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BIOCIDAL POLYURETHANE COMPOSITIONS AND METHOD OF USE

The present invention relates to biocidally active palyurethane polymers having
pendant quaternary amenivm salts that can be applicd (o a surfuce, meorporated into 2
composition, or both to inhibit the growth of microorganisms such as Gram positive and

Gram negative bacteria, fungi and algae.
Background of the Invention

The control of microorganisms such as hacteria, mold, mildew and algae in humid
efvironments or on moist sucfaces has long been a matler of concern. Biocidal
eompositions contuining phenals, lodine, or quaternary ammeoninm componnds and heavy
metals such as tin and mercury have been used, but these suffer from the drawback of
lacking permunence and must be reapplied periodically to maintain protection. Tn
addition, many of these compounds are toxic to higher forms of life. Polymeric coatings
entrapping a biocide which is slowly releascd upen wetting the coated surface are
described in the patent literature by Oakes et al., 11.8. Pat. No. 5,061,485 aud Patel ot al.,
108, Pat. Ne. 5,583.407. The coatings ure geperally acrylate copolymers that have
fanctional groups to improve the quality of the coating or facilitate iis removal. Alihough
the duration of protection is extended, the biocide ig leached from these coatings and the
coating must be rencwed periodically ta maintain its biocidal properties. Purther, i
coatings with releasable antimicrobial cotpounds are used en ouldoor surfaces such as
roofing felts or jumber, the antimicrobial substance may be released to the envitonment
with potential adverse effects to desirable flora and fauna.

Vartous attempts have been made to overcome these deficiencies by chemieally
bonding the active antimicrobiul substance to the polymerie coating. Polysiloxane
polymers having pendant graternary ammeonium salts are disclosed by Nor, et al,, U.S.
Patent No. 5,569,732 and Gottings et al., U.S. Patent No. 5,013,459, The polymers

disclosed in thesc patents have been applied to fibers, non-woven febries and glass or

1
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ceramic surfaces. Polymers and copolymers from. vinyl benzene having quarternary
asnimeniun salt groups have heen disclosed by Sheldon, et al., T1.S. Patent No. 4,532,128
for use with vacious imedical and personal care products.

Polynrethane coatings having biocidal properties were reported by Nurdin,
ek al., Jowrnal of Applied Polymer Science, vol. 50, 651 (1993). The polyurethanes were
made from dibydroxytelechelic polybutadienes to which gqnaternary ammoninm
tetramethyldisiloxancs had been grafted before forming the urethane polymer. The Nurdin
el al. polyurethanes are highly functional and form crosslinked, thermoset materials.
Similarly, Wang and Lin, Jowrna! of Polymer Research, vol. 5, 177 (1998), reportad
antimicrabial fabric finishes made from polyurethanes to which quaternary ammonivm,
siloxanes had been attached through epichlorohydrin grafted to the palymer chain, Wang
and Lin use dimethylformamide to form solutious [or applying heir polyurethanes o a
subslrate. In these references rather complex and relatively expensive chemistries are used
to attach quaternary ammeniwn greups to a polyurethane polymer.

Polymerizable compositions baving acrylate monomers with pendant
quatcrnary ammonium groups are described by Imazato et al., U.S. Pat. No. 5,408,022 and
5,494,987, The Imazale compositions provide an unreleasuble antimicrobial polymer
useful for applying to the surface of medical articles, in goneral, and as a restorative
material for dental caries, in paricular. Various crosslinkable copolymer compositions are
deseribed. A polyurcthane having an acrylate group at each of jts moleculac ends is vsed as
a difunetional crosslinking agent for the acrylate polymers and aflows properties of the
gerylate polymers, such as, hardness, strength and thermal resistance of the antimicrobial
pelymer to be varied according 1o the requirergents of the intended use. These materials
are completely endeapped. Based om the disclosed chemistry, these compositions do not
forrmn an aqueous dispersion and when applied a5 & coating ate cured or polymerized on the
suxface.

Biocjdally active coating conmposttions having pendant quatemary ammontum
groups are described by Stovieek, U.S. Pat. No. 5,084,096 for treating surfaces submerged
in sea water, construction materials intended For outdoor use, environments) surfaces in
health care facilitics and for treating the ducts of HVAC systems. Coating compositions

are disclossd which incorperate repeating wnits of a diol monomer having an alkyl or

JP 2004-511582 A 2004.4.15
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arylalkyl quatemary anmmonium. group directly bonded by at alkylene group to the
hackhone of polyester, polyether, and polyurethane polymers. The diol mogomers have
limited utility with respeet to polymer formation which in turn limits the ability to vary
the properties of polymer coatings.

The pelymers of the present invention are relatively casy to make in a pure
form with a low level of residual, exiractable maserial, and preferably witli no residuat,
extractable material. The prior art £ails to teach polyurethane coating compositions having
iminobilized or bound biocidal quaternary groups and that huve the added capability o
vary the polymer structure to adapt the properties of the coating to particular uses. In
addition, the prior art Fails to teach Olm forming polyurethane polymers laving covalently
bound polymer greups derived from polymerization of vinylic monemers which at least in
part comprise biocidal quaternary ammonium groups. Further, the prior art does not teach
polyurethane coating compositions having bound biocidal qnaternary armmoniium groups
that can form aguecus dispersions or solutions thus eliminating the need to use potentially

flamumable and toxic solvents.

Sumurary of the Invention
In describing aspects of the invention certain terms will have the meaning
defined herein.

“Active Hydrogen” refers to a mofely (compound or funstivaal group) which
displays significant activity according to the Zerewitnoff test described by Wollex in the
Journal of the American Cheimical Socicly, vol. 492, page 3181 (1927). Dlustrative of such
active hydrogen moieties arc hydroxyl groups, primary and secondary amines, mercaptans
and the like. A single compound may have multiple active hydrogens of the same or
difterent functional groups.

“Chain Extender” as used herzin meuns & polyactive hydrogen compound having a
functionality of abaui 2 to 4, more prefetably 2 ta 3, and most preferably about 2 and
generally having wisclecular weight of abeut 30 to 2000, preferably 30 to 1000. Preferred
chain extenders are polyfunctional alcohols, ainines, or carboxylic acid hydruzides. Chain

extending is synonymous with chain lengthening.

JP 2004-511582 A 2004.4.15
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“Polyol” and “polyactive hydrogen compound” refer to a polyfunctional compound
having mote than one active hydrogen moiety capable of a reaction with an, isocyauate
maodety.

“Monol” refers (o a compound having a single aclive hydrogen mwoiety capable of a
reaction with an isocyanate moiety to form a nrethane, nrea, thiourethane, thiouvea, or
similar moiety. It should be noted that the compound is “monoifunctional” with Tespect to
its reactivity toward isocyanate. Therefore, compounds such as hydroxyethylacrylate
which have twao rcactive groups (vinyl and hydroxyl) only one of which is reactive with
isocyanate are stll termed monofumetional.

“Palyurcthanc” refers gencrally to the reaction product of a polyisocyanate and a
polyol.

“Dispersed or dispersion”™ as used herein means generally a two phase system
wherein one phase comprises finely divided particles distributed throughout a second
phase, which is a bulk substance. The purticles age the disperse or internal phase, and the
bulk substance the continuous or external phase. In this invention, the continuous phase is
weater of an agueous mixture. By “dispersion,” it is also meant that not necessarily the
entire polyorethane polymer needs to be water insoluble; at least some of the polymer can
be soluble in (he continuous phase.

“Biocidal” and “antimicrobial™ refer to the ability of any composition contemplated
by the invention to inhibit the growth of or to kill microorganisins such as without
timitation bacteria, tungi, mildew, mold, and algac.

“Solution” as used herein refers to materials which ave soluble in the solvent phase
such that they fortn homogenous single phase.

“Substrate” refers to any surface to which a composition contsmplated by the
invention is applied.

“Pendant” refers to mofeties covalently bound to any pelyurethane polytmer
contemplated by the invention.

“Polyal vinylic compound” as nsed herein refers (o a single compound bearing
both vinyl and at least two active hydrogen functional groups.

“Monol vinylic compound” as used hercin refers to u single compeund having a

single active hydrogen group and at least one vinyl group (CIe=CIH-).
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“Self-supporting film” means that when the composition is deied down onto a
release liner of suitably low surface eneigy the film so formed onee removed fioo, the
relsase liner is capable of supporting its own weight.

The present invention provides polymeric compositions thal include polyurethane
polymers derived from a polyisocyanate compound and a polyactive hydrogen compound.
The pulyurethane compound is at leust partially endeapped wilh a group including at least
one antimicrobial quaternary amumnoninm compound.  Preferred polymeric water insoluble
campositions of the present invention are capable of forming a self-supporting film.

The polyurethane polymers of the present invention can be applied to a substrate to
provide long lasting protection from the growth of microbes such as bacteria, mold,
mildew, fungi and algae. The preferred antimicrobial polyurethane polymers are waker
dispersible or soluble and may be applicd either as an aqueous solution or preferably as an
aquecus digpersion. Altematively, they may be applied from pure or mized solvent
systems in dispersion or solution form. Certain water insoluble compositions of the
invention may be applied to a substrate, and will form protective adherent polymeric films
upon drying. The dispersions from the present invention are capable of forming [ihns at
ambient temperatore. The tack free time of the films (i.e. fime after which films de not
transfer any mass and exhibit no tacky feeling when Lightly touched by the finger) depends
an the temperature, humidity and en the thickness of the films. Ceatings which dry ta form
thin films about 0.06mm are tack free within one bour, whereas coatings which form thick
fiims, about 0.14 mm are tack free in about one and half hour at around 50 % hurnidity at
25C. The water insoluble polymeric films are abrasion resistant with excellent adhesion to
a wide varicty of substrates including wood, metal, ceramic, fiber and fabric without
detracting from appearaice.

The polyurcthane polymers derive their antimicrobial properties from an effective
ameount of covalently bound, aﬁlimicrobially active quaternary agunoniwn groups pendant
to the polyurethane polymcer in either terminal or intermediate positions along the pelymer
chain or backbone. fa one embodiment the pendant antinricrobial guaternary ammoninm
groups ¢an occur 45 side chaing along the polyurethane polymer backbone. In another
embodiment the pendant guaternary ammonium groups may be in the terminal positions.

In stil] another cobodiment the antimicrabial quatenary ammenium proups may occur as
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side chains along the polyarethane palymer backbone and also in the terminal positions.
The polymers may be linear or branched and may bave additional funciionat groups such
ag aromatic polyols, alkane polyals, pelysiloxane polyols to improve hydralytic resistance
and adhesion. Cuticnic or nomonie groups and combinations thereof cun be incorporated
into the polynrethane polymers to aid aqueous dispersibility. Aqueons dispersions are
preferred as they contain littde or no organic solvent which could coniribute volatile
substances having an adverse effect on air quality and on individuals nsing the invention.

I cortain ambodimenis the quarternaty ammonium groups ate covalently hound to
water insoluble polymeric backbones making the antinicrobial non-leaching and thuos
providing persistent antimicrobial protection to a surface to which it is applied. This
eliminates the need to periodically replenish the antimicrobially active substance for the
life of the coating. Further, by immobilizing the antimierohial substance as part of the
coating, there is no release of potentizlly harmful substances to the environment during
use. This iy particularly desirable if the coafing is used ourdoors or it a particular use is
Tikely to result in contact with humans or other figher life forms.

The polyurcthune polymers of the invention most convenicently are prepured
by forming a polyurethane pre-palymer from polyisocyanates and polyactive hydrogen
compounds which is chain cxtended (o merease molecular weight.  The active hydrogen
compounds may include quaternary ammonium compeurrds having one ermore hydroxyl
groups, a vinylic moenol, or a vinylic polyel . Pre-polyrners having pendant vinylic groups
may be firther polymerized with 2 vinylic monomer having antimicrobial quaternary
armonium fupctiomality as well as other non-guaternary smmoniu containing vinylic
monomets. In preferred embaodiments the polyorethane pre-polymer is pattially endcapped
(i.e. chain terminated } by reaction with & compound comprising an antinderobial
quaternary ammoninm group. Suitable antimicrobial quaternary ammeonium groups
juclude maone-active hydrogen funetionsl quatcmary antimicrobial compousds or a vinylic
monol that is subsequently reacted with a compound comprising a vieylic group and an
antimicrobial guatemary smmonium group (e.g. by free radical polymerization). "I'te
molecitlar weight of the polyuxetﬁaue prepolymer is increased by reaction of remaining
isocyapate groups with a chain extender. Chain extension can occur before, after, or

concurrent with incorporation of the quaternary ummeoniurm. group. Preferved chain
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extenders include polyactive active hydrogen componnds such as dibydrazide dicarboxylic
acids, polyols, and polyamines.

The preset invention alse contemplales a tethod for preventing the growth of
microorganisms on a substrate comprising applying to the substrate an aqueous dispersion
of a bivcidal polyurethans polymer comprising biocidal quaterary emmomninm groups

covalently bound and pendant to the polymer as described herein,

DETAIL DESCRIP OFTHE]L NTION

The preferred embodiments of the invention are described below in detail with the
compenents of the polyweric compusitions. Polymers are frequently clussified uccording
1o their polymierization methed as either step-growth-type or addition-type. Addition
polymerization proceeds by chajn addition rezctions of unsaturated monomers wherein the
locus of polymerization is an active propagating centey located on relatively few growing
polymer chains. Once a growing polyimer chain aclieves a molsewlar weight characteristic
of the pariicular polymerization reaction, polymerization of that chain ends and a new
chatil is injtiated. A vinylic compound normally forms polymers by additivn
polymerization. Slep-growth polymerization, on the other hand, preceeds by stepwise
reactions and involves all growing polymer chains simultaneeusly. Dimers, trimers,
feiramers, ctc are furmed wed only Jate in the reaction is a high molecular weight polymer
achieved. Polyursthane polymers are typically formed by a stepwise polymerization
befwesen a polyisocyanaie compound and a polyel compound. This characteristic provides
considerable flexihility in choasing monemers and their order of addition to impart
destrable properties to the final polymer. Polymers with widely varying properties trom
very abrasion reststant hard materials to soft and elastic products can be formed as well as
polymers which vary from waler soluble to extremely water insoluble.

The claimed invention provides polyurethane compositions having antimicrabial
quatesnaty ammoninm groups covalently bound to the polymer. The antimicrobial
quaternary ammonium groups are bound to the polyvreihane backbope either at (he
terminal positions through the use of monols comprising quaternary ammonium groups, at
the rerminal positions through the usc of vinylic moenols reacted onto the terminal positions

that huve been further addition polymerized with a compound comprising both a
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polymerizable unsuturated group and an antimicrobial quateritary AMMONIUM group, as
side chains along the polyurethane backbone through the use of vinylic polyols reacted into
the pelyurethanc backbone that have been addition polymerized with a compound
comprising both a polymerizable nusatorated group and an antimicrobial quaternary
ammonium group, or combinations thereof. One skilled in the art is capable of choosing
the method or mechanism of polymerization in order to vary the physical properiies of &
polymer coating. Thus the method or mechanistn of polymetization can be sclected to
tailor the properties of the polyuretiane 1o specific end-use requirements while
maintaining biecidal efficacy.

While not intending Lo be bouad by theory, the invenlors presently believe that
placerment of the quaternary ammonium groups pendant to the polyurethane backbone at
least inx part is responsible for the surprisingly high level of untimicrobial activity of the
present invention.

Far example, in one reaction scheine contemplated by the claimed invemtion, a
conventionat prepolymer having terminal isocyanate groups is formed from a
polyisooyanate and a polyol. The ratio of equivalents of isocyanate to equivalents of aciive
hydrogen is generally greater than 1.6, preferably greater than 1.8 and most preferably
greater than 1.9, Certain applications may bave a equivalent ratio of isocyanate to active
hydrogen of 2.0 to as high us 3.0 or more. For applicatiens where a lower modulus and/ or
highet flexibility and elongation is desired, the equivalent ratio is geperally kept lower, e.g.
less than 2.5, more preferubly less than about 2.2 and most preferably fess than about 2.0.
Tot very flexible higher elongation materfals the ratio may bs as low as 1.8 or less. For
application where harder coatings ure desirable, a ratio greater than abowt 2.5 is preferred.
In certain embodiments 2 monal compound containing a biocidad quaternary ammonium
group is reacted with at leust a portion of the reactive isocyanate groups of the prepolymer
wherein the equivalent ratio of isocyanate groups to monal group is gisater than oge. The
prepolymer having biocidal quaternary ammonium groups pendant thereto can be
combined with chain lengthening compounds to provide polyursihane poalymers capable of
forming surface coatings.

Tn another reaction scheie contemplated by the claimed invention, a prepolymer is

again made according to conventional methads. A polyol compound having a vinylie
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funetionabity undergoes a reaction with the execss isocyanate groups of the picpolymer to
provide vinylic groups pendant along the palymer backbone which are capable of fiurther
reaction with 4 vinylic monomer having a biocidal quaternary ammonium groop. The
resulting polyvrethane can be chain lengthened to provide a polywethane polymer with
biocidal properties.

In still apother reaction scheme contemplated by the claimed invention, an
isocyanate functional polyurethane prepolymer as described above undergoes a reaction
with a monol compound having viaylic funciionality. The vinykic monol adds at ihe ends
of the polyurethane backbane (i.e. end caps) to provide a vinylic functionality capable of
farther reaction with vinglic monomers such as vinyl monomers kaving an sntimicrobial
quaternary ammonium  group. When difunctional isocyanates and diols are nsed along
with difunctional chuin extenders the amount of monol is conveniently expressed us the
ratio of active hydrogen on the mionol o isocyanate on the isocyanate functional
prepolymer (without chain extension). In this case, the amount of monol is less than 40
mole %, preferably less than 25 mole % and most preferably less than 20 mole % of the
isooyanate functional prepolymer present. In order to ensure sufficient vinylic groups for
altachment of antimicrobisl quaternary ammonium groups, however, the amount of vinyl
maonal is preferably preater than 2.5 mole%, mors preferably greater than Smole % and
most preferably greater than about 10mole % of the isocyanate functional prepolymer.

In a forther reaction scheme contemplatod by the claimed invention, a polyal
compound having viaylic lunctionality undergoes a resction with a polyisecyunate to form
a polyurethane prepolymer having excess isocyanate groups. A monol having a quatemary
ammanium group muy be added to ut least 2 portion of the residual isocyanate groups.
This intermediate polymer has vinylic fanctionality which can be combined with a
guaternary ammoninm compound having vinylic functionality by means of addition
polymerization. The resulting isocyante functional polywethane can be chain lengtiened
o provide a polyarethane polymer with biocidal propertics. It should be noled that the
chain lengthing (i.e. chain extonsion) step can be petformed before or aller the vinyl
polymerization. The inventors presently prefer to conduct the chain extension step

followed by the vinyl polymerization rcaction.
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Numerous other variations of the composition, features and advantages of the
present invention will become readily apparent from the following description of

materials, examples, and the clatms.

Polyurethanc Polymers

Polyurethane polymers are the regetion produet of a polyol or Blend of polyols with
a polyisocyanate or a blend of polyisacyanates. Polywethane polymers can be fonmed in
one of more reaction steps. If multiple sicps are uscd, an isocyanate functional prepolymer
is initially formed which can undergo forther reaction with the same or dilferent polyols or
inonols o provide poiyurethane polymers suitable as protective coatings. The inventors
also recognize the possibility of forming an active hydrogen functional prepolymer
followed by reaction with the same or different isocyanates to form the polyarethane
polymer, The polyols and monels incorporated into the prepolymer can have additional
functionality such as an antimicrobial guaternary wnmonium group or 4 vinylic group
suilable for further reaction. The following description of roaterials is exemplary of
suitable materials for making polyurethane prepolymers and polymers of the invention and
are not exhaustive of materials capable of such use.

Suitable polyisocyanates include organic corupounds conlaining at leust two free
isocyanate groups. Diisocyanates of the formula DINCO); are preferably used wherein D
denotes an aliphatic hydrocarbon group with 4 to 20 carbon aloms, a cycloaliphutic
hydrocarbon group with 6 to 20 catbon atoms, an eromatic hydrocarhon gronp with 6 to 20
cathon atoms ot an arakiphatic hydrocarbon group with 7 o 20 carbon atomg.
Diisecyanates (as well as difunctional polyactive hydragen compounds) are preferred in
order 1o ensure that the final polyiner formulations ure capable of forming films upon
drying. If the crosslink density is toa high film formation will not be possible. Preferred
polymer solution or dispserion compositions upon drying (removal of solvent) coalesce
sufficiently to form a self forming film at temperatures less than 50 °C and preferably
temperatures less than about 30 °C. Mast preferred polymer compositions are capable of

forming a sclf supporting film at toom ambient temperature (23-25 °C). Characteristically
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these preferred materials are generally thermoplastic polymets.  As used herein “self
supporting” means that when the composition s dried down onto a release liner of suitably
low surface energy, the film so formed once removed from the release liner is capable of
supporting its own weight.

Bxamples of preferred diisocyanates include tetramethylene diisocyanate,
hexamethylenediisocyanute (HDI), dodecomethylenediisocyenate, |,4-diisocyanatocy-
clohexane, L-isocyanato-3,3,5-timethyl-5-isocyanatomethylcyclohexane (IPDI), 4,4
diisocyanato-dicyclohexylmethane (H12 MDI}, 4,4'-diisccyanato-2,2-dicyclohexyl-
propane, 1,4-diisocyanatobenzene, 2,4-diisocyanatotoluens (TDI}, 2,6-
diisocyanatotoluene, 4,4'-diisocyanatodiphenylmethane (MDI), m- and p-
xylyleneditsocyanate, of,e, 0, 0-tetranethyl-m- 40d p-xybylenediisocyanate and mixturcs
of these compounds. Especially preferred diisocyanates include IPDI, H12 MDI, HDI,
TDI and MDI. Mosl preferred diisocyunates include IPDI and H12 MDL

Suitable polyisocyanates also include triisocyanates such as 1,3,5
titisocyanatocyclohexane-s-trione, isocyanurate and biuret derivatives of HDLund H12
MDI as well a8 polymeric avomatic isocyanates such as PAPL ™ materials from Dow
Chemical, Midland, M1

Suitablc polyols for reaction with polyisocyanates o form polyurethans
prepalymers are monomeric or polymeric polyactive hydrogen compounds. The preferred
polyols are polyfunctional afcohols. Polyoels useful for preparing the polyurcthane ,
prepolymer of the inveation have a molecular weight range of 62 te 10,000, preferably 200
io 5000 und most preferubly 400 to 3006.

Monometic polyols include diols, triols and higher hydric alcohols. Examples of
preferred monomerie polyols include cthylenc glycol, propylene glycel, dicthylene glycal,
t,4-butane diol, 1,6-hexane diol, 2,2-dimethyl-1,3-propanedie], 1,4-cyclohexanediol, 1,4-
cyclohexunedimethanol, ghyceral, i,1,1-trimethylol ethane, 1,1,1-trimethyiol propane, and
the like.

Polymerte polyols include the polyhydroxy polyesiers, polyethers, pelycarbonates,
polyacrylates, polylactones and silicone polycarbinols in the molecular weight range of
from 100 to 4,000 known from polyurethane chemistry, Preferably the polyester

componnds of this type may be obtained in a known manner by 1he reaction of polybasic
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acids, in partionlar dibasic acids such as adipic acid, phthalic acid, tetrahydrophthalic acid,
dimer acids and/or hexahydrophthalic acid with excess quantities of polyhydric alcohols,
preferably dilydric wleobols of the type mentioned above, or by the alkoxylation of
suitable starter moleeules such as water, ammonta or aniline or the polyhydric aleohols
mentioned below with alkylene oxides such as ethylene oxide and/or propylene oxide.
Bxemplaty polymeric polyols inclnde polyoryalkylene polyols such as CARBOWAX
polyghycols available from Union Carbide, Corp., poly(oxytetramethylene)diols such as
POLYMEG palyols available frome Quaker Oats Company, polyester polyols such as
MULTRON polyoxyethylene adipates availuble from Bayer.Corp., polycarbonate diols
from Stahl, MA, USA and polycaprolactone polyols such as PCP polyols from Union
Carbide, Corp. A pasticolarly preferred polyester palyol for use the present invention is
the STEPANPOL PH-56 from the Stepan Company. Particularly preferred polyethers are
poly(oxytetrametlrylene) glycols sold under the trade name TERATHANE from EL du
Pont, Corp.

In order to provide resistance to hydrolysis polyols should be selected that are
hydrolytically stable such a5 polyether and polysiloxane pelyols as well as pelyols based
on polyolefin backbones. Palyester polyols may be employed that age hydrolytically
resistunt such as those based on hydrophobic subunits (Priplast polyols from Unichemay},
those based on isophalic acid, as well as polycaprolactone polyols. Other polyels are
hydrogenated polybutadicne polyols, fluorinated polyether diols, silicone diols.

Polyols can have a vinylic functionality. A reaction of a vinylic polyol aud a
polyispeyanule tesults in & polyarethane polymer having pendant vinylie functional groups.
Ome skilled in the art understands that vinylic functional groups include a variety of
chemical structures including allylic, acrylic, styrenic and the like. Polyol cslers aud
amides from glyeeral, triaminoethyl amine, triethann] amine, of alpha, beta-unsatrated
carboxylic acids such as acrylic acid, itaconic acid, aconitie acid, cinpanic acid, crotonic
acid, mesaconic acid, maleic acid, fumaric acid and the like are contemplated by the
claimed invention. Further methacrylic esters and methacrylamides are likewise
considered to be contemplated by the claimed invention. The vinylic groups are capable of
an addition polyeerization in suhsequent reaction steps, as will be described below.

Preferred polyols having a vinylic funclionality include glyeersl monoallyl ether, NN
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dimethylol-1 butene, 4(N,N-dihydroxyalkylaminomethyd) styrenc and aerylic compounds

of the general formunla:

LO—C-C—YE,

)

wherein:

Yis O or NH;

Ry is Hor CHs,;

Ry ts -CHLCHN (CH.CHoXDs,

~{CILCI{OR Y CH 0N —CHCH(OR;)CHZOR S,

1o which X is OH, NH; or alkoxylated derivatives of OH or NH, , each Rs is
independently {C(O}) R4 or H where Ry is Cy .z alkyl and wherein at least two Ry groups
are Hund L=0or I, und nis (-10;
and mixtures thereof. The 4 (N, N-dihydroxyalkylaminomethyl) styrene preferably is
selected (rom the group consisting of 4 Q9,N-dibydroxyethylaminomethyl) stytene, 4
(N, Nedihydroxypropylaminomethyl) styrens and mixtures thereof. Acrylic polyols include
diliydroxypropyl methacrylate, polyglycerol methacrylate, 2,2-dimethylolpropyl
methacrylate, N,N-dihydroxyethylanrinoethyl methacrylamide, N,N-
dihydroxyethylaminoethyl methacrylate, §,2-dihydroxypropylacrylate, and [,2-
dihydroxypropyl methucrylage. If is understood that although these examples recite
methacrylic compeunds, they contemplate the corresponding accylic compounds and
cowpounds of the alpha, beta-unsaturated carboxylic acids recited above.

Vinylic functional monols are alse suitable for introdncing vinyhic functionality to
a pelyurethane polymner, A vinylic monol adds to isocyanate groups of a growing
polyurethane chain end capping or chain ferminaiing the chain. Howcver, monols (vinylic
monols and/or antimicrobiul quaternary ammeonium functional monols) are added at a
relatively low level such that the average lunclionality of the polyurcthane is not reduced
to fess than 1.4, preferably not less than 1.5, more preferably not less than 1.6 and mest
preferably not less than 1.65 wherc the average functionality is determined by the

following cquation:
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[Moles A 5 (Fa) + Moles B x (Fg) + Males C z (Fr). .. Moles N (F)otal moles
‘Where F = functionality after reaction (¢.g. for a monol F=1, diol ¥ = 2, diisocyunate F=2
efe,)

For example, if 1 mole of a difunctional isocyunale terminated prepolymet js
reacted with 0.25 mole of monol after the reaction there will he (1-0.25 ) or .75 moles of
diisocyanate fimetional prepolymer and 0.25 moles of monoisocyunats functiomal
prepolymer. The average functionality after reaction wonld be:

[Q75*2)+0.25* (1) 1 =173

I this manner, the polyurethane afler chain extension has sufficient molecular
weight to have good physical properties. When, difunctional isocyanates and diols are used
along with difunctional chain extendees the amount of moaal is convenisntly expressed as
the ratfo of active hydrogen on the monol to isocyanate on the isocyanate functienal
propolymer (without chuin extension). Jn this case, the amount of monol s less than 40
mole %, preferably less than 25 molc % and most preferably lcss than 20 mele % of the
isecyanale present. To order to ensure sufficient vinylic groups for attachiment of
antimicrobial quaternary ammonivm groups, howaover, the amount of vinyl monol is
preferably greater than 2. 5mole% more, preferably greater than Smole % and most
preferably greater than about 10mole %.

The armount of monols is limited to ensure sufficient molecular weight of the chain
extended polymer . The preferred weight average molecular weight ts at Jedst sbout
15,000, preferably ar least 25,00 and more preferably at least 50,000 and most preferably
at least 100,000 dalions. Higher molecular weight polymers gemerally form filims which
are tougher, have higher tensile strength and are more abrasion resistant. Ta certain
embodiments where these properties are not necessary, such as water soluble
antimjorobials, lewer molecular weight may be preferred to facilitate diffusion.
Representative vinylic monols include menohydroxyalkyl (meth)asrylate esters,
monohydroxyalkyl (meth)acrylamides, allyl alcohol and allyl axnine. Preferred vinylic

monels are hydroxyalkyl acrylic compounds of the formula:
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i
Hol==G—C—¥—R—OH

4

wherein:

Y is O or NIT;

Ryis Hor CHs;
Rpis a Cygalkylene;

" of mixlures thereof.

Monchydroxyalkylacrylate esters include esters from ghycols such as ethylene
glycol, di-, lri-, tetra- and (poly)ethylene glycols, propylene glycol, diprepylene glyeal, 1,3-
ar 1,4 butylene glycol, 1.6-hexamethylene glycel and the like. Monohydroxyntkyl
acrylamides include aprides from alkanol amines such as ethanol amine, 1,2- and 1,3-
propanol amineg, G-aminobexanol and the like.

The inventors contemplaie that vinyl functionality may alse be added to the
polyurcthane through the use of an isecyanate funetional vinylic group. For example,
isacyanatoethyl methactylate could be used. Alternatively, hydroxycthylacrylate could be
reacted with isephorone diisocyanate at an NCO/OH ratio of 1 to produce an isocyanato
functional acylate. These compounds could be further reacted into the polyurethane by
convenlional means. Similarly polyisecyante functional vinyl groups could be
incorporated in a similar manner. One skilled in the art will recognize thal mauy
isouyunate functionul vinyl compounds are possible.

Tmportant additional compeonents include contpeunds te aid water dispersibility and
stubility of the dispersion of the fully formed polyurethane polymer. Dispersing aids may
have cationic, anienic, or nonionic groups as well as combinations heeof which aid in
dispersibility and/or dispersion stability. Preferted dispersing group containing compoands
are wafer soluble at 20%, preferably 30% mnd most preferubly at 40% by weight in water
determined by simple mixing of the compounds with water. For dispersing group
coneaining compownds that are solids at room temperature, the water/compound mixture
should be hosted to over the melting peint of the conpound and allowed 1o cool. For ionic
gooups, solubikity of the dispersing group containing compounds is measured in the

ionized forin.
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Components providing cationic dispersing groups include hydroxy-functional
and/or aminoe-functional componnds, which can be monofunetional and especially
polyfunctional polyactive hydrogen compounds in the molecnlar weight range of 88 tex
about 2000, prefecably 90 to about 1500, and more preferably 100-1000, and which
contain rertiary amine nitrogen or quaternary amine nitiogen atoms to aid with the agueous
dispersibility of the fully formed polyurethane polymer, The tertiaty amine nitrogen ators
in the catiomic stabilizing group preferably are converted at least partly into cationje
quatiernary ammonium groups by neutralization with an inozganic actd such as
hydrochloric acid, hydrobromic, phesphoric, sulfuric and the like or an organic acid such
us a Cy.q alkyleurboxylic acid, Cr.q alkylsulfonic acid, or quaternization by an alkyl halide
such as methyl chloride and the like or a dialkyl sulfate such as dimethyl sulfate and the
like during or after termination of the isocyanate polyaddition reaction. The
concentrations of the cationic group thug obtained, affects the particle size, the viscosity,
and the stabilily of the dispersion. Examples iaclude 2-(N, N-dimethylamino)-elhylamine,
N-methyl-dicthanolamine, N-methyi-diisopropanalamine, N-ethyl-diethanolamine, N-
ethyl-diisopropanclamine, N,Nbis-(2-fiydroxyethyl)-perhydropyrazine, N-methyl-bis-(3-
aminopropyl)-amine, N-methyl-bis-(2-amineethyl)-amine, NN N"trimethyl-
disthylenetriamine, N N-dimethyl-aminoethanol, N, N-diethyl-aminosthune], 1-(NN-
dicthylamine)}-2-aminoethane and 1-(N,N-disthylamino)-3-aminapropane. Longer alkyl or
aralicyl derivatives of these are also listed inchuding surfactant type compounds and
polyethoxylated derivatives theyeof such as Variguat K1215, (PEG-15 cocomoniurm
chloride) , available from Witco Corp. Dublin OH. Bxamples of other suitable alcohol
fonetional quaternary ammonium salts include compounds identified in CTFA Cosmetic
Ingredient Handbook 2° Ed. published by The Cosrmetic, Toiletry, and Fragrance
Association as Quaterntum 52 (a polyethoxylated stearltriethanolamine available from
Henke] a5 Dehyquart SP), Quatetiiutm 80 {2 polydimetylsiloxine lenminaled o
alkldimethylammoninmhydrodoxypropylpropylether groups available from Coldschmidt
Chesnical Cosp., Hopewell, Virginia as Abil Quat 3270, 3272 and 3474), und Quaternium
82 (1,1 dipropyloleate, 2,2 dihydroxypropyl 2methy] ethylenediamine methosolfate). To
obtluin water dispersibifity, the jionic equivalent weight of the prepotymer (gram

prepolymer per equivalent of fonic stabilizing cationic group) should be in the range of
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250 to 5000, preferably 500 to 3000 , and more preferably 600 fo 2000. It should be noted
that refers only to the catienic groups that aid in dispersibility, i.e. have stgnificant water
solubility, and does not include cutionic groups derived from the antimicrobial quaternary
ammonium, groups.

Non-ionie groups such as cther or estor functionality that provides a ratio of 2.5 or
less earbon atoms for each oxygen atom to give sufficient water solubility to aid in water
dispersibitity or water solubility may also be used. Suitable compounds inchude (i)
polyoxyalkylens diols, triols, and tetrols, (i) polyoxyalkylene diamines and riamines, and
(iti) polyester diols, triols, and tetrols of organic polycarboxylic acids and polyhydric
aleohals having a miolecular weight of 106 to about 15000, preferably 200-6000 und most
preferably {rom 400-2000. Preferred oligomeric polyels and polyamines include (i)
polyethylene oxide howopolymers (e.g.. CARBOWA series from Union Carbide,
Danbury, CT, e.g. Carbowax 600 and 1000), block copolymers of ethylene oxide and
propylene oxide {e.g., PLURONIC surfactants from BASF Corporation, Mount Olive, NT),
random copulymers of cthylenc oxide and propylene oxide (e.g., UCON FLUIDS from
Unian Carbide, Danbury, CT), and silicone copolyols.

The dispersibility can ulso be achieved by combinations of the above cationic and
non-ionic compounds When the concentrations of solubilizing groups are high the polymer
may be soluble in aqueons solutivn. For certain applicutions such as preservation of
cosmetics, lopical antiseptics, haed surface antiseptics, disinfection or articles such as
contack lenses and the like water soluble polymers way be preferred. Due to the relatively
high molecelar weight and low levels of cxtractables, the palymers of the present
invention are expected to have very low wixicity.

‘Water resistance is an important property for outdoor applications. Thus, for these
applications, the polymers are preferably water insoluble. As vsed herein, water insolublc
means that when a dried coating or film, (e.g. dried at 75°C for 2 hours to form 2 fili of
abont 0.001-0.002 inches thick) is placed in water without stirring for 4 bours at room
temperature, removed, and dried at 75°C for 2 hous less than 10%, preferably less than
5%, more preferably less than 2% and most preferably less than 1% of the weight is Tost.
Tn order to reduce water uptake in Jomg term durable outdeor applications the concentration

of cationje stabilizing mojety should be kept to a minimurm. Polysiloxane polyols may
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opijonally be incorporated into the polyurcthane compositions of the invention to improve
outdoor weathering as well as adhesion to certain substrates and to vacy the swiface
properties of a couting with respect to surface energy, €.g. contact angle. — For example,
siloxanes such as hibydroxy functional polydimethylsiloxane diol, availuble from Chisso
Corporation, Tekye, Japan as the trade designation FM DA11, TMDa21, FMDAZ2S, having
molecular weights fiom 1000-10,000 are useful . Other dihydroxyl functional PDMS diols
that can be used are KP6002, KF6003 available from Shin-Etsu silicone of America Inc,
PDMS idol having molecular weight of 1000-3000 frmﬁ Dow Carning Corporation.

A person skilled in polyurethane art understands that the physical and chernical
properties of the biocidal polymer can be varied by Lbe choice of polyisocyanate and polyol
and their relative amounts. This enables the ekilled practitioner to vary the properties of
the biocidal polyvrethane polymers to oplimize performance of the polymer on different
substiates and in different use environments. Included among the properties that can be
variod are ductifity, water absorption, tensile strength, modubus, ubrasion resistanc,
minimum, fikm formation temperature, glass transition temperatare, ultraviolet light
resistance, reststance to hydrolysis and color stability. For example, polyols having longer
carbon chain Ienglh tend to provide maicrials which are more ductile and have lower glass
transition temperatures, whereas shorter chain polyols provide matesials (hat tend to have
high mwdulus, greater tensile strength and bigher glass transition temperatures. Aliphatic
poiyols tend to provide polymers which absorb less water than semparable pobymers from
polyols having hetetcatomns. For outdoor applications where stability to ultraviolet light is
impottant, aliphatic isocyanates and polyols are preferred.

I accordance with the invention, there may be further employed amine catalysts to
accelerate the reaction betwean isocyanate and the active hydrogen compound which ure
known to the art, such s, for example, tertiary amines such as triethylamine,
ributylamine, N-methylmorphaline, N-ethylmerpholine, N-cocemorpheline, N,NN' N
tetramethylethylenediamine, 1,4-diazabieyelo-(2,2,2)-octane N-methyl -N'-
dimethylaminocthylpiperazine, N, N-dimethyl-benzylumine, bis-(N,N-dicthylaminoethyl)-
adipate, M.N-dicthylbenzylamine, pentamethyldisthylenetiamine, NN-
dimethyleyclohexylanine, N, N,N' N'-tetramethryl -, 3-butunediamine, IN,N-dimethyl-

betaphenylethylamine, 1,2-dimethylimidazol, 2-methylimidazel and the like.
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Metal compounds and, in particnlar, organic tin compounds can also be used as
catalysts. Sujtable organic tin compounds, include tin (I} salts of carboxylic acids, such as
tin{IT}-acetats, tin(Il}-octoate, tin¢TT)-ethylhexoate and tin(Il)-laucate and the dialkyl tin
salts of carboxylic acids such as dibutyltin diacetate, dibutyl-tin diluaurate, dibutyl -tin
maieate, diocytl-tin diacetate as well as tin compounds which have aclive hydrogens und
are capable of reacling into the polyurethanc backbone such as Fastcat 4224 avaiiable from
Elt Atochem, Philadelphia, PA. For outdoor applications and other applications where
discoloraiion due 10 oxidation can occor the tin catalysts are preferied.

Onee the prepolymer is formed, the molecular welght should be increased to yield &
composition with the desired properties. 'This step is accomplished by reacting the
prepolymer with a chain extender. Useful polyamine chuin extenders include:
ethylenediumine; 1,6-diaminohexane; priperazine; tris{2-aminoethyl)amine; and amins
terminated polyethers such as those marketed as IEFFAMINE by the Huntsman
Carporation, Salt Luke City, UT, for exampfe TEFFAMINE D230 and ITFFAMINE D400.
Useful carboxylic acid hydrazide chain extendess include adipie acid dihydrazide and
oxalic acid dibydrazides. Examples of polybydroxyl conpounds useful as chain
lengthening agents include ethylene glycol, propylene glycol. propase-1,3-diol, butane-1,4-
diol, hexane-1,6-diol, tiimethylolpropanc and glyecrol, Low molecular weight polyester
diols such as the bis-(hydroxyethylester or adipic acid or low moleenlar weight diols
containing ether groups such as diethylene glycol, triethylene glycel, tetracthylene glyeo),
dipropylene glycol, tripropylene glycol or tetrapropylene glycol may also be used as
starting component. Useful palythiol chuin extenders include 1,2-ethancdithiol; 1,4-
butanedithiol; 2,2-0xytris(ethane thiol) and di- and tri-mercaptopropionate esters of
poly(oxyethylene) diols amt triols. Water is also nselul g3 a chain extender as it reacts
with isocyanate to form an unstable carbamic acid, which loses earbon dioxide to iberate
an amine. This amine is then available to react with anether isocyanate.

‘When the prepelymer has & functionality of 2 ar less and the chain exlender
is difunctional, the ratio of isocyanate to astive hydrogen in the chain extension step is
preferably from about 0.6-1.2 to 1, more prefecably from 0.75-1.0 1o 1 and most proferably
from (.86-1.0 to 1 (cxcept when water is used as the sole chain extender, in whicl case

water can be present in large molar execess). When the prepolymer bus a functionality
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higher than 2, due to the use of polyocls or polyisocyanates with a fonctionality sreater than
2, the ratio of isocyanate to aciive hydrogen present in the chain extender should be
proportionately adjusted downward to prevent gelation and/or excessive crosslinking.

The chain extender may be added to the polyurethanc prepolymer before the
dispersion step or it may be added to the agueous dispersion mediom. Most prefecred
chain lengthening or chain extending compounds added during the dispersion step are
these containing reactive -NH or -NH; groups useful as chain lengthening agents include
Cy g alkylencdiamines such as preterably cthylenediamine, pentane diamine,
hexamethylesediamine and polyoxyalliylens amines such as JEFFAMINES available
commercially from Huntsman Cerp., hexamethylenediamine, piperazine, 2,5~
dimethylpiperazine, {-amino-3-aminomethyl-3,5,5-trimethyl-cyclobexane (sophorne
diamine (IPDA), 4,4 -dfamino-dicyclohexylmethane, 1,4-diaminocyclohexane, 1,2~
diamino-propane, hydrazine, hydrazine hydrate, amine-acid bydrazides such us 2-
arninoacetic acid hydrazide.

Dicashoxylic acid dihydrazides have been found ta be particularly useful chain
lengthening agents. Preforred diftydrazides inclnde oxalic acid dibydrazide, malonic acid
dihydrazide, succinic actd dihydrazide, glutaric acid dihydrazide, adipic acid dihydrazide,
sebacie acid dilydrazide, maleic acid dibiydrazide, and fumaric acid dibydrazide.

The amine and hydrazide chain Jengthening agents in particular, which contain no
{ertiary nitrogen atoms, muy wlso be used i blocked [omn m the provess uccording to the
invention, i.c. in the form of the corresponding ketimnines (DO-AS 2,725,589), ketazines
(DE-OS 2,811,148, U.8. Pal. No. 4,269,748) or amine sults (U.S. Pat. No. 4,292,226).
Oxazolidines of the type used, for example, in DE-0OS8 2,732,131 or U.S. Pat. No.
4,192,937 are also masked diamines which may be used for chain lengtbening the
isocyanate prepolymers. When such masked diamines are used, they are penerally mixed
with the isocyanate prepolymers in the absence of water and the mixture obtaincd is
subsequently mixed with the water of dispersion or with part of the water of dispetsion so

ihat the corresponding diamines are released as intermediate products by hydrolysis.

Biocidal Agent
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Biocidal properties capable of killing bacteria, mold, mildew, fungi, algae and the
lile or inhibiting their propagation are achicved by incorporaling one or more covalently
bound quaternary ammonium groups pendant to the polyurethane polymers of the claimed
iovention, Prefcrred suiimicrobial quaternary ammonium groups inctude the following
sfrnctures:

SNH(R) 2Ry AT 3 NP (RghR) A5

R R3—+N/ \)A-

e _LQA»

‘Where cach R, is independently C,.4 alkyl optionally substituted in or on the chain
by N, O, and § {e.g. hydroxyethyl), benzyl, Cy.4 substituted benzyl, and Ph-0-CH.CHz-

s or

where Ph=phenyl;  Rais Cyy straight or branched chain alkyl or Cy o aralicyl
optionaily substituted in or on the chain by N, O and S and may include groups such as
esters, ethers, ammides, hydroxyl and the lile; and R 1= u linkage group which is Cyas,
preferably Cipgs alkyl optionally substitnted in or on the chain by N, O and S and may
mclude groups such as esters, ethers, amides, hydroxyl end the like; and A is an anionic

counter jon and is selected from halogen, alkyl sulfate, carboxylate, sulfonate, sulfate,

phosphonate or phosphate but is preferably CI', Br', CHz{CH,},COU, or CH3(CHZ),080y

where p =0-6

It is understood that a mixture of antimicrobial groups from within one
class having different chain length alkyl groups may he employed as well as mixtures of
autimicrobial groups from two or more classes.

The quaternary ammonium. group can be paet of 2 monol or a palyol compound
cupable of reuction with excess isocy:mate frem 4 polyurethane prepelymer or may be part
of a vinyle functional componnd capable of reacting onto vinylic groups present on the
polyurethane polymer. For exumple, suitabic materials contemplated by the claimed
inventien include stearamidopropyl-3-(2-hydroxyethyldimethyl) ammonium bromide

which ean be made by the reaction of an alpha, omega haloaleohol such as 2-
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bromoethanaol and steatamidopropyl-3-dimethy] amive. The alkyl portion of the
huloalcobel may have from two to sixteen carbon atoms or mere, preferably two to twelve
carbon atoms. Representative haloalcohols incude 4-brotobutancl, 6 bromohesanol, $
‘bromooctanol, 10-bromodecanol and 12-bromododecanal. It is understood that the halo
atom can also be chlorine or iodine or may be substifuted with other suitable amions. The
reaction product of the stearamidoproy] monol and a fsocyanates terminated prepolymer
pravides a biocidal quarernary ammorivm group al the end of @ polyurethane chain,
Represeatative preferred monols having biocidal quaternary ammonium activity are

selected from. quaternary ummonivm moiety of the formula:
IE:H3(CHZ),(C(O)N H(CHz)y)H q NER)7—(CHLH QEJ

wherein:
mislor2;pis©or 1 and g=1or 2 provided that m+q =3 ; x is 0 20, yis 2-8,
7is 2-10; L 15 O, 8, NRS ov NIT, where Rs is Cj alkyl or benzyl

each Ry s independently C;.4 alkyl or Cg .y aralkyl; and

Q © is halogen, alkyl suifate, carboxylate, sulfonate, sulfate, phesphonate or
phosphate but is preferably CI, Br, CHa(CH,),COO', or CH3(CH;},0505" where z=0-5;

Other non-limiting examples of moncls having a biocidal quaternary amumeniuin
functionality includes Cg 1z alkyl di-Cy 4 ulkylbydroxyethyl ammenium halide, Cy.ay dialkyt
Ch.4 alkylhydroxyethyl ammenivm halids, Cs 45 alkyl Cj alkyl benzylhydrexyethyl
ammonium halide such as lawryldimetbylhydroxyethyl ammonium chloride,
didecytmethylhydroxyethyl ammaniem chloride, laurylbenzylmethylhydroxyethyt
aommoniom chloride and the like.

A monol having quaternary ammonitrm funetionality can be lncorporated into the
interior of the polyurethane chain by several methods. For example, adding the monol to
one aof the isocyanate groups of a triisocyanate sach as 1,3,5-tdisocyanatocyclohexans-s-
trions. The resulting product hias two free isocyanate groups capable of farming a
polyurethane with 2 palyol.

As previously discussed the amount of monol must be limited to ensure that the

functionality of the prepolymer before chain extension is not [ess thau L4, preferably not
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less than 1.6 and mast preferably not less than 1.65. The ameunt of biseidal quaternary
ammmenium groups present in the pelymer, however, must be sufficient to provide a
biocidal polymer. We have found that the equivalent weight of the antimicrobial
quaternary ammonium groups should be at most abour 22000g polymer/equivalent,
preferably at mast 20,000 g polymer/equivilent and most preferubly at most about 18,000
g polymer/equivatent biocidal quaternary ammeonium grovp. Conversely, the amount of
biocidal gualemary sminonivm group in certain applications such as those requiring water
resistance is preferably limited and thus the equivalent weight of the antimicrobial
quatemary ammonium, groups should be at Jeast 1000 g polytact/cquivalent, preferably at
least 2,000g polymer/equivalent, more preferably at least 4000g polymerfequivalent
quaternary antimicrobial group, It is noted that this is the total amount of biocidal
qualernary ammoninm group present (n the polymer and may be derived from monol
antimicrobial quaternary anunonium contining compounds, virylic antimicrobial
qualcraary ammonium containing compounds, or both,

The. quaternary anunoninm group can be parl of a vinylic monomst which. can be
polymerized by addition polymcrization with a polyurethane prepolymer having vinylic
functionality. Preferred vinylic functional biocidal quaternary amnomum compounds

fave the formula;

LC= C—E—O—RJ—ZQQQ
By
wherein:
Ry isHot CHy;
Rsis & Ca.1g alkylnene and preferably Cy g alkylene;

Q 2 is e hulogen, alkyl sulfate, alkylsulfonate or alkylcarboxylate;
z% is N® (RaloRs, N RuyRa)z,

i@ ~°!'ME:FL
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wherein:

Ry is Clgog alkyl, benzyl, or substituted benzyl;

Rg i H or €y alkyl;

Representative acrylic compounds are N,N-cimethyl-N-alkyl-N-aliylmetbacroyl
ammonium salt such as N N-dimethyl-N-dodecyl-N-ethylmethacroyl chloride, N,N-
dimetlyl-N-hexadecyl-N-ethylmethacroyl chloride, N,N-dimethy]l-N-benzyl-N-
tauroylmethacoryl chtetide, N,N-dimethyl-N-{2,4-dichlorobenzyl)-N-cthylmethacroyl
chloride, NN -diethyl-N-hexadecyl-N-ethylmethacroyl chloride, and the Jike. Ttis
understood that the caunter ion can be a chloride, bromide, iodide, C1-4 aliyl sulfate,
sulfute, or carboxylate group. It is also nndersiood that although representative quaternary
ammoninm groups are described that any combinarion of alkyl, aromatic, alkyl arematic or
cycloalky! groups attached to the ammonium nitrogen which provide a biocidally active
structure are within the contemplated scope of the claims.

It is understood that a wide variety of vinyl comeonomers aot comprising
antimicrobial quaternary ammenium groups may be used. Nondimiting exaraples tnclude:
acrylates, methacrylates, (meth)acrylamides, N-vinyl caprolactams, styrene, olefins, vinyl
acctate, and the like.

Othex compounds may be added to enhance or obtain particular properties,
previded they do not interfere with the coating, and film forming properties.

The compositions may contain defoaming agents, particulacly useful defoaming agenls
such as Surfynol ™ D 1oL (a high molecnlar wefght acetylenic glycol nonjonic
surfactant available from Air Products & Chemicals, Inc.), SWS-211 (a silicone additive
available from Wacker Silicone Corp), Debiydran ™ 1620 (2 modified potyol
Jpotysiloxane adduct available from Henlcel Corp.), Additive 65 (a silicone udditive
available from Dow corning) can be used; the dispersion may also contain flow and
leveling agents such as Tgepal ™ CO-630 (an ethoxylated nonylphenol nonionic surfactast
available from Rhone-Poulenc Surfactant & Speciatity Div.), Fluorad PC-171 (a nonionic
sutfactant available from 3M Company), Fluorad FC-430 (4 nonionie surfuctant evailable

from 3M Company), and Rexol™

25/9 (an alkyl phenol ethoxylate neniouic surfactant
availuble from Hart Chemical 1id.). Optionally the dispersion may contain rheology

modifiers such as the associative thickenars Aerysol ™ RM-825, Acrysol TT-935 all
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availuble from Rohu wod Haas company. Additional soluble or dispersed polytners not
having antimicrobial quatermary ammonium groups may also be nsed to modify the film
properties including but not limited to polyureihanes; polyacrylates and other addition
palymers; natural polymers such as starch, cellulose, and other gums and detivatives
thereof; as woll as combinations thercof. To increase the service life of the coatings
generated from these dispessions, photostabilizers such as Tinuvin T —400, (a hindered
amine photostabilizer), Tinuvin™ 292 (a hindered amine photostabilizer), both
cemmercially available from Ciba-Geigy Lid.; and antioxidant Irganox 243 uvailable from
Ciba-Geigy Ltd., and Naugard-445, a 4,4"-bis (dimethylbenzyl) diphenylamine, availahle
from Vniroyl Chemieals can be added. For out dour applications such as reoling shingles
which are often subject to intense UV exposure, at least about (.1 part by weight of an
ultraviplet light stabilizer per 100 pucts by weight polyurethane dispersion can be used (o
irhibit and retard the yellowing and photo degradation of such formulations, typically
abont 0.1 to about L0 parts, preferably about 1 ta about 10 parts.

It may atso be desirdble in certain compesitions to add a colorant (dye or pigment).
Tar more durable applications it may be beneficial to add colorants that can react into the
polyurethane or acylale backbones, For example, ceriain Reactant dycs avatlable from
Milliken Chemical, Spartanburg, SC, have hydroxyl groups that can be fncorporated inte
the polyursthune buckbone (o produce g pelymer bound chromophore. Similarly, surface

treated fanctionalize pigments may also be useful,

Polymerization Reactions

Processes for forming polyurethane polymers ure well known and disclosed in
nuncrous treatises such as Szycher’'s Handbook of Polywrethanes, CRC Press, 1999,
Polymers may be formed in one skep or twe steps involving a “prepolymer” intermediatc,
Although a one step process can yield biocidal polyurethane polymers contemplated by the
inventfion, the two siep procsss is preforred. The prepolymer is formed from at least one
poly-astive hydragen compound sach as » polyal or polyamine teemisated monamer with
at least one polyisocyanate wherein at least 40, preferably 60 and most preferably 80 mole
% excess of a polyisocyanate with respect to active hydrogen groups ure present. The

reaction of dilsoryanates and diol or diamine polyols tends to form linear polymers,
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Depending on the particular combination of isoeyanate and active hydrogen compound, the
reaction may proceed at temperatures less than 100 °C. However, the rate of
polymerization may be accelerated by catalysts such as those described above. For
exainple, catalysts may be required if aliphatic diisocyanates are nsed especially in
combination with polyfunctional alcohols. Monomers providing additional functional
benefits mauy be incorporated info the prepolymer or added in the second stage of the
polymerization. For example, polysiloxane diol may be added at either stage of
polymerization to effect improved adhesion to certain substrates as well us improved
hydrolytic resistance and UV stability. Likewise, dihydroxyethylmethylamine may be
incorporabed info the polymer at any stage of polyurethune formation and cventually
transformed to a quaternary salt te improve the stability and dispersibility in wates.

The reaction of the isocyanate und polyel to form the prepokymer will depend on
the choice of both. Aromatic isocyanates are senerally much maore reactive than aliphatic
isocyanates and may be reacted with potyols without the need [or beat. The reaction may
be Tun as 100% solids (ne sclvent ) of is carried out in an optionally polar organic solvent
unreactive with an isocyanate such as acetone, methyl ethy! ketone (MEK),
methoxyprepanol acctaic (PM acetatc), dimethy! acctamide tetrahydrofuran, N-methyl-
pyrrolidinone and mixtures thereof. When using prefered alipbatic isocyanates with
polyfunctional alcohols high selids concentrations and elevated reaction temperaturee of
from 50 *C to 80 °C are desirable so that high conversions of monomers to polymer can
occur in 4 reasonable time, ¢.g., less than eight hours, preferably less than three hoors.
Catalysts may be employed such as metal salts including dibutyltin dilaurate and dibutyltin
diacctute, und amines, such as tricthylarine, DBU (1,8-diazabicyelo 5.4.0 undec-7-cne}
and DABCO (1 4-diazabicyclo 2.2 20ctane), in useful concentratiops of from ¢.01 to 1.0
moje percent {refative to the isocyanate reagent).

As describad above vinyle functionality may be introduced during prepolymer
formalion by incorporating vinylic monnl ar polyol compounds into the prepolymer. The
vinylic functionality of the prepolymer i3 subsequently polymerized by additien
polymerization with 2 vinylic quaternary anmonium compound such as N,N-dimetbyl-N-

bexadecyl-N-methylmethacroylethyl amrmonium chloride.

26
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Polymerization of vinylic groaps is pexformed under an inert atmesphere such ag
nitrogen sud in the presence of a free radical catalyst such as azobisisobatyronitrile. The
polyurethane prepolymer having pendant quatecnary amumoninm salis s dispersed in the
aqueous solution. This is carried out in the laboratory by adding the prepolymer at 2
controlied rate to the de-ionized water, and komogentzing using a staioless steel Rotor
Stator (20mm diameter probe) monnted to a Omni Mixer (obtained from Qroni
International) at around 6000 rpm. The homoegenization is carried vut for at least 5
minuics after complete addition of the polymer. Then the chain extending “polyol” is
added and mixed for anvther minute. The dispersion is translerred Lo a Microfluidics
homogenizer (obtained from Microfludics International corporation, MA, 17SA) having a
reaction chamber type E-2302 and pressure of around 400 psi and homogenized for
another 5 minutes. The resulting dispersion is further mixed for at least 1 hour and
preferably 4 howrs.

‘The dispersions of the present invention arc considercd stable swhen there is no
coagulation of polymers, or complete separation of the solid polymer from the aqueous
phase at room temperature, over a period of at least 4 wocks, preforably 8 weeks, more
preferably 26 wesks and most preferably at least 52 weeks at

23-25 °C, Even if the polymer selid setiles, the settling can be re-dispersed by simple
shaking or by mechanical mixing. The stability of the dispersions depends ot the number
of junie sites contaimed in the macromolecules The particle size of the dispersion is partky
dependent on the homogenization technigoes, as such, poor hnmo-genjmtion may generate
larger particles, which may settle. Preferred dispersions of the present inventions ate stable
for at [east 3 months at room temperature or the dispersions can re-dispersed by simple
shaking or by by mechanical mixing . These shaken dispersions when filtesed through
cheese cloth leave no residue.

Coatings produced {rom compositions of the present invention are suitable for any
surface subject to deterioration or discoloration from microarganisims such as algae, mold,
fungi, or bacteria. For example, construction materialy such as roofing felis or lumber may
discolor or decay over time if nsed in a moist environment. The coatings may also be
applied (o inanimate surfaces in health care facilities to mitigate the spread of pathogenic

orgamisms. Surfaces include bard surfaces such as walls, floors, furniture, food trays and

7
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“soft” surfaces such as beddiny, uniforms and linen supplies. The coatings may also be
applied to wound dressings on or in an absorbent pad, catheters and other in-dwelling
devices, medical drapes, surgical sponges, diapers and the like to prevent microbial
growth.

In a sirnilar vein, interjor surfaces of meut and food processing plants er food
scrvice operations may be coated with the polyurethane polymers having pendant
quaterpary ammonium groups of the invention to reduce spoilage, extend shelf life and o
mitigate the transmission of microorganisms capable of cansing food-borne illness. Since
the anifmicrobially effective quaternary ammoninm group is not leached from the coating,
such coatings could he considered for cosmetic and medical packing as well as food
contact suclaces such as food propuration surfaces and food packaging materials such as
over-wraps tor meat, daicy and produce, trays and absorbent pads for packaging meals and
prodoce, and the like,

Polywrcthane polymers ef the present invention may alse find nse in cosmetic and
personal cate compositions which are applied to living tissue such as Lipstick nail lacquers,
skin fungus treatraents, hand wash products, foams used to apply cosmetics as well as
other foams such as household sponges, lipsticks, mascars, hair tixatives, antimicrobial
polymeric thickeners, use as bindets and finishes on textiles, in caulking compounds and
the like. Selutions of polymers of the presenl invendion may alse find use as non-iritating,
non-sensitizing disinfectants for objects sueh as contact lens which are intended to come
into contact with sensitive tissue or as preservatives in costnetic formulations such as

mmsera, crenims, lotions, shampoa, soaps and the like.

Examples
The invention herein is subject to many vatistions and the examples which follow
are but illustrative of the many emhodiments of the invention which is not to be limited

thereto.

Glossary of Exemplary Materials:
DMPA - dimethylolpropanoic acid.
PDMS - Polydimethyl siloxanc diol, equivalent weight 1278, availabic from Dow Coming,
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Midland, Michigan.

TERATHANE 20060 - polybutylene (1, 4) glycols, mal. wt. 2000, available from DuPont,
Canada, Missanga, Onatrio.

NMP-N-Methyl-2-pyrvolidone obtained from BASF Mount Clive, NI

MEK - Methyl Bthyl Ketone

DESMODUR W- (big (4-isocyanatocyclohexyl) methape available {rom Buyer
Corporation, Pitisbureh, PA.

EDA - Ethylene diamine.

TONE 0230 - a polycaprofactone based diol of molecular weight of 830 available from
Union Carbide, Danbusy, CT.

TEGO-HSI-2311-polydimethyl siloxane diol, maleenlar weight 2500, available from
Goldschmidt Corporation, MeDonald, PA.

N-MDEA - N-Molhyldiethanolamine.

HEA - Hydroxyethyl acrylate

DMAEMA-Cx - dimethy] alkyl methacryloylexyettyl ammonium (bromide or chloride)
wherein Cx refers to alkyl chain length, e.g. Cygis hexadecyl.

VAZQ-57 - 2,2 az0bis(2,4-dimelbylpentanenitrile), obtained from DuPont.

AADH - adiptic acid dihydrazide.

PRIPPLAST 3192 - 4 dimer acid bused polyester polyol, approx. molecular weight 2000,
obtained from Unichema International, Chicage, IL.

PROPOL-2033 - a dimer diol, approx. molecular weight of 600, obtained from Unichema
Internatiotal.

STEPANQL PH-56 - a polysster based palyol, approx. moloenlar weight 2000, available
from Stcpan company, Northtfeld, fL.

TNCROMINE 8B - Steararnidopropyl Dimethylamine, melting point approx. 63°C,
available from Croda Canada Chemicals, Taronte, Canada.

N-Methyl pyseolidone (NMP).

X,~T100 - trifunctional isocyanate frum Bayer Corp., Pittsburgh, PA.

PRIPLAST 3197 - dimerdiol dimerate from Unichema International.

T-12 - dibwryl tin dilaurate from Air Products, Wayne, PA.

Tone (210- & polycaprolactone based idol, molecular weight 830, available from Union

29
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Carbide,

[EMA- isacyanato ethyl Methacrylate, obtained from Showa Denkok K., specialty
chemicals, Japas.

T-120: a tetravalent tin catalyst , obtained from from Alr Products

A-1170: bis<{gamma-trimethoxysilylpropyl)amine, obtained from Union Carbide
Tastcat 4224; a active hirdrogen functional tin catalyst obtuined from EIf Atochem North
America, Philadelphia, PA.

Example T
Preparation of quatsrnary atmmnonium sult of DMAEMA:

A reaction flask was fitted with a condenser, a mechanical stirrer, a thermometer
and addition funnel. To the flask 25 parts of DMAEMA {dimethylaminocthyl
methacrylate) and 60 parts of acetone was added. To this mixture was added 48.7 parts of
1-bromohexadecane frem the dropping fannel m 30 minutes. The mixture was stirmed at 35
°C for 16 hours. Then the reaction mixtute was allowed to cool to foom temperature and a
white solid precipitater out of the solation. The precipiiated solid was filtered and washed
with cold ethylacetute, The solid was dried in the vacuum oven at 30 °C for 4 hours. A 'Ti
NMR spectrum of the compound revealed the formulation of the desired compound
DMAEMA-C\¢ monomer.

Preparation of polyurethune having sn antimicrobial quaternary amraenivm salt:

A dispersion was prepared in three sequential steps: 1) an isocyanate terminuted
prepolymer wag prepared ot 80 °C, in aresin reactor, equipped with & reflux condenser,
stirrer, thermometer and inlet vitrogen gas by reacting, 12.7 g of DESMODUR-W, 10 g
TEGO-HS1-2311, 3g of N-methyl pyrrolidone (obtained from BASF) 3g of
methyletirylketone and 1 drop of T-12 for 1.5 bours, Then 7.5 g of Teraibane, &
paly(tetramethylene) glycol based polyether of molecular weight 2000, available from Du-
pant), 0.46 g of PRIPOL 2033, a dimer diol, m.wt 400 and16.6 g PRIPLAST 3192 m.wi of
2000 were reacted for another 2 hours, then 2.04 g of Numethyl dicthanolamine with 10 g

of acetone was added and reacied for 1 hr 15min.
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2) To this fully reacted prepolymer 0.5 g of hydroxyethyl acrylats slong with 0.001 g of
hydroquinone, available from Aldrich of Milwaukee, WI was added and reacted for | hr
43 min until the desired %NCO was obtained.

3) Nex( nitrogen was bubbled through the parily acrylale-terminated prepolymer for 1 hr,
and femperature was reduced t0 65 °C. 6 g DMAFMA-CI16 was mixed with 10 g NMP/
30g MEK and 0.12 g of VAZO-52 and added to the prepolyimer mixture. This was reacted
for 3 houts. 40 g of Acetone was added to seduce the viscosity during the preparation.
The cooled composition was dispersed in 90 g of water containing 1.2 g of acetic acid
using an “Omni Macro homogenizer’” (available from Omni Tnternational, VA, US.A) for
10 minuies then 2.0 g of adipic acid dihydrazide was added and mixed for 8 hours at 40
C. A milky whits dispezsion was obstained having 25% solids and an average pasticle
size of 271 mn.  (Determined using a Brookhaven “Zeta potential Analyzer” from
Brookhaven Tastruments Corporation, Holtsville, NY).  The polymer had a calionic
stabilizing group cquivakeni weight of [362 g polymerfoguivalent and an antimicroibal

quateinary ammonium group equivalent weight of 3860 g polymer/equivalent.

Example 2 (Comparative Example)

A prepolymer was prepared without DMAEMA-Cyg, with the similar technigue as
in example 1, with 12.19 ¢ TEGO-HS1 2311, 16.23 ¢ DESMODUR W, 10z g N-methyl
pywrolidone, 0.0( g of T-12, 7.87 g TERATHANE-2000, 0.5 g PRIPOL-2033, 16.22 g
PRIPLAST 3192, 3.0g of N-methyl diethanol amine and 0.5 g of hydroxy ethyl acrylate.

The resulting prepolymer was dispersed in 90 g of water containing 1.2 y of aceiic
acid. Then 2.2 g of adipic acid dihydrazide dissolved in 40 g hot water was added and

imixed for § hours at 40 °C. A milky white dispersion was obtained.
Example 3
This example illustraies polyurethane prepared from

alkylamidoallcyldimethylamines and halo alkanolamine

The hydroxy quat of alkylamidopropyldimethylamine was prepared by adding,
37.34 g of stearamidopropyl dimethylamine (INCROMINE SB) which was washed with

31

JP 2004-511582 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

30

(69)

WO 0210244 PCT/US01/21666

warm water, acetone and then dried in vacoum) in 40 g toluene and heated at 105 C in
flask equipped with mechanical stirer, reflux condenser and & dropping funel. To this
12.66 g of 2-Bromoethanol was added drop-wise and reacted for at least 2 honrs. Aftec
cooling, ihe salt was filiered through a Buchner funne} and wasbed with toluene. The salt
was then dried at 35 °C for 16 hours,

A prepolymer was prepared by reacting 1.2 g 1,6 hexanc idol, 36 g PRIPLAST 3196,20 g
STEPANOL PH-56, 36 g DESMOBDUR —W, 10g N-methy! pyrrolidone, 2 drops T-12 at
80 °C for 3hms 30 1ain in a reaction Hask cyuipped with mechanical stirrer, thermometer,
and a reflux condenser. Then 4.5 g of N-methyldietbanol arine was udded and reacted
further forl hr and 30 min. To this prepolymer 10 g of the hydroxy containing monol
biocidal quaternary componnd INCROMINE-SB as prepared above was added and was
farther reacied for 2 hr 30 min. The reaction product was then dispersed using Omni
homogenizer in 200 g of water containing 2.27 g of acetic acid and 11 g of adipic acid
dihydrazide. The resuiting dispersion was heated for 8 hours at 40 "C. A milky white
dispersion was obtained. . The polymer had a cationic stabilizing group equivalent
weightof 747 g polymer/eyuivalent and an antiricroibal quaternary amumenium group

equivalent weight of 2825 g polymersequivalent.

Examples 1 and 3, having two different covalently bound biocidal quaternary
ammonium groups, demnonstrated that they are capable of killing slgae. Concentration of
microorganisms i broth culture can be measured spectrophotometrically by manitoring
absorbance. Increases in absorbance ure ussociated with inereases in cell density.
Absorbance iu algal cultures rarely goes to zero due ta extracellular matrix and other
materials in the culture. Therofore, it was considered that the algae were killed wiken the
absorbance value was less than 0.15. (i.e. if the absorbance reading were between 0.15 and
the control abserbance, growth was intrbited, doe to some of the algae being killed.)

These wests were cattied oub as given below:
Accelerated algae test procedure: Coatings were applied to the lower half of each flask

(Tissue eullure Treated polystyrene, obtained frem Coming Ine. Coming, NY), cured at 47

°C for4 hours, then aerated overnight, rinsed three times with sterile water, and inoculated
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with Neochloris algae (ebtained from the roofing shingles in Florida) after sdding the -

following medium:
Coumypronent Weight (g/liter) T
Ammonium Nitrate 0.71
Potassium dihydrogen phosphate 0.68
| Disodium ydrogen phosphate Q.71
Magnesium sulfate heplehydrate | 6075 o 4447’7‘
Sodinm carbonate .02
Caleium chloride dihydrate ‘ 0.027
Ferric chloride heptahydrate J 0.00054
Microstock ’ 1ml

‘Where “microstock™ is the following:

Compaonent Weight (g/t)

Beric acid T e T
Zine sulfate heptahydinte 011

Sodium molybdate dihydrate 0.195

Eoppﬁue penmhydrate | 0.04

Cobalt nifrate 0.025

Manganese chloride tetrahydrate 0.9

After 7 days of prowth, absorbance of the cultures was measured using an UV/Vis
spectrophotometer at 480 nm 1o determine degree of growth of the aigae. Three readings
were taken for each example and then averaged. Readings of tess than 0,15 is considered

complete kill. The results arc reported in table 1.

TABLE [
Absorbance 480 nm
Exumple #1 003 0015 complete kill
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Exumple # 3 007 0.028 complets kil
Example # 2 (Comparative) 0.633 0.090 grawth

The films obtained from dispersions of Examples I and 3 were very hydrophobic,
bowever, prolonged tmmersion, of films in the water, caused them to absorh some water,
Noevertheoless, these films loose water guickly as soon when they were removed from the
water. The water absorption affinity of films depends on the concentration of low

molecnlar weight sclubilizing salt and types of soft segments in the prepolymer chain. The

following test method is to determine the water absorption of films:

Films according to Examples 1 and 3 were prepatced at room temperature using a
degassed sample of the dispersion on a polyester backing using a tape mold, fe., a mold
was made on release Jiner using masking tape of 9.07mm thickness. These films were
allowed to dry dvemjght at room temperature for 16 hours, followed by 1 day at 50 °C,
and then 1 day at 65 °C. The film was allowed to cool for a day before it was removed
from the polyester backing. Six sample pieces (0.5” x 2.0”) were cut. The samples were
weighed and fully iumersed in dejonized water ut room tamperature. Afler onc duy
immsrsion, three of these samples were removed, patted dry ustug Kim-wipes and
weighed again. The incresse I mass was reported as u percentoge mcreuse due to water
absorption. These steps were repeated for the remaining three samples after soven days.

7 dayy waber absorption of example4 is 10.5 %.

Determination of Tack-Free time of the filny:

Filtns obtained ftom the dispersion of Examples 1 were considered tack free, when
the {ilm did not show any tackiness upon finger touch, i.e. no material was (ransfesred to
the finger.

The [l for this test was prepared at 20 °C (68 °F) and 50.5% relative humidity. T was
ohserved the tollowing tack free time:
33 minutes for a film of 0.0635 mm

1 br 38 minutes for a film G.1397 mum
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Example 4

The Example was prepared similar to the procedure as given for Example 1. An
isocyanate terminated prepolymer was first prepared by reacting 1.2 g 1, 6 bexanc idoi, 36
£ Priplast3196, 20g STEPANOL PH-56, 3G ¢ DESMODUR-W, 2 drops of T-12, 5g N-
mcthyl pyrroltdone (NMI?) for 2 hrs 30 min at 0 °C. Then 4.5 £ N-MDEA was reacted for
another 1.5 hour. This isocyanate tenninated prepolymier was then partly chain terminated
with 3.0 g hydroxyethylacrylate (HEA) by reacting for another 1.5 hrs. ‘Then the
temperatare was reduced (o 65 °C and 10 g of DMAEMA-C-8 sale (prepared in a similar
manner as Example 1 _ng 1-bromooctane) was added dissolved in a mixture of 5 g NMP
and 20 g MEK along wit J0647 # AU VAZO-52. The solution was polymerized For total
six hours by adding another two baii{f{és 040650 g VAZO-32, dissalved in 1 g of NMP,) at
&2 hour inlervals.

The 180 g of this resulting product was dispersed in 170 g water containing 1.94 g
of acetic acid. Then it was chain extended with 8.39 g of adipic acid dihydrazide at 40 °C
for 8 hours. . The polymer had a cationic stabilizing group equivalent weight of 1318
£ polymer/equivalent and an antimicrofbal quaternary ammonium group equivalent weight
of 4641 g polymer/equivalent.

A

Example 5

The present Exarople was prepared exactly similar to Exarnple 4, except 5 g of
DMEMA-C16 salt was used. The polymer had a cationic stabilizing group eﬁuivajcnt
weight of 1324 g polymerfequivalent und an antinnicroibal quatermnary ammoninm group

equivaleni weight of 9,154 g polymer/squivalent.

Mechanical properties of Examples 4 and 5 were measured using an Inistron, model
1123 modified to 4400R (Inston Corporation Canton, MA) ut a crosshead speed of
200mm/mi. The sample thickness was upproximately 0.22mum and the cross sectional

avea of the filims were average 1.37 mm?.

Tensile Elongation (%)
{psi)
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Example ¢ 2310 256
Example 5 1096 196

Example 6
The present Example was prepared similar to Example 3 without any quaternary

amenopiwm salt,

Example 7

The Example was prepared stmilsr 1o Example 4, cxcopt the prepolymer was
prepared from 33 g TEGO-HSI-2311, 0.25 g TMP, 26 g of PRTIPLAST-3192, 26 &
DESMODUR-W. To this prepolymer 1.5 g of HEA wus added, then 3 g of DMAEMAC-
186 salt was uscd with Vazo-52 and polymerized as above, The polymer bad a cationic
stabilizing group equivalent weight of 1207 g polymerfequivalent und an antimicrobial

Yuaternary smmothum group equivalent weight of 15, 208 g polymerfequivalent.

Example §

This Example iflusirales the preparation of polyurethane terminated in biocidal
quatetnary groups (atkyl amidopropyl dialky] quaternary asmmoninm-alkyl-O-carbamato-
N-ethyl Methacrylate (ITEMA-Incromine--Br)).

The guaternary stumonium biocidal vinyl funclional salt was prepased from the
reaction product of isocyanatosthylmethacrylate and an allylamidopropyldialkyt

guaternary ammouioum alkanol,

First, un alkylamicopropyldislkyt quaternary ammoninm alkanol (Tncromine-SB3
reacted with 2 bremoethanol to form. the hydroxyethyl adduet (leeromine SB-OH)) was
prepared s in cxample 3. Then, the biocidal acylate quaternary emmoniuth salt of this
(IEMA-Tncromine-) was prepared g3 follows: 10 g of Tneromine SB-OH, 30 ¢ of Methyl
Eilyl Kelone, 10 g of N-Mcthyl pyrrotidene (NMP) and 0.0013 g of bydroquinone were

charged to a three necked flask equipped with a reflus condenser, sficter and a

36

JP 2004-511582 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

0

25

30

(74)

WO 0210244 PCT/US01/21666

thermometer. To this mixture, 3.12 g of isceyanatoethylmethacrylate (IRMA) in 10 g of
Methyl Ethyl Ketene (MEK) was added drop wise over a period of | hour at room
temperature. The flask was heated at 70 °C and a drep of dibutyl tin dilantate was added
and reacted for another 3 hours and 20 minntes. Infra red data showed cornplete
disappearance of isocyanate peak ~ 2100 e,

Next, an isocyanate-terminated prepoelymer was prepared as given helow:
51 g of Priplust-3192, mol. Wi of 2000, 8 g of Tone 0210, m.wi. of 830, 0.25 g of
Timethylol propane, 10 g of N-Methyl pyrrolidone and 31 g of Desmodur—W were added
in a resin reactor fitted with u condenser, stirrer, and a thermemeter, The mixtire was
beated at 80 °C and mixed for 30 minutes and 2 drops of dibuty] tin dilaurate was added
and reacted for 2 hours. Then 4.5 g of N-mefthyl dicthanolanine was added and reacted for
Lurther 2 hours.
1.5 g of hydroxy ethyl acrylate was added to this isovyanuie lenminated prepolymer and
redcted for 1 howr and 45 minutes to end cap a small partion of isocyanate.
The tesnperature of the above pastial end capped prepolymer was reduced to 60 °C, and
nitrogen was bubbled throngh. 4.24 g of IEMA-IncromineSB acrylate anitmierobial quat
was added to this prepolymer with 0.0689 g of Vazo-52 dissolved in 1 g of NMP and
reacted for 2 lours, then the reaction was continucd for another 2 hours after addition of
0.0180 g of Vazo-52.

The 80 g of the above reaction product was dispersed it 155 g of water containing
3.61 g of adipic acid dihydrazide and 1.52 g of glacial acetic acid by rotor-stater
homogenizer for 20 minutes. Then the resulting dispersion was further mixed at 1500 vpm
at 40 °C for 6 hours. A milky white dispersion was ohtained. A film was produced by
pouring the dispersion on a mould and allowed the waler to evaporate.. The cured film
after 7 days water immexrsion showed 14.8 % water absorption.  The polymer bad a
<ationic stabilizing group cquivalent weight of 1273 g polymer/equivalent and an
antimicroibal quaternary ammonjumn group equivalent weight of 14,808 g

polymerfequivalent,

Antimicrobial Test Procedure; The experiments were carried out in tissue cultare wells,

“Costar'*(6 well Tissue Culture yoated polystytenc obtained from Corning Incorporated)

37

JP 2004-511582 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(75)

WO 0210244 PCT/US01/21666

that hold about 10 m! of medium. There were G wells to a plate. The bottorns of the wells
were coaled with the polymer coatings of thickness approximately 0.05 mm, cured,
washed with 1:1 methanol, and then thoroughly with sterilized water. Thew the medinm, a
mineral nafrient for algue growth (sec secelerated algae test procedure) or a tryptic soy
broth (Difco) for bacterial growth was added to the wells. “lnserts” were udded to tluee
wells and threc wells were lcft without inset. Then the medium was inoculated with 2lgae
(Neochioris algae, obtained from the roofing shingles in Flotida) or with bucteria
(Bscherichia Coli ATCC 25922). An “insert” is a sleeve that fits inside the well and one
end of this sleeve (the hottomn) was fitked with 4 polycerbonale membrine with porte size of
0.2 micrometers or less (obtained as part No. from Nunc Inc). Thus, no cells can penetrate
his membrane but anything soluble frecly moves in and sut of the inseri,

Iz the wells with inserts (medinm was inside the insert as well as outside the insext) the
algae or bacteria were inoculated inside the inserts so that there were no ulgae ur bacteria
ouside the inserty. In wells without inscrts, the algac were inoculated directly into medivm
in the well and these akgae or bacteria were In contast with the coatings. The resulis [or
Exatuples 4-8 are shown in Table 2. Examples 4-7 were challenged with bacteria.

Dxample 8 was challengad with algae.
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Tuble 2
Ahsarbance 486 nm
Well w/o insert Inside the insert  Result
Samples Mean STDEV Mean STDEV
No ceatings 235 001 253 002 growth
(Bacteria)
Example 6 (Control)  1.03 0,65 242 005 growth
Example 7 032 040 250 002 kill wio lenching
Example 4 0.65 033 236 003 kill w/o Jeaching
Example § 0.4% Q41 243 00! kill w/o Jeaching
Example 8 0.17 004 0.62 Q02 iill w/o Jeuching
No coatings 077 Q.03 058 0.03 growth
(Alguc)

Aversge ul 3 seadinge

Example 9
This example illustrates polymer beund bioeidal quatemary amimoenium salt

dissolved in non-aqueous solvent

A diisocyanate terminated prepolymer was first made by charging 7.5 g of PC-
1122, 2 2000 molecular weighl polycarbonate diol, obtained from Stahl USA, Peabody,
MA, 3.74 g of FH-36, 0.11 g of neopentyl glycol, 7} g of acetone, 10 g of NMP, 0.22 g of
Naugurd-443, and 0.1 g of Tinuvin 292 in a [lask equipped with stirrer, nilrogen infel and
out-let and a thermometer. ‘The contents of the flask wore mixed for 10 minutes at 80 °C
then 7.1 g of Desmodur-W was added followed by 0.01 g of T-120 (a tin mercaptide
catalyst), obtaincd from Air Products, Allentown, PA. The mixture was reacted for 2 hours
and 10 minutes at 80 °C. Then (.76 g of N-methyldiethanclamine with 46 g of acetone was
added and reacted for 1 hour and 10 minutes.

0.65 g of hiydroxy ethyl methacrylate and 0.0003 g of hydroquinone were added
and further reacted for an hour to the resulting isocyanate terminated prepolymer to

partially end cap. Then 0.73 g of dimethyl sulfate and 45 g of acetone were added and
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reacted for 43 minutes. To this 0.2 g of Silane A-1170, obtained froro Union Carbide was
added and reacted for another 30 minutes.

The temperature of the flask was reduced to 60 °C followed by the addition of 4 g of
DMABMAC-16 salt (prepared as in Example 1) dissolved in a mixture of 10 g of N-
mcthyl pyrrolidone and 10 g of acetone. The acrylate polymerization was carried ont with
0.0349 g of AIBN in 1 g of NMP. The reaction mixture was further diluted with 25 g of
scetone. 0.0171 g of AIBN dissolved in 2 g of NMP was added 2 bours after the initial
addition of AIBN, followed by 0.0181 g of AIBN in 20 g of ucetone after another 2 hours,
'J:hr. polymerization was carried out for total 6 hours.

This quut-functional prepolymer was added to isopropyl alcohol contuining 0.3 g
of ethylene diamine. After complete addition with good mixing, an additional 0.3 g of
EDA was added. A cleur solution was obtained. The polymer had a cationic stabilizing
group equivalent weight of 1535 g polymer/equivalent and an antimicrobial quaternary

ammenium gronp equivalent weight of 2309 g polymer/equivalent.

EXAMPLE 10

This examplc illustrates preparation of polyurcthane prepolymer containing a
polyal vinyl compound having a two hydroxyl groups(e.g. glyceryl monomethacrylate), the
vinyl group is further polymerized with a the antimicrobial vinylic quarernary ammonium
compownd N, N-dimethyl N-hexadecyl-N ethyl methacrylate anunonium bromide salt.

The composition wag prepared first by charging 38.01 g (0.0608 cq) of Tone 0230,
£2 g (0.0288 eq) of Tone 0210 both available from Union Carbide, and 1 g of N-methyl
pyreolidone (NMP), obtained from BASE corporation in a reaction flask equipped with
stirrer, condenser, thermometer and nirmgcn inlet and oudet at 80 'C and then 40.2 g
{0.3068 eq) of Desmodur —W, avaitable from Bayer corporation, 1drop (0.015g ) of T-120
catalyst, available from Ajr Products and reacting for an hour, further reacting another
hour with 3.99 g (0.0670 cq) of N-rethyldiethano] amine. The temperanire was reduced to
70 °C and 2.0 g (0.0212 equivalence) of glycory] monomelhacrylats, available from
Monomer-Polymer & Dajec Laboratories, Inc. (Feasterville, PA), along with 0.004 g of
hydroguinone, available from Aldrich, dissolved in 10 g of methyl ehyl ketone, was udded
and thc reaction was continved for another hour. Then 1 g (0.0029 moles) of Silane A-
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1170, available from Union Curbide wus added and reacted for another | hour. At cach
stage, the complelion of the reaction was determined by determining the excess NCO by
standand titration procedure using sxvess dibutyl armine and back tilrating the excess
dibutyl amine after reaction with FICT

To this vinyl containing prepolymer, which is endcapped with silane, 10 g of W, N~
dimethyl N-hexadecyl-N cthyl methacrylate ammonium bromide salt

dissolved in ¢ mixture of 10 g of NMP snd 30 g of MEK was added and mixed for 5
minutes at 50 +/- 2 °C, and then 0.1 g of Vazo-32 dissolved in 1g of NMP was added und
the regction was catried out for 2 hours at 52 °C. Then two more porticns of Vazo-52, each
0.012 g were added at an interval of 2 hours to comuplete the polymerization. After that, N-
MDEA was yuateimized with 4.23 g of dimethy! sulfate, available from Aldrich for 1 hour.
206.5 of the resulting polyurethane prepolymer coataluing quat wus simultaneously
dispersed and chain extended in 190 g of water with 3.2 g of ethvlenediamine and was
dispersed in 2 Rotor-Stator homogenizer using a Omni mixes for 5 mioutes aod further
homogenized at a 4000psi using « Microlluidics homogenizer, available from
Mictrofluidics Tnternational Corporation, for another 5 mintes. A milky white dispersion
was obtained having patticle size of 458nm, measured by a Zeta Plus potential analyzer,
from Brookhaven straments Corporation and solids of 22.1 %. The polymer had a
cationic stabilizing group equivalent weight of 145 polymer/equivalent and an
antimierofbal quaternary ammonium group equivalent weight of 4500g

polymer/equivalent.

Example 11

This example iltustrates preparation of pobyurethane prepolymer containing a
polyol vinylic compound having two active hydrogen groups {hydroxyl groups),Giyceryl
monomethacrylate), 4 monol quaternary biacidal compound, and polymerization of the
¥inyl gronp on the polyolvinylic eompound with an antimicrobial quaternary ammonium
vinylic compound ( N, N-dimethyl N-hexadecyl N ethy] methacrylate ammonium bromide
salt).

The prepolymer was prepared similurly to Example 10 with 50 g of PH-56, 6 g
(0.0226 eq) of Tone 0200, 4 g N-MDEA, 37 g Des-W, 2 g glyceryl monormethacrylate, 1 g
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A-1170 and 10 g of NMP.

The prepolymer was fnther carried out at 76 °C for 1 honr 45 minules with 5 g ((0.010 eq)
of monol quat (hydroxyethylncromine B, as described in ex -1) disselved in a mixtore of
Sg NMPand 30g MEK) and then 5g of N, N-dimethyl N-hexadecyl-N ethyl methacrylate
ammoniurm salt was added with a mixture of 5 g of WMP and 10 g of MEE and
polymerized for 6 hours at 52 ¢ as above with 0.0599 £ of Vazo-52, added in threc
portions. Then 148 g of prepol ymer containing two kype of antimicrobial quaternury
ammonium. mocities was dispersed and chain extended in 190 g of water with 2.97 g of
EDA. and homegenized ag above, A milky white dispersion was obtained having particic
size of 475 nm and solids of 21.3%. The polymer had a cationic stahilizing group
equivalent weight of 1488 g polymer/equivalent und an antimieroibal qualernary

ammonium group equivalent weight of 3527g palymer/equivalent.

Example 12

This cxamplc iliustratcs the preparation of water soluble covalently bonded quat
polymer. This was catrfed out by charging 38.2 g of Variquat K-1215, available from.
Witco Corporation, 26.07 g of Isophorone diisocyanate, available from Huls Cotporation
TJSA, 10.85 g of acetone in a flask equipped with condenser, sticrer, thermometer, and
nitrogen inlet and cutlet, reacting at 75°C for 1 hour. Then 38.4 g Carbowax PEG 1000,
available from Union Carbide was added and reacted at 80°C for 45 minutes. Then 10.32
£ of moenol quat (Stearamidopropyl-N, N dimethyl-N hydroxyethylammonivm. bromidc
(“hydroxyethyl-Incromine SB}, as prepared in ex-3) alang with 40 g of methyl ethy! ketone
was added and reacted for 3 bours at 80°C and further reacted for 2 hours al 70°C with
additional 20 g of MEK. Then 20 g of prepolymer, thus covalently attached quat wag
ihispersed and chain extended in 300 g of water containing 0.1 g EDA, using a Rotor Stator
homegenizer as described above. The dispersion was mixed for another 4 houss. A
coloriess dispersion was obtained.

MEK was removed from the dispersion, first in a vacuunr oven for 30 mimites and
thien by heating at 55°C fer 4 hours using a Rota Vapor. The polymer concentration was

adjusted to 10% by weight. The polymer had a cationic stabilizing group equivalent weight
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of 1209g polymeriequivalent and an antisnicroibal quaternary ammonium group equivalent

weight of 4910y polymer/equivalent.

The polymer solution was tested for antimicrobial activity by the following method:
Staphylococcus aureus ATCC 14154 was cultured on a 5% sheep blood agar plate. A
suspension of thig ergatism was made in phosphale buffered saline using a Klett-
Summerson photoelectric meter to a target concemration of approximately 1.0 x 10°
colony lorming uaitshnilliliter (CFU/mL). A 1:10 difution was made of this suspension in
phosphate buffered saline 1o obtain approximately 1.0 x 10° CFU/mL.

Test solutions were made with the polymeric quaternary sample by dilating 1:10 (1%
solids) and 1:40 (0.25% solids) in sterile water to u final volume of 10 mL. The diloted
test sohutions were inoculated with 0.1 mlL of the organism suspension so that the test
solution, contained upproximately 1.0 x 10% CFU/mL. Ten mlL of phosphate buffered
saline was also inoculated with organism which was used as a growth control. The tubes

wete mixed by vortexing and kept at room lemperature during the test.

At 6 hours and 24 hours after test solntion inoculation, u 1.0 mL aliquot from each test
sample was bansfeoed to 9.0 mL Dey Engley Neutralizing Broth, The samples were
serially diluted in phesphate buffered saline and pour plates were prepared from the
appropriate dilutions using Tryptic Soy Agar. Plates were Incubated at 37°C for 48 hours
and the numbers of colony forming units were determined according to standard

microhiological methods.

Resuits
No organisms were recovered at 6 hours for efther dilution of the test suspension. For this
reason, testing was not performed at 24 bours. The PBS growth control grew 6.13 [ogs of

bacteria.
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! QOrganism Time Log Reduction | Log Reduction
; for for
1:10 dilution | 1:40 dilution |
S, anreus § hours 6.13% 6.13*
(1.35%10%

*ne surviving bacteria (<10 CFU/mL)

The above specification, examples and data provide a ecmplete description
of the manufaciure and usc of the composition of the invention. Since many embodiments
of the invenfion car be made withont departing from: the spirit and seope of the invention,

the invention resides in the claims hereinatter appended.
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WE CLAIM:
1 A polymeric composition, comprising, a polyurethane potymer derived from a

polyisocyanate componnd and a polyactive hydrogen componnd, said polyurethanc
polymer at least partially endcapped with 2 group including at Ieast one antimicrabial
quaternary ammenium group, said polymeric cornposition capable of forming a self

supporting film.

2 The polymeric composition of claim 1, wherein said antimicrobial quaternary
ammoenium group iy selocted from:

MNHRDR2 A N Ra)aRy A

—MRZ—*N/ N

—Rs —'N YA
4

wherein each R, is independently Cy alkyl optionally substituted in or on the chain by N,
O, and 3, benzyl, Cy.4 substituted benzyl, and Ph-O-CHACH,- where Ph= phenyl; Rz is

; 0r

Ca.05 sfraight or branched chain alkyl or Cyas aralkyl optionally substituted in or on the
chain by N, O and 8; R5 is a linkage growp which is Cy.z4, alky] optionally substituted in or
on the chain by N, O and 3; and A is an anionic counter ion and is selected trom halogen,

alkyl sulfate, carboxylate, sulfonate, sulfate, phosphonate or phosphate,

3. The polymeric compesition of claim 1, whecein the antimicrobial qualemnary
ammenim group is derived from an active hydrogen compound and attached at the
terminal position of said polyorethane polymer through a urethans, urea, thioures, or

thicurcthane fonctional group.

4, The polyrmeric composition of claim 3, wherein satd antimicrobial quaternary

amypenium group is inchided in compounds of the formula;

45

JP 2004-511582 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

]

30

(83)

WO 0210244 PCT/US01/21666

Erﬂa (CH(C (@NH(CHZ)y)E,]q 2@y (CHy3,LH QF

wherejn:

misbor2;pisOor?andq=1 or2 provided that m+q=3;xis 6§ to20; yis 2-8,
zi8 2-10; L is O, 8, NRs or MH; where Rs is Ci.4 allkyl or benzyl

cach Ry is independently Cy.q alkyl, phenyl or Cg g aralkyl; and

Q%is halogen, alkyl sulfate, or carboxylate, sulfonate, sulfate, phosphonate or
phosphate.

5. The polymeric composition of claim 3, wherein the antimicrobial quaternary

amtnonium group is an atkylamidopropyldimethylbydroxyalkyl ammonivim salt

a, The polymeric composition of claim 1, wherein the polyurethane polymer

comyuises g cationic stabilizing moiety,

7. The polymeric composition of claii 6, wherein the polymeric composition is

dispersed in water.

8, The polymeric composition of ¢laim 6, wherein the cationic stabilizing moiety is

presant at & concentration of about 250 to sbout 5000 g polymer/equivilent.

9. The palymeric composition af claim 7, wherein the dispersion iy stable for o pexiod

of at Jeast four weeks at 23 °C to 25 °C.

10.  The polymeric composition of claim 1, wherein said polyurethane polymer is the
reaction procuct of:
#. an isocyanate terminated prepolymer formed by the reaction of said
polyisocyanate with said polyactive hydrogen compound, :nd

b. achain extender having polynctive hydrogen groups.
11 The pelymeric composition of claim 10, wherein said polyfonctional active
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hydrogen compound of said isoryanite terminated prepolymer is 1 polyol compound and
whercin the mole ratio of isocyanate groups to active hydrogen groups of the polyol

compound is at least 1.6.

12, The polymeric composition of claim 10, wherein the antimicrobial quaternary
ammonium geoup is derived from an active hydrogen compound and attached at the
termiinal position of the polymer through a urethane, urea, thionrea, or thiowrethane

fonctional gronp.

13. ¢ 7)1'135 polymeric composition of ¢laim 10, wherein the chain extender is selected
from alkylene polyamines, arylene polyamines, aralkylene polyamines, dicarboxylic acid

dihydrazides or mixtues theseof.

14, The polymeric composition of claim. 10, where in the ratio of polyactive lydrogen
groups on the chain cxtender and the isocyanate groups on the isocvanate terminated

prepolymer is 0.8 to 1.2.

15. The pelymeric compasition of claim 10, whersin the polyurethane polymer comprises

a cationic stabilising moiety dispersed in water.

18 The polymeric composition of claim [, wherein the polyisocyanate compound is
selected from tsophorone diisocyanate, hexamethylene diisocyanate, biuret derivatives of
bexamethylene diisocyanate, 4,.4"-methylene diphenyl difsocyanate, tolucne 2,4-
diisocyanate, 4,4°-dicyclohexylmetbane diisocyanare , 1,4-cyclohexane diisocyanate,
bis{isocyanatomethylcyclohexsne, 3, § - triisacyanatocyclobcxanc-s-trione or mixtures

thereof.

17. The polymetic compesition of claim. 1, wherein the at least one antimicrobial
guaternary ammonium group i8 located on an zddition polymerized group and wherein
said polyurethune polymer is derived from a monol vinylic compound and wherein the

total cquivalents of isocyanate used to form said polyurethane polymer is greater than the
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equivalents of active Trydrogen groups eontributed by said polyactive hydrogen compound
used to form said polynretianc polymer and said monol or polyel vinylic compound, and
the: addition polymetization group is formed by reaction of said monel or palyol vinylic
compound with a vinylic compommd having at least one antimicrobial quaternary

5 aNMOnium geoup.

18, The polymexic composition of cluim 17, whercin the one antimicrobial quaternary
ammoniam group of said vinylic compound is selected from
NRR2 A L -N'RokRi A

— Ry — N d \)A'

10 or

. _+TDA-

X

Where sach Ry is independently C'1-C4 alkyl optionally substituted in or an the
chain by N, O, and 8 (¢.g. hydroryethyl), benzyl, C1-C4 substituted benzyl, and
Ph-O-CIHCHy- whers Ph=pheayl;  Rois C8-C26 straight or branched chale

15 alkyl or C8-C30 wralkyl optionally substituted in or on the chasn by N, O and 5; Ry
is & limkage group which is C8-C26 alkyl optionally substitoted in or on the chain
by N, O and S, und A is an anionie counier jon and iy sclected from halogén. allkyt

sulfate, carboxylate, sulfonate, sulfate, phosphonate or phosphate.

20 19 The polymeric compasition of claim 17, wherein said vinylic compound having an

sntimicrobial quaternery arnmonium grovp is an alkylaminoacrylate of the formufa:

ch=c»gf O—R—zF
ty

wherein:

Ryis Her CH;;
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Rsis & Cos alkylene;
Q ®ise halogen, ulkyl sulfate, alkylsulfonate or carboxylute;
2% is NP Rots, NERE®

wherein:
Rs is Cy.zo alleyl, benzyl, or substituted benzyl;
Re is Hor Cra alkyk;
i 20, The polymeric compesition of claim 17, wherein said monol vinylic compound fs

selected from allyl alcohol, allyl aminc, or a hydroxyalkyl acrylic compound of the

foruta:
Hzc::o—lcrz— ¥ —Fy—OH
1
15 wherein:
Y is O or NH;
Ryis Hor CHs;
Rais a Cpgalkylene;
or mixiwes thereof.
0
23, The polymeric composition of claim 26, whersin the monol vinylic compond is
hydroxyethylmethacrylate or hydroxyethylacrylae.
22, The polymeric composition of claim 19, wherein the: alkylaminoacrylate is N, N-
25 dimethyl-N-hexadecyl-N-propylnicthacrylate ammoniurs salt or

alkylamidopropyldialk vlquaternary ammonium-alkyl-o-carbamato N-ethylmethacrylate.
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23, The polymeric compasition of claim 17, wherein the polyisocyanate compound is
selected from isophorone dilsocyanate, hexamethylene diisocyanate, biuret derivatives of
hexamethylene ditsocyanate, 4,4*-methylene diphenyl dfisocyanate, toluene 2.4-
diisocyanate, 4,4’ -dicyclohexyimethune diisocyanute , 1 4-cyelobexane diisocyanate,
bis(isocyanatomethylleyclohexane, 1,3,5-rlisccyanatocyclohexane-s-trione ov mixtures

thereof.

24, The polymeric composition of claim 17, wherein af icast one isocyanate group of
the polyisocyanate compound is combined with a mono) having a biocidal quaternary

UIMITIODIUI group. .

23, The polymeric composition of claire 24, wherein the monel is

alkylamidopropyldimethylhydroxyatkyl ammoninm salt

26.  The polymeric composition of claim 17, wherein the polyfunctional hydrogen

compeound is al least one polyol vinylic compound.

27, The polymeric composition of claim 26, wherein (he polyol vinylic eompound is
sclected from. glycerol monoallyl ether, N,N dimethylol -1 butene, 4 (N,N-

dihydroxyalkylaminomethyl) styeene, or an acrylic compound of the genera] formula:

HngC*C*Y-RZ
1

wherein:
Y is O or NH;
Ry is Hor CHs;
Ry 15 -CHZCHgN (CHzCHLX )3, -(CHLCHIOR)CH0)—

CHaCH(OR3)CH; ORs;

in which X is OH, NH; or alkoxyfated derivatives of QH or NIi; , sach Ry is
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independently —(CIOYRa or H where Rq is Cy.g alkyl und whersin al least two Ry groups
are H and nis 0-10;

ot iniztares thercof.

28.  The polymeric composition of claim 27, whercin the vinylic compound having an

antimicrobial quaternary ammoenimmn group is an alkylaminoalkyl acrylale of the formula:

BC—C-C—0—R:z°¢°
a8

wherein:
Ryis Hor CHs;
Rsis a Cyyp alkylene;

Q © s a halogen, alkyl sulfate, alkylulfonale or curboxylate;
2% 15 N @iy, NP Ra(Rs)s

Rj i Cgzp alkyl, benzyl, o substituted benzyl,
Reis H or Cp., ulleyl;

‘wherein:

29, The polymeric composition of claim 1, wherein said polytmetic composition is

water soloble.

30.  The polymeric composition of claim I, whercio the polymeric composition is water

insoluble.

31, Apolymeric composition comprising, a polyurethane polymer derived from a
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polyisecyanate compound a polyactive hydrogen compoond having a pendant addition
polymer chain wherein the polyurethane polymer is derived from polyisncyanats and a
polyactive hydrogen componnd, the polyactive hydrogen compound comprises 4 polyol
vinylic compound, and the pendant addition polyrmer chain derived from a reaction of the
polyel vinylic compound with a vinylic compound having af least one untimicrobial

quaternary anmoNium group.

32, The polymeric composition of claim 31, wherein the polyol vinylic compound is
selected from glycerol monoallyl ether, NN dimethylol -1 butene, 4 (N,N-

dihydroxyalkyluminomettyd) styrene, or an acrylic compound of the general formula:

HC=C-C—YR,
1

wherein:
Y is O or NH;
R, is Hor CHj:

R; is -CHaCHyN (CH3CH, X)), -(CHyCH(OR3)CH20)—CHCH(OR 3) CHA0Ra;
it which X is OH, NIl or alkoxylated devivatives of OH or NH; each Rj is
independently ~(C(O} Ry or H where Ry s Cy.15 alkyl and wherein at least twe Ry groups

awre Hand L=0or 1, and nis 0-10;

33, The polymeric composition of claim 31, wherain the antimicrobial quatermzry
ammaninm group is present in (he composition at a concentraiion of abaut 1000 to 20,000

g polymer/cquivalent antimicrobial quaterpary ammoenium group.

34, The polymeri¢ composition of claim 31, having a biocidal qualemury ammonium
group covalently attuched fo the polyurethane polymer derived from a mono-active

hydrogen compaund.

35.  The pelymeric composition of claim 34, wherein the meno-active hydrogen

compound includes compounds of the formula:
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Ezﬂatcm)K<C(0)NH(CHz)y>ﬂq N (CHz), LH 0P

mislor2;pisQorlandqg=1or2 provided that n1+q=3 ; xi8 6 to 20; yi5 2-8 , 215 2-
10; Lis O, 3, NRs or NH; where Rx is T alkyl or benzyl

cach R, is independently Cy 4 alkyl, phenyl or Co.yp aralkyl; and

Q s halogen, alkyl sulfate, or carhoxylate, sulfonate, sulfate, phosphonate or

phosphate.

36,  The polymeric composition of claim 34, wherein ihe mono-active hydrogen

compound is alkylamidopropyldimethylhydroxyalkyl ammonfum salt,

37.  The polymeric composition of claim 31, wherein the polyurethane polymer

comprises 1 cationic stabilizing moiety dispersed in water,

38, The polymeric compusition of claim 37, wherein the cationic stabilizing moicty is
present at a concentration of about 250 to about 5000 g polymer/equivalent cationic

stabilizing moloty. ' v

3. The polymede conposition of claims 31, wherein the polyfunctional active
bydrogen compound js selccted from the group consisting of polyolefin polyols,
palycaprolactome polyols, polysster polyols based on isophthalic acid and/o terephthalic

ueid, polyols based on polydiniethylsiloxanes, polycther polyols and combinations thercof.

40.  The polymerie composition of claim 31, wherein the antimicrobial activity is not

leachable and therefors durabis.

41. A method of prevenling the growth of microorganisms on 4n subyirate comprising
coating the substrate with an aqueous dispersion of a biocidal polyurethane polymer
comprising a pelyurethane composition according to claim 1.

42, Anarticle comprising 4 substrate coated with the pelymeric compesition of claim
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43 Anarticle according to claim 42, wherein the substrate is roofing felt, roofing

shingle, roofing granules, tile, conerete, metal, polymeric, cloth, fihers or wood,

44.  An article according to ¢laim 42, whercin the substrate is a medical article.
45. A pelymeric composition, comprising, a polyurethane pelymer derived from a
polyisocyunate compound and a polyactive hydrogen compound, said polyurethanc

polymer at least partially endeapped with a group including at Jeast one antimicrobial

quaternary ammoninm group, wherein said polymerie composition is soluble in water.
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