WD 2011/ 160637PCT/ DK2011/ 050225 POLYURETHANE BASED PHOTO NI TlI ATORS FI ELD OF
THE | NVENTI ON The present invention relates to novel polyneric

phot oi ni tweho11gisbased on pol yal kyl et her ur et hane backbonegT/DR?0110is01251 at or
noi eties are pendant on the polyneric backbone. 5 BACKGROUND OF THE

| NVENTI ON Curing of coatings through ultraviolet (UV) radiation, thereby
resulting in a coating for use as a gel (e.g. a hydrogel), requires
efficient nethods of initiating the chem cal reaction responsible for the
curing process. Cross-linking of polyneric material through generation of
radi cal RYSURETHANRBAPERAHATONIIIATORY |ight is widely used to produce
hydr ogel s for nmedi cal 10devi ce coatings. Coating conpositions with

pol yvi nyl pyrrol i done and a photoinitiator as the main constituents, which
are curefgevd bpTHY ihvE@dbat i on, are often used for produci ng hydrogels. The
photoinitiators used in these processes can be either oligoneric or
polynmeric. Aigoneric photoinitiators are partially free to diffuse to the
surf ace ok pgré@ncuretiommtridsab notdi@opherit eRstemitgort hesse mms;taa@mserexposed

to the en 5 h i_n r re dj in EP 0 849
300, m%@é*?%%%ﬁgﬂe% TRl gl bt B el 2Bk o s,

2008, vol. no. 12, p.1763-1770. CBJECT CF THE | NVENTI ON The obj ect of

t he present |nvent|on is to provide polyneric photoinitiators, as well as

t 0 pPoviBrEKERONSI DAFITHEINGASI®Mr the UV curing of these photoinitiators. 20
SUMVARY OF THE | NVENTI ON One aspect of the present invention is to provide
polymeric photoinitiators with the general nmotif shown in Figure 1, and in
parti cuICéd””@féF%ﬁ#‘é‘g‘ﬂWP%ﬂJ'FPYﬂﬂ*ﬁb&\gdﬁwﬂ‘%’ Hearedyceey Il pERsEias fRrtisaesr

noi et i esa peaneant hf/mg@;; hrequice yranat eneﬂmidetoymmatmg theéSéhendidal eeddfi®@ad aspect,
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(1) 10 device coatings. Coating compositions with polyvinyipyrrolidone and a photoinitiator as the
main constituents, which are cured with UV irradiation, are often used for producing
hydrogels. The photoinitiators used in these processes can be either oligomeric or polymeric.
Oligomeric photoinitiators are partially free to diffuse to the surface of the cured material,

thereby rendering these substances exposed to the environment.

15 Polymeric photoinitiators are disclosed in EP 0 849 300, WO 2008/012325 and Wei et al.
Polymers for Advanced Technologies, 2008, vol.18, no. 12, p.1763-1770.

OBJECT OF THE INVENTION

The object of the present invention is to provide polymeric photoinitiators, as well as to

provide means and methods for the UV curing of these photoinitiators.

20 SUMMARY OF THE INVENTION

One aspect of the present invention is to provide polymeric photoinitiators with the general
motif shown in Figure 1, and in particular systems derived from polyalkylethers carrying

photoinitiator moieties pendant from the isocyanate moiety.

So, in a broad aspect, the present invention relates to a polymeric photoinitiator of the

25  general formula I:



In the above formula (1), R2, R3 and R5 can each independently be sel ected
fromCl-C25 linear al kyl, C3-C25 branched al kyl, C3-C25 cycl oal kyl, aryl
and het erwenryi1/goaups such as any aromatic hydrocar bon \mjtrmmplfr/asm’&@ car bon
atons; 5R1l and R4 are each independently selected from CL-C25 |inear alkyl,
C3- 025 branched al kyl, C3-C25 cycl oal kyl aryI het eroaryl, hydrogen - OH,

% e s o o i) 0 B B

and R' are alkyl groups, suitably Cl1-C25 alkyl groups), alcohols, ethers,
thi oet h%scn Hclvfe i%gﬁ ekl yat hves etal?r“r‘rn%% nBity goé&ec@&d floAnd. E'f‘sf Ivatives

t her eof OXI et fvatives thereof . carbonates, nitrar es,

acryl at é@,eawwa% ﬁé,S bepAchresalkHy dF-&2p Gé@?a”ﬁ’élWtWI*@FPéQaW'pQ)’PW%?PéneS,

pol yest edng,argrabtycaiideas rbopalishags ¥l At @sborp@bysst yrenes, and pol yur et hanes; and
when Rl and R4 are al kyl and aryl groups, they may be substituted with one
or nore substituents selected fromCN, OH azides; esters; ethers; am des
(e. g> - RRENRRRar@eadR IGENRIdentiniseleeeRfrogn@l-R25 dnearaliyy IC3gEBuipenchediatkabl y

Cl- C25 - n f o f [ ives; NH2
or Nal kaé,éﬁg%sergécmg%)l syj* ;E]@g,ggf;,n H%Aésjt{'.garggl gté” c@g?ﬁa] %%HL Mh& g)ed Nﬁt& br anched

or cycl i®¥ef Ry d? ot 2l grr?”pil suitpRyy f-1 ai“Wb@i?é’Hﬂ)eﬁ'E”I‘ r(%éll “MHBY & from O
to 10 arrIC8NR’S, ahered’ andiRD@re gkﬁ@tr@rpsthmabmmeqmélk\tt@rdups), alcohole, éthersg ar e

' ndepend(ﬁﬂgél%rsr @%lfongy gpr?[:!érd;ali 9L tQ\eFelgf jsgﬁ)(gﬁc aé?(?TgNd g&?xa‘: O@Stthgl%top sglfc%p(QEsq are

ot 20zero; ependent ers fromO t
| nt §er @ﬂd}?f iyatfvgs HeR; caibenanes, ”15!23teSASCWl&Hesahbdf%“%raémie%}éwﬂf%é’lesror

di f f er endolyelrotcdien] ddiak&jyiames edhy@Sters, polyamides]! fdyacelgdtas,|ppiyefyréee, pal ymeric
phot oi ni t | ate%s of t et, out in tt&qe depe esuq)t t;%%CJ al ms The
|k
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al kyl , CBaig28kytyclupalkQd braachsed cangclihetet granyl gr oups such as any aronatic
hydrocar bon with up to 20 carbon atons;

m, n, p, and r are independently real numbers from 0 to 10 and s is a real number greater

than or equal to 1;

o and g are independently real numbers from 0 to 10000, provided that both o0 and g are not

20  zero;
u and v are independently real numbers from 0 to 1;
t is an integer from 1 to 10000; and
Ay, Az, A3, Ay and As are identical or different photoinitiator moieties.

Further details of the polymeric photoinitiators of the invention are set out in the dependent

25 claims.

The invention also provides a method for the manufacture of a cross-linked matrix

composition, said method comprising the steps of

a. providing a matrix composition consisting of a polymeric photoinitiator of the

general formula I:



5R1 and R4 are each independently selected from Cl-C25 linear al kyl, C3-C25
branched al kyl, C3-C25 cycl oal kyl, aryl, heteroaryl hydr ogen, -0OH, -CN,

hal ogens,wennesossanm des, al cohols, et hers t hi oet hers, PE W20 19050026
derivatives thereof, sulfonic acid and derivatives t her eof , sul f oxi des and
derivatives thereof, carbonates, isocyanates, ni trat es acryl ates,

R e G 2 WG B It e M R
R4 are al kyl and aryl groups they may be substltut ed vvlth one or nore

substituents sel %‘iﬁ‘?—gn Rzoﬁ‘daq}! R e%‘nqﬁﬁfn ﬁab%’sS%Eﬁﬁrfﬁy'm é‘F‘c%ﬁmeQﬁ' Og‘ég

atons; sul fones; oni’c_derivatives where alk i's any

strai ght 15chai n @&ky$3- 6?—%fo‘”c@ﬂiW‘b@%ﬁ%ﬁéﬂ‘%ﬂk%f&"la@dé‘?k%/‘l’arg'r%a‘pf’s m n,

p, r and s are reakhByaREESMatit ORUBcirBorl @ith Ppay 2dedrbbhatontd)e sumof n + p

s is a real nunber greater than 0; and g are real nunbers fromO to 10000;
and v are real nunbers fromO to 1; 20t is an integer from1l to 10000; and
Al, A2, A3, A4 arkl ohB Raraee pahdritdapahdeantly gelefted éom PhERbilinéariaiybrC3n®iet i es,

and b. curing theorﬁ@éh%h%lk%@%ﬁdy@l@a@? %yﬂ%tér@a@i %Pdr%gerb)loﬁxRﬁ@' ng it to
WV radi ation. The invention rel'ates to cross-linked matrix conposition

obt ai nabl e via t HIRCBYRTYNESTREIBS; HEUWLS Sihesd §'B°‘ifP‘Ef\?i HJdionehand fEEvaves
pol ymeri ¢ phot oi nihtieaf, anif@ccatidlamyddrvatives thmemsum:deerancwemmsvas mat ri x

conposi tion. 4 VéPer%Qf"—IJcéﬂo@Q?%Z P%EE%%%Q&M%@Q%%@ YRR T Ll GRE Fig.

1 illustrates a genera tors,
photl§i ni ti at or nﬂ}ygfngg;as pRENEEteEa, %P'WPWFCP%%%%%’W”MES Fig. 2
illustrates curi ng);@fcryaat@@tpbuyxwe@ﬁpwdtﬂowmrammala b&d fvabd anedt hyar8BIKyt Or i Ng

E ihrereChange of 5G an% aryl groups awl“elilemday e subl_Ftugsd vsi?‘ntl'}c cl)'lrpeccgrl rggreosfubslgi\(ueen)%gosur e
selected from CN; OH; azides; esters; ethers; amides; halogen atoms;
sulfones; sulfonic derivatives; NH, or Nalk,, where alk is any C,-Cg straight

15 chain alkyl group, C;-Cy branched or cyclic alkyl group;
m, n, p, r and s are real numbers, from 0 to 10, provided that the sum of n + p
+ s is a real number greater than 0;
0 and g are real numbers from 0 to 10000;
u and v are real numbers from 0 to 1;
20 t is an integer from 1 to 10000; and

Ay, Ay, Az, As and As are identical or different photoinitiator moieties, and

b. curing the matrix compaosition obtained in step a. by exposing it to UV

radiation.

The invention relates to cross-linked matrix composition obtainable via this method. The
25 invention also provides the use of a polymeric photoinitiator according to the invention for

curing a matrix compaosition.



DETAI LED DI SCLOSURE OF THE | NVENTI ON The present invention provides

pol ymeric photoinitiators based on pol yur et hanes. The invention thus

provi des woebniwodsvat or of the general formula I: PCT/DK2011/050225
(-(R(A)mM,-(R(A2)n-0), - (R3(A3)p- 0)g-(R4(A4),),-C(0)NH R5(AS), - NHC(0) )t -
(1) 10R2, R3 and R5 can each i ndependent|ly be selected from C1-C25 |i near
al kyl, C3-C25 branched al kyl, C3-C25 cycl oal kyl, aryl and heteroaryl groups
such as '&WNQFJ%WECHWEFOCM bon with up to 20 carbon atons. Suitably, R2
and R3 are each |ndependently selected from Cl1-C25 |inear alkyl, C3- 025
branche |k I I .

may be g:é ec'%ﬂé arcr? %ég”?%ﬁﬁp%ﬁlk%c n°§£§§‘§%§yé§é’ F(%)g ’M%Eph)?elt% ary

gr oups. Pf@P&”teﬂ'?cF ﬂreztvra?rec akbPiendependent |y sel ected from Ci- 025 | i near

al kyl, C3-C25 branched al kyl, C3-C25 cycl oal kyl, aryl, het eroaryl

hydroge

e oge b aeb 5B SRl Mg W5 S o

R CC]BR" -G’ and &' en®Rsuepdbt R'HZazses ainkidn griblpeoswaitirahl y Cl- C25 al kyl groups),
al cohol s, ethers, thioethers, sulfones and derivatives thereof, sulfonic
acid and derivatives thereof, sulfoxides 20and derivatives thereof,

car bonat 'E%Oﬁz\é%gé%@ﬁiz OP'TFIE%\‘?I:SNTIBWW ates, hydrazine, azines,

hydr azi des, " pol yet enes, polypropylenes, polyesters, polyam des,
pol yacryl ates, polystyrenes, and pol yurethanes. Rl and R4 may each

| ndependeatdrischeinsehRptach cﬁéﬂmﬁler@%iotdwn@@eersadakyd on bSlyGmahReanched al kyl
and C3-C25 cycloalkyl. R1 and R4 may be end-functi onal | zed with al cohol,

et her, urethane or am ne groups, 25 alternatively other nucleophilic
groups, The ieiehtien trose@rovddsathhtagmidsor & thegasdrafetryyla Rl and R4 can be
considered as originating fromchain extenders, where suitable extenders
can include ethylene diam ne, diethylene triamne, triethylene tetram ne,

propyl ene di a(nﬁ%@*i)wbuﬁ%ﬁ(‘éhe@)odﬁdﬁfs)mé))qﬁEa&éﬁétﬂ@%“dﬁdm’“ﬁ@(obyc(Iéhexyl ene

di am ne, pi per azi ne, 2-methyl -piperazine, phenyl ene diam ne, tolyl ene
d|a edla ne, tris am noet hyl ) jne, 3,3 -

S0IR t rsm BTN a" AT ERSHoR b RATELCL 5L AT G i e 1, C3-C25 branchee

3, 3' - di cfydres-423atydyiatgyheny landiharerosey! gr®mumaﬂédy686®ﬁﬁcw®madd 080225
2, 6-di amp%%raa%da%tor%s%wgb@nhn% f@ahﬁ—@é%&ﬁ'hbéﬂé%deﬁﬁ/@e@% ol R e N85

mxyl ene di am ne_and i sophorone di am ne al so be sel ected
fromt hémﬁ?bﬂbv‘c%g?étbraﬁ@h%ﬁa'h&}&PQEPrFeZS %(E‘Pﬁ'ég‘ 85?&?{3% Cadedigaad!feRs
substi t uhetdbdydsazd fes tselghuaoadistal vy C3hnpdragzioaeyt abd Grhigxaipet hyl ene-

5bi shydrazi ne, and car bodi hydrazi ne; hydrazi des of dicarboxylic acids and
sul foni c acids such as adipic acid nono- or dihydrazide, oxalic acid

di hyld@r azh:d@d R: sopeachdndepeadsndly driRgad &2mdel -CRatineariatkyh 6i3dC2h *Pryﬂﬂ@ﬁ@d(e/*

1, 3- phernyd-epe cicatdyf, anji Chatsilodr/dli iy Figas | &84, -ONBgAcRAE, NANniR8NId . CNR'R”,
where R’ and R” are alkyl groups, suitably C1-C25 alkyl groups), amides (e.g. -CONR'R” or
R'CONR'’-, where R’ and R” are alkyl groups, suitably C1-C25 alky! groups), alcohols, ethers,
thioethers, sulfones and derivatives thereof, sulfonic acid and derivatives thereof, sulfoxides

20 and derivatives thereof, carbonates, isocyanates, nitrates, acrylates, hydrazine, azines,

hydrazides, polyethylenes, polypropylenes, polyesters, polyamides, polyacrylates,
polystyrenes, and polyurethanes. R; and R; may each independently be selected from C1-C25
linear atkyl, C3-C25 branched alky! and C3-C25 cycloalkyl.

R; and R; may be end-functionalized with alcohol, ether, urethane or amine groups,

25 alternatively other nucleophilic groups, in either one or both ends. Alternatively, R; and R,
can be considered as originating from chain extenders, where suitable extenders can include
ethylene diamine, diethylene triamine, triethylene tetramine, propylene diamine, butylenes
diamine, hexamethylene diamine, cyclohexylene diamine, piperazine, 2-methyl-piperazine,
phenylene diamine, tolylene diamine, xylylene diamine, tris{2-aminoethy!) amine, 3,3'-

30 dinitrobenzidine, 4,4-methylenebis (2-chloroaniline), 3,3’-dichioro-4,4'-bi-phenyl diamine,



acid di hydrazi de; hydrazi des made by reacting |actones wth hydrazi ne such
as gammahydr oxyl butyri c hydrazi de, bis- sem car bazi de; bi s-hydrazide

car boni c weters160637gl ycol s such 10as any of the gl ycol s pogmK20n@dozbove.
When R1 and R4 are al kyl and aryl groups, they may be substituted with one
or nore substituents sel ect ed fromCN, OH azides; esters; ethers; am des
(e.g. -CONR R' or d R" are alk oups S|tabl

o &5 A RpEPSIESTE ha- Dl bR S eg etk dENE BoRas vl e or
Nal k2, wingrisopabdone gliaariye.C1- C8 strai ght chain al kyl group, 15C3-C8 branched
or cyclic alkyl group. In the polyneric photoinitiators of Formula (1), m
n, p, and r are independent Iay real nunmbers fromO to 10 and s is a real
number dJhEREE: MIYaNSDIe BRI 1hq 9roep cAiStiag & WeF3zipg: E”E FUCNIas ot her
wor ds, tdeetopelyifer dubsiaeddaiyididzirat @t &fd;ﬁ@fﬁWhﬁjréﬂ;ae ar@hém’ieeh,itéhe\thi ch all
::gg§:2giz%yg{a%ﬁ@:argdsg%boﬁ@%%lsn% Rhﬁrtagldgsl ct)flaaca xyﬁcnacdds anla uﬁomc ac;dsesuch

phot oi niasiaairir 8jd mByo- ercinysiorzids; gaflﬁf@etdpiﬁmdmafﬂ% lsapmhalmceiqthvdw@d%he

i socyanakga @ &‘kp&h((ﬁé)nde r&aﬁrphénﬁaﬁpﬁﬂf%hleraadcoqmarazﬁengme@é/amopéagva@ed
whi ch co nents., In L‘%&j&ﬁm oinitiators of

ot S A AR ol o P ERRR R st RRnE: gne SPOVASRT T Hat bot h o
and g artedrnodyibaerio.hy@sSdet EdHlsymi-carbamteg basrreydrrmde qautmdyér sstérs ofryiIReBOOEH

prefigr abésyan%(&%t%og%l@cois' NetiGePRbyeric photoinitiators of Fornula (1), u and
v are independently real nunmbers fromO to 1. Preferably u and v are

i ndependently real nunbers greater than zero. In the polyneric
phot oi Niwhét RS &dat, Freaml ad(drt, grbugsS traf rhait t@egﬁjbsﬁitrumn it enel&086ke Sui t abl y,

I's an Igt%ﬁgr(tsfsélggpe&f 9.Q098%,. preteradly 100 2000, §0| ”%8101‘? efbodi ment, s
|s greater an°or —equal to 1 neani ng that at T eas otoi ni'ti ator

group i R'aPMRYswperedenand 8 arehalky! goeypansititeblydctisaky! Gﬁ@ttpé} rtdoge [ayoroy;
addi ti or@lfba/es BulfgR) dBival OO L6 0 RBLRGIK KA EL/AQ203RR: HBRLIRYI drblgn Or

equal. to. 1 here is t | east one photoinitiator noiety per repeating
uni t ai Sof G 6?”‘?‘ﬁé°éf‘f&? 8lf<}‘|élr°‘épegrrent s. This allows extra flexibility in

the nunber and type of photoinitiator noieties present, including the

possi bi 1 te 831 &‘éﬁc Bﬁﬁkﬁxgﬁ@%ﬁf%rmf?ﬁt(‘?} b 3t ok F@r‘e@ﬁ{je&%gctiéhgﬁéfaia' S0 be

greater than of so'results in at _ |

5phot oi rﬂuﬂ‘?b&f%flm i %@rs ip @gedtuAYeuATeRtG thane wiiakRe Grky Erheys
segnment Spres%lnt)eKmaﬁl‘liek/ﬁbﬁdspfhedﬂd/in{ejr@fbabﬂomttldtor@ﬁb(ﬂ F¥rnan£ (19 I’aﬁaaﬁheﬁe tnhancrosn equal
to 1, initiators on the and v is

t he nurrbsocya?at(hg O,b{ﬁ'); (FQ! co%rss[esprgpo;m atoresal 2. beruenalare no ;scicp/]ana e grouPePrhegene chai n
r maf benzhs golyragr wiigh de n@': WPause pbotpmrtmtqrg) tBMenqumﬁb@trngctﬁe ph@ﬁomtmtqn ators
on the Rlois§IRBNhe iBc@dtedy BB (RE), A RAL BmEARRRBNO kBB g 8y be provided

which comprise fewer components.

In the polymeric photoinitiators of Formula (1), o and g are real numbers from 0 to 10000,

provided that both o0 and g are not zero.
25  Suitably, o and g are real numbers from 0-5000, preferably 100-2000.

In the polymeric photoinitiators of Formula (1), u and v are independently real numbers from

0 to 1. Preferably u and v are independently real numbers greater than zero.

In the polymeric photoinitiators of Formula (1), t is an integer from 1 to 10000. Suitably, tis
an integer from 1 to 5000, preferably 100-2000.

30 In one embodiment, s is greater than or equal to 1 meaning that at least one photoinitiator

group is always present on the isocyanate precursor. Alternatively or additionally, p may be



10It may be possible that the sum mtn+p+r+s is 1. The indices o, m n, o,
p, g, r, s, v.and u in the general forrrula (I') represent an average/ sum and
t he for mave 2011)16bd3er eby represents alternating, periodi ®CT/DK2011/050225
statistical/random block and grafted copol yners. An exanple of a random
copol ymer nay be the copol yner ABAAABABAABABAA having the formula (A2131)5
by applying a nonencl ature simlar to 15formula |. An exanple of the.
i dent i t YWBTF SRR 8943 Sp i Shea e & aﬁgﬁ?hﬁ?‘? RNBHBEBTAMAEY BF FEEHIEY i n
t he pr esénrbe ohtherdhytathérssegimests. Tirs Stdvesnaxtrb. flexibility Blthe QumS8ehanetye oExanpl es
of appl ydh'agaxfgétm'%ﬁtelﬂeé Bregerﬁhm:@ljt'abrt!’\@%@srbmﬁpgmoacohﬁ Ee'ﬁ%?\t&? Q§to:mttator
20( CH2CH( CH (O CH 5 Fi ONHC( 0) ) t .
The val UBO‘S?eso”é‘i‘ﬁi’ "’l‘sct Greaier &hani Cﬁé‘é’“?‘ﬁ@ 1nty|h§8@rsarre%ﬁsgwt l6pstione
phot &i nighogdi@tiator holdy P&1rdpA106 JRPCT bhK20hE LAGRAZD sBfratas niteaboveiaod
phot oi ni t | h 0 phetain r il ),
AL e, AP gL SR el By 0diE G P RRLE T BN B af bRt U
I n the piebems: seamanitenan,is eghorhs of &(ét)o@gh"@néﬁeffqrrﬁé@aélég anigef ¥y whi ch, on
absor pt i g uedthaidtNain 5@@%@@ a&r@sag £A¢ . \EmSNasires i tRNurer bRghtahihtaad
initiates one or several ,chem cal reagtions or transformatlon One

B Sparargers fis

preferred £P FRL Y SHBt S HEPFAEBP 9 $948 8% tover | ap bet ween the WV
| i ght source spectrum and the photoinitiator absorption spectrum Another

deSilroed Ipl}r%g%retﬂ()séiﬁle thatthesumm +n+p+r+sisi.

The indices o, m, n, 0, p, g, r, s, v and u in the general formula (I} represent an
average/sum and the formula (I) thereby represents alternating, periodic, statistical/random,
block and grafted copolymers. An example of a random copolymer may be the copolymer
ABAAABABAABABAA having the formula (A;B4)s by applying a nomenclature similar to

15 formula I.

An example of the identity of formula I applied to a polymeric photoinitiator described in the

present invention is given in Scheme 1.

Scheme 1: Examples of applying formula I to a photoinitiator. Formula I then reads
20 (CHch(CHzophcoph)1O)O(CH2CH20)1'C(O)NHCGH10CH(C5H4COPh)C6H10NHC(O))t. The value

of 0 and t then determines the molecular weight of the photoinitiator.



a mnor or no overlap between the photoinitiator absorption spectrum and
the intrinsic conbined absorption spectrum of the other conponents in the
matri X cowpQeiicosss 10Sui tably, the phot ol nitiator noi ercem@0a/@Bendant on
the polyner. This nmeans that they are attached to the polynmer at points

ot her than at the pol yrrer ends. The photoinitiator noieties of the

i nventi or%? |nde,p n entI be cl eavabl e (Norrish Type I) or non-cleavable
(Norri sH Wét"?tf’ﬁ ﬁO’E’Q { GBS ¢l eavabl e photoi nitiator noieties
spont aneously break down |nto two radicals, at |east one of which is
reactiv om fr enzoin
et hers ?Pﬁﬁ?ﬁ%?mgﬁ%éﬁog? % @F&%g{ag(?)em’a%hghy %ﬂgdrgiey'g%%{ eﬁeﬁgg and
phenyl érﬁoFRﬂaP%W ml@eet“éﬁhes are i nportant exanpl es of cleavable
photoinitiator noieties. The photor nitiator noieties of the invention are
effici ent , n tra sfor

Ceacti vanhpE R O St SRR J PR M R o b AR Tt orrs
fr om5pol generases repdivh epegesefidne ot radinedd) @nt G eoese ¢r sekenagche@ptal oragtions, or
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donors is not required but may enhance the overall efficiency of cleavable photoinitiators

according to a mechanism similar to that described for the non-cleavable photoinitiators

below.

25 Suitably, the photoinitiator moieties of the invention are all non-cleavable (Norrish Type II).
For reference, see e.g. A. Gilbert, J. Baggott: “Essentials of Molecular Photochemistry”,
Blackweli, London, 1991). Non-cleavable photoinitiator moieties do not break down upon
excitation, thus providing fewer possibilities for the leaching of small molecules from the
matrix composition. Excited non-cleavable photoinitiators do not break down to radicals upon

30 excitation, but abstract a hydrogen atom from an organic molecule or, more efficiently,
abstract an electron from an electron donor {such as an amine or a thiol). The electron
transfer produces a radical anion on the photoinitiator and a radical cation on the electron
donor. This is followed by proton transfer from the radical cation to the radical anion to
produce two uncharged radicals; of these the radical on the electron donor is sufficiently

35 reactive to abstract a hydrogen atom from most substrates. Benzophenones and related
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cl eavabl@‘%ﬂ”rﬁ%caéq"é‘éﬂ/%{ﬁfi%s A bl end of several photoinitiator noieties nmay
exh| bit synergistic properties, as is e.g. described by J.P. Fouassier:
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polymerization mainly by acting as non-cleavable photoinitiators and at the same time
25 spontaneously polymerize by radical addition across the maleimide double bond. In addition,
the strong UV absorption of the maleimide disappears in the polymer, i.e. maleimide is a

photobleaching photoinitiator; this could make it possible to cure thick tayers.

So, in an embodiment of the invention, the photoinitiator moieties include at least two
different types of photoinitiator moieties. Preferably, the absorbance peaks of the different
30 photoinitiators are at different wavelengths, so the total amount of light absorbed by the
system increases. The different photoinitiators may be alf cleavable, all non-cleavable, or a
mixture of cleavable and non-cleavable. A blend of several photoinitiator moieties may
exhibit synergistic properties, as is e.g. described by 1.P. Fouassier: “Excited-State Reactivity
in Radical Polymerization Photoinitiators”, Ch. 1, pp. 1-61, in “"Radiation curing in Polymer
35 Science and technology”, Vol. II ("Photo-initiating Systems”), ed. by 1.P. Fouassier and J3.F.
Rabek, Elsevier, London, 1993. Briefly, efficient energy transfer or electron transfer takes

ptace from one photoinitiator moiety to the other in the pairs [4,4’-bis{(dimethyl-



am no) benzophenone + benzophenone], [benzophenone +

2,4,6-trimethyl benzophenone], [thioxanthone + nethylthi ophenyl
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can al so consist of derivatives of the photoinitiator noieties |isted.
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etonés enzop enobnes, thioxanthonegs, xanthones, acridones, anthraquinones, fluorenones,
20 dibenzosuberones, benzils, benzil ketals, u-diatkoxy-acetophenones, u-hydroxy-alkyl-
phenones, a-amino-alkyl-phenones, acyl-phosphine oxides, phenyl ketocoumarins, silane,
maleimides, and derivatives thereof. The group can also consist of derivatives of the

photoinitiator moieties listed.

Suitably, Ay, Az, As, A4 and As are selected from the group consisting of benzoin ethers,
25 phenyl hydroxyalkyl ketones, phenyl aminoalkyl ketones, benzophenones, thioxanthones,
xanthones and derivatives thereof. The group can also consist of derivatives of the

photoinitiator moieties listed.

Typically, at least one of A;, Ay, As, Ay and As is an optionally-substituted benzophenone

moiety. By “optionally substituted” in the present context is meant that the benzophenone
30  moiety is substituted with one or more Ry groups.

Polymeric photoinitiators of the invention

Polyurethane derived photoinitiators



WO 2011/160637PCT/ DK2011/ 050225 The pol yur et hane based photoinitiators can
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ot hd© i swiopsndhe snantipndsecaidedts e |alrdi egisad docat ikydtenevid ¢asboy@natés havi ng

from5 t@pt@QlyQ@H@Qﬂ@}r@%f S HEFQASarBNR:- Qhiftb 4 b\atthgrtot%m@tghtt &tp@@boﬁﬁ%érarret hyl ene
dii socyanat e, hexanet }/ ene dii SOCy anate, trinet T{é hexanet hyl ene
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cycl ohexyl ene 1, 4-diisocyanate, 1,12- dodecane dii socyanate,
2-met hyl -1, 5- pent anet hyl ene and the aromatic isocyanates such as 2,4- and
2,6-tolylene.diisocyanate, ‘@ di phenyl net hane di i socyanat e,

S i ani si di ii e, tolidine

pol yi socy@ te such as ne tetra i socyana m xyl yl ene diisocyanate
t et rahydroffapht hal ene- 1 ocyam@dn(ezcc,a@g bi s(

i socyanat enyI ) net ha D 2 PCT/ 011/ 05H0225 The

end-gro gsecnt ottt he pol yu'f‘cé’t hane based p Qr~ar e _g ent
on the stoichitonetry of the reactants. If for xarrpolq;a\/btohe bups  of

the polyner are supposed to be free hydroxy groups, an excess of the'!
pol yal kyl et her reactant should be used in conparison with the
i socyanate. On the other hand, if free isocyanate groups

15 Scheme 2: An exemplified method for preparing a polyurethane based photoinitiator.

The isocyanate depicted in Scheme 2 is (4-(bis-(4-isocyanatocyclohexyl)ymethyl)phenyl)
{phenyl)methanone. Various other isocyanates may be used including a,w-alkylene
diisocyanates having from 5 to 20 carbon atoms such as photoinitiator substituted
tetramethylene diisocyanate, hexamethylene diisocyanate, trimethylthexamethylene

20 diisocyanate, isophorone diisocyanate, diethylbenzene diisocyanate, decamethylene 1,10-
diisocyanate, cyclohexylene 1,2-diisocyanate and cyclohexylene 1,4-diisocyanate, 1,12-
dodecane diisocyanate, 2-methyl-1,5-pentamethylene and the aromatic isocyanates such as
2,4- and 2,6-tolylene diisocyanate, 4,4-diphenylmethane diisocyanate, 1,5-naphthalene
diisocyanate, dianisidine diisocyanate, tolidine diisocyanate, bis(4-

25 isocyanatocyclohexylymethane also polymeric types of polyisocyanate such as neopentyl tetra
isocyanate, m-xylylene diisocyanate, tetrahydronaphthalene-1,5 diisocyanate, and bis{4-

isocyanatophenyl)methane.



5shoul d be present as end-groups an excess of the isocyanate shoul d be
used. It can also be envisioned that nor e, t han one pol yal kyl et her

phot oi ni twetor/1soésety i s used as react ant> Ct her pol yur echhaneobasers
photoinitiators are reported in the literature, such as the benzophenone

derivatized polyurethanes inJ. Wi, H Wng, X Jiang, J. Yin,
10Macro gles 2007 i ﬂ%351 An exan Ie of suc ghot initiators
i s presel ﬁﬁm§§H§ ngon heQ? ﬁPH@QP 33" PBHOGAHEFFL %ﬁurethane

based phtichiomeétirationhs restales df fdneelampie,]the\ABd .grédips\MAGE pXymdr aagyuprbsedri n,

Macr ool 8GR nyAx( 2005, ar?éf!’:éssz&ﬁﬂré Fol%Q@\@thQ@FetaEt%Hi Houftfdd @ehiye property
of coating conmpositions consisting é%ﬂhepggg ur et hane derived

phot oi ni PIMREBFY Vigh tremdf 5 %‘ﬁéf’rocbm‘?’ﬁ PPHKS HeP SPGea H3HPehe

ur et Baneshselgmenirsseasaconpafoaps d0eftd@ts extaaploeyamapodipn®rbiecusptiot oi ni tator with
no possibility for hydrogen bondi ng. This additional physical cross-Iinking
shoul d render the polyal kyl et herur et hane based photoinitiators nore

ef f i ci erft cémalpy belaeyvisigneddghatexarephean 20hpyelydigaetsen photanpalor swiety & uped as

pol yal kykethar based photoinitiator, and should render themthernoplastic.
An exanpl e of a pol yurethane based photoinitiator possessing the properties
descri bed above is depicted in Schene 4. 12 WO

2011/ 160mBZPTy DKROAd &0 PBbtoinitiators are reported in the literature, such as the

benzophenone derivatized polyurethanes in 1. Wei, H. Wang, X. Jiang, J. Yin,
10 Macromolecules, 40 (2007}, 2344-2351): An example of such photoinitiators is presented in

Scheme 3.

Scheme 3: Synthesis of polymeric polyurethane based photoinitiators as described in J. Wei,
H. Wang, X. Jiang, 1. Yin, Macromolecules, 40 (2007), 2344-2351).

15 One particular attractive property of coating compositions consisting solely of polyurethane
derived photoinitiators is the additional physical cross-linking induced by the urethane
segments as compared to for example a polymeric photoinitator with no possibility for
hydrogen bonding. This additional physical cross-linking should render the
polyalkyletherurethane based photoinitiators more efficient in producing for example

20 hydrogels in comparison to a polyalkylether based photoinitiator, and should render them

thermoplastic.

An example of a polyurethane based photoinitiator possessing the properties described above

is depicted in Scheme 4.



0 0-t----)--"----"0)IN nH t Schenme 4: Synthesis of a polyneric
photoinitiator, with N nethyl-diethanol - anrne dii socyanate and a

pol yet hylwoeoglesl - deri vati zed phot oi ni tfator as the swariikgimsbesi al s.
Utilizing the sumformula, 5(-(R (A)mMu-(R2(A2)n-0)0-(R3(A3)p-

0)g-(R4(A4),),-C(O)NH R5(A5)s-NHC(0))t-, the polymer shown in Schenme 4 can
CH2OPhCQAr ) | CH20) , - C(0) NH C6Hi oCH( PhCOPh)

be witten as,
(- 00- 12CH2N( CH3) CH2CH20) " - ( r@]
C6HloNI -1 C(0)-)t TRiks exdnpl e represents a general nethod of
i ncorporating photoinitiatprs substituted with 10di et hanol am ne into a
pol yuret hane. 13 WO 201 §0637PCT/ DK2011/ 050225 Initially, an

ynmer is formed by reacting a photoinitiator
socyanate and possibly one or nore chain

i socyanat e-terni nated prepg
pol yal kyl etfer with an

ext ender ($). Such preo ﬁ!ﬁre char cter zed by hawCing i socyanate groups
and/ or al gohal , amj QL ot Egrr umnahnuﬁes as end- groups
in the ponneﬁ**FurthernDre t he prepol "has a 5l ower nol ecul ar wei ght

than the targeted pol yurethane photornrt ator The prepol ynmers can be
formed w thout the use of a catal yst, hpfeyer, a catal yst chosen fromthe
cat al yst descri bed above, can be prefer in sonme instances. In instances,
where the prepol yner has pendent carboxyl groups, an optional
neutralization of the prepolynmer will rgs {n carboxyl ate anions, thus
having an increased solubility or dispersihility in water. Surtable
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Scheme 4: Synthesis of a polymeric photoinitiator, with N-methyl-diethanol-amine,

diisocyanate and a polyethylene glycol-derivatized photoinitiator as the starting materials.

utilizing the sum-formula,

5 ((Ri(AD)m)u~(Ra(A2)n-0)o-(R3(As3)p- O)g~(RalAs) )~ C(O)NH-R5(As5)s-NHC(O))e,

the polymer shown in Scheme 4 can be written as,

(~-OCH,CH,N(CH3)CH,CH30 ), - (OCH(CH,0PhCOAR), CH,0)-C(O)NH-CqHyoCH(PhCOPh)
CsH1gNHC(O)- ),

This example represents a general method of incorporating photoinitiators substituted with

10 diethanolamine into a polyurethane.

Several other methods exist for the synthesis of the polyurethane based photoinitiators, with

some of the important methods outlined below:



10neutralizing agents include tertiary am nes, netal hydroxides, anmonium
hydr oxi de, phosphi nes, and ot her agents mell known to those skilled in the
art. Tertwenyiambéses and ammoni um hydr oxi ‘de are pref er r edr/paeoh/@e225r i et hyl
am ne, di nmethyl ethanol am ne, Nmorpholine, and the |ike, and m xtures
thereof. It is recognized that pri mary or secondary am nes may be used in
pl ace of_ tertiary amnes, if t ar e sufficiently hindered to avoid

D5 ot or NEEEG T 3957 P LAl 1L PRGN G BrOeely PHa B oSt YR oan ¢ hen be
pr ocessanbt»ta&yfeomﬂmNIMrpwqyamaee lhan eogsitdt onandrt mateathsindesdetie)d Such t he present
| nventi Qfefymirl bl ER&ESIAN p0habiRg RERRAI IR ININEMONEOLART I defer

emul sifiers (ext ernal enmul sifiers, such as surfactants or internal
enul si f i8EOPHIGURE CRATYRSEIE e&ﬁ&f%psd‘éfqeo?ﬂ‘\ﬁnij’r BYpEras p &g PGP EpRIRFANt to
t he pol yowethaaaiidrackfanean aﬂadét@l’eteaiSpo@mdetgﬁrmJ;ﬂfbt@mtlhﬂﬁe mﬁlwwoatnhaaean

ZQbaCkbq{lzef%rmec( FndEHONE » c%?ﬁ? wev & clBﬁa‘?ﬁgne 8?’ th%rgﬁa eer th or

wi t hout Fesence o aceto or o pol ar
sol vent sjeﬁﬁd?tedeiilbév%éﬁﬂ Péafﬁﬁf\?@ *an?éméa%ﬁtiﬁfyieéh I§tmslt¢f€d5 W*Terﬁé“@e(s’@acrfweftwé

pr tepogygg%rnd%rﬁ chkHokefrosbis! Bt B6tidnA ?él@rabﬁct@ﬁ%f Mrb&ﬂ\ﬂqersﬁh\f@ﬁﬂﬁn and tchalt R
ext ende chain e 'S nentl o (0] e
Che st s PRERG AR RaT SaPh Bk L bt i v SRstla

var il8t i oreutnlizing sgeptsoodsde Wotdrd abenaspometrhhndrexitiendntriaipn dpdloyiner af ter its

di sper si gRspH, Wed @Jher agge%}s Wl ﬁnoq}nstBQﬁ(%e%'ﬂmQ(ﬁ QLES Srt. WHRIR émmes and
i socyanat e-t er m nat ed reog is formed, and then reacted with an excess

of amorf N WL KSR RiSh rr%ﬂmsm cirdy! o I”@h?'”@FWVQS‘i@F‘O‘ﬁ%\"{ﬂenU t erm nal
urea or rbophétnegaupe.likdharsl mixngesmfereos Idisseesghedd itiatwaitrelry anskcomdiry

ext endedanp)(%s:z’x@\g?&)gxgg 1?1};1'!:9:@ o?ierz Q’ﬁ HJS ¥f tgéyO:H‘B ch%eptht RmH@rJeQ?EX%?d ( 4)

Ket azi ne an I mne ocesses, razi nes or lamnes are reacted with
Kot dhes ETPEREIIKS Hhes SRS oEnIas ArATaT o e FiegelvEIeE caniten begrecepraggBligyier and

remai n ithepblyli@tidne pheay@Raistlesdbet hethpregrhy meéntios Wi spersed i n water,

t he hydrazine or diamne is liberated, and chain extension takes place as
the dispersion is taking place. 14 WO 2011/ 160637PCT/ DK2011/ 050225 (5)
Cont i nudis Dprecsesf pid yeelvnat bosheanfreres vath ¢rgeifiamdedetnet ainnlaified, such

pr epol yra%rsuwgctmrsrs?qqterm SmBPERRQ! NI BTG érﬁor@@émﬁg— éa%%grbdaggb p8AQRL: M Xi ng
head(s) ersed into water and then chain exten at _said m xing

head(s), peBFar&ﬁ% *é%%%&*raﬁ@an%ﬁaﬁkﬁ%@awd’éas §F%W°P8?18‘6HEE1F§P%FE‘E‘H%Q bef ore
ment20oneshckboceng head(s). This is acconplished by nmultiple 5streans

consi sting of prepolyner (or neutralized prepolyner), optional neutralizing
agent, water, and optional chain extender and/or surfactant. (6) Reverse
feed pr oé?és%cemﬂﬁ@F@eﬁﬁat"‘é\er&aﬁéf%ﬁb’mhél forresst wih PQWﬁ@?%Q%P'@%“Caﬁ&P@FO”e

ext endermanyaelysktorkLakdhar Gaek ;f:cﬂ)artsia&eﬂtrs&ﬁ@c' HEBbn-YERaTe aﬁ! &@tw aRtileth &
g:: gpgldéerngﬂ:es%gﬂ, ?he:e Qr%b‘é;{m%r' 1% drtfpeerfd(?uted in E be orllg/moerntlgkea solven shaanldnchgXt enders

extended with chain extenders mentioned previously. Water is added to the chain-extended

25 polyurethane and the solvents are distilled off. A variation on this process would be to chain

extend the prepolymer after its dispersion into water.

(3) Melt dispersion process, where an isocyanate-terminated prepolymer is formed, and then
reacted with an excess of ammonia or urea to form a low molecular weight oligomer having
terminal urea or biuret groups. This oligomer is dispersed in water and chain extended by

30  methylolation of the biuret groups with formaldehyde.

(4) Ketazine and ketimine processes, hydrazines or diamines are reacted with ketones to
form ketazines or ketimines. These are added to a prepolymer and remain inert to the
isocyanate. As the prepolymer is dispersed in water, the hydrazine or diamine is liberated,

and chain extension takes place as the dispersion is taking place.



10(7) Sol ution polynerisation. (8) Bulk polynerisation, including but not
limted to extrusion processes. In the present i nvention, M (the weight
aver aged wol2ecwisasz7wei ght) is used to chdfacterize the pqlrmmmmsozzs
photoinitiators. Efficiency of the polyneric photoinitiator is related to
how wel | the photoinitiator is blended with the gel-form ng pol ymer (s) or
nonomner s% Anongst 15i nportant paraneters in this r_esgg i s the nol ecul ar
wei ght dP) ERRTSABR BIoRPTiPREIe 24P MOETR Y SORP BT R RHST 87P8H™5T §h does not
al | ow f dorngabdhisipsenobinhartiy pohpddrgghyigr sheapmdtmd mad{Gtaod dispetsedtrher
conponent a0, fen iR b%teﬁ&m)&sgatd' AfkinglHeaB@S dr thlpBlsed bha tHEn EJ&%H&&E" nat ure

and nol ecul ar wei ght of ol ynmeric "photoinitiator and the gel -form ng
pol ynmer (%‘Y“‘éﬁ*"@o‘hsé\f Rfettff??efﬂr? F@PB‘Pﬁed %‘Xﬂﬁd‘tea?ﬁs)scmbﬁ if PES?W%S*&?S%[ rﬁ‘e\‘ElF”evvhl ch in
t ur n 5r et Bis icBnAsting tof lppepaﬁ)mﬁp@m@tr@meﬁ haépalygnat) fdptichdi thetitdalziigeagehty one

enbodi ne heref or ccording to the invention
sui tably a:%:e:*ta gvxg 'Orﬁfthawg)(tgb {% aarCtawg1 ght between 0.2 kDa and 100

kDa, nore preferably betvveen 0.2 kDa and 75 kDa preferably between 0.5 and

50 kDa. (gyké@é?éé/ﬁee@ Iﬂﬁ'oc\é%' %Er@&@@&@oﬂ@h@%h@éhm he©f add?6r extender
photoinitiato d the | oadi n% oih benz henon noi et 5is

[
O oater THAMSO R TAHEE R SEPBET BN SN, Ereios Bifelstor a
pol yur etteéfare watdstaaid fredidnmioeciestaapkeadety afeggddethe pur pose of creati ng a
hydrogel . The cured sanple (see figure 2) is a hydrogel precursor, which
nmeans that a hydrogel is obtained by exposing the cured sanple to water or
aquéfus GWEPIFPRHPAEAPE2PHe ol ecul ar wei ght of the pol yner fromexanple 1
is 43 kDa. 30 Curing The matri x conposition of the invention is cured by

exposin 5 160 37PCT/ DK2011/ 050225 Curing can
ei t her g@ig?ﬁ( pr?Pl\r/rheé's q"t gﬁnjgfngjb ty’\qrhrf’% PSP RRIES | atter conpri ses
steps, where the matrix conposition is d| ssolved in a suitable solvent and

for exanplige n%%é’ﬁ‘c;ﬁ%&@ﬁ &P(tﬁ@w@;gky%ag%ﬁ%ém%@d?ﬂ%u@é@&ﬁ&%réc@erw

radi ati on. The solvent can terwards elther be evaporated or renain in the
coating Ha Aok msee PB‘PF“&?%”%V@“F“?%@ OfrEth WMT%‘CMW‘% latphig rl‘é%‘ﬁdrtécﬁ‘oydéﬂ”. The
ul t ravi chephapeatatarm bendddividethel g&mrﬁmn@pcaﬂde@)%gnmmrm@rrﬁodd& A ext ends

(1 om0 AMAR 500, B LEom 245 10280 A Apeh Moo 260 Lo 100

usin genera I| en iths in the
Vi Si bI e *’F’@gﬂﬂﬁf V(%m WW“S@@%W“ d@@r@taﬂ@ﬂafﬁfé}g@% W"ébpéimé@’y\metrﬁ respect

to the deptdmigitot mh GtHek a@npcmefavd &eﬁle brladtx Ediebodt@BROINQIakidulaR! P EheCdRmical
art icu

ful l t t .t | th I n ,
Scat Cor i BRCH BRI A 8 o beE S SOl B0l GG Ra9Er BRBCH PRI )i vi ng
a | ar gerarperskadyt fiierede gt feor mitchpdityrist @tdiagd, whithsn tyhoesiltaiin eatadris whi ch

absopb, RRFoSiaM HREUCEreUF t@.r&t | onger wavel ength, are of interest. By
judicially choosing substituents on the aromatic noieties, the absorption

spectrum of the polyneric photoinitiator can to sone extent be red-
In one embodiment, therefore, the photoinitiator according to the invention suitably has a

weight averaged molecular weight between 0.2 kDa and 100 kDa, more preferably between
0.2 kDa and 75 kDa, preferably between 0.5 and 50 kDa. Suitably, the weight averaged
molecular weight of the photoinitiator is 0.5-40 kDa and the loading of benzophenone moiety

25 is greater than 0 % and below 50 %.
Example 2 is an example of curing of a polyurethane (obtained from example 1) for the
purpose of creating a hydrogel. The cured sample (see figure 2) is a hydrogel precursor,
which means that a hydrogel is obtained by exposing the cured sample to water or agueous
swelling media. The molecular weight of the polymer from example 1 is 43 kDa.

30  Curing

The matrix composition of the invention is cured by exposing it to UV radiation.



15shifted, which would then facilitate curing at conparatively greater

dept hs. I\/UI ti-photon absorption can al so be used to cure sanples using

l'i ght souwoesiemidsvi ng at wavel engt hs twi'ée or even nul Pcpla2bimes2zshe
wavel ength of |ight needed for curing in a one-photon process. For exanple,
a conposition containing a photoinitiat or wi th an absorption maxi num at
-250 nm coul d possibly be cured with a |ght1 source emtting at -500 nm
20utili z‘?‘ﬁ@géagﬁﬁh%%g‘ﬁd” HEsIPHE BApPOLESE B0l heBtet AP R Sters:

t wo- absoriptré ore meoissospositionisidsssivéd inca amabye shlvght and fouktampdhetrencoated i at ed
cure pragess, oul hatlibldia) Liald QN RALAIRSRA |k SRk WAkl Lihd-gEpect

to the cured area (exenpli in Nature 2 (2001), 697 where

struct ureé(aP%’a¥e(9r°r‘?é%F“B'§7 '%tfte\/ﬁ?ab%ﬁ%f“@quﬁ ap?"b%‘é‘é’s‘)‘ed”l”ﬁ %P RePvifiedge qesired
invelstiael. curing is primarily initiated by exposing the matrix conposition
to 25high energy irradiation, preferably UV light. The photoinitiated
process takes place by nethods described above and which are known per se,

t hr ough Theruitddvaglgtomediirarh i digiHed oo VB land &dieamieon where HE Avexieside figrh4Gange

from 250, & §9§Jnm%vlarfrr@ﬂl3a§ kO D E Ak g,e@uwr@ fc;chn FBY tdeod58dsRLENg WNghght or
artificial Ia s or ur e, glum ressure or

o s B ysob ks e St R R eSiog a0k L S ik e
advant ageivarsagS08e wbiagredywyithenespatretq thealepth tthd eurayd pdlvcctde tttma:stbel | asers are

advapt a%%'fb?mt;@é?!f‘arpéﬂcéégfuh%&% tRd ﬁlta%l SR RE SRASIHRT f‘rFipa?rBElJ;ércam e for

the present invention. D ode based %ht sources I n %enera are
advant agsé%‘iﬁ%“rﬁd?hep?f?‘ﬁﬂad?fieﬁ‘@sstﬁﬁ@“oé‘ﬁ%erﬁ arngeeHeYs'enEh tPHs BINB9AURIIRE process
t he pol ypeeeirstidahdpen mithé ataodrid.ransf mioEnitiftersTaitich XbRed]RO8ichh oldutdcling

chem cal. BLOCESS, NSl byl L o, I HO IR L0BAECTL P01 080205 The

pol ymeric t'ors descrlb tate curing of
surr oundP‘Pfgt*f?‘Pathﬂi 30SOIRYPN SPerE™ Pfhp RO BErF PhePBitatarTemse e es exert frolefner s

t hey scansh@tedOwhrrWueuhen faclead cihd stabripbetipel yrRiéCdephiet 0i ni tiators can
solely constitute the matrix conmposition that is cured with UV irradiation.

This is particularly relevant when at | east one of Al, A2, A3, A4 5and A5
i s an optulgipabloyp-abedrstion c&reajsdamz@phenmesarrmiesttymglhlght)mrcasreemttn,ngtaherefore,

the i nveptjeRAoREAYicdes e@enr%EilEHBQ tfn%s tEE'%;aUé\Q:‘rl;&ﬁ%F ek n%Edé% f6F At ih BkRE-

matri x conposition, said nethod risin e steps a. providing a

mat ri x é&%‘s‘?rﬁe@ﬁ !:(9(5ﬁé?@?‘?ﬂﬁcwpoé’thC?ﬁ@ﬂ‘@ EbHlbth'Pﬁiafqré(Y'%‘ra%?bSPWé‘Oﬁener al
formul a dﬁéx;d:O(n-z(tRlz(Slo)rfm) tou|Rp@dshR) e E)rBd (vith 3(18BY pource emitting at ~500 nm

0) q-(RA( A H HC( 0 n each
nddendonig st aapil b pdT b Eobhioet M BEHR- MR e fag ST, T
C3- C25 C,G}‘I‘f‘flclfé]ﬁkiﬁlgh Ariti-pReton driEted cyre Fﬁ?@ﬁ@@‘%‘ijé‘ﬁo siligag osraserePRda!

hydr ocarbedutWnt ittiRsp&t 20tadubQNaral @& mplified in Nature 412 (2001), 697 where a 3D

structure is formed by a two-photon curing process).

In the present invention, curing is primarily initiated by exposing the matrix composition to

25 high energy irradiation, preferably UV light. The photoinitiated process takes place by
methods described above and which are known per se, through irradiation with light or UV
irradiation in the wavelength range from 250 to 500 nm. Irradiation sources which may be
used are sunlight or artificial lamps or lasers. Mercury high-pressure, medium pressure or
low-pressure lamps and xenon and tungsten lamps, for example, are advantageous.

30 Similarly, excimer, solid state and diode based lasers are advantageous. Even pulsed laser
systems can be considered applicable for the present invention. Diode based light sources in

general are advantageous for initiating the chemical reactions.

In the curing process the polymeric photoinitiator transforms the matrix composition in a

chemical process induced by light.

35  Auto-curing



R1 and R4 are each independently selected from CL-C25 linear al kyl, C3-C25
15branched al kyl, C3-C25 cycl oal kyl, arylé het eroaryl, hydrogen, -0OH, -CN,
hal ogens,wemnesossani des, al cohol's, ether'd, thioethers, peulfienessond
derivatives thereof, sulfonic acid and derivatives t her eof , sul f oxi des and
derivatives thereof, carbonates, isocyanates nitrates acryl ates,

hydrazi n |nes razi des ol,yeth nes pylenes )l yesters,
o yan de PobERS Ay Gres TessReul e oottt Dbt a weeeiied when R
and R4 anamalMybwaadh@kamgn@umsﬂmhheWeﬂay;ham&mbﬁkwmabeﬁommmhcmné or nore
Subst It YahiinSELEHLER A Bloifihiod%k LSl G3h e L RRES: ATlddfSn chal 0gen

at ons; sul fones; fonic derivatives; NH2 ' k2, where a I's any Cl1-C8
stra|ghﬂSEWSFNmﬁﬂ%QVQSPBB%'”EESGBWEPEH&ﬁ%ﬁEBFW@?%P?%a%FW9Pf6Pdhp“h95n1 n,

p, r 5ancing Ari€ai eplionalyrb@rssitutéd BenzOpiamod® moptavi ded that the sumof n + p

s is a real nunber greater than 0; and g are real nunbers fromO to 10000;
and v are real nunbers fromO to 1; t is an integer from1 to 10000; and

17 WO 2011he GeB37 REFEDKS0Ne SRR EPrATidesA? meARd fadtherrdaniBacayre of demskcal or

di ffer enthxehAfaeinidnd RER6N "RiEHESDd cBRPrifing H&ded}d drhe matri X conposi tion
obtained in step a. by exposing it to UV radiation. The present

i nvention provides a cross-linked matrix conposition obtainable via the
above 5net hod. Ea'ha)rB\aﬁih@-aGtuafthmgomn&idmctosmi;ﬂh@ifya paeesiqphaceninstbhofstheps a.
and b. occurring dd'erng,caq t&;mg Ier one anot her (i.e. with no internediate
steps). In one aspect o "aut o-curing" nethod, the nethod consists of
steps a. and b. alone. A one-conponent system- as provided by the

"autig- curi ng” (R A .-(RAROVIISER,BAY,A0) AGEE.) L OE M) AGL (A Nenmaloyer (1§
photoinitiators are thernoplastic. As such, they becone |ess viscous under

hi gher shear rate, making themeasier to process in an extrusion process.
In contrast, for whaeplRe, RypwldyRsicay kaghyindaplendonie bearizoted fenegt 1Q2daidearAl |

details and struchyats E% b&%mta?kﬁfci bS5 Q&.‘téé%‘i 'a? t%%@té?bérwa&rgupspr ovi ded

herein are ainmed at providing photoinitiators sui for use 1n
"aut o-curing” et 6w 2 28y ﬁmﬁﬁ’&FW‘i‘fﬁcarf’?féw%lufir?%lzpGaﬁ?ﬁBtaEﬂ”Pﬁt| ators of t he
"auto-curing” nethod may conprise the sole

R, and R, are each independently selected from C1-C25 linear alkyl, C3-C25

15 branched alkyl, C3-C25 cycloalkyl, aryl, heteroaryl, hydrogen, -OH, -CN,
halogens, amines, amides, alcohols, ethers, thioethers, sulfones and derivatives
thereof, sulfonic acid and derivatives thereof, sulfoxides and derivatives
thereof, carbonates, isocyanates, nitrates, acrylates, hydrazine, azines,
hydrazides, polyethylenes, polypropylenes, polyesters, polyamides,

20 polyacrylates, polystyrenes, and polyurethanes; and when R, and R, are alkyl
and aryl groups, they may be substituted with one or more substituents
selected from CN; OH; azides; esters; ethers; amides; halogen atoms;
sulfones; sulfonic derivatives; NH, or Nalk;, where alk is any C,-Cg straight

chain alkyl group, C3-Cg branched or cyclic alkyl group;

25 m, n, p, r and s are real numbers, from 0 to 10, provided that the sumof n + p

+ s is a real number greater than 0;
0 and g are real numbers from 0 to 10000;
u and v are real numbers from 0 to 1;

t is an integer from 1 to 10000; and



conponent of the matrix conposition; i.e. the matrix conposition may

consi st of the polyneric photoinitiators. _This provides the advantage that
addi ti veswOeogyiepdsast i ci zers, viscosity nodifiers) can peraneotedosher eby
reduci ng the chances of |ow mol ecul ar wei ght conponents from | eaching from
the cross-linked matrix conposition. 20Cel-state A gel is charact eri zed as
a swel |l abl e mat er| aI hovvever i nsol ubl e the swel | i ng nmedi um

hydrogel |5 meant*atirdbels A0 AGRPAFEEE! R TIPT 0P SORAEET ST €1 vt er
swel lable material. The gel material is characterized in terns of its

I Theol ogi cal p , st orage
and the | oss rmgueclrlfg‘ g&eea'ﬂgtéf r.&f)gqtpgﬂgé%%%éﬁ%gén %tﬁ%g%\} n%@é't t%gﬁ‘/roperti es
of the materials (Fdi@d®n Mezger: "The Rheol ogy Handbook", Vincentz Network,
Hannover, 2006). As described above, curing of a matrix corrpositi on is

fol |l owe torln t he cha

Lol | oved ok D00 LOLOA e change ol (i 20K, S cPS, B SIS g0 o1 LY
fregaenoyetbpd.l Hz is used to probe the rheol ogical properties and further,
t he sanples were heated to 120C during testing. 18 WO

2011/ 160637PCT/ DK2011/ 050225 Exanple 1 A 50 nL two-neck flask was charged
with (4-1ebpYCvR)dr ariet ﬁy‘ltﬂbé\fﬁ%'féﬁ Rathyith preengl 3nd pHESAHYTRHETPRANGET (0. 04
g, 0. 13 gmatinpthand. @E@O@Om(e&mad@,e sBe8h ARk hspddb bsthisrauthad rihemeaddf tem t he
reaction he.r ants under vacuum and heating the 5
l'iquid re%tclr:’ |(§()r1r@r{f'1t5£<T$rJ ganialtl?ba%?%effervescence ceased (approx. 5 mn at 80
C). The flask was allowed to cool under vacuum fitted with a reflux

condenseq o@%rﬁédﬁ%h@@s%’@rﬁ h aalpwmrb R ya&blcgmﬁeﬂ@tﬁm Qa;l& diks )acv@ragdded
and .t he reactkon m xt was st eneous cl ear

DS i B R RS e B aTh BleRs T aPloHS iy, oy oo el o vas
added viwndsyhighgehamdatdhenakgmcheoreaniex tauprecasa meaXtadsmmnﬂecress ahlaartrédr
48-60 1 0o R0y T RGOS EL) QLAY 1RS1:CRI SR ARl

t enper at ur e, in toluene (50 and evapor at ed ness hanol
(125 nL)Ofé"r*ﬁjp?/UéfP%ﬁ‘c %%O‘WE?’:OV\/@F%“%H&‘@EFW grati@et égP@M\Q‘rlchhﬁFodV%/ﬁérsas“W@%ous
turbi d sot wdd ianhe BapoG@igh eretiddd.t he m xture gave a gummy solid that was
dried in vacuo for 4-6 h at 75 C, leaving a pale yellow solid in nearly
gquantatively yield (1). M" 43 kDa, PD=2.4. 15Exanple 2 An oblate of the
pri g6i nénpotiinerthe polymexiarpteinttiaiers opthec edtobetrineemmettiod navocopraise shd sple
rheomet efordpBAsHdr &le rﬁk@ixeco%a&hwr@t k%a@&t&%ﬁbﬁi %av %op?sxsqléafﬁez gl ass

pl ate) and the p%l st ance bet ween mm and the

r iat T c% %)c% Wahs e 8 i r
terrper atPE s PIOEP e i5e TR BERYIGER BNt 3VRBRES ¢ Lﬁ‘}a\%nd‘fﬁ F 5P T of 1 %
and a consbsint mbdiberapermybeodvoldetiztheitibgredirengl the shamds 20stvondgmiarpdidhes had

stabi | 1 z&ehpofe Y rb AR AR, Hdth @?@cr@&h&k@&'%éuﬁ% aghgdslepg. the sanpl e through

t he botton1p|ate on the rheoneter via a fiber fromthe |anp. The |oss and
storage nodul es were then followed as a function of tine, while the UV-Ilanp
was 2i0r r agh/atdrg the sanple. Illustrative results of the nmeasurenents are
shown in Figure 1. The sanple increases its solid content when exposed to

W which is seen fromthe decrease in tan 6. An increase in
A gel is characterized as a swellable material, however, insoluble in the swelling medium. By

hydrogel is meant a material comprised mainly of a water soluble or water swellable material.
The gel material is characterized in terms of its rheological properties and in its dry state. In
particular, the storage and the loss modulus are used to characterize the mechanical

25 properties of the materials (T. G. Mezger: "The Rheology Handbook”, Vincentz Network,
Hannover, 2006). As described above, curing of a matrix compaosition is followed by
monitoring the change of G'(w) and G"(w) as a function of UV exposure time. In the
examples used to describe the present invention, a frequency of 1 Hz is used to probe the

rheological properties and further, the samples were heated to 120°C during testing.

30 The invention also relates to a gel, obtainable via the methods described herein.



25tan 6 signifies an increasing anount of liquid present in the sanple. 19

WO 2011/ 160637PCT/ DK2011/ 050225 C ai ns 1. A polyneric photoinitiator of
the generab 20ormudsa |: (- (Ri (A ) ) u- (R2( A2) n- 0) 0- ( R3( A3PpT/DK2011/050225
0)g-(R4(A4),-)v-C(0) NH R5(A3)5-NHC(0))t- (1) wherein R2, R3 and R5

can each independently be selected from Cl-C25 |inear alkyl, 5C3-C25
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and residue to provide a viscous turbid solution. Evaporation of the mixture gave a gummy solid
that was dried in vacuo for 4-6 h at 75 °C, leaving a pale yellow solid in nearly quantatively
yield {1)}. My, 43 kDa, PD=2.4.

15 Example 2

An oblate of the pristine polymer from example 1 was placed between the two plates in a
rheometer (parallel plate configuration, bottom plate is a quartz glass plate} and the distance
between the plates was set to 0.3 mm and the temperature to 120 °C. The measurements
were run with fixed strain of 1 % and a constant frequency of 1 Hz. When the loss and

20 storage modules had stabilized, a UV-lamp was turned on, thus irradiating the sample
through the bottom plate on the rheometer via a fiber from the lamp. The loss and storage
modules were then followed as a function of time, while the UV-famp was irradiating the
sample. Illustrative results of the measurements are shown in Figure 1. The sample increases
its solid content when exposed to UV which is seen from the decrease in tan 5. An increase in

25 tan 3 signifies an increasing amount of liquid present in the sample.



Al, A2, A3, A4 and A5 are identical or different photoinitiator noieties.

2. The polyneric photoinitiator accordlnq to claiml1l, wherein RL and R4 are
end- 25f uwot2bomabészed wi th al cohol, ether, urethane or aOrmK20T1I05PRS
alternatively other nucl eophilic groups, in either one or both ends. 20 WO
2011/ 160637PCT/ DK2011/ 050225 triam ne, triethyl ene tetram ne, propyl ene

di am ne, butyl enes di am ne, hexanethyl ene di am ne, cycl ohexyl ene di am ne,
plperazﬁH@”BZ nmet hyl - pi perazi ne, phenyl ene di am ne, tolylene diam ne,

xylyl ene diam ne, tris(2-am noethyl) am ne, 3,3'-dinitrobenzidine,
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greater than or equal to 1;

o and q are independently real numbers from 0 to 10000, provided that both ¢ and g

20 are not zero;
u and v are independently real numbers from 0 to 1;
t is an integer from 1 to 10000; and
Az, Ay, As, Ay and As are identical or different photoinitiator moieties.
2. The polymeric photoinitiator according to claim 1, wherein Ry and R, are end-
25 functionalized with alcohol, ether, urethane or amine groups, alternatively other

nucleophilic groups, in either one or both ends.

3. The polymeric photoinitiator according to any one of the preceding claims, wherein R,

and R, are selected from the group consisting of ethylene diamine, diethylene



30ket al s, u-dial koxy-acet ophenones, u-hydroxy-al kyl - phenones,

u- am no- aI kyl - phenones, acyl - phosphi ne OXI des, phenyl ketocoumari ns,

sil ane, mmbebnides; and derivatives therédf. 21 WO PCT/DK2011/050225

2011/ 160637PCT/ DK2011/ 050225 10. The pol yneric photoinitiator according to
any one of the preceding clains, wherein Al, A2, A3, A4 and A5 are sel ected
fromthe gro of ben20| n ethers, al kyl ket ones,

u consistin
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greater than 0 % and bel ow 50 A). 13. The pol yneric photoinitiator according

to any one4ofrhthe H{e%G%thBgntfelt@JaﬂEE@rdwg%%!aan ARefh F@Jaﬁxd'd}%@@%&%ﬁ #r?{mr eal
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one of clains
as gamma- hydroxylbutyrtc hydrazxde bis-semi-carbazide and bis-hydrazide carbonic

15 esters of glycols.

5. The polymeric photoinitiator according to any one of claims 1-2, wherein R; and R, are
each independently selected from C1-C25 linear alkyl, C3-C25 branched alkyl and C3-
C25 cycloatkyl.

6. The polymeric photoinitiator according to any one of the preceding claims, wherein Rs

20 is selected from the group consisting of C3-C25 cycloalkyl and ary! groups.

7. The polymeric photoinitiator according to any one of the preceding claims, wherein R,
and R; are each independently selected from C1-C25 linear alkyl, C3-C25 branched
alkyl and C3-C25 cycloalkyl, preferably C1-C25 linear alkyl.

8. The polymeric photoinitiator according to any one of the preceding claims, wherein at

25 least one of Ay, Ay, A3, Ay and As is an optionally substituted benzophenone moiety.

9. The polymeric photoinitiator according to any one of the preceding claims, wherein A,
Az, A3, A; and As are selected from the group consisting of benzoin ethers, phenyl
hydroxyalkyl ketones, phenyl aminoalkyl ketones, benzophenones, thioxanthones,
xanthones, acridones, anthraquinones, fluorenones, dibenzosuberones, benzils, benzil
30 ketals, u-dialkoxy-acetophenones, ¢-hydroxy-alkyl-phenones, ¢-aminoc-alkyl-
phenones, acyl-phosphine oxides, phenyl ketocoumarins, silane, maleimides, and

derivatives thereof.



19. The polyneric photoinitiator according to any one of the preceding
clains, wherein mis zero. 2520. The pol yrrerl c photoinitiator according to
any one okotbeyposeedi ng cl ai ms, wherein‘both p and q arergieat@soikan O.
21. A nethod for the manufacture of a cross-linked matrix conposition, said
met hod conpri si ng the steps of 22 WO 2011/160637PCT/ DK2011/ 050225 a.

providing a conposi tion consisting of a fogl ynmeri c ppot oinitiator of
Phe. gener afo IoF RSV E PO2 o A R A2Y AODYDRE RICASpE AT, whereif AL
0) g- ( R4( A4) r)As- & 0) bkt R54rASEEciNB®0D) Yte-grédp consisting of benwhig rdiens, RBenyR3 and R5

can each i nd%@%%g&k Xe&%é%@ﬁ%%ﬂn rflc{aw @0%5%;\2@9%505@4 I?M:Exang?’ongg5

branched al kyl cycl oal X ary and héteroaryl groups such ‘as any
aromatic hyerSE‘%S‘PB%f'naner‘i'Vﬁtpvetsé o8 carbon atoms; RL and R4 are each
i ndependently selected from C1-C25 |inear al kyI C3- 025 br anched al kyl,

C3- C%S CyCIlS)athFéoryaeH Iphotgﬁ’lt;t%tgta%%ordmg){aﬁft né oftg_ip ced;’n calm %{%am nes,

anm dés, al coho hi oethers, °s nesand Pdert varioves er eof ,
sul fom c aci dhadighepyeyageidves et veddht of tifef rpkinckrs rinathbidlegtor gthetvesenther eof

carbonat es, i|$RGHANBHE&Da, Petdr@ifBetwdeh Y| Bk®SandYSIkSL I e pRZEABRK, between
hydr azi des, pol %?ﬁ; %Lenes pol ypr opyl enes, pol yesters, polyam des,

pol yacryl at eéjs f.enes, and pol yur et hanes and Wnen R1 and R4 are
al kyl and aryl groups, they may be substituted with one or nore

substit uem1§ T%é%@lyﬁ%pigghété&ma%%ac% ﬁztb QR 0n§§ﬁﬁ%%rec@k‘a§ %Imsar\nh%?eﬁm

hal ogen at ons I'ton oni c derivatives ere alk is

any 181- C8 st rthe YRIGhE Pvar#0ed| TRYPCURT GHRISNt OB Lhe A BRTICHEG NP LIS > 4P KPR gr oup:
m n, p, r an@ddshdledihgal béHibPRinsne oty B dreatdOthaploonitadeloato ¢he sum of n
+ p +sis areal nunber greater than 0; 200 and q are real nunbers fromO

to 10000; u and v are real nunbers fromO to 1; t is an integer from1l to
10000; and13.The polymeric photoinitiator according to any one of the preceding claims, wherein o

and g are independently real numbers from 1-5000, preferably 100-2000.

14. The polymeric photoinitiator according to any one of the preceding claims, wherein t is
15 an integer from 1 to 5000, preferably 100-2000.

15. The polymeric photoinitiator according to any one of the preceding claims, wherein

thesumm+n+p+r+sisi.

16. The polymeric photoinitiator according to any one of the preceding claims, wherein s

is greater than 1.

20 17.The polymeric photoinitiator according to any one of the preceding claims, wherein

both r and v are greater than 0.
18. The polymeric photoinitiator according to any one of claims 1-16, wherein r is zero.

19. The polymeric photoinitiator according to any one of the preceding claims, wherein m

is zero.

25 20.The polymeric photoinitiator according to any one of the preceding claims, wherein

both p and g are greater than 0.

21. A method for the manufacture of a cross-linked matrix composition, said method

comprising the steps of



Al, A2, A3, A4 and A5 are identical or different photoinitiator noieties,
and b. curing the matrix conposition obtained in step a.
by exposiwg 20t1/6063%V 25r adi ati on. 22. A crdss-1inked mat pcx/pQIp@sizson

obt ai nabl e via the nmethod of claim21. 23.The use of a polyneric

photoi nitiator according to any of clainms 1-20 for curing a matrix

conposi tion. - . . - . .
a. providing a matrix composition consisting of a polymeric photoinitiator of the

general formula I:
(-(R1(A1)m)u=(R2(A2)n=0)o-(R3(A3)p- O)q-(Ra(A4)r)v—C(O)NH-R5(As)s-NHC(O))- (1)

wherein R;, R3 and Rs can each independently be selected from C1-C25 linear
5 atkyl, €3-C25 branched atkyl, C3-C25 cycloalkyl, aryl and heteroaryl groups

such as any aromatic hydrocarbon with up to 20 carbon atoms;

R, and R, are each independently selected from C1-C25 linear alkyl, C3-C25
branched alkyl, C3-C25 cycloalkyl, aryl, heteroaryl, hydrogen, -OH, -CN,
halogens, amines, amides, alcohols, ethers, thioethers, sulfones and derivatives

10 thereof, sulfonic acid and derivatives thereof, sulfoxides and derivatives
thereof, carbonates, isocyanates, nitrates, acrylates, hydrazine, azines,
hydrazides, polyethylenes, polypropylenes, polyesters, polyamides,
polyacrylates, polystyrenes, and polyurethanes; and when R; and R, are alkyl
and aryl groups, they may be substituted with one or more substituents

15 selected from CN; OH; azides; esters; ethers; amides; halogen atoms;
sulfones; sulfonic derivatives; NH, or Nalk;, where atk is any C,-Cg straight

chain alkyl group, C3-Cg branched or cyclic alkyl group;

m, n, p, r and s are real numbers, from 0 to 10, provided that the sumof n + p

+ s is a real number greater than O;
20 o and q are real numbers from 0 to 10000;
u and v are real numbers from 0 to 1;
t is an integer from 1 to 10000; and
Ai, Ay, As, A and As are identical or different photoinitiator moieties, and

b. curing the matrix composition obtained in step a. by exposing it to UV
25 radiation.

22. A cross-linked matrix composition obtainable via the method of claim 21.

23.The use of a polymeric photoinitiator according to any of claims 1-20 for curing a

matrix composition.



