z=Si(R M )%,

02

In certain embodiments, R is H or CHy. Inn certain embodiments, R s H.

P
!
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fo certain embodiments, cach R” group is independently a hydrolyzable group or a non-
hydrolyzable group {e.g., an alkyl group, an aryl group, or a combination thereof (i.e., an alkaryl group
or an aralkyl group)). In certain embodiments, each R is independently selected from an alky? group,
an arvl group, a combination thereof, and a hydrolyzable group; and at least one R” is a hydrolyzable
group. In certain embodiments, the hydrolyzable group s selected from a halo, an alkoxy group, and an
acvloxy group. In certain embodiments, the hydrolyzable groap is selected tfrom a halo, a (C1-
Cdialtkoxy group, and a (C1-Cd)acyloxy group.

in certain embodiments, 7 is selected from an alkylene group, an aryleve group, and &
combination thereof (i, an alkarylene group or an aralkylene group), optionally inclading -O-—, ~C{O)-
~NR-{wherein R can be H, methyl, or ethyvl, and is typically, H), ~S-, or a combination thereof, within
the chain, In this context, “within™ means that such atoms or groups are not dircetly bonded to the silyl
group or the ~C{ONQ- group. In certain embodiments, Z is selected from a (CH-C20alkylene group, a
{C6-C Darylene group, and a combination thereof, optionally including ~Q~, OO, ~NR~ (wherein R
can be H, methyl, or ethyl, and s typically, H), ~8+, or a combination thereof, within the chain.

fu certatn embodiments, P is (wherein (¥} 18 the point of attachment to Q in Monomer B):

R,i\ 0
e
|
£ \_\ /\\
AT T

In certain embodiments, R' is sefected from H, an alkyl group. an aryl group, and combinations
: & . N " ¥ Py ~ o » ot
thereof. In certain embodiments, R7 is H, a ({U1-C20alkyl group, a {C6-C12)aryl group, a (CH-
12 5ar(CH-C20%lky! group, or a (CHC203lk(C6-C1 D)aryt group. In certain embodiments, R' is

selected from B, methyl, and ethyl,

kS

In certain embodiments, R™ is selected from an alkyl group, an arvi group, and a
s g . ;" 1. Foar e
R'-Y(CHy ) group. In certain embodintents, R is a R-Y—(CHy)~ group.

fa certain embodiments, Y s selected from a bond, S0 )-N{CH ),

~C{ORN(CH ), ~CLO-NECH,CH; b, «{CHCHR O, —0, and ~O-C(OR-CH=CH-C{O)-0~. In
certuin embodiments, Y 18 selected from a bond, —S{OR-RN{CH; )}, ~C{O-NH-, and
~{CHCHO -

In certain embodirsents, R' is a perfluorinated alkyl group. In certain embodiments, Rl is a
perflucrinated (C1-08)atkyl group. In certain embodiments, RY ix a perfluorinated (C1-C5)atky! group
ot a perfluorinated (C1-Clalkyl group. In certain embodiments, RY is a perfluorinated C4 alky} group.

In certain embodiments, n is an inteper of greater than 2. In certain embodiments, o is greater
thare 10, In certain embodinients, n s at Jeast 20, In certain embodiments, n is no greater than 3040, In

certain embodiments, b is no greater than 100, In certain embodanents, n g 390 to 104,
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In certain embodiments, x is an infeger of at least 2. In certain embodiments, x is no greater than
20. In certain embodiments X is no greater than 1, In certain embodiments, X is no greater than 6,

In certain embodiments, v is an integer of at least 1. In certain embodiments, y is no greater than
20 In certain embodiments, y s no greater than 3,

In one embodiment, the present disclosure provides a copolymer derived from monomers having

the formulas:

I 1
’E"Ig(: i ) HZC £
|10 L1
R and R
{A) (B

. . £y . \ G311 s R . .
wherein: Qis Qor Ny R"™is Hor CHy; R is an organic group that includes a hydrolyzable silyl group:

R is Hoor CHy s (wherein {*} is the point of attachment 1o @ in Monomer B

f?(}

N

I{‘\
{

]
S

nox

R' is seleeted from H. an alkyt group, an aryi group, and a combination thereof: R is selected from an
alkyl group, an arvi group, and a REY—{CHy) e eroup; R' is a perfluorinated alkyl group; Y is selected
from a bond, ~S(O):-N{CH -, —-S{Q)-NCHCH -, -S(0h-0-, ~S(O-,

~C{O), =CEON-§, OO O~ OFNH-, ~CEO-MN{CH 3, ~C{OR-NCHCH -,

~{CH.CHYO ), —O—, and -O-C{OCH=CH-C((O-0-; 11 is an integer of greater than 27 x is an integer
of at feast 2; and y is an integer of at least {.

I certain embodiments, examples of Monomer A inelude the following:
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In certain embodiments, Monomer B is of the formula:

s N, -~
5 L T )\ 3
R.;. _,{;’ P n 1, 33

wherein: R is selected from H, an alkyl group, an aryl group, and combinations thereof: R¥ is
REY—(CHy ) RY is a (meth)aeryloyloxy group or a (methacryioylamine group; R' 15 a perfluorinated
alkyl group: ¥ is selected from a boud, -S) - N{CH -, =S{Q)-N(CHCH b

SO O, =Sy OOy (O I8y GO, ~C{QF-NH, ~C{OR-N{CH; 3,

O N{CHLOH b, A(CHCHOd, ~O-, and ~O-CION-CH=CH-CO)-0-; nis an integer of greater
thab 10; ¥ is an integer from 2 t0 20 and v is an integer of at least 1.

Monomer B is a pelymerizable polyoxazeline. Examples of Monomer B include:

S
Me’{’NV\}:QM
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fn some more speeific examples, n i these foroulas are o a range of 200 40,10 arange oF 25 0 35, or
equal ta 34

Such compounds can be made using conventional techniques. An exemplary reaction scheme is
shown in the Examples Section (Scheme 1), Typically, an oxazoline, particularly a 2-oxazoline that
inciudes ant R group at the 2-position, is subjectedt to a ring opening reaction in a suitahle solvent (e.g..
acetonitrile) in the presence of an initiator (e.g., methyl triflucromethansulfonate (Le., methyl triflate),
perfluorobutyl ethylene triflate, perfluorobuty! sulfonanude triflate, methyl toluene sulfonate (e,
methyl tosylate), and methy! jodide) with heating (e.g., at a temperature of 80 "C), and subsequently
modified 1o inchide a polvimerizable group {e.g., upon reaction with {(methjacrylic acid in the presence of
a base (e.z., tristhylamine)).

Iy ong embidiment, the present disclosure provides a brush copolymer derived from a monomer

mixtare that includes monomers having the formulas:

O i{i
H,C i Ha O >
b '\\i Q/ R - \\x ")\\ Q»-"'f‘ *
) b2
R arnd R
{A) (B)

wherein: Qis O orN; R" is Hor CHy; R s "‘Z"‘Si{Rb}g; R is Hoor CHj: each R is independently

selected from an alkyl group, an aryl group, or 2 combination thereot, and a hydrolyzahle group,; at least
s b3 - o ~

one R' is a hydrolyzable group; Z is selected from an alkylene group, an arviene group, and a

combination thersof, vptionally in¢luding =0, ~C{O}~, ~NH-,
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~Nee, or g combination thereof, within the chain;, P is (wherein (*) is the point of attachment to Q in

Maonomer Bj:

,_(/ N AN

I{~ /n %

wherein: R' is selected from H, an atkyl group, an ary! group, and combinations thereofs RY is

RV {CH)- groupy, R' is a perfluorinated (C1-C8alky] group: Y s a bond, ~S(Oe-N{CH - —C{O-
O, ~C{OF-NH- o «(CHCHO) v is an integer from 20 to 100; X is an integer from 2 to 20  and y §s
an iteger from | to 20,

Monomer A has a hydrodyzable silyl group that can be used to crosslink the copolymer, to attach
the copolymer 1o a substrate, or both, That is, the hydrolyzable sily! group undergoes a hydrolysis
and/or condensation reaction that resutts in the formation of one or mwore siticon-oxygen-silicon hnkages
Crosslinks within the copolymer can result when two hydrolyvzable silyt groups react with each other.
Substrate attachient can result when a hydrolyzable silyvl group reacts with a sitanol group on a
suhstrate.

tn making the copolymer of the disclosure, the amount of Monomer A tvpically used is at least |
weight percent (wi-35), or at least 5 wi-%, or at least 10 wi-3e, based on the total amount of monomers.
{n making the copolymer of the disclosure, the amount of Monomer A typically used s no more than 30
wi-%, based on the total amount of monamers, The balance (50-99 wit-%%) often includes Monomer B,
although Monomers A and B can also be copolymerized with other monomers, such as other
ethyientcally unsaturated monomers to make syitable coatings. Some example optional monomers
include various alkyl acrvlates, alkyl methacrylates, aryl acrylates, arvl methacrviates, vinyl ethers, vinyd
esters, and styrene, I used, these additional mosomers can be present in any desived amounts such as,
for example, in amounts ep to 10 wi-%, up to 20 wi-%, ov up 1o 30 wit-% of the total amount of
MONOMErs.

Monomer A and Monomer B are copolymerized using a free radical polymerization reaction,
That is, Monorer A and Monomer B are tvpically combined with a free radical inthator and subjected to
conditions suitable for polyvmerization. The free radical initiator can be a thermal mitiator ora
photoiitiator.  The injtiator Is typically present in an amount in the range of 0.01 to 5 weight percent, in
the range of 0.01 to 2 weight percent, in the range of 0.01 to | weight percent, or in the range o 0.01 to
0.5 weight percent based on a total weight of polymerizable matenal {e.g., Monomer A, Monomer B,
and any optional monomers) in the polymerizable mixture.

In same ermbodiment, a thermal inittator is used.  Thermal indtiators can be water-soluble ar
water-insoluble (i.¢., oil-soluble) depending on the particular polymerization method used. Suitable

water-soluble nitiators include; but are not Hmited 1o, persulfates such as potassiun persulfate,

1
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amamaonium persulfate, sodium persuifate, and mixtures thereof, an oxidation-reduction initiator such as
the reaction product of a persulfate and a reducing agent such as a metabisulfite {e.g., sodium
metabisulfite) or a bisulfate {e.g., sodium bisulfate); or 4,47 -azobis(4-cvanopentanoic acid) and its
soluble safts {e.g.. sodivin or potassium). Suitable aibsoluble initiators include, but are not himited to,
various azo compound such as those commercially available under the trade designation VAZO from E.
L DuPont de Nemoors Co. including YAZO 67, which is 2,27 -azobis(Z-methylbutane nitrile), VAZO 64,
which is 2,27 -azobis(isobutyronitrile), and VAZO 52, which is (2,2 -azobis{2. 4-dimethylpentanenitrile);
and various peroxides such as benzoy! peroxide, cyelohexane peroxide, lauroy! peroxide, and mixtures
thereot.

In many embodiments, a photomitiator is used. Some excemplary photoinitiators are benzoin
ethers (e.g., berwoin methyl ether or benzsin isopropy! ether) or substituted benzoin ethers (e:g., anisoin
methy! ether). Other exemplary photoinitiators are substituted acetophenones such as 2,2-
diethoxyacetophenone or 2,2-dimethoxy-2-phenyvlacetophenone (commercially available under the trade
dcsigmtion IRGACURE 651 fromt BASF Corp. (Florham Park, NI, LISA) ur under the trade designation

SACURE KB-1 from Sartomer (Exton, PA, LISAY). Snll other exemplary photomnitiators are

substitited alpha-ketols such as 2-methyl-2-hydrexypropiophenone, aromatic sulfonyl chiondes such a

n
oo
&7

Z-naphthaienesutfonyl chloride, and photoactive oximes such as 1-phenyl-1.2-propanedione-2-{Q-
ethoxyesrbonyDoxime. Other suitable photoinitiators include, for example, 1-hydroxyeyelohexyt phenyl
ketone (IRGACURE 184), bis(2 4, 6-trimethybenzoviphenylpbosphineoxide (IRGACURE 819}, 1-§4-
(2-hydroxyethoxyphenvi}-2-hydroxy-2-methyi- 1 -propane-1-one {IRGACURE 2939), 2-benzyl-2-
dimethylanmino-1-{4-morpholinophenyDbutanone {IRGACURE 369), 2-methyl-1-{4-
{methylthio)phenyi]-2-morphatinopropan- | -one JRGACURE 907), and 2-hydroxy-2-methyl- [ -phenyl
propan-i-one (RAROCUR $173).

The polymerizable mixture may optionally further contain a chain transfer agent to control the
molecutar weight of the resultant elastomeric matertal. Examples of useful chain transfer agents nclode,
but are not Hmited to, carbon tetrabromide, alcohols, mercaptans such as isooctylthioglveolate, and
mixtures thereof. I used, the polymerizable mixture may include up to 0.5 weight of a chain transfer
agent based on a total weight of polymerizable material. For example, the polymerizable mixture can
contain §.01 1o 0.5 weight percent, .05 (o 8.5 weight percent, or .05 1o 0.2 weight percent chain
transfor agent.

If desired, copolymers of the present diselosure can be combined with compuonents such as metal
silicates (o.g., lithium silicate) to form haed coatings, as is knows in the art.

Such palvoxazoline copolymiers are vseful in making biefilm-resistant coatings (1.e,, coatings
that resist biofilms formation and/or enhance the release of formed biofilms, as evidenced by resistance to
the growth of at least one microorganism). Thus, methods of coating a substrate 1o improve biofilm

resistance of the substrate {relative to the uncoated substrate) are provided by the present disclosure.
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fn one embodiment, a coating composition is provided that includes a polyoxaroline copolymer
of the present disclosure and a solvent, wherehy the coating compositions are applied to substrates to
impart a biofilm-resistant coating thereto. The coating composition often includes a copolymer with
pendant hydrolyzable sityl groups. That is, the copolymer in the coating composition is not crosslinked
{e.g.. cured). In another embodiment, there is a method for coating a substrate, particularty a hard
substrate, with a coating composition of the present disclosure to provide a biofilin-resistant coating
thereto. A wide variety of coating methods can be used 1o apply a composition of the present disclosure,
such as brushing, spraying, dipping, rofling, spreading, and the like. The obtained coating on the
substrate may be cured at room {emperature or at an elevated temperatore (e.g., 40 °C o 300 °CY. In
some embodiments the curing may be effected by a catalyst, at room ov elevated temperatures. Curing
often mvolves reaction of the pendant hydrolyvzable silyl groups to form « crosslinking containing a ~Si-
O-5i- linkage group:

Useful sotvents for the coating compositions include any that do not deleteriously atfect
polymerization of the monomers (i the coating solvent is the same as used in the polymerization
process) and in which the components are soluble to at least 1% by weight, Examples of solvents are
water, methanol, ethanol, isopropanol, acetone, methyt ethyl ketone, methy! iso-batyi ketone, methy!
acetate, cthyl acetate, heptane, toluene, xylene, and ethylene glyeol atkyvi ether. Those solvents can be
used alone or as mipauves thereof, If the copolymer contains pendent hydralyzable sily! groups,
preferably the solvent component comtains an aleohol sobvent which tends to temporarily retard the
reaction between these groups.

The coating vomposition is typically a homogeneous mixture that has a viscosity appropriate to
the application conditions and method. For examyple, a material to be brush or roller coated would fikely
be preferred to have a higher viscosity than a dip coating solution. The coating composition is typically
a refatively dilute solution, ofien contasming at least .1 wi-36, or at least 1 wi-%, of the copolymer. A
typical coating composition often contains no more than 30 wit-%, or no more than 25 wit-%, of the
copolymer.

The substrate on which the coating can be disposed for the formation of a biofilm-resistant
coaling can be any of 4 wide variety of materials. Usefol substrates include ceramics, siliceous substrates
including glass, metal, natural and man-made stone, woven and norwoven articles, polymeric materials,
including thermoplastics and thermosets, including, for example. poly(methlacrylates, polycarbonates,
polystyrenes, styrene copolvmers such as styrene acryvionitrife copelymers, polyesters, polyethylene
terephthalate, silicones such as that used in medical tubing, patnts such as those based on acrylic resing,
powder coatings such as polyurethane or hybrid powder coatings, and wood. The substrate can be in the
form of a film, woven, ar nonwoven, for example.

In seme embediments, the substrate is selected to have a group that can react with the
polyoxazoline copolvmers of the present disclosure. For example, the substrate can have a glass or

ceramic-containing surface that has silanol groups that can undergo a condensation reaction with group
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K setected from a triatkoxysilviatkyl group, The product of this reaction results in the formation of a —
S1-0-Si- bongd between the polyoxazoline and the substrate.

Various articies can be effectively treated with the coating composition of the present invention
to provide a bisfilm-resistant coating thereon. The present invention afso provides a coated article, such
as a fitm. Thus, the present disclosure provides an article comprising a substrate (.., a film), wherein
the substrate includes at Jeast one surface having # layer that includes a copolymer of the present
diselosure disposed thereon.

Preferably, the substrate to which voating is to be applied should be clean prior to application to
obtain optimum characteristic and durabifity. Metallic as well as glass surfaces are often covered with
organic contaminants, Before the coatings of the invention can be applied 1o such surfaces, they should
be cleaned by at least solvent wiping. In the case of gross contamination, the metatlic or glass surface
may have to be etched, anodized, oy treated in wavs known to those skilled in the art. For example, if the
surface of steel is coated with rust, that rust may have to be etched away by an acid treatment. Onee the
surface of the metal is exposed, the coating can be applied.

Riofiling typically develop where the substrate is in contact with water or exposed to humid
conditions. The coatings of the present disclosure retard the formation of such biofilms, particularly
when exposed to cirealating water, 1 is believed that the microorganisms are unable or minimally able
to attach to the coated surfaces, Further, it is believed that extant biofihms are more easily removed from
the coated surfave. Thus, the curable composition is particularly suited for substrates in wet or bunid
enviromments such as in medical catheter coatings, antifouling marine coatings, coatings for water
handling cquipment, heat exchangers and other HVYAC equipment, coatings for filter media, and dental
equipment, devices and materials that may be used in the oral cavity.

THustrative ersbodiments of the present disclosure are histed below.

Embodiment | 15 a copolvimer derived from a monomer mixture comprising mononters having

the formulas:

O Q
O | ! HL,C /LL
Ve YT
10 12
R and R
(A) (B)

wherein
QisCorN;
B s Hor CHy:
W is an organic group comprising a hvdrolyzable silvl group:

R is H or CHa; and
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P s
-y, |
RN
1§
N
P 3
hl”( \/\Jn\" ‘
wherein;

- . P
i3 selected from H, an alkyl group, an aryd group, and a combination thereof:

3 R* is selected from an alky! group, an aryl group, a combination thereof, and a
R YA CHde group:;
R'is a perfluorinated alkyl group:
Y is selected from a bond, ~SIO-N{CH -, SO MN{CHCH: 3,
=&Y O, ~S{QYp, ~CT(Q), ~C{O}-S, ~CO O, ~C(O-NH-,
10 ~COPN(CHz -, —C{OMNCHCH - -{(CHOH0)~, -0, and
~O-L{Oy-CH=CH-C(O -0~
n is an integer of greater than 2;
X 15 aninteger of at least 27 and
vis an integer of at least 1
15 Embodiment 2 is the copolymer of embodiment [, wherein the copolymer is a randost or block
copolymer.
Embodiment 3 is the copolymer of emmbodiment | or 2 which 15 a brush copolymer,
Embodiment 4 is the copolymer of any one of embodiments | through 3 which has a weight
average malecular weight of at least 2,000 g/mol.
24 Embodiment § is the copolymer of any one of embodiments 1 through 4 wherein R' is -7
Si(R™); wherein:
each R is independently sefected from an alky] group, an arvl group, a combination
thereof, and a hvdrobyvzable group;
at teast one R is 3 hvdrolyzable group; and
23 Z is selected from an alkyiene group, an arylene group, and a combination thereof,
optionafty including ~O—, ~C{Q), -NH~, =5—, or a combination thereof, within the cham.
Embodiment 6 is the copolymer of embodiment § wherein the hydrolyzable group is selected
frome a halo, 2 (C1-Cdalkoxy group, and a {C1-Cdjacyloxy group.
Fmbodiment 7 is the copolymer of embodiment 5 or 6 wherein £ is selected from a (C-
30 C20utkylene group, an {(C6-ClDarvlene group, and a combination thereof, optionally ineluding -0~ -

C{O)~, ~NH~, =8—, or a combination thereof, within the chain.
Embodiment § is the copolymer of any one of embodiments 1 through 7 wherein R’ is selected

tram H, methyl, and ethyl.
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Embodiment 9 is the copolymer of any one of ermbodiments | through 8 wherein R is a R'-Y-
(CHad— group.

Embodiment 10 1g the copolymer of any one of ewbodiments | through 9 wherein Y is selected

from a bond, ~8(O)-N(CH}-, ~C(OR-NH- and CH,CHO)—

5 Fmbodiment 11 is the copolymer of any one of embodiments 1 through 10 wherein R is a
perflucrinated (C1-C8jalkyl group.
Embodiment 12 is the copolymer of any one of embodiment 11 wherein R’ is a perfluorinated
{C1-Coralkyl group. »
Embodinent 13 is the copalymer of embodiment 12 wherein R is a perflusrinated C4 atkyl
16 group.
Brebodinient 14 is the copolymer of any one of emabodinents | through 13 wherein n is an
integer of no greater than 500.
Embodiment 15 is the copolyvmer of embodiment 14 wherein n i3 an integer of greater than 18,
Embodiment 16 is the copolvmer of embadiment 15 wherein n is an integer from 20 to {00,
13 Embodiment 17 is the copolymer of any one of embodiments | through 16 wherein ¥ is an
integer of no greater than 20
Erabodiment 18 is the copolymer of any one of embodiments 1 through 17 wherein x is an
tteger from 2 to 10
Embodiment 19 is the copalymer of embodiment 18 wherein x 15 an infeger from 2 to 6.
20 Embodiment 20 is the copolvmer of any one of embodintents | throagh 19 wherein y 13 an
mteger of no greater than 20
Embodiment 21 is the copolvmer of embodiment 20 wherein y 15 an integer from 1o 5,
Embodiment 22 is the copolymer of any one of embodiments | through 21 derived from at least
b wi-% of monomer A,
25 Embodiment 23 is the copolymer of embodiment 22 dertved from at least § wi-% of monomer
A
Embodiment 24 is the copolymer of embodiment 23 derived from at least 10 wi-% of monomer
Al
Embodiment 23 is the copolymer of any one of embodiments | through 24 derived from no more
30 than 50 wt-% of monomer A,

Embodiment 26 is the copolymer of any one of embodiments | through 25 wherein monomer B

is of the formula:

wherein:
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R’ is selected from H. an atkyl group, an ary! group. and combinations thersof;
4, - P

R s RSYS{(CHabes

R is a (methjacryloyloxy group or a {meth)acryloylaming group;

R is a perfluorinated alky! group;

3 Y is selected froan a bond, =S{O0)-N{CH - ~S{O3R-NCH;CHy -, ~NOR-0-,
SOV, =LAV, OO )Gor, ~C{O O, o CLOINHo, OO PN H -,
~C{ORN{CHCH -, ~(CH.CH O, ~O-, and —O-C{O-CH=CH-C{OR0—

i aninteger of greater than 10;
X is an integer from 2 to 26; and
0 ¥ 15 an integer from at feast 1.
Embodiment 27 is a brush copolvmer derived [rom a monomer mixiure COMPrising monomers
having the formulas:
O O
e, L rY e L p
NN \? ~Q”
( 2
R and R
13 (A (B)

wherein:
QisOorN;
R is Hor CHy;
20 R is ~Z-SR )5
R is Hor CHa:
cach R" is independently selected from an alkyl group, an aryl group, a comhination
thereof, and a hiydrolyzable group;
at feast one R' is a hydrolyzable group:
23 Z 15 selected from an alkylene group, an arvlene group, and a combination thereof,

optionally including O, ~C{Q)~, ~NH-, ~8~, or a combination thereof, within the chai;

gl
Pis:

RL 0

) " '1";{;:
L
!

:z/% R
R™ A
30 wherein;

R is selected from H, an alky! group. an aryl group, and comhinations thereof:

1



WO 2014/099518 PCT/US2013/074259

RY s RAY(CHyj o group:

R'is a perfluotinated (C1-C8jalkyvl group:

Y is & bond, ~S{O)-N{CH ), ~C{O 0=, ~C{ONH-, o
—(CHOHO)

L7

nis an integer from 20 to 100;
x 1s an integer from 2 to 20; and
v i an integer from o to 280
Embodiment 28 1s a composition comprising a copolymer of any one of embodiments 1 through
27 and a solvent.
10 Embodiment 29 is a method of coating a substrate to tmprove biofilm resistance of the substrate,
the method comprising coating at least one surface of the substrate with the composition of embodiment
28
Embodiment 30 15 an article comprising a substrate, wherein the sabstrate comprises at jeast one
surface having o layer comprising 4 copolymer of any one of embodiments 1 through 27 disposed

thereon.

—_
L7

Embodiment 31 is the article of claim 30 wherein the substrate is in the form of a film,

EXAMPLES
20 Obiects and advantages of this disclosure are further iNustrated by the following examples, but the
particular materials and amounts thercof recited in these examples, as well as other conditions and details,

should not be construed to unduly limit this disclowure.

General procedures for polymer synthesis:

1]
(e

Glassware was dried overnight i an oven at 130 °C prior 1o use. Reagents were purchased from
Fisher Scientitic or Sigma Aldrich. Acetonitrile was anhvdreus grade. Methyliodide, methyl tosyiate,
and oxazohine monomers were distitied over CaH, and stored over 34A molecular sieves. Other reagents
for oxazedine polymerization were stored over 3A molecular sieves prior to use. Solvents were removed
at reduced pressure using a rotary evaporator.

30

20
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sceme I General scheme for the synthesis of poly{oxaroiine} polymers (whevein “LG” = leaving

group, and the * represents the point of attachment of the group)
R?

4 N0 ¥ gie
} ] LG

R‘\f@
acatonitrile Rz—/(" N\/\}\R3
0

2 RWH o+ NEY

R & LG R’
*—F1 R-Y-(CH,)—* e} O o
Y___OJI\_//’P \,m@/u\{/
~CH, 0 o I e
¥ Q-S—~CF, o /u\,y’ I 2
G H H
SIomcn, T S < e T
: N
i
CH, CH,
i e
g}g *METJ/U\(
GZHS CZHS
Celel T
CH={H,; (Vinyl) ~ {Vinyl ether)
RLY:
o 9 ? ; .
R—fot R—goome RogoN—e Repewer o f 9
0 o O CH, G GH, Ry geeteego
0
Rf/g’Lﬁmﬂc
0 & o O
RY/U\N——«E R’/U\N—** R"/U\N----¥ RfmﬁNme
i
A CH, CH, Ri—O— I

gf..{ CHCHO),-
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Preparatory Example 1 Synthesis of Polymerizable Polvoxazeline (Monomer B)

\fg G
. M. J\,j&
Me’% 0
n
A Jenecked flask with attached condenser and stopeock was purged with nitrogen, then charged

g, 3.9 munol). The selution was cooled to

e

with acetonifrile {15 mL) and methy! p-toluenesulfonate (0.73
0°C, then 2-methyl-Z-oxazolive (10.0 g, 117 ounol) was added by syringe. After strring for 2 hours
while stowly warming to room temperature, the sofution was heated to 80 °C in an oil bath, then stirred
for 20 hours, After cooling to room temperature, acryiic acid (0.42 g, 5.9 mmoly and triethylamine (0.79
g, 7.8 mmol} were added by syringe in that arder. The sofution was heated back up to 80 °C, and stirred
for anather 24 hours. After coaling, the solution was filiered, then added dropwise with vigorous stirring
t0 200 mi of diethyl ether to precipitate the polymer. The resulting suspension was stirred for 2 days.
The precipitate was isolated by filtration, washed with diethyl ether, and dried under vacuum at 88 °C
avernight, vielding 11 g of white solid. Accounting for the presence of tricthylammoniwn tosylate
impurities, the vield was close to quantitative. End-group analvsis by 'H-NMR spectroscopy showed that

polymer with n = 30 was obtained.

Freparatory Example 2: Synthesis of Polymerizable Polysxazoline (Monomer B)

/\f_O o
Me"{/ N\//\}\O/L!\y/
&)

A J-necked flask with attached condenser and stopeock was purged with nitrogen, then charged
with acetonitrile (15 mlL) and methyl trifluoromethanesudfonate (0,163 g, 1.01 mmeol). The solution was
cooled to O °C, then 2-ethyl-2-oxazohine (3.0 g, 30.2 mmol) was added by syringe. After stirring for 2
hours while slowly warming 1o room temperature, the solution was heated to 80 *C in an oil bath, then
stirred for 20 howrs. After conling to room temperature, acrylic acid (0.37 g, 5.1 mmol) and
tricthyiamine (0.6 g, 6.06 mimol) were added by syringe v that order. The solution was heated back up
t 80 °C, and stirred for another 24 hours. After cooling, the solution was filtered, then added dropwise
with vigorous stirring to 200 mL of coid diethy! ether to precipitate the polymer. The resalting
suspaasion was stirred for 15 min. The precipitate was isolated by {iltration, washed with diethy! ether,
and dried under vacuum at 80 °C overnight, yielding 2.9 g of white solid. End-group analysis by -

MMR spectroseopy showed that polymer with 1= 30 was obtaived.

Preparatory Example 3: Synthesis of Polymerizable Polyoxazoline (Monomer B)

R



16

i

20

%]
4

WO 2014/099518 PCT/US2013/074259

A J-necked flask with attached condenser and topeock was purged with nitrogen, then charged
with acetonitrile (30 mL) and methyi triflucromethanesulionate (0.39 g, 2.3 mmal). The solution was
cooled to 0 °C, then 2-methyl-2-oxazoline (5.0 g, 70.6 nunol) was added by syringe. After stivring for 2
hours while stowly warming to room femperature, the solution was beated to 80 *C in an ol bath, then
stirred for 20 hours. The solution was cooled 1o 1 *C and saturated 20m! of Na,COh was added. The
resulting nuxture was heated o 80 °Cn an ot bath, then stirred for 12 hours. The solvent was removed
under vacuum and the polvmer was extracted with dichloromethane from the solute. The excess
dichloromethane was removed under vacuum to vield §.9 g of white solid. End-group analysis by 'H-
NMR spectroscopy showed that polymer with e = 30 was obtained.

For the next step, §.0 g of the hydroxyl terminated poly(2-methyi-2-oxazoline) polymer was
dissobved in 530 ml of anhvdrous acetonitrile in a 3-necked flask with attached condenser and stopeoek
purged with nitrogen. The solution was cooled to 0 °C, then methacryloyl chioride (0.42 g, 4.0 nunol)
and tricthylamine (0.5 g, 5.0 mmol) were added by syringe in that order. The solution was slowly
wirmed up 1o roont temperature, and then stivred for additional 20 bours. The final polymer was added
dropwise with vigorous stireing to 200 mlL of cold diethyl ether to precipitate the polymer. The resulting
suspension was stirred for 15 min, The precipitate was isolated by filiration, washed with diethyt ether,

aml dried onder vacuum at 80 °C overnight, vielding 4.8 g of white solid.

Prepavatory Example 4: Synthesis of RALG

i
&,F (\/Q*ﬁ'CFs
)

A round bottom flask, equipped witha stopeock, was purged with nitrogen, then charged with
anthvdrous dichloromethane (20 sulliliters (mb)), 1.4-dioxane (20 mL.), pyridine (2.0 grams (g), 24.6
millimoles {(mmof)} and [H, {H, 2H, 2H-perfluorchexanol (5.0 g, 18.9 mmol). The solotion wasg cooled
to 0 °C, thew trifluoromethanesutfonic anbydride {7.0 g, 24.6 mmwol) was added drop-wise by syringe fo
the vigorously stirring solution. After stirring for 2 hours at 0 °C, the solution was slowly warmed 1o
room temperatore and then stirred for additional 10 hours. The resulting suspension was filtered to
remoave the precipiiated salts, The solution was then suceessively washed with 1 Normal (N} HCH,
saturated NaHCOs, 10% copper sulfide solution, and brine. The organic phase was dried over anhydrous
Na. 80O, and exgess solvent was removed under vacuum. The resulting brown oil was distilled ander

reduced pressure fo vield 3.0 g of the product as coloriess Biguid.

Preparatory Example 5; Synthesis of Polymerizable Polyvoxazoline (Monomer B)



20

)
(4l

Lad

(94

WO 2014/099518 PCT/US2013/074259

A 3-necked flask with attached condenser and stopcock was purged with nitrogen, then charged
with acetonitrile (20 mL) and perfluorobutyl ethylene triffate (R*-LG) initiator from Preparatory
Example 4 (0.4 g, 1.0 mmol}. The solution was cooled to 0 °C, then 2-methyl-2~oxazoline (2.6 g, 30
mmol) was added by syringe. After stirring for 2 hours while slowly warming to room temperature, the
solution was heated 1o 80 “C in an oif bath, then stirred for 20 hours. After cooling to room temperature,
acrylic acid {0.36 g, 5.0 mmol) and tricthylanine {0.61 g, 6.0 mmeol) were added by syringe in that order,
The solution was heated back up to 80 °C, and stirved for another 24 hours. Afier cooling, the solution
was {iltered, then added dropwise with vigorous stirring to 200 mL of diethy! ether to precipitate the
polymer. The resulting suspension was stiered for 15 min. The precipitate was isolated by filtration,
washed with diethy! ether, and dried under vacuum at 88 *C overnight, vielding 2.6 g of white sofid.

End-group analysis by 'H-NMR spectroscopy showesl that palymer with n = 30 was obtained.

Preparatory Example 6 Synthesis of R-LG

o
i O~ B—CF
ch?ﬁ"N\W' R
o
o

A round bottont flask. equipped with a stopeock, was purged with nitrogen, then charged with
anhydrous dichloromethane (50 mL), 1.d-dioxane (50 mLY, pyridine (3.6 g. 45.4 mmol) and M-methyvi-
1,1,2,2.3,3 .4 d-nonaflucro-N-(2-hydroxyethyhbutane- 1 -sulphonamide {12.5 g, 34.9 mmol). The solation
was ¢ooled to § °C, then witluoromethanesulfonic anhyvdride (12,8 g, 45,4 mmol) was added drop-wise
by syringe to the vigorousty stiveing selution. After stirring for 2 hows at § °, the solution was slowly
warmed to room temperaiore and then stirred for 10 additional bowrs. The resulting suspension was
filtered to remave the precipitatcd salts. The solation was then successively washed witl TN HC,
saturated NaHCO;, copper sulfide solution, and brine. The organic phase was dried over anhydrous
NasSO, and exeess sofvent was removed under vacuum. Recrystallization of the resulting solid from

cold toluene vielded 7.5 g of the product as wihite sohd,

Preparatory Example 7: Synthesis of Polymerizable Polyoxazoline (Monomey 8)

O
m,g_,m*"\\,—» M qe )

A 3-necked flask with attached condenser and stopeock was purged with nitrogen, then charged
with acetonitrile (15 mb) and perflaorobutyl sulfonamide triflate (R™-LGY initiator from Preparatery
Example 6 {0.74 g. 1.5 mmol). The solution was conled to 0 °C. then 2-methyl-2-oxazoline (3.9 g, 46
mmol) was added by syringe. After stirring for 13 minuges, the solution was warmed to 80 °C, then
stivred Tor 16 hours, Aftercooling to room temperature. acrylic actd (8,16 ¢, 2.3 mmol) and

triethylamine (831 g, 3.0 mmol) were added by sytinge in that order. The sohution was heated back up
24
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to ¥, and stirred for another 4 bours. After cooling, the acetonitrife was evaporated with a stream of
aitrogen, and the remainder was dissolved in 50 mL of chloroform. This sohution was filtered, then
concentrated fo about 20 mL. The solutton was then added dropwise, with vigorous stirning, fo 200 mL
f diethy! ether to precipitate the polymer, The resulting suspension was left in the freexer overnight.
5 The precipitate was isolated by filtration, washed with dicthyl ether, and dried under vacuum at 80 °C
overnight, yielding 4.7 ¢ of white solid. Accounting for the presence of triethylammonium triflate

impurities, the vield was 96%. End-group analysis by 'H-NMR spectroscopy showed that polymer with

R

f = 30 was obtained.

10 Preparatory Example 8 Synthesis of Polvmerizable Polyethylene ghycol

/{”D\/\)?o)v

A roand botiom flask, equipped with a stopeock, was purged with nitrogen, then charged with
anhydrous dichloromethane (130 mL), tniethylamine (5.3 g, 52.7 mmol), and poly{ethylene glvcol)

b

methyl ether (Mn~2000g/mol) (20.0 g, 10.5 mmol). The solution was cooled to 0 °C, then acryloyl

L%

chioride (4.8 g, 52.7 mmol) was added drop-wise by syringe to the vigorously stirring solution. After
stirring for 2 hours at 0 °C, the solution was slowly warmed to room temperature and then stured for 10
additienal hours, The solution was then successively washed with bring (3 x 200 ). The organic phase
was dried over anhydrous Nap;SQOy and excess solvent was remeved under vacuun. Recrystallization of
the resulting solid from cold anhivdrous diethyl ether vielded 17.5 g of the product as white solid.

20

Scheme I General Synthesis of Brush Copolymers
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Comparative Exavple {2 Bynthesis of PEG -8 Bravh Copolymer
23 A flask with attached condenser was charged with 3-goryloxypropy! trimethoxysitane (0.20 g),
ryiate-terminated polymer of Pn_pmator\ Example 8 (2.0 g), 2,3 -azobis(Z-methylbutyronitrile) (20
mg), Wluene {5 mL), and methanol {5 mL). The solution was sparged with aitrogen for 10 minutes.

After resting for § minutes, the solution was sparged for another § minutes, The solution was then

(o
v
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heated at reflux for 16 hours, after which analysis by NMR suggested 90-95% consumption of the

acrviate. The solution was cooled and used without further modification for coating experiments,

Example 1: Symthesiy of Poly(3-methyl-2-oxazoline)-5i Brush Copolymer

A flask with attached condenser was charged with 3-acryloxypropyl trimethoxysifane (0.20 g
acryiate-terminated polvmer of Preparative Example 1 (2.0 g), 2,2’ -azobis{Z-methylbutryonitrile} {2{)
mg), and methanol {10 mb). The salution was sparged with nitrogen for 10 minutes. After resting for §
minutes, the sotution was ».parLed for anuther 5 minutes. The solution was then beated at reflux for 16
hours, after which analysis by NMR suggested 90-95% consumption of the acryiate. The solution was

cooled and used without further modification for coating experiments,

Example 2! Synthesis of Poly(2-ethyl-2-oxazoline)-St Brush Copolyiner

A flask with attached condenser was charged with 3-acryloxypropyl trimethoxysilane (0,10 g),
acrviate-terminated poly(2-ethyl-2-oxazoline) of Preparatory Example 2 (1.0 gJ, 2.2 -azobis(2-
methylbutrvonitrile) {10 mg), and methanol (5 mL). The solution was sparged with nitrogen for 10
minutes. After resting for 5 minutes, the solution was sparged for another § munutes, The sofution was
then heated at reflux fior 16 howrs, after which analysis by NMR suggested 90-95% consumption of the

acrylate. The solution was cooled and used withount further modification for coating experiments.

Examyple 3: Synthesis of CFo-Poly(Z-methyli-2-oxazoline}-Si Brush Copolymer

A flask with attached condenser was charged with 3-acryloxypropyl trimethoxysilane {3.20 g},
aerviate-terovinated CyFe-poly(Z-methyl-2-oxazoline) of Preparatory Example 5 (2.0 ), 2,2 «azobis(2-
methylbatrvonitrile) {20 mg), and methanol (10 mL). The solution was sparged with nitrogen for 10
minutes. After resting for 5 minutes, the sohution was sparged for annther § minutes. The solution was
then heated at reflux for 16 hours, after which analvsis by NMR suggested 90-95% consumption of the

acryiate, The solution was cooled and used without further modification for coating experiments.

Example 41 Synthesiy of CF-B0,-NUH-Polv(2-methyl-2-oxazoline -8 Brush Copolymer

A flask with attached condenser was charged with 3-acryloxypropyl trimethoxysilane (86 mg).
acryviate-terminated polymer of Preparative Example 7 (857 mg), 2,27 -azobis(Z-methylbutryonitrile) (9
myg), and methanol {3 mL). The sohution was sparged with nirogen for 10 minutes. After resting for 5
minutes, the solution was sparged for another § minutes. The solution was then heated at reflux for 16
hours, after which analysis by NMR suggested 90-95% consumption of the acrylate. The solution was

cooled and used without further modification for coating experiments.

Example 5: Preparation and Characterization of Brush Copolymer Coatings

26
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The polvmers of the examples above were dituted to a concentration of 20% by weight in
methanol, They were then either coated on 2 mil PET film with a Nomber 22 wirg-wound rod (BYK
instrisments) or directly on glass substrates freshly cleaned with pivanha solution (& mixture of
concentrated sulfuric acid and hydrogen peroxide solution in a 7:3 volume vatio). The coated films were

cured m an oven at 80 °C overnighl, then characterized by contact anghe analysis,

Example 6: Contuct Angle Analysis of the Coatings

Coatings were characterized by dynamic contact angle analysis and by measaring transmission
and haze. Dwvoamic contact angle measargments were observed asing a BSA 100 video contact angle
gonjometer (Kruss Ine.y eguipped with a Hamilton syringe having a Bat-tipped needle. Delonized water
and nehexadecane were used as the probe fluids, Advancing contact angle ani receding contact angle
were measured as water was supplied via the syringe into or out of sessile droplets (drop volume
approximately § microliters e)). All reported values are averages of six contact angle measurements
of drops on three different areas of each sample (left and right angles measured for cach drop). Reported
errors arg one standard deviation.

The results are summarized in Table 1 befow,

All the coatings composed of the poly{oxazoline)s that were initiated using polar mitiator
{methyitrifiate or methyltosilate) had low water (<307 and hexadecane contact angles (<3%), indicating
highly hydrophilic surface {Comparative Example | and Examples 2 and 3 in Table ). Ameong those,
polv{methyl-oxazoline)-based coating (Example 1) showed the highest hydrophilicity, while PEG-based
coating {Comparative Example 1) was the Jeast hydrophilic. The coatings composed of the hydrophobie,
flaorine containing POx polymers (Examples 3 and 4) vielded an amphiphilic character. Both coatings

(Examples 3 and 4 in Table 1) had low water contact angles and high hexadecane contact angles.

Table | summarizes the contact angle data of the coatings prepared. According (o the data,
Example 1 vields a more hydrophilic surface thas Example 2. When a fluorinated side chain is included,
such as in Examples 3 and 4, more hydrophobic surfaces were obiained. When Exanwple 3 and 4 are
compared to each other, Example 4 shows higher contact angle values for both water and hexadecane,

indicating higher hydrophobicity.

fev]
~4
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Table 1. Contact angle data of selected coatings

C Water | a-Hexadeeane
Samp;?e Nanie Advaneing | Receding | Advancing | Receding
EICLE
P wef Qb i 3 Complete wetting of
: 46.1 15.2

the surface

Comparative Example |

- Si{OMel,

Me. .0
LBl e Camiplete wetting of
P M e 22.7 118

the surface

Complete wetting of

the surfage

: " Complete wetting of . }
i 251 183
the surface
- SHOMe},
Mg .0
IS S .
T ooy . - .

. P : 38.8 171 56.1 448

Example 4

by Table I, “w™ and “2’" are the relative amounts of monosmers, which can be calculated from the
amounts of starting materials, These representations are not to be interpreted as limiting the copolymers
to block copolyvimers; rather §8 is simply a representation showing the monomeric moteties in the

copolymer, whether it be random, block, or atherwise.

Fxamiple 7: Bivlogical evaluation: Ability of coatings to resist biofilm formation by Staplylecoccs
Y £ ; g ¥ !

epidermidis and £, cofi in CDC biofilm reactor
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The ability of samples to resist biofilm formation by 8 epidermidis and £ coli in a high shear
environment was evaluated using the CDC biofifnt reactor { Biosurface Technologies, Bozeman, MT)
and the procedure deseribed below, For biological evaluation, brush copolymers 1-5 from Table | were
coated cither { 1) directly on glass coupons or (23 on PET film as deseribed iy Exmmple 5.

For coatinzs apphied directly to glass coupons, three replicate test samples were mounted in
CHC reactor coupon holders and placed into a CDC reactor. To remove residual components that could
potentially leach from test materials and interfere with the biological characterization, test samples were
rinsed by passing deionized water through the reactor for 18-24 hours at a flow rate of approximately 8
mifminute with stirring at 130 RPM. Following rinsing, coupon holders were removed {rom the reactor
anl the empty reactor was autoclaved at 121°C for 15 minutes and alfowed to cool. Subseguently, the
coupon holders carrying sample materials were sterilized by immersing in 70% ethano! and placed into
the sterilized CDC reactor. The reactor was fillked with approximately 400 mL of sterile dilute Bacto
irypie sov broth {T58, Beeton, Dickinson and Co., Sparks, MD). In these experiments, 0% TSB{3 g
TSB per liter) was used. The reactor was inoculated with 0.4 mL of an overnight cultare of S
gptdermidis (ATCCH 35984 ar £ coli (ATCCH 259223 grown at 37°C with agitation in TSB, the stie

T

rate was set to 130 RPM and the system was incubated at 37°C for 24 hours as a batch caiture to allow

growth and attachment of bacteria. After 24 hours, stertle 10% TSB was passed through the reactor at a
rate of approximately 11,5 mL/ min for an additional 24 hours {with continued stirring at 130 RPM and
incubation at 377C) to facilitate biofilm growth,

To analyze biofilm formation, coupon holders, test samaples, and adberent biofilo were removed

from the reactor, rinsed by immersing 5 times in phosphate buffered saline (PBR), and staived with 1%
erystal violet in water for | mimsle. The coupon holder and samples were then rinsed by dipping 3G
times in PBS to remove excess orystal violet, Each coupon was removed from the rod and placed into a
15 mL conical tube (BD Biosciences, Bedfored, MA) containing 4 mi. of ethanol. Crystal violet was
efuted by vortexing for approximately 10 seconds, and the absorbance of the ethanol solutions at 390 nm
was measured using a specirophotorneter {(mode! LAMBDA 12, Perkin-Elmer Corporation, Waltham,
MAY to-estimate the amount of biofilm adhered to the sample coupons, Triplicate samples were
evaluated for cach material. Values presented in Table 2 are defined as follows:

Aggy 2ample
A“Ga‘ roatio = SRR
Aggo control

where Agey sample = average of triplicate Ay values for sample
and Agqg control = average of triplicate Agq, values for uncoated glass surface

)2

con r*‘r}[ 7

Tsampie

r
Trarin = Asen ratio ( ) +
ratio S90 \i’ Agaq Sample)

where G5 mpre = standard deviation of triplicate Aggy values for sample
and Gpgnrar = Standard deviation of triplicate Agq, values for uncoated glass surface

The procedure for evaluation of samples coated on PET fitm was simitlar to that deseribed above,
with the following changes: instead of testing coupon samples in wiplicate, coated filin samples were cut,

29
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sach 148 inch x 3% inch, and attached to 8 blank {(no coupon holes) holders using silicone adhesive that
wits allowed to cure overnight prior to rinsing. For evaluation, samples were stained with ervstal violet
as described above, then removed from te holder using tweezers and placed nto a 15 mil, condeal tube
containing 10 mbL ethanol, Ay ratio valoes presented tn Table 3 were caleulated as above. In the case
of eoated filin samples, however, one replicate cach of sample and control material was tested in two

separate experiments,

Resulis:
Coatings applied divectly to glass coupons
Ason ratio values defined above are summarized in Table 2. Ase vatio values less than one

correspond to less biofilm on the sample surface compared to the glass control surface,

Table L S. epidermidis k. coli

| Sample ASS0 ratin o ratio AS90 ratia o ratio
(lass Centrol {.60 1.0

“Comparative Example 1 0.61 050 0.69 0.68

TExample | 0.33 0.10 31 0.08
Example 2 (.66 0.42 1.03 0.31

Coatings applicd fo PET filmt — Hydrophilic versus amphiphilic polymer coatings
Ass Fatio values defined above are summarived in Table 3. Asy ratio values less than one
correspond to less biofilm on the sample surface coropared to the primed PET (polvethylene terapthalate)

contred surface,

Table 3. RY ae;;midm'm.fdfs T K coli
ASH0 ratio AS90 ratio AS90 ratio AS90 ratio
Sample experiment | experiment 2 experiment | experiment 2
Prinied '
PET 1.00 1.00 1.00 Lo
Example
i 018 0.06 .68 1.34
Example '
3 .43 .51 1.79 1.39
Example
4 631 .26 (1,45 (.59
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While biofilms can be formed by a single species of microorganism, often they are composed of
a compunity of different types of microorganisms. Since different microovganism utilize different
niechanisms to attach to a substrate, it is important to employ representative species of microorganisms

when evaluating the ability of a material to resist biofilm formation. For these biofilm studies, §.

LA

epidermicis and E. colf were selected as representative examples of gram-positive and gram-negative
bacteria, respectively.

Table 2 simamarizes the biofilm formation data comparisen among the non-fluorinated or
hydrophihic surfaces. Among the surfaces tested, Example 1 shows the fowest biofilim formation across
both specigs.

1 Table 3 summarizes the biofilm formation data comparison of Example 1 {purely hydrophilic
coating) to Examples 3 and 4 (amphiphihc coatings), While Example 1 shows low biofilm formation for
S epidermidis, i does not perform as well against £ coli. However, when a fluorinated side chain is
meorporated to the same polymer vielding Example 4, low biofilin formation is observed for both S

epidermidis and E. coli. This comparison shows that, to be able to prevent biofilim formation across

-~
“F

different species, an amphiphilic balance may be preferred. This is farther supported by comparing
Example 3 to Example 4. While, both examples have a similar composition, Example 4 yields a more
hydrophobie surface with the aid of the sulfonamide group, (as ohserved from the contact angle analysis

in Table 1), providing the necessary amphiphilicity for the system to be more biotilm resistant.

28 The complete disclosures of the patents, patent documents, gnd publications cited herein are
incorporated by reference in their entirety as if each were individually incorporated. Various
modifications and allerations to this disclosure will become appavent to those skilled in the art without
departing from the scope and spirit of this disclosure. It should be understood that this disclosure is not
intended to be unduly limited by the illustrative embodiments and examples set forth herein and that

23 such examples and embodiments are presented by way of example only with the scope of the disclosure

intended 1o be lmited only by the claims set forth herein as follows,
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WHAT IS CLAIMED Is:

1. A copolymer derived from a monomer mixture comprising monomers having the formulas:

2

O
%C\(ﬂ\Q/ﬁh Hﬂ&T)LQ/y
R

1}
R
ang

{A) (B}

L#

wherein:

Qs Oor;
R s Hoor CHs;
R' is an organic group comprising a hydrolvzable sily] group:

1 RY™ s Hor CHy: and
Pis:

RU L0

N,

¢
l

s M N
5 L ~
REAT \f;;\ak

wherein:

o

R’ i selected from M, an alkyl group, an aryi group, and a combination thereof]

(e

R” is selected from an alky! group, an aryl group, a combination thereof, and a
RV CHy ) group;
R'ix a perfluorinated alkyl group;
Y s selected from a bond, ~S{O-N{CH)-, —S{Op-N{CHCHs -,
20 ~S{)~ O, ~S{O ), ~C{O}~, ~LC{ORS~, ~C{OPO-~, ~CO)-NH-,
~CLOPN(CH; -, ~ClOFNCHCH - —(CHCHROY -, =0, and
(O CH=CH-CQ O
1 is an integer of greater than 23

xis an integer of at least 2; and

25 ¥ is an integer of af least 1.
oop - . . . s U 173 B
2. The copolymer of any one of embodiments | through 4 wherein R' is =Z-S{RY); whergin:

sach R is independently selected from an alkyl group, an aryl group, a combination thereof,
and a hydrolvzable group;
314 ; 13, 1
30 at feast one R is a hydrolyzable group; and

32



10

L

WO 2014/099518 PCT/US2013/074259

Z is selected from an alkylene group, an arylens group. and a combination thereot, optionally
nchuding O, ~C{ON—, ~NH-, 5~ or a combination thereof, within the chain.
3. The copolymer of claim 2 wherein the hvdrolvzable group s selected from a hale, a (C1-

Cdjatkoxy group, and a (C1-Cdacyloxy group.

4, The copolymer of claim 2 wherein Z is selected from 4 {C1-C2Malkylene group, a
{C6-Cl Darylene group, and a conmbination thereof, optionally including ~O—, ~C(O}, ~NH~, -8~ ora
combination theveof, within the chain.

The copolymer of claim | wherein R' is selected from H, methyl, and ethyl.

3.
e S N . R RS
6. The copolymer of ¢laim | wherein R* is a R-Y—+{CHy) - group.
7. The copolymer of claim 6 wherein Y s selected fram a bond, ~5(CN-N(CH -

SCOPNH-, and ~(CHCHy ),

. - . O . . S ~
8. The copolymer of claim 7 wherein R is a perfluorinated (C1H-C8alky! group.
9. The copolymer of claim | wherein n §s an integer of greater than 10
i The copelymer of claim 1 wherein X is an integer no greater than 20.
i1, The copolymer of claim 1 wherein v is an integer no greater than 20.
pot : & 2
2. A brush copolymer derived from a monomer mixture comprising monomsers having the
fermutas;
O Q
e 11 T 11 ,
H,C )1 R He, L P
=T - o o
g Q - \:\/i\ o
1 312
R" R
and
(A) (8}
wherein:

QisQorN;
R](,‘- [5 ” a3y C“"n

a3
[V%]
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R is - Z-SiR )y

R™is Hor Cly

cach R" is independently selected from an alkyl group, an arvl group, a combination
thereof, and a hvdrolyzable group;

at feast one R” is a hydrolyzable group:

Z 15 selected from an alkylene group, an arvlene group, and a combination thereof,

P s
1 ] "
R = {
C
{,
£ AN -
wherein:

R is selected from H, an alky! group, an aryl group, and combinations thergof:
RY is RYef CHy ) group:
R'is a perfluorinated (C1-CR)atky] group;
¥ is a bood, ~S(Oh-NCH: -, ~C{OP-0O-—, ~C{O)-NH~, or
S CH,CH Uy
nis an integer from 20 1o 100,
X is an integer from 2 to 20; and

v is ap integer from | to 20,

13. A composition comprising a copolymer of claim | and a solvent,
14, Acmethod of coating a substrate to improve biofilm resistance of the sabstrate, the method

coimprising coating at least one surface of the sobstrate with the composition of elamm 13,

15 An article comprising a substrate, wherein the substrate comprises at least one surface having a

layer comprising a copodymer of clatm 1 disposed thereon.



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims

