WO 2011/ 038897PCT/ EP2010/ 005939 Met hod for Inparting Antibiotic
Activity to the Surface of a Solid Substrate Background of the Invention 5
Quat er naryoaummusssm salts (quats) are well known for thecr/repéionosobi al
activity and/or antiseptic activity. As a result, quaternary ammoni um
groups have been incorporated into various chem cal structures. For

exanple, U S. Patent No. 6,251,967 to Perichaud, et al. disclose a nethod
for making M&RGd ?Jmﬁpiﬂtmge&nmloﬁmctﬁ'it?% @P@QHB‘_&& SONSalidBaBstRa@Uat ernary
ammoni um group. 10 There is also a great "deal of interest in finding
effective and efficient ways of attaching conmpounds containing quaternary
amoni BavkreuhAd of diolifehtin substrates. U. S. Patent Application Publication
No. 2005/0095266 to Perichaud et al. discloses a nethod for treating the
surface of a solid substrate involving photopol ynerization and coval ent
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merization and covalent grafting occurs upon exposure of the solid substrate and a formulation

containing the monomers to ultraviolet radiation.

However, the use of ultraviolet radiation has its limitations. For instance, ultraviolet radiation
20  only penetrates a portion of a solid substrate, e.g., a fabric, resulting in only the surface of the

fabric being coated with the antibiotic polymer.

There remains a need for attaching an antibiotic polymer to a solid substrate so that the solid
substrate will have layers of antimicrobial and/or antiseptic activity.
25

Summary of the Invention

The present invention relates to a method for imparting antibiotic activity to a surface of a solid
substrate, comprising the steps of:
30 a) contacting the solid substrate with a composition comprising one or more antibiotic mono-

mers Q, X/~ wherein:
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Q represents a quaternary ammonium ion having formula (I):
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R independently represents H or CHj;
B represents a linear or branched C;_s alkanediyl chain; or an arylene or arylalkanediyl group;
m represents 0 or 1;
30 R'and R? independently represent a C,_s alkyl group;
R? represents a Cg_y alkyl group, an aryl group, or an arylalkyl group; and
X'~ represents an anion having valence j;
to form a solid substrate composition; and
b) exposing the solid substrate composition to conditions suitable for covalent grafting and

35  thermal polymerization of the substrate.
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For a better understanding of the present invention, together with other and further advantages,
reference is made to the following detailed description, and its scope will be pointed out in the

claims.

Detailed Description

The invention relates to a method for imparting antibiotic activity to a solid surface. Antibiotic
activity includes any antimicrobial or antiseptic activity, e.g., antibacterial activity, anti-fungal
activity, and anti-yeast activity. Antibiotic activity includes activity that either stops or slows
the growth of, or kills, a microbe, e.g., biocidal or biostatic activity.

The solid substrate can be any solid, porous or non-porous material. Examples of solid
substrates include, but are not limited to, non-woven or woven textiles made from synthetic or
natural fibers or threads, cleaning wipes, plastic, medical gauze or bandages, water filtration
media, ceramic, glass, diatomaceous earth, sand, filter cartridges, diapers, medical or surgical
masks, clothing, sponges, brushes, cellulose, wood, surfaces of pharmaceutical clean rooms,

and bathroom surfaces such as walls, ceilings, floors, doors, flush handles, and toilet seats.

The method involves the steps of: a) contacting the solid substrate with a composition com-
prising one or more monomers Q;X’~ wherein Q represents a quaternary ammonium ion having
formula (I) to form a solid substrate composition and b) exposing the solid substrate compo-
sition to conditions suitable for covalent grafting and thermal polymerization of the substrate.
Suitable conditions for covalent grafting and thermal polymerization include, but are not
limited to, the use of an initiator and the pre-treating of the substrate either with a corona treat-
ment or plasma discharge treatment. Corona treatments and plasma discharge treatments may

impart better grafting.

The solid substrate is contacted with the monomer composition by any means possible. Some
examples of contacting the solid substrate with the monomer composition include introducing
the solid substrate into a solution of the monomer composition or spraying the monomer com-

position onto the solid substrate.



R3 represents a C38-20 al kyl group, an aryl group, or an aryl al kyl group;
and Xj - represents an anion having valence j; to forma solid substrate
conposi t iwo;20an38897 b) exposing the solid substrate ceopEPiliO05989
conditions suitable for covalent grafting and 35thernal polynerization of
the substrate. WD 2011/ 038897PCT/ EP20460/ 005939 - 3 - For a better
under st andi ng of the present invention, together with other and further
advant etail ed description, and
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invention relates to a nethod for inparRing antibiotic activity to a solid
surface. Antibiotic activity includes apy antimcrobial or antiseptic

activity, e.g., antibacterial actj d anti-fungal activity, and
anti-yeast activity. Antibiotic ac%|V|t i ncludes activity that either
staps or slows 10the growmh of, or kill$, a mcrobe, e.g., biocidal or

bi ostatic activity. The solid substrateAcan be any solid, porous or

non- porous naterial. Exanples of solid s$ubstrates include, but are not
limted to, non-woven or woven textileg rade fromsynthetic or natural
fibers or threads, cleaning w pes, pla E medi cal gauze or bandages,
water filtration 15 media, ceramc, glas$s, diatonmaceous earth, sand, filter
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seats. The nethod involves the steps of: a) contacting the solid substrate
with a conposition com 20 prising one br nmore nonomers QXJ- wherein Q
repres ammoni um i on having formula (1) to forma solid
substraq%ﬁgghgg erpli]ne%afttrﬁd b) exposing the solid substrate conposition to
conditions suitable for covalent_grafting and thermal polynerization of the
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pol yneri zation include, but are notfllimted to, the use of an initiator and
the pre-treating of the substrate ebDther with a corona treat- 25 nment or

pl asma discharge treatnment. Corona treatments and plasma discharge
treatments may inpart better gra4+pg—Ide—solid substrate is contacted

wi th the nononer conposition by any neaqﬁnp055|ble Some exanpl es of
contacting the solid substrate wth the nomer conposition include

i n§y oducing 30 the solid substrate into% solution of the nononer
conposition or spraying the nononer cggposition onto the solid substrate.
WO 2011/ 038897PCT/ EP2010/ 005939 - 4 - The quaternary anmmoni um i on of
formula (1) is shown below. 5 1T ﬁ T
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25  In the three possible structures for A shown above, the left side of the structure as shown is

attached to the vinyl group (HC=CR-) and the right side of the structure as shown is attached
to B. Therefore, the three possibilities for A in formula (I) are shown below:
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RL A(BBmR2 1+ IR3 In formula (1) A represents: 25In the three

possi bl e structures for A shown above, the |left side of the structure as
shown i s wotanihssssro the vinyl group (H2C=CR-) and the rcgmr2siodesssd the
structure as shown is attached to B. Therefore, the three possibilities for
Ain fornmula (1) are shown below RRR-$tI H2C=--C 30H2C=CH2C --C I
C=00C=0 Il OC=ON-R 11l 35(B)ymB)m(B)m 1+1+1+ NNN

In formula (I), R independently represents H or CHs.

In —(B),,—, m represents 0 or 1. B represents a linear or branched C,_s alkanediyl chain; or an
arylenyl or arylenylalkanedienyl group. A linear C,_s alkanediyl chain may be represented as

5 —(CH,),—, where n =1 to 5. Therefore, an alkanediyl chain is bonded independently at each end
to another chemical moiety, e.g., to a group, or to an atom. In a preferred embodiment, m is 1
and B represents at least a linear C; alkanediyl chain so that at least two carbon atoms separate

A from the nitrogen of the ammonium ion.

10 Examples of branched C,_s alkanediyl chains are shown below:
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b NS wans HX—CH;s
When m is 0, group A is directly connected to the nitrogen of the quaternary ammonium group.
Preferably, the letter m is 1.
20

Arylenyl groups are aromatic groups bonded independently to two chemical
moieties, e.g., to a group, or to an atom, and may be represented as —Ar— wherein Ar is a

phenylene or heterocycloarylenyl group.

25  The arylenyl groups may be bonded to two chemical moieties at any two positions of the

aromatic ring. For example, possible phenylene groups are shown below:
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Heterocyclic arylenyl groups contain rings with 5 to 6 ring members having one to three
35  heteroatoms selected from —O—, —S—, =N—, or -NR*~, wherein R* represents hydrogen, methyl,

or ethyl. Examples of heterocyclic arylenyl groups include thiophenylene, furylene, pyrrolylene,
pyrazinylene, pyrimidinylene, imidazolylene, oxazolylene, and pyrimidinylene. For example,

possible heterocyclic arylenyl groups are shown below:



Ri - 11743R11 R3R1I R3 R2ZR2ZR2 WD 2011/ 038897PCT/ EP2010/ 005939 - 5 - In
formula (1), R independently represents Hor CH3. In -(B)",-, mrepresents
0 or 1. Bwvoepriassesyys a |linear or branched Cl-5 al kanedi ylcTar2010/00389 an
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be represented as 5 -(CH2),-, where n-6-1to 5. Therefore, an al kanedi yl
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Arylenylalkanediyl groups contain any of the arylenyl groups described above bonded to any of
10 any of the alkanediyl groups described above, and may be in either direction, e.g., —Ar—(CHz),—

or =(CH,),—Ar—. Examples of arylenylalkanediyl groups are shown below:
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H2C Wen mis O, group Ais directly connected to the nitrogen of the
quat ernary ammoni um group. Preferably, the letter mis 1. 20 Aryl enyl
groups arwoanomsssoe groups bonded i ndependently to two ebempeal/onBet i es,
e.g., to a group, or to an atom and may be represented as -Ar- wherein Ar
is a phenyl ene or heterocycl oaryl enyl-¢group. 25 The aryl enyl groups may be
bonded to two chem cal noieties at any two positions of the aromatic ring.

For eXﬁ"B{deRZ Bﬁéﬁénﬁ!&rﬁlﬂ%ﬁ%&ﬁ%esaﬂﬁ%@§n@ﬁﬁea§ l&?%n@ﬁ‘éd@{_%alk yHebgp.ocyclic

aryl enyl “groups contai'n fings wt ring menbers having one to three
35 het aml@mf Gees d&ywovwmluée methyl, eshyl, peRYL 1soRpaRyb bytyRdiseYlesent s

hydrog@n4mgmgﬂd enfdyl. et hyl . Exanpl es of het erocyclic aryl enyl groups

i ncl ude thlophenylene furyl ene, pyrrolylene, pyrazinylene, pyrimdinylene,
i m dazol yl ene, oxazolyl ene, and pyrim dinylene. For exanple, possible

heter oRYRlp r@em iRy h @boarbgl @oep,snawl drebmw hydrocddylaryl group, or an aryl-
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group dr ocar ary gr oup, n aryl - hydrocarbyl group. The
hydroc@ﬂ@?lmﬁﬁﬁdps may be saturated (al kyl) or unsaturated (al kenyl ).
Exgypl es of saturated C8-20 aIkyI groups i ncl ude octyl, decyl, dodecyl,

ol udbrd SBRs eneTeiy fgray et %t%%@tf?agnwﬁ%rgmm%rﬁﬁﬁ 10
Heterocyclic aryl (heteroaryl) groups contain rings with 5 to 6 ring members having one to
three heteroatoms selected from —O—, —S—, =N—, or —NR4—, wherein R* represents hydrogen,
methyl, or ethyl. Examples of heterocyclic aryl groups include thiophenyl, furyl, pyrrolyl,

15  pyrazinyl, pyrimidinyl, imidazolyl, oxazolyl, and pyrimidinyl.

Hydrocarbylaryl and aryhydrocarbyl groups contain an aryl or arylenyl group bonded to a
saturated, branched or linear C,_s alkyl chain or group. Examples of arylhydrocarbyl groups are

shown below:
20 /
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30



--- Aryl groups may be carbocyclic or heterocyclic. A carbocyclic aryl
group is phenyl. Heterocyclic aryl (heteroaryl) groups contain rings with 5
to 6 ringwomoheaissdravi ng one to three heteroatons sel ecret/HfPeaniedsy - S-,
=N-, or -NR4-, wherein R4 represents hydrogen, nethyl, or ethyl. Exanples
of heterocyclic aryl groups include thgophenyl, furyl, pyrrolyl,
158yrazinyl, pyrimdinyl, imdazolyl, oxazolyl, and pyrimdinyl.

Hydr ocar byl ar nd aryhydrocar byl . gro contain an aryl or arylenyl grou
bondod TR Re L, by C&Q’,ﬁ%&gﬂc‘?ﬁ%ﬁﬁhﬁg‘f’%ggﬁwaj al kyl ohai n or g?/oup?/ Iroup
Exanpl es of arylhydrpcarbyl groups./are shown bel ow WO

2011/ 038897PCT/ EP20%Q/ 005939 - 8 - anpl es of hydr | aryl groups are
shown bel ow: X r'gprese an ani i ng val en ) anpl es of anions
i ncl ude hal ogeni des, st hosph itrate, ani d or organic
anisons such as p-tgluenes / ' , benzoate,

acetate, or undecyl enate. € letter | y repr , tor exanple, 1, 2, or
1- is: H2C=C20 O

10 l / | F %{’

A

X represents an anion having valence j. Examples of anions include halogenides, sulfate,
phosphate, nitrate, cyanide, or organic anions such as p-toluenesulfonate (tosylate), salicylate,

benzoate, acetate, or undecylenate. The letter j may represent, for example, 1, 2, or 3.

15
In a preferred embodiment, the monomer QX" is:
H,C=—C
20 —0
o
(CH2)2
+ Br

25 N
/ ~——
| Cq2t 125

In another preferred embodiment, m in formula I is 1.
30  In still another preferred embodiment, B in formula I is a linear C; alkanediyl chain.

The solid substrate composition is exposed to conditions suitable for covalent grafting and
thermal polymerization of the substrate. Such conditions are well known to a person having
ordinary skill in the art. For example, a convenient minimum temperature for thermal

35  polymerization is at least about 60 °C, more preferably at least about 80 °C. A convenient
maximum temperature for thermal polymerization is at most about 150 °C, more preferably at
most about 130 °C. Furthermore, the solid substrate composition may be exposed to conditions



0 (CH2)2 + Bf 25 G 2H25 I n another preferred enbodinent, min formula | is
1. 30In still another preferred enbodinent, Bin formula | is a linear C2
al kanedi WO@PHI03889The sol id substrate conposition is exp6¥aR2916/06vAdi ti ons
suitable for covalent grafting and thermal polynerization of the substrate.
Such conditions are well known to a pe?son having ordinary skill in the
art. For exanple, a convenient mninmmtenperature for thermal

35pol ydmable b @Valehit graftli@asld thrensl pb§nierizafdrefop b éa8t adduy 5 atinheaahd apout 80
C A conveagge%) maxi nrum tenperature for thermal polynerization is at nost
about ™8Y 3EOUL Y BINYESt er abl y at nost about 130 C. Furthermore, the solid
substrate conposition may be exposed to conditions WO

2011/ 03889 7PCT/-EP2010 = 9 -~ S -0 t grafting and
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m rjutes. The anion Xi- is preferably a halide, i.e., d-, Br-, F-, or 1-,
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one or nDre nononers | goners selected fromthe group consistjng of
acry| atedecteddfenm die eranp corsisne ot Rew late r?tBPré‘ﬁ% e Vé‘i‘ﬁ@&‘??é mongmer gy Qligogiers
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Initiator uitable for thernmal polynerization. 10 An oligoner is conprised
of tms_'%ttaglrer%?retthﬁ%‘??grpgfy@erﬁzﬁ “Fraxi mum nunber of monomers contenpl ated for
the oligoners of the invention is eight. Acrylate, epoxide, and vinyl ether

TONOMER & oﬂéox%gli @%%’bﬁs@d%i{t@xgl & rh&¥e nfR XT8hE 223 dmntber of monomers

contemplated for the oligomers of the invention is eight.

Acrylate, epoxide, and vinyl ether monomers or oligomers suitable for copolymerization with
15  the antibiotic monomer are well-known in the art. For example, U.S. Patent Application Publi-

cation No. 2005/0095266 to Perichaud et al. discloses examples of suitable acrylate, epoxide,

and vinyl ether monomers and oligomers in paragraphs 137-152. Preferred acrylate monomers

include 1,6-hexanediol diacrylate and bisphenol A ethoxydiacrylate.

20 Radical initiators suitable for thermal polymerization are well-known in the art. Examples of
suitable radical initiators include peroxy compounds such as fert-amyl peroxybenzoate;
4,4'-azobis(4-cyanovaleric acid); 2,2"-azobisisobutyronitrile; benzoyl peroxide; 2,2-bis(tert-
butylperoxy)butane; 1,1-bis(zert-butylperoxy)cyclohexane; 2,5-bis(tert-butylperoxy)-2,5-di-
methylhexane; 2,5-bis(fert-butylperoxy)-2,5-dimethyl-3-hexyne; bis(1-(tert-butylperoxy)-

25  methylethyl)benzene; 1,1-bis(fert-butylperoxy)-3,3,5-trimethylcyclohexane; fert-butyl hydro-
peroxide; fert-butyl peracetate; fert-butyl peroxide; fert-butyl peroxybenzoate; feri-butylperoxy
isopropyl carbonate; cumene hydroperoxide; cyclohexanone peroxide; dicumyl peroxide;

lauroyl peroxide; 2,4-pentanedione peroxide; peracetic acid; and potassium persulfate.
30  Most preferably, the radical initiator is benzoyl peroxide.

The solid substrate composition may further comprise iii) one or more grafting agents. Grafting
agents are well-known in the art. For example, grafting agents are described in U.S. Patent
Application Publication No. 2005/0095266 to Perichaud et al. in paragraphs 99-132. '

35 ‘
According to a preferred embodiment, the solid substrate composition is pretreated with a

corona treatment or plasma discharge treatment in order to impart better grafting.



15 the antibiotic nonomer are well-known in the art. For exanple, U S

Pat ent Application Publication No. 2005/0095266 to Perichaud et al.

di scl oseswoexanpize®7of suitable acryl ate, epoxide, and viPOoyIlEPRtl@OSIADNOMESr S
and oligomers in paragraphs 137-152. Preferred acryl ate nononers include

1, 6- hexanedi ol diacryl ate and bi sphend0-A et hoxydi acryl ate. 20 Radi cal
initiators suitable for thermal polynerization are well-known in the art.
Exanpl gs; I%fe%'étlTeﬁ@o@inﬁe’%ﬁ"tlfeadolikir%ht)ét?a?t@fsj)okdlﬁl ude peroxy conpounds such as
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2,2' -azobisisobutyronitrile; benzoyl peroxide;

2, 2- bi aédordibpud dkergryhed ambodilneht thesolié klibdidteyik p@OAXY) Ve O HoeEA fstile.
2,5-bis(tert-butyl peroxy)-2,5-di- nethyl hexane;

2,5-bis(tert-butyl peroxy)-2,5-di net hyl-3-hexyne; bis(1l-(tert-butyl peroxy)-
25net hpleferiegdlekamples n€pon-woven textiles are cleaning wipes.

1,1-bis(tert-butyl peroxy)-3,3,5-trinethylcyclohexane; tert-butyl hydro-
peroxide; tert-butyl peracetate; tert-butyl peroxide; tert-butyl |

per oxyhesrdiag éo am@ﬁqr-p@@f@vp@embwlme@bﬁmpw sebstisterromprisenigrlastinipgresiskr oxi de;
cycl ohexanaeeoMRERE Hferigls 6 PolyNERRXIsHE ad FHIyaNYleReo1pdlfistopylene,
2,4-pentaned|on% per X|d$; per ac tﬁc aci d, and B@ta55|u%%§§%%HIfate. 30Most
pr ef er RAlyspters shehias polysthylenetergplfhalate, palyagylatesepystirene; FH % ubstrate
COMPOoSédpoBmdiBhetasft her conprise iii) one or nore grafting agents. Gafting
agents are well-known in the art. For exanple, grafting agents are
described in U S. Patent Application Publication No. 2005/ 0095266 to

Per i chAcabrding & still anqtherpgefaphe c@bodident 86 solds@Birae(s 8 8EHRET £L&R2®10/ 005939
- 10 -pdfdag preferred enbodi ment the solid substrate is porous.

According to another preferred enbodi ment the solid substrate is a
non-woven or woven textile. 5Preferred exanpl es of non-woven textiles are
cl gani RGinBtHRE PrefAEEANGbIMImER tBOS3IRESubB 2 & 4 Ratee iadionenddith £fos @k@xﬁlﬁ)le
substrg%e cgpprL%fs a g% stic material. Exanples of plastic materials are
pol yol ©f PAgbleLy dpfustia), ag’éthylene or pol ypropyl ene, polyesters such as

pol yet hyl ene terephthal ate, polyacrylates, polystyrene, polyam des, or

t ocop . i i e odi nent the
sol 1 d S haieR et B riod BRI oB A il B R R, B e
enbodi dretemacemsseithdagd s icombenationsithgegoér filtrati on nedium for exanpl e

f oy potable or industrial water. Preferred water filtration nedia conprise
mat eri al s such_as pIﬂ;ths, ceramics, glass, .diatomaceous earth, sand, or
conbi nAPBFPrEREEE GPPIXGTiaN Ht Waler gﬁt&t@w’é@?wﬁp st FgIIdeRSwat er 1iltration
media is in filter cartridges.

Diapers are another preferred type of solid substrates.

25  Still another preferred application of the solid substrates treated according to the invention

comprises medical or surgical masks and respirators.

Surfaces used in pharmaceutical clean rooms are another preferred filed of use of the solid
substrates treated according to the present invention.

30
Still another preferred application of the solid substrates treated according to the present

invention are surfaces used in bathrooms.

Examples of such surfaces in bathrooms are walls, ceilings, floors, doors, toilet seats, and flush

35  handles.



D apers are another preferred type of solid substrates. 25Still another
preferred application of the solid substrates treated according to the

i nventi orwoanura3s®s nedi cal or surgical nasks and respi PaT@P30108039BACES
used in pharmaceutical clean roons are another preferred filed of use of
the solid substrates treated accordindlto the present invention. 30 Still
anot her preferred application of the solid substrates treated according to

the pregeimpdineNdbENCA B %‘Mﬁe@f‘z@& by $Rehdd’ vt lhfo@@fm the ¥ For example, U.S.

2011/ 038897 CT/E 9 The conpoun nt hesi zed
e lo-basicadn b Boadape o baends, Ghiis SEuRemely S as st o
Peri chaudlses—1@. ., di scusses the synthesrs of quaternary ammoni um salts at
cols. 5-10. 5In this specification, groups of various paraneters containing
mul tiple menbers are described. Wthin a group of paraneters, each nenber
mays belngbistsperaficationhgranys ofarious panametsirs ¢éngaiomgenultipleeenbers argedescribed.
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grpup Bndc.aryl group, aryl group and arylal kyl group, and C8_20 al kyl group
and aryl al kyl group. The instant invention further contenpl ates enbodi ments
in which each elenent |isted under one group may be conbined wth each and
every Biremamplel irsthe presanteinvaniponpgtoaps gf varjpus paranerasmiealefingd (2. Qnal, IR2Bar e

i dent | i
| dont 1 Rp &G RESHE X ACaBE attihy nfu?t%’%?%%ﬁeng@ el epRiae BB 12
gr oup, alksyl gieum ey gyl iggouny Pb@ipaf)’l?é gé@léh@ﬁ@ BemRer aan brezornalreﬂ vgthaeael |
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group, an r roup, an ary 0 For exanple, in one
enbodiﬁgH¥?l gﬁ? 4%@ ﬁ&

8i98Pa pentyl group; and R3 may
be an aryl group 30 Alternatively, Rl may be a nethyl group; R2 may be an

et hyI %ﬁo 85&1{1 1nve tlon hebrecog gxgaflgtesala%%dn%r ﬁtlwn w%ﬁcm Jag Pénﬁa?lt h%\i& g.n(wr%ﬂg I's

B, S dare ar or

al kaneghoyp ntabrdne monxbunednvm gdchriad everyroj¢menk disted iupHergpny gihereaedp. §or expnplbove
enpodi ﬁ%qlz@é’ld%ﬁ mﬁ%&%%s M&Bexﬁﬁﬁﬁg ?é}ﬁies%}{ﬁﬁg a @1 %@ﬁ@tl gﬁf r11:)BR Fﬁﬁeﬁml e,

inth odi nent erein R [1s group group, R3 is
an oct3hovgayidependanty repyespatinga &s-9q dky &j?‘éﬁ; aness@(gw%yr 6‘? ReTaRYl @i
noi et YEahtdlérAerdt b€ RELBIRATa COf_s Blkyl g0 REuh1B DB E G RZhANIABE830ement
of R? (a Cg_»9 alkyl group, an aryl group, or an arylalkyl group). For example, in one embodi-
ment, R! may be a propyl group; R? may be a pentyl group; and R? may be an aryl group.
30  Alternatively, R' may be a methyl group; R? may be an ethyl group; and R? may be an arylalkyl
group. Similarly, a third group is B, in which the elements are defined as a linear or branched
C1_s alkanediyl chain; or an arylene or arylalkanediyl group. Each of the above embodiments
may be combined with each and every element of B. For example, in the embodiment wherein
R! is a butyl group; R? is a methyl group; R? is an octyl group; and B may be an arylene group

35  (or any other chemical moiety within the element of B).

With each group, it is specifically contemplated that anyone of more members can be excluded.

For example, if radical initiators are defined as ferf-amyl peroxybenzoate; 4,4-azobis(4-cyano-



- 12 - valeric acid); 2,2 -azobisisobutyronitrile; benzoyl peroxide;
2,2-bis(tert-butyl peroxy)butane; 1,1-bis(tert-butyl peroxy)cycl ohexane;
2, 5- bi s(twotetwisgdoper oxy) - 2, 5- di net hyl hexane; 2, 5-bi s- PCT/EP2010/005939
(tert-butyl peroxy)-2, 5-di net hyl- 3- hexyne;

bi s(1-(tert-butyl peroxy)-net hyl et hyl )-bWénrzene;

1,1-bis(tert-butyl peroxy)-3,3,5-trinmethylcycl ohexane; tert-butyl
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absenceer®fidgmi st ure or other chenically reactive conditions, for at |east a
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t he | i Bherefoed, acdembinayion lof rubstitueats apadablesth the compoundstdesdibadpbes isExanpl e
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oonerf TSRSy TR CRGE QRS o TRy Bl LMy,
made bstakle semboundprshgmegalldersthde compeuidds 90¢imwhigh ghe ¢hepdeal sEuctiiegtisnot | n a
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and 0.1 g (ﬁ% benzoyl ,perg;ca,de \A%)S{ S?I’ll cated for 10 minutes in order to

di ssol 8L ghemieatly gGactive conqifens. & 1496 WEsz oyl per oxi de was di ssol ved,
0.75 g of this m xture was added to the 1% nononer ML sol ution and m xed
(using,a. netic,stir har). .The,sol uyti.on was hazy, at i int. il.e
Cont | pihTish R vyt ARrhonge. S o nfiBala B 1 Tyl il

li qui dincludOaddifithd) 388SHETTLERAG1H/IB08IBYiIng iR wordhEcdnisiguinglof Tis ehdugivpet t e
wag, t h&Bsédre%chi,%.r ok i Qelflid a‘(ﬁ)‘l}y%@erﬁémﬁt)f %ﬂe@i{ﬁgar[i‘ﬁt}éqﬁﬂm added was such as

to deliver a 3% cdncentration nmononer e W pe substrate. For
exanple, a dry w pe weighs approximately 2 g. By adding 6 g of the nononer

ML sol gkamplesO the wipe, 3% by weight of nmonomer M was added to the wi pe.

Example 1
25

The synthesis of the antimicrobial monomer M1 is as follows:

O 0 l o
N(CH:), C,Hs0H / BHT N Br
\"/“\0/\/ + CIZHZS Br 2 655~700C > O/\/ \\
30 Ci2Hys
(DMAEM) . {Dodecyl bromide) (M1)

A 1% aqueous solution of the monomer M1 was made by dissolving 5 g of monomer M1 into
494.25 g of deionized water. In a separate beaker, a mixture containing 9.9 g of 1,6-hexanediol
35  diacrylate and 0.1 g of benzoyl peroxide was sonicated for 10 minutes in order to dissolve the
benzoyl peroxide. Once the benzoyl peroxide was dissolved, 0.75 g of this mixture was added
to the 1% monomer M1 solution and mixed (using a magnetic stir bar). The solution was hazy

at this point. While continuing to mix, a plastic pipette was used to extract some of the liquid.



5 Once the liquid was added to the w pe substrate, it had to be heated to
at least 80 C and dried conpletely. An oven set at 80 C was used to dry the
substrat ev0 2011/0388%¢ prepared sanpl es were then eval uat egCcugire@ob®3AMer i can
Associ ation of Textile Chemi sts 10 and Colorists test nmethod AATCC

100- 2004. A mixed bacteria culture wad3used. Bacterial Counts (CFU gram
Sanple # Test Sanples Day 0 24 Hs Day 7 1 Mononmer ML on Wpes 4.7 x 106

1. 0 X 43 qut@th the BE};&@%&a%%éaqwsf’énewt@a%&“ﬂfpe%u%@@mé Pheantflht &d&e&wam

15Bact er| acf I nocul anpl e anti m ¢robi nono
12 cansuchasntarelivend 87 wwceniragion of grapeprer Mk odhe Wige S%%IF% exgmpye, g H&Vr mal
techni ﬂﬂfé&ve@ﬁﬁp@f&dlﬂh&[@g% y aédihy 6tgyofahe HdaonenMIEolutfonnmitind wlpeesesen

after i zati o one of many nononers that can be made
havi n g’i ‘Pﬁrﬁ?%‘i‘e&%bl’”&ﬁé %?detg tg“s&'ip “Appendi x A for list of other exanples

of stononmers that can be used. The pol ynerization and grafting of the

MONOMES R @l llQSlda‘%y a%\ég&lt fh% r;!\fif)e Elﬁfsﬂh'tghlt Y¥d & be heated to at least 80 °C and dried

completely. An oven set at 80 °C was used to dry the substrate.

The prepared samples were then evaluated using the American Association of Textile Chemists
10 and Colorists test method AATCC 100-2004. A mixed bacteria culture was used.

Bacterial Counts (CFU/gram)

Sample # Test Samples Day 0 24 Hrs Day 7
1 Monomer M1 on Wipes | 4.7 X 10 1.0 x 10° <100
2 Untreated Control Wipes| 5.1 x 10° 1.3 x 107 1.5 x 10®

15 Bacterial Inoculum: 7.0 x 10°

Example 2

The antimicrobial monomer M1-C12 can then be converted into a polymer either via UV curing
20  or thermal techniques. The antimicrobial activity of the monomer is maintained even after
polymerization. M1-C12 is only one of many monomers that can be made having antimicrobial

properties. See Appendix A for list of other examples of monomers that can be used.

The polymerization and grafting of the monomers can be achieved either through UV or

25  thermal techniques. For this application (applied to either medical gauze or bandages), the
preferred technique is by thermal polymerization and grafting. This is because it is desirable to
have the polymer grafted throughout the substrate. UV techniques would only produce grafted
polymer on the surface of the substrate. UV techniques are more desirable for solid surfaces
where a coating of the surface is only needed.

30
In the study described below, benzoyl peroxide was used as the initiator for polymerizing and
grafting the monomer to the medical gauze or bandage. Benzoyl peroxide is not soluble in
Monomer M1-C12, so 1,6-hexanediol diacrylate (Miramer M200) was used as a co-monomer to

solubilize the benzyl peroxide. A 1% benzyl peroxide in 1,6-hexanediol diacrylate was made.



25t hermal techni ques. For this application (applied to either nedical gauze
or bandages), the preferred technique is by thermal polynerization and
grafti ng.wohps/i3889because it is desirable to have the pecymeroigneissed

t hroughout the substrate. WV techniques would only produce grafted pol yner
on the surface of the substrate. UV t-ddhni ques are nore desirable for solid
surfaces where a coating of the surface is only needed. 30 In the study
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di acryl ate (M ramer M200) was used as a co-nononer to soI ubilize the benzyl
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dried w&eg gaa‘;écpw he\&Re bRicedurd! ShthfSs bibRHdgEss (ohrldby 80fdhnbdies BYRESS
noi sture and brin he tenperature o oﬁkheo%%gl&ezg?toaove 80 Cin.order to

initiafd thﬁ@l‘BdYeWrEﬁPEr&Eilchr?bF‘e@B’c% bng scfifpd BUXHFRPE 2Ri§<E ©
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dried mﬂelatormmlatn:vt/hv polywenizitoom Sactionudstal nf threbesampdesdvsre pidpatddeusangtbs s

noi St“{a?ne géﬁt’ur@g the tenperature of the gauze to above 80 Cin order to
initiate the polynerization reaction. A total of three sanples were
prepared using the sanme procedure. 15 Test nethod AATCC 100 was used to

eva uat&t hidehoRANAATCS D whs Be@ReEvdI®fe fe dnfithidroBial fdpeRids 68thedridzd and

bandages.. The tabl e b | ow i.zes the erfo ai nst. aur eus.
O oo hdieghimues e hapdbsha, ThE WBIs o prag e b prigmangs et P
Reducti on % Untr eat ed Gauze 3.0 x 107 3.0 x 108 NA NA Treated Gauze

Organism Counts (CFU)
|Sample Reduction Time =0 Time = 24 Hours | Log Reduction %
Untreated Gauze 3.0 x 107 3.0 x 10 NA NA
Treated Gauze 2.7 x 107 7.8 x 10° 4.59 99.997
Untreated Band-Aid®| 3.0 x 107 3.0 x 10° NA NA
Treated Band-Aid® 3.0 x 107 <100 6.48 99.999

20 Example3

The antimicrobial monomer M1-C12 can then be converted into a polymer either via UV curing

or thermal techniques. The antimicrobial activity of the monomer is maintained even after

polymerization. M1-C12 is only one of many monomers that can be made having antimicrobial
25  properties. See Appendix A for list of other examples of monomers that can be used.

The polymerization and grafting ofthe monomers can be achieved either through UV or thermal

techniques.

In the method described below, benzoyl peroxide was used as the initiator for polymerizing and
30  grafting the monomer to sand. Benzoyl peroxide is not soluble in Monomer M1-C12, so
1,6-hexanediol diacrylate (Miramer M200) was used as a co-monomer to solubilize the benzoyl

peroxide. A 1% benzoyl peroxide solution in 1,6-hexanediol diacrylate was made. The



2.7 x 107 7.8 x 103 4.59 99.997 Untreated Band-Aid(r) 3.0 x 107 3.0 x 108
NA NA Treated Band-Aid(r) 3.0 x 107 <100 6.48 99.999 20 Exanple 3 The
anti m cr oNP21E’er ML - C1l2 can then be converted i nt 8CaA/EPa0194e593%i t her
via W curing or thermal techniques. The antimcrobial activity of the
nmonomer is maintained even after polyderization. ML -C12 is only one of
many nononers that can be nmade having antim crobial 25 properties. See
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pol yneri zation an I ing Q nononers. can be ac ved either rou
W or tbﬁé?ﬁm?ﬁ&?mgﬁ%e?}m?% ‘f’He(’e'h‘E’f%S‘am[j@‘?‘&rP'?%%ﬁ'a% cifaf benzoyl per oxi ge
was used as the initiator for polynerizing and 30 grafting the nononer to
sand. 0 peroxi i S;.nhot i ' E nedi ol
i mcr yE A8 YORERER Bt AL Tai g iR ab RIS 'l spf (ol seRE
berszoyWhite Ptayi Shed). Aht Sasewasoihen deicd i agieroave oven for § nGnpes #hewgepto dry

di acr yAf‘P{h% B s TR Gure 18 bri\ﬁg t@@ée%{&?'ﬁé%?% &ERE I B RRIIZL m ok@erto initiate

the polymerization reaction. A total of two samples were prepared using the same procedure.

Since the antimicrobial polymer is cationic in nature, it will stain a blue color when exposed to
10  a solution of bromophenol blue solution. The above described treated sand sample turned blue
when exposed to a bromophenol blue solution and the blue color would not rinse off the sand
when washed with water. Whereas an untreated sand sample did not retain a blue color after
washing with water. This experiment demonstrates that the antimicrobial polymer is grafted

onto the sand particles.



Mononmer ML-Cl2 (0.8 g) was dissolved in deionized water (199.1 g). To this
m xture, 0.1 g of the 1% benzoyl peroxide solution in 1,6-hexanedi ol

di acryl atwowasi/msssded. A total of 20 g of the above descrCha20mondisse was
absorbed onto 50 g of sand (Kol or Scape 5 Wiite Play Sand). The sand was
then dried in a mcrowave oven for 5-fibrutes in order to dry off the excess
noi sture and bring the tenperature of the sand to above 80 Cin order to
initia ol yneri zation reaction. A total of two sanples were prepared
usi ng A &nﬂxg‘procedure. Since the antim crobial polymer is cationic in
nature, it will stain a blue col or when exposed to 10 a sol ution of

br onophd®b€l2| ue sol ution. The above described treated sand sanple turned
bl ue when exposeq)to a bronophenol blue solution and the blue col or would
not rinse off theqysand when shed with watepg Whereas an untreated sand

sampl e did ain | ue r after ng wwth water. This
éghﬁhaf’gha‘?ggiggcro lal polynmer is grafted onto the
7 PCHI2

experi nment
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Appendix A (Continued)

M-B26 (Bardap 26 based)

10

M4 (ADBAC based)



MMy - 17 - Appendix A (Continued) M 826 (Bardap 26 based) M4 (ADBAC
based) WD 2011/038897PCT/ EP2010/ 005939 - 18 - Clains 1. A nethod for

I mparti ngwenvilizesdrc activity to a surface of a solid seoItEPat18/003¥6MPri Si Nng
the steps of: 5a)contacting the solid substrate with a conposition
conprising one or nore antibiotic nond&ers QXJ- wherein: Qrepresents a
quat ernary amoni umion having formula (1): 10H2C=C A (B)m 1+

Claims

1. A method for imparting antibiotic activity to a surface of a solid substrate, comprising the

steps of:
5 a)  contacting the solid substrate with a composition comprising one or more antibiotic
monomers Q;X/~ wherein: _
Q represents a quaternary ammonium ion having formula (I):

R
10 H,C=—=C
A
(B)m
+
15 N
! e \R3
R2
I
wherein:
20 A represents
I(‘] o)
0o
25 o ﬁ
0
or
C N
0 ||
o R ;

R independently represents H or CHz;
B represents a linear or branched C,_s alkanediyl chain; or an arylene or
arylalkanediyl group;

35 m represents 0 or 1; R! and R? independently represent a C,_s alkyl group; R’
represents a Cg_» alkyl group, an aryl group, or an arylalkyl group; and
X" represents an anion having valence j;

to form a solid substrate composition; and



151111 R3 R2 wherein: 20A represents R i ndependently represents H or CH3;
B represents a |inear or branched Cl_5 al kanediyl chain; or an aryl ene or
aryl al karwadizgi/gsap; 35mrepresents 0 or 1; R and R2 ipad@mpendoenioBy
represent a G _5 al kyl group; R3 represents a C8-20 al kyl group, an aryl
group, or an arylal kyl group; and Xar 18ni on having valence j; to forma
solid substrate conposition; and WD 2011/038897PCT/ EP2010/ 005939 - 19 -

b) exposi ngy)t heexpebihg tieldsill isabRrabOEmRsdsiticiNo cBndifibak $uibR fBtitdvaling gfafting
covalent grafti r&qhand t&er mal %ﬁ)olml ztgtlon of the substrate. 2. The

met hod of cl ai #dTheriib pelYmerRaNoRfdhe FURsHAr i ses: 5 H2C=C 0 10 0 (CH2)2 +
Br" '

2. The method of claim 1, wherein the monomer comprises:

H,C==C
—0
10
o)
(CH2)2
N + Br
S~
s - C12Hzs

3.  The method of claim 1, wherein m is 1.
20 4. The method of claim 3, wherein B is a linear C, alkanediyl chain.

5.  The method of any of claims 1 to 4, wherein the conditions in step b) comprise a

minimum temperature of 60 °C and a maximum temperature of 150 °C.

25 6. The method of any of claims 1 to 5, wherein the conditions in step b) comprise a

minimum temperature of 80 °C and a maximum temperature of 130 °C.

7.  The method of any of claims 1 to 6, wherein the solid substrate composition in step b) is
exposed to the conditions for at least 5 minutes.
30
8.  The method of any of claims 1 to 7, wherein the solid substrate composition in step b) is

exposed to the conditions for at most 30 minutes.

9.  The method of any of claims 1 to 8, wherein X" is a halide.
35



-Ci 2H25 15 3. The method of claim1l, wherein mis 1. 20 4. The method of
claim3, wherein Bis a linear C2 al kanediyl chain. 5. The nethod of any of
clains 1 wo2811/088®rein the conditions in step b) conpri eTAPINII00KIID
tenperature of 60 C and a maxi numtenperature of 150 C. 25 6. The net hod of
any of clains 1 to 5 wherein the condOt-ions in step b) conprise a m ni num
tenperature of 80 C and a maxi mum tenperature of 130 C. 7.The nethod of any
of cl ajgrs ”ﬂ'—hé ﬁe@xod%@fr@i‘x@ otflaﬁy §Pélhﬁln§}m§¢ rv%&elﬁmﬁtshgﬁrﬁ@c&ﬁﬁ&lﬁn I's
exposed to_the conditions for” at least 5 mnutes. 30 8. The method of any
of clains fi‘rtpércpm%?éiiel n the solid substrate conposition in step b) is
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claine 1 to 8, wherein Xi 011/ 03 CT/ ER2010/

0593 20
0 ™ The. et HRINKECBIRHIRY SherdRpesters PEA IO RS SRl0L 0050
sulsst r at e conpths iahfileintié mohbeer; @aadpri ses: i) one or nore nononmers or
i I ' d d
Vingl et hel) nost aSE PR alRs SRRBtebL A o o (R 5t he
anti biotic nmononer; and ii) one or nore radical initiators suitable for

thermajp, potymahéafofemlm% wﬁa%m%& Bﬁeioplfnoi:é ﬁbﬁaxﬁ&s o%ﬁg&hastar@sem@edor nor e
nononers or | goners are se ec
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2, 4- pent anédi one” per ox eraceti’'c acl assiu ers
peroxide; 2 4-pentaned10ne peroxide; peracetic acid; and potassium persulfate.
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13. The method of claim 12, wherein the one or more radical initiator is benzoyl peroxide.
14. The method of any of claims 10 to 13, wherein the solid substrate composition further
comprises iii) one or more grafting agents.
25
15. The method of any of claims 10 to 14, wherein the solid substrate is pre-treated with a
corona treatment or plasma discharge treatment.
16. The method of any of claims 1 to 15, wherein the solid substrate is porous.
30
17. The method of any of claims 1 to 15, wherein the solid substrate is a non-woven or woven
textile.
18. The method of claim 17, wherein the solid substrate is a non-woven textile and the non-
35 woven textile is a cleaning wipe.

19. The method of any of claims 1 to 15, wherein the solid substrate comprises a plastic.



20 13. The method of claim 12, wherein the one or nore radical initiator is
benzoyl peroxide. 14. The nethod of any of clains 10 to 13, wherein the

sol id subsbrat3gwnposition further conprises iii) one ecrmre@o®dBdi ng
agents. 25 15. The nethod of any of clains 10 to 14, wherein the solid
substrate is pre-treated with a coron&ltreatnment or plasna di scharge
treatnent. 16. The nethod of any of clains 1 to 15, wherein the solid

subst r}r?d.e Tﬁebﬁg{hea%fﬁﬁof ddimsTNe fﬂ?mﬂaimheas%}id%lrﬁxla?é 98 nledil %éuze"@?er ein
the sol1d substrate 1s a non-woven or woven textile. 18. The met hod of
claim 17, b#€pgd-n the solid substrate is a non-woven textile and the non-
35woven textile is a cleaning w pe. 19. The nethod of any of clains 1 to
15, whegrein the.sqlid supstrate c rises _.a pl.astic.. WO .

2011/ 05B8GTCTFERI 6L AHo5daEns. bip. %Yheﬁ%ﬂ}#hgd“‘bs%am agyaten filirgtion ¢ o 15,
whey ei n t h@ediahi.d substrate is a nedi cal gauze or bandage. 21. The

nmet hod of any of clains 1 to 15, wherein the solid substrate is a water
filtration 5medium 22. The method of claim 21, wherein the water )
filtra22.onTiheaieted ofnlaih 2&swhergist the wagesfdiratéon mypdivm comiprisosrplesiat ser@mme.h, or

hgiatEL e ar®l &8 dhdl, wherein the water filtration medium

sand. t023,,d
conpri ses %l?fer cartridges. 24. The nethod of any of clainms 1 to 15,
wherein the solid substrate is a diaper. 25. The nethod of any of

cl @ M523l t Phel Methol OF Glafin R ewhéreintths wWasdrifiiratidrsmaditBdoeadrises fikter @ir@idkesl Smask
or arespirator. 26. The nethod of any of clains 1 to 15, wherein the solid
substrate conprises a surface used in a pharnmaceutical clean room 20 27.
The me2hodThd mathpdof acy af cisinds t ® 1% whetwn diersolid subsstiatedis aubiapter.at e conpri ses
a surface used in a bathroom 28. The nethod of claim 27, wherein the

surface used in a bathroomis a wall, a.ceiling, a floor, a door, a toilet
seat, 2 allh¢ methodafianeof gdaims 1 to 15, wherein the solid substrate is a medical or surgical
15 mask or a respirator.

26. The method of any of claims 1 to 15, wherein the solid substrate comprises a surface used

in a pharmaceutical clean room.

20 27. The method of any of claims 1 to 15, wherein the solid substrate comprises a surface used

in a bathroom.

28. The method of claim 27, wherein the surface used in a bathroom is a wall, a ceiling, a
floor, a door, a toilet seat, or a flush handle.
25



