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WO 2004/ 101649 PCT/ NL2004/ 000343 -1 RADI ATI ON CURABLE
COWOSITION 5 Field of the Invention The present
WO pwenoican rel ates to a curabl e thiol-ene conpPGIT/NLZNN4/000343
The invention further relates to an optical glass
fi ber coating conposition f:on'prl sing said thiol-ene
conposition, to the use of said coating conposi ti on,
to a primary coating, and to a product, in partlcul ar
a functional pratgfy i ' é er relates
to 10 process faG St-ar gt 0 pr-oduct . The
i nvention further rel at es to a conpound having a
|__pI r itI of cyclic ene groups thereon, to a process
9 d conmpound and said curabl e thiol-ene
conposi tion. Tl@e;sreﬁermnventmf refzgbsioeticw@rable Inioldneotergpusition. The

e ER TuIET FoeiSF Bt Sdleale i AT Rt e S o pampgeing said
thibkene adrbpddition, ® thewse ap:taimsdatln\gfuomposwoh,wnarprmmrp poating, and

1§ St E I BeiguBhaipiiord ModheE JHeun EiRE et e o

peycae fordiiginingedatiMdidr af gredumal Theninveralon ferthefhélalesame compound

o]l ynerisatigns proceed by ddi t.ion .
R ubi e & Pe ik indeng 1 ~csas B Raking Sric compound
aplaaiai Eurame filsiol-gneaegdsitidhi ol - ene conpositions are
wel |l -known in the art. For exanple, Chapter 7
"Thi ol - Ene Phot opol yners” by A F. Jacobi ne of textbook

DdRafbidr sftelgisiigy in Pol yner Science and Technol ogy
Vol unme 111, oI ymsrlhﬂgw n Mechani sns
8

P.
Fouassi er angig-enep mea%gr&,reegtgletqqrrmos@ﬂ%s based on the
sw@m@m@{rwemlontoh 6leﬂiﬁ83d‘@1@s$ Alkehes be. )%&dttmbrsl(rrmptans) which

act | on, rre t udi
et iza et d DRl s SarElachig berAUERY fasiation The
PR iatidr B&’f élso B@nﬁ&‘té@&ﬁﬁelﬁkﬂéé bh@ with kAt llnfm)ors ThIOI -ene
di'scl oses the usetalof t hi ol for nu%atl on

ed
RRbIMRSISAERRS RrasRad rﬁaﬁteaar%ﬁégd@gn E%{metﬁ%té? propagated by a
fRIeL iBIcHl cHaMlrArts prddd@sconposi tions are characterized
by the use of a backbone of 30 tetr ene
oxi de) in on¥ENeFMPOREBIHHS "ﬁé‘v’%&?&"“é?aﬁe a# or example,
dem‘g%?l&ge@hofdﬁ)b@hefrﬂwm Bnaddobie onltmeﬁécﬂléde(Surmg in
are sa 0 be ea ave a re ve
BT a R, Peat e Yplarisdl BT Susah sfkehyfisineh Eotors LP.

F&b&snbpéﬂﬁd J.'FaHaBbk, st Bé%ﬂﬁl@l-ed'@wwolyrh@ﬁ the mechanlsm of the
nposi ti ons dj scl ‘osed in WO 95/0 ear not

thlab@nq FRacHy BrlEgrigation stysliegiof tal,gb%%ﬁ P'?Qig V@Prét?&déh%r

dpﬁhéehi%h'“m I%eﬁm@éﬁirlo@ﬂcal @b&st oo Tow 35 in viscosity or
have a heavy snel| renderjng such conpound

WO
2004/ 101649 W@ﬁﬁ@%@ﬂ_mj@% rporation) discloses the use of thiol-ene
formulations based on norbornene functional polyenes as optical fiber primary

coatings. The compositions are characterized by the use of a backbone of
poly(tetramethylene oxide) in one of the compounds having either a norbornene or a
thiol functionality. The compositions are said to be easy applied, to have a relatively
low viscosity and to cure substantially completely with very low irradiation fluence.

However, the compositions disclosed in WO 95/00869 appear not to
have the required cure speed, appear to be elaborate in their preparation, are too low
in viscosity or have a heavy smell rendering such compound



-2 unsuitable for industrial purposes. It is an object
of the present invention to provide a curable
W0 bioal1ewsme conposition excelling in cure speedPChONLRIHN4/000343
defined in terns of devel qgnent of mechanica
properties and/or reactive group conversion . It is a
further object of the invention to provide a conpound
having a 5 plurality of cyclic ene groups that can be
relatively easily and practically synthesized and
upguiiableder industial pritroses ddis @n\akiast gfstaa Preseqt inkeniiondpgrovide a
C&QHEQﬁle ér‘t’@corﬁﬁoéntﬁm%xﬁ:&ﬁ d“iﬁrcu@ér?é‘erd Qélné REfifiAaR estns of
Invention to EFOVI de coat |n% suitable in the optica
deyehenpmantiob mechaiieal iPyoPSinsan mrmw% gr%ap ,CONWETEIOBr i mar y
opt i cal Tibgrg gcﬁ‘ﬂ’ﬁ{e’r BEJeStOdT@I%Sin%ﬁlbnh@\bkdiﬂjesé’&ﬁmﬁbmhavmg a

a%h cure spee havi ng I ow npdul us,
plyradigieitayclshend eredre thet ea %relthelwseaaﬂww WféPtIC@BY §>6°tth%?f'zed
ah@g dgra\ég%tﬁ@% s?%é’él’bvﬂ@n Bs&din@PhR)-BRS bAmMPSAtbA. N the
reo hogr aphy, optical nedia, hard coats,
t he nedi cal lids @éurélm obleRkq! theypregest inventian tmplioyidgcopiings
[

sbl[)é\bgegﬁw gﬂ%gﬁﬁ{fb bl'a éﬂ@éry%dl%ﬂﬁ rﬁérgurﬁri’gﬁrti%laF P%ai%‘gﬁ%é@yne optical fiber
o@@tmgo@mnogwon @ﬁwng shifigieni hl%@uré@ﬁﬁ@@wall%h%\ﬁ%g 2 fypBeAnlus, and
roﬂpctéob (ﬂ{ggﬂHgggﬁ?f urther conprising polyt h| ol
uncti ona i ned under (A), wherein )b

pol yt hi ol , 2108 eByrther obiesbefiide ety ta PHPVided cukgblgrresin used in
#HeVfdid 6t ﬁ@%o%eg@%m&, REEEA hedRRindrFQIERS URE riddlical area and other
conmprising a carbo group directly attached to at

are@st one cyclic ene group and further conprising at

| east one hydrogen donating group, wherein the

di stance between at |east one of said cyclic ene

9 inveritieast one of said hydrogen donating
groups is at
Commani” SO ERal, RSk Hh 8l nbabin bt ehpop coained o

cyrablgpthickrte (:omposnlcm eamprisiig either eassPquidi A-ang compound B, or a
cgﬁgfagﬁ&Btfumé? n‘fﬂﬁélﬁb EEI ol flﬂ'lg?&%Wasaééfﬁ‘lﬁﬁ%ﬁdéro(ﬁz,%erem

I'C éne group nt t e C atomof t
(A)atabmiwmlogroup i's d| rectly attached to the cyclic ene

h f t
3By R Ao PR bgedpe LS el iRshy
30 cbmrlaggm awmwl orqup disegily attechirst teratiaastionsa eydli¢ Age group and

r}ﬁ i %oP@HQnQ &} f@ﬁ&%n&eh‘&d?@%b 'd%[} @ng WHSeir 1% @Btance

e car pbonyr group oSl tl on
cortvptwmtaeastb (400 n‘nsalq Byclic kae grvips an@hat gt efieof gaid hydrogen

acr yﬁéﬁg{%.loﬂée sHt ?éé@ twdt %Fe'téi boREL mh%Fé'n)( b&ihBol d?gs not

hac a uncttonal i Accor
th@optaars@(methmmte@notmﬁp@und (B) cont ai ns onIy

(6}’8—'15%% i Qr(ﬁéjéz?‘adicle@%otoinitiator.

Herein, by “directly attached to the cyclic ene group” is meant that the C
atom of the carbonyl group is directly attached to the cyclic ene group.  The number of
skeletal bonds between at least one of said cyclic ene groups and at least one of said
hydrogen donating groups is determined starting with the bond between the cyclic ene and
the C atom of the carbonyl group (bond 1).

The composition comprises a compound (B) that does not contain a
(meth)acrylate group, wherein (meth)acrylate means acrylate or methacrylate functionality.
According to the present invention compound (B) contains only cyclic ene groups. Upon
curing, a step-growth polymerization occurs which generally results in gelling at a higher
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35 curing, a step-growth polynerization occurs which
generally results in gelling at a higher WO

wWQO®4/10181649 PCT/ NL2004/ 000343 -3 conver si on BET/NDE04/000343

active groups than chain grgwh polynerization-like
(nmeth)acrylate systens. Mreover, in many cases |ess
shrinkage of the cured material occurs. Surprisingly,

the ene conpound (B) was found not to produce a strong
snell, and was found to show the 5 required fast
canversiini ai ienactive aceupsrihan chiain browthpolymetzasionrie (mpthhraryate

| en :
oyttt e ler 3 il Gran PR FRIrkAGe bleThied Miterial coopre
obtained i f conpound (B) also conprises polythiirprisingly, the

funct i [ i t tio show th
R GEREPE bl as ARG HEPIERRY o CRHBSIRY, SRF UG KRR 1p ghow the
reqoingbizist ¢rosalinkibg redasiop auith ithuthénl cympotindalfY) @othinfiemsyof chemical

tie . h 0 ' coatings for optical

p(ﬁ‘zrgﬁ%t'éﬁ%f@%s% g}og’ﬂ%g@l% tlvrﬁg%&g%d radi ati on curabl e

resins for Ihesaokimpoyeaphty canbeohtadredif eprgsowtd (B) also

t echnal ogy.. [,eqQul.r i gh cure speed and/or high Iight
C%'E'Plrésietgip\(?ﬁ'@(,gl‘?%#gpg?l ‘ow shrinkage. The inprovenent is.

further appTheiagrevamentéalinddly tbeatasagidnvergorsds agriigable in

| i L i y | . . i . ie. it
B o RPaye BorRBosiyor 85 i€ Sl Aliabeth iBeCott
techngiogy) adinbsivesi and( ddptingsiiof B)tical kwabaipll diske diase coatingisend

ld generally.re o e b
Aol SPEE ey ARSI Sl squre i
carersposd hihayor higb lightgensitvifyi gud/eslow-sBriskages Theénpigrvemegnt is

of a nu r.of composi.ons (exanples and conparative
f%@ﬁé?‘?‘?wﬁn‘%ﬁg)m 3’?8'32?01? gﬁ&én(of {ni)rre, fol | ovvegpby Real
Ti me Dynami Eal sorMdeapiicationanial pasticsilaf RF-rnmadigal cegtings, it may be

tai|.ed descrinpt.i. Y [ ' i
PIRGr G DR iha o PR O eSonisa YL hE ynblin posatd @) f%{b?‘“
pagsenis Ehiavadud gamgrallyrdsult iNevredtidesl reswher ohpwsmaigcular (volatile,
teachi ng applies. for s conprising both (A
”Bwagg)@%%ﬁg??rﬁﬁmﬁg?)?.gggﬁ‘%{@gnponents A and B shoul d

have functionality such that a 30 crosslinked pol ymer
Fresul ts fromits polynerisation. Therefore, the

H9¥R% i onal ity of each reactive conponent (the ene and
the thiol) Mgstedot3choay dreameing af geumbeaof eamposiond (exanples

PR e R B B Frwomani
Muchghic @dalysis (RT-DMA).

Detailed description of the invention

The description below exemplifies the embodiment in which (A) and (B)
are separate compounds. Nevertheless, the same teaching applies for compounds
comprising both (A) and (B) functionality.

The components A and B should have functionality such that a
crosslinked polymer results from its polymerisation. Therefore, the functionality of each
reactive component (the ene and the thiol) must be on average larger than one, and the
functionality in total must be four or higher for a high-molecular weight cross-linked
polymer to be produced.

in order for components A and B to have an average functionality larger

than 1, each component will comprise at least difunctional molecules.
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In order for conmponents A and B to have an average
functionality larger 35 than 1, each conponent wl|

weowpnise at | east di functional nol ecul es. WO PCT/NL2004/000343

2004/ 101649 PCT/ NL2004/ 000343 -4 Cenerally, the

average functionality of each conponents A and B is

about 1.2 or higher. Preferably, the average
functionality of each conponent A and Bis about 1.8

or higher, whereas the functionality of A and B

t oget her i SGerssalty, theqaverdggtfenctionalily ef eackfeompengntsthand B is

T S

abonsive 18, orrbmgirfecarva‘tﬂrgasﬁhe rfunocbmllty afrfeanc Bitegaiherti ébﬁléil%rmghe"
M&%?r%%%&¥ (ﬂ?’e) fuﬁwg’u&rﬁﬁ Fbcfl %rh:{% og%ﬂ'l??%%?tor fhidher. GahePAly, the

"hi range suc rati o of ene
fuhotldriahtglof grmuﬁcﬁ is &0 orrlower arderably 70ordower o about

1.0:1. 5. A'HE t%ho%fﬁ%%ﬁiye?glcwﬁﬁgﬁ&ﬂ%%)]‘m%gpglythlol component (A)

ene/th| ol, 1nt not Qi ve
camlnmmrledlvmtmlrcalrangeesumtthattthﬁemdlasraﬂ@d)f epavietid! goupsputrom

Thi t f about 1.0:1. 3
ot o8 BN 3 1o s %0 h 5
sat i sf act or A thiol cootemt bélnwtabnuies0: O@eﬁee/ﬁwlym th@ fqrglation may
E@Eﬁe s crior%pé% duishi %th‘?hé){jesfﬁgg l&vﬁeﬁé}g g@lf OYRst cBftent above a

wever I n s %ven
ratiatdf aBoutal.q: t.8ena/thidl qzoss@h' dschighsael 10t1. 5 qiytiecssiisfactory in some

ll’\?P&ﬁ‘@%%tC% éﬁgallg,r 19% %ef ch e Jéilﬁsf ¥Aé‘fogﬁloféroups be about 1:1.

ter the spee
prleyesmm spitd ofdhe ah@\(erwmm@mog radip@dtra’@gs capybeptigaskif additional

uua%a} WSFGSGQIP[?%S %ﬁt{e %‘thk | ;gerl]tgF of W\ Sﬁ*eﬁéjdér@wfsgd COARITHd 5Med of

polpmerigation, mayhanicsl pd:@etjtesmrcmlﬂel afagtedistiedycl i ¢ ene

functi onal Y%ﬂg%oqqgf%?‘reaggram oisﬁﬂﬁlusfnaicgblic ene functional

compounds, 56 CURdarst 00
cpapbirais o theaihvérdias mayrieclofie bbtbsiéuwwp@mnhcsersm%mp@nal

t
ORI Ry GRS Sctr st
pdhiah of at lehdteontaf Hlesefcompheerdy eh@,@fécwﬁﬁibéro@ﬂh@qu fgnctional
ene
gmsg)ﬁ H@fﬁgﬁ%&gnﬁc{ﬂ%ﬁgacr s(l:lglgbe agryl o t ﬁc Fég{rgﬁgtgg pté;g)total of
thﬁ)éma}daenmﬁbérlmécydhlccehefgmuplﬂpenmoleou@mj@m\ﬁdur(qupnglw@mp@und( )
Bg g}&e?r:\f%%ie tgqrreoz agreféﬂ%nch%hgaﬁﬁsr g%lﬁé&téﬁulg '3!‘@1% thtdl &fctional
ccmpmsd {A) @houald pesfdiably Heogrehier thaslemten mowsslinkad cured product is

Olelt r one of conpound (A) or (B) preferably contains
&S'Hdtkbone, sai d backbone having a nol ecul ar wei ght

r angl ng from eQurabld hidede gbmpbsitipr ajoerding {o theeiessndinvention,

e&ﬁ%q ac% %‘é{i%?‘ﬁ%&?@,ﬁ? gfe%b%%nt%é%g]bgé%o&%oéalﬁ %kabone having a

mMdiecul@aidraciimmefrom 256ad 10,000 ghotlepraferably g'orreﬁoqjtp 6,000 g/mol,
STy 740 5 o0 pERTERL L R 0 1 gois g0 ool

pol yner The term backbone is used to denote an oligomer or polymeric partin a
compound to which the remainder of the molecule is attached. The oligomer or polymer
contains repeating units as will be explained and examplified further below.

According to one embodiment of the present invention, compound (A)
contains at least three functional thiol groups; and compound (B) contains two cyclic ene
functional groups and a backbone.

Alternative formulations within the scope of the present invention employ
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contains repeating units as wll be expl ained and
exanplified further below. According to one enbodi nent

wotooshelepy esent i nvention, conpound (A) cont aPCENAL004/000343

| east three functional thiol groups; and conpound (B)
contains two cyclic ene fungtlonal groups and a

backbone. 35 Alternative fornulations within the scope

of the present invention enploy W 2004/ 101649

PCT/ NL2004/ 000343 -5 a conpound (A) containing two
afepntiiciuod 4A) edmitaining tveafusciore thidd goddpe ey adretkbore® rpd ardmpound

(B RAPhEsFleR Hee HRLere BRI HiT o1 component ()

any conpound can be used which conprises nol ecul es
g&;ﬁggo'ﬁgn or nore thiol groups per nolecule.
fe‘r‘a%(t@@ the average functionality is 1.8 or
hi gher, nor @site pdvmlotwrapomm(ﬁ) ghyaompioghe tan be used which
oFRREL B plh ok R SRS KOSHUBRL SRR e
agéragh durfoiomalityaisiichor Hghert inbd inipagicaidi ahtbuet Zm‘yﬁl@'%rﬂbcympatlbllity
Mﬁi& g%@g%c%ﬁg—mc'n eﬁ QSmggta%gBSré%prg scr I t%mamn ghelf
s’_(ajbﬂigsof]the frmofatioh. FolyEaibl mgkedleﬁtsaﬁé.y éény Whllhobe ksown in the art.
A &b%%ﬂ&%rnacﬁ Zﬁearﬁsgted npgn n{})]ﬁo(l) r?mﬁgl?rbdgfrﬁ%%k?%royn?% ﬁ(&lﬂ@%lf lines 1-
4tiof biD IPatHéoca&m1h‘5’44ewelc_hd$ incoplorateld herest hyyletsrence. Certain
o Ebeet AL KT S Lol bt e e
dEHmhly blegarheeihydaryé dittiiotetolytemiee)4didhigirend traniket hllﬁﬂ J;cbrkﬁ polimeric
e re c nveni e an ,
papg}lﬁ% gﬂil%haéssé; ff‘tcﬂéé}rnzréag %’h hgf&y@ qjmf atggag éo’lymer, and the like,
andl sintilag hollgthidlsghiob aoxcavsniedidy snd aﬂmaﬁly@yaweelzbdlbn @iany
oShrifa s BALYE DAL Bo el SR PSSR L BEfagne en
pmgiumrare hrmdflgmd?:tm ﬁbmltrar edclived &?B’F”@éltaﬂgilrfﬂdf v%{vw Examples
. ncl u are .ng [ e est er
tﬁ\é’to% ogry X‘I%ogh%s ﬁ”&ge( rﬁg%@g@ﬁ%%rel qu%%t‘fva?ﬂoé VSE'PB'HS% but
aacndl liglted ItdSeﬁél(s@Hﬂ*)log@Mhb asid (AsremcgoEp b@rlﬂbﬁbﬁbtbp?é}drcﬂ'uc acid
%%{—%ﬂwth yh droxy conmpounds such
W@' df aﬁr%acm’f%ororﬁ@mfﬁ aelﬁéHSrféls&A‘dwO%bwme
pbiRIroxyRREIduh8s SYHE Qpcdi tt‘i(ﬂ@ t@t‘?&fl@r %ﬁf&of&ohéﬁ@yls" bfd the like.

include but are not limted t

B?‘gfcq ?Rfa&yql%%f] the ggeferéqqthgh@lsgncgj@% bqﬂ, age not Ilmlted to ethylene
gl é@ﬂ’@fh%ﬁc@ﬁfé}?étﬁg]@ﬁ@%;lycél rbll'ngth ¥ cgbﬁﬁ%ﬁﬂ?\gte) trimethylolpropane

ris(thioglycolate propahe
trl@@hlnelryedptempwmpihmmr@ganepemtﬁame;aaptqprcmnom ) pemtaknyﬂnrltol

A TSP bt gt PP STRRIS R
exsphpla®f & praferred ﬁblﬂhemcﬁpcﬂﬁhMpfscﬁ@WpﬂfWIeﬁbré@ﬁer@ 8&6%13(6

- nerc pto r opi onat which is prepared from
mﬁmai)éarpé cprgﬁ% pp@@gﬁég r@@ p@lypmpy}e@@cﬁtherml e.g. Pluracol
PAWR VIR HEDRBh R CoRY. )Oar)d [ﬁﬁ%réa%idﬁé&&% QBH PR Rfrfrcation. Poly-

acid by esterfication.
o-mercaptoacetate or poly-f3- mercaptoproplona’ce esters, particularly the

trimethylopropane triesters or pentaerythritol tetra esters are preferred. Other polythiols
which can be suitably employed include alkyl thiol functional compounds such as 1,2-
dimercapthoethane, 1,6-dimercaptohexane and the like. Thiol terminated polysulfide
resins may also be employed.

Suitable examples of aliphatic and cycloaliphatic dithiols include 1,2-
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a- mer capt oacetate or pol y-p-nercaptopropi onate esters,
particularly the 30 trinmethyl opropane triesters or
w@entaersyy hritol tetra esters are preferred. QPEIENL2004/000343
pol ythiols which can be suijstably enployed include
al kyl thiol functional conpounds such as 1, 2-
di mer capt hoet hane, 1, 6-di mercapt ohexane and the |ike.
Thiol term nated polysulfide resins may al so be
enpl oyed. Suitable exanpl es of aliphatic and
ethareddithiol, jpemieditilol hidedrepanedithiole 1.5; e egioial, 2@tdmgroapto-1-

prg%o@"{cﬁtﬁh%ﬁﬁ% \4§|6 dlgx et genfaq' @Ju @hﬂ g aRsthibh&Xanedithiol,

dithiatiglyook peanedithiel, M@mmhtbe %ﬂ@hyb‘bﬁ@ﬂtﬂnedlﬁjlol bis-
mﬁ@'z\g%gg] ?%eg}% nQeCth%F %g-ﬁbﬁé%eﬁm%r (Pt AReRiabrBhane), glycol
diperiapiedetai, QJ md&faara;emﬂtdhnejhyl c’geln’eempleemanethiol, cyclohexane

but aned h| ol apt o henyl net hane,
d‘Teﬁqaﬁ‘S lé’&latnﬂ 33* é'ih'gqcﬂ W&a ém@gnang) gl ycol 5
di mer capt oageitatieeexamples of aromatic dithiols include 1,2-benzenedithiol,
- f3, 4-di net
i @ﬁ%&r&tﬁ@l 1dzfr H@éﬁﬁaﬁml C%ﬁ,gﬁ“ﬁ%ﬁg{??tsr@érh%nécﬁllnethanethlol
drefedi! &2-aittiod, mﬂmebpndstombne Suinetiyl- &, 2ehemaphastithisl, 2,5-

ot a1 SR RBEERT G Bhbaptopneny- 22+
pr%gén@(btsbh@@dl mhuon (RBatieazerniiol tethb amshdd ofl Mengl¥iZeiayalAS., J.

ohAp@ltF]t%}%n? |18cz_, Mgﬁ qulﬁggi{ogﬁf %1% équ%Benyl] -4,4’-dithiol, and p-xylene-
(xq)[ a‘m,‘gapt o-1, 3, 4-t hi adi azol e,

-t hi obi sbezenedi t hi ol , bi s(4- ner.capt enyl)-2 2' -
pr opane( bi S§H@m¢, SYRTRIES P ollgﬁtg ge gﬁ\ygltswc:ﬂ@qet(ﬂ%{]?%téona?mercapto
fdﬁ%ﬁ&%‘i’ u%fthm?Xg%;s dé‘rﬁ}éd erm%nd chppingfmdipties Rdlygiraxyethyl

qqcaptam,hyﬁ@ﬁym]apyd nzprg%qt@%dgpercgp]tap@pﬁw éirllrgercapto ethane as
déé%r@eg'uﬁ Bét@ht bysghﬁs?éﬂk%@@mmﬂ of oligoneric dithiols

I nc functi onal nmerca ct i onal t hane

ol i gomers d&EXpwegsHof 6%39%?%&%8 CRTPaUNgsy! rinciudé,

rﬂ'ﬂé’tﬁ QBB ris-ARF ERRIpAShioraYs] Ftﬂmwhm@mfd)pamrtﬂ@mmptoproplonate
ner capt opr opane, di nmercapto et hane %ﬁ/ﬁo r?bed

(P¥PERH) Bymsﬁw afdnelitie etais, AR drmetyioipRal
rﬁé’rbe}éb%ceféié‘??yb%ﬂﬂn ‘P10|'ﬁ9ﬁb'dﬂ!éﬁlndébé|té)¢’@lmethylol propane tri (11-
hane tris-ner ca I onat e

arpaSeFIesR1S) db BredeTtad A OB RS PRATs s 2gperoapto-

t hyl ol et hane tr| S- ner capt oacet ate, and
pt‘ﬂgg%?-ll-l\gﬂ—ﬁggang tris mer ca oaac thaltoe Qﬁcer {
tri(11- ner caYeBRins<t suigaple TleFr? 3E1 iQls 6‘8 g Pepiaepfyitol
té“iﬁe{n‘?&e @H:Eﬁ@&éﬁeﬁ% peﬁta‘é’?ﬁﬁﬁblrtéﬁaméﬂcbbﬂocdceteﬁe and

trinmet ropane tris(2-mercapto- propionate)
PENVEITSItD el F’@@%’FOU@G?Q%@I e tetrafunctional thiols

i ncl ude pent@gmidy dtlitifuRdiohAtiRiBRHaSRRtIandioARIY Rsatar than 4,
pentaerythritol tetraner capto acetate, and

ipeurteapalythiolsl asedess(ined prep cAh ¥ (PRRLE2402)

Multi functional thiols can be obtained by reacting thioalkyl carboxylic
acids eg thioglycolic acid, mercapto propionic acid with high functional alcohols,
amines and thiols. Furthermore, multifunctional thiols can be obtained by reacting
mercapto alkyl trialkoxy silanes with silanols that may be polymeric or silica based
silanols.

Other preferred multifunctional thiols are obtained using thiol
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Exanpl es of nultifunctional thiols having

functionality greater than 4, include polythiols as
wale@anotsedd on p. 7 of WD 88/02902. Multi functPCIaL2004/000343

thiols can be obtained by reacting thioalkyl

carboxylic 30 acids eg thioglycolic acid, nercapto

propionic acid with high functional alcohols, am nes

and thiols. Furthernmore, nultifunctional thiols can be

obtai ned by reacting nmnercapto al kyl trial koxy sil anes
catboxylis atids (HS -FR 0Oy where Fok ikl btat groups ea thieigwigcanoic

t
3 bRl st AT BoBh hls oatHy 12 L e v B B
ammesamdj@xqmuﬁlflawtldlsal(l—ls R- COOH) where R = al kyl, or
aryl groups eg thioundecanoic acid of which the COCH
groups are reacted with reactive enes, al cohol s,
CohipohantdB) am nes that are multifunctional. 5

Conponent (R @c&rﬁ%u%ﬁ@?)o HH}? c&ﬁhourﬂqé’anm%lwgorﬁﬁnses

used which conpris aving t or nore
nmj&chles hariag gwo opsictdieyalioane greepe thereer, whesrip said¢ompound

c?rgg é{e'ss eg’ar@onyl{g%%gydlregﬁyoé‘f&cﬁ%% %C llé(a{sﬁbﬁéﬁ\f/@ ifl ehe S<;;‘?<§up, and further

ne grou
cd:massescat Edsydmmgmogmdmangg grooppwheveirtbe ﬂIStten‘@e between the at

LW Do o8 Ao Al o s
legsbiwmpsskieletal bondls astl viheoeirs kait @ompommes mi@omé?@(rnet% acrylate
g %:gggpe?%ggly%% g?fz’éﬂfzﬁ Bgta\%gﬁttl’?‘é & I%‘a& TRE 3} t@ﬁﬁl %géﬁceene groups and at

era ance bet ween
leastored ofm@hydy@e@mmén@gmupswm@an 2 ppd 42 skeletapponds, more

pgq"il%rrag{gléd oe%ﬁwd%glgﬁb sl!?g%trgfe dé?rggblf%f%gl% %"‘gﬁg aﬁe%ﬁ% f%%:tlonallty is 1.8 or

higjhet, etaxe wbpmﬂ&JIaIFHtE{UEEabhlghett he average functionality

ih?g%e? orACC rﬁ@g to ol8 Pefér do?M%@tggémngbﬁndz(B‘? has a molecular

to on pr e erre
we¢gmbem®e(1 B)Jthﬁ)sDQQ gimlokbangd eontainged ghrralbe@fm@rfunctlonal groups and at

g@? O%WE?Q%} %ﬂﬁgﬁ q&gp%ﬁ%@@s%%n?ﬁghﬁ )%)t é’on?:;msggﬁg?st tVéIO skeletal

bgndmlpetmbretrm enecgmp;m andl theB)ydogen alonstirgt gl‘pélast t wo

skel et al ?ergbtrq“‘ﬁﬁg?ﬁ ana‘iiﬁg (9?% “%s di b&%ﬂ%@‘é@@&& hydrogen

donat i ng gr erm ona
tias igisisiel tdlferralrewersabler mtetroonaninayrdolegdar phygcal |Ilﬂel@bﬂ@’lst\wth another

algq% g} érgppfe).g ?%o aﬁ%%‘ ﬁg?smaéll%génrgé@r%n%r g% ﬂ%r@ﬁ%ﬁ% Ig@ fg}[mmg or
hsdnbbelp Hmsa?tmglabnlitgt dihadilytagen aoed Hgmitingepedies sgbe hshinfigential

sBoviet ¥ e Eyberaaame RS lab st EndRHERER Lo B2RG are many 0-0
hydivgen aacermag spaciepindbe tysEtami Qrefenablyowd hadn@genﬁpaatmgrgrOUp is

<SR B R T G A BB IR DB P S —eo
QOHpP OGSH. More preferably, said hydrogen donatlng group is OH or NH. More
preferably, said group can be derived from a urethane (carabamate) group, inverted
urethanes, an urea group, an amide group, thio-urethane, thiourea, isothiourea, hydroxy
esters, hydroxy and the like. Most preferred are urethane groups.

The skeletal bonds may contain atoms selected from the group
consisting of carbon, oxygen, nitrogen, sulfur, phosphorous, boron or silicon. Preferably,
the skeletal bonds are carbon bonds, such as, for example, ethyl, propyl, butyl, and the
like. Most preferably, the group between the ene and hydrogen donating group is an ester-
ethyl group.
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sel ected fromthe list consisting of hydroxy (OH),

amno (NH, NH2), SH, carboxyl - eg COOH, COSH. More
we@iaowid y, sai d hydrogen donating group i s QPCDNLMIG4/000343

More preferably, said groug_can be derived froma

uret hane (carabamate) group, “inverted urethanes, an

urea group, an am de group, thio-urethane, thiourea,

i sot hi ourea, hydroxy 30 esters, hydroxy and the I|ike.

Most preferred are urethane groups. The skel etal bonds

may contai hatognlm e grou darf be moytieallgerl prith dofssarbemgtoms,

f b
ar%oqogﬁarnggsn glslqg chciz,:ﬁluﬁlfé ?}%@P,yan%tﬂ %ﬁéFa %@ﬁﬂ*‘é&%gﬁrﬁgedarrngltl
cycmr sartbents cyslocdikery| cdrosonaprisaine or @ity LNsaiHERsA b bonds. The

nd { b
ol et PR 6P e e PR A o MBI 4R aine
fupGionality 3oxemtpiyd ofgﬂmuwclucs/@\@)ﬁdlmi@wngounds cited in WO 88/02902.

PCT/ NL2004Q9 2eky. 108 gl Rurfidiel rogg%a%eg@le%@afpcﬁn%egroup

cycl oal kenyl car on a rises
cahpTirgy ayxtbbelctteneadytllohemlel nQrbammng,r%fdeﬁb@l fyusecbiifg steusiures. The

e R SR T S e R

ene group C‘Ema @y@m am@g:lwpefmmmmslslnok hmeechmqormmt@ds derived

oI e fer SRS Priiotkee BB e BPRE T v

88£02902. Preferably, the ene functional group can be
elested fromthe group conprising cyclopentene,
ycl ghexene, norbornene, and other fused ring
tures. The double bond preferably is at the
y-position with respect to the carbonyl. The cyclic
ene group includes but is not [imted to conpounds
whEfd Y RCH 1O, I\ I0R) B, 8i0s, GHGE, (e}lﬂélgi Otrer bfghet earben gpntant ring

s‘ég?geurfeo@rggu;qg% %? £l ch%q%q,vgqqﬂe e %{%E% ) %’8%{3@&@ ?ﬁﬂa 5 atom

-I’Iﬁ% biNEhH Hb6veSBag Mieb®aasadi ene, cycl ooct adi ene and hetero

at om anal ogues, of the 5 a rj i Y

al so be useHYClRyRF A tlt?ﬁ)gq_ E)Feéssép%r &P%%Haﬂ@%’s&&{mgfened
shiisie adebs WaRE cah®elUsell aidier. cyciSpértatiere,diyeloostadieneh

can _be used jnclude cycl opent adi ene, cycl ooct adi ene,

hpxadienee HEan.AHPERENS: RY8Bhene, pyran. The above

menti oned difR8@BoEAMehtoncdalidrned can beesadtéd tcnresyltlni ayclic enes

bg %aﬁyégq @rpsgﬁggtlegj :‘gggfﬁ’:sj'f‘é? ﬁ% arecg;lgt%s gf{rj %(%g‘%%’t ﬂﬁlélgate itaconate,

mEBiRlidY, Etorfid 84i@NhAd et elediich pédreloulledondan poor
bguobfar’gggsrhﬂ-ggg\g%n%gréiu%@ ecognr dtifd ?é caR B> o%qggnég}n & Fkiety of
ways.

According to one preferred embodiment of the present invention, the
compound (B) is obtained by reacting an oligomer (B1) with a cyclopentadienyl compound
(B2), wherein (B1) is a urethane (meth)acrylate oligomer, comprising a (meth)acrylate
group, urethane groups and a backbone.

Another preferred embodiment involves pre-reacting hydroxyalkyl
(meth)acrylate with a cyclopentadienyl compound, and subsequently reacting the resulting
product with a polyol backbone and a polyisocyanate, resulting in compound (B). An
advantage of this embodiment is that the low molecular weight product of the reaction
between the hydroxyalkyl (meth)acrylate and the cyclopentadienyl compound can easily
be purified before synthesis of compound B.



ways. According to one preferred enbodi ment of the
present invention, the 25 conpound (B) is obtained by

WO e@ailorege an ol i gomer (Bl) with a cycl opent adi PC/NL2004/000343
compound (B2), wherein (Bl)_gi_s a urethane
(rmeth)acrylate oligoner, conprising a (neth)acryl ate
group, urethane groups and a backbone. Anot her
preferred enbodi nent involves pre-reacting _
hydroxyal kyl_ (nmeth)acrylate with a cycl opentadi enyl
conpound, an‘@esreb@@qw@ntble)carr'mmmwj;hmhteﬁrﬂr_emelpres@tcema

i ol yi.socyana

PUREN 11 geh. 2 BTG noR e BDE LS RREN! 1) s
sHffisisatiyave visepsith at the ieadtion Eveineted airsuitablg sblvenisdnideotut are

' e kvl (meth ryl ate
e T R e e A R e
Jhueihyl fetnayeidersad saterhBise wacfiorcismpeiarablyB:arid@ out under a nitrogen
AP0 649 PCT/ NL2004/ 000343 -9 The reaction can be

carried out without or in the presence of a solvent.
I n general , ThesytlopentadisnercemprreldBa)y yarnibeabitined by cracking

' h fficiently | Al it
A58, 000 R oS ol D Gy o
150tto ane C. Fotfelably, freshly Orab@éw@mpeﬁ?élfd@héam&@g%gﬂB@t irs] relaacted with
VG HANE THR e o eru et g Tram OB &p A8VYE, prefirably, from
3036 1DE. Ot reAdRA t&nﬂérﬁ%ﬁ% E% ra?%@%ﬂh@ Loezo ﬁé\%stﬁlreferably from 10 to

cycl opent adi ene conpoun _cdn be obtain
16MRELS- Fecessiveyyrlopenediane Aed dioproyersadierengas 2 enewed under

i ; . f O,to ..
VS BB o BB G e SO b af ey
disyplopentadiBrg may beauatked imkituhin 1ige pﬂe’sgmnéwf a(an}%gﬁéonr polymer at a
' range from20C to '
t%rrﬁ@%é{rua%f){/f?%ﬁg?rfdj{?%@gelooc The reaction tenperature
can range f iToen(B1)teourdthaho ymsih)auraberaigbinef €4Hbd Prebared by

’%a%”n urs. Excessive cycl opent adi ene and
|cy§I opent adi ene can be renoved under vacuum

(ipr espobyel,at tenperatures typically ranging from30 to

80C .erpativel di cycl opent adi ene nay be cracked
('| n giptAollL}AS:%r?{)%We’ﬁ’ésence of an oligomer or polynmer at a

(D5 aeimpanayfuneiondl dridoapgidd EorhportiapadiBef pBLdiy at least one
acrylate oligoner can be prepared by

rea rﬁlgtﬁgac%ﬂ?et%ggrgm ol , (ii) a polyisocyanate, and 20

(iii) an hy@&rampibs otsiiabk! polaticapionetee FBRURIpSIFRAG Riyols,
al?({/d BE)I())IXIIS,d pi)c)rf%y%troclareb%%tpo?y%?s, p&%&rﬂ%ﬁa‘%& %lol?/tol%, ;gc?l;crgprr]cgjlgétone
polyols, polyhydroxalkanoate (like polylacticacid), acrylic polyols, polysiloxane polyols,
halogenated polyols, polyurethane polyols, and the like. These polyols may be used
either individually or in combinations of two or more. Preferred are polyether urethane
acrylate oligomers, even more preferred are aliphatic polyether urethane acrylate
oligomers. The term “aliphatic” refers to a wholly aliphatic polyisocyanate used. There
are no specific limitations to the manner of polymerization of the structural units in
these polyols. Any of random polymerization, block polymerization, or graft
polymerization is acceptable. Examples of suitable polyols, polyisocyanates and
hydroxylgroup-containing (meth)acrylates are disclosed in WO 00/18696, which is
incorporated herein by reference.

The polyols generally have an average functionality of about 1.8 or
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Exanpl es of suitable polyols are pol yether polyols,
pol yester polyols, alkyd polyols, polyhydrocarbon

w@oilnodB49 pol ycar bonat e pol yol s, pol ycapr ol act BOENL2004/000343

pol yol s, polyhydroxalkanoate(fllke pol yl acti caci d),
acrylic polyols, ponS|onane pol yol s, 25 hal ogenat ed

pol yol s, pol yurethane polyols, and the |ike. These

pol yols may be used either individually or in

conbi nations of two or nore. Preferred are polyether
higher, referabdicalyduaRer bighgo ed generainatiout &0 pr &fner, @efefdb®y 5 or
,aképhatlc polyether uret hane acrylate oligoners. The
term"aliphatic" refers to a wholly aliphatic

pol yi s ocyan dihe recexd n‘ﬁh@eeaveaa@ molegplae inkight derived from the

Hg/%il%( lt UMIQS? c mﬂ}etsgﬁ l{;%% éy ﬁgrln%% g(ﬁ%/acbﬂu?%ahggrﬁreferably

fipo) gtrasit Boa e @bnutkiE@@Q ipoleyoreierabit iran,about §o@d to about 8,000, and
R o R B o ooy o oun cont il
pol yo

polyi socyah hydr oxyl gr oup- cont ai ni ng
(et h) acr yl dhesatir e pblyet ldb e dolyisoWanatd b8afRGEiosehiica s

' . | yol :
DER00P Ak A0 BRI SrdlponfiNe, G Rnehiie 36d Farfucparinone
ugathame (‘mﬂlh)‘amm;ﬁdE RO RODANS0DRAB 1.1-1d Abbuigheduivalents of an
i%{ﬁ%@{}é?@ﬁg?@@@éeﬁép %%;IBB o;ﬁé‘oe%@? angﬁﬁg{ltzlﬁjlﬂ%%ggﬁﬂ htégquivalents
ohg éy@rgeylmmiubladeM| thahydtexyi gempﬁdammlmhg t()mbt{u‘,ﬂagd(ﬁ)%?ﬁb are used

0 0

1oh R B e BB R e bahAiidid Mt B0 Lo abour

15, 000, nor & giced eﬂzhblhydxbkylmw(hmm adryé) dre cahaidk eg butyl-
h rQQfethxﬁf; Oa?&% %Iel'f %gqrx()?gtgyl g;blg)y gxgrpéyqrggyh?aconate propyi-
hmdrsx)lfmsmdlmalelrmae Wd)ﬁémﬁl)srot@rraﬂe hyidratscydossible to use blSt- )

t reparin e

RN el R Ta PRt EniE heshat - abou

1.1 to aboutn Beeeattionlotinese We@mrgﬁonmﬁaj’a@dlﬁtgn&u@s copper
S e s b R S e
risjhitaomine, ag-roblnpthgzkenedxammgszhyﬁ)namywnahm;r@g %dusf&ﬁﬂ%/ ude@rin an

ed i

Bigfoafeth BB E o flo oo LV af the B ghonatantig iprlant The
reactorc Breanel &g aba&efhpd‘rwdré feoryi @bbid fo4FRIbRLEYO°C, and preferably

roxyet hyl mal eat e,
frB’Gt%ﬁo %Po"&%’# %ﬁltaconate propyl - 15

hydr oxypr opyh&Bl@ban %rad&%ﬁél@&}@ﬂﬁé’ Rﬁtr d?tti‘?é‘@rteﬁwanlet meg‘gaorylate

L so possible to use bis- droxyet hyl mal eate i n or
%& Usp@ iy the cppppsitianef the Q@Séhfdnvﬁmon i prieerakely it themange from

atbdiR 360 ﬁ&é@(ﬁjt@@'ﬁ@@%ﬂblsan@mﬁ?é &JeYe?’éblic naﬁ%uﬁ@@@% about 10,000

ap ht henate, cobalt napht henat e
9 H?O' hsurupmberiaveigigp Mmalequiar weight ef Wyltﬁﬁﬂ?ﬁ@e (ragiti)acrylate is

pkfér@él?Wgﬁ@?@iaﬁ%B@t’ 1000 hEM the k&N YL APEHBE 1o b8 used in

usual used in an
composmons with a low modulus (i.e. < 10 MPa). If the number average molecular

weight is larger than about 20,000 g/mol, the viscosity of the composition becomes
high, making handling of the composition difficult.

The synthesis is known in the art, and can proceed via several steps. For
example, via a convergent synthesis in an outside-in approach with reaction of
disocyanate with hydroxyacrylates first followed by addition of polyol or divergently via an
inside-out aproach, whersin a reaction of polyol with diisocyanate is followed by reaction
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20 anount from about 0.01 to about 1 wt% of the total
amount of the reactant. The reaction is carried out
waroov1owaper at ure from about 10 to about 90C, BEIINL2004/000343
preferably from about 30 tgo, about 80C. The nunber
aver age nol ecul ar wei ght of the urethane
(meth)acrylate (Bl) used in the conposition of the
present invention is preferably in the range from 25
about 300 to about 20,000 g/nol, and nore preferably
withr e by alByacrylateaion another, loigoxygumasionaleepeyRg daving an electron
ave SbgR¢ ecul ar wei ght of the urethane
P acry ate is preferably higher than about 1000
g/ mol if thepredsied wayrtwsake epmpaunddBhis bysedcting an hydroxy

te{rﬁggﬁe% rgtgh?)% Véf"r(é goﬁol HJyElr&g r@acﬁe %grlfgg—fﬁ‘x)e furllcftlonal
cabmmdaeu@ﬂ@s fpt mmpuemm am@dwideya@fsopwaé@ﬁrngtapmes ora
!ﬁgr ?o BQhQﬁg&ge ﬁ’l bfll‘ﬂ&wcgfthe Pﬁg@ﬁ%@%%héﬂ"

yn | nown in and can

pr oceed Vi dnmmprdermemmme@wm greseman\@ntlon compound
B Hseggyt?{ngg Bg {g‘é/cﬂhg %@béf yleﬁé‘ nfbﬁ brgtﬁlgbﬁxe?soﬂ W@ﬁbﬁ@n?é?jlene

xyacr ates first

Sﬁmweoamﬁ(ybgrykatbjmnmpraﬁ|gm9|§$omCll¢ﬁe kispfang Atdlqufw}éﬁ'%fl‘rwlate
d
opeetsE) S B BaF s Ph Pk a5 181 elfypduna ©
cHETidEs 209408 gBUp;- aaampmyh nexido tedeysiy ane gloser ginda Bydroxy
t I d h
g %é@%?ﬂgﬁrogsn%géi%rg ctional conpoun aving an

oor jond). A preferred way to make
corrpound ( B yied abgtheelaretarmg earbadipaerdxipe compaipdBdela compound

dggl oné ﬁé@llaﬁeg:] c;?oq%es%rs gF R f%ér%tc—byéjé'e@i}ﬁsé ) %SIyesters

oun such 0 r exanp
Hﬁmcamd dCGRD msnrtéeareampargodaramﬁééor resingthiahartegifss I@aptalca’ﬂons

Iorofor te i nfluence
chtﬂg 9&'8?)% S g %%?gtl?%géﬁ: mfeﬁﬁané(g%ﬁ g@ﬁ’ér red
enbodi nent of the present invention, conpound B is
Mm reacti ng epoxyacryl ate nono- or oligoner s
ent adi ene. Sui tabl e epoxyacryl ate nono-
ol i goner s | Adoogpeubd $Pherich furhdi @rgwnseylpdlymlyumhémﬂ@y [i.e.
n [ | e |
cTBRGR (28 P9 48 LRBIE Sefor FRAORE shlecinhe ar can fo xample
r@aoﬂ:wdlcbpenmr@r\mtipa cempwrtnknwrhpnsmtontecprme ejanicadne
a hydro
geacm%'ceqa o%a aicﬂgl?%érr mgFeOt‘H @%HBQ/ %%g%ggm h@? comprises
r@avﬁpg) Elrstl cﬁlomnmdmmtmeig M@irwxyetﬂmyrapwﬂate,car}d thesafter reacting
fro
tlﬁg ﬁé@é@r@p@dua@nﬁ ag[}wgyc EQWWWFAQ%Z&%H%&%MI isocyanate,
puaeffably th@e or esore surtdtianal ézosyarsgelcompaymol Fcaexa@mde avhren
fgchpnéarlo potf/ﬁtb I,egsﬂ@ccﬁ @ﬁ]ﬁ% %ﬁg&%%l Ifatdd 3-arm PEG (P2223 or
P2229) from Polymer Resources) can be reacted with 3 moles of TDI. The resulting 3
functional isocyanate compound can be reacted with 1 % moles of mercapto ethanol
and 1 1% moles of the addition product of cyclopentadiene and hydroxyethylacrylate. A
diluent with both a mercapto and a norbornene functionality which can be used is the
addition product of cyclopentadiene with 3-mercaptopropylacrylate.

Component (C)

Compositions formulated for electron beam (EB) curing do not require
a cure initiator. Compositions formulated for UV-vis or thermal cure will desirably
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A compound (B) which further conprises polythio
functionality [i.e. 20 conpound (B-A)] can be nade in
wageoanalesmnays. One skilled in the art can for PRENDR®4/000343
react cycl opentadi ene w th_g conpound conprising one
or nore ethylenically unsaturated groups and one or
nore thiol groups. Another suitable way conprises
reacting first cycl opentadiene with e.g. hyd
roxyet hyl acryl ate, and thereafter reacting this
inaldde &iphiotaimitadorodr therthahinitiatar arespedtivgly. Hheishiatorymaybearadical or

%@ub wntc%dltgglglls éﬁ88¥§tﬂgeil ghol%%lt%ﬁcﬁf er ablEXartnEfeg%f fEe radical

I onal Tsocyana d. For ex
phdioiediatoksiochaleinaitie pmtyuﬂitmm a@g@qwtbled (vilkies eh é‘ (I%%ﬁcﬁxy

Rl b oCEA AR R or ob of Tor . The.
resul ting SOplﬁQnalﬂY tmrstansmy@aaased ehpauhgtariiiptpeor in a
m%%ggrt edéosqoh’fj tcﬁtll t%gdgbf Eom?lraﬁ% e Sﬁ&l‘?ep 19 ligh godrces with

roduct o opentadi ene
steordy dsmﬂsnoug/eemwjmmwda@nnﬁ(mnmﬁ efealt MapltmebQﬁWﬁSa?O% 35,

oS80 2 Whn 2 PRIdIFRGS FuneLlRalf Epofush can be

|on pro uct cl opent ne with

3- mer capt opTlopyhaiciniibmr ¢C) l@@n‘pndm@dtm el@)ﬂrT@@anféﬁoth%f% initiating
f
c?rgaou%eaftorrggg n, F})Ipe %Pe[hlggﬁqmn(l Eg)toglslélrvt/tln’% rl;gg or rrure total weight

% ofrth&\dempssiiion, pr@en&hly fronm 8.5vp 18] wtd}é,smp@mryfem@d from 1 to 5 wt.%.
004/ 101649 P /
Céﬂg'f %ﬁﬁ PfgtYVS gm lr%ﬁgé{r?&g)[%%ég{n agga?sbrd %é@g%& ively. The
initiator may be radical or cationic. Mst suitable

is, a free radical %‘@ nitiator. Exanples of free
F
—#ﬁ@%—%ﬁ@m&n or mal ei ni de photoinitiators
are desci bethéhidiens compoahdy GuBecptiogalytG)rrjdhe present invention

"%nibe;@'g% naI %@gggﬁg?%oﬁaﬁgunt %b(ﬁﬂ@mﬁorcmae%}@*éré(bly

ornitirator or
atmutmerwta@anl mgm,Jmor@ptelerablglelbouh aﬁladt"/byr BotargMemimerepreferably

aggﬁtt g;/ o gciﬁﬁ)}r E @%&ﬁ%ﬂye{)gﬁt 4%%,@@1@% ogﬁa thiol-ene
cB&@BundﬁA+B§bﬁﬁenﬁﬂﬁ®] rrmyd:onsrtd’ne thecendife whm&ﬁqﬂebuman also be

Pg%%ﬁ ir,lgag!dqrhglg\% Pg%bqﬁgg o f/ 2 tl SQ:Ot cﬁ’t‘elh 'r\]/\?li 0& PFe@enf id fgn amount of

0uWite OfledN&hé amauhiit inoheriticsp andabdarybe abgiteg vfrtP/@m lessiontabout 70
10 wt. %rel ative to the total weight % of the
"‘eé‘rﬁfd ion, preferably fromO0.5 to 8 wt.% nore
preferred fBesidés the thioken&com@Buuridis id+Blothe eoimpoation of the
hot oi nj t i

T3 RO € SR AP e BT 30 o o
e Bhe@mummabdab{e 6} reattinghwitipthisd graups NOkgoinera wnthwylekggoups are
f%r esenﬁee mr@@q@yé@%ﬁ%@%@ﬂﬁa g@ﬁe %rbgm%% féﬂc‘%r@l
aloxfatcatdisphaholuta, A0rbokiénerfunaioaal pmlwatems)oencpbem@*r%tbhgtlonal
polyethers. These oligomers can be made by addition of cyclo-pentadiene to acrylate
functional oligomers, other than the oligomers rendering such addition product an
oligomer compound (B). As diluents it is possible to use Diels Alder adducts of low
molecular weight acrylates and methacrylates, fumarates and maleates and other
analogous, which are preferably multifunctional. Suitable examples are the
cyclopentadiene addition products of diethylene glycoldiacrylate, alkoxylated
trimethylolpropane triacrylate and the like.

Other types of oligomers can be present as well, such as for example,
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about 30 wt.% or nore and nost preferably about 40 wt %

or nore. The thiol-ene conpounds [A+B+ optionally C]
worgo4aorgd t ute the entire conposition, but canpEl/sn2004/000343

20 present in an anount of_ gpout 99 wt%or |ess and

often will be present in an anmount of 90 wt % or | ess.

The anount is not critical, and can be about 80 wt % or

| ess or about 70 wt% or |ess. Besides the thiol-ene

conpounds [A+B], the conposition of the present
(meth)aerylatm epayy, Aydroxcertaenfunstionnl Wiopwere PefeRbY kiR
m%lt agcgrpfa‘?e 3“40&1&%53 ﬁéso%ﬁe@gé ﬂ%ﬁ%ogé Q‘S’&ﬁm%ﬁi?e@m&héﬁe acrylates

roups oners’with ene oroups
caarlmlud&)butaranpﬂlmﬂlt@drt@@h@@é @Nﬂ@‘tn@ﬂ%& E)A641ENEES.1()980

(PRI I? RAGAE N U8 ONRLtiod ERIMAS Bt RexpBRfO! -

ene esters or norbonene

(nfaltn)abnytah@ suchasy@N 1y §N1T5|,e@‘é1 101, CYURer SNEZh I Hertl¥ by
po@?e%&er{{ﬁ&hg C}{f%gé cﬁpﬁﬁ% &{oﬁ 0&9 Sobél b ﬁlsofv@én%b@/H% the art.

|go rendering_ such
add| tion prmmheraahgameomag@ﬁmrewﬁmhﬁaor(nsysﬂ%of the present

m?érhlgﬁ rlm?n a o'uﬁl rgﬂg’ ﬁg?hﬁ d. 8 WiR -Eo i% '@I ghe?sdéll%%aﬁtlé?és which

ar we acry ] 8F8s “an acr)/ at es,
canbmrcatie cfrrr@nfraa@ue @@thaﬁ@paﬁ Weqommaﬁ%@m or Brfaptbedised to

@ye%lfegr g%lnséoégb%r[lég %(]En %&o%ﬂ?lcolo&Hatr@r@sg %Fg%fﬁb%eﬁra%dttﬁ@hke

lene 1 on roducts o | ene
gl ycol di acrRéatige dwmmambe@reaem mwnﬂﬁllfbp@%@fm'ate

o|@éhu%%gv¥edﬂ@%wﬂ%% i€ ¢ flllriclﬁgnal Hhudhdighn by Bssy. of ol | goner s

sent or exanp
2004/ 10164 9TROBHNUZ0OW dgDR@terably Bicludetenstalkiliagr.direferred

stﬁﬁg%%ﬁ cg%églrlt?é&yl ¥p Pgelo l[mﬁ%g&‘a%er% HYBRkehce, are non-acidic

Utel hane crylate olrgonmers as
nltfesm:corbpd.lrwks paﬂoulatyd\mitrosommmlqvlam@@mﬁeﬂeé&atweaﬁf@geof

AERB S His0kgh 6 ie GR omp o

alkéhg subtitytba peerfalin coinpaand @id gEnerrmoterRoMmpeEndyealgeted from the

| at
oL A G0 B e e B i g
hy"dmxylammaIdeumtweuE)daemwlesaofastueiablwlKenklrﬂuhﬁtltu’iedtnﬁ‘@ngllﬂt
ot
CWE{?M Céléée%ggn% e@o@ﬁ“ﬁé%ﬁ Qné ?ealgﬂ ngH(?’r %Pnéﬁbenol, 2
e{go%SM%enyﬁmeml% A igoners and par t icles which can
r eac r.n W | npounds
R e e L U
2mllsup4%6¢dﬁ gbu?tphemdmpropynylfmﬂi dit-buigphignetend r ef | ecti ve
in t he nt
gmﬁyl%lsqhﬁnglé ghiﬁbl)&%ﬁigfél (ﬂi %}H?ne rS%OQ\E?SP'PcS/ \H\élﬁﬁtecﬁtthe
caﬂpclé;l’ﬁttre F’frdafetrjlbiyothaIalkrénjllL|nsl§uevtlsllocxzsw'nrimen@i@M!‘)Se@l'lvlfl’@ln a N-
ti ons al 89 pr ef,. e

risPER AL Sy abF Barace FoalsroBE e Rl ppBhol (EHQ),
ahdarmiusred plkriodic entioxiziant sdobrasriurylated dydiony tatieriedBHT).
Alternatively, the formulation may be stabilized with a phosphine or phosphite
compound. Examples of suitable phosphine compounds include triphenylphosphine, tri-
p-tolyl phosphine, tri-m-tolyl phosphine, tri-o-tolyl phosphine, diphenyl (p-tolyl)
phosphine and cupferron. Examples of suitable phosphite compounds include
triphenylphosphite. Alternatively, the formation may be stabilized by cathetol, pyrogallol
and propy! gallate.

The composition can contain an adhesion promotor, such as

mercapto alkoxysilanes and Diels alder adducts of the acrylated alkoxysilanes as well
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15 nitroso conpounds, particularly

N-ni t rosohydroxyl aryl am nes and derivatives thereof.
Wa\raoenowstt vel y, the fornulation may be stabil i PEDNR2GOK000343

a stabilizer system conprisi g an al kenyl substituted

phenol i ¢ conpound and one or nore conpounds sel ected

fromthe consisting of a free radical scavenger, a

hi ndered phenolic antioxidant and a hydroxyl am ne

derivative. Exanples of suitable al kenyl substituted

351 B10Fe CPOMEO rppgansiimciions arandsipne pehysiph provhaters. Mechanical

pﬁlopﬂégﬁés?égxgé‘{:wea %ﬁnwgslﬁ%syéapir{/%ﬂpw‘thm %(r)oealégrgﬂgéé T%e modulus (E’) at
2.*_»5 %ICM'P@ mvm,xteh!wtweem 0l5R MPaheﬂmgher up to 4 GPa. The compositions of

ts BFe@Qﬁq%\;egﬁoﬁﬁ%r%L?\% a}gggtf | 8RN Cfe & high cure speed combined with
|C2N moéplé!ﬁyq?r gt légh moduluat(wq&md\WPa)rmbtter material properties like

n%%r:%vecﬁjg%ig%l'é fe%@eo&@g% $I|k Sd e%‘gglaé ﬁ%ﬁ@iéﬁeﬁ(oﬁropegnes of the

Cpfe@lfm@mtaymm @eéllmﬂmymprphehby pestdaninguinel cired peadlictiptdierably

B B B3RO Reriy  anca hindered

phenol i ¢ anfi henbdmnsltleruoﬂ’thaﬁrdsehmh@érﬁldn Wailwwsddcdstieﬁé&tmg

el Bl e B st 000 TP rOLBRT ) M ppoisras an
o@mﬁbbwrmiargs of sedohdapltosiny, ae an Grmmimﬁ&%ltloﬁ(‘dr Wde matrix

h
aﬁé@ﬁ%}}g&%ﬁ% %gﬁ?&%ﬁt}o{qﬂ? uge({%ﬁ %P” ﬁg'z‘%%“ﬁg di phenyl
(p-tolyl) Gbnﬁmnlm@asdzpﬂwbﬁl@éré@m ploYVRIEE e fbtective coatings
[

h hi t
AR o LB P dn RITREH AR ierelbn v cpatiags e ameyied. @
pbmaa»tcaiamhg DE‘@I réjahv@tytdmﬁt ﬂéxlbl@vdsﬂgwécﬂi/ onaslgiBESBYtace, and a
nposi f i %an cont ai n. an _adhesi on

hglﬂg n%tscﬂ' a sgag %C%Egmﬁe?rb &p(gln"g‘ry(Sg@;glgl Hawevesigismglsq rossible

tcath&daea singlewotngihsteae ong wmatyea;hoeé Bévbﬁaaﬂy&{bﬁﬁné\srh‘é%cﬁlwdual
as e

04/ 101649 PCT/ 004/
R e P RS eUn 708 SHAbES 378 andimblsoRebles may
ccpmpmrm indisidudleibleed) o€ fiher ripbOP S lidt@es Ofhd é'rﬂlcéﬂ[l_b%d rltr)%on glqenerally
ranges. The

SRR SRS 81, Vo bl Bnal, Canies, Top S L
togethlee with asotealldd GRdix mberiglo8BRsALA ﬁbb@ﬁs @an bé BQn&é@&%{é&her
or. exa

b BN GRSt RS Bt Herise. FAfthR. gdvicual fibers
offetarepsovidéDwZD 8 @olvhAg obiak leer BBl ko I@léﬁﬁ?:ﬂgé\is?&gg]hﬁ&s In

oot v, e e psted fleBrsghatiiave acdliokepsoral abowEadayn are
proQidbd iith er fuHABY sV4Bay RYelBHhakkakinitet A% ﬁ%Fegﬁ {EcSOrQ%HE)QrH) handle

erably . at a tenpérature between 5
f tﬁ%n%‘éfé‘i q PEHINgHs f'?ﬂ?tg) asamuPirekaling coatingadll wbthegaatedad)s a
pree@itiyng usd forifssedphlicatibnd hlké‘%fréfem FRYAtBR cﬁPJb@ &&pg{smons

not. The conposition may be used as an opti
primry or RiBRIY\FORIL Safyes assa bwfﬁrﬁ@(cu@‘rm@nd protecbthe

filR$ b réRingthe stresses created when the fiber is bent, cabled or spooled. Such
stress might otherwise induce microbending of the fibers and cause attenuation of the
light travelling through them, resulting in inefficient signal transmission. When optical
fibers are coated with a primary coating material having an equilibrium modulus of
about 2 MPa or higher, the transmission loss of the optical fibers may increase
because of decreased buffering effect. A material having a low modulus of elasticity
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material. Preferably, the conposition is used as a
primary coating. Commonly, glass optical fibers are

w@eanilaesddo Wi t h protective coatings i nmedi at el PCENL2104/000343

spinning the nolten gl ass. erally, two coatings are
applied, a 15 primary coatiﬁﬁybf a relatively soft,
flexible resin directly on the glass surface, and a

harder resin, a secondary coating, on the primary

coating. However, it is also possible to use a single
(eamen sguiliprie mbdolus af pra MBa yr kes) ig, theeaurd adteslréblétdsﬂﬂe primary

ﬁmﬁr&%&gge;ﬁraﬁc lﬁ’lrtlgéélg ﬁe gﬁﬂg&ﬁs&gﬂ e C rw%%ns’u&g |’ﬁ%ﬂ’~1”’§€

novdideysiiea Futeblegesins ased asbeclsatmg hlm:néhaé (fdg;trd’%e@ﬁve Ezmgintlflcatlon
ener al from2 4,
(@RAd5e8) 10t bR flH R BE0E STyt wiono e il onorve
ampim@Je alride bmmlﬁl;l' useg gﬂéﬂng\mmxbala‘lbéﬂdlfa?lrt$§bétﬁﬁé fihie still being
rak ribbops can 0 e
ARBLR e NS Wineld e R B muial v fgofiliatpropertes of the

Qtvm@qaahg, Further i ndi vidual fibers often are

rovi ded wi ring_ or, ink to. .be able
Pdent ify i ngﬂw Gl }(R'fa%g?eé"ﬂy m)(en{g@rcpg]pﬁs@gggga qrqq%ary coating
nmlnﬂscﬁxaélleyt meteriatiproperies at batmddunes, aotbineldMesisa Rfatively high
%; 50 gmare 25 provided with a further coati ng
0 make a thicker and thereby nore easy to
handl e fi b&he cBophsitiorc oay ifurther Sed:%@@trﬁﬁe@@lntﬁﬁgrapW or

pHBio?a@ﬂS%ﬁo'?wg coating. Al of the materials present
use fTor 'these applications are preferably radi atl on

cur abl e conposicentorars, "ﬁhetotublnﬁamﬁ df@t&bemnéﬁr cyrﬁ‘ﬁ object8 made

t
AL AU e AP BT Mo e e
agphoticethbleSesim codtpostiive has beghpropbbes (g8 €ori gxdtphe U.S. Patent No.

rgr?%r%la ndi ng of the fibers and cause attenuation of
ght travelling through them resulting in

i nefficient Asy;gcmuexamaresoﬁsash piotofdbedhtioptid &atollofs. bﬁfessurface

coatin terial aV|n
ogé §P§t|gg‘§rgglﬁ1wﬁ%8 ﬁP PH on éj dt @a%ﬁg’& Ba K35 IIS se ely
irtackerigaivisis light floosan olftravibkt (uséﬂ &l theilike basdPon CAQ&%@&% form a
creased ef fect teria

o P R PO B vt ToPtyA vsosshiPyo e Agrosi

c@@mm{)@@f@@i&i@er HﬂéSCL(red gesnrﬁlﬁy@faﬂd thg lhd}tblH\sUﬂé’éé id Belbtively
ira as

|
lrﬂaéi?artr%éra & for{% gﬁséﬁ)gc léeISfrgleer A{atagrlaﬂ)bﬁgpn%;e SKe the chied resin
layes frhnsnemp ntsaepeactéragl aottsin Inﬁfﬁb@ﬁoﬁtﬁﬁbﬁ Lﬁ&ﬁfb th@@éﬁ@&&juﬁé?ént
esi se a rials
R Bl I iR e O bt s spiagsty
lafmiteged cired resif wersaTau bbjeemﬁlérémsﬁis wat%|h§§Wth(é! WadHing agent to
e . curren

rhB etk TeR RS R b Stinda e ohedyatdiha abiegtpraferably s

pbstcurgd by tn’r@damb@r@‘w oh hyata@ dmwet lﬁwbve%@rmédh%hl?salcjﬁbsemes of
ert| es of the

and chani c
th%o@{‘%‘?ﬁg]h'ﬁﬂbo‘fﬁe bricsgiop ﬁ@s 5 T@Ht@QSlﬂW@QR%@%%@%Uﬁe @rihree-
dierenaiopali abfgrcy haviag & REMpACHTSd SRHesh el QRR1ly HRNBH iRk short period

ﬂroeﬁe”' es at | ow nodul us, conmbined with a relatively
In stereolithographic (or photofabrication) applications, it is important
to ensure that there is minimal shrinkage and more importantly minimal stresses that
cause distortion of the fabricated parts. The compositions of the present invention have

excellent properties, i.e. very low shrinkage, combined with good material properties.
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10 cure speed. The conposition may further be used in
stereolithography or photofabrication. In recent

wQ eandoiephot of abri cati on of three-di mensi onal PGI/ATL®4/000343
made fromcured resin |aye 5. integrally | am nated by
repeating a step of selectively irridiating 15 a
phot ocur abl e resin conposition has been proposed (see
for exanple U. S. Patent No. 4,575,330). A typical
exanpl e of such photofabrication is as follows. The
su r face ofCurephompesiticrtsl eanrhesibtaiveshpisis atmesilyseof| 10§90

PR Bl o SR M ertaf, el o
pdﬂ@@slai@twtabiefaerfmnwo@@ peeipydes. él'hemohmpemoh av¢arging to the

ified f
ngBhD i e Sistsor BER OB HPRHASBupBIRE O 7 Lrer
and the |i q%letérsmy,ftmmlol@ns@bwpsmmsyof the pregiattipgention are
u§e[qgcog%pgrgv\\llv e@gﬁ?’g rn?osh'opné ér',yo‘ﬁéoﬁwgltseag{dq,lllaﬁé th ?u'ﬁl%?ﬁrﬁ&o(?é( BF to

['ayer
crtaeigbalhmbammblechmﬁcal pmpertlesmhgwetthlel slaereompoahﬁdrﬁe}'la&ht

st8 g%pat I H% c>§ phgﬁg\fs }sﬁ toé%ﬁ a@a%ﬂ?@%ég@[&g&{jﬁ%g %‘v@%hrinkage

resin | ayerBunhéheh@ﬂ]lcé@memperfpeslam%/oﬂtbe peesheidnv@rtian anay be

o3Pb 1R 375 vel BepR BPBIGHENT LSBT - EhhGE O pohicie)

re@QBihg it @ doby adfmsicexanpl e UV or heat to further inprove

t he mechani cal, pr t b
phot of abr i cg:t?‘ftg%’ ﬁ%:tk §%§§m%5%goﬁ§%gr% rge-éHét%tvethtl?noway ©
sligbiusedan Bbmﬂqanmihgapsllaanams obj ect having a

(F:) g:‘riploidcag Sd!ésfqﬁoﬁlé %I ) eer B oqogg,{%%g {r}i’;tﬂ% PFbs%ntslh%ﬁtlon may be

skmlyoliseiarin pan/derrc)oaﬁlm)(U\{:anrablasa,r thermially curpbiei ant to

ensure that _th i.s. m ni A |

mpor  ant |y "R fae Dl P SR ee et tR e Rt Bpton oo be

usdeinfraddicat abstthgpastiisey fdve the apasitagearidove foxidity dpe ésavaidance
nvent h ve, .excel | ent : ;
Tﬁ?(licrﬂgalg’g ﬂ?{%lqe'}ﬁ Qrﬂd L glg b&\ﬁﬁ‘n ljovgd c&ﬁ@éﬁablw\)@h

b%%ﬁamé@é%cmﬁém&az @Gdﬂrfgwﬁéﬁreferl@i @used:onmpo@s witilp heth thiols
3 \FL A 'P a nodul us of 100-2000 MPa, with

ag P@mQP'ﬂ @ mea #P ain at break and stress at break,

nrak| ng these pmadimnkestiopwailitdecfuttiaer ejucidstédiby thedsllowing examples
nct| onal  prototypes. The conposition according to

ap dest ton may al so be used for rapid

manuf acturing purposes. 5 Preferably, the thiol-ene

i nvention are used
$ A —frotrotter s, ol igoners and fillers

to further |n'prove or to change the basic nmechani cal

roperties.of the thiol-ene conpositions. The
List oP abbre\ﬁatlons use g mp

PPG2000 is polypropylene glycol having a molecular weight of about
2000, supplied by Bayer.

PPG4200 is polypropylene glycol having a molecular weight of about
4200, supplied by Bayer.

PTG-L 2000 is 2000 MW poly (tetramethylene glycol) with 5-15% 3-
methyl substituted PTMG to reduce crystallinity from Hodogaya Chemical Go. in Japan.

IPDI is isophorone diisocyanate

HEA is 2-hydroxyethylacrylate

HPA is 3-hydroxypropylacrylate (Aldrich)
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stereol i thographi c conpositions, so obtained, also
show a sufficiently |ow shrinkage. Further, the

w0 bioaliewme conposi tions of the present inventi POT/NRIVOE00343
10 suitably used in optical {fedia applications (such
as CD coatings, DVD adhesives), resulting in a good
adhesion. Further, the thiol-ene conpositions of the
present invention nay be suitably used in 3D ink
printing applications. Further, the thiol-ene
conposi t i ondBafis #-hydpxdudracrylategAidrioh) may be 15

sui tably uslqg i%ﬁor?g?f‘@ﬁé coating (UV curable or
abl'e).

thernal 'y cur I'nally, the thiol-ene
conposi t i onEBDN i¢ hthopylaied hisphenairt dinerbotenBe used in

medi cal coabhngs. astAEdNAAYEHAR AdBOLRAS of |ow
0 a Oy ance (0]

toxicity due toxic acrylates. Such
t hi ol - ene pTODDMDN @&ltseyckifnR 1iGipeoarsadirnehpagl giiorbaryens

with biol ogj L ' i nas. it i

preferred thE?Q I%gﬁn%%@ﬂ%@%r aﬁ?ﬂl}r\% Orﬁ%‘?@gé% a|r13
;:orrpound ( Brgdaune t 84isdlytoxylciihehaxgivhenydeetatia, B phetoinitiator

ur.t her ucidated by the foll ow I dt
ARRIEL HEGHEPce and Comparat i ve Exper hents 25 Lis

gf abbr evi ar'M@ﬁ'§l-UsUdpetWGEGID@nByi%ﬁ@hmampmﬁ)@f@@col

avi.ng a . i : . iaed b
RS FoBLENIEh 8, Al o of B0 chaRLiY oY

mol ecul ar WETIGBH ioPerdberiibrito3etra(l danersappiundecanatadipepretical

PTG L 2000, | 0 | & et. TR
s 00 S8 SR AL B b S8R0 el mrcaso-
usdecahaiclaci. Thede anmhighso gryerulan seigha muliiundtiona dels and they are
ulﬁeﬁ‘)}%a# %@é)@%ﬁ@ %&@rne% g}'e;e%@aﬁgﬁ\to?gﬁé%obﬁof thiols is important, e.g. for
uﬁec_fpﬁltlgg%tgc/)gmphyacryl ate (Al drich) WO 2004/101649

(Al dri ch) RE T s spBe it %ﬁéﬁgi}@r”g‘ﬁ%{’/ﬂﬁJbélté?}ts%p"ed oy
OtioBaeknol - A di nor bornene PCDN i s pol ycar bonat e

uret hane di pogharnene o, 7 ch81 A58 q5REE42 sdpdtd by
&I 0¥ ornen

decanedi net
Sartomer.

DEGEHA is di(ethylene glycol)-2-ethyl hexyl acrylate, supplied by
Aldrich.

Synthesis of cyclopentadiene: dicyclopentadiene (DCPD) cracking
100g paraffin was placed in a 250mL three-necked round-bottomed
flask fitted with a large (about 30cm) Vigreux column, a dropping funnel and a

thermometer dipping into the paraffin. A distillation head was attached carrying a

thermometer and a double surface condenser arranged for distillation. The paraffin was
heated to 200-240°C (salt bath) and dicyclopentadiene (DCPD) was added portionwise,
from the dropping funnel. Cyclopentadiene was collected with a b.p. 40-42°C, in a
cooled receiver, protected from moisture. The dicyclopentadiene was added slowly to
ensure complete breakdown of the dimer; the temperature at the top of the distillation-
head rises above 42°C when addition is too rapid. The diene dimerises readily at room
temperature, hence it was used immediately or stored in the ice compartment of a

refrigerator overnight.
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TMPTN i s trimethyl ol propane trinorbornene propionate

Irgacure 184 is hydroxyl cycl ohexyl phenyl ketone, a
Webatodrsie i at or  supplied by G ba Gei gy TMPTSHPCENL2004/000343

trimethyl ol propane tris(3- g capt o- propi onate), 10

theoretical nolecul ar weigth 399, supplied by Aldrich

or Evans Chenetics. TTLSH is Pentaerithritol tetra( 11

- mer capt o-undecanate) (theoretical nolecular weight

937.5), is made by esterification of pentaerithritol
Synthésigldf-hyerogpétayl nonctecerediHEALLR). These are hi gher

ol ecul ?Lrv‘ﬁlﬁg [ BY i 068 G hy LA Bl A08) FdWeir@EiSh three-

n@ﬂk&uund)lbottdnm fihsk ursler nitopéraatmosphere. 7’&69 (152 v, 1.9 equwalent) of

R EReast s PRRaisar ape st SRESe CHER It i
1dn@e%§gt??géﬁﬁ$@ﬁ uﬁ@deO m@nm@ easdmy)h af eyoamm@enes tﬁp@ rewtlon

Ry IvaRIPgh SO SRR PR ALY bRl 1.

h&uts! AReRbasienss m@hi@cyréd:l 6?W§Mt©€@odymlsé}:rp@ai’anﬁe of acrylate
100g paraffin was 50nL thre
PRt B84 eovnd S36'orm k1 MAReHTe 9T S clsaiRegrance of

éﬁ&@elo\ﬂg% G Ieﬁ@bkt%hs & 5 70BB. SWppri)) ERbe &6 cypentadiene and
r nonet er Elnglntothe par af f @% Jél tion
DRERIWeIRY eV e RK Yo BT §iche Clide Py %4%&%% C 39319 eI (bY

G@gr\/\faé%té?r%ﬂj Qﬂ%eﬂroé\ﬁcrt 88966 ffrder ﬁurﬁe'd'tbgﬁ E5%. puTﬁEby distillation at
in was heated to 200-240C (salt

8518&?& Bgethb ahasnkhe igtPj thedistitlerd E@dﬁefrlﬁ PB%\M)@% measpigpent
déﬁ%‘%ﬂﬁ%ﬂgﬂ,&@?&h% @&4 QasRL adi ene was col | ect ed

a 30 cool ed receiver, protected
FTrBrineasi @mu)r 844Tithydraxyy 73 esienerrbery g $4(8auaa bongwpl
%n%o r%lag re conpl ete breakdown of the diner; the
errpera ure at the top of the distillation- head rises
1HDWVB (GRCIMpem)atiasliasn 1198 (E¥, P&gi(Endohd.-98i3%2r{protons belong

todhchgB nefiE r dlﬁg%%%}% d%blé B8 tf@@ﬁ’fy@?d%yf)‘ 3682208 0p¥ot&6‘ﬁ§whlch are

or st ore e |1 ce conp art ment of
npRisaiongstoatodboroeds gy hyaoNid 586-6 1(pEetgns of norborene double

Pﬁ:&' NL2004/ 000343 -18 Synthesis of hydroxyl ethyl
norbor nene( HEA- CP) 120g (0.99 nol) 2-hydroxy
ethyl acrylate (HEA) was stirred in three- neck round

EXx2bRY él/r‘ﬂﬁgslé‘ijgTDT@Ltio%G%Petﬁér@&iﬁ&%%en@%h@&mérl 19

noi, L. Z equrvdl emt
An acrylate oligomer PTGL2000 urethane diacrylate (made from

PTGL2000 diol, IPDI and HEA) 21.4 g (0.008 mol) was dissolved into 15 ml toluene

and stirred at 40°C under a nitrogen atmosphere in a 250 ml three-necked round—

bottom flask equipped with an efficient condenser, a constant pressure addition funnel,
and a thermometer. 1.56g of freshly cracked cyclopentadiene monomer (0.024 mol, 3
equivalents) was added dropwise by addition funnel. The reaction temperature was
then raised to 80°C and stirred for about 16 hours (overnight). Finally, excess
cyclopentadiene and dicyclopentadiene were removed under vacuum pressure (0.5-2
mbar, below 70°C), to give a quantitative yield of a pale yellow resin. The reaction was
followed by FT-IR and "H NMR measurement using the spectroscopic peaks given
below

FT-IR (neat,cm™): 1722 (urethane carbonyl); 3061.1, 712 (double bond of norbornene)
'H NMR (CDCls, ppm): 5.93, 6.12, 6.18 (endo and exo hydrogens of norbornene
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freshly cracked cycl opent adi ene was added drop-w se to

HEA. The reaction 5 tenperature was kept under 50 C
waolevosngieadldi ti on of cycl opent adi ene. The r eact PGINL2004/000343

m xture was then slowy heated to 85 C and nai nt ai ned

at this tenperature for 1.5 ~ hours. The reaction was

nmoni tored by IR spectroscopy (the di sappearance of

acrylate peaks at 1634 cm 1 and 810 cm 1) and 1H NWMR

nmeasur enent (the di sappearance of peaks belong to
daubteybatds) protons at 5.77 to 6.39 ppm). Excess

e R e R

chadntieal srdcturEhi s product can be further purifi ed
t098.55% purity by distillation at 81-82 C, 0.4-0.5
nbar. The yield mf r‘dhe di sti I I ed pI‘EDdU(Elt [ s 90%

asune datao FT-IR N blhg
%RLGH%/ (—ﬁj r°r(')e><'y s e 0 7/’}; 7
onyl ], « doubl eobonds of 1@ nor b0|0nen d H'N
(CDCI 3, ppn): 1.34-1.53, 1.93 (Exo), 2.27 (Endo),
wﬁgr&m Be BBRELRL P REE eI Xk Qe R RS gD Bas B The
cavhpa@fmda‘ras a thebrebied| ongbevavesagomatenelar Wﬁ@hbkﬂadof 2g?9 The
ro
b oeuther fergeg B RLE Lo R AREATTIED ot hane

d| nor bor nene oI i gomer An acrylate oligonmer PTG.2000

Eur ol Ih | & ll—% g?etlge[n%@lndoﬂ_gngrqggll m:r’ | PDI

o1 ) wWas Ol 5SSOI V o 15 m
tol uene andcrylate olebnaer P&@Zmﬁ@wh@mdlaqifa@é&](made from

PR DRl e pLaRuER s O RRaTY A1 DR Do) wes
df@é@lﬁfﬁﬂn&: ﬁﬁm'il(tdluvméamwkr{ad daamf%rtdeeamlircgeeratmmﬂﬂ@ge fa 250
res crac adi en

n‘gémp@,g gﬁjsr))u%ggoﬁar@g% Fgwm}%ogw% a%gﬁlc e.“g%oq@%ﬁ‘g% a cgnstant
prd3gu rfe%g@%tbﬁ murtrﬁrﬂmblé& ttrt:e&ncwaster H’Ehllyrcf:aei@g dyologe@adinde
stlrre or our overn
mapemes 1. @9 &9 gggmoal' Qv a..}ﬁmé Old%a éﬂn'?pma %}égé{dmon funnel,
tHéi‘fﬁﬁeV ?éhc%ﬁf&mb@ﬁtﬁ%ﬁv@é RHSIAIe 80(’13 an@ sftfedioaabodtelédwurs

00, |veaquant|tat|ve el | ow q
(@\@smaht) Tﬁl@aliye aé@qsgwewagop%w %@Cﬁ?oq%ﬁ "n‘iFrﬁw?ém"e

? Bl % rebivenn Hew
BETAEGIR 0612 bl AR REC) ARCOTRPRASH 9biafhe Yot

qraatitgiivelybPealen @f te raaetipormikies by Enl%md{@@tma,m%memem
hyd f b
e e labpRggad cre v ogens of norborene

FT-IR (neat, cm™): 1722(urethane carbonyl), 3061.1, 712 (double bond of nc?rbomene)
'H NMR (CDCls, ppm): 1.15 (-CHCHj), 3.4 (-CH:0), 3.57 (-CHCH3), 5.95, 6.12,
6.17(endo and exo hydrogens of norbornene double bonds).

—

The compound so obtained can be represented by the following

chemical structure:
H H H H
i | | __backb l\\l — X~ r\\l %
O N—X—N 0 ackbone___
o R N Y o
n 0 o] o n

wherein the backbone is PPG2000, X is derived from IPDI and n equals 1. The
compound has a theoretical number average molecular weight Mn of 2809 and will be
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The conpound so obtai ned can be represented by the
followng chemcal structure: VOHHIiI 50NXNDO
wo baghbsre OYN-x-N /O '~'of-1---y'" ' Y n (r)PCT/NLD0D000343
fln L J wherein the backboge is PTG2000, X is
derived fromIPD and n equals 1. The conpound has a
t heoretical nunber average nol ecul ar wei ght M of
2809. The 10 conpound will be further referred to by
PTGL2000- (1 PDI - HEA- NB) 2. Exanpl e 2 Synthesis of PPG
fuZh@0eigret habg PRGR000-0IPDRMEANBYorer Acryl ate ol i gomer
PP&000 urethane di acrylate (made from PP&000 diol,
| PDI and HEA as described in US-A-5837750) 21.4 ¢
EX£nfl@8 Swnithesisad PPEr421swrethasd dinotprienendligpalenene and

stirred at 40C .un i :
t hr ee- neckeT er%@ﬁ%-%%ﬁ)g%ﬁélgggﬁp%gg%ggﬂg{e\?\? %rﬁe g/re]@QQ i
E)}?;frﬁﬂle Femcepmmeem@mzoa dind isstsmditinstpadeeistP@ 2880 idial.die
unne

o085 B B SR Sy ol ALy s ger

uredi Examelet 2 butvaseraihdbel becldypwe sePBG 4200i Xiioderivgd digm IPDI and n

t hen, the ti ' .
oA P S St BREALAL fta 81 o0 O o
5E0CARBWM Bedyrticn pefatred iceime PRGA200-0FPI-biEAANBE ene wer e

renmoved under vacuum (0.5-2 nbar, below 70C), and a

slightly yellow resin was yielded quantitatively.
Efdaplg i Synttestshsf or RRA 12000 undtiane dindrpoiiene RligomeriH NVR

nmeasur enent d. t Si .

FTTR (neat TEmasster pPBSMES i¥batdl Hind QAR5 Bleag for
EZérﬂpléng @?cb@t tranHPafis nsedmstead @f HEAS TheicomPoyreDe) ehtained can

pm: 1. - CHCH3 4 (- . .
B R i B P e L o8
trréqw@klaomgp)kc)a 2dur?e X?eln‘}amwwrcso | Ribit eridmeehjuséen2.bhe compound has
represente t i . i , :
o SR S AR o oy Ry
td by PRBEI0RDHIRDIHRbIEYOoNe is PPG2000, X is derived from

| PDI and n equals 1. The conpound has a theoretical
nunber average nol ecul ar wei ght Mh of 2809 and will be

EXENBRBIE ARSI ROTP GLA00 A &6 ar3s! Ginorbpthene oligomer
The oligomer of Example 5 is prepared in the same way as for

Example 2, except that HBA is used instead of HEA. The compound so obtained can
be represented by the same chemical structure as given under Example 2, but wherein
the backbone is PPG 2000, X is derived from IPDI and n equals 3. The compound has
a theoretical number average molecular weight Mn of 2837 and will be further referred
to by PPG 2000-(IPDI-HBA-NB)..

Example 6 Synthesis of a polycarbonate urethane dinorbornene oligomer

38.98 g of isophorone diisocyanate, and 0.16 g of dibutyltin dilaurate
were placed in a reaction vessel equipped with a stirrer, N» blanket, condenser,
addition funnel, water bath and heating mantle. Then, 31.78 g of the HEA-CP adduct
were added drop wise to the mixture while stirring to maintain the temperature below
31°C. After the addition was finished, the resulting mixture was further stirred for two
hours at 40°C to react. Next, 75.6 g of polycarbonate polyol (a random copolymer of
hexanediol and triethyleneglycol, number average molecular weight is 908, supplied
from Hodogaya) was added to the reaction mixture and stirring of the resulting mixture
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further referred to by PP&000- (1 PDI - HEA- NB) 2. Exanpl e
3 Synthesis of PPG 4200 urethane di norbornene ol i goner
wab@4adicgomer of Exanple 3 is prepared in the BEINL2@Y/000343
as for 5 Exanple 2, except 1t hat PPG 4200 diol is used
i nstead of PPG 2000 di ol . e conpound so obtai ned
can be represented by the same chem cal structure as
gi ven under Exanple 2, but wherein the backbone is
PPG 4200, X is derived fromIPD and n equals 1. The

waRDERRIHOEY o2 2 hautswt@rtetpemsiura lmfr’BEQO%G/eHa\gas gstimetadl that the

bt FrotristaRaRa i e BB EaiAS0p8 e o
£ 2000 ur et hane di nor bor nene oI i gomer The ol i goner

5 AP G SR T R oo

1I—DI’Qm9D(lﬂJ[§CI§ q’opﬁbi B8ORS GHLO (ado epd ese hy@rdg@yo‘ ef merkoanene
ructure un b
’IﬁJSiS he, GOrARRYR (Wl'gb?i @%ﬁé@%@% R \ljfad from

IPDI and n equal S 2 The conpound has a theoretical

d .lbe@ﬂ@ Synt heS| S of a PPG 2000 ur et hane '
I nor bornene o The '
prepared in t hihg ﬁ’\‘ﬁa@ 'aaef g’b—b%%xag%%qh%é exc t{é(h?ade
frélﬁtéﬂTG‘@gobﬁldHSBDl AMSHEAYS®§ (04827 nibhe0.005pdBd a5d 2 69
obt ai ned,_can
S RGeS0 o 18 R R e g bR 1R e s vs
s&taqk WShéeﬂecﬁ’B’@o&ﬂ%@ﬂ 9X°CsT v@kﬁéd)r\c@dsérsc(ﬂhnellcﬂl?lbr amedvas cooled by
equal s 3. The conpound has Lheoreti
walesrthg 8PRe) Q;@u/yaasrcqﬁlﬁdgtm alwcg\flltrt@@?g%élo%qrfwgrg built on the top

of tHétré‘.fd"uoﬁ QL& 'R readiioh PeldrniEdGoR 0.8 O, It e*dBée BB)lcﬂopentadlene
Exa 6 Synthesis of a polycarbgnate ureth
warenr@rrmpﬁ @n@erd{apgwesggreg@ Oéntaﬁr 17500éh6? giye a quantltatlve yield of

glleflow M%@ re@dtfn Wad fol@weh beiFIUiRVARd TH NiMFamEasEemeRT Esing

ace a reaction vessel équipped with a stirrer,
thezspecesespic RealieiiNe@Pelosn addition funnel, water bath

t 7
F%riﬂ éﬂ&%éirﬁ‘g W«I\fertféa edarbowm i"“ﬂﬂgh&ﬁ Fﬁdﬂﬁgﬁ cgg:i:kirnene)

1h#NMﬁl éﬁ?laCtsh@m)é o8y Bl @r@ B éprsin angiexe hydsageps phiger

d was finished, the resulting mxture was
W%Eer gtlrred for two hours at 40C to react. Next,

75.6 g of polycarbonate polyol (a random copol yner of

E'il%l g%ﬁb%thé@gﬁw&@é%bﬁ NG99 dimBBRE @86 1A6e (TCDDMDN

,Suple r_omooaa
o 1 o, 125t ey iafb Bl dioame A E el e Kieavas
s{lrg%ﬁd,n thS - K ot BMRA PR LAUEARESSH AndeiHEr8 @D RsbA

temperature. 20.8g (0.315mol, 1.2 equivalent) of freshly cracked CP was added drop-

wise. The reaction temperature was kept under 40 °C during addition of CP. The
reaction mixture was then slowly heated to 80 °C and maintained at this temperature
for 3 hours. The reaction was monitored by IR spectroscopy (the disappearance of
acrylate peaks at 1634 cm™ and 810 cm™) and 'H NMR measurement (the
disappearance of peaks belong to acrylate protons at 5.77 to 6.39 ppm). Excess CP
and DCPD were removed by vacuum, to give a quantitative yield of a yellow resin. The
measurement data of FT-IR and 'H NMR was given below.

FT-IR (neat,cm™): 1740 (carbonyl); 3061.1, 712 (double bond of norbornene).
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was continued for 2 hours at a tenperature of 87-90C.
It was estimated that the reaction was conpl eted when

wo b@4sameunt of residual isocyanate was bel ow OPAT/SELR0P4/000343

weight. FT-1R (neat, cm1): Jy20 (urethane carbonyl);
3062, 713 (doubl e bond of noFbornene). 5 1H NMR

(CDCl 3a ppm): 5.92, 6.17, 6.20 (endo and exo hydrogens
of norbornene double bonds). The conpound will be
Jurther referred to by PCON. Exanple 7 Synthesis of a
'HINMRAGEE 1 ppediemes, & 1o 618 (eadeand exphwirogansad dbrigmene
detble pinbsgct |y 10 The acrylate oligomer PTG 2000

ur et hane di acrylate (made from PTG.2000 diol, |PDI
and HEA) 50 g (0.037 nol), 0.005 g DBH and 2. 6 g
Ekafid 9RB-BA BORnE ik DhdiBhd 180 AAAS {196 3

necK T1aSK; CITeTl me 11

pr eheat ed oi4 lhbziﬂnhrmneb@@oamgwwnmnmrvarepﬁarbd, Byowiing the

fg] ,ﬁﬁ, £d by water, the upper one was cool ed by
Rﬁw a{équ nitrogen bl ocker) were built on the top

EPQ'G&fZQQQe(“?@lddEAMB)ﬂI ask. The reaction perfzmlgr(aomsm %)
di 0
R D

Iigaawrei iS4t i ve yield of a yellow resin. TheOr22dgt(i.00 wt.%)
RGN 1afUSFoRY 1T tﬁnol Ry2nd 1H NVR neasurenent using

e spectroscop aks ‘gi ven below. FT-1R
( neat cni' 1) Th&bzmpoentl@t was eured aindigdted inADBT-OMA (A at lower UV

: | 2 3i :
o 120 e RS PR PRyt g SR e o psba e
mslybisdouildgpee Eigargpl e Bh@yrastissirs sbéwh n Takdé ar5 2 1

01 decanedi nmet hanol di norbornene (TCDDVDN) 40g

(0.13nol) tr| cyclo[ 5, 2,1, 0] decanedi net hanol
psition @dnharrmrtdmeehg_@ndxr df(Hxachphm tom

fl ask d t

55 e R SRR B Ao R EEL e

rrwigfladmal@m Breopple @) s us'ﬁgéPlP@aﬂDD (QIIPD‘IHE!ENBDQ]J as thmsompound B.

kept d

m xt ur e was TRERTEPHI PAEL e 2of testein AT AGHY R

mEasuteneent. eTr’rpemtpmsmon fsbmwéﬁ memyﬁastgqmwmnum Wmlf nélgasured
e disappe ce o

PR iy %ﬁsi’%%%@‘-’@?}fe‘ﬂ%%@tsgi%s@oaﬂ?rﬁwafaeﬁﬂe 1 R

nmeasur enent (the di sappear ance of peaks belong to

Ilea1t1eTrHBI 49 6.3 " . G s .CP and

yi eI d of a g»\dhllobmorbemene cchtEng dasammmemt pd@:taaedquy mixing the

NMR was given below. FT-IR (neat,cm 1):
fﬂ‘ﬂbg(r@%rgbégw) 3061.1, 712 (doubl e bond of

[RT B8O ERB)-HEAENBRD 4/ 101649 PCT/ NL2004/ 000243 (94.82wt.%)

Trimethylolpropane tris(3-mercapto-propionate) 1.06 g (4.98 wt.%)

Irgacure 184 0.213g (1.00 wt.%)
The composition was cured and tested in a RT-DMA and RT-IR

measurement. Results are shown in Table 1.

Example 12 Thiol-ene composition containing oligomer of Example 4

A thiol-norbornene coating composition was prepared, by mixing the
materials as in Example 9, but using ([PPG 2000 (IPDI-HPA-NB),] as the oligomer.

The composition was cured and tested in a RT-DMA and RT-IR
measurement. Results are shown in Table 2.
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1H NWR (CDCI 3, ppm: 5.93, 6.12, 6.18 (endo and exo

hydr ogens of norbornene double bonds). Exanple 9
wahbioaliewe conposition containing the ol i gomer POF/NL2004/000343

Exanple 1 5 A thiol-norbornene coating conposition was

prepared, by mxing the following materials: [PTGL

2000 (I PDI -HEA-NB)2] 20g (90.45 wt. %

Tri met hyl ol propane tris(3-nmercapto-propionate) 1.89 g

(8.55 Wt.% Irgacure 184 0.221g (1.00 wt.% 10 The

nolar ratio of ene to thiol is 1:1. The conposition

XTI 15 erﬂio‘i"gﬁg Egﬁhg@tiéﬂ%&tgﬂl %ﬁi@é’r%; g&?@g}@ﬁé U\T/he
conposi t i o #idwedocngrestoating aempesiliam was grgpg@éleby mixing the

mg?ﬁﬁﬁ%sﬂgx%sﬁ% bﬁlsl.lllg rﬁjc_ﬁ[pP?’rGe.Z@dtpmﬂDf IEIBK‘?@% é’éthé%hgomer

osi tion contal nin
ol i goner ofT@mmc&lt@nAwasmUmdmugg’qeﬁémg Rlo a{\/]pn@qd RT-IR

h I
SRy B e B EBR T2 2000 (1 D1 - HEA NB) 2] s

the conpound B. The conposition was cured and tested

SN CTETE RS e T
effuct BifuBIdhaliyed tiolhyreingletiaitiioB) . Ot her results are
shown in Ta Rlﬂﬁo&or@?ﬁgﬂgoam? EB@B%SI@(&?W?QE%?J%‘@C’ B mixing the

cont ai ni ng ‘ol'I gomer -~ o bor hene
metsgibisresy io Expople 8,dut usisg Hi8E M?@ﬂaerwﬂml jetieg! t-he

m%nglp%fna% a%{e%.ﬁs%g (%%O%Egﬁdﬂ' 200 (1 PDI-HEA-NB) 2] 209

onI ropane

t ri s(3- mer c@ips corppasiicnneaseurdd asd tpsied in@ Rt-DHJA measurement.
I ure, 184. (1 00 wt.% The conposition was
REHB AR RO TR L T v and RT-1 R reasur oot
Results are shown in Table 1. 30 Exanple 12 Th| ol - ene

ample 15 Thiol-ene ﬂor%érﬂéﬁﬂﬂ. | | fuith
tetfariislg the rraterlals as in Exan'ple 9, but using ([PPG

vas cur od aRdnPLoYEATERe BOER R HEhoreg PEERTPAS Gloihg
magakiy enment. Results are shown in Table 2. WD
8 5608 HBBPHERI Bl 004/ 000343 - 23 10.9 g (91.1 Wi%)
Pentaerythritol tetrakis(3-mercapto propionate) 0.95 g (7.9 wt%)
Irgacure 184 0.12 g (1.0 wt%)
The composition was cured and tested in a RT-DMA measurement.

Results are shown in Table 2.

Example 16 — Thiol-ene composition with high modulus

A thiol-norbornene coating was prepared, by mixing the following

materials:

[PTGL 2000 (IPDI-HEA-NB),] 1.06 g (14.7 wt%)
EBDN 4.0 g (55.4 wi%)
Trimethylolpropane tris(3-mercapto propionate) 2.01 g (27.9 wi%)
Irgacure 184 0.14 g (2.0 wi%)

EBDN is ethoxylated bisphenol-A-dinorbornene can be synthesised
as described in Example 4 of PCT/US87/02618. A film was cured with UV light and
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Exanpl e 13 Thi ol -ene conposition containing oligomer

of Exanple 5 A thiol-norbornene coating conposition
woe®ipospared, by mixing the materials as in BXEND2®4/000343

6, but using [PPG 2000 (I PDI 4HBA NB) 2] as the

oligomer. 5 The conposition vvas cured and tested in a

RT-DVA and RT-1R neasurenent. Results are shown in

Tabl e 2. Exanple 14 - Thiol -ene conposition containing

ol i goner of Exanple 3 effect of fuctionality of thiol

Post-kaked gt 8iG ter Bhibl 10 A t hi ol - nor bor nene coat i ng

' Exanpl o &Rt Ao enderghildiind A5 et B i

tetra(ll- mercaptoundecanate) as the thiol conpound.

Elzaﬁ]greommi-e% g@@&éﬁf&%@%ﬁ frRbf g in alﬁTlgngam .

15 - Thiol - é‘ﬂéiotom;bomanemamwas pnepgrajrm inlekgoperi epbut

it 1 Q%ﬁl\’)ﬂ’ﬁ'?gg; rs‘g? (2% /I)QIOABE g y]ﬂgﬁ?lg qq%s % -mercapto-

coatin
Prapianatellvas used] APHE %G@u(&l@[ﬂh—%ﬂgﬂﬂﬁhﬁ]poﬁb&e@ dt 80°C for 2hr.

.95 g (7. o uog ol IR HhB bl B B Gt REh BT

conmposition was cured and tested in a RT-DVA

#gﬁﬁ l‘ér% !—gﬁ‘l f]iol-er%ec?&wéossit&'h%iﬁwr}ﬁqt}:mﬁ' HUIHgm)gulzuszi Exanpl e

t hi ol - nor boArtBisknarbatrieng coatigwaareparedplyy mixiigigetidibwing
n%q%La Qwing materials: 30 [PTG 2000 (I PDI-HEA-NB) 2]
g (14.7 ww% EBDN 4.0 g (55.4 %
[HTG&@@QWG'BDbHEBd‘ﬂ&)g]t ri s(3-mercapto propiicsey ¢)5.2wht) g
9 wt% Irgacure 184 0.14 g (2.0 Mé)iwa+M"/
et hoxyl at ed bi sphenol - A-di nor bor nene can °)
Bithhesi sed 35 as described in Exanpl e 048839 (8.83 wt%)

N SIS " VLI VP

Irgacure 184 0.2 g (2.0 wt%)
Triphenylphosphite 0.1 g (1.0 wt%))
TMPTN is trimethylolpropane tri norobornene propionate and can be

made according to the method of Jacobine A. F., Glaser D. M., et. al. J. of App. Polym.
Sci., V45, 471-485(1992). A film was cured with UV light. Results from DMA and tensile
testing are given in Table 4.

Example 19 — Thiol-ene composition with high modulus

A thiol-norbornene coating was prepared, by mixing the following

materials:

[PTGL 2000 (IPDI-HEA-NB),] 1.75 g (17.49 wt%)
EBDN 3.28 g (32.77 wi%)
TMPTN 1.94g (19.42 wit%)
pentaerythritol tetrakis (3-mercapto-propionate) 2.79 g (27.9 wt%)
Irgacure 184 0.2g (2.0 wt%)
Triphenylphosphite 0.1 g (1.0 wt%))

A film was cured with UV light. Results from DMA and tensile testing
are given in Table 4.
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post - baked at 80C for 2hr. Results from DVA and
tensile testing are given in Table 4. Exanple 17 -
wabioal1omwme conposition with high nodulus 5 A PCT/NL2004/000343

t hi ol - nor bor nene coati ng mwg_rg%pr epared as in exanple

16, but instead of 2 g T H 1.85 g (26.2 wt% of
pentaerythritol tetrakis (3-nercapto- propionate) was
used. Afilmwas cured with UV |ight and post baked at
80C for 2hr Results form DI\/A and tensile testing are

i i i Ehi ol - ene

composi ti on ‘ \M 6]0%%%@9&&“5 V\éstpﬁééﬁg{ c?‘%é/t?ﬂl&f?@riﬁe following

coat i ng was’ prepar e
metialst al s: [PTGL 2000 (| PDI -HEA- NB)2] 1.59 g (15.9

g 44.7 w9% 15 TMPTN A
[sz%gﬁmﬁé I‘Il) tetrakis (3-ner capﬁ)ggggg%élg?]g%/g
EBDR6g (27.58 wt % Irgacure 184 0.2 g (2-789ui 849 wi%)

henyl phosphite 0.1 g (1.0 wt%) TWP Wi%
TMFLrﬁlet hyl ol propane tri norobornene pr oplgol\ér?l tes%ggl ca%
péretacPiritoh thérakic ¢@nuircapto-prapimatat hod of 3dSgHBHE2 ML%F. |
d aser , et. al. J. of App. Polym j wivAo,
Irgfaﬂ"%é%‘f)lggzy Afilmwas cured with U Izﬁc(ﬁtO esul ts

Pfopgngds and tensile testing are given0iG® 9T€£b$ wi4))
Exanple 19 - . fi
25 At hi of - ATB SRR GHREARTDRT L ERsHs fort Ll BRI testing

atehgivdrohTableny materi al s: [PTGL 2000 (I PDI - HEA- NB) 21
1.75 g (17.49 ww% EBDN 3.28 g (32.77 ww% TMPTN
1. 94g (19. 42 vvt% 30 pentaerythrltol tetrakis

wt% Irgacure

194020 (ouh ot o REhERSRIEIEL gl gy

nmafglialeensi l e testing are given in Table 4. 35 WO
P%% 4/ 101649 PCT/ NL2004/ 000343 -25 0.969 (9.6 Wt%)

EBDN 5.975¢g (59.75 wt%)
Pentaerythritol tetrakis (3-mercapto-propionate) 2.765¢g (27.645 wt%)
Irgacure 184 0.2g (2.0 wt%)
Triphenylphosphite 0.1 g (1.0 wt%))

PCDN is polycarbonate urethane dinorbornene. A film was cured with
UV light. Results from DMA and tensile testing are given in Table 4.

Example 22 — Thiol-ene composition with high modulus

A thiol-norbornene coating was prepared, by mixing the following

materials:

PCDN 1.02g (10.24 wi%)
EBDN 4.78g (47.81 wit%)
TMPTN 0.945¢g (9.45 wt%)
Pentaerythritol tetrakis (3-mercapto-propionate) 2.95¢ (29.5 wt%)
Irgacure 184 0.2g (2.0 wt%)
Triphenylphosphite 0.1 g (1.0 wt%))

A film was cured with UV light. Results from DMA and tensile testing

are given in Table 4.
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Exanpl e 20 - Thiol -ene conposition with high nmodulus A
t hi ol - nor bor nene coating was prepared, by m xing the

wo odokomionyy materials: [PTG. 2000 (1 PDI - HEA- NBY@F/NL2004/000343

1.835g (18.35 wt% 5 EBDN 1,728 (17.19 % TMPTN

3.06g (30.56 % pentaerythritol tetrakis

(3-nmercapt o-propionate) 3.18g (31.82 w% Irgacure

184 0.2g (2.0 wt% Propyl gallate 0.05 g (0.5 Wt %)

10 Afilmwas cured with UV light. Results from DVA

and tensile testing are given in Table 4. Exanple 21
IePba LAPiRBAPES bRk BibgIRAUI US A

|o-nor or nene coa , by mxing the
fol | owi ng ﬁth@n@mom%le craiby W29 prppaeads bwiriging ERDMNlowing
matSiag (59.75 wt% Pentaerythritol tetrakis

3- ms?capt O- propi onate) 2.765g (27.645 wt% |rgacure
PEEN 0. 29 (2.0 wt% 20 Triphenyl phosphi t 1.06d (1§48 ws)
e ) PCDN is pol ycarbonate urethane d| Ao
filmwas cured with UV light. Results fromﬂqﬁdw
TMHIY | e testing are given in Table 4. Bx0gd @022 wi%)
pPERE nmodul us ‘ 2
e BB o) Cor a6y O o)
Irgaeureiiddg materials: PCDN 1. 02g (10.24 mg/azom@)\l
TH w9 TMPTN 0.945g (9.45 WA o
Pgﬁ%g,ééhétgﬁﬁ?et ol tetrakis (3-mercapto-pr Opl 8ga9é’5t/°2 95¢g
(29.5 wt % A filgamas euradwito UNgighk . Resutt9grom DMA and tensile testing

eﬁnhf phite 0.1 g (1.0 w%) A filmwas cured

a%?‘ﬁ“ﬂl g ? Results from DMA and tensile testing
are given in Table 4. WO 2004/ 101649 PCT/ NL2004/ 000343

Exgrﬁple 24 — Thiol-ene composition with high modulus

A thiol-norbornene coating was prepared, by mixing the following

materials:

PCDN 1.11g (11.12 wt%)
TCDDMDN 5.449 (54.44 wt%)
Pentaerythritol tetrakis (3-mercapto-propionate) 3.21g (32.1wi%)
irgacure 184 0.1959g (1.95 wt%)
Propyl gallate 0.039g (0.39 wt%))

TCDDMDN is tricyclo[5,2,1,0] decanedimethanol dinorbornene and
can be synthesised in the same way as described in Example 4 of PCT/US87/02618. A
film was cured with UV light. Results from DMA and tensile testing are given in Table 4.

Example 25 — Thiol-ene composition with high modulus

A thiol-norbornene coating was prepared, by mixing the following

materials:

PCDN 1.11g (11.12 wit%)
TCDDMDN 5.44g (54.44 wt%)
Pentaerythritol tetrakis (3-mercapto-propionate) 3.21g (32.1wi%)
Irgacure 184 0.195g (1.95 wi%)
Propyl gallate 0.039g (0.39 wt%))

A film was cured with UV light and post-baked at 100°C for 6 hr.
Results from DMA and tensile testing are given in Table 4.
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Exanpl e 23 - Thiol -ene conposition with high nmodulus A
thi ol - norbornene coating was prepared, by mXxing the

wo edokooiony nmaterials: 5 PCDN 1.16g (10.98 wt %CT/KBENN4/000343
3.4269g (34.16 w99 TMPTN 2,029 (20.24 w %
Pentaerythritol tetrakis (3-nercapto-propionate) 3.161
g (31.61 wt% Irgacure 184 0.2g (2.0 w9 10
Tri phenyl phosphite 0.1 g (1.0 %) A filmwas cured
with W light. Results from DVA and tensile testing
are given in Table 4. Exanple 24 - Thiol -ene

EOIROSE LA R0 Mns o9 Bt R dh HRih Rodbidds YlvePRIEPOT nene

; Ol TOW n
material s: mm-mrb_qrgerqaqoalizgmpremmmslgn@zt@e following
m% ﬁaé4 w% Pentaerythritol tetrakis
-ner capt o-propionate) 3.21 g (32.1 wt% 20 Irgacure
PG:BEL! 0.195g (1.95 wt9% Propyl gallate 0.108ad11.0239%)
TCDDVDN is tricyclo[5,2,1,0] dec [
T(\g@m%[\(l).rnene and can be synthesised in tghmggsgg@rrgmag%b as
Peiﬁaengtl‘tnm rt]etrakizslx(afrmarearzmomrorrmzrra!te)ss 71 02618218 (32 11 has
cur th UV light. Results from DVA a [ o
Irg%%l?er E%A are given in Table 4. 25 Exanppglgggla?'%%/o)
Pipybgallatee conmposi tion with hi gh modul us 04399 (0.39 wt%))

t hi ol - nor bor ' ) .
fol | owi ng ﬁgﬁfﬁﬁpg]%ggéd;%[)ﬁ%le l%g&g%? %?o Tgé/r\c,)wm(%@r%%%ﬁ {#8s cured
WlCDRNIN. Rebals (ro. DMA wngdensiie nstieg atengiveroin kable 4ki s

(3-nercapto-propionate) 3.21 g (32.1 wt% Irgacure
184 0.195g (1.95 w% Propyl gallate O. 0393 (0. 39

Exarddle 2% £ Thint-ewesc dioniwith Hi s e - baked at
testing are PR RS A BB M 01600
[FAGL29020PDI-BEA34B).] 47.629g (15.27 wt%)
EBDN 179.17g (57.43 wi%)
Pentaerythritol tetra(3-mercaptopropionate) 82.89¢g (26.57 wt%)
2,4-dimethyl-6-tert-butylphenol (ionol TM) 1.56g (0.50 wi%)

2-Benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-  0.729g (0.23 wit%)
1-butanone (Irgacure-369)

In this formulation, the 2,4-dimethyl-6-tert-butylphenol and the
Irgacure-369 was first dissolved in pentaerythritol tetra (3-mercaptopropionate) at
approximately 50 2C. Then the solution was allowed to cool prior to adding the
[PTGL2000(IPDI-HEA-NB).Jand EBDN.

A portion of the mixture was exposed to establish the Working Curve
exposure parameters. The laser power was 121 mW of an Ar* laser operating at 351.1
nm. The distance between scan lines in the X direction was approximately 50 um. And
the exposures provided were 15.5, 23, 34.4, 45.7, 57, and 66.5 mJ/cm? in each square
of the strip. Calculated as above, the woking curve parameters were found to be 5.33
mJ/em? Ec and 0.136 mm Dp. Multilayer objects were fabricated by coating 150 um
thick layers, 13 layers thick, using a doctor blade in a stereolithographic process and

providing imagewise exposure or approximately 250 um or 34.3 mJ/cm? to each layer.
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-27 Example 26 - Thiol -ene conposition wi th high
nmodul us-3-1layer film A thiol-norbornene coati ng was
w@e@paowdy by m xing the followi ng materials: PGI/RCENN4/000343
1.11 g (11.12 wt% TCDDVDN » 44g (54.44 wt %
Pentaerythritol tetrakis (3-mercapto-propionate) 3.21
g (32.1 wt% Irgacure 184 0.195g (1.95 wt% Propyl
gallate 0.039g (0.39 wt%) 10 A film conposed of three
Iayers of 200 mcroneter each was cured with W
Gamparativedkxperia &y late nompesitinn eontadging wlioaner R GMer000-
b el 4. Exanple 27 - Thiol -ene conposition with
LﬁT_g‘ﬁ_rm%dul us-3-layer film The follow ng formrulation
was prepar edn aobyidtPTeRRTOSMeBItioREARe B2 red, hyaRixing the
f(g"%am%7m%%|s EBDN 179.17g (57.43 wt% Pentaerythritol
t et ra§)3 mer capt opr opi onate) 82.89g (26.57 %
[QT@J—Q oRAIRI- H@Bt)ért but yl phenol (ionol Thg UBEHgtt4). 50

@Ieneglycé‘olhz I\el-ﬂg}[l )t% Frgla.’ce %DEle%qA)m)r &‘% gnso%él%yl ) -
lr@awzfg 1@6 23 W% 20 1 but anone (I rgacur e-3a02 gl(h0Q Wt.%)
f | at t |
ot 2L v ot 5L M B U PSR e
Measteetent. nitietasimposttion shewerka slapt ropdwps buikk e (sak Figure 1).

r n the solution was allowed to
e rgg&;%g% %o"z?\'gg‘crabT‘?ﬁ [ PTGL2000( | PDI - HEA- NB) 2] and

EBDN. 25 A portion of the m xture was exposed to

H’Eﬂgl nm The distance between scan |ines in the X
di rection OSULes
provi ded vvem?é a%@ﬁ’ %8’69%&?49%% f%gwémflas pag%og bg/bn%émgt
fotgwingomataridlach square of the strip. Cal cul ated as

g curve paraneters were foung t e .
%?ﬁg%hﬁﬁ %%c and 0.136 nm Dp. Multil aygﬁgo(g?%c"i’ts/")
Ewwafedmona@hemlwrytaja(EM@A)lso um thick | aydrg (4918wt %)

yhick, using a doctor blade in a o
I f%er eoli thogr aphi c process and providing i n%%gs%w"-/")

exposur e or Thppomrositarelss @ked and tastl4ina RT/DMAE ahd RT-IR

BB share YN 4608 SR N o e

2k @tlnen rasully aoe lsg@mam RE® 2000-

Comparative Experiment C - Acrylate composition containing oligomer PPG4200-(IPDI-

HEA),

An acrylate coating coposition was prepared, by mixing the following

materials:

[PPG 4200 (IPDI-HEA),] 109 (49.5 wt. %)
Ethoxylated nonylphenol acrylate (ENPA) 10 g (49.5 wt.%)
Irgacure 184 0.202 g (1.00 wt.%)

The composition was cured and tested in a RT-DMA and RT-IR
measurement. The composition showed an even slower modulus build-up than the
composition of Comparative Experiment B (see Figures 2 and 3). Other results are
shown in Table 1.



10

15

20

25

30

35

(1 PDI-HEA)2 An acrylate coating conposition was
prepared, by mixing the following materials: 5 [PTG

wWQ0o@d/1016DI - HEA) 2] 10g (49.5 wt. % PCT/NL2004/000343

Di (et hyl enegl ycol ) - 2- et hyl yl acrylate (DEGEHA) 10
g (49.5 wt.% Irgacure 184 0.202 g (1.00 wt.% The
conposition was cured and test ed in a RT-DMA and RT-IR
nmeasur enent. The conposition showed a sl ow nodul us
bui | d- up see Fi gure 1). 10 G her results are shown

A g hick-efx pempesiticn d@niaiviog yligdneer PPG2000-(AA-
pposi tion containing oli gomer PP&2000- I PDI - HEA 2
@acryl ate coating conposition was prepared, by
m xi ng t he SystheesisiabWiolygropsieeegliutat DirfdrREna0H6ster (PPG2000(AA-
Ng Q)DI-HEA) 2] 109 (49.5 wt.% Et hoxyl ated nonyi phenol
acryl ate (ENPA) 10 g (49.5 wt.% Irgacure 184 0.202 ¢
(I w.% Thé’oblarqwmnegkymlm dlmrgleltea’mg (Detsttdechol)rwas stirred at

5%8% are t|ve y é&eg]sé%gg&fk (g%ggﬁ%&%e E?%[ﬂué'd'

bejtomey flesk equippedsvitivan efficent qondgmer a @ns@mﬂpmsat:ne\eeidmon

f“E'T“%'EI?heH?%%@%%@ P PR bR PPer 280 g

(Q @ﬂ%mh %ﬂqwa@erpis)eww edldeot@romnse nEnet rieectfcmi mmre @vas then slowly

IR G ant S il dchiat B P oisbiopiyttgghasand
dWVCIQ@eanIWWﬁ@ mexbved BQQ&@JMSWM«O %92 r@barT below 7OOC)
E&W&%%&@ p%ﬁ?ﬁ/eﬁ&k ?&n‘?‘\ﬂ? 6&% %ﬁc é%\ﬁa%f @6{)&5‘1 by Br-iR

measur e oSItTon s
ane cfd INMR meaisdrepent haah shdveed tbermpmmrd;lomo bé c@oplets.at i ve
Experinment B (see Figures 2 and 3). Oher results are
shown in Table 1. WO 2004/101649 PCT/ NL2004/ 000343
FT4B (Geaty 8061 i1vé1 ER pe'i(dmbte Hond of hblorreame) conposi t i on

"G RMFR(EHEE, g B (- SRERY92(44.0)05.87 (-cHCH,), 5.95, 6.12, 6.17

(endo and exo hydrogen of norbornene double bonds)

The compound so obtained can be represented by the following
chemical structure:

Mo —backbone. _M

wherein the backbone is PPG2000.

The compound has a theoretical number average molecular weight
Mn of 2240 and will be further referred to by PPG2000-(AA-NB),. The compound is
analogous to the compound of Example 7 of WO 95/00869 (Loctite Corporation),
except that polypropylene glycol with a molecular weight of 2000 has been used as the
polyol instead of hydroxy terminated polytetramethylene oxide with a molecular weight
of 650.

A thiol-norbornene coating composition was prepared, by mixing the
following materials:

A thiol-norbornene coating composition was prepared, by mixing the
following materials:
[PPG 2000 (AA-NB),] 10g (88.47 wt.%)



Synt hesi s of Pol ypropyl enegl ycol D norbornene ester

(PPG2000(AA- NB) 2) 5 Pol ypropyl enegl ycol 2000
waolc@anyleas e 30g (0.01 42nol) was stirred at  rBOINL2004/000343

tenperature under a nitrogeg, atnosphere in a 250 nL

t hree-necked round- bottorre%fl ask equi pped wth an

ef ficient condenser, a constant pressure addition

funnel, and a thernoneter. Freshly cracked

cycl opent adi ene nononmer 2.82g (0.0427n0l1l, 3
Treqeﬂw%dalpmnals@ mes-fémdaﬁo@aamﬂa@. The reat!Pof! GbX e

was slowy rai sed to 80C and stir for h
lr%cu%?g}ﬁ nal |y excess cycl opent adi ene ar?trilﬁ%g (Q'OO]V@' )
T%mptalrgai‘:arﬁf@gggmmimm &irenoved by vacuum system (0.5-2

ar, belo yant it at i ' -pal
resin was o qea?mSﬂlﬂ%eVHrse%?:%q%%}q\j\eg{segf"g?IFgr\ﬂgg{ﬁtgﬂgﬁ:rilg
5 measlreidenVRhaeasposiienshaved stowediares neeshius kililgrpttbam e

complete. 15 FT-1R ; 6]. : :
o B o GPRARIE R GRL € B o ok G Tpsl AORRE dhoun in
TébIEBCH3), 3.4 (-CH20), 3.57 (-CHCH3), 5.95, 6.12, 6.17

(endo and exo hydrogen of norbornene doubl e bonds) The

conmpound so obtai ned can be represented by the
Chaiph eitive Exparineent & Thitlrenetaonwos#ion kentaining eligomer PPG2000-

- . - wherein the backbone is PP&000. 25 Th
10 ﬂ@@_ﬁ%@ﬁ@%@has a theoretical nunber average nol ecul are
V\gleggto Mh st/nBtEé’sI@oﬁlﬂGmmo-Db@qummfﬁeene-émthxéhUt%hw 059
oL bRBar a5t a L 45 Y B D BB RERRS herdRea imo a
L@@lublerv.mllb@ mactoravithepdtet tralingbéatingamg asiuéppgdydibl anyirper gtirrer,
nol ecul ar wei ght. of 2000 has, bee o0 wi
ATyt Blet BFHRAAPERC caopblgar el JHERAAR b eodBl ¥Pipec wit
15 sﬁﬂfrr‘ir{g ahday @ﬁ'ﬂﬂ)\@?}/mhg §uid 36.4afra50f 5AottuinudnenniEtharohwas
oatlng co i Xi
apgrd Hi9g RO ST ot e e mixture was
oBRERAS Aftb O hYAIhdf r&dre Was FEigedng 20¢® and a7d gidesgnophen 2061

materi als: 35 [ PPG 2000 ( AA- NB . .0
BED o RODiE9oSIT B GUBPlsOdaAs OERS 29T R T IS rae

aHBbP bidsr VR QaiBRitoNBdBlurd waS thotedded %o BO2CORegularly samples
18476. 11 .00 wt .

rgacure 39 ISl 0 )
20  were taken for measuring the NCO content and the reaction was allowed to proceed

untill the NCO content was below 0.05 wt%. This was reached after appr. 15 hours and
the reaction mixture was poured out of the reactor.
The compound so obtained can be represented by the following

chemical structure:
o) —X—N O-—backbone— %N—X—NYO/%
T ISR

wherein the backbone is PPG2000, X is derived from IPDI and n equals1.
The compound has a theoretical number average molecular weight Mn of 2693 and will
be further referred to by PPG2000-(IPDI-CH-NB)..

30 A thiol-norbornene coating composition was prepared, by mixing the

25

following materials:
[PPG 2000 (IPDI-NB),] 20g (90.12 wt.%)
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The nolar ratio of ene to thiol is 1:1. The

conposition was cured and tested in a RT-DVMA and RT-IR
wG20masuwienent . The conposition showed an evenPGT/aNE104/000343

nodul us bui |l d-up than the §1onp05|t| on of Conparative

Experiment C (see Figure 3)7 Oher results are shown

in Table 2. Conparative Experinent E - Thiol-ene

conmposi tion containing oligomer PPG000- 10 | PDI-CH

-NB 2 Synt hesis of PPG&000-Di - ( Nor bor n- 2- ene- 5- net hyl )
Trdh&hyiapepans tis(3-ofertapiepmpichdas), 83 g of 1.8Dg (868 v6.%8)

of DBT (di butyltindilaureate) were fed 5)
IrgRGHIR |l ed reactor with water cooli ng/(?]ea%ﬂ GOW%-"/

eqUI pped W THe compiiiien vetsiourezr and tdsiedan a-RTaDA and RT-IR

rnmocoup] e and a.dr t

ool R SR AL R Sy i e
slitioﬂwf Coffpataige Expedherd-M(sebdiguza 8). Dihvet ﬁaanltﬂ argeghown in
d t hrough the dropping funnel in 25 mnutes and a

vi scous, white mxture was obtained. After 1
hour the tenperature was raised to 20C and 370 g

RO aRRNS ey P RSl RL OB e dlonigtl g 2
added after Hyd‘rbzyl-térhmartediEPGd?oly propgieaeglyeol\RA80) 259 (0.02495
ased.to 8 Regul ar |
n}qgérglgyviaﬁ étlrtr(ﬁcéur,\&a %?gse&atéﬁgﬁﬁﬂée %ﬁ%§&5:8§§r']&' V\glﬁrl‘f ﬂﬁljr% in 250
rrﬂ_QomﬁdlﬁaﬁﬂnedmILHsIgldqutpbed WEDan @fitosami cmnlsgt avd @ tesmameter.
his was reache
NP2 heR 1,59%3@51%642%&5 & %oul.ﬁloggrlrlgchue&%é é g{so(rauwﬂ]ents made
a6svaAY fllobnbipapeed 0¢App uzaolyrepsscas‘émitzlédmwes(e 992) was added

dl}tq%gs%gykag(gﬂge cal é Ctrggmoregf’uo& tem M%él#'\l'g)svas %ontrolled

uRG I8RO0 EAfE aBB@&QQQe réédtlén teefipevatdrel waxmdlé%IaI slawly t®70°C and
equal s' The conp ound has a theoret

S’Qlﬁ‘ﬁbe@Ufl- gpuqﬁequsﬁ talHens antkysessi e Wr prn % 8”?% |§%Cé(f';\nate%ere
rérﬁ SR Bdet %é&ﬁnﬁB@@%& IRIghw £442) NBigghtiyp Qelfdw resin was yielded

I ol -norbornene coati ng conposli tion was r
qnamttatgeb/hénalvaw pbtniemgacwgﬂ Srixtereshy Tbt%aé@dtps W’%ého %ﬂe

oailfersi a‘gtol%ﬁ BtV RorSHHISH 1A o di A AL 200G B0 Aich 31

propane tris(3 mer capt o- pr opi onat e 2 97 g
r¢rgaiged thh%:oatlng composition, making it unsuitable for practical use

FT-IR (neat, cm™): 1717 (urethane carbonyl), 3061.1, 722 (double bond of norbornene)
'H NMR (CDCls, ppm): 1.09 (-CHCHj), 3.34 (-CH:0), 3.51 (-CHCHj), 5.95, 6.01,6.09,
6.3 (endo and exo hydrogens of norbornene double bonds)]

Table 1: Resins with a backbone of PPG 4200.

RT-DMA RT-IR
G[i0°Pa] [ Curetime | Curetime | Rp"
(final [s]till 10% | [s]till90% | (%.87)
modulus) of final of final
modulus modulus

8 | PPG4200-IH-NB/TMPTSH 2.0+0.2 0.9 5.9 384

C | PPG4200-IH/ENPA 3.9+0.3 1.7 10.7 91

11 | PPG4200-IH-NB/TTLSH 1.3+0.1 0.6 8.1 nd

* Rp — maximum rate of polymerisation %.s™ w.r.t. unsaturation consumption
of ene functionality



I rgacure 184 0.222g (1.00 wt. %
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Resins with a backbone of PPG 4200 RT-DMA RT-1R

4. 3%
T@objflfe?%ao%g’h?a/lg%%oﬁé% (Elg‘f(cu g wré&?ﬁ@% LS%\N?dnl] in RT'DMA).
npdul us nmodul us 8 PPGAP0O0- IH-_N 0+0.2 Q. @T'EB 9
384 C PPG4200- | H ENPA \g[@ Py, éC!re7'rr@o 7Cgetimg 1| Rp 6
8|1 nd 11 PP&4200-1 H @TL§H Flﬁ of Rp[Slg%Rfl nuFa-s™)
rate of polynerisation s mc)dwﬁunsafﬂ I’Zi\tl on
6CPPPETERbs HINBR VTSR T UEY i‘b‘.’sai' 42.2 207
A | PTGL2000-H/DEGEHA 8.9+ 0.5 9 8 40.3 44
Table 4 : Resins with higher modulus at 23°C.
Ex DMA (1 Hz)
E-modulus | Tg (max. | E at
at 23 °C E”) (°C) | 100°C
(Mpa) (Mpa)
13 | PTGL2000-IH-NB/TMPTSH/EBDN 419 20 2.76
14 | PTGL2000-IH-NB/PETMP/EBDN 1130 31 5.23
15 | PTGL2000-IH- 1190 32 7.11
NB/PETMP/EBDN/TMPTN(25 mol%)
16 | PTGL2000-IH- 1440 40 8.52
NB/PETMP/EBDN/TMPTN(50mol%)
17 | PTGL2000-IH- 1500 52 9.57
NB/PETMP/EBDN/TMPTN(75m0l%)
18 | PCDN/PETMP/EBDN 2290 34 5.85
19 | PCON/PETMP/EBDN/TMPTN(25 mol%) 2230 35 7.19
20 | PCDN/PETMP/EBDN/TMPTN(50mol%) 2380 38 8.05
21 | PCDN/PETMP/ TCDDMDN 2680 43 4.78
22 | PCDN/PETMP/ TCDDMDN (postbake) 2720 45 4.69
23 | PCDN/PETMP/ TCDDMDN (Triple layers) 2570 47 6.4
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WO 2004/ 101649 PCT/ NL2004/ 000343 -32 Table 2: Resins

with a backbone of PPG 2000. RT-DVA RT-1R G [10 Pa]
w@oroa/10i6ne Cure Rp Gel (final [s] 10% time [ SPCT/%L300¥/000343

time rmodulus) of final 90%9pf nodulus final nodulus

B PPG2000-IHENPA 7.2 0.6 1.4 9.1 99 10

PPG2000-1-HBA- 4.3 0.4 1.5 18.1 1.11 NB/ TMPTSH 12

PP&000-1-HEA- 7.6 1.2 12.2 0.80 NB/ PETMP 7
PP&000-1-HEA- 4.5+0.5 1.5 16.4 187 1.21 NB/ TMPTSH 9
PPG2000-1-HPA- 3.7+0.4 1.9 30.4 1.47 NB/ TMPTSH D
EX:-\::EE :’-‘v’-\ 3 9 ? E E §;‘6 I—7—NBi |-|\@fﬁéﬂ§-{e§ing
S2666-+=—46—"045033 n ’YléM’J DEhrass | 8Br&8n at

R=S| ns with a backbone of PT ﬁedul(;@u kigsi [ eRdi apeeal (95
mMVcn2 in RT DVMA). RT-DVA RivpR G [Mgd)Pabregkre tine

Cure tinme Rp (final [s] 10%jof [s] 90% of | (Mp=s

1370 duGLzopodiH-nNal TP TSM/Esmdul ug 380dul us46 19 250

14PT erGan0oIHNEB ETMPTISBDIS. 7 8808.1 4212 2023 A | 135

o

1PTEreDm0oI-DEGEHA 8.9 0.5 9.78640. 3|44 TaBP8 41 112
RPSIBA‘RETMH/EEBEPN@MBTN%MI%DS at 23C._ Ex DMAl(1 Hz

H
1 | 4 n . 1 88.4
E| MoaLea0e- g (max. E E 2l 2t I3 £ ) 246) 1686 |88

NB/PETMP/E
17 | PTGL2000-[H- 1287 34.7 26.6 33.3
NB/PETMP/EBDN/TMPTN(75mol%)
18 | PCDN/PETMP/EBDN 1652.6 32.5 14.5 52.9
19 | PCDN/PETMP/EBDN/TMPTN(25 1698.6 32.3 37.3 13.7
mol%)
20 | PCDN/PETMP/EBDN/TMPTN(50mol%) | 1888.2 42.8 4.5
21 | PCDN/PETMP/ TCDDMDN 2000.5 46.85 | 2.7
22 | PCDN/PETMP/ TCDDMDN (postbake) | 2122.3 46.6 2.3
23 | PCDN/PETMP/ TCDDMDN (Triple 1215.3 53.5 5.3
layers)

From the examples and comparative experiments, the following

observations and conclusions can be drawn, as elucidated in the figures.

Detailed description of the figures

Figure 1 shows the RT-DMA curves of Example 6 vs comparative
Experiment A (see also table 3). The figure clearly shows that the Example 6
composition is significantly faster than the actylate system. As is clear from table 3, the
rate of polymerisation of the composition of Example 6 is 30% faster than that of
comparative Experiment A.

Figure 2 shows the RT-DMA curves of Example 7 vs comparative
Experiments B and C. Comparative Experiment B and Example 7 use the same
backbone (PPG2000). The acrylate based system has a comparable rate of modulus
build-up, however it cures to a two times higher modulus. (Nevertheless, the R, is
significantly lower, see table 2). The proper comparison between acrylate and thiol-ene
systems for cure speed is to look at a composition giving the same modulus. Hence,
the comparison of Example 7 and comparative Experiment C shows, that in RT-DMA,
the thiol-ene system of the present invention is much faster. Experiment B can be
compared with Example 12; Example 12 is substantially faster than comparative
Experiment B in RT-DMA.
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Ma Ma 13 PTG.2000-1 H NB/ TMPTSH EBDN 419 20 2.76 14
PTGL2000- | H NB/ PETMP/ EBDN 1130 31 5.23 15

weTeua00@ | H 1190 32 7.11 NB/ PETMP/ EBDN TMPTRCREL2004/000343

nmol %9 16 PTGL2000-1H 1440 8.52

NB/ PETMP/ EBDN TMPTN 50nol % PTGL2000-1 H 1500 52
9.57 NB/ PETMP/ EBDN TMPTN 75nol % 18 PCDN PETMP/ EBDN
2290 34 5.85 19 PCDN PETMP/ EBDN TMPTN 25 nol %9 2230
35 7.19 20 PCDN PETMP/ EBDN TMPTN 50nol % 2380 38 8. 05
21 PCDN PETMP/ TCDDVDN 2680 43 4.78 22

el T L

frtryaenosiens eoTaxkipe kbelosdd, wiidh &xpcbenti beotenstioway that the

agﬁﬂ%ﬁi bf%%ﬁ Q(s%prvg‘géﬁga ?ﬁ\feaé@ﬁﬁrhen{'% gsuyelf Sveh EBRRr. Ahese

SRITHMEITO shew,NBAMIMP TSHifleBDN®Slions 6f the pP&@nt ihtention have

/ EBDN 820 21 23 135 15
URJ%%%%Q" #M-:Mglfg)g% 20.2 112 N8B/ PETMP/ EBDN TMPTN 25
nmol %9 16 PTGL2000-1H 1146 24.7 24.7 88.4

W 50mpl1% 17 PTGL2000- 1 H 1287 34.7
- 3.5 M ) P/ BDN/ TI\/PN 75mo1% 18
E’SDBVCBEVWE’T@%%M%S 8 B Splile g B

equipped with a 200 g*cm and 2000 g*cm dual range torque transducer. The

conventional steel parallel plate system was replaced by custom made plate holders
equipped with two quartz discs with a diameter of 9.5 mm, allowing UV light to
illuminate the sample from the top.

ST

internal mirror

 +—— Win

quartz cups

Detailed drawing of the modified plate holder for the RDAZ2 rheometer.



10

15

20

25

30

35

21 PCDN PETMP/ TCDDVDN 2000.5 46.85 2.7 22

PCDN PETMP/ TCDDVDN ( post bake) 2122.3 46.6 2.3 23
wWESDNPEINMP/ TCODVDN (Triple 1215.3 53.5 5.3 | BOENE2004/000343

From t he exanpl es and conp 5a_tive experinments, the

foll owi ng observations angi concl usi ons can be drawn,

as elucidated in the figures. 5 Detail ed description

of the figures Figure 1 shows the RT-DMA curves of

Exanpl e 6 vs conparative Experinment A (see also table

3). The figure clearly shows that the Exanple 6

conposition, is signific
sysrem  As b ETerEponnER Tt} pbpgpnS gREl it e
U\fngmmmi@by an egifritah BVeoowedo thesarfle EPaitpivas 8ot usedhvshe
aster than that of conparative Experi t A Fi
expeuingNis r?%@eﬁﬁh% curves of Exanpl 2 7I \r/rgncorrpar Latgiu\r/:

Exper: ment sU\BIigintovas. ob@omaebirarh iavRiugbqintrd ¥ soueamanufactured
a A e the sa Th
byﬁﬁ?ﬁﬁ@'%@&?a&%?%%ﬁé%?@léggﬁg‘gﬁ‘gféﬁp?%%aé‘ of errodul us
F-]tﬁ%ebllbllhlb that monﬂaMsﬁmewly meceurg Hut alsa irondiatidesasitttin tiedwulb,
nodul us. verthel, ' L gni i ;
orEBS 1 b PAPRRS, 6Tl s s A P RO tnet are usea
thlg(ﬁb%l Gities atflistrini ibhteroen theyamp mesfoonvey@ddo Yprepldte holdeg by use
opk.at .a. sitian giving the same nodul us. He ,
Oft%fge)@i%‘ﬁfj&g@%owﬁ %'Jg?fpl e 7 and conparative Experin?r:nt
C shows, t hitie intensily @kAliancehef thhilbl light eas yseaskresfbealove the
resent inventjon is ch f . ' t
oA GO BIE (RPIeFe EseamBa e i i B R 1 Rt
m%ljlr_th@DtK}gfddv%} g%lgfefls nelrrddiame b apeut28i md//critkpas detepted HFonPTGL
- . .\\D_.2004/.101649_PCT/ N2 343 -34 Fi 3
SYSIRSIE %dﬁ?ﬂa%&?ﬁpﬁ%@%ﬁ%ﬁﬁ’r@hﬁ%ﬂﬁ%@@ Exper i rrenlt g%r eI t
furterno { e Abh@vweIMnTmrsatUp\esepEm@re;arme wBs logldied finto the
appear s e_even ower t hat :
ep e enedi i coR B v beted oW BEthE I AREA: plate uni
a §BEL05 ravneds eeailishech @xcedsHigiuiot was sipeoed from the sample so that

gt s Spugche Baeft FRFTRA BEFRERTEY fan R PG B oven
6% Welé bdbéedan®b pulyincsifomedt rifogeat gasrkarfeot Rutgdinghwigynitrogen
o e (e i BB B od YRRy o
o¥Xfdeh idniBfiéh 6 cming ado2R0 tres samplel abigesaniieh hortescur in an air
attngo%gﬁgr%? g.ll:ld toTlpoet need removing dissolved oxygen from the sample, which would
take much longer.

For the cure test, the instrument was operated in the so-called
arbitrary wave mode. A time sweep measurement was performed (by keeping the
frequency, amplitude and temperature fixed and following the changes in material
properties). A sinusoidal wave, with the following parameters set/fixed: angular
frequency 52.36 rad/s and strain amplitude of 10%, with a duration of 64 seconds was
programmed. Data sampling of the torque and strain signals was set to 4 intervals of
16 seconds duration, each sampling 400 data-points. This results in three data points
for both stress and strain per cycle. Additionally, plate diameter and sample thickness
are entered. The measurement temperature was set to 23°C.

When a measurement run was started, data collection started
automatically after download of the sinusoidal waveform to the rheometer. Upon start of

the measurements a controller box is triggered which opens the shutter in the
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waoele@agowite h a dianmeter of 9.5 mm all owi ng UV PCTNL210&/000343

illumnate the sanple fromtfe top. internal mrror

mrror- 4 Win IRinf | quartz cups 15 Detailed

drawi ng of the nodified plate holder for the RDA2

rheoneter. WD 2004/ 101649 PCT/ NL2004/000343 -35 A

mrror is nmounted internally in the upper plate hol der

Blesnoit 2 aftpr etficed delay piyhB7 iinto 8tk tup. dM ilaxieatical wadvontinued for
§ SRR B was not used in the

Gg%ggr'?drgeﬁ%ééﬁfeeportt\ga%{erlgg%gg WV |ight was obtai ned

from a Bl uepdriontcomplgtios olia ¢&, theasitdsaendrstrdin daya bitedrdirsformed

i i o .S.an F: ;
Rk PR D836 20 o R v I Ol By lySormaten
Uiti(Ytzzs ®f el RAle@rofesiteter (vérsion . H8) safwang packaph frospRiceanadtric

' 5 J f that ...
SN Pl A50Y 38008 AL FRLRED 4l ik MRS ek
apg ppt iviestheasilaty pdintsaoer heriqr. Asa tesliltiee obiainute cut@safr the

' Lauifz fk | ' ' The j.ntensity .
o5 Sl PMLe e U e S Ll T84S tvg. o e
agispeas apurecterl fpi the elela éftamdaced bythel cntralter ok biy rsmlomdtihg dhe

: ' t factured by Solatell. An
e BSR0PES7e PSR Bhe el S oRiectio fgroompied for he
insyrementphase delayadB dribgress aitfeumedsremidhicradiusnsy ¢isdh) and the

: reltn e teps he sa was
cpvehud o b P haREh i SR s e B By Soenuseraent
wivieh i$ eviynemict roeesutsmeriethb dollewirguabtizli rbaheasurdd: the @orage

tablis » EXcess, | iquid was .

S e o leESe el oud ey, S ERE wanidleeterTonuun &
abeprding ¢t the f8ldwvingdlatiodiGrne (Gt +am%§“@ Flrthsn, tHf@: pﬂese;éhgla S relates

the oven ors re closed and a purging oW 0
t%‘ih[ersgﬁgrnma‘g@' %%fgﬁ\‘?"&i.tarl:‘gf& - with nitrogen 20 was

continued fgypigdiy] ﬁﬁﬁ’ihé‘été{@of%@LU\P‘rﬂumm_ﬁorﬁ’,%é’Qﬁ)?ag%f?hear

ni trogen gur %I gg Is to prevent oxygen inhibitiom o
mRHRG 2hDYF Bresmaionelinpoeasa ges aviscel when il st
obfaindl. SinfultafésRPIHRPhas@BAgIE Qirdltirdhe BdicaPRYd Mues (around 90

di ssal ved oxygen fr o%at he S%an‘pclme%, V\hi%%h. V\f)% d t aﬁ<(e
dﬁgjgﬁ& tg ﬁ)gg.qql elastic values (around 0 degrees). For final analysis, the data were
exported into Microsoft Excel.

From the data we select the value of the storage shear modulus G’
(the product of the dynamic shear modulus and the cosine of the phase angle) at the
end of the cure cycle (after 60 seconds UV-illumination) as the value for the final
network modulus of the material. [This, is further called the “end storage shear
modulus”™(G’)]. Usually, full cure is obtained within 64 seconds cure cycle.

As a measure for the speed of network formation we extract the time
at which the storage shear modulus has increased to a certain fraction of the final
modulus.

In the present application, we use the time it takes for the storage
shear modulus to increase to 10% of the value after 64 seconds cure as indication for

the speed of network formation.
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For the cure test, the instrunment was operated in the
so-called 25 arbitrary wave node. A tinme sweep

worr@snowaent was perforned (by keeping the frRQIEDRROP4/000343

anplitude and tenperature fig¥ed and fol l owing the
changes in material properties). A sinusoidal wave,
with the follow ng paraneters set/fixed: angul ar
frequency 52.36 rad/s and strain anplitude of 10%
with a duration of 64 seconds was programmed. Data
sanpling of the torque and strain signals was set to 4
R r]*ﬁﬁ‘fﬁé%u?ém 16 seconds duration, each sanpling 400
—g'a‘tTp'Ur'n'l—s—éﬁTs results in three data points for

pol thne tetesninationh eftahainicaheenversions byxaaidiscan&ilily, pl at e
di anet er anquggé'gp |ﬁ1etchéﬁlt%'é?§o%ve@srcﬁ'\ f%P%%r&lgablg Bé&rylate and

nmeasur ement enper ature was set When a
thislareiceatings wetmdata@nmdmlwrap@ﬁh@%ﬂdﬂ'ﬂeﬁtﬁf@%@fé’f%ﬁﬁ &@s

@géé’({m&h %‘ﬂdrl rﬂgltt nsfQUBh eaflad ah W/%‘Isbléﬂéétgi d!@UV source a

mto eoneter. Upon start of
Blaspoint 2 sysies vath:@ Rtlud, was @gaieﬂysmg.ag@t@r@dlgmﬂte%e Biihe cell

f&cgge(gpmﬂeeéarﬁﬂ%trn? %I@ %@%2@9%5%(4_“9@@94# ROQRAburce

uepol 575 s into
systemmwas. eqmppebllvaﬂm mle@wmmua@hﬁﬁwmhemﬂc setup St Hieds

eawh%rept] Ntﬂlgé H’\ﬁégt\&{g} ggﬁdJargéﬂnRgﬁ eeFT‘Hﬂf&fbo@n liquid

ress and ta are transforned I nto
adg rmmtmnsmwle pouddrsystams, Burdace Gerjing Inteenatipral B09@ rAugaist

sformation 5 utility of the RS
2@?%{4632%%{8% (version 6.5.8) software package from

Rheonet ri ¢ Bc20micrdn thick kayer phths reaative sempesitien erxaggld coated
ILFT? p%%?aﬁé; Qgﬂ ?arﬁ‘r%i wal @?t%d%g& é?futrtoggn binhdsph¥re é}'lbdatsf%m

ornts per perio a resul
teyhperature. Hé]ecaMuﬁéﬁlanlckh@SS wamadiugied he alecing dioe a@nme e FTIR

éﬁ] ?egg}él‘?ms ktn‘ﬁ gﬂﬁ cﬁe(?ﬁ@cthb ABsObalieH & the E[thla_ﬁ ngu'ﬁE

i $Twas co el'ay I ntroduce
speaifia 63 bad. wakrhr;sseaﬂ Herfirmtwascadjusted ontil th@e@bS@ébe@yes were

betie2hd. §)an{jbg)mft he time data. Mdul us and phase angle

dre correc or the instrunent phase delay (18.3
degrees at (The infrassdispaetrim df theyuesicsd, dinaid sampienuas pletained.

T@?%é%rﬁ% WQS Ihreﬁl'@rl ﬁtdrn@ &pBE&r%%QWJ Buﬁﬁ% @ufhgt f9|| @?Fﬁ‘éﬂ)ectra were

asure
rmméeﬂ witle atmaxirnemfspe¢d ol Rwsmumslwl’dw@ecmrmwsﬂﬁ@ rate.

t%ﬁznfaajgg%r) ﬁ]e(!gllr{ﬁerréi' i Wﬁ(a accor CII ng to tthgrblOCked

tl'ﬁe)Uk/drghhg relation G (G i2 + G,2)112. Further, the
hase an I e o | C
ItO an g = g n‘% géa'?érrei %/hCES (N?fe tegt‘&gfrﬁt hé’l Wspeonflc

IRIbands nbaoryiate (t 635 shdy, agostenar(306ebehal )@ddnot(?@@é cgn™') in each
f ast [

r?%ord%chgﬁ]sé%%H%n ?ﬁ«% }%Sg{é?eé ﬁﬁeﬂ)esﬂarse{emlﬁgéaps% ke Eéé%ﬁne

téchmigueyip mhadh d bapelink isalraves te(ngeoumbsorbaocajmguree@)ealtfbe peak.

Ti%pqlff/eg\eg 6%@3@8%@&”&?&\1&&5 %lé'bdeag aﬂ@%@ﬁac‘e)ehné: %rthé n@faﬂ)eak

height. The experiment was performed in duplicate.

The maximum rate of polymerisation was determined as described by
Dias et al (see ref above) and reported as %/s.

To compare thiol-ene systems, which polymerise in a second order
reaction, the gel-point at the critical ene conversion according to classic Flory-
Stockmayer theory of gelation was used (previously described by B-S Chiou and S.A.
Khau Marcomolecules 1997 30, 7322-7328). A plot of 1/(1-X) where X is conversion (in
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exported into Mcrosoft Excel. Fromthe data we sel ect
the value of the storage shear nodulus G (the

w@e@wdaete4df the dynam ¢ shear nodul us and t he POFND200&/H00343

the phase angle) at the endypf the cure cycle (after
60 seconds W illum nation) as the value for the fina
25 network nodulus of the material. [This, is further
called the "end storage shear nodulus"(G)]. Usually,
full cure is obtained within 64 seconds cure cycle. As
fracierdugreageshlineady wigeime ¢ todhaga! Roinbwhertsi uponwke siope of the line
CRERGRE In S8 1) Phona 0B of DR Y65 AR, gt EoiBersion
WascRet 8594%%0 I n the present application, we use the
time it tak

i ncr ease to?ﬁ%@?ﬁ?kﬁﬁg§§% ue ar %@%ﬁqgggéﬁg égdegxmedw”No
O2f#284ti on for the speed of netmork fornatlon. WD
2004/ 101649 PCT/ NL2004/ 000343 -37- RT FTIR
measurenents Real tinme determ nation of chem ca
conversions by rapid scan FTIR The real tinme chem ca
conversion for UV curable acrylate and 5 thiolene
coatings were determ ned using rapid scan FTIR A
Bruker IFS 55 was equiped with a horizont al
transflection cell and an MCT detector. A UV source, a
Bl uepoint 2 systemwith a D bulb, was coupled using a
quartz light guide into the cell focused on the
sanpl e. The light intensity was 41.0 1.0 nWcn2 The W
source systemwas equi pped with an electronic

shutter. (For a schematic setup of the 10 equi pnent
see: AA Dnas, HHartwig, J.F.G A Jansen, Real tine
FT-IR for both Iiquid and radiation curable powder
systens, Surface Coating International 2000, August
2000, 83(8) p384). A 20 mcron thick layer of the
reacti ve conposition on a gold coated Alunina plate
(7 X7 nm was cured under a nitrogen atnosphere and
at room 15 tenperature. The actual filmthickness was
adj usted by placing the sanple in the FTIR cell
recordi ng a spectrum and checki ng the absorbance of
the functional groups specific IR band. Thickness of
the filmwas adjusted until the absorbances were
between 0.2 and 0.6. The infrared spectrum of the
uncured, |iquid sanple was obtained. 20 The sanple
was then cured by exposure to UV. During curing ful
FTIR spectra were recorded with a nmaxi num speed of 25
spectra/s with decreasing acquisition rate.
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Finally an infrared spectrumof the cured resin was
recorded after the shutter blocked the W light. The

woew4pemho hei ghts were cal cul ated of the functPCIAL2004/000343

3.

4.,

5.

10.

group specific 25 IR bandsgof acrylate (1635 cm 1),
nor bor nene (3060 cm 1) and thlol (2555 cm 1) in each
recorded FTIR spectrum The net peak area can be
determi ned using the baseline technique in which a
baseline is drawn tangent to absorbance m ni ma near
the peak. The differenceCLAIM3sor bance between the
peak and the baseline is the net peak height. The
experiment was perforned in duplicate. 30 The maxi mum

. 1 at e Agfurgldé thiehens gbimpasitiers cetoprigimg eitheér asmpesod Almad chgpound B,

D as ofh c@hpgﬁl‘ﬁfB ﬁ‘lﬁ{he?ggﬁég ISI@%E%IWEJQFL}T]%HOT?&%Q%SSdef fggd under (A),

conpare t ene syste neri s
secomdieinler reaction, the gel-point at the critical

ene r jaccording to classic Flory- Stockmayer
theo?@no? p%é/ﬂgti on was used (previously described by

B-S (B oa oamosw\ha\arﬁg Kphua Xpeofrynid evudrespd B@ve®@) wherein said

10 2004/ TOTEASPHENPRPB R D BT oyl e ERTHEIEa o &f st one

i ncr easedydlic @ealgrqumrtdmomms% apleast onkdydeigepaionating group,
where up eFen‘?thﬁlo%Q%c%Lt} r‘l étqga %HQ% aﬁd c{/alc%r ?g{roép% and at

conmpare the pornt o he u
conver si tgast mof%td lmdrcigﬁ%doDWQagrdupsetssat lamst two skeletal bonds,

021 22257 NG o0 R FR R 4 85I/ soup. and

CLAI K& 10-1R wiit @bk gholeinitiatene conpositi on conpri sing

e| t hqf‘ﬁe %QIIEﬁ‘p ouish &c@%gﬁ@h@%%nfwﬁerem%e% yggegh’igg Pﬁ)ot

rising pol unctr onal
under:omp@l,md ) aha (B)i are higheathaol1y2 bin eleragd)ara vemampiounel

havi f. [ roups thereon,
wher gﬁwﬁﬁ%r%"y&é%%g%ﬁ%%@tformeges a carbonyl group
di r edhe gompositdreatcoulireg tol argsinea elainy t12 whereie githeugomponent (A)
and gp@ ﬁﬁ’%ﬁ‘ aﬁbécﬁg&ge one hydrogen donating group, 10
el

wher ance beétween at | east one of said
cycl iTbe epmpgsiianaccandingito aryemstof olaemo1 -3smateimtide pglgihiol (A) is an

ConabuiPol ARsaeih iRkl ot el bonds,
grouphe aﬂ@posntlon according to any one of claims 1-4 wherein the at least one
hydrogen donating group is selected from the group consisting of hydroxy, amino,
thiol, and carboxyl.

The composition according to claim 5 wherein the hydrogen donating group is
selected from the group consisting of urethane, inverted urethane, urea, amide,
thio-urethane, thiourea, isothiourea, hydroxy esters and hydroxy.

The composition according to any one of claims 1-6 wherein the cyclic ene group
has a fused ring structure.

The composition according to any one of claims 1-7 wherein compound (A) or
compound (B) comprises 4 or more urethane bonds and a backbone.

The composition according to any one of claims 1-8 wherein the molecular weight
of the component comprising a backbone has a molecular weight of 250 to 6000
g/mol.

The composition according to any one of claims 1-9, wherein compound (B)

comprises:
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(C© 0-10 wt.% of a photoinitiator. 2. The conposition
according to claim1l wherein the functionalities of

wbodoh/101689 conpound (A) and (B) are higher thanpdT/RL2004/000343

11.

12.

13.

14.

18.

16.

17.

18.

19.

20.
21.

22.

23.

average, and wherein the 4functionality of (A) + (B)
is about 4 or higher. 3. The conposition according to
any one of clains 1-2 wherein either conponent (A) or
(B) contains a backbone. 4. The conposition according
to any one of clainms 1-3 wherein the polythiol (A) is
an 20 &Bkagkpope deriverifeim a®elyekyl i ¢ aci d conpound. 5.
The go bhd ol clainms 1-4
V\,hergi nrmtgﬁlgh%gﬁ%gggh\gérﬁ%rﬁ%?%gn Jc[)ér%;tin group i

IS
sel e€t darmingiyelreens eraprederdied fiomhwsioxyatiy bicyethaaiase.
t hi-fe comiifbskiBh Q@é%rbinﬁ% an{'6n& BMRARIs!.- P! vﬂ{éﬁ:&h@bﬁ%ohﬁd A

wherein the 5

claim5 re ydrogen donating group Is
sel ekd B@are disinatisemgpvids- consi sti ng of uret hane,

I NVl RfhgdsRbh @B@ordlﬂg%‘ﬁn@m G&ms 1t—m,‘%\7hlérr§h B are combined

t hi ourea, isothioure ydroxy esters and hydroxy. 7.
Then @BeEe¥Peinsh according to any one of clainms 1-6

wh ' s ' f i .
S Or UL TR, oS V2T smvopin

cl dHrier compripes dluenisarnsbiseraesAyithomne GoneemyelisrRne( Bpups

COMRfidrafiSrdin B6mPRIR Bir et hane bonds and a backbone. 9.
The conposition according to any one of clainms 1-8

whePriica! glaes fler eeatingreomeogiion cemprisiag 8 sraRipemMposition
COMEhY o%ng%ﬁb%Pasir&aM& ol ecul ar wei ght of 250 to
0. Th

ii
6000 g/ ol . e conposition according to any one
of Wse0i@n optical dlgsefibpncesding sam@osin ag®rdogis ¢laiesi4 pea

20%(&&},%@&8@&2‘%9\%{)99%%3% bufti -or%n%gaiéﬁ?\elfggg goatin

derived froma polyol b. urethane groups ro
pol@teddlyanates c¢. terminal cyclic ene groups derived

fr r . X | . .T. it -
cc oy cCHURLE) b Sph el Bg ifers s G RS S fion
A a@scargiinogo ang onp of flaites tdAprpitherating 2ftemewre hampe sint(Fan
acfﬁ{uﬁibg&ntn‘?ocﬁ‘ﬂl)é Ao £5a 1-10, wherein A and B are

co ne in one conpound. 13. The conposition

ac doredvfipgeurable rssirpe@mipdsitisinglomprising 2 eamepasitigntageording to any

COTRRS bleffls 11141 BGIORBABKIGRes di | uents or ol i gorer s
Wi t ycC

one or nore I C ene groups
A product obtained by curing the composition according to anyone of claims 1-

13.

A product according to claim 18, wherein the product is a functional prototype.

A product according to claim 18, wherein the product is a coating.

A process for obtaining a coating or a product, which process comprises the step
of curing a composition according to any one of claims 1-13 with EB, UV, or UV-
vis radiation

Compound having a plurality of cyclic ene groups, wherein said compound
comprises a carbonyl group directly attached to at least one cyclic ene group and
comprises at least one hydrogen donating group, wherein the distance between
at least one of said cyclic ene groups and at least one of said hydrogen donating
groups equals at least two skeletal bonds, and wherein said compound does not
contain a (meth)acrylate group.

Compound according to claim 22, wherein said compound comprises:

d.  abackbone derived from a polyol



10 different from conpound B. 14. Optical glass fiber
coating conposition conprising a curable conposition
wa@e@anaiony to any one of clains 1-13. 15. Use PET/AN2004/000343
optical glass fiber coating,gonposition according to
claim14 as a primary, a secondary, an ink, a matrix,
a bundling or an upjacketing coating 15 naterlal 16.
Primary coating for coating optical glass fibers
conprising a curable conposition according to any one
of cl ai nsunethae graiprs derived rgnafaldsoqyanatepavi ng an (E)
eqU|I bri
resin con%%gﬁ ?gﬁMéeﬂg (§%ﬁ%e§a%%ﬁ&%hy wﬂgggggﬂﬂéﬁﬁgws
260 ani compocn@ amor@lhartqrslalln Z% of ﬁalphaﬁ @amqmmunéﬁurﬂm comprising
A pro &?&alned by curing the conposition according
to anyong clainms 1- 13. 19. A product according to
claim 18, wherein the product is a functiona
prototype. 20. A product according to claim 18,
wherein the product is a coating. 25 21. A process for
obtai ning a coating or a product, which process
conprises the step of curing a conposition according
to any one of clainms 1-13 with EB, WY, or W- vis
radi ati on 22. Conpound having a plurality of cyclic
ene groups, wherein said conmpound conprises a
carbonyl group directly attached to at |east one
cyclic ene group and 30 conprises at |east one
hydr ogen donati ng group, wherein the di stance between
at |l east one of said cyclic ene groups and at | east
one of said hydrogen donating groups equals at |east
two skel etal bonds, and wherein said conmpound does not
contain a (nmeth)acrylate group. 23. Conpound according
to claim 22, wherein said conmpound conprises: 35 d. a
backbone derived froma polyol WO 2004/101649
PCT/ NL2004/ 000343 -41 e. urethane groups derived from
pol yi socyanates f. termnal cyclic ene groups derived
from hydr oxyal kyl (neth)acrylates 24. A conpound
according to claim22 or claim 23, said conmpound
further conprising thiol groups.



