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This invention relates to pressure sensitive adhesives for use with
wound dressings or transdermal drug delivery systems in which the
adhesives are resistant to plasticization by skin penetration enhancers

contained in the drug formulation.

A typical transdermal drug delivery or wound dressing system
comprises a flexible backing on which are applied either as one layer or in
spatial separation: a pressure sensitive adhesive, the desired drug, énd.
particularly in the case of the transdermal systems, a skin-penetration
enhancef for the drug. The enhancers useful in transdermal drug delivery
applications are well documented and fall into the categories of sulfoxides,
alcoﬁcls, fatty acids, fatty acid esters, polyols, polyamides, and surfactants.

Historically, the adhesives used for transdermal drug delivery fall into
one of three cétegories: . acrylics, silicones and rubbers. Silicone based
.adhesives have a long history of use on skin becausa of their purity and low
tendency to cause skin irritation. However, their non-polar nature limits the
loading of polar drugs into the adhesive and the chemistry renders the
compasition relatively inflexible. Rubber based adhesives on the other hand
are more flexible, but need to be formulated with relatively high amounts
tackifiers and plasticizers to provide pressure sensitive properties, and
antioxidants to improve stability upon exposure to fight {UV). The presence
of such high levels of low molecular weight additives leads to skin irritation
and presents the danger of the additives penetrating the skin barrier.

Rubber based adhesives are also non-polar.and thus limit the loading of

‘functional drugs into the adhesive.
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particularly in the case of the transdernmal systens, a skin-penetration
enhancer for the drug. The enhancers useful in transdermal drug delivery
aﬁﬁTTEEFT6ﬁ§_§Té‘mEff docurented and fall into the categories of
sulfﬁm%ggﬁ al cohols, fatty acids, fatty acid esters,

poly 4 and surfact,ants.
Hlst dheS|ves used for transdermal drug delivery fall into
one of three categories: acrylics, silicones and

rubbers. S|I|cone based — adhesi ves have a |long history
of use on skin because of coirip&iison Rl silidoplesaan fubber adhesives, acrylic adhesives t endency
to cause skin irritation. However, their non-polar nature limts the _
| oadi ng of pol ar defey= number df hdvaadbes | the clamistiyieeasivemaspulated @rpdenis t he 25
conposition relatively inflexible. Rubber based adhesives on the other hand
are nore flexibl e, thewynthesisdoftbothipelaf emdradnagcled adhasives. abanentiarily syntrgtic anount s
tackifiers and plasticizers to provide pressure sensitive properties, and
antioxi dants to i nfRcoRitUesteapi bg ksedi sempesitisns Lree teotalgrethtto (Qu¥) sedifie presence

30 - of such high | evels of |ow nolecular weight additives
| eads t® skin irri PHPFHEFF without the use of any added ingredients; they are UV stable and

can be stored for extended periods of time; and most drugs are more readily
soluble in acrylic adhesives than in silicones and rubbers, which allows a
higher loading of drug into a smaller patch size and serves to imprové patient
10 compliance.
Despite these advantages, acrylic adhesives are highly compatible

or soluble in the commonly used skin penetration enhancers compared to the

refatively inert silicones and rubbers. This compatibility limits the loading of
10 enhancer and, consequently, the capability of the system to deliver optimum
levels of the desired drugs. It also, over time, causes the acrylic adhesive
to plasticize to such an extent that it disintegrates with a loss of cohesive
20 and adhesive: properties.

Attempts ha\./e been made to counteract this dissolution by increasing
the level of crosslinking in the adhesive or by grafting polymers, such as
polystyrene, with higher Tg values onto the acrylic polymeric chain.

25 However, high crosslinking results in inflexible adhesives, and as the
enhancer becomes depleted by absorption into the skin, the presence of the
high Tg polystyrene grafts causes a loss in pressure sensitive properties.

In addition to problems with the compositions of the adhesives, the

30 techniques for making the graft and block copolymers with acrylic backbone

also present problems. Techniques described in the literature include

polymerization ‘of the grafted moiéty from a site, such as a hydroxyl group,

s

on the backbone polymer using peroxides as free radical initiators, or the use

of macromonomers (as the grafted moiety) with a terminal double bon .
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and‘presents t he danger of the additives penetrating the skin barrier.
Rubber based adhesives are al so non-polar and thus limt the | oading of
2 In conparison to silicones and rubber

adhesi ves, acrylic adhesives of fer a nunber of
advantages: the chem stry is easily manipulated to permt

the synthesis of both polar and non-pol ar adhesives; conventional synthetic
t echni ques can be used; conpositions can be tailored to give specific 5

properties wthout the use of any added ingredi ent stable and
can be stored for eXxMmenemEel 9‘6!“90%‘/"&"2?‘5"% T%d‘s’nﬁzt"er&?" %ss?%ﬂrét%re readily

soluble in acrylic p%%%%ﬁéa\t/lgns frgrrr]\asnr'gesl oh the Laa&ggn%sregu IS il L}ﬁlggrﬁfoﬁed 8\@&&5‘1 allows a

terms of frequency and length of grafts. Uncontrolled grafting produces a
polymer with morphologies that do not give optimum cohesion (because of
low moalecular weight homogolymer formation) or produces low molecular
weight grafts that do not provide any reinforcement in the presence of
enhancers. The use of macromers during a free radical polymerization is
inefficient, results in high residual monomers, and early chain termination

10 because of the large number of terminating sites available on the grafts.

1t would be an advantage to provide an adhesive, suitable for use in
a wound dressing or transdermal drug delivery system, that maintains its
pressure sensitive properties and does not dissolve in the commonly used
15 skin-penetration enhancers over time and through use.
The objects of this invention are to provide a pressure sensitive
acrylic polymer with sufficient cohesion and adhesion for use in transdermal
drug delivgr‘y systems that is insoluble in the commonly used enhancers. and

20
thus will maintain its adhesive and cohesive strength over time.

The objects of this invention are achieved through a graft copolymer,

having a weight average molecular weight of 300,000 or greater, that

25 demonstrates good performance on skin in the presence of skin-penetration
enhancers without extensive crosslinking or high Tg grafts. The graft

copolymer comprises copolymerized acrylic and, optionally, vinyl monomers,

to form a backbone polymer, to which are grafted polymeric moieties that

30 absorb less than 10% by weight of a skin-penetration enhancer under
thermodynamic equilibrium at 25°C if independently introduced into an

excess of the enhancer. Preferably, the grafted polymers are selected from
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hi gher | oading of drug into a smaller patch size and serves to inprove
.patient 10 conpl i ance. ' . Despite
t hese advant ages, acrylic adhesives are highly conpatible

or soluble in the commonly used skin penetration enhancers conpared to the
‘relatively inert silicones and rubbers. This conpatibility limts the

| oaditng of 15 enhancer and, consequently, the capability
of the systemto deliver optinmum | evel s of the desired
drugs. It also, over tine, causes the acrylic adhesive to
pl asticize to such an extent that it disintegrates with a | oss of cohesive
20 apd aghgsd vVerPIHRRBEIERS: poly(sthyleneoxide/propyleneoxide)s,

Attenpts have been nade to counteract this JI ssol ution by increasing

the level of cr ossh&w&sb@ac@m, bélsadhBade, \Wad Pdlydmideggoiniers) gSreoifiy geaited such as
pol ystyrene, with higher Tg values onto the acrylic polyneric chain. 25

However, high crosgbiytdes R@i d6pend bf thenspenifit exhdobers aded i ¥ earticdarddrag t he
enhancer becones depl eted by absorption into the skin, the presence of the
hi gh Tg pol yst yr eneelgemfdrsvonadi sessiag |spsem jimaspues g8 diferseh shhangers pribper t i es.
5 . :
present different solubility considerations for the adhesives.
The preferred grafting technique comprises separately preforming the

acrylic/vinyl backbone and the enhancer resistant polymer and then grafting

10 the enhancer resistant polymer onto the acrylic/vinyl backbone.

‘ The acrylicivinyl polymeric backbone is synthesized from those
known acrylic and vinyl monomers in weight proportion to give a glass
transition temperature of -30°C or lower and the desired pressure sensitive

1 cohesive and adhesive properties for the particular transdermal application.
In addition, the polymeri'c backbone will also be synthesized from 0.5-2.0%
by weight of a functionalized viny! manomer containing a polymerizable viny!

20 group and.a second functional group that is capable of being reacted in a

condensation reaction with a third functionality on the preformed polymers
that are to be grafted onto the polymeric backbone. Preferably, the
functional monomers will be 2-isocyanato ethyl methacrylate, ally! isacyanate,

25 and more preferably, will be 1-(1-is§cyanato-1-methyl ethyl)-3-(1-methyl
ethenyl)benzene (hereinafter, m-TMt), which introduce pendant isocyanate
functionality to the polymeric backbone.

Although other grafting techniques are known, for example, polymeric

30 moieties may be grafted by polymerizing monomer onto reactive sites

locafed on the backbone or by copolymerizing the ac.':rylic and vinyl

monomers  with preformed polymeric monomer, the preferred grafting

K technique comprises attaching preformed polymeric moieties to sites on the
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In addition to problenms with the conpositions of the adhesives, the 30
techniques for making the graft and bl ock copolynmers with acrylic backbone
al so present problens. Techni ques described in the literature include
pol ymeri zation of the grafted noiety froma site, such as a hydroxyl group,
on the backbone pol yner using peroxides as free radical initiators, or the

use = of macronononers (as the grafted noiety) with a
term nal doubl e bond as

3 a nononer during polynerization. The use of
peroxides to initiate a pol yneri zation fromsites on

the backbone resul tgpetbihet Haboh® VaeflcaHd8Asatidtd rdabtion. This preferred grafting
terns of frequency and length of grafts. Uncontrolled grafting produces a

' technique permits the graft of previously synthesized polymers that have

substantially the same molecular weight, and allows predetermination of the

grafting distribution by control of the amount of m-TMI copolymerized into the

backbone polymer. This technique also results in lower levels of monomer

residuals in the final graft polymers.

The polymeric acrylic/vinyl backbone is prepared from those known

10 acrylic and vinyl monomers, in the weight proportion required to give the
proper balance of pressure sensitive properties. Exemplary acrylic
fnonomers include a,3-unsaturated mono- and dicarboxylic acids having 3-5
carbon atoms, such as acrylic acid, methacrylic acid, and itaconic acid;
15 acrylate ester monomers selected from the group consisting of the alkyl
esters of acrylic and methacrylic acid in which the alkyl groups contain 4 to
14 carbon atoms, preferably 4 to 8 carbon atoms, such as, n-butyl acrylate,
n-pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, n-octyl acrylate, n-nonyl
20 acrylate, and tl;eir corresponding branched isomers, such as, 2-ethylhexyl
acrylate.
Exemplary vinyl monomers include those selected from the groups
25 consisting of vinyl esters, vinyl ethers, vinyl halides, vinylidene halides, and
include, for example, vinyl acetate, acrylamide, t-octyl acrylamide, ethy! viny!
ether, vinyl chloride, vinylidene chloride, acrylonitrile, maleic anhydride and
styrene.
30 In addition to the acrylic and vinyl moniomers, the backbone polymer

will also be synthesized from a monomer having a vinyl functionality, which

will react in the polymerization process, and a second functionality unreactive

This Sheet Has Been Replaced

5 REPLACED .

[T — THS SFEET S G



pol'ymer with nor phol ogi es that do not give optimm cohesion (because of
'ow ol ecul ar wei ght honmopol ymer formation) or produces |ow nol ecul ar

wei ght grafts that do not provide any reinforcenent in the presence of
enhancers. The use of macroners during a free radical polynerization is
inefficient, results in high residual nononers, and early chain termnation
10 i because of the | arge nunber of termnating sites
avai |l abl e on the grafts. It would be an

advant age to provide an adhesive, suitable for use in

a wound dressi ng Oin thé poifAazafh, Bltkgpdbtd oiredding insd eamlerishiddn redtiob @sns its
pressure sensitive properties and does not dissolve in the commonly used

15 $tei sitepfenettachihg dine poiyrasrs €o deograftedt fontbe dackbohe.oUgd use.

The objects of this invention are to provide a pressure sensitive
acrylic.pol ymer wi phefemet fdusli fentiorabmeserner wilh e atthdh iaoh Willope inswspdrated

t ransder nal drug delivery systens that is insoluble in
the commonly used éhhlgMelaf 8.5-28nby weight of the backbone polymer.  t hys wil|l maintain
its adhesive and cohesive strength over tine

The objegs of this invaht PEREIE efche @9’&"6%%?%?559?%"3&% A Pher

mixing the monomers together with initiator under inert atmosphere using
well-known free-radical solution, emulsion, or bulk polymerization procedures.
After the polymerization is complete, the pendant functionality on the polymer
10 chain is reacted in a condensation reaction with the polymer to be grafted,
which will be selected or prepared to have a functional group reactive with
the pendant functionality on the polymer backbone. When m-TMI is
incorporated, the site for attaching the pendant grafts is the isocyanate
15 functionality, and the preformed grafts will have, for example, hydraoxyl or
amine functional groups.
The polymers to be grafted will be insoluble in an excess of drug
20 enhancer to the extent that they absorb ten percent or less by weight of the
ehhancer under thermodynémic equilibrium at 25°C. In an ideal situation, the
Qraft polymers will absorb 0% of the enhancer. In practice, it is known that
polymers that absorb 10% or greater of the enhancer by weight will
25 disintegrate in the presence of the enhancer. Therefare, practicably, suitable
polymers will absorb by weight of the enhancer, less than 10%, preferably
less than 7%, and more preferably less than 3%.
Representative commercially available palymers for grafting to the
30 acrylic/vinyl chain are amine-terminated saccharides from National Starch

and Chemical Co., Bridgewater, New Jersey; polybutylenes, sold under the

tradename Kraton by Shell Chemical Company, Houston, Texas;
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havi ng a wei ght average nol ecul ar wei ght of 300,000 or greater, that 25
denonstrates good performance on skin in the presence of skin-penetration

enhancers w t hout extensive crosslinking or high Tg grafts. The graft

copol Yy shéR R Be&&paR0! yneri zed acrylic and, optionally, vinyl

nononers,

to for ymer, to which are grafted polyneric noieties that 30
absorb mm y wei ght of a skin-penetration enhancer under
t her nod [ fumat 25 Cif independently introduced into an

excess of the enhancer. Preferably, the grafted polyners are selected from

4

pol y( et hyl eneoxi de/

10

15

20

25

30

ol%(gﬁylencelo%ﬁé:‘/@% ylecg'lfeoxi&)ecil %thotamin%g,ewld under the tradename
Br pyr eneoxi e?s,
Jeffamine by Huntsman Corporation, Houston, Texas; polyamides, sold
under the tradename Uni-Rex by Union Camp Corporation, Jacksonvillé,
Florida; and polycaprolactams, sold under the tradename Ultramid, by BASF
Corparation, Parsippany, New Jersey.

The polysaccharide grafts provide the added advantage of being

biocompatible and partially biodegradable.

Poly(ethyleneoxide/propyleneoxide) monoamines provide the advantage of

having higher water vapor transmission rates than other polymers for
grafting. These properties, the biccompatibility and the good water vapor
transmission rates are especially desirable in transdermal drug delivery
systems and wound dressings.

Other polymers suitable for grafting onto the backbone polymer
include homopolymers of vinyl esters, such as, poly(vinyl acetate), poly(vinyl
propionate), poly(vinyl pivaiate), homopolymers of vinyl halides such as
poly(vinyl chloride), poly(vinyledyne chloride) etc.; hompolymers of N-vinyl
amides, such as poly-(n-vinyl formamide), poly(n-vinyl acetamide), poly(n-
vinyl pyrrolidone), poly-(n-vinyl caprolactum) etc.; amides such as
poly(acrylamide), poly(methacrylamide), poly(dimethyl  acrylamine);
homopolymers of vinyl ethers such as, poly(sopropyl vinyl ether), poly(butyl
vinyl ether) etc.; polyesters, such as poly(ethylene terephthalate),
poly(ethylene phthalate), poly(ethylene isophthalate) etc.; and
polycarbonates, such as, poly(4,4 methylenediphenylene carbonate) etc.

The graft polymers are typically recovered as Iacquers_ and are
coated onto a porous supporting backing material having the ability to absorb
moisture and provide integrity for the adhesive. Examples of such materials

are knitted, woven, and non-waven fabrics comprised of natural or synthetié

materials.
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pol ycaprol actam pol ysacchari de, and pol yam de pol yners. Specific grafted
polyners will depend on the specific enhancers used in a particular drug
delivery or wound dressing systeminasnuch as different enhancers will 5
present different solubility considerations for the adhesives.

The preferred grafting technique conprises separately preformng the

acryl’t c/vinyl backbone and the enhancer resistant polynmer and then grafting

10 t he enhancer resistant polymer onto the acrylic/vinyl
backbone. The acrylic/vinyl polyneric backbone is
synt hesi zed from t hose known acrylic and vinyl nononers in

wei ght proportion to gi VRe Rs@tafb§raft polymers have good skin 4dhadid driddnésimper at ure
of -30[err]C or Iower and the desired pressure sensitive 15

cohesi ve and adhesiavié afrsedprih theprdsehcd drakip peddtratinagnhircans s dae fadwing

application. I n addi tion, the polynmeric backbone:w |l also
be synt hesi zed fromxéndes?.dddoribe the polymerization dogcedureg)hfor geprasehtatied | onal | zed
vi nyl nononer containing a polynerizable vinyl 20 group and a

second functional g@ewligvinyhadlymers capdid grating bethe gnhagerrtresistam palymers,
condensation reaction with a third functionality on the preforned polyners
5 the analytical test methods, and the results of tests measuring cohesive and

adhesive strength for the graft copolymers.

Examples

Example |. Preparation of Base Polymer for Examples A-P and R-Z

10 . . . - .
The reaction equipment consisted of a five-liter reaction vessel

equipped with a thermometer, reflux condenser, Nz inlet, mechanical stirrer,

and addition funnels. A mix of monomers (hereinafter Monomer) was

] prepared to contain by weight 45.5 parts butyl acrylate, 32.5 parts 2-ethyl
° hexyl acrylate, and 20.55 parts methyl methacrylate. By weight 3.55 paris
Monomer, 1.45 parts m-TMI and 0.004 parts azobisisobutyronitrile (initiator)

in 16.5 parts ethyl acetate and 16.5 perts hexane, were charged to the

20 reaction vessel under nitrogen and heated with agitation (275 rpm) to reflux
and held for ten minutes at 65°C. Nitrogen flow was discontinued when
reflux started. Monomer, 95 parts, was added uniformly over two hours.
Thirty minutes after the start of the Monomer addition, initiator (0.076 parts)
25 in 26 parts éthyl acetate and 26 parts hexane, was added uniformly over
seven hours. At completion of the initiator addition, agitation was increased

(300 rpm) and the reaction held at reflux for 30 minutes. Scavenger, t-amyl

peroxypivalate, 0.667 parts in 7.5 parts e't.hyl acetate and 7.5 parts hexane,

30 '

was then added uniformly over four hours. When addition was complete, the

;gitation was increased to 400 rpm and the reaction contents held at reflux

»
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that are to be grafted onto the polyneric backbone. Preferably, the

functional nononers wll be 2-isocyanato ethyl nethacrylate, allyl

i socyanate, 25 and nore preferably, will be

1- (1-isocyanat o- 1- net hyl ethyl)-3-(1-nethyl et henyl ) benzene
(hereinafter, mTM ), which introduce pendant isocyanate

functiionality to the polymeric backbone. Al t hough

ot her grafting techni ques are known, for exanple, polyneric 30

noi eties may be grafted by pol ynerizing nononer onto reactive sites
| ocated on the backbone or by copolynmerizing the acrylic and vinyl
nmonormers W th pref oétSdorumk ywoer i The nguRpdMRte, confafingBiclbn BddEt b kbiled

techni que conprises attaching preformed polynmeric noieties to sites on the
to room temperature while purging the reaction vessel with nitrogen. The
result was a lacquer, which could be stored at room temperature for up to

one week,

Example ll. Preparation of Graft Cooolymer for Examples A-P and R-Z

A polybutylene, poiyamide, or poly(ethylene oxide/propylene oxide)

polymer, terminated with hydroxy or amine groups (or both) was grafted to

10 the acrylic base polymer by reaction of the hydroxy or amine groups with the
pendant isocyanate on the acrylic/vinyl polymer of Example | to form a
urethane or urea linkage. (During the grafting of the polybutylene polymer,
a small amount of aminobutanol was also attached to the acrylic/vinyl

15 polymer to introduce hydroxyl groups into the system to promote skin
adhesion.) "

The polymer ta be grafted, 7.453 parts by weight, was diluted with

82.886 parts hexane (ethyl acetate for poly(ethylene oxide/propylene oxide)),

20 and added to a re;ction vessel containing the acrylic/vinyl polymer. The
reaction contents were heated to reflux and held for six hours, Faor
poly(ethylene oxide/propylene oxide), the reaction contents were heated to
05 reflux and held for ten minutes; the catalyst, 0.167 parts dibutyltindilaurate
was added in one charge, and the reaction held at reflux for four hours. 2-

Amino-1-butanol, 0.443 parts, was added in one charge and the reaction

held at reflux for 30 minutes. (The dibutyltindilaurate catalyst was omitted

30 in reactions involving an amine with the isocyanate groups.) Isopropanol,

16.667 parts, was added in one charge to quench any excess isocyanate

and the reaction held at reflux for one hour. The contents were cooled to

room temperature and recovered as a lacquer.
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prefornmed backbone via a condensation reaction. This preferred grafting
technique permts the graft of previously synthesized polyners that have
substantially the same nol ecul ar weight, and all ows predeterm nation of the
grafting distribution by control of the amount of mTM copol ynerized into

t he 5 backbone polymer. This technique also results in
| oweri | evel s of nononer residuals in the final graft

pol ymers. The pol yneric acrylic/vinyl backbone is
prepared from t hose&Examelarill. aration_of Base Pol vi nyl rmnorrer s, in
the wei ght proportion required to give the ro er '

bal ance of pressure sendheireaction @E@P@?@SCOHS‘SEQe?fp? &Yyt ragFYoe Vess
nmononers include [err]-unsaturated nono- and dicar boxyl i c_acids haV| ng 3- 5
carbon atons, such e44PRRSrWih atheEopetepefixGo)tsnEeatl e éﬂ?&h?”fcét?}we& acid;. 15

acryl ate ester nononers, selected fromt on5| i ng he.al kyl
esters of acrylic aﬂ'?”g dtiomdrpeisc AdPy ‘?rf“gﬂ‘? Es ée"}fl E&/I ?rgffﬁ)swaéont ain 4

to 5 prepared to contain by weight 136.5 parts butyl acrylate, 97.5 parts 2-ethyl
hexyl acrylate, and 57.0 parts methyl methacrylate. By weight 42.0 parts

Monomer, 9.0 parts m-TMI and 0.34 parts t-amyl peroxypivalate (t-

APP)(initiator) in 75 parts acetone, were charged to the reaction vessal under
10 nitrogen and heated with agitation (275 rpm) to reflux and held for ten
‘ minutes at 65°C. Nitrogen flow was discontinued when reflux started.
Monomer, 249 parts, was added uniformly over two hours. Thirty minutes
45 after the start of the Monomer addition, t-APP (initiator) (1.72 parts) in 165
parts acetone, was added uniformly over three hours. At completion of the
initiator addition, agitation was increased (300 rpm) and the reaction held at
reflux for two hours. The isocyanate containing reaction product was cooled
20 ' ‘ to room temperature while purging the reaction vessel with nitrogen. The
result was a lacquer, which could be stored at room temperature for up to

one week.

Example IV. Preparation of Graft Cooolymer for Example Q

25 An amine terminated polysaccharide was grafted to the acrylic base
polymer by reaction of the terminal amine groups with the pendant
isocyanate on the base polymer of Example | to form a urea linkage.

The graft oligomer 15.96 parts by weight was dissolved in 233.85

30 parts water and added to a reaction vessel containing the base polymer in
acetone. The reaction contents were heated with stirring to reflux until the

acetone and water were removed, while simultaneously adding ethy! acetate.

The product was recovered as a solution in ethyl acetate.

’*0”
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14 ¢ , preferably 4 to 8 carbon atons, such as, n-butyl acrylate,
“n-pentyl aﬁ$¥kgﬁ§mmﬁahexyl acrylate, n-heptyl acrylate, n-octyl acrylate,

N- NOThs| Sh acryl ate, and their correspondi ng branched
I sonme et hyl hexyl " acryl ate.

Exenpl mers include those selected fromthe groups 25
consisting of vinyl esters, vinyl ethers, vinyl halides, vinylidene
hal i des, and i ncl ude, for exanpl e, vinyl acetate,

acryl amde, t-octyl acr Ianlde
chloride, vinylidef&RHE Y iEs

styrene. 30 Onéib téd _ % tsptf n%cgegét \?egg vi ny|

nononers, the backbone Blbﬂ yﬁgﬁm" equlpmen‘? al 'S8-8e syn hesi zed

froma monomer hav1§[9pz,,§? VA the%%eke(?” gh{ YonddhdEn N, inlet, and mechanical W

react in the polyne I ONn process, second nct on ty unreactive
stirrer. The reaction product was prepared to contain 92.3 pphm (parts per

5 hundred monomer) polybutylene macromer and 7.7 pphm m-TML:

Polybutylene (Kraton HPVM-1201) (28.15g) and heptane (82.5g) were

charged to the reaction vessel under nitrogen and heated with agitation to

relfux at 69°C. Nitrogen flow was discantinued when reflux stated. Meta-TM!I

10 {2.36 g) in ethyl acetate (82.5 g) was added in one shot. An IR spectrum

was run for an initial reference. Dibutyltin dilaurate (0.2g) was added in one

shot. Reaction contents were heated to reflux until [R spectrum showed

5 completion of reaction. At the completion of the reaction, isopropanot (810.0

g) was added and the contents were héated at reflux for an additional one

hour. The reaction product was cooled to room temperature while the

reaction vessel was purged with nitrogen. The product was analyzed to be
20 14.62% active in m-TMi/polybutylene macromer monomer.

This m-TMl/polybutylene macromenomer was substituted for m-TMI

and reacted with the monomers reported in Table | for backbone polymers

AA-FF according to the procedure of Example I.

25 Example V1. Preparation of Macromers for Copolymers in Examples GG-JJ

Macromonomers were made according to the procedure of Example
V using methacrylato ethyl polystyrenes in place of the polybutylene. The
polystyrene was grafted onto the backbone at 6.9 (for GG), 10.0 (for HH) and

30
) 16.6 (for JJ) weight percent of. the polymer backbone.

Example VIl. Compositions and Performance of Graft Copolymers

A series of graft copolymers was prepared according to the
procedures outlined in examples |-VI. The compositions, physical properties,
and adhesion and cahesion test results are reported in the following tables.
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6 in the polynerization, but capable of reacting in a
.condensati on reaction as the site for attaching the
polymers to be grafted to the backbone. The preferred dual
functional nmononer will be mTM, and will be incorporated
at a.level of 0.5-2% by weight of the backbone pol ymner. 5
The preparation of the polyneric backbone can be carried out by
m xi ng the nononers together with initiator under inert atnosphere using
wel | - known free-radical solution, enulsion, or bulk polynerization
procedur es. After the polynerization is conplete, the
pendant functionalitfv] on the polyner 10 owi chbabl n.it.s reacted in a
condensati on r edB% f&ShPReEds F‘ﬁé’eiﬁ%? Fherrthe fablgs: Jpe, foflawjng abbreviations whi ch
will be selected repared to .hav functional group r f%ﬁiye with
t he pendant fun@f"?&?éf‘?’ﬁ? R U9 E'ﬁler?ﬁ]ﬁf‘ a JQ@'B(S eé’."e(%n eﬁta%?% Fis
BA is butyl acrylate. 2-EHA is 2-ethylhexyl acrylate. MMA is methyl
methacrylate. m-TMI is 1-(1-isocyanato-1-methyl ethyl)-3-(1-methyl
ethenyl)benzene. MAhR is maleic anhydride. AA is acrylic acid. HEA is
hydroxy-ethyl acrylate. VAc is vinyl acetate.
Kraton HPVM 1201 is the tradename of a poly(ethylene/butyiene)
mong-ol, having a linear structure and molecular weight about 3000, and is
10 a product of Shell Chemical company, Houston, TX. Kraton HPVM 1202 is
the tradename of a poly(ethylene/butylene) mono-ol, having a linear structure
and molecular weight about 4000, and is a product of Shell Chemical
company, Houston, TX. Jeffamine M2005 is the tradename of a
15 poly(ethyleneoxide/propylene-oxide) monoamine, having a linear structure,
a molecular weight of about 2000, and a molar ratio of
ethyleneoxide/propyleneoxide of 32::3; it is a product of Huntsman
Corporation, Houston, TX.
20
In the following examples, the graft polymers V, W, and X were
made in 5 Liter batches; examples Y and Z were scaled up reactions to 100.
galions. Al of these polymers exhibit very low residual amounts of
monomers. '
25 —_—
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I ncorporated, the site for attaching the pendant grafts is the isocyanate
15 functionality, and the preforned grafts will have, for
exanpl e, hydroxyl or am ne functional groups.

The polyners to be grafted will be insoluble in an excess of drug
enhancer to the extent that they absorb ten percent or |ess by weight of

the 20 enhancer under thernodynam c equilibriumat 25[err]C

In an ideal situation, the ~ graft polynmers will absorb 0% of

t he enhancer. In practice, i|iBACKBRNBVHOUMERR COMPOSITION pol ynmers that
absorb 10% or_greater of theydidnemeeCaptentgeingWt’ and Tg°R5

di si ntegrat ¢

sui tabl e afa] B L \EL D :
| ess than 1 8 ' _ than 7% gnd 4 gab y
| ess than 3t Representrat+vre—cometreta-y—ava+abl e
pol yPrers fofl_araBtingllt o s6he [30 325 21 agrylic/vinyl i@hair¥l gre -38
anm ne-term pat edcsaccllarides firom, Nat | ona# Starch 15 mrwi |2N0ag
Chem cal Co —Bﬁ—dgemmrt—e%—New Jcrgcy, Sacy ybut‘,! efes—sold u_ndgr the
tradenane KfatonPby Shel 145€heni ca8R-5Conpanyi s Hoyst on, Texds;0.5 m-TMl
' E | 455 32.5 21 1.0 m-TMI
F 455 32.5 20 2.0 m-TMI i
10 G 455 325 20.4 16 m-Tul a5 |
H 455 325 21 1.0 m-TMI -38
1 455 325 20 1 MA 1.0 m-TMI -38
J 44 31 14.5 10 VAC 0.5 m-TMI -38
K 455 325 215 0.5 m-TMI -38
15 L 45.5 325 21 1.0 m-TMI -38
M 455 325 20.75 1.25 m-TM! -38
N 50 49 0 ' 1.0 m-TMI -51
o] 50 38 10 1.0 m-TMI -50
P 44 31 14 10 VAc 1.0 m-T™MI -38
20 Q 455 325 21 1.0 m-TMI -38
R 45.5 325 21.5 0.5 MAh
S 45.5 325 215 1.0 MAh
T 45.5 32.5 21.5 2.0 MAh
u | 455 325 21 1 m-TMI -38
25 v 455 325 20.5 1.45 m-TMI -38
w 45.5 325 205 amino-butanol | 1.45 m-TMI -38
X 45.5 32.5 205 1.45 m-TMI -38
Y 45.5 32.5 20.5 1.45 m-TMI -38
Z 45.5 325 20.5 amino-butanol 1.45 m-TM!I -38
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7 pol y( et hyl eneoxi de/ pr opyl eneoxi de) nonoam nes,
sol d .under the tradenane' . Jef f arfi ne by Hunt sman

Cor por ati on, Houston, Texas; polyam des, sold under
t he tradenane Uni-Rex by Union Canp Corporation, Jacksonville,

FIorlda and pol ycaprol actans, sold under the tradenanme Utramd, by 8ASF
5 Cor poration, Parsippany, New Jersey.

The polysaccharide grafts provide the added advant age of being

e il
' . . . . 1.7 HEA 48

BB ;:]LA,5Q2 35.9 5.5 6.7 AA 1.7 HEA 48

cc I 50.2 39 | 55 6.7 AA 17HEA | <8

5 DO I 50.2 35.9 5.5 6.7 AA 1.7 HEA 43

EE I 502 35.9 55 6.7 AA 1.7 HEA 13

FF 50.2 359 55 6.7 AA 1.7 HEA 48

10
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10 havi ng hi gher water vapor transm ssion rates than ot her

pol ynmers for grafting. These properties, the

bi oconpatibility and the good water vapor transm ssi on
rates are especially desirable in transdermal drug delivery

systens and wound dressings. " 15 O her polyners
suitable for grafting onto the backbone pol yner I ncl ude

honmopol ymers of vinyl esters, suc FaI&T d%yd({Mé@/I acet atLeZ1 1 _pgl y( Vi nxl
pr opi onat e) —palybyvi-nyl _pival atgl —Donp wlbnyl_halidas_suc A8
20 sacksone! He) craval y (|vi erAe@lyn e§ian ;
honpol yner s of N-VI nyI RATEam [deswTsachjas poI y- (- vrasyl
f or mam de), ‘
pyrrolidon ot um ! et c.i. artPles sLuchWa% 37
pol y(acryl gm de)g pol y( MRLRAGsy! am de),, poljy( d|1g§t hyl ac,r3yl anj-ne),, 23
honmopol ynerjs—ef—viaytlethers—stch—ap—potytsagpropyt—wt ether; :
pol V¥ but yl c Kraton 120¢i ny| et hér) etc. ;13gol ye=st ersg, such ag
pol y(et hyl pent Ieﬁlegm‘hral akr@?on,gzmm 1L . poI y(et hyl ene 8.3
pht hal at e) ,—petytethyiere—+Sephthptate—ete——and
pol ycar bongt es; Buch ds, pely(214 net hyl enedijphenyl ene|car bonat e) et5®.
F Kraton 1201 ' 47
G Kraton 1201 18 8.9 8.3 3
10 H Kraton 1201 1.0 13 13 4.7
| Kraton 1201 1.0 13 8.7
J Kraton 1202 Q.5 8.7 5.83 5.0
K Kraton 1201 0.5 6.9 9.7 5.3
L Kraton 1201 1.0 13.0 11.2 6.0
15 M | Kraton 1201 1.25 13.0 10.4 5.7
N Kraton 1201 1.0 13 30.8 7.0
o] Kraton 1201 1.0 13 183 7.0
P || Kraton 1201 0.37 7.2 6.1 7.0
Q Saccharide 1.0 8.5 21.8 43
20 R Jeffamine 2005 1.0 9.3 8.4 6.0
S Jeffamine 2005 1.0 9.3 5.0
T | Jeffamine 2005 1.0 9.3 47
u Jeffamine 2005 1.0 9 5.4 7.0
\ Kraton 1202 0.75 13 11.9
25 w Kraton 1202 0.75 6.9
X Jeffamine 2005 1.0 g
Y Kraton 1202 0.75 13 1.7
Z Kraton 1202 0.75 6.9 12.2
—_—
This Sheet Has Be

LT

15

THIS SHEET HAS BEEN
REPLACED




30 The graft polynmers are typically recovered as
l-acquers and are coated onto a porous supporting backing
material having the ability to absorb noi sture and
provide integrity for the adhesive. Exanples of such nmaterials

are knitted, woven, and non-woven fabrics conprised of natural or synthetic

mat er'i al s. 8
The resultant graft polyners have good skin adhesi on and cohesi on,

and are staq @ALReoME ﬁrea&&&s mEk sjln(ﬂgggtr%tl Ra ;phjnce&/. |nq o] lowrmg
exanpl es degcribe the polynerizati on proggdures Tof.repres Wit i TEST
AA I Kraton 1202 m-TMI 0.37 7.2 13.7 7.0
BB Kraton 1202 m-TMI 0.37 7.2 5.0
cc Kraton 1202 m-TMI 0.37 7.2 43
5 0o “Kraton 1202 m-TMI 0.63 10 108 8.7
EE Kraton 1202 m-TMI 0.83 10 6.3
FF Kraton 1202 m-TMi 0.83 10 8.0

10
RESIDUAL MONOMER CONTENT
in Graft Copolymer in PPM
BACKBONE l BA 2.-EHA l MMA OTHER l FNC. GRP.* | Total ppm
A " 89 " 29 129
15 B 481 78 559
l 101 42 <20 183
" K 1064 717 <10 1791
L 694 4486 <10 1150
M 1108 472 <10 1590
20 0 662 478 25 1186
v | 460 323 <50 833
w I 1384 © 970 <50 2404
X 675 480 <50 1215
Y 520 320 <50 890G
25 Z 440 255 <50 745
* Monomer containing additional functional group for reacting in condensation reaction
with polymer to be grafted.
30
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acr;;l i c/vinyl polynmers and the grafting of the enhancer resistant polyners,

5 the anal ytical test nethods, and the results of tests

measur i ng cohesive and adhesive strength for the graft
copol yners. Exanpl es
Exanpl e I. Preparation of Base Polynmer for Exanples A-P and R-Z 10

The reaction equi pment consisted of a five-liter reaction vessel
equi pped with a thernoneter, refI ux: condenser Nl err] inlet, mechanical

stirrer, Comparative Example Vll f Com ratlvafGnatbmamﬂ 8ers

(herei nafter Monomer) was prepared to contain by

wei ght 45.5 part $hBRitg(alt eapplyiense desatdpegropargtivetengrples 165, HH, and JJ, were _
hexyl acrylate, and 20.55 parts nmethyl nethacrylate. By weight 3.55 parts
Nbnoner, 1. B6P3ES (Wthn3 PRIYMEM Bacbaea hivdng: dheasastsl S1ogemert garapuisition |af backbone
(|n|t|ator) in 16.5 parts ethyl acetate and 16.5 parts
hexane, %Olse'ﬁeélj}jﬁeanq §raftgg moieligs of the commercially avaiiabler ipgliistyraas anetharadate

ond el g ?B@a it e Rliniad m.%ﬁ%agﬁ%e%&yééwrge@awﬂu\gdEm@reA
reflux st arﬁ?edpoIMFb%Was g?a%et? gntg ?He bac o%g da?g QLH%r &8; 1036 (%\{?-{H) aV\Q 18. glifroﬁJJ
weight percent of the polymer backbone. The comparative graft caopolymers wers tesisd
according to the skin adhesion protocol below, and none achieved a rating greater than 5. The

skin test values and total residual monomer counts for each were as follows:

10 Copolvmer Skin Test Total Residual Moncmer
GG 5 3842 ppm
HH 4 3390 ppm

5 JJ 1.5 3982 ppm

The above examples show that the inventive graft copolymers as a group provide better
skin testing results than the polystyrene graft copolymers. |

Comparative Example VIil. Water Vapor Transmission Rates

Several of the copolymers in the Examples above were tested for water vapor

20 transmission rate according to the protocol given below. The results are reported in grams/m?/24
hours and show that the polyethylene/polypropylene oxide sample, marked with an asterisk in

the data below, demonstrated superior transmission rates compared to the polybutylens,

polystyrene and polysaccharide graft copolymers:

25 Graft Copolymer U Q Y Z GG HH JJ
WVTR - 1349* 395 351 349 545 526 265
This Sheet Has Been Rep laced
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Thifty m nutes after the start of the Mononer addition, initiator (0.076

parts) 25 In 26 parts ethyl acetate and 26 parts hexane,
was added uniformy over seven hours. At conpl etion of
the initiator addition, agitation was increased (300

rpm) and the reaction held at reflux for 30 m nutes. Scavenger, t-anyl
peroxypi val ate, 0.667 parts in 7.5 parts ethyl acetate and 7.5 parts

hexane, 30 "was then added uniformy over four hours. When
addi ti on was conpl ete, the Industrial Utilityagi tati on was increased to
400 rpm and the reaction contents held at refl ux

9 The described gfa@[copatyriaré @an beesddcasradhdeives iirs medied aledcasonitiaiafi ng

reaction product was cool ed
transdermal patches or wound dressings. Typically, these patches or dressings contain an active

medicament, either contained in the same layer as the adhesive or in a spatial relatibnship.
5 '  Test Protocols
Th;e following protocois were used to obtain the values in the above tables.
Preparation of a Transdermal Patch. For each graft copolymer, a transdermal patch was
constructed by sequentially applying the following layers to a silicon coated pa;ér: (a) & one mil
thick coating of the graft copolymer blended with 1% by weight of a metal acetylactonate

10 (typically titanium or aluminum) crosslinker; (b) a microporous polypropylene (such as saold under
the tradename Cellguard by Hoechst Celanese); (c) a film prepared by the coextrusion of an
ethylene/vinyl acetate copolymer with the desired enhancer to act as a reservair for the enhancer;
(d) an impenetrable polyester, to assure that the enhancer migrates toward the adhesive; and
(e) an effective amount of a weight to assure intimate contact of the above layers. The enhancer

15 is present in the coextruded ethylene/vinyl acetate copolymer in an amount in excess of what
could be absorbed by the adhesive. Each patch was allowed to equilibrate in the enhancer at
37°C for two weeks. The patches were then conditioned at 22.5°C and 50% relative humidity for
one hour. The release liner was removed and the exposed adhesive adhered to stainless sieel
panels or to skin for adhesion and cohesion testing.

20 Skin Adhesion. The graft copolymers, within the transdermal patch, individually were tested by -
a panel of three people. The patch was applied with finger pressure to the back of the hand,
after the hand was washed with mild soap and dried. The patch was allowed to remain for
approximately two minutes, and then pulled off by hand. The force required to remove the patch
was rated as low, medium, or high, or as a minus or pius of those ratings. Each of those ratings

25 was assigned .a numerical value according to the following schedule: low minus equaled one,

low equaled two, low plus equaled three, medium minus also equaled three, medium equaled

\18
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to roomtenperature while purging the reaction vessel with nitrogen. The
result was a lacquer, which could be stored at roomtenperature for up to
one week. 5 Exanple Il. Preparation of Gaft Copol yner
for Exanples A-P and R Z ] A pol ybut yl ene,

pol yam de, or pol y(ethyl ene oxi de/ propyl ene oxi de)

pol yier, terminated with hydroxy or am ne groups (or both) was grafted to

10 the acrylic base polyner by reaction of the hydroxy or
ami ne gr oupfuniediushadus equaled five, high minus also epealedive, fiighoequaledtsix, and higs plus
acrylic/vinyl polymer of Exanple | to forma ur et hane

or urea |inReypéed SeDe-i Aacht proeligt dsted ragciy fdhelsise paich Isoe Yimenandotbk yesits from all

a small amount of am nobutanol was al so attached to the acrylic/vinyl 15

pol yner to HViee erelsss foy @achaghesimeovsss rroiedbatchvesaded.em t o pronote skin

adhesi on.) v L The Bol ymer to be grafted; 7.453

parts by welfit", VIRee TUpIsRistionifate: A one mil coating” of the adhegivegerp r9iedse dinReitane

ethyl acetate_ for poly(ethyl ene oxide/propyl ene oxide

( é’ ?ransferr_ed tcp a mgc(.ropou us cotton chesse g(oth ?p}gres approx. 1mr21)). The cloth with adhesive
is placed on a 8.8 cm diameter petri dish with the side of cheese cloth without the adhesive
facing the atmasphere. A small opening is left to inject distilled water into the petri dish and
sufficient water is added to cover the entire bottom surface Sf the petii dish witheut teuching the
adhesive. The apening is sealed using the adhesive and this set-up is first weighed and then

10 stored in a controlled temperature and humidity room (22°C and 50% RH) for 24 hours. The dish

is weighed again and the weight loss expressed in terms of grams of water lost per square meter

in the 24 hour period.
This Sheet Has Been Rep
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20 and added to a reaction vessel containing the
acrylic/vinyl polyner. The reaction contents were
heated to reflux and held for six hours. For

pol y(et hyl ene oxi de/ propyl ene oxide), the reaction contents were heated to
reflux and held for ten mnutes; the catalyst, 0.167 parts

di butyl tindil aurate 25 was a ln.one charge, and the
reaction held at reflux for four hours. 2- Iﬂi’g@‘"ﬂu‘um” qui
Am no- 1- but anol , g.443ﬁrarps, was added in one ¢ ' ction

hel d at reflux f¥@patdse es. (The dibutyltindilaurate catalyst was
omtted 30 In reactions involving an anmine with the

i socyanat e groups.) |sopropanql - 6. 667 parts, was
added in one charge tf)‘ que c,gﬁa?ta??ﬁdéggﬁre%o@pf'?%%?5ﬁ%{‘1b8"e polyrit 1o which

and the reacti onaraeltached graéiéd polyresic nwietied) dher graff bopolgmat chatasterieadencool ed to
room tenperaturepgnd recovered as a | acquer.

5 (i) the backbone polymer is a pressure sensitive polymer having
a glass transition temperature of -30°C or less prepared from acrylic,
methacrylic and vinyl monomers, and
(i) the grafted polymeric moieties absorb less than 10% by
) weight of the skin-penetration enhancer under thermodynamic equilibrium at
10 25°C when introduced into an excess of the enhancer independently from the

backbone polymer.

2. The graft copolymer according to claim 1 in which the grafted
polymeric moieties absorb less than 7% by weight of the skin-penetration
15 enhancer under thermodynamic equilibrium at 25°C when introduced into an

excess of the enhancer independently from the backbone polymer.

3. The graft copolymer according to claim 1 in which the grafted
polymeric moieties are polybutylene or polyamide polymers.

20
4, The graft copolymer according to claim 1 in which the grafted
polymeric moiety is a polysaccharide polymer.
5. The graft copolymer according to claim 1 in which the grafted
25 polymeric moiety is a poly(ethyleneoxide/propyleneoxide) polymer.
6. A drug delivery patch or dressing comprising a substrate

coated with the graft copolymer of claim 1.
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10 Exanple I11. Preparation of Base Pol yner for

Exanmol e Q : The reaction equi pnment consi sted of
a five-liter reaction vessel equi pped with a

t hermoneter, reflux condenser, N2 inlet, mechanical stirrer,

and addition funnels. A mx of nononers (hereinafter Mononer) was 5
prepared to contain by weight 136.5 parts butyl acrylate, 97.5 parts

2- et hyl hexyl acrylate, and 57.0 parts nethyl

met hacryl ate. By weight 42.0 parts Mononer, 9.0 parts

m TM and 0.34 parts t-anyl peroxypivalate (t-
APP) (initiator) in 75 parts acetone, were charged to the reaction vessel

under 10 nitrogen and heated with agitation (275 rpm
to reflux and held for ten Abstract of the Inventiog; ,ytes at 65 C. Nitrogen
fl ow was di sconti nued when reflux started. Mononer,

249 parts, was added uniformy over two hours. Thirty m nutes
SLLY L0 St RS IBRTRL B a0l R B B
hours. At CrQ&ELﬁtttL (aigso?tjtio& ri]’\ethe presence of skin penetration enhancers comprises copolymerized
acrylic and, optionally, vinyl monomers, to form a backbone polymer, -to which are grafted
palymeric moieties that do not absorb greater than 3% by weight of a skin-penetration enhancer
under thermodynamic equilibrium at 25¢C if independently introduced into an excess of the
10 enhancer. .Preferably. the grafted polymers are selected from the classes of polybutylene,
polysaccharide, poly(ethyleneoxide/propyleneoxide), and palyamide holymers, and specific
grafted polymers will depend on the specific enhancers used in a particular drug delivery system.
-
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g'l =4, H:r‘!_

initiator addition, agitation-was increased (300 rpm and the reaction held:
.at e reflux for two hours. The isocyanate contai ni ng
reaction product was cool ed 20 to roomtenperature while
purgi ng the reaction vessel with nitrogen. The resul t-
was a | acquer, which could be stored ak_roomtenperature for up to

one week. Example 1V. Preparation of Gaft Copol yner

for Exanple Q 25 ARHESIYES, RESISTANT TO @Nﬁ@hﬁ%ﬁb&ﬁs%ﬂcg%ysa“har' de

was grafted to the reacti on of
the termnal am ne groups with the pendant | socyanat e
on the base polyner of Exanple | to forma urea |inkage.

The graft oligoner 15.96 parts by wei ght was dissolved in 233.95 30

parts water and added to a reaction vessel containing the base polyner in
acetone. The reaction contents were heated with stirring to reflux until.

th
i (raml taneously addi n'&hlse{nve %oﬁ)gg?tg?go WRL&He Waishive SOMNRES fdMUsé%glP odict was
recover ed as a SQlut bRBsild? BF Mhsirfbiakify delivery systems in which the

adhesives are resistant to plasticization by skin penetration enhancers

contained in the drug formulation.

A typical transdermal drug delivery or wound dressing system

10 comprises a flexible backing on which are applied either as one layer or in

spatial separation: a pressure sensitive adhesive, the desired drug, .a.nd.

. particularly in the case of the transdermal systems, a skin-penetration

15 enhancer for the drug. The enhancers useful in transdermal drug delivery
' applications are weli documented and fall into the categories of sulfoxides,

alcolltols, fatty acids, fatty acid esters, polyals, po!yamides, and surfactant_s.

Historically, the adhesives used for transdermal drug delivery fallinto

20 one of three categories: . acrylics, silicones and rubbers. Silicone based

.adhesives have a long history of use on skin because of their purity and low

tendency to cause skin ir.ﬁtaﬁon. However, their non-polar nature limits the

loading of polar drugs into the adhesive and the chemistry renders the

25 composition relatively inflexible. Rubber based adhesives on the other hand

are more flexible, but need to be formulated with relatively high amounts

tackifiers and plasticizers to provide pressure sensitive properfies, and

antioxidants to improve stability upon exposure to light (UV). The presencé

% of such high levels of low molecular weight additives leads to skin irritation
and presents the danger of the additives penetréting the skin barrier.

Rubber based adhesives are also non-polar and thus limit the loading of

REFLA Et-ﬁf’T SHEET
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Exafrpl.e V. Pre

PLAGEMENTVGER Ty

The reaction edui
equi pped with
stirrer. The r
5 .
mTM :

hey ApER 97 T Ef
a ts%n progﬁzt

reacti on vessel
N2 inlet,

of a 500 ni
ux condenser,

WENnt consi st bd

pol ybuRyl ene

hept ane (82. 5¢J

VWer e

charged to the reaction vessel

prs for Copol ymer in Exanples AA - FF

and nechani cal

5 prepared to contain 92.3 pphm (parts per
) macromer and 7.7 pphm

Pol ybut vfene (Kraton HPVM 1201) (28.15g) and

under

nitrogen and heated wit hn 9191[\ gggﬁﬂ sﬁligoqtef and SrL[xbber ?ﬁheﬁ%?safawc%fgéivegg[ err]C.

Ni trogen flow was discontin

%ﬁ@ﬁ@éu@b@ﬁgf a‘évﬁ'}ﬁ\é’gﬁ %@%ﬁ?ﬂﬁw is%ﬁg?ﬁé&ﬁ%&a%)ﬁ Rerect rum -

(2.36 g)
was run for
one

I n ethyl

10

15

20

25

30

an initial

en rerl ux ate

erence. aur
the synthesis of both polar and non-polar-adhesives; conventional synthetic

techniques can be used; compositions can be tailored to give specific _
properties without the use of any added ingredients; they are UV stable and
can be stored for extended periods of time; and most drugs are more readily
soluble in acrylic adhesives than in silicones and rubbers, which allows a
higher loading of drug into a smaller patch size and serves to improve patient
compliance.

.Despite these advantages, acrylic adhesives are highly compatible '

or soluble in the commonly used skin penetration enhancers compared to the

relatively inert silicones and rubbers. This compatibilit'y limits the loading of
enhancer and, consequently, the capability of the system to deliver optimum
levels of the desired drugs. It also, over time, causes the acrylic adhesive
to plasticize to such an extent that it disintegrates with a loss of cohesive
and adhesive: properﬁes. _

Attempts ha\.fe been made to counteract this dissolution by increasing
the level of crosslinking in the adhesive or by grafting polymeré, such as
polystyrene, with higher Tg "values onto the acrylic polymeric chain.
However, high crosslinking results in inflexible adhesives, and as the
enhancer becomes depleted by absorption into the skin, the presence of the
high Tg polystyrene grafts causes a loss in pressure sensitive properties.

In addition to pioblems with the compositions of the adhesives, the
techniques for making the graft and block copolymers with acrylic backbone
also present problems. Techniques described in the literature include
polymerization .of the grafted moiety from a site, such as a hydroxyl group,
on the backbone polymer using peroxides as free radical initiators, or the use

of macrqinonomers (as the grafted moiety) with a terminal double bond as

was added in



shot. Reaction contents were heated to reflux until IR spectrum showed
conpletion of reaction. At the conpletion of the reaction, isopropanol
(910.0 15 g) was added and the contents were heated at
reflux for an additional one - hour. The reaction product was
cooled to roomtenperature while the _3 reaction vessel was
purged with nitrogen. The product was anal yzed to be 20 14. 62%
active in mTM/ pol ybutyl ene nacroner nononer. o Thi s
m TM / pol ybut y| ene aramnemenouray pasnesiztioni t Thed:sé gf peroxiyes to initiate a

and reacted with the nononers reported in Table | for backbone_ polyners

AA- FF according t o polymepzatior fromesites orioa tiagkgone resyits in uncontrolied graft le VI.-

Preparation of Macroners for Copol yners in Exanpl es GGJé
Macr omonomer s wer e tawmeoffregeandy 8gd fepatnief grfisc difigprtrolpd grRtipg, pepduces a

V using nethacrylato ethyl polystyrenes in place of th ol ybut yl epe. The
pol ystyrene was gr afolvater with comheloigs it 48 "8{)9'%3. @°“ﬂ"5‘r°°&§?n %’59#? g gr HH)

o e V11 Conposob ks iyl Sl S 8 el by Beciekoone.
| weight grafts that do not provide any reinforcement in the presence of
enhancers. The use of macromers during a free radical polymerization is
inefficient, results in high residual monomers, and early chain termination

10 because of the large number of terminating sites available on the grafts.

It would be an advantage to provide an adhesive, suitable forusain *
a.wound dressing or transd.ermal drug delivery system, that maintains its
pressure sensiti\_fe properties and does not dissolve in the commonly used

15 skin-penetration enhancers over time and through use.

The objects of this invention are to provide a preséure sensitive
acrylic polymer with sufficient cohesion and adhesion for use in transdermal
drug delivery systems that is insoluble in the commonly used enhancers. and

20 )
- thus will maintain its adhesive and cohesive strength over time.

The objects of this invention are achieved through a graft copolymer,

having a Qeight average molecular weight of 300,000 or greater, that

25 . demonstrates good performance on skin in the presence of skin-penetration
enhancers without extensive crosslinking or high Tg grafts.. The graf’ﬁ

copalymer comprises copolymerized acrylic and, optionally, vinyl monomers,

to form a backbone polymer, to which are grafted polymeric moieties that

30 abso;b less than 10% by weight of a skin-penetration enhancer under
thermodynamic equilibrium at 25°C if indepéndently introduced into an

excess of the enhancer. Preferably, the grafted polymers are selected from
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A serjes of g P\EPLA@EMBNTESHEMS prepared according to the

.procedures out]l I ' sil-VI. The conpositions, physical
properties, amd}adhesi on and cohesion test results are
reported in the fo?PJ%%?%bl eg. The test
‘protocol s are jrdci eftabl es4 The follow ng abbreviations

and tradenaned are used in the 'I[abl es and have the neani ngs stated here:
BA is butyl ackHate—2=EMATS 2-ethyl hexyl acrylate. MVA is nethyl

met hacrylate. mTM is 1-(1-isocyanato-1-nethyl ethyl)-3-(1-nethyl

ethenyl)benzene. M is maleic anhydride. A\ lethyBiiokdefpraafieSsoddsh, ' S

polycaprolactam, polysaccharide, and polyamide polymers. Specific graftgd

polymers will depend on the specific enhancers used in a particular drug

delivery or wound dressing system inasmuch as different. enhancers will
o present different solubility considerations for the adhesives.

The preferred grafting technique comprises separately preforming the

acrylic/vinyl backbone and the enhancer resistant polymer and then grafting

10 the enhancer resistant polymer onto the acrylic/vinyl backbone.

. The acrylicviny! polymeric backbone is synthesized from those
known acrylic and vinyl monomers in weight proportion to give a glass
transition temperature of -30°C or lower and the desired pressure ;ensitive

1 cohesive and adhesive properties for the particular transdermal application.
In addition, the polymen"c backbone will also be synthesized from 0.5-2.0%
by weight of a functionalized vinyl monomer containing a polymerizable vinyl

20 group _and.a second fur)ctional group that is cépable of beihg reacted in a

condensation reactic;n with a third functionali'ty on the preformed polymers
that are to be grafted onto the polymeric backbone. Preferably, the
functional monomers will be 2-isocyanato ethyl methacrylate, allyl isocyanate,

25 | and more preferably, will be 1-(1-isocyanato-i-methyl ethyl)-3-(1-methyl
ethenyl)benzene (hereinafter, m-TMI), which introduce pendant isocyana(e
functionality to the polymeric- backbone.

Although other grafting techniques are known, for example, polymeric

30 moieties may be grafted by polymerizing monomer onto reactive sites

: loca'.ted on the backbone or by copolymerizing the aclzrylic and vinyl

monomers with preformed polymeric monomer, the preferred graﬁing_

technique comprises attaching preformed polymeric moieties to sites on the



hydtoxy-ethyl acrylate. VAc is vinyl acetate.
Krat on HPVM 1201 is the tradenane of a pol y(ethyl ene/butyl ene)
nono-ol, having a linear structure and nol ecul ar wei ght about 3000, and is

10 a product of Shell Chem cal conpany, Houston, TX. Kraton HPVM
1202 is t he tradenanesof a pol y(ethyl ene/ butyl ene)
nono-ol, having a |inear structure and nol ecul ar wei ght
about 4000, and is a product of Shell Chem cal conpany,

Houston, TX. Jeffam ne M2OO5 is the tradenane of a 15

pol y( et hyl eneoxi de/ pr I X|de nongam ne, having_ a |inear structure
a rmolecular wei ghg ?dgqv-l deg ?ne ‘Q%(gocondgmatlon reacon., r This, prefegred gfa ing

et hyl eneoxi de/ pr opy X de it Is Hun
Cor por ation, Houst okt%n%?e p% { 1&gt ot bleviodsy spiifestiSd IpﬁL'E"ﬁré Sﬁ h%ﬁn ng

exanpl es, the graft \Fﬂla\‘@g%}f szm\%\/emﬂﬂla?( ‘é‘gﬂte and allow redete{mma_lttabn?gtg in 5

Liter batches; exanpl e re scaled up reac Pone
gallons. Al of thg&fingekibRion bf &&HRI chtH(eeefnYWI':chH-ﬂﬁl' Sy maTRY Mol
5

backbone polymer. This technique also results in lower levels of monomer
residuals in the final graft polymers.

The polymeric acrylic/vinyl backbone is prepared from those known

10 . acrylic and vinyl monomers, in the weight proportion required to give the
proper balance of pressure sensitive properties. Exemplary acrylic
tnonomers linc.lude a,B-unsaturated mono- and dicarboxylic acids having 3-5
carbon atoms, such as acrylic acid, methacrylic acid, and itaconic acid;
15 acrylate ester monomers selected from the group consisting of the alkyl
esters of acrylic and methacrylic acid in which the alkyl groups contain 4 to
14 carbon atoms, preferably 4 to 8 carbon atoms, such as, n-butyl acrylate,
20 n-pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, n-octyl acrylate, n-nony!
acrylate, and tl't'eir Ebrresponding branched isomers, such as, 2-ethylhexyl
acrylate.
Exemplary viﬁyl monomers include those selected from the groups
25 consisting of vinyl esters, vinyl ethers, vinyl halides, vinylidene halides, and
include, for example, vinyl acetate, acrylamide, t-octyl acrylamide, ethyl vinyl
ether, vinyl chloride, vinylidene chloride, acrylonitrile, maleic anhydride and
styrene. |
30 In addition to the acrylic and vinyl monomers, the backbone polymer

will also be synthesized from a monomer having a vinyl functionality, which

will react in the polymerization process, and a second functionality unreactive
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BACKBONE PCLYMER COMPCSI Tl ON

in the polymerization, but capable of reacting in a condensation reaction as
the site for attaching the polymers to be grafted to the backbone. The
préferred dual functional monomer will be m-TMI, and will be incorporated
at a level of 0.5-2% by weight of the backbone polymer.

The preparation of the polymeric backbone can be carried out by
mixing the monomers together with initiator under inert atmosphere using
well-known free-radical solution, emulsion, or bulk polymerization procedures.
After the polymerization is complete, the pendant functionality on the polymer
chain is reacted in a condensation reaction with the polymer to be grafted,
which will be selected or prepared to have a functional group reactive withl
the pendant functionality on the polymer backbone. When m-TMI is
incorporated, the site for attaching the 'pendant grafts is the isocyanate
functionality, and the preformed grafts will have, for example, hydroxyl or
amine functional groups.’

The polymers to be grafted will be insoluble in an excess of drug
enhancer to the extent that they absorb ten percent or less by weight of the
enhancer under therr%odynam‘i.c equilibrium at25°C. In an ideal situation, the
graft polymers will absorb 0% of the enhancer. In practice, it is known that
polymers that absorb 10% or greater of the enhancer by weight wil-l
disintegrate in the presence of the enhancer. Therefore, practicably, suitable
polymers will absorb by weight of the enhancer, less than 10%, preferably
less than 7%, and more preferably less than 3%.

Representative commercially available polymers for grafting -to the
acrylic/vinyl chain are amine-terminated saccharides from National Starch
and-Chemical Co., Bridgewater, New Jersey; polybutylenes, sold under the

tradename Kraton by Shell Chemical Company, Houston, Texas;

REPLACEMENT SHEET
2 6 MAR 1997




by Monomer Cont CREBLACEMEMTa8HERB[ err1 C BACKBONE BA
2- EHA MVAT Of FNC. GRP. Tg
A 4535 25 21 1.0
mTM -38} 526MAR%? B 45.5 32.5
21 1O0—m M 7 - 38 C
45. 5 3245 20. 4 1.6 mTM - 38
D 4555 3275 21.5 0.5
m TM E - 45.5 32.5 21
1.0OmTM poly(ethyleneoxide/gropyleneoxide) mag&an@nes, sold undegthe Fadename 20
2.0 mTM 10 G 45. 5 32.5 20. 4
1.6 mTM - 38 Jeffamine by. Huntsman Corporatiqq, Houston, Texas,qpplypmides, sold 32 g5
21 1.0 mTM -38 . . I
45. 5 32. 5 under the tragggame Uni-Rex by UniggnCamp Corporafio) Jacksgpville, -38
31 4.5 10 VAc . 0.5
\r]n ™ _ 334 Florida; and polycaprolactamsKso]ld under the trad%gt.'ng UYtramld, by 8§§F5
- L
ié g 5 32 5 Corporation, %{s‘rl)pp%;l:l\ﬂlew Jersey. 38 15 1.0 mT™M .38
M 45.5 Thg’%ollésaccharide grgfg" Zrévide the added advantage of beingl- 25
m TM - 38
biocompatible and partially biodegradable.
Poly(ethyleneoxide/propyleneoxide) monoamines provide the advantage of
10 having higher water vapor transmission rates than other polymers for.
grafting. These properties, the biocompatibility and the good water vapor
tran;mission rates are especially desirable in transdermal drug delivery
systems and wound dressings.
15 '
Other polymers suitable for grafting onto the backbone polymer
include homopolymers of vinyl esters, such as, poly(vinyl acetate), poly(vinyl
propionate), poly(vinyl pivalate), homopolymers of vinyl halides such as
20 poly(vinyl chloride), poly(vinyledyne chloride) etc.; hompolymers of N-vinyl
amides, such as poly-(n-vinyl formamide), poly(n-vinyl acetamide), poly(n-
vinyl pyrrolidone), poly-(n-vinyl caprolactum) etc.; amides such as
poly(acrylamide),  poly(methacrylamide),  poly(dimethyl  acrylamine);
25 homopolymers of vinyl ethers such as, poly(sopropyl vinyl ether), poly(butyl
vinyl ether) etc.; polyesters, such as poly(ethylene terephthalate),
poly(ethylene phthalate), poly(ethylene isophthalate) etc.; and
polycarbonates, such as, poly(4,4 methylenediphenylene carbonate]j etc.
30

The graft polymers are typically recovered as Iacquers_ and are
coated onto a porous supporting backing material having the ability to absorb
moisture and provide integrity for the adhesive. Examples of such materials
are knitted, woven, and non-woven fabrics comprised of natural or synthetié:

. materials.



N 50 49 0 1.0

m TM -61 . O 50 39
10 1.0 mTM -50 P
44 . 31 . 14 : 10 VAc 1.OmTM -38.
20 Q 45.5 8 32.5 21
1.0 mTM -38 ' - R 45. 5 32.5
21.5 0.5 MAh : S 45.5
32.5 21.5 1.0 MAh : T
. . 21. 5 . . 2.0 NAh
65 S 2% g The ﬁ&?nt graft polymers f_aLve good skin adhesion and cohesion, 1
m TM -38 . A . 45. 5 .. 32.5
20. 5 %ﬁd are stable lrﬂh&grﬁem of s.km pene_trégon enhancers. The followmg: W
;1(5- S f’é g examples dggr_Q\gé the polyﬁ%ﬁ@‘p uﬁr@&%res Por 4r§prg§JMtive 1. 45' 38 |
m T™M =38 acrylichvinyl polymers and the¥grafting of the enhdheerresistant polymafs, ©
20.5 1.45 mT™M _ - 38 Z
45.5 5 32.5 the analytical @& rethods, andAé RBullkWf 8R&Imeasdring 2oMesilMand - 38
adhesive strength for the graft copolymers. |
Examples
Example |. Preparation of Base Polymer for Examples A-P and R-Z
10 The reaction equipment consisted of a five-liter reaction vessel
equipped with a thermometer, reflux condenser, N, inlet, mechanical stirrer,
and addition funnels. A mix of monomers (hereinafter Monomer) was
prepared to contain by weight 45.5 parts butyl acrylate, 32.5 parts 2-ethy!
15
hexyl acrylate, and 20.55 parts methyl methacrylate. By weight 3.55 parts
Monomer, 1.45 parts m-TMI and 0.004 parts azobisisobutyronitrile (initiator)
in 16.5 parts ethyl acetate and 16.5 parts hexane, were charged to the
20 reaction vessel under nitrogen and heated with agitation (275 rpm) to reflux
and held for ten minutes at 65°C. Nitrogen flow was discontinued when
reflux started. Monomer, 95 parts, was added uniformly over two hours.
Thirty minutes after the start of the Monomer addition, initiator (0.076 parts)
25 in 26 parts ethyl acetate and 26 parts hexane, was added uniformly over

seven hours. At completion of the initiator addition, agitation was increased
(300 rpm) and the reaction held at reflux for 30 minutes. Scavenger, t-amyl
peroxypivalate, 0.667 parts in 7;5 parts e't.hyl acetate and 7.5 parts hexane,
30 was then added unifdrmly over four hours. When addition was complete, the

;gitation was increased to 400 rpm and the reaction contents held at reflux
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14 .
OTHER
35.9

BB

-48

6.7 AA
35.9

EE

-48

6.7 AA .

10

15

20
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30

Backbone BA 2- EHA MVA

FNC. GRP. Pg AA 50. 2
5.5 6.7 AA 1.7 HEA - -48
50.2 35.9 5.5 6.7 AA 1.7 HEA
CC 5@ 2 35.9 5.5
1.7 HEA -48 - DD 50. 2
5.5 6.7 AA 1.7 HEA -48
50. 2 35.9 5.5 6.7 AA 1.7 HEA

68°C fofdne h_c:vﬂr8 The :Lisoc%’na?e containing r%?ctx%n product was c%blgd

1.7 HEA

to room temperature while purging the reaction vessel with nitrogen. The
result was a lacquer, which could be stored at room temperature for up to

one week.

Example Il. Preparation of Graft Coopolymer for Examples A-P and R-Z

A polybutylene, polyamide, or poly(ethylene oxide/propylene oxide)

polymer, terminated with hydroxy or amine groups (or both) was grafted to

the acrylic base polymer by reaction of the hydroxy or amine groups with the
pendant isocyanate on the acrylic/vinyl polymer of Example | to form a
urethane or urea linkage. (During the grafting of the polybutylene polymer,
a small amount of aminobutanol was also attached to the acrylic/ivinyl
polymer to introduce hydroxyl groups into the system to promote skin
adhesion.) -
The polymer to be grafted, 7.453 parts by weight, was diluted with
82.886 parts hexahe (ethyl acetate for poly(ethylene oxide/propylene oxide)),
and added to a reéction vessel containing the acrylic/vinyl polymer. The
reaction contents were heated to reflux and held for six hours. For
poly(ethylene oxide/propylene oxide), the reaction contents wére heated to
‘reflux and held for ten minutes; the catalyst, 0.167 parts dibutyltindilaurate
was added in one charge, and the reaction held at reflux for four hours. '2-
Amino-1-butanol, 0.443 parts, was added in one charge and the reaction
held at reflux for 30 minutes. (The dibutyltindilaurate catalyst was omitted
in _reactions involving an amine with the isocyanate §roups.) Isopropanol,
| 16;667 parts, was adde_d in one charge to quench any excess isocyanate

and the reaction held at reflux for one hour. The contents were cooled to
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GRAFT COPOLYMERS BACKBONE MACROMER

GRAFT GRAFT Merr]/Merr] SKI'N

RATE W % TEST A
Kraton 1202 1 16. 6 10. 6 , 3.7

B Kraton 1202 1 10 15.9 7.3

4.0 5 C Kraton 1201 1.6

13.0 5. 9 Example Ill. Prébafhtion of Base Polymer for Exampleld Krat on
1201 ] 6.3

E Krat on 1201The reaction equipment consisted of a five-liter reaction vessel

5.0 F Kraton 1201

4.7 equipped Wth a thermometer, téflax eonddrid@r] N, inlet, mechanichl 6tirrer,

6.9 8.5 6.3 10 H ~ Kraton
1201 1. 0 and addition funnglB. A mix of mononidss (hereinafter Mohomer) was

I Kraton 1201 1.0 13

6.7 5 prepared to contain by weight 136.5 parts butyl acrylate, 97.5 parts 2-ethyl

hexyl acrylate, and 57.0 parts methyl methacrylate. By weight 42.0 parts

Monomer, 9.0 parts m-TMlI and 0.34 parts t-amyl peroxypivalate (t-

APP)(initiator) in 75 parts acetone, were charged to the reaction vessal under .
10 nitrogen and heated with agitation (275 rpm) to reflux and held for ten °
minutes at 65°C. Nitrogen flow was discontinued when reflux started. .
Monomer, 249 parts, was added uniformly over two hours. Thirty minutes
15 after the start of the Monomer addition, t-APP (initiator) (1.72 parts) in 165
parts acetone, was added uniformly over three hours. At completion of the
initiator addition, agitation was increased (300 rpm) and the reaction held at
reflux for two hours. The isocyanate containing reaction product was cooled
20 : ) to room temperature while purging the reaction vessel with nitrogen. The
result was a lacquer, which could be stored at room temperature for up to

one week.

Example V. Preparation of Graft Copolymer for Example Q

25 An amine terminated polysaccharide was grafted to the acrylic base
polymer by reaction of the terminal amine groups with the pendant
isocyanate on the base polymer of Example | to form a urea linkage.

The graft oligomer 15.96 parts by weight was dissolved in 233.95
30 parts water and added to a reaction vessel containing the base poly:mer in

acetone. The reaction contents were heated with stirring to reﬂux until the

acetone and water were removed, while simultaneously adding ethyl acetate.

The product was recovered as a solution in ethyl acetate.

L66L YVNO Z
LA9HS INGWEOV 148




\REPLACEMENT SHEE! |
Kraton 1202 0.5 8. 7 5 83
2 QMAR 997 | K * Kraton 1201 0.5

5.3 : L Kr at on
~£ 13.0 11.2 6.0 15

Kraton 1201 1. 761 13.0 10. 4

N “Kraton 1201 1.0
30. 8 Kr at on
1. O Example V. regayﬂon of Macromers forfCopolymer m Examples) AA - FF

Kraton 1201 0. 37 7.2 6.1
ThQreactlon equipment cgansisied; ¢fe@ 500 ml reactiop ()essel

21.6 20 R ef f am ne
1.0 equipped with @thgrmometer reflux cgncignser Nz inlet, %ndomechamcal

Jeff ams irrer. Qhel-reactlon produgl WS R’ﬁ?ﬂ"ﬁdemﬁﬁg'“ 92 3 pphm @365 per
5 497 hundred monon'ggr) 4 polybutylene machmer and‘J e,f7f %Bhﬁ;e rgg‘%

ton. 1202 oIHQ qé%f (Kraton HPVM%@M) (28.15g) and JhLBt%ne 282.5g) were

Krato
Jeff am:l{y?ge%qg ﬁ'ze reaction ves]sepunder nitrogen and h%ated with agitation to

QOO -

o UG
'—\

N -

L
oo =~
o
'_\

o

D OWOo (N6 o)
ol

Vv

ARPOOON®ONT

xXz2

relfux at 69°C. Nitrogen flow was discontinued when reflux stated. Meta-TMI
10 (2.36 g) in ethyl acetate (82.5 g) was added in one shot. An IR spectrum
wés run for an initial reference. Dibutyitin dilaurate (0.2g) was added in one a
shot. Reaction contents were heated to reflux until IR spectrum showed
5 completion of reaction. At the completion of the reaction, isopropanol (910.0
g) was added and the contents were héated at reflux for an additional one
hour. The reaction product was cooled to room temperature while the
reaction vessel was.purged with nitrogen. The product was analyzed to be
2;) 14.62% active in m-TMI/polybutylene macromer monomer.
This m-TMl/polybutylene macromonomer was substituted for m-TMI |
and reacted with the monomers reported in Table | for backbone polymers
AA-FF according to the pracedure of Example L.
25 Example V1. Preparation of Macromers for Copolymers in Examples GG-JJ
Macromonomers were made according to the procedure of Example
V using methacrylato ethyl polystyrenes in place of the polybutylene. The
polystyrene was grafted onto the backbone at 8.9 (for GG), 10.0 (for HH) and

30 16.6 (for JJ) welght percent of the polymer b backbone

Example VII. Comgositions and Performance of Graft Copolymers

A series of graft copolymers was prepared according to the

procedures outlined in examples I-VI. The compositions, physical properties,

and adhesion and cohesion test results are reported in the following tables.



Y . Kr at on 1202 0.75 13 11. 7

A Kraton 1202 0.75 6.9 12.2
BACKBONE MACROVER GRAFT GRAFT

Merr]/Merr] SKIN - .

RATE W % 12 TEST AA
Kraton 1202 m T™M 0. 37 : —7.2 13.7 7.0

BB Kraton 1202 m TM 0. 37 7.2

5.0 CC Kraton 1202 m TM 0. 37

7.2 4.3 5 _ DD Kraton 1202
m TM 0. 63he test protocols i@ recited after the tab@s6 The following -alBrgviations :
EE Kraton 1202 m TM 0. 63 10

6.3 and tradenames are used in the Tables and have the meanings stated here:

BA is butyl acrylate. 2-EHA is 2-ethylhexyl acrylate. MMA is methyl
methacrylate. m-TMI is 1-(1-isocyanato-1-methyl ethyl)-3-(1-methyl
eﬁenyl)benzene. MAh is maleic anhydride. AA is acrylic acid. HEA is

hydroxy-ethyl acrylate. VAc is vinyl acetate.
Kraton HPVM 1201 is the tradename of a poly(ethylene/butylene)
mono-ol, having a linear structure and-molecular weight about 3000, and is
10 a product of Shell Chemical company, Houston, TX. Kraton HPVM 1202 is
the tradéname ofa pdly(ethylene/buty.!ene) mono-ol, having a linear structure
and molecular weight about 4000, and is a product of Shell Chemical
company, Houston, TX. Jeffamine M2005 is the tradename of a
15 poly(ethyleneoxide/propylene-oxide) monoamine, having a linear structure,
a molecular weight of about 2000, and a molar ratio of
ethyleneoxide/propyleneoxide of 32::3; it is a product of Huntsman

Corporation, Houston, TX.

20 In the following examples, the graft polymers V, W, and X were
made in 5 Liter batches; examples Y and Z were scaled up reactions to 100.
gallons. All of these polymers exhibit very low residual amounts of

05 monomers.

30
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FF
6.0

10

in Gaft

MVA
89

B

559
163
1791
1150
1590
1186
833
2404
1215

10

20

25

20

Kraton 1202 m TM 0. 63 10

RESI DUAL MONOVER CONTENT
Copol ymer in PPM BACKBONE BA 2- EHA
. OTHER FNC. GRP.  Total ppm. A
11 29 ’1_3\ 129 15
481 78
| BackeoNE PElYMER compogtioN <20
by Monomer é@ﬁi\ts in Wt% an&ﬁjc <19n
BACKBONE 1108MA OTHER ENC. GRRAD Tg
A l 45.5 325 160 21 323 1.0 m-TQAj;O -38
8 \¥s.5 325 10884 34 970 10mSRR | a8
N ro 9439V SOU
c 455 32.5 20.4 1.6 m-TMI -38
D 455 32.5 215 0.5 m-TMI
E 455 325 21 1.0 m-TM™|
F 455 325 20 2.0 m-TMI
G 45.5 325 20.4 1.6 m-TMl .38
H 455 325 21 1.0 m-TMI -38
! 455 325 20 1 MA 1.0 m-TMI .38
J 44 31 | 145 10 VAc 0.5 m-TMI | -38
k || 455 32.5 215 0.5 m-TMI 38
L 455 325 21 1.0 m-TMI -38
M 45.5 325 20.75 1.25 m-TMI -38
N 50 49 0 ) 1.0 m-TMI -51
e) 50 39 10 1.0 m-T™I -30
P 44 31 14 10 VAc 1.0 m-T™I -38
Q " 455 325 2 10mT™M | 38
R 455 32.5 215 0.5 MAR
s 45.5 32.5 21.5 1.0 MAh
T | 455 32.5 215 2.0 MAR
u 455 32.5 21 1 m-TMI -38
Y 455 325 205 1.45 m-TMI -38
w 455 32.5 20.5 amino-butanol 1.45 m-TM! -38
X 455 325 20.5 1.45 m-TMI -38
Y 455 325 205 1.45 m-TMI .38
Z 45.5 3255 | 20.5 amino-butanol 1.45 m-TMI -38
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Yy 520 320 <50

890 25 Z 440 255 <50
745 * Monomer containing additional functional group
for reacting in condensation reaction wi th polynmer to be
grafted. 30 14
17 Conparative Exanple VII. Conpositions and Performance of
Conparative af t—Copqtymers Fhree—grat—copotyrers;
desi gnat ed qorf?88re vl exBApl ds AHH aM¥AJJ | wePEHER FNC. GRP-* pbr epar e
wi th a -pol yirer ckborje In sang nonomerf conpositi on _of._bacKbone
2P [ds oS hel contibroi bl L 91, | bo'd HEA yht yPbne) -
met hacryl at 588 -somrcr gnersstiavi pg assol ecul @17 anei ght 10fHeh00D, g
di st ri but ed|fDy 5&rto r_Conpany, J1nc.,| exton, P& R
50.2 35.9 5.5 6.7 AA 1.7 HEA °| <8
5 0D I 50.2 35.9 5.5 8.7 AA 1.7 HEA 48
EE " 50.2 35.9 5.5 6.7 AA 1.7 HEA -48
FF 50.2 35.9 5.5 6.7 AA 1.7 HEA 48
10
r
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The-pol ystyrene was grafted onto the backbone at 6.9 (for G5, 10.0 (for

HH) and 16.6 (for JJ) wei ght percent of the pol ynmer backbone.
The conparative graft copolymers were tested according to the
ski n adhesi on protocol below, .and none achieved a rating greater than 5.
The skin test values and tHial residual nononer counts for
each were as follows: 10 Copol ymner Skin Test
Tot al Resi dual Mononer GRAFT COPOLYMERS GG 5
3842 ppm
JJ
exanpl es sh pe=that—ih: cayentiyagratt cobplytpee At g Gy ol D | L I
skin testing results tanKt,Ja@Q@iystyrene graft ceg)g)lyrrersms 37
Oorrpar at | ve”txarrpl e Vi VAT Vcl[JLl T allSITi :>b| o Rate -
Several of flhe c&aly rs Kraent BE2 Exanpl ed _above wet® telt ed7for Wat esovapfpr
20 s t lansmicssi on" I alaiACRf di ng togd he prot ogpl L!ra‘:-‘ven5 pgl O!V Tg_&
resul ts are|Teported—Tfrgranmsinferri24 oH-S—ahe—SHow-tHhat
t he pol yet hy opWrae'28%i de sanple. marked with an asteri skéBn
t he data beng, genons ratK%ns,lg@erl or transm $sion rat ejs conpar ed to§5
pol ybut yl engs; potystyrgme—and—polysacchartde—gra+—copoy-rers:
F Kraton 1201 4:
G Kraton 1201 1.6 8.9 8.5 6.3
10 H Kraton 1201 1.0 13 15 4.7
[ Kraton 1201 1.0 13 8.7
J Kraton 1202 Q.5 8.7 5.83 - 5.0
K Kraton 1201 . 05 6.9 8.7 5.3
L Kraton 1201 1.0 13.0 11.2 6.0
15 M ﬂl: Kraton 1201 1.25 13.0 10.4 5.7
N 1' Kraton 1201 , 1.0 13 30.8 7.0
0 " Kraton 1201 1.0 13 18.3 7.0
P " Kraton 1201 0.37 7.2 6.1 7.0
Q u . Saccharide | 1.0 8.5 216 43
20 R ) Jeffamine 2005 1.0 9.3 8.4 6.0
S Jeffamine 2005 1.0 9.3 5.0
T Jeffamine 2005 1.0 9.3 47
u Jeffamine 2005 .10 9 5.4 7.0
v Kraton 1202 0.75 13 11.9
25 W Kraton 1202 0.75 6.9
X Jeffamine 2005 1.0 9
Y Kraton 1202 0.75 13 11.7
z Kraton 1202 0.75 6.9 12.2
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W/TR 1349* 395 351 349 545 526 265
18 I ndustrial Utility
The described graft copol yners can be used as adhesives in nedical devices
such as transdermal patche& or wound dressings. Typically,
these patches or dl’eSSI ngs contain an active medi canent
ei t her cont e —sare—ayer—as—the—adhgsve—er——p—a—spatial
rel ati onshi m. BACK@NE MACROMER GRAFT GRAFT MWIMN TesHIN
Prot ocol s The [ ol R&WF ng wer e used] t OTESt ai|ln
the val ues iin the,abov ,Erghn £535 mTMI 70 f
B8 Kraton 1202 m-TMI 0.37 7.2 ;50
ccC Kraton 1202 m-TMI 0.37 7.2 4.3
5 oD | Kraton 1202 m-TMi 063 10 105 67
EE l[ Kraton 1202 m-TM! 0.83 10 6.3
FF 7[ Kraton 1202 m-TMI 0.63 10 6.0
10
RESIDUAL MONOMER CONTENT
in Graft Copolymer in PPM .
BACKBONE l BA 2-EHA MMA OTHER FNC. GRP.* ' Total ppm
_ A l 89 11 29 : 129
15 B 481 78 _ 559
1 | 101 42 <20 163
K 1064 717 <10 1791
L 446 <10 1150
M 1108 472 <10 1590
20 0 " 882 478 26 1186
\4 460 323 <50. 833
W 1384 © 970 <50 2404
X 675 490 <50 1215
Y 520 320 <50 890
25 z 1' 440 255 <50 745
* Monomer containing additional functional group for reacting in condensation reaction
with polymer to be grafted.
30
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Preparation of a Transdermal Patch. For each graft copol yner, a transdernal
pat ch was constructed by sequentially applylng the foll ow ng
| ayers to a silicon coated paper: (a) a one ml t hi ck coating
of the graft copolynmer bleéended with 1% by weight of a netal acetylactonate
10 (typically titaniumor alum b®m crosslinker; (b) a mcroporous

pol ypropyl ene (such as sol d under t he tradenane Cel | guard by

Hoechst Cel d, ¢
et ﬁ)c/l Zne/ Vi nyi' a(:tg’te<gltgt5()ea lef‘h' Tedthdoko Pdridfndnd€ %t & 395“’8 Graf! Copalymers

reservoir for thﬁr&”?@ﬁ%ﬁqumers designated confpdiatid ekéﬁ’;ﬁ&eb@‘m# PRI YBSERE t.o

assure that the enhancer mygrates t'oward the. adhesive;

(e) an eff efbdayR @ﬁﬁ)ténﬁolﬂﬁerabéé’@dﬁbt hév?!gaﬁléuia%d %h&ﬁ’érec&ﬁ%lﬁ&{ Rfoatdbsa@bove
| ayers. The enhancer is present in the coextruded ethyl ene/vinyl

acet at e CoOpRIyHEERAI ﬁhdaﬁraﬁémlkmeué@ OEXBE ComAercidAt available pol st{)rene n@é?ﬂlﬁc 1Re
absorbed by the adhesive. Each patch was allowed to equi T rate int he
enh&ncer atmacromer having a mole@ifar Wefght of40aD, Wtikated Thearuaiet BeMpaBT Bict B6n, PA,
conditioned at 22.5[err]C and 50% relative humdity for one
hour. The ridecalystylentors gaied anothedadtbdne lats.exfpoS6Hl 160H s iHre aadi &8 ¢dr 1Jp
stai nl ess st eel panel s or to skin for adhesi on and cohesi on
testing. 2pight percent ofShe polptiRe YpekaoneThdhg r@f“@afétbfﬁo@?ﬁmcgdwaﬁ hivere t tagied
transdermal patch, individually were tested a panel_ of
three peoplacordin® iqfhe giin e\%r@s'arpsmqsa' Beih and ﬁ@f@racb'le&ds%lfaé“ﬂ g e?‘ﬁé”‘ﬁ&@k 8¢ the

hand,
skin test values and total residual monomer counts for each were as follows:

10 Conolymer Skin Test Total Residual Monomer
GG 5 3842 ppm
HH 4 3390 ppm
JJ 1.5 ’ 3982 ppm

15

~ The abave examples show that the inventive graft copolymers as a group provide better
skin testing results than the polystyrene graft copolymers.

Comparative Example Vill. Water Vapor Transmission Rates

Se;/eral of the copolymers in the Examples above were tested for water vapor

20 transmission rate according to the protocol given below. The results are reported in grams/m*/24
hours and show that the polyethylene/polypropylene oxide sample, marked with an asterisk in

the data below, demonstrated superior transmission rates compared to the polybutylene,

polystyrene and polysaccharide graft copolymers:

25 Graft Copolymer u Q Y Z GG HH JJ

WVTR 1349* 395 351 349 545 526 265
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after -the hand was washed with mild soap and dried. The patch was al | owed
to remain for approximately two m nutes, and then pulled off
by hand. The force required to renove the patch was rated as
| ow, medium or high, or as a mnus or plus.of those ratings. Each of those
ratings
foll ow ng schedule: | ow m nus equal ed one, | ow equal ed two,

19

25

was assigned a nurtédical value according to the
em—————

| ow plus equal ed three, nediumm nus u§§iaf% ed three, nedium equal ed
' e

four, medius plus equa i've,” high m nus al so equal ed

five, high equal %e%ﬁcﬁb@gralﬂicgyolighé@ can be used as a h?ﬁfelgahll %FEQV‘%PKE Pas

panel i st tested each adhesive pat

one tine, an resu om a

t hree panel itghsdelfdl pRRALs GIRES df@ss‘ﬁﬁg.e']‘){fﬂﬂﬁhﬁ%egggatéﬁég rog&g%i'ngs_contain an active

Wat er Vapor Transm ssion Rate. A one m

i ner

5

10

15

20

25

S

coating of th e€sive on rel ease
medicament, either contained in the same layer as the adhesive or in a spatial relatfonship.

Test Protocols
The following protocols were used to obtain the values in the above tables.
Preparation of a Transdermal Patch. For each graft copolymer, a transdermal patch was

constructed by sequentially applying the following layers to a silicon coated paper: (a) a one mil

'thick coating of the graft copolymer blended with 1% by weight of a metal acetylactonate

(typically titanium or aluminum) crosslinker; (b) a microporous polypropylene (such as sold under
the tradename Celiguard by Hoechst Celanese); (c) a film prepared by the coextrusion of an
ethylenefvinyl acetate copolymer with the desired enhancer to act as a reservoir for the enhancer:
(d) an impenetrable polyester, to assure that the enhancer migrates toward the adhesive; and
(e) an effective amount of a weight to assure intimate contact of the above layers. The enhancer
is present in the coextruded ethylenefvinyl acetate copolymer in an amount in excess of what
could be absorbed by the adhesive. Each patch was allowed to equilibrate in the enhancer at
37°C for two weeks. Tﬁe patches were then conditioned at 22.5°C and 50% relative humidity for
one hour. The release liner was removed and the exposed adhesive adhered to stainless steel
panels or to skin for adhesion and cohesion testing.

Skin Adhesion. The graft copolymers, within the transdermal patch, individually were tested by
a panel of three people. The patch was applied with finger pressure to the back of the hand,
after the hand was washed with mild socap and dried. The patch was allowed to remain for .-
approximately two minutes, and then pulled off by hand. The force required to remove the patch
was rated as low, medium, or high, or as a minus or plus of those ratings. Each of those ratings
was assigned-a numerical value according to the following schedule: low minus equaled one,

low equaled two, low plus equaled three, medium minus -also-equaled three, medium-equaled
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5 transferred to a macropouous cotton cheese cloth (pores approx.
Imm. The cloth with adhesive Is placed on a 8.8 cmdi aneter
petri dish with the side of cheese cloth w thout the adhesive

facing the atnosphere. A small opening is left to inject distilled water
into the petri dish and sufgicient water is added to cover the
entire bottom surface of the petri distrwthout touching the

adhesi ve. Theuromwgnus %qml fﬁ,@ H@* Réhut MRoadasd Yige, ARH dgbhiga S&E aaaOn.gﬁ pﬂ‘ug r St

wei ghed and then In a controll ed tenperature and
room (22[ er réq@alé@@e@%é%liﬂ pﬁr@inst%@sté@@ée‘ﬁ ad-ﬁbﬁvedlfaﬁé'h one tlme and the rdsdits P Qﬁ’d

again and the weight | oss expressed in terns of grams of water |ost per
squar e net erthree panelists for eact BdHebige %refwdred Rl ia06taged.

What is clainmed: :
Water Vapor Transmission Rate. A one mil coating of the adhesive on release liner is

5 transfer;_ed to a macropouous cotton cheese cloth {pores approx. 1mm). The cloth with adhesive

is placed on a.8.8 cm diameter petri dish with the side of cheese cloth without the adhesive

facing the atmosphere. A small opening is left to inject distilled water into the petri dish and

sufficient water is added to cover the entire bottom surface of the petri dish without touching the

_adhe;ive. The opening is sealed using the adhesive and this set-up is first weighed and then

10 stored in a controlled temperature and humidity room (22°C and 50% RH) for 24 hours. The dish

is weighed aggin and the weight loss expressed in terms of grams of water lost per square meter

in the 24 hour period.

1Jﬁﬂfﬁ,
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1. A graft- copol yner conprising a backbone polynmer to which
are attached grafted polyneric noieties, the graft copolyner characterized

in t hat 5 (1) t he backbone pol yner is
a pressure sensitive polymer having a_gLMnsi tion,

tenperature of -30C or |ess prepared frzcmma ryl

net hacrylic and vinyl nononers, and ”"’"”"m"'""m\[umght of

grafted pol yneric noieties absorb | ess than 10% by

t he ski n- penet r aWhetisehimetter under thernodynam ¢ equilibrium at

25[err] C when introduced into an excess of the enhancer mdependently from
t he backbone pol yner. 2. The
graft copol ymer accor i ng fA@rafi edpeaiymer epmtiising attackbgne pelgmer to which

pol ymeric noi eti g8 Jghdheg Qra'ﬁ@&?ol}rﬁ&!& micietiay, M@bﬂﬁkoﬂy@@hé&téﬁz@@ﬂet ration

15 enhancer under thernodynam c equilibriumat 25[err]C when
i ntroduced into H#t excess of the enhancer independently from

the backbone pol yner. (j the backbone polymer is a pressurd sensutw@'ﬁﬁlyﬂfeﬁﬁévnr@oF)m yner
according to claim.1 i m?rlc m)letles

are pol.ybutyl ene? cﬁjasﬁo{]ﬁpﬁmrﬁz‘e%‘aﬁ@ﬂ@r 8‘1 % 2% or less prepared w6 ) .

The graft copol ymethaaygic@nd ving ntooomérajandl i n which the grafted
pol yneric noiety is agpol ygac | y 5.
%20 fhe &Qﬂd 9 ¥r9é)r’f HGI[—:t\ﬁ? athsorbhless th t10(°{ by

The graft copol ynmer a rding to c
weight of the skm-penetratlon enhancer under thermodynamlc ethbnum at
10 25°C when introduced into an excess of the enhancer independently from the

backbone polymer.

2. The graft copolymer according to claim 1 in which the grafted
polymeric moieties absorb less than 7% by weight of the skin-penetration
15 enhancer under thermodynamic equilibrium at 25°C when introduced into an

excess of the enhancer independently from the backbone polymer.

3. The graft copolymer according to claim 1 in which the grafted
polymeric moieties are polybutylene or polyamide polymers.

20
4, The graft copolymer according to claim 1 in which the grafted
polymeric moiety is a polysaccharide polymer.
5. The graft copolymer according to claim 1 in which the grafted
25 polymeric moiety is a poly(ethyleneoxide/propyleneoxide) polymer.
6. A drug delivery patch or dressing comprising a substrate -
coated with the graft copolymer of claim 1.
30
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25 . ' polynerlc noiety is a poly(ethyleneOX|de/properneOX|de)

pol yner . . 6. A drug delivery patch or dressing
conprising a substrate - ' coated.with the graft copol ymer of
claim1. 30 : :

21

ADHESIVES RESISTANT TO SKIN-PENETRATION ENHANCERS

Abstract of the Invention

5 A graft copolymer for use as an adhesive for drug delivery patches or dressings that is
resistant to dissolution in the presence of skin penetration enhancers comprises copolymerized
acrylic and, optionally, vinyl monomers, to form a backbone polymer, -to which are grafted
polymeric moieties that do not absorb greater than 3% by weight of a skin-penetration enhancer
under thermodynamlc equilibrium at 25¢C if mdependently introduced into_an excess of the

10 enhancer Preferably, the grafted polymers are selected from the classes of polybutylene,
polysaccharide, poly(ethyleneoxide/propylencoxide), and polyamide pblymers. and specific

grafted polymers will depend on the specific enhancers used in a particular drug delivery system.
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