1 DESCRI PTI ON CHI TOSAN HYDROGEL DERI VATI VES AS A COATI NG AGENT W TH BROAD
SPECTRUM OF ANTI M CROBI AL ACTI VI TI ES BACKGROUND ART [0001] Chitosan is a
-1, 4-1i nkeo 2polopman of gl ucosam ne (2-am no- 2- deoxy- 8- Dglcugesw)/oa@nts | esser
anounts of N-acetylglucosamne. It is formed by the deacetylation of chitin
(poly-N-acetyl gl ucosam ne), an abundant Ryproduct of the crab and shrinp
processing industries. [0002] The water solubility and anti m crobi al
property of native chitosan can be achi eved or enhanced via the

quat erni zati on of chitosan. Quater nDESCRBITIOMNN, as a consequence of the

quaterni zation of the amno group in the C 2 position, gained a pernmanent
positive ch&HIEOSAN H@Qﬁ)@ﬁé@@ﬁﬂv&f S IA:S)A&QOQ]'MGMM%E&H' WHTHBROAD i nd

utility in cosnetic preparations, food Preservati on _and Eackagi ng, coating
material's, disinfectant SPkHdl BUMEH ANTIMICROBIAL AGTIVIRER 2005- 290297,

JP- A-8- 144121, JP-A-2004-515813). [0003] Hence, quaternized chitosan can
be utilized for hydrogel formation and formul ated as antim crobi al contact
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t here have en no s ies on“the use of quaternized chitosan hydrogels as

ant i m cr ohpeh2] T HeGRhtef SYILBRI aﬁaia«mmiarbsia%m FMARNE I CPRtoS&S Ehh peS the

formati on of novel hydrogel st%ased on quater chitosan 2 which has

been graf trfievetbriphaieed vRDING GUAEMIZRRRYTIchitbya QLABHASSH CAKGRE a8roup.
and relates to nedical device having resultant antimcrobial activities.

SUMVARY  Ofconbquddidendtl thkl %Lﬁ%’fﬁ]zaﬁbﬁ of theaiirdd giodup iAnEE €L positont gaiheds t O
provi de a novel and useful quaternized chitosan derivative, a nethod of

pr oduci ng penmanent posilivechargetarsthe pidysacehanride backiiorieo Cauatbsriizethehitosans
met hod of producing the hydrogel, and an article using the hydrogel. [0005]
The pr eserfindiutilirini cosmeticpraparationk pfoodpresdrvdiiore ahd packdging, costirgy ni zed
chitosan derivative having pol ynerizable organic noieties. [2] The
quat er ni z éaaterialsodisinfeetantsaand bioniedical applicatiansald PeA200520 QR P P-A-8-
represented by the foll ow ng formula (1):
144121, JP-A-2004-515813).
[0003] Hence, quaternized chitosan can be utilized for hydrogel formation and
formulated as antimicrobial contact lens coating. In order to achieve hydrogel
formation, quaternized chitosan can be grafted with photocrosslinkable groups, such
as (meth)acrylates, and be converted into hydrogels through a UV polymerization
process. Hydrogels are hydrated cross-linked polymeric systems that contain water
in an equilibrium state and have been widely used in many biomedical applications
including contact lenses, bio-implants such as urinary catheters, pacemaker, heart
valves, artificial heart, mammary prosthesis, intraocular lenses, wound dressings,
artificial organs and delivery carriers for the bioactive reagents due to their high
degree of biocompatibility. However, there have been no studies on the use of
quaternized chitosan hydrogels as antimicrobial medical device coating. The present

invention describes the formation of novel hydrogels based on quaternized chitosan



-N(R1) 3(1) where each Rl is independently selected fromthe group

consi sting of hydrogen and a substituted or unsubstituted al kyl group, two
or three ¥ 20RINZ45Hay conbine to forma substituted or BETUIBOPHBOE

al i phatic cyclic group. [3] The quaternized chitosan derivative of [2],
wherein at | east one of (Rl)s is a substPtuted or unsubstituted. al kyl group
having 1 to 18 carbon atons. [4] The quaternized chitosan derivative of any
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hal i de X- G&ingcthedfydiggdPOOCRA=CH2 where R4 is -H or -CH3; Z is a cheni cal
bond or a polyethyl ene glycol chain-containing group such as
'CHZCOO(@D@UEJ'Z®h@-préﬁehﬁnﬁerﬁfoﬂ’mbeidéﬁdolﬁfvﬁﬁgre@ﬁtbddih@n?szor nore.). [8] A

nmet hod of producing a chitosan hydrogel, conprising a step of polynerizing
a pol ymer i[tjahlgeaternizedichitosare degvativertavirag polgnirizabiezeidaniv moktiesderi vati ve
of any one of [1] to [5], initiator, and water. [9] A nethod of producing
a chi t osaf2]hiir qaaterrized 8hitosdmederivativaiod [{jphaviagian argnindyumapoms i ses a step

of irradiating ultraviolet (UV) to a photopol yneri zabl e conposition
conpri si ngepresdnigdzhyethei fobowingi fousala (Agri vati ve of any one of [1] to [5],
phot oi ni ti ator, ﬁp(%v;/at er. )
where each R’ is independently selected from the group consisting of hydrogen and
a substituted or unsubstituted alkyl group, two or three of (R')s may combine to form
a substituted or unsubstituted aliphatic cyclic group. v
[3] The quaternized chitosan derivative of [2], wherein at least one of (R)s is a
substituted or unsubstituted alkyl group having 1 to 18 carbon atoms.
[4] The quaternized chitosan derivative of any one of [1] to [3], wherein the
polymerizable organic moiety is represented by the following formula:
-Y-P
(where P is a polymerizable group; Y is a spacer group).
[5] The quaternized chitosan derivative of [2], wherein said -N*(R")s group is —
N*R'R"2
where R' and R" are independently selected from the group consisting of hydrogen
and a substituted or unsubstituted alkyl group, provided that R' has more carbon
atoms than R".

[6] A method of producing a quaternized chitosan derivative having polymerizable

organic moieties, comprising a step of reacting a quaternized chitosan derivative and



Preferred polynerizable (especially, photopolynerizable) conposition
conprises 0.1 to 20 % by wei ght of said quaternized chitosan derivative of
any one olo[28judomsh5], 0.1 to 1.0 % by weight of initiatrorJeempessosd |y,
photoinitiator), 1 to 99.9% by wei ght of one or nore conononers, and O to
80 % by wei ght of water per the total angunt of the conposition. The
conposition may contai n other conponents, provided that the advantage of
the present invention is not inpaired. [10] A hydrogel produced by the
net hod of a[tglidehaviag a pelymexizabie eeganievioisdy.havi ng a coating conprising the
hydr ogel of 1{10 . .[12]. A contact |ens having a coati ng conprising the
yelr ogel ol THEOPetoEi (Rl whfrein saidalids issepresamiet bidheJallanjos farmia )

[ 14] A cosneticcontaining, the hydrogel of [10]. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0006] XF'?S. 1 sho scanni ng el ectron m crographs of several

onauat et PR o BSRNHGRIEETRIEmarty: €67 s ot Cbn AR RrSd) crroni
hi -g- ~Fig. 1 ' . '
Ch e SR ﬂéﬁm&ﬁe chet i) AR B Sol HIBHSRR bl
i - ' :
ch e R HRte i A P 230 a0 b
o o Fopte ey b BT p BUCl R Q0GR R B bl 8
chi tosa”'Bf&?@ﬁ@d@?BPﬁﬁre.‘{)‘{aS coated on the surface of silicon-containing

rigid gas pe ~contact lenses (RGP CLs). DESCRI PTI ON OF EMBODI MENTS
[0007] ThesX Riz@idd bhyRIduCHY 4 Bhitd<h hydirg |,eéor$.9h§ih§ﬁ Q@?t(ﬁgfiéigﬁﬁé’riﬁ gosan

derivatives which form hydrogel matriX wth broad a m cr ol properties
for the ppekffdrizableddsmpesition Gofiprishy S qdardrhiged iAnftoS&E HetivatiVel 6oyl Ve as
an antimcrobial coating since its hydrophilicity intrinsically prevents
the rever shblot[1]a0$He mifiater, airicawareent of m crobes.

[9] A method of producing a chitosan hydrogel of [8], wherein said polymerizing step
comprises a step of irradiating ultraviolet (UV) to a photopolymerizable composition
comprising said quaternized chitosan derivative of any one of [1] to [5], photoinitiator,
and water.

Preferred polymerizable (especially, photopolymerizable) composition comprises 0.1
to 20 % by weight of said quaternized chitosan derivative of any one of [1] to [5], 0.1
to 1.0 % by weight of initiator (especially, photoinitiator), 1 to 99.9% by weight of one
or more comonomers, and 0 to 80 % by weight of water per the total amount of the
composition. The composition may contain other components, provided that the
advantage of the present invention is not impaired.

[10] A hydrogel produced by the method of [8] or [9].

[11] A medical device having a coating comprising the hydrogel of [10].

[12] A contact lens having a coating comprising the hydrogel of [10].

[13] A medical device containing the hydrogel of [10].

[14] A cosmetic containing the hydrogel of [10].

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 shows scanning electron micrographs of several chitosan based



[0008] In order to achieve hydrogel formation, quaternized chitosan can be
grafted with pol ynerizabl e groups, especially photocrosslinkabl e groups,
such as mebhacwophaties, PEG derivatives and be convert edpcmiyedoydssogel s
through a thermal or UV pol ynerization process. Hydrogels are hydrated
cross-linked polyneric systens that contg n water in an equilibriumstate
form ng cushion water shield. The present invention is wdely used in many
medi cal devices for exanpl e bionedical devices such as contact |enses,

bi o- i npl artydregais (BRanoplerth)y Figat (ap cerrespondsaioansguaterained chitosas hydradel;i ci al
heart, mamyary prosthesis, intraocular |enses, wound dressings, artificial
organs and 'ﬂté%@)\ﬁ@l Kespands & yirpethylaremeniir ehitesanca G EMA hysdragel; bigi (c)
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as being preferre vant ageous. I rst, y preferred

embodi ”Eﬂtsilicbh%dnfﬁﬁﬁiﬂpi]rle@? 95&id@rﬁu!é%ie%orﬁd&ﬂ@ﬁ@éss(ﬁ@mﬂsz.e a crosslinked

hydr ogel prepared by ee radical polynerization of pol ymeri zabl e

cationi ¢ QERSERPTICN OF EMBODINMERTTH A schematical structure of the
pol yneri zabl e cationic quaternized chitosan is shown in follow ng formula

(N %? :R ' \2/ P 1[0607]( THe@ries&htdAvarttion nefdtes € Waldr sjubldlquiatdrhizetifdiifogamiFUR' 2
derivatives which form hydrogel matrix with broad antimicrobial properties for the
protection and coating of medical device. Hydrogel is attractive as an antimicrobial
coating since its hydrophilicity intrinsically prevents the reversible nonspecific
attachment of microbes.

[0008] In order to achieve hydrogel formation, quaternized chitosan can be grafted
with polymerizable groups, especially photocrosslinkable groups, such as
methacrylates, PEG derivatives and be converted into hydrogels through a thermal
or UV polymerization process. Hydrogels are hydrated cross-linked polymeric
systems that contain water in an equilibrium state forming cushion water shield. The
present invention is widely used in many medical devices for example biomedical
devices such as contact lenses, bio-implants such as urinary catheters, pacemaker,
heart valves, artificial heart, mammary prosthesis, intraocular lenses, wound
dressings, artificial organs and delivery carriers for the bioactive reagents, total joint
replacement due to their high degree of biocompatibility, antimicrobial property and
good wetting characteristics. This invention describes the formation of novel

hydrogels based on quaternized ammonium chitosan derivatives which has been

grafted with polymerizable groups, especially photocrosslinkable groups, hence



- (3) where Pis a polynerizable group; Y is a spacer group; and R and R’
are independently selected fromthe group consisting of hydrogen and a
substi t utwo 20r/0onsubst i t ut ed al kyl group. Fornula (3) i ecrlipusdnaved for
only explanation of the present invention. It should be noted that the

pol ynmeri zabl e quat erni zed chitosan of thg present invention is not limted
to an enbodi nent of fornula (3). [0012] The cationic quaternized chitosan
is preferably prepared froma quaternised chitosan derivative, although

ot her cat ppvidingdwdeogels ad antimicrobiat water sideldwoatinglageat.cat i oni c

quaterni zed chitosans contain trial kyl ammoni um groups along the 6

quat er ni z&PARi Thentesentiinvention will mow be Autheridesssbed win thedfollowingnt ai n a
pol yneri zabl e group attached to the quaternized chitosan chain_via a
primary hpapeadas. giffarpnt asnects abihe inyentionaradafingdda prore detail sEack Aspesing
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referring to fornula (3), the polynerizable group P may conprise one of the
pol yrer i zghbwngn following fereriutal (3)f om t he group conprising vinyl, acrylate,

net hacryl ate, vinyl phenylene, cinnanoyl, allyl. The polynerizable group P
is preferably attached to the cationic quaternized chitosan via a spacer
group Y. Tie spacer group nay beysepected from thejgroup conprising

- (CnH2n) - or nore preferably -{CnH2n0)-, wherein|n = 0 to 20, or nore

—

pref erabl y|bet GHand 10. 6] In a pprefgy ed|enbodi nent, the hydrogel
is produced by tthe free radiclal polynerizafion of tthe pol ynerizable
cationic gbater hi t osarn- not her prepe | enbodi ment, the

pol yneri z | ONN i tos copol ynerized with a
cononormner ym tOqg onpxising 7 acrylic acid,

met hyl acr crylfat e, hydroxypropyl

acryl ate, acryl oyl phogphoryllchol i ne, pol yethyl ene
gl ycol dia rylateﬁ%nqth%crylic R, et hyl |_elyl ate, ethyl

nmet hacryl a hydr oxyet hyl nethacryléte, hydroxypﬁ%pyl n@%hacrylate,

gl ycerol nononet hacryl ate, nethacryl oyl phosphoryl chol i ne, pol yethyl ene
gl ycol di(neth)acrylate, styrene and N-vinyl pyrrolidinone, or mxtures
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m xtures thereof.
the present invention is not limited to an embodiment of formula (3).

[0012] The cationic quaternized chitosan is preferably prepared from a quaternised
chitosan derivative, although other cationic quaternized chitosans may be used.

These cationic quaternized chitosans contain trialkylammonium groups along the



[0017] Heretofore, trial kylammoni um chitosan can be synthesized through
reacting with al kyl halide such as nethyl iodide, hexyl brom de or decyl
bronm de iwoaonuobsaephi lic substitution reaction with thecrgsziod/essni3
formati on of the quaternized structure. See follow ng reaction scheme |. In
the present invention, preferred starting materials include chitosan powder
with a degree of deacetylation of preferably at |east 70% nore preferably
at |least 75% and preferably nunber average nol ecul ar wei ght of 10,000 to
200, 000 gAHBlerniged hitpsrnichainoliga qartErnized shitosan will alsalcentairiaght of t he
starting chitosan material is excessively is difficult to

pol yner i zBOWHI?’@HP[%Q’&H'PQ@'FQQMQtOéh%ﬂU@l@én|5¢3§bﬁ@Sam¢éﬁm|Vd)'=ha primanti s event,
fixation f a h dr ogel surface of a substrate woul d al so be difficult.
8 Schene 9’8& tPEﬁﬁe'?gN%W@ 3, SRAFEr 9rUYRYpr epar ati on of trial kyl anmoni um

T&ZS?S%E  Beratfing a0 forieien pesieedimiadiis el tagaRons quatamzed
chitosan will comprise a quaternized chitosan containing trialkylammonium groups
along the polymer chain, wherein all three alkyl groups are identical. Non-limiting
Examples of the quaternized ammonium moiety include trimethylammoniUm-,
triethylammoniume-, tripropylammonium-, tributylammonium-, tripentylammonium-,
trihexylammonium-, trioctylammonium-, tridecylammonium-, tridodecylammonium- ,
trioctadecylammomium-.

[0014] More preferred are trialkylammoniu.m moieties wherein one alkyl group
differs from the other two. Non-limiting Examples of this more preferred embodiment
include dimethylethylammonium-, dimethylpropylammonium-,
dimethylbutylammonium-, dimethylpentylammonium-, dimethylhexylammonium-,
dimethyloctylammonium-, dimethyldecylammonium-, dimethyldodecylammonium- ,
dimethyloctadecylammomium- dihexadecylmethylammonium-,
dihexadecylethylammonium-, dihexadecylpropylammonium-, and
dihexadecylbutylammonium-.

[0015] Again, referring to formula (3), the polymerizable group P may comprise one
of the polymerizable groups selected from the group comprising vinyl, acrylate,
methacrylate, .vinyl phenylene, cinnamoyl, allyl. The polymerizable group P is
preferably attached to the cationic quaternized chitosan via a spacer group Y. The
spacer group may be selected from the group comprising -(CoHzn)- , or more
preferably -(CnH2,O)-, wherein n = 0 to 20, or more preferably between 2 and 10.
[0016] In a preferred embodiment, the hydrogel is produced by the free radical
polymerization of the polymerizable cationic quaternized chitosan. In another
preferred embodiment, the polymerizable cationic quaternized chitosan may be

copolymerized with a comonomer selected from the non-limiting group comprising



00 Il R. -CH2C-0-(CH2-CH2-0) 17-C-CH=CH2 I Bl end with PEGDA Hydrogel

N-al kyl - N, N-di al kyl ammoni um chi tosan can al so be fornmed by first

reducti velwp 2aikophgti ng chitosan with al dehydes (such aspoexyeamaboesods

decanal) to formimnes, followed by reduction to obtain N alKkyl

derivatives. The al kyl derivative was thgn quaternized with al kyl halide

such as nethyl iodide. See follow ng reaction schene II. 9 Schene Il: The

reaction schene used in the preparation of dinethylal kyl antoni um

macr ononorasndicaaid, ipethybacrylate.cetbyk anrylate, hydroxyethyl acrylate, hydroxypropyl
acrylate, glycerol monoacrylate, acryloylphosphoryicholine, polyethylene glycol
diacrylate, methacrylic acid, methyl methacrylate, ethyl methacrylate, hydroxyethyl
methacrylate, hydroxypropyl methacrylate, glycerol monomethacrylate,
methacryloylphosphorylcholine, polyethylene glycol di(meth)acrylate, styrene and N-
vinyl pyrrolidinone, or mixtures thereof. The examples of the comonomer also
include difunctional or trifunctional monomers such as ethylene glycol diacrylate,
glycerol diacrylate, glycerol triacrylate, divinylbenzene, polyethylene glycol diacrylate,
ethylene glycol di(meth)acrylate, glycerol di(meth)acrylate, glycerol tri(meth)acrylate,
divinylbenzene, polyethylene glycol di(meth)acrylate, glycidyl acrylate, glycidyl
(meth)acrylate, polypropylene glycol di(meth)acrylate, polyoxyethylene-
polyoxypropylene blockcopolymer and mixtures thereof.
[0017] Heretofore, trialkylammonium chitosan can be synthesized through reacting
with alkyl halide such as methyl iodide, hexyl bromide or decyl bromide in a
nucleophilic substitution reaction with the resultant formation of the quaternized
structure. See following reaction scheme |I. In the present invention, preferred
starting materials include chitosan powder with a degree of deacetylation of
preferably at least 70%, more preferably at least 75%, and preferably number
éverage molecular weight of 10,000 to 200,000 g/mol (determined through GPC).
When the molecular weight of the starting chitosan material is excessively high, it is

difficult to polymerize the chitosan derivative of the present invention. In this event,

fixation of a hydrogel to a surface of a substrate would also be difficult.



N+ (CH3)2 1 CH2ZR O Il | ACH29C0-- (CH2-CH2-0)71CG-CH=CH2 r.t., 3 h 00
1111 R = -cH2c-o0-(cH2-cH2- %- cH=cH2

WO 2011/007454 PCT/JP2009/063013

Scheme I: The reaction scheme used in the preparation of trialkylammonium

macromonomers and hydrogels therefrom.

OH OH
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50°C, 24 h
NH, N*Rs

R= —CHj or —(CHg)sCHz or —(CHy)gCH3 il il
CICH,C-O—(CH,-CH,-0)-C-CH=CH»
X=1lorBr n

rt.3h

OR'
0

OH
—0
N*Rg
(l? 1]
R'= —CH,C-0-(CH,-CHp-0)—C-CH=CHy Blend with PEGDA

Hydrogel

N-alkyl- N, N-dialkylammonium chitosan can also be formed by first reductively
alkylating chitosan with aldehydes (such as hexanal and decanal) to form imines,
followed by reduction to obtain N-alkyl derivatives. The alkyl derivative was then

quaternized with alkyl halide such as methyl iodide. See following reaction scheme II.



ir (cH3)2 cH2ZR IBlend with PEGDA Hyd ogel [0018] In order to be applied as
hydr ogel , the quaterni zed chitosan derivatives was subsequently grafted
wi t h pol ywenbzabi&4gr oups, especi al |y phot ocrossl i nkabl ecgrieps/ oo
converted to hydrogels via a thermal or UV pol ynerization process. The
phot ocr ossl i nkabl e group used here is pogyet hyl ene gl ycol nonoacryl ate
(PEGVA). 10 Chitosan and the quaterni zed chitosan were each grafted with
PEGVA (of a | ow nol ecul ar wei ght of 375), leading to the formation of

chi t osan- §chemenl:akhe mastien rscgemedhﬁetddsdhe grerEeaion chdinuasthylatiyREGianaml
guat er ni zed chi tosan- gPEGVA were respectively synthesized through reacting
chl or o- f uREBGrIMENPREES pRtIXAIRgEls areffemehi t osan or quat er ni zed chi t osan,
usi ng sodi um hydroxi de as base. After grafting reaction, the water
solubility of the quaternized chitosans were not changed while chitosan
after grafting wolh the hydrophilic PEGVA, chqn&¥d frominsoluble to

sol ubl e. The piesgnce of gégpéed PEG can be d oted by using W

spect roscopy | oyfmmg a P ssay. [0019] Pglyet hyl ene glycol diacrylate
i 1¢ pBl ypropyl ene gl ycol

or ponoqughylene-poryﬁ&yp ene bl ockcopol yner can be
bl ended wth the hptocrosSFihQable, quat erni zedNahi t osan derivatives
during WV irradi ati on. PEGDA has been wi dely usedHim phot ochemi cal

nodi fication for the use of hydrogel scaffold, |[menbrane material and drug
delivery. BhendpRg o toh L,RB9t ocrossli nkabl e [PR&bANBIaGH sever al advant ages
due to its hydrophilicity, bioconpatibility ang Hood@ghadability. In
addi ti on, PEG being an uncharged polynmer, has ginimal interaction with
itself and other nol ecul es. The nost inportant reason is that by bl ending
with PEGDA, the tensile strength of the chitosagyderivatives, in the
current invention, can be inproved, resulting|in_hydrogels which can be
easily handled. [0020] In this invention, photop risation was used to
produce hydrogels due to its nmany advant ages. . Photyopol ynerisation is a
versatile and facile technique to produceg -ifsol ubl e hydrogels from
liquids. It is also a non-invasive technique ele H drogel s can be forned
in a short time under anbient tenperature w thou GHY2 det ri mental effects
to the hydrogel s’ conponents. Low organic sol ventHdlevel was al so invol ved
in the process and the use of toxic chem cal cnosslg nkers (in gonventiona
chem cal crosslinking) such as epichl orohydrin, -8Lald e8-ch-
carbodiim de and so on are avoided. WV |ight gﬁhg%g(?ggﬁﬁ¥gﬁgé¥lﬂﬁth

| ight sensitive 11 conpounds called photoinit'éﬁdf% to create free
radicals that can initiate polynerization to forned crosslinked hydrogel s.
Hence, hydrogels can be nade from sol uti ons ¥sting of chitosan-g-PEG
acrylate or quaternized chitosan-g-PEG acryl gte and PEG diacrylate in 2:1
ratio (20 wt % total polymer m xture and 80 % WAt with small "amount of
wat er - sol ubl e photoinitiator (lrgacure 29595 40.1/wt % with respect to the
polymer m xture). This will formthe fuHoO+hNerpgnetrating network system
where the chitosan derivatives were copol yneriz ( ith the PEGDA. After

di ssolution, around 0.25 ml of each sol uti on wasi,addéd to pol ypropyl ene
tube and placed in a glass chamber with argon purde. The sanple solution in
gl ass chanber was ékxposed to U@ for 15 min for |hydrogel formation.

Al ternativel gz plebt@B0I0HaEHE-OCIGHFT&N al so be cgr&qupggé on gl ass slides
with a spacer frame of 250 Rmthick. The precursor <8 GtP8N was dropped
onto the glass slide, covered with another glags slide and then exposed to
W for 15 mn, thus producing the hydrogel. [0021] Larger pore size of
freeze-dried polyners can be achieved via N Bydogblati on of chitosan. The SEM
cross-sectional imges for the freeze-dried polyners of the chitosan and
sonme quaterni zed chitosan are shown in Figure 1. Figure 1 shows that the
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photocrosslinkable group used here is polyethylene glycol monoacrylate (PEGMA).




[ 0022] The antim crobial hydrogels described herein exhibit potent
antimcrobial activity against bacteria and fungi, thus they can be used
not only we 2w0omast | ens coating, but also be included ipoTfiozoowbesnions
where it is desirable to mnimze bacterial attack. For exanple, they may
be incorporated at | ow concentrations ingp cosnetic fornulations, such as
hair and skin formulations or into contact |lens solutions. 12 [0023] These
chitosan derivative hydrogels may al so applied as bi onmedi cal or

phar maceufGhitasamandtheiquatathized chitosan wepe ieach gnaftecowith FEGMAe@f @ilow t he
body surface of humans or other animals in order to prevent or inhibit the
prol i f er aMalacyar weighd of §49), seading ta theformetion pf ¢hitosantg-MEGMA and

hydrogel s, prepared from bi oconpati ble materials such as PEG and chitosan,
can al so Kuateraiged ghitasan-odP BGMA (GhitasansgriEMA; and qeRigHYFed ChitpsAN-g-

di nensi on§E§gr 3-di nensional cell culture. = The antim crobi al P/dr ogel s,
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Tol uene was dr| ed ‘over no | ar Sieves. The photoinitiato
ByRené959) was

4- (2- hydr g% vl di(rie 1te, Jor
pur chased fro ?z. ngagorfen))y l?0026] Y I\/R and 1gC-N pectra wer e

recor ded uddkcepcﬂymleetaﬁ\b@rmendéww}fﬁzhe mbtwmsﬁhnkaoler geatefized thiteedmf r a
Red (FTIR) spectra were recorded at roomtenperature using a Digilab FTS

3100 i nst derieativeswiringdViaadiatiohcPEGDA has bedf Widely 43eddmphotosheni¢ddr

di sks. For Scanning Electron M croscopy (SEM, the hydrogels were inmersed
i n dei oni seatification footheustagkhyrirogelrspalfols, inembiaser matariah and ldese delvbrpgel s
were then frozen at -50C in the freeze dryer for three hours before 13

t hey wer e Blendingrwithitbe phatacsessidkablefPEGE#Arbasisgverg| advantages dyeltsitaer e cut
with a sharp scal pel to obtain the cross-section. They were then nounted
onto an ahygfaphilieity:hiacempatipilitytand eiedeatwdability. dn adiiiom P&EG being arsi ng a
Jeol JFC-1600 Auto Fine coater. The sanples were then inmaged b canni ng
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(- CH=CH2) produce water-insoluble hydrogeils from liquids. It is also a non-invasive technique
where hydrogels can be formed in a short time under ambient temperature without
any detrimental effects to the hydrogels’ components. Low organic solvent level was
also involved in the process and the use of toxic chemical crosslinkers (in
conventional chemical crosslinking) such as epichlorohydrin, glutaraldehyde,

carbodiimide and so on are avoided. UV light was used to interact with light sensitive



13C- NWR (300MHz, CDCI3), 8: 63.6-69.0 (-0-CH2-CH2-0-), 128, 131 (CH=CH2),
166 (-000-CH=CH2), 167 (Cl1-CH2-000-) Synthetic Exanple 2: Preparation of
tri met hylwormoniemsehi t osan [ 0028] Chitosan (1 g) was agdedPo09/063013

N- net hyl - 2-pyrrolidinone (50 mM) and treated with 1.5 N NaCH solution (15
m). The m xture was stirred for 30 mn ¢ 50C. Sodiumiodide (1.08 g) and
nmethyl 1odide (11.2 g) were then added to the solution, which was then
stirred for 24 hours at 50C. The reaction mxture was then filtered to
renove t h€éompssinds|callec pbptainitiataraita ¢reate free sadicalashatean ipitiede pi tated into
a |large excess of acetgne and filtered. The resulting product collected by
filtrati oRolymerizatipado fermed crosslinkedihydumpmeelssbenee, hydrogelsganbeomade from

(- NHCOCH3) P._SS -N+CH3), . 3.4-4.1 gach' tosan-H2- 14 Synthetic Exanple 3:
Prepar at i 6R L@P“F &PH%‘)?W&%W%”C% tﬁééﬁwﬁ_{t@@zg}uaﬁmwmmmmﬁﬁg i tosan
(- N+CH2OH )R ema 2MONINT ORAEE 'U € phojal Ngi9s (EaBe VW% 41
(ot oo b B3 TR S AL P A BN o
Gocy! " br ofy e RHRE e CHESRh de A e RRod i eR- S Wit iR CRA At .
302 (- N DOBPR BT 25 Iniph g st Was e 8 Bbyplopfiens Mg

Prepar at i gfhcel K e /glﬁ§§6h&h85f3wﬂh [a?gér%b%q&.ﬁ%aéhrﬁ&e?sa)t;dgfﬁ. Zc%ﬁ’ﬁ&&%@bér

sol ution of 50 % NaOH sol uti on and stirred

al kal i zed wilsl dxpoRBdME UV st 5 mir R 8y droyedl fdritfation! AltakrativeRnsferred into a
flask. Chlorofunctionalised PEG acrylate (0.5 g, see Synthetic Exanple 1)

was di ssolptetbpolyrhéengitiopael alé@ be diriedddt 66 grbsdlidRvivit & BpacérTrariBiof 0san
with stirring. The m xture was reacted for 24 h at roomtenperature. After

thi s tinme250hen thiokleThe précutsoradlutionovas drbppedforito tiag igiass siidd, covesed witth | n
water (10 m ). The solution was neutralised with 2.5MHCl. After
cent ri f uganother glasshslideand then exposediy &\ foe 15rmain, thuspredacihgatidinydoogeb
ethanol (40 m) to the supernatant, the product precipitated fromthe
sol ut i on. [0024]sbargerpase sizetoffragzerdriad polymersican bevadhievedha iN-alkylatinivR
(300MHz, DZOQ, 8: 1.94 é NHCOCH3) , 3.5-3.7 gqo- CH2- CHZ%@) , 3.4-4.1
( chi t osanofchitgsan. The JEMerospectpra inages-torthe Sgeeediried molynprscoighe
Preparation of trinethyl amoni um chitosan-g- PEGVA _0032{ Tri met hyl anmoni um
chi t osan Gb'.tQS%ﬂ are somerfjyaternizadieiigsanare shown4n Figurgat.drigyres! slews thatt h
0.30 m of 0.38 M saqdi m,hgldroxi de sc“ ut i on. .
the unquaternized chitosan hydrogel has many small pores (of a few micrometers)
and the quaternized chitosan hydrogels generally have larger pores greater than
100 1 m under the same magnification (x220). Dimethyldecylammonium chitosan
hydrogel (see Synthetic Example 14) was observed to have relatively larger pores
compared to dimethylhexylammonium chitosan hydrogel (see Synthetic Example 13).
Other applications:
[0022] The antimicrobial hydrogels described herein exhibit potent antimicrobial
activity against bacteria and fungi, thus they can be used not only as contact lens
coating, but also be included in formulations where it is desirable to minimize
bacterial attack. For example, they may be incorporated at low concentrations into
cosmetic formulations, such as hair and skin formulations or into contact lens

solutions.



15 Chl orofunctionalised PEG acrylate (0.5 g, see Synthetic Exanple 1)
dissolved in 1.5 m isopropanol was then added with stirring and the
m xture swonroadoas4sr oom tenperature for 3 h. After the preagprmpe3nIBe
m xture was cooled to roomtenperature and precipitated in a m xture of
acetone and ethanol. The product was obt@ ned after filtration. 1H NMR
(300MHz, D20), 8: 1.95 (-NHCOCH3), 3.22 (-N+CH3), 3.5-3.7 (-0-CH2-CH2- 0-),
3.4-4.1 (chitosan-H 2-6), 5.5 (-CH=CH2), 5.9-6.1 (-CH=CH2) Synthetic
Exanpl e 7{0023}pAhase chitesan dedivativediydrogelsrmalyi alss appliedas#orhedisal or
Tri hexyl ammoni um chi t osan- gi PEGVA was preﬁared In the same manner as
Synt het i c PEREM@CeUticabmaigrials whigtheaiybe @pp iegronia erecantactedomithuthechodyosan
(0.2 g) to trihexyl anmoni um chitosan (0. , See Synthetic Exanple 3).
1H NMVR ( 3601pge o ang.or gthgy qmm@g@;@gr@qg)rg@m)or imhipb# the proliferation of
(- NHCH2CH2(,CH2) 3CH3 1.30 (-N+CH2 CH2(CH2) 3CH3), 1.95 (-NHCOCH3), 3.07
(- mmzmﬂ'@fﬂ?%%’%’i’“%e@"s 7 (-0-CH2-CH2-0-), 3.4-4.1 (chitosan-H 2-6),
ration o

Ui Loy ! ailiRAl g Btipiebi BEaeR) GiRareR sk Dlosmhatls Bratetasaueh acn
?'?impi ?Pﬁﬁ@ e e oS G aISg he e s e T iaNle EndisfeeribL ardhaiSa i 5°
0 s oo B Gnt i P st e B Sy 1. 56 (- e
?cha( op) G aptimichbitidde) dsaﬁqﬁﬁé Biéseok o PRatlfaflraspincaif be
(- CH=CH2) F%@Frﬁi’fe'&elﬁé%w c8mr8| s‘.e°6\‘ rggfyg/ g &wab%%ﬂve ﬁ%gﬁ%ﬁ)

Chitosan (1.0 g, sso vedln t|c acl

Hexanal (Qu&ia8 r&nrt?ﬂfa&‘cors%r%ﬁ"aﬁhé@i@eb?@c@nn%dded and t he mxture stirred
at roomterrperature After 1 hour of stirring, the pH of the solution was

adj ust ed BYNTHETICEXANPERSUtI ON, 10% ag. sol ution of sodi um borohydri de
(9.32 mol ) was added and 16

[0025] Chitosan powder was supplied by Dalian Xindie Chitin Co., China with a
degree of deacetylation of 81.79% and number average molecular weight of 1.05 x
10° g/mol (determined through GPC). N-methyl-2-pyrrolidinone, sodium iodide,
methyl iodide, hexyl bromide, decyl bromide, hexanal, decanal, chloroacetyl chloride,
PEG monoacrylate (M, 375), PEG diacrylate (M, 700), potassium carbonate, sodium
hydroxide, isopropanol and sodium borohydride were purchased from Sigma-Aldrich
(Saint Louis, Missouri, USA). Analytical grade hexane, toluene, diethyl ether, |
ethanol, acetone and methylene chloride were purchased from VWR Pte Ltd
(Singapore) and used as received. Toluene was dried over molecular sieves. The
photoinitiator, 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-propyl) ketone (Irgacure
2959) was purchased from Ciba (Singapore).

[0026] 'H-NMR and '*C-NMR spectra were recorded with a Bruker Avance 300
MHz instrument. Fourier Transform Infra Red (FTIR) spectra were recorded at room
temperature using a Digilab FTS 3100 instrument over the wavenumber range of
4000 — 400 cm™" using KBr disks. For Scanning Electron Microscopy (SEM), the
hydrogels were immersed in deionised water for 2 days or longer prior observation.

These hydrogels were then frozen at -50°C in the freeze dryer for three hours before



the solution stirred for an additional 90 m nutes. After this tinme, the pH
of the solution was adjusted to 10, and the precipitated N hexyl chitosan
col | ect edwbyofidov4sat i on, and washed with water until thecTijptagveasovias of
neutral pH These precipitants were filtered and the resi due washed with
distilled water to neutrality. The unreagg ed al dehyde and inorganic
products were soxhlet extracted with ethanol and diethyl ether. The
resulting N-hexyl chitosan was filtered and dried. Synthetic Exanple 10:
Pr epar at i $heyowere vrRauam dried oAtier 48 boddleeredirying, the hysitagelsarerpragpavitbca i n
t he sane nmanner as Synt heti c Exanple 9 except for changing from hexanal
(0.62 g) tSBaHb%Qﬂ%ﬁ 1@ @btain ghe grossrastipn. Byew were H\@@ﬁpnt@dlqntompar ation
of di nethylh I an ni um chi t osan [0037J1 N- Hex chit osan

Synt het i ¢ L SRR QSR AT Plgfioum 65 80 1 snNa B eo{ FECTHEPOan

treated wi,th

| ut Th t t d f 30
mi o at 5oéut%%m%ﬁﬂqt%fd. e anpeS yiera 1o imagsd By Sbaring Slestion Theresein,

added to whi ch was then stirred for 24 hours at 50C. The
reacti on w‘%&@SM&EQ&rWen filtered to renpve the insoluble material, and

t_he fi Itr g%{wg 1ec_%!%|pta%l=“ 6fn§lq gt gr!%ﬁ ﬁﬁcffﬁﬁf aFFf\t ggedﬁtlngd

filtered. tret
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- NFCH3) . \widhitdf 376 Clak RYBNEFintlo n{%@éni‘?ﬁﬁff ggghﬁi with CR[&B@%@(WCHBFIQE

d| met hyl decyf ammoni um chit osan [ 003 anmoni um ¢ osan was

prepared iR25ha), 5878 rﬁnmefrh@%nﬁmbhﬁés &eﬁ"ﬁéﬂib@ t;ﬁaeﬁféﬂ‘?&tfo? 94 Reh?éﬂ%m

from N-hexyl chitosan (1 'g) to N-decyl chitosan g, See eti c Exanple

10) . 1H NiRs tiffe) M& soll8R) andBvolafiles Wére Y fidetdd Ordion afd il"?e reS|due
(- N+CH2CH2( CH2) 7CHB) ., 1.58 (- N+CHD CHY(CH2) 7CHR) . 1. 94 (- NHOOCH3), 3. 23

(- N+CH3) , waisddidsolvedini retrfertd éhiblide 1750 ﬁm%eadmtdawwa@whémar um
chit osan- g- PEGVA was prepared in the same manner as Synthetic Exanple 6

except fopotdssiug ogrbfonate and fitteled. Timersvlvent wis resdovedhrough éwaporation
di met hyl hexyl ammoni um chitosan (0.2 g, see Synthetic Exanple 11). 1H NWR

(300VHz, BAG)afted waBhing withhexa@HAhEiiPd@tWas dbtahed-andotEH2AnaHR&RITH3) |
1.58 (- N+CH2CH2( CH2) 3CH3), 1.96 (-NHCOCH3), 3.22 (-N+CH3), 3.5-3.7
(- 0- CH2- Cwjithogt further purficatiophi t osan- H-2-6), 5.51 (-CH=CH2), 5.86- 5.99
- CH=CHR
( ) 'H-NMR (300MHz, CDCly), §: 3.5-3.7 (-O-CH,-CH,-O-), 4.1 (CI-CH,-COO0-), 5.7
(-CH=CH,), 6.0, 6.2 (-CH=CHy,)
'3C-NMR (300MHz, CDCly), &: 63.6-69.0 (-O-CH»-CH,-O-), 128, 131 (-CH=CH,), 166

(-OCO-CH=CH,), 167 (CI-CH,-COO-)

Synthetic Example 2: Preparation of trimethylammonium chitosan

[0028] Chitosan (1 g) was added to N-methyl-2-pyrrolidinone (50 ml) and treated
with 1.5 N NaOH solution (15 ml). The mixture was stirred for 30 min at 50°C.
Sodium iodide (1.08 g) and methyl iodide (11.2 g) were then added to the solution,

~ which was then stirred for 24 hours at 50°C. The reaction mixture was then filtered to
remove the insoluble material, and the filtrate was then precipitated into a large
excess of acetone and filtered. The resulting product collected by filtration, and dried
under vacuum.
'H-NMR (300MHz, D,0), 6: 1.95 (-NHCOCH,) 3.33 (-N*CHs), 3.4-4.1 (chitosan-H-2-
6)



Synthetic Exanpl e 14: Preparation of dinmethyl decyl annnnoni um

chi t osan- g- PEGVA [ 0040] Di net hyl decyl anmoni um chi t osan- g- PEGVA was pr epar ed
in the sawo mmerssas Synthetic Exanple 6 except for chaogisegpodnesns

trimet hyl anmoni um chitosan (0.2 g) to dinethyl decyl anmoni um chitosan (0.2
g, see Synthetic Exanple 12). 1H NWR (3QPMHz, D20), 6: 0.74

(- \HCH2CH2( CH2) 7CH3), 1.22 (- \+CH2CH2( CH2) 7CH3), 1.58 (- N+CH2
CHZ(CHZ)?CHS%, 1.94 (-NHCOCH3), 3.22 (-N+CH3), 3.5-3.7 (-0-CH2-CH2-0-),

3. 4-4. 1 ( SynthelierExample)3: Preparatiomiaf trmexylammmeni hitosalH=CH2) Pr epar at i on
of Hydrogel s Synthetic Exanpl e 15: Photopol ynerisation of chitosan-g- PEGVA
and quat el9928)d TribgxylaBuRORjUMERhIRSRD WvaS  Prepatassiathg-sap@mannepag Sysinetic
Synt het i c;x%g}?l e S%an PEGDA (0Q.06g) were bl ended and di ssol ved in water
(0. 48 n ) BEXemPle XSGRt far ehapging fipae imethyidedide {14 . ahtochexyl bromigedd 89-3ed

Sol ut 1 on’ vaNAPERRViE B B T g Pl gBass pi'ates wi th a
i ot (366N b pH- Gk 25 (N CHhPLRHasehe el TR R ogy
opencd. b RERRHCH R 4 e RBrufia Bl oni oo water - 18 | 0042)

i | ar | y o eRacas HEEE 1¥6082lSn B SES o hBRL A by amoni um

chi t osan- g- P exy [Farronr unrt cin . ecyl ammoni um

chi t osan- %{;Mll\ i i i Dol = P .

di net hyl dg:y m”gﬁfz%%é'?ggén g- B‘E&‘Jﬁ&gm I m@gtgg 0 y rogtralag S[VBHIF(I,']C The
SEM cr oss ' ' i I -84 [ n
and some B G TR S RIB 12, 4T o] bl T )

the unquaﬂHrwm@wmmgm)bﬁsdm.vge(twmazmﬂm@mms)pp.ﬁes (of a few

m croneters) and the quaternized chitosan hydrogel's generally have | arger
por es gr egNECH ML (CPIO),BH3) nds8 (INTEHADH, (BIgL),CHSR .99 (NHIZOLCH), 3.02

Di net hyl decyl ammoni um chi t osan hydrogel (Synthetic Exanple 14) was observed
to have r ¢INICHxEH,(CHRGEHRB.449. T (chilesan-H-2-6)i met hyl hexyl ammoni um chi t osan
hydr ogel (Synthetic Exanple 13). APPLI CATI ON EXAMPLES ANTI M CROBI AL

ACTI VI TY Synthedic Exdnmpled: Rrepaitiop of €hitosardgREEGMAr epared from

phot opol yneri sati on were soaked in phosphate saline buffer overnight and
rinsed sel@Q3] Chitosan¢0.8rg) was added tooa ablution ®f SOMS DladHd isolutiond®.5cml)t ur ed
and harvested for 24 h on Trypticase Soy Agar before it was washed tw ce

wi th st er @nd sgredffped4 Rail6e alkalized chitesamwasiherrfileres apditae filliaeensi on (10
RI) in purified water was transferred to the centre of the hydrogg coating

|
in the wefrangferred intasa dlagk Chipeofyastipnalisec PESG acevlate{.Shg.avasyeyntiiatic i n

contact with the crogrgani smat 24C for 4 hours (exposure tine). A small
vol une of E%@mpr'%lﬂ;nﬂaﬁ 'ﬁ%Y?&Wd@?WBﬁ”%@e’ﬁ"ﬂba@%ég%@ dropyvise ijedhe any

o A B b i ey e o Mt
i t {,.35C 4 t . i its. T
Fosul s s w38 bt @8R AR fotgRe iy EffayfR. 308 oMt Wt of
I nocul um 11(}99).%*ﬁrevéo\fﬁﬁorﬁ?lﬂgtneﬁﬂaﬂbq}%ﬁh SXBRPHCE Aﬁéfecentrifugation of the

solution to remove the precipitate and addition of ethanol (40 ml) to the supernatant,

the product precipitated from the solution. The solid was filtered and rinsed thrice
with ethanol.

'H-NMR (300MHz, D;0), 8: 1.94 (-NHCOCHs3), 3.5-3.7 (-O-CH,-CH,-O-), 3.4-4.1
(chitosan-H-2-6), 5.5 (-CH=CH,), 6.02 (-CH=CH.)

Synthetic Example 6: Preparation of trimethylammonium chitosan-g-PEGMA

[0032] Trimethylammonium chitosan (0.2 g, see Synthetic Example 2) in 0.45 ml

water was added with 0.30 ml of 0.38 M sodium hydroxide solution.
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Chlorofunctionalised PEG acrylate (0.5 g, see Synthetic Example 1) dissolved in

1.5 ml isopropanol was then added with stirring and the mixture stirred at room
temperature for 3 h. After the reaction, the mixture was cooled to room temperature
and precipitated in a mixture of acetone and ethanol. The product was obtained after
filtration. |
'H-NMR (300MHz, D;0), 8: 1.95 (-NHCOCHj3), 3.22 (-N*CHs), 3.5-3.7 (-O-CH-CH,-
0O-), 3.4-4.1 (chitosan-H-2-6), 5.5 (-CH=CH,), 5.9-6.1 (-CH=CH,)

Synthetic Example 7: Preparation of trihexylammonium chitosan-g-PEGMA

[0033] Trihexylammonium chitosan-g-PEGMA was prepared in the same manner
as Synthetic Example 6 except for changing from trimethylammonium chitosan
(0.2 g) to trihexylammonium chitosan (0.2 g, see Synthetic Example 3).

'H-NMR (300MHz, D>0), &: 0.86 (-N*CH>CH3(CH2)sCHs), 1.19
(-N*CH2CH2(CH>)3CHj3), 1.30 (-N*CHz2 CH2(CH2)3sCHj3), 1.95 (-NHCOCHs3), 3.07
(-N*CH,CH>(CHy)3CHg), 3.5-3.7 (-O-CH,-CH»-0-), 3.4-4.1 (chitosan-H-2-6), 5.6
(-CH=CH,), 5.97-6.2 (-CH=CHy,)

Synthetic Example 8: Preparation of tridecylammonium chitosan-g-PEGMA

[0034] Tridecylammonium chitosan-g-PEGMA was prepared in the same manner
as Synthetic Example 6 except for changing from trimethylammonium chitosan
(0.2 g) to tridecylammonium chitosan (0.2 g, see Synthetic Example 4).

'H-NMR (300MHz, D;0), &: 0.74 (-N*CH,CH5(CH3)7CHs), 1.16
(-N*CH,CH>(CH>)7CHa), 1.58 (-N*CH, CH>(CH,)7CHa), 1.94 (-NHCOCHs3), 3.02
(-N*CH2CH»(CH,)7CH3), 3.5-3.7 (-O-CH,-CH»>-0O-), 3.4-4.1 (chitosan-H-2-6), 5.6
(-CH=CHy), 5.91-6.05 (-CH=CH>)

Synthetic Example 9: Preparation of N-hexyl chitosan

[0035] Chitosan (1.0 g, 6.21 mmol) was dissolved in 1% ag. acetic acid (100 ml).
Hexanal (0.62 g, 0.74 ml, 1 eqv.) was then added, and the mixture stirred at room
temperature. After 1 hour of stirring, the pH of the solution was adjusted to 4.5. To

this solution, 10% aq. solution of sodium borohydride (9.32 mmol) was added and
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the solution stirred for an additional 90 minutes. After this time; the pH of the solution
was adjusted to 10, and the precipitated N-hexyl chitosan collected by filtration, and
washed with water until the filtrate was of neutral pH. These precipitants were filtered
and the residue washed with distilled water to neutrality. The unreacted aldehyde
and inorganic products were soxhlet extracted with ethanol and diethyl ether. The
resulﬁng N-hexyl chitosan was filtered and dried.

Synthetic Example 10: Preparation of N-decyl chitosan

[0036] N-decyl chitosan was prepared in the same manner as Synthetic Example 9
except for changing from hexanal (0.62 g) to decanal (0.97 g, 6.2 mmol).

Synthetic Example 11: Preparation of dimethylhexylammonium chitosan

[0037] N-Hexyl chitosan (1 g, see Synthetic Example 9) was added to N-methyi-2-
pyrrolidinone (50 ml) and treated with 1.5 N NaOH solution (15 ml). The mixture was
stirred for 30 min at 50 °C. Sodium iodide (1.08 g) and methyl iodide (11.2 g) were
then added to the solution, which was then stirred for 24 hours at 50°C. The reaction
mixture was then filtered to remove the insoluble material, and the filtrate was then
precipitated into a large excess of acetone and filtered. The resulting product was
collected by filtration, and dried under vacuum.

'H-NMR (300MHz, D;0), 8: 0.76 (-N*CH,CH(CHy)3CHa, 1.22
(-N*CH,CH>(CH,)3CH3), 1.58 (-N*CH>CH>(CH,)3CHs), 1.96 (-NHCOCH,), 3.24
(-N*CHs5), 3.4-4.1 (chitosan-H-2-6) |

Synthetic Example 12: Preparation of dimethyldecylammonium chitosan

[0038] Dimethyldecylammonium chitosan was prepared in the same manner as
Synthetic Example 11 except for changing from N-hexyl chitosan (1 g) to N-decyl
chitosan (1 g, see Synthetic Example 10).

'H-NMR (300MHz, D,0), 6: 0.71 (-N*CH>CH2(CH,);CH3), 1.17
(-N*CH2CH2(CH,)7CHs3), 1.58 (-N*CH, CH2(CH2),CHj), 1.94 (-NHCOCHS,), 3.23
(-N*CHa), 3.4-4.1 (chitosan-H-2-6)

Synthetic Example 13: Preparation of dimethylhexylammonium chitosan-g-PEGMA
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[0039] Dimethylhexylammonium chitosan-g-PEGMA was prepared in the same
manner as Synthetic Example 6 except for changing from trimethylammonium
chitosan (0.2 g) to dimethylhexylammonium chitosan (0.2 g, see Synthetic Example
11).

'H-NMR (300MHz, D,0), : 0.75 (-N*CH,CH2(CH2)3CHa), 1.22
(-N*CH2CH(CH.)3CHs), 1.58 (-N*CH.CH>(CH2)3CHs), 1;96 (-NHCOCHs), 3.22
(-N*CHg), 3.5-3.7 (-O-CH,-CH,-0O-), 3.4-4.1 (chitosan-H-2-6), 5.51 (-CH=CH,), 5.86-
5.99 (-CH=CHy)

Synthetic Example 14: Preparation of dimethyldecylammonium chitosan-g-PEGMA

[0040] Dimethyldecylammonium chitosan-g-PEGMA was prepared in the same
manner as Synthetic Example 6 except for changing from trimethylammonium
chitosan (0.2 g) to dimethyldecylammonium chitosan (0.2 g, see Synthetic Example
12).

'H-NMR (300MHz, D,0), 8: 0.74 (-N*CH,CH5(CHy);CHs), 1.22
(-N*CH.CH>(CH.);CHjs), 1.58 (-N*CH, CH>(CH2);CHa), 1.94 (-NHCOCHS,), 3.22
(-N*CHa), 3.5-3.7 (-O-CH,-CH,-0O-), 3.4-4.1 (chitosan-H-2-6), 5.54 (-CH=CH,), 5.85-
6.05 (-CH=CHy)

Preparation of Hydrogels

Synthetic Example 15: Photopolymerisation of chitosan-g-PEGMA and quaternized

chitosan-g-PEGMA

[0041] Chitosan-g-PEGMA (0.06g, see Synthetic Example 5) and PEGDA (0.06g)
were blended and dissolved in water (0.48 ml). The photoinitiator (Irgacure 2959)
was added at 0.1 wt% (based on the total amount of Chitosan-g-PEGMA, PEGDA
and water). The resultant solution was placed inside a mould produced from two
glass plates with a 0.25 mm thick spacer frame in between. The solution was then
exposed to UV light (365 nm, 15 min exposure, 10 mW/cm?) using a Honle UV
Technology machine equipped with a UV mercury lamp. After curing, the mould was

opened, the hydrogel removed and washed with deionised water.
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and the quaternized chitosan hydrogels generally have larger pores greater than

100 um under the same magnification (x220). Dimethyldecylammonium chitosan
hydrogel (Synthetic Example 14) was observed to have relatively larger pores
compared to dimethylhexylammonium chitosan hydrogel (Synthetic Example 13).
APPLICATION EXAMPLES

ANTIMICROBIAL ACTIVITY

General culture procedure

The hydrogels prepared from photopolymerisation were soaked in phosphate saline
buffer overnight and rinsed several times before antimicrobial assay. The bacterium
was cultured and harvested for 24 h on Trypticase Soy Agar before it was washed
twice with sterile purified water by centrifugation. The bacterial suspension (10 ul) in
purified water was transferred to the centre of the hydrogel coating in the well of a
tissue culture polystyrene plate. The hydrogel was in contact with the microorganism
at 24°C for 4 hours (exposure time). A small volume of neutralizing broth was then
added to the well to recover any bacterial survivors. A series of 10-fold dilutions in
neutralizing broth was prepared, and plated out in Trypticase Soy Agar. The plates
were incubated at 35°C for 48 hours, and counted for colony forming units. The
results were expressed as :

[0044] Log reduction = Log initial count of inoculum — Log survivor count on 4hours

exposure time
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RESULTS
Table 1
Log reduction

Synthetic Pseudomonas |StaphylococcusiEsherichia Fusarium

example No. |aeruginosa aureus coli |solani
Example 1 6 2.61 2.25 1.62 0.75
Example 2 7 1.84 5.62 1.84 1.32
Example 3 8 1.72 4.21 2.01 0.65
Example 4 13 1.51 1.99 2.08 4.49
Example 5 14 2.88 4.18 1.94 4.49
Comparative

5 0.26 0.14 0.08 0.01

Example

Surface Modification of Contact Lens with Chitosan Derivative

Preparation of monomer solution

[0045] Trimethylammonium chitosan-g-PEGMA (Synthetic example 6) and PEGDA
were dissolved ih deionized water (monomer solution). The ratio of monomer was
2:1 and monomer concentration was 5%. Silicon-containing rigid gas permeable
contact lenses (RGP CLs) were cleanéd with deionized water and isopropyl alcohol
for 30minutes in PTFE beaker. And then they were dried under vacuum. The
cleaned RGP CLs were treated by argon plasma for 60seconds under a power of
50W. Argon gas flow rate was 100sccm. Then they were subsequently exposed to
the atmosphere for 15minutes. The plasma-treated RGP CLs and monomer solution
were placed into the glove box (Argon atmosphere). They were degassed
thoroughly. The RGP CLs were immersed in a small amount of monomer solution
and the top of vial were screwed tightly. Then they were subjected to UV irradiation

(30-35mW/cm?) for 90minutes. Trimethylammonium chitosan-g-PEGMA coated RGP



Cs-coated lens 1.02 2.57 Contact Angle [0047] The contact angle was
nmeasured by a liquid drop nethod at roomtenperature by neans of contact
angl e netwo 2Drigp74¥ast er 500 manuf actured by Kyowa | nt er Pacariiopessoes Co. ,
Ltd. Control (non treated): 93.4 Cs-coated lens: 50.6 The results reveals
that the hydrogel coating of the present2g nvention exhibits excellent
antimcrobial activity and wettability.

CLs (Cs-coated lens) were washed thoroughly with deionized water under
ultrasonication to remove the residual monomer for more than 30 minutes. The
results of AFM (Atomic Force Microscope) observation are shown in Fig.2. Fig.2
clearly shows that trimethylammonium chitosan-g-PEGMA was coated on the
surface of the RGP CLs.

Antimicrobial activity

[0046] Antimicrobial activity of Cs-coated lens was evaluated in the same manner

as that mentioned above. The results are shown in Table 2.

Table 2
Log reduction
P. aeruginosa E. coli
Cs-coated lens 1.02 2.57

Contact Angle

[0047] The contact angle was measured by a liquid drop method at room
temperature by means of contact angle meter Drop Master 500 manufactured by
Kyowa Interface Science Co., Ltd.

Control (non treated): 93.4°

Cs-coated lens: 50.6°
The results reveals that the hydrogel coating of the present invention exhibits

excellent antimicrobial activity and wettability.



21 CLAIM5S 1. A quaternized chitosan derivative having polynerizabl e
organic noieties. 2. The quaternized chitosan derivative of claiml1,

havi ng arwermmmiommgr oup represented by the foll ow ng fecripziooméserr each
R1 is independently selected fromthe group consisting of hydrogen and a
substituted or unsubstituted al kyl groupq two or three of (Rl)s may conbi ne
to forma substituted or unsubstituted aliphatic cyclic group. 3. The

guat erni zed chitosan derivative of claim?2, wherein at |east one of (Rl)s
is a substituted or unsubstituted al kLAJMSp having 1 to 18 carbon atons.
4. The quaternized chitosan derivative of any one of clains 1 to 3, wherein
the pol yneri zable organic noiety is represented by the follow ng fornula:
-Y-P (where P is a polynerizable group; Y is a spacer ?roup) .. 5. The

quat er ni z&d chi Adterezad ehitapangterivatyahaving pelyenerizahie orggrva Mwiefiasup i s
-NR+R'2 where and R' are independently selected fromthe group

consi sti ng of %B?&@W'&Wdé@eﬁ& id?UY%tﬁyecﬁf GaLbshaving ap adT‘%)pln“{jF SIpHP
provided that R E S re,carbqn atons than R'. 6. A nethod of producing a
quat er ni zERPTEFRRIE %‘ﬁgrfPW'ﬂegofﬁ%%ng pol yneri zabl e organi c noieties,
conprising a st i, reacting a quaternized chitosan derivative and a

hal i de havi ng aﬁg’(gﬁ)ﬁeri zabl e organic noiety. 7. The nmethod of claim6®,

e AR BB Skl o hd SRR d o B
s S2BHEARSTE: NS OIS 8 VR (YR ofindo o

a substituted or unsubstituted aliphatic cyclic group.
3. The quaternized chitosan derivative of claim 2, wherein at least one of (R')s
is a substituted or unsubstituted alkyl group having 1 to 18 carbon atoms.
4. The quaternized clhitosan derivative of any one of claims 1 to 3, wherein the
pblymerizable organic moiety is represented by the following formula:

-Y-P

(where P is a polymerizable group; Y is a spacer group).
5. The quaternized chitosan derivative of claim 2, wherein said -N*(R'")3 group
is -N*R'R", where R' and R" are independently selected from the group consisting of
hydrogen and a substituted or unsubstituted alkyl group, provided that R' has more
carbon atoms than R".
6. A method of producing a quaternized chitosan derivative having
polymerizable organic moieties, comprising a step of reacting a quaternized chitosan
derivative and a halide having a polymerizable organic moiety.
7. The method of claim 6, wherein said halide is represented by the following
formula:

X-P!
where P' is a polymerizable organic moiety; X is a halogen atom.
8. A method of producing a chitosan hydrogel, comprising a step of

polymerizing a polymerizable composition comprising said quaternized chitosan



22 derivative of any one of clains 1 to 5, initiator, and water. 9. A

nmet hod of producing a chitosan hydrogel of claim8, wherein said

pol ymer i awoQosti@psseonpri ses a step of irradi ati ng ul travcolyetoof/bbspiz o a
phot opol yneri zabl e conposition conprising said quaterni zed chitosan
derivative of any one of clains 1 to 5, ghotoinitiator, and water. 10. A
hydr ogel produced by the nmethod of claim8 or 9. 11. A nedical device
having a coating conprising the hydrogel of claim10. 12. A contact |ens
havi ng a ¢legvative efarny ere afcleaites fytark duitiater, anidawaier0.  13. A nedical device
containing the hydrogel of claim10. 14. A cosnetic containing the

hydrogel & cl afnethod of producing a chitosan hydrogel of claim 8, wherein said
polymerizing step comprises a step of irradiating ultraviolet (UV) to a
photopolymerizable composition comprising said quaternized chitosan derivative of

any one of claims 1 to 5, photoinitiator, and water.

10. A hydrogel produced by the method of claim 8 or 9.

11. A medical device having a coating comprising the hydrogel of claim 10.
12. A contact lens having a coating comprising the hydrogel of claim 10.
13. A medical device containing the hydrogel of claim 10.

14. A cosmetic containing the hydrogel of claim 10.



