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Field of the Invention The present invention relates to a curable thiol-ene

conposi ti ARo 2-‘1;J”Iﬁ“”(l4laventl on further relates to an opti Calp(gll/ﬁzsﬁl(){]/b(}ﬂﬂs
coating conp osi t1on conprising said thiol-ene conmposition,

sai d coatlng conposition, to a primary coating, and to a product, in
particular a functional prototype. Thé-invention further relates to 10
process for obtaining coating or a product. The invention further relates
to a conpound having a plurality of cyclic ene groups thereon, to a
process for maki ng said conBaal ICahdUsAR] ECOORMBPGSIT IONMI - ene conposition
Description of related art 15 Thiol -ene photopol yners are reactive
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051 00869" ( LR THLovapsaPaf P o B etises  he use of thiol -ene formil ations
based on norbornene functional polyenes as optical fiber primary coatings.
The corrpomél ons,. ar e ctgr)eé:&eri zed by the use of a backbone of 30
poly(tetra n one of the conpounds having either a
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1., 2004/ 00@348nerisations proceed by a step growth additlon mechanism that is propagated by a

20  free-radical chain transfer process.

of

Thiol-ene compositions are well-known in the art. For example,
Chapter 7 “Thicl-Ene Photopolymers” by A.F. Jacobine of textbook ‘Radiation Curing in
Polymer Science and Technology Volume Ili, Polymerisation Mechanisms’, Editors J.P.
Fouassier and J. . Rabek, describes thiol-ene photopolymers, the mechanism of the

25  thiol-ene reaction, polymerization studies of thiol-ene photopolymers and their
application in coatings for optical fibers. '

WO 95/00869 (Loctite Corporation) 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

30  poly{tetramethylene oxide) in one of the compounds having either a norbornene or a
thiol functionality. The compositions are said to be easy applied, fo 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

35  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 thiol-ene conposition excelling in cure
speed, beipg Hdefihed in terms of devel opnent of nechaniqqhyg{ﬁﬂgmﬁﬁgﬁ
and/ or reactive group conversion . It is a further object of the Invention
to provide a conpound having a 5 pluraﬁrty of cyclic ene groups that can
be relatively easily and practically synthesized and provides a high cure
speed when used in a thiol-ene conposition. It is a further object of the
present invention to provide coatings suitable in the optical glass fiber
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ei ther compound A and conpound B, or a conmpound B further conprising

pol yt hi ol ROASFVHER 3 bigh garejeraedad anriser 7 ANOGFIE KPPOSIR’- a pol ythiol, 20
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conpound (B).  conprising a carbonyl group di rect_ILP{ attached to at | east one
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group, Wherghhd dnsHsticATHERingRRFRSN hth dukRsiecanthilelhavmigth RYWChbEules)@angr oups
and at | east one of said hydrogen donating groups is at |east two skel etal
bonds, 19het@pPivdesiisbimed Beradds not 25 contain a (meth)acryl ate group,

and (C) 0-10 wt.% of a {renhadigat bt PRALRINALE kabelidetes @hlile ryin Udbd BCt | y
attached to the c?/cl iCc ene group" is ant t hat tgc]a C at %Of th(ﬁq car bonyl
group is diftelialy of sietepiihearanhy ¢raicalrapdia. Rate cgrisufie PRECALABRAGPN L kel et al
bonds bet wggsy'@t | east one of said cyclic ene groups and at |east one of

said 30 hydrogen donating groups is determ ned starting with the bond
between the cyclic one and the C atom of the carbonyl group (bond 1). The

conposiii o GRRRY IS8R Avagimpound (B) that does not contain a
(meth)acrylate group, wherern (neth)acrylate nmeans, acryl ate or nethacryl ate

functionality, Accor diFHPEENGHeNSrAESRAE of HPROVB RPESHISINS PERNEARY & ns
only cycli ¢u@BR BIRURS coMPBSition comprising either compound A and compound B, or a

compound B further comprising polythio! functionality as defined under (A), wherein
(A} a polythiol,
20 (B) a compound having a plurality of cyclic ene groups thereon, said compound (B)

comprising a carbonyl group directly attached to at least one cyclic ene group and
further comprising 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 is at least two skeletal bonds, wherein compound (B) does not
25 centain a (meth)acrylate group, and
(C) 0-10 wit. % of a (free-radical) photoinitiator.

Herein, by “directly attached to the cyclic ene group” is meant that the C
atom of the carbonyl group is directly atiached 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

30  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

35  curing, a step-growth polymerization occurs which generally results in gelling at a higher



35 curing, a step-growth polynerization occurs which generally results in
gelling at a higher WD 2004/ 101649 PCT/ N1 2003/000343 -3 conversion of the
active grmgsz(}&pg, lehain growth polynerization-1ike (net kﬁ)(aﬁ&Y£eﬁ3/§{;{as 3

syst ens. reover, In many cases |ess shrinkage of the cured mater T
occurs. Surprisingly, the ene conpound3¢B) was found not to produce a
strong snell, and was found to show the 5 required fast crosslinking
reaction with the thiol conpound (A) both in terns of chem cal
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functi onal mqmlowwr&tdﬂrtﬁﬁrm‘fpsSW%AHHWBF@ﬁbm%hﬁ%%eI%ﬁ ’E@iCBWaP@ astie A% hat a
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preferred that the composition comprises a compound wherein (A) and (B} are both
present. This would generally result in a reduced number of low molecular (volatile,

migratable) components in the composition.

20  Figures
Figures 1-3 shows the curing of a number of composions (examples

and comparative experiments) as a function of time, followed by Real Time Dynamical
Mechanic Analysis (RT-DMA).

25  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

comptising both (A} and (B) functionality.
The components A and B should have functionality such that a
30  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

35  than 1, each component wili comprise at least difunctional molecules.



In order for conponents A and B to have an average functionality larger 35
than 1, each conponent will conprise at |east difunctional nolecules. WO

2004/ 1016 004/ 000343 -4 Cenerally, the average ity of
each corrpg‘(r%lgnztg[jjw Jf;fﬁd Bis about 1.2 or higher. Prefer ab'l)(tﬂﬂ%le”%g@ék%

functionality of each conponent A and B4irs about 1.8 or h| gher, V\/nereas
the functionality of A and B together is about 4 or higher. Mre
preferably, the functionality of A and B together is 4.5 or higher.
Generally, the 5 functionality of A plus Bis 10 or |lower, preferably 7 or
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portion of at least one of these components should contain more than two functional

20  groups per molecule to produce a crosslinked product when cured. That is, the total of
the average number of cyclic ene groups per molecule of ene functional compound (B}
and the average number of coreactive thiol groups per molecule of the thiol functional
compound (A) should preferably be greater than 4 when a crosslinked cured product is
desired.

25 In the curable thiol-ene composition according to the present invention,
gither one of compound (A) or (B) preferably contains a backbone, said backbone having a
molecular weight ranging from 250 to 10,000 g/mol, preferably from 500 to 6,000 g/mol,
more preferably from 750 to 5,000 g/mol and most preferably from 1,000 to 4,000 g/mol.

The term backbone is used to denote an oligomer or polymeric partin a

30  compound to which the remainder of the molecule is attached. The oligomer of 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.

35 Alternative formuiations within the scope of the present invention empioy



contains repeating units as wll be explained and exanplified further
bel ow. According to one enbodi nent of the present invention, conpound (A)

cont ai ns %8'&@%’&%@{ iegn:;“uncti onal thiol groups; and co ’%ﬁg@ﬁ/@“"ﬁgﬁt ai ns

two cycli groups and a backbone. 35 Alt

formul ations within the scope of the present invention enploy WO

2004/ 101649 PCP/ NL2004/ 000343 -5 a conmpound (A) containing two functi onal
thiol groups and a backbone; and a conpound (B) containing at |east three
cyclic ene functional groups. Conponent (A) 5 As the polythiol conponent

(A) any co : [ conprises nol ecul es having,two or re
Tt oo oumn o B ar R0l Sl o Gour DS F Rk aRar 1Y § CPuBRuRY or
hi gher, nor(B) contpiaingi at deat thadroytcli@ ene flricgbed grdpapati bility wth the
cyclic ene-functional conpound (B) is preferred in order to maintain shelf
stability of the formulation. Polythiol ingredients may be any of those
known in t Heongpaneni(A)A description of the nost comon thiol conmpounds nay
be found at colum 9,

lin ra4% of U S Pat. No. 3,661, 744, ich is
i ncor pogat ed herein by A Fsggépém%& CERPPLFY (ASSW‘FWB‘F@%‘{?@I‘P%@%%WQW phati c
mononeri c pomptibéoinslecealchdmeindittvd oo mordvea gedupg | pen enolabiidiFredierat@xmeaet hyl ene
dithiol, t - -di.thiok, and the Iike, .and so pol yneric )| yt hiols
such as a 1% kl\#{)aﬁg 1(:? %@%H%&% 12% ﬁ{/ﬁ@ﬁ%ﬁ’ OHE&Y P%}’ﬁ@?fé}ﬁﬁ% Oﬁg@ﬁéﬁonﬁg’wWe
| i ke, 15 amdthshetydic epelfyndiibohissomyonhd &8s pesteesd Bndrtiyr @ndlainteh s |y
synt hesi ze 2 [ Cl. sis,.althouygh havin noxi.ous qdors, are
oer ant e bottsRr EFTRLRRE PEFbE LRSS b B 8 4 sseuioaa fsak
practi t@l , Acdamedpizinadf themost afmmbewiolEoamplass mal betfeumdhtyddnirah ociomeaunds
preferred | at LV l,ow odor |evel .include but are not limted
Do esters af sy S8k T4 il o R ooy ebsie By Febtseo ot o | 20
( H|S- EH((j CH3 pol@t@H: anch @smnﬁmpaqmcopom}ahm @qwlaiods (@Hﬁn@lﬂfiﬁ}dz (E@%l)ne’lmiytehﬁ |
pol yhydr oxy; uc s O ols, triols, tetraols, pentaols,  hexaols,
bnd the 11 HuOrRBARAR BT B SlohiF S By e aBe Bor ki B R o bt
are not | i polyibls sudt ey dria-teghiyatet efividytbhogl vitwdradmhn pelyimdrenal wbYikel bis
(3- nergapt i. e trinethyl ol propane .tis(thioglycolate),
trimot Ry ot SEAREBOFho bRt BBl sraeestefatuledadn ot a 2
tetrakis ({@nmeraalitsil aficoghteyingabhoxibussbdab, aeepeameba mihyofaraiehabl e.
A specific I a preferr ol yner.i ol ythiol I al ypropyl ene
cthor gl yoBi ChESReE i BeB BT Rt brlre e sl apelo ek EipiEs
pol ypr opyl eftge gohdiolgioypolindepgferRidisaanse oR20tivel\Wandabit levéhenucabutCor p. )
and 3-mer Cgr%tno TR gstgrcslo tf?iggIgcsc:g[i%rafc;dc(ta—ltsttgﬁécggll-%:a-mercaptopropionic acid
20 (HS-CH{CHsz)-COOH and B-mercaptopropionic acid (HS-CH.CH.COOH) with
polyhydroxy compounds such as glycols, triols, tetraols, pentaols, hexaols, and the like.
Specific examples of the preferred polythiols include but are not limited to ethylene
giycol bis(thioglycolate), ethylene glycol bis (3-mercaptopropionate), trimethylolpropane
tris(thioglycolate), trimethylolpropane tris (B-mercaptopropionate), pentaerythritol
25  tetrakis (B-mercaptopropionate), all of which are commercially available. A specific
example of a preferred polymeric polythiol is polypropylene ether glycot bis(B-
mercaptopropionate) which is prepared from polypropylene-ether glycol (e.g. Pluracol
P201, Wyandotte Chemical Corp.) and -mercaptopropionic acid by esterfication. Poly-
a-mercaptoacetate or poly-f-mercaptopropionate esters, particularly the
30  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 ihe like. Thiol terminated polysulfide
resins may also be employed.

Suitable examples of aliphatic and cycloaliphatic dithiols inciude 1,2-



a- mer capt oacetate or pol y-(3-nmercaptopropi onate esters, particularly the 30
trimethyl opropane triesters or pentaerythritol tetra esters are preferred.

Q her pol y¢ hi ni ch can be suitably enployed include gl.k hi. ol
functi onal‘sv@oz(rarjf)izld)ﬁ}éy{s] such as 1, 2- di nercapt hoet hane, 1, 6-%%%%@&"@%@xane

and the like. Thiol term nated pol ysulféde resins may al so be enpl oyed.
Sui tabl e exanples of aliphatic and cycloaliphatic dithiols include 1,2 WO
2004/ 101649 PCl/ N1, 2004/ 000343 -6 ethanedithiol, butanedithiol,

1, 3-propanedithiol, 1,5-pentanedithiol, 2,3-dinercapto-|- propanol,

di thi oeryt iy 1,85 ki ok, -Qgt:angd. hit-Bi@hto-1-
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but a. nedi t hicphnolbtligHoergthcizgt Hexeph@ngtanedthirnk8-octanedithiol hexanedithiol,

1, 9- nonanedi.t.hi,. , 9-di . , <ol L gantigacet at e,

3- ner capt o-gigﬁlﬁq@&réﬁét a%ﬁ@g%ﬁ%%ﬁég%ﬁ%gﬁﬁgh%ﬁ\%{gﬁ,1 4(??/@?0 %ﬁg‘ﬁé&%i met hane

di t hi ol , andr@plodntipicnylrethorarddnetanetithis(i, s-aihercartanphane) @ omat i ¢

dithiols include. 1 2-henzenedithiof ,. 3- e Lhhial. .

I S L e
a2-di t hi ol dimedhahedditngs capt 87 alithiare d-ndramddiiol.1, 2- benzenedithiol, 2,5 10

di mercapto-1, 3, 4-thi adi.azol.e, 4.4/ -thiobis nedi Lhhol o pens

bi s( 4- mer capt ophenyl ) - §,ué§tgle&(%rpglﬁgngﬁsom]a@ﬁ%ﬁ@%ﬂh{ﬂg#?l1(—n%%le eg%cg%?rloé’i ng to

t he net hod{@kbdvieBgedinil, 1, Hdpnzdne8ithiod 2,4, 0trindgipy)- PaibgnrzerssimethyrehiocB069- 307,

1999), [1,1'-biphenyl]:4,4: -dithiol nd. p- er 5 @5 IR Sui t abl e
exanpl es of%ur(?ln?égrrg%id]&thm t B 1@9{0&@0{{@5&5{? flﬁ%:tﬁ Qg‘n%i%eﬁ%%cetgg?'gl' 21%

functi pmal dusetdase fhilgaterseerimptisbenmedittiok aisi-mpreasitenticnyl)-&f2-

hydr oxyet hyl ner capt an, .. roxyprapyl,. ner - di 0 p ,

di mer capt O%Qpﬁﬁﬁ@'sé’ge“@é@gﬁ%ﬂg@)égr?cg%rfj’é'ﬁtOgr%o'%%@gtd g% %@?Z?E{ 1§T§E‘§<’arrpl es
of suitabl ef App.tHulwh. $einarispBeEso-8ePe0e)dE! , 1 ipheel]-4,4 ithist, layd ohetengne
tris-mercapt Oﬁ@?ﬁi onate, trinethylol propane tris-mercaptopropionate 20
(TMPTSH), S ret'fyl ol et hane tris-nmercaptoacetate, and trimethyl ol propane

tris nmercaptoaacetate @uyeEe@kainbicsbloineaptdhndenale} diftnétivathybehpto
propane tri

(11- nercapt oundecate). referred trithiaol .|
Pr het hg1 of pibpiamarathay sitnaraa pebied Bh Pt arand ote® o Tisristnd
suitable t %ér@éﬁ#élﬁWy@ﬂﬁc&p%E?l%@rcbﬁ@h}kﬂmeﬂ%lﬂtc@%wdﬂ% tinedreai@S etteneaser capt o

ropionate, pentaerythritol tetr cetate, and
Ben'to athrit 6@5@@?@@%@%?% P%ﬂ%a‘gg%?%&f

Examples of suitable trithiol functional compounds include,
trimethylolethane tris-mercaptopropionate, trimethylolpropane tris-mercaptopropionate
20 (TMPTSH), trimethylolethane tris-mercaptoacetate, and trimethylolpropane tris-
mercapioaacetate glycerol tri(11-mercapioundecate), trimethylol propane tri (11-
mercaptoundecate). A preferred trithiol is trimethylolpropane tris(2-mercapto-
propionate) TMPTSH.
Examples of suitable tetrafunctional thiols include pentaerythritol
26  tetramercapto propionate, pentaerythritol tetramercapto acetate, and
pentathritottetra(11-mercaptoundecate)
Examples of multifunctional thiols having functionality greater than 4,
include polythiols as described on p. 7 of WO 88/02902.
Multi functional thiols can be obtained by reacting thioalkyl carboxylic
30 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 muitifunctional thiols are obtained using thiol



Exanpl es of nultifunctional thiols having functionality greater than 4,
i nclude pol ythiols as described on p. 7 of WD 88/02902. Multi functional
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are obtained using thiol WO 2004/101649 PCT/ N1, 2004/ 0003-13 -7 carboxylic
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functional i ticular about 2 or higher.
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and at |edst one en nati ng grou erei n conpound cont'ai ns at
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least one hydrogen donatmg group, wherein compound (B) contains at least two skeletal
bonds between the ene group and the hydrogen donating group.

20 The term “hydrogen donating group” as used herein refers to a hydrogen
that is able to form reversible (inter- or intramoiecular) physical interactions with another
atom or group. Examples of such physical interactions are hydrogen bridge forming or
hydrogen donating ability. The hydrogen bond donating species is the most influential
species since in most examples this is the lower concentration i.e there are many G=0

25  hydrogen accepting species in the system. Preferably, said hydrogen donating group is
selected from the list consisting of hydroxy (OH), amino {(NH, NHy), SH, carboxyl ~ eg
COOH, COSH. More preferably, said hydrogen donating 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

30 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 skeleta) 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-

35  ethyl group.



selected fromthe list consisting of hydroxy (OH), amno (NH, NH2), SH,
carboxyl - eg COOH, COSH More preferably, said hydrogen donating group is
OH or NH. r erably, said group can be derived from.

(carabarrat\%)j zg(r}‘gﬁ%?bi nverted urethanes, an urea group, aﬁ%g’%ﬁé‘?@‘?’gﬁp,

t hi o-uret hane, thiourea, isothiourea, h§droxy 30 esters, hydroxy and the

| i ke. Most preferred are urethane groups. The skeletal bonds may contain
atons selected fromthe group consisting of carbon, oxygen, nitrogen,

sul fur, phosphorous, boron or silicon. Preferably, the skeletal bonds are
carbon bonds, such as, r.exanpl e r oM 8ons ke.
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Q her {1 ghgbmadielRoNdeaskaivhs of tignes tth thalivenelg bejost ohexadi ene,
cycl ooct adi ene, and hetero atom anal ogues of the 5 atom 15 ring given above
may al so be u Cyclic enes that result fromDi els Al der type additions
are preferrg puUi t abl e di enes whi ch can be used include cycl opent adi ene,
cycl ooct adi & hexadi ene, furan, thiophene, pyran. The above nentioned

di enes can bé feacted to result in cyclic enes 20 by addition to
unsaturated groups like (neth)acrylates, fumarate, naleate, itaconate,

ene or oup Bheoapia & ) Ear B0 b L Ref TR et QpyP g condiengy el L

structure eg cyclohexadiene, cyclooctadiene and hetero atom analogues of the 5 atom

15 .ring given above may also be used.
Cyclic enes that result from Diels Alder type additions are preferred,

Suitable dienes which can be used include cyclopentadiene, cyclooctadiene,

hexadiene, furan, thiophene, pyran.
The above mentioned dienes can be reacted to result in cyclic enes
20 by addition to unsaturated groups like (meth)acrylates, fumarate, maleate, itaconate,
maleimide, crotonic acid, and other electron poor double bonds.
The eyalic ene group of compound (B) can be obtained in a variety of
ways.
According to one preferred embodiment of the present invention, the
25  compound (B) is obtained by reacting an oligomer (B1) with a cyclopentadieny] compound
(B2), wherein (B1) is a urethane (meth)acrylate oligomer, comprising a (meth)actylate
group, urethane groups and a backbone.
Another preferred embodiment involves pre-reacting hydroxyalkyl
(meth)acrylate with a cyclopentadienyl compound, and subsequently reacting the resulting
30  product with a polyol backbone and a polyisccyanate, 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 nent of the present invention, the
25 conmpound (B) is obtained by reacting an oligonmer (131) with a
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1 temperature of from 130°C to 260°C.

The (B1) a urethane (meth)acrylate oligomer can be prepared by
reacting
(i)  apolyol,

(i) a polyisocyanate, and
20 (i) an hydroxyfunctional endcapping compound capable of providing at least one
{meth)acrylate terminus.

Examples of suitable polyols are polyether polyols, polyester polyols,
allyd polyols, polyhydrocarbon polyols, polycarbonate polyols, polycaprolactone
polyols, polyhydroxalkanoate {like polylacticacid), acrylic polyols, polysiloxane polyols,

25  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

30 these polyols. Any of random polymerization, block polymerization, or graft
polymerization is acceptable. Examples of suitable polyals, polyisocyanates and
hydroxylgroup-containing (meih)acrylates are disclosed in WO 00/1 8696, which is
incorporated herein by reference.

The polyols generally have an average functionality of about 1.8 or



Exanpl es of suitable polyols are polyether polyols, polyester polyols,
al kyd pol yol s, pol yhydrocar bon pol yols, polycarbonate pol yol s,
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di - or pol yisasy, I I [,18696 d_hydr oxyl
gr oup- cont air ni ﬁg@?@nﬂﬁﬁ%%"gf a@%atgﬁ@g%é P%Mnglghﬁg) %!?Péj?glﬁgé'%@ﬁgﬁﬁ‘go’c an
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10 isocyanatgp | Ik |, i /anat e. an out ' 0.1 to about
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ﬁr gup- c;)nt @fmnﬁgﬂqu@g@lﬁ\%]aﬁhwf%ﬁ@xwrmom'mdludé?in %B@fo@;q)ﬁi val ent of the
ydroxyl group include e
hydr oxyal kgié,mst h'% acryl a%%?aoﬁ%hgy )répti(‘s/%fk@g%%tﬁ%ﬁﬁatﬁyw%%%'t'?ﬁ/?g Bk at e,
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ydr oxyr o vdr r ate, is S ossi ble to use
bi s hy%roxggtrwp?rgﬁfpela? i I}r? or e@%}é’y&r@éﬁ%}et@ﬁ qlgo 8?@%? g%gﬁ%éiﬁ'ns. In the
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cobal t napht henate, zi - - N- in dilaurate,
triethyl anine, and tri gfﬁ%ﬁ%%%@ﬁ%ﬁhﬁeg?%?%Bﬁﬁﬁ??’?t@t%%téﬁ%%oﬁés CEPEsual |y
used i n annhaphthenate, cobalt naphthenate, zinc naphthenate, di-n-butyl tin dilaurate,
triethylamine, and triethylenediamine, 2-methyltristhyleneamine, is usually used in an
20 amount from about 0.01 to about 1 wi% of the total amount of the reactant. The
reaction is carried out at a temperature from about 10 to about 90°C, and preferably
from about 30 to about 80°C.

The number average molecular weight of the urethane (meth)acrylate
(B1) used in the composition of the present invention is preferably in the range from
25  about 300 to about 20,000 g/mol, and more preferably from about 500 to about 10,000
g/mol. The number average molecular weight of the urethane (meth)acrylate is
preferably higher than about 1000 g/mol if the resin composition is to be used in
compositions with a low modulus (i.e. < 10 MPa). If the number average molecular
weight is farger than about 20,000 g/mol, the viscosity of the composition becomes
30 high, making handling of the composition difficul.

The synthesis is known in the art, and can proceed via several steps. For
exampte, via a convergent synthesis in an outside-in approach with reaction of
disocyanate with hydroxyacrylates first followed by addition of polyo} or divergently via an
instde-out aproach, wherein a reaction of polyol with diisocyanate is followed by reaction
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(B-A)

Compound (B-A)

A compound (B) which further comprises polythic! functionality [i.e.

20  compound {B-A)] can be made in several ways. One skilled in the art can for example

react cyclopentadiene with a compound comprising one or more ethylenically
unsaturated groups and one or more thiol groups. Another suitabie way comprises
reacting first cyclopentadiene with e.g. hydroxyethylacrylate, and thereafter reacting
this addition product and a metcaptoalkyl alcohol with a multifunctional isocyanate,

25  preferably three or more functional isocyanate compound. For example a three
functional polyethyieneglycol {like the hydroxy terminated 3-arm PEG (P2223 aor
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% moles of the addition product of cyclopentadiene and hydroxyethylacrylate. A

30  diluent with both a mercapto and a norbormene 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

35  a cure initiator. Compositions formulated for UV-vis or thermal cure will desirably
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Conpositions fornulate el ect be curi o not require 35 a
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strong em s)gf%l}r@ Cge t%rg@%pgjq%ft%%é}%pm %\t&eg i %D%ré Iréf]grrlaé(j:rgrgrml ecul es 2002,
35, 5361- mﬁ)matmtjsw‘mQrsnor@fphmlietlmmaxaslsd@@cﬁfmmtﬁd n EP0618237. The
photoinitiator (C) is enployed in an anount effective for initiating 10
cure of the forrrul atl on, typi cal ly ranging fromO0.1 to 10 wt.%relative to
the total Wwartgé ) pncl @ikeés i on, preferably fromO0.5 to 8 wt. % rmre
prefer dfrom1t05 9 g‘&n;% I

may al i% be enpl oyed. u?t{fﬁ{%lr conp%dn(ag?%ﬁ%+5 !¥|@§Oﬁ %gér{?m\:‘g ene
conpounds  (weyBe mserﬁmathe;pc@)poeﬁlonmeapuaef@gntoflab@ehfﬁ Wbt orregrethseigra®dent in
the conposLLan 4 fhoan, r%BPéSWiorQ re’;}?l%%é/ a'r:bow % Qo B orB! SI&! AbleYpre 10

Wt % or moré&, nore preferapl nore, even nore preferaly
about 30 Wi.% or more and most preferably about 40 wi% or more. The thiol-ene

compounds [A+B+ optionally C] may consitute the entire composition, but can also be

20  present in an amount of about 99 wi% or less and often will be present in an amount of
90 wit% or less. The amount is not critical, and can be about 80 wit% or less or about 70
wi% or less.

Besides the thiol-ene compounds [A+B], the composition of the

present invention may also contain other oligomers or reactive diluents with one or

25  more ene groups capable of reacting with thiol groups. Oligomers with ene groups are
for example norbonene functional compounds, for example norbornene functional
alkoxylated bisphenol - A, norbornene functional polyesters or norbonene functional
polyethers. These oligomers can be made by addition of cyclo-pentadiene to acrylate
functional oligomers, other than the oligomers rendering such addition product an

30  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.

35 Other types of oligomers can be present as well, such as for example,



about 30 wt.% or nore and nost preferably about 40 wt % or nore. The
t hi ol -ene conpounds [A+B+ optionally C] nay consitute the entire
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reflectlve 1 ndex a Reactive diluents nmay be present as well. In
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stabilizers i ncroporated herein by reference, are
non- aci di cconsisting of a free radical scavenger, a hindered phenolic antioxidant’and a

hydroxylamine derivative. Examples of suitable alkeny! substituted phenolic

20  compounds include 2-propenylphenol, 4-acetoxy styrene, 2 allylphenol, isoeugenol, 2-
ethoxy-5-propenylphenol,
2-allyl-4-methyl-6-t-butylphenol, 2-propenyl-4-methyl-6-t-butylphenol,
2-allyl-4,6-di--butylphenol, 2-propenyl-4,6-di-t-butylphenol and
2 2'-diallyl-bisphenol A, suitably at levels of 500 ppm — 5000 ppm by weight of the

25  composition, Preferably the alkenyl phenolic compound is used with a N-
nitroarylhydroxylamine salt, a radical scavenger such as p-methoxy phenol (MEHQ),
and a hindered phenolic antioxidant such as butylated hydroxy toluene (BHT).
Alternatively, the formulation may be stabilized with a phosphine or phosphite
compound. Examples of suitable phosphine compounds include triphenylphosphine, tri-

30  p-tolyl phosphine, tri-m-tolyl phosphine, tri-o-tolyl phosphine, dipheny! (p-tolyl)
phosphine and cupferron. Examples of suitable phosphite compounds include
triphenylphosphite. Alternatively, the formation may be stabilized by cathetol, pyrogaliol
and propyl gallate.

The composition can contain an adhesion promotor, such as
35  mercapto alkoxysilanes and Diels alder adducts of the acrylated alkoxysitanes as well



15 nitroso conpounds, particularly N-nitrosohydroxylaryl am nes and
derivatives thereof. Alternatively, the formulation may be stabilized with

a stabili Z&% ﬁgﬁ}(ﬁm()conpri sing an al kenyl substituted ph&ngk*gmmmg nd
and one or nore conpounds selected fromthe consisting of a tree radical

scavenger, a hindered phenolic antioxi dddt- and a hydroxyl am ne derivative.
Exanpl es of suitable al kenyl substituted phenolic 20 conpounds i ncl ude

2- propenyl phenol , 4-acetoxy styrene, 2 allylphenol, isoeugenol, 2-

et hoxy-5-p ropenyl ph enol, 2-allyl-4-nethyl-6-t-butyl phenol,

2- propenyl - t - - - -4, 6-di-t-butyl nol , .
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common org 'ar}ﬁg i e.adhesi on, pronot ers. Mechani.ca
properties Q%]? éti{ﬁgé{:url ed y%%@%ﬁ%@ﬁ%&tiggh&‘w VWW?PW%B? 8L8S PATRIEE. The

modul us ( EMataral. Reterably the comppsitioreis Uset weerprindy 20Mpay. or higher, up to 4
oxal o a hi b cur o spoS BT HES teh SR Bt ci A Prot G A cGROMSTUI U
(100- 2000 WPapdisealy eiterrapirerigihepnadperdasss Gehkelly,itWpoodBthsudrbiapphidy, ensi | e

b oduct s mhy 0 RelFRY AT Bt e e B egece o
pr ef er abl y haigler tesiremprmcandarg chetingeen tsOpanalykoatity. Hdvevepniesisol pzsefe t he
Becol or ed o iog N ot B il B ecronddenh Boul: Zh MR pr i mar y
or secondafijere ganénatly awscambipekindemposiridioes euctass aatmes.[Caples may
comprise individual fibers, or fiber ribbon structures. The optical fiber ribbon generally
20 is made from 2, 4, 6, 8 or 12 optical fibers, generally arranged in a plane, and bonded
together with a so-called matrix material. Several ribbons can be bundled together
using bundling materials or encapsulating matrix materials. Further, individual fibers
often are provided with a coloring or ink layer to be able to identify individual fibers. In
certain cases, the individually coated fibers that have a thickness of about 250 um ate
25  provided with a further coating layer to make a thicker and thereby more easy to handie
fiber. Such a coating is denoted as an upjacketing coating. All of the matetials
presently in use for these applications are preferably radiation curable compositions.
The primary coating serves as a buffer to cushion and protect the
fiber by refieving the stresses created when the fiber is bent, cabled or spooled. Such
30 siress 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 moduius 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



material. Preferably, the conposition is used as a primary coati ng.
Commonly, glass optical fibers are provided with protective coatings

i medi at el y, Qi nning the nolten glass. Cenerally, tyo. i Nas..are
appl i ed, a‘x"%@&ﬁ"i"?ﬁ?ry coating of a relatively soft, fl ex'}(kgﬂ/ggﬁjégp@%”

directly on the glass surface, and a harider resin, a secondary coating, on
the primary coating. However, it is also possible to use a single coating
instead of a primary and a secondary coating. The individual fibers
generally are conmbined in |arger structures such as cables. Cables my

conprise ingiyi df.lber r_ fiber.ribhon.structures, The optical fiber
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denot ed as (ﬁfﬂ?cﬁ‘%eﬂﬁge“ ng coating. Al of the materials presently in use

for these applicatidns are preferably radiation curable conpositions. The
primary coating serves s useiftiiepresentiistimed endppsiniresd a bhmary tdging by

relieving the, 4 fiber is bent, cabled or spooled.
Such 30 stresbzﬁer% g ts %(])1"[% h@?év&?agﬁﬂ’%ﬁl?ég?#ﬁ%m&%’ﬁai Wé”%?e‘fwgh ?irB@F'E‘*ﬁ%H@hcause
att enudfi ofued spawd. | i ght travel ling through them resulting in inefficient
signal transm ssion. Wie i.cal. fiher re coated with a primary coating
material having an equil |rébcg}|m r%%@r‘ﬁamadgf“‘éﬁefabfo‘&ﬁd 2 S%f%o@?o%? HeY, the
transm ssi ¢Hot icafiort. he optical fibers may increase because of decreased

ot 055 e 200 HSRALAAY DR IR A Becs 5 npe
or |ess) i#0omsseefesirlayeedntegtly lasinatad byrepating acaes bhesiemb/eriidldiating
for curanl &g L o PR s B P P SEH Sro b st o) By Peton Ko,
i denti fi cati®d®,330br poses) for optical fibers is to have a cure speed that
oot om 51 oes 4 uno. 238868 QR A Pk ol oS ™
wi t hout saéta Ph@tpﬁlg“abﬂaee&ih@nm@abitiam(h ipihaaietial) iphopesd ieselofivblye cured
combi nos cueeltenPn Lo8 sREPaE I eyl EERL i B e aaeed o0 i rRedo tte e
rel at i2fel yelipghesin layer having a specified pattern. Then, an uncured layer of a resin
composition is provided over this cured resin layer and the liquid surface is selectively
irradiated to form a new cured resin layer integrally laminated over the cured resin
iayer. This step is repeated a certain number of times using the same or different
irradiating paiterns to obtain a three-dimensional object consisting of integrally
25  laminated cured resin layers. The object preferably is washed with a washing agent to
remove excess resin sticking to the surface of the object, and the object preferably is
postcured by for example UV or heat to further improve the mechanical propetties of
the object. This photofabrication has attracted considerable attention because a three-
dimensional object having a complicated shape can be easily formed in a short period
30  of time.
In stereofithographic (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.



10 cure speed. The conposition may further be used in stereolithography or
phot of abrication. In recent years, photofabrication of three-dinensional
obj ect s maﬁ% fured resin layers integrally |amnate ﬁp ting a
step of selec Olr)“\[//g y&i rridiating 15 a photocurable resin g(o )45%?)?@@’%4 as
been proposed (see for exanple U S. Pat#ht No. 4,575,330). A typical
exanpl e of such photofabrication is as follows. The surface of a

phot ocurabl e resin conposition (a liquid material) in a vessel is
selectively irradiated with Iight froman ultraviolet |laser and the |ike
based on CAD data to f i i sReehid

pattern. Then, an uncu%g"lqa%oi@?&’mo‘ﬁgC%ﬁ??n%bk@%%pg@?%{ir@%@ss (g?ovi ggg over

t hi s cur ed MRes iwith| sangeativelp dighteeralin ajuirdalsand sicessi a bsake otekinglthese prediitat ed t o
forma new_cur r esi rdnt | a4 . d resin
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for exanpl : r i ) Cgﬁﬂ! r rties of the
obj ect. Th?ge%?%gp)gg]r%ir@%th%ﬁﬁélﬂjzépgﬂggr gf\éi & gloér% era%ﬁ'gng’tﬁ%ﬁtj on because
a three- dbreaditonedplibjeatosiavenep ebleioap) dlsaskal sisafiieictdinlovestsinépgs: f or ned
in a short period 30 e, ln L Lhogr | ; ; ization)
applications, it is i ngopééar%e tfe@l %ﬂ%ﬁ?’ﬁ%ﬁ@%‘ﬂﬁ%ﬁﬁ%&%"ﬁ‘:t%?’f‘ g%yiﬁage
and not® i epiatiandddyinwptidareledit apisatonsHatch aaGBeodlingn DMbadhsfsiverb

fabri cat edr@s%ft@%'igé%oﬁ%ﬁﬁgﬂ&g.i ons of the present invention have excellent

properties, 1 Ow shri'nkage, conbined with good materi al
properties. WD 2004/ 101b4HhePTTe Niql20040000318NSs oflibe Queasat twemissi 1AYAS can

be obt ai ned .wi . : . 100- 2 MPa, with a relatively high strain
at break aﬁ‘éfmsbw%%éﬂg%wﬂﬁggﬁ&m %pﬁg£ h&se products particularly suitable
as functional prototypé&stth@htecbivpbessd coropositrerd irgpresenttisvention 81y may
al so be_ used, for rapid n r 4 P ably, the thiol-ene
conpositi oﬁ%'t%)f?y g%eé)p]BPg@%féo%ﬁbg&??%Hpa;br%eg&stﬁgrem ltyocéjggtqﬁl}ée)f with high Tg

nmonomer s, ol i goer s andirkily, er thidlentwotipesitipnpeidhe peesenbinverriipaganttife basi c

mechani cal 8 %er%ééigéﬁ c%gti%dgeasttn-éf Iwé\?é]ﬁeca%qgﬁ%é bPR% to;{igﬁy due to avoidance

of toxic acrylates. Such thiol-ene products also show improved compatability with
biological tissue. For medical coatings it is preferred to use compounds with both thiols

20  and compound (B) functionality.
The invention will be further elucidated by the following examples

and test methods.

Examples and Comparative Experiments

25
List of abbreviations used:
PPG2000 is polypropylene glycol having a molecular weight of about

2000, supplied by Bayer.
PPG4200 is polypropylene glycol having a molecular weight of about
30 4200, supptlied by Bayer.
PTG-L 2000 is 2000 MW poly (tetramethylene glycol) with 5-15% 3-
methyl substituted PTMG to reduce crystaliinity from Hodogaya Chemical Co. in Japan.
IPDI is isophorone diisocyanate
HEA is 2-hydroxyethylacrylate
35 HPA is 3-hydroxypropylacrylate (Aldrich)



stereolithographic conpositions, so obtained, also show a sufficiently | ow
shri nkage. Further, the thiol-ene conpositions of the present invention my

be 10 suitab S in optical nmedia applications (such as_ coat i.ngs,
DVD adhesi%@s%o?{“ﬂ'r'g@ul ting in a good adhesion. Further, t%e”%ﬁ?%’r”f"i(ﬁésg

conpositions of the present invention fHy-be suitably used in 3D ink
printing applications. Further, the thiol-ene conpositions of the present
invention may be 15 suitably used in powder coating (UV curable or
thermally curable). Finally, the thiol-ene conpositions of the present

i nvention can be used6_i%{?r?gg“%@%xygg@?ggp}g%tﬁafg\[dgigﬁ)y have the advant age of

| ow toxicity due to av ates. Such thiol-ene products
al so show i nproved conpdt ahbiokidryerd t h - bi ol ogi cal tissue. For nedical

coatings it is preferr eﬁ%,ﬁ)\gﬁf@ﬁﬁo@%@q‘)%@ﬁ%ﬁ@%ﬁ*P&BFWEHEO' s 20 and conpound

(B) functionality. The 10N~ Wi er eluci dated by the
foll owi ng exanpl es andGEéts putchdasateExattpnesiiramidorGengar at i ve Experinents

25 List_of abbreviatio PP i r ving a
mol ecul &r  wei ght of abgﬁd’tﬁ‘?@%ﬁ'ﬁggﬁ%@O@%‘%ﬁ”ﬁ@ﬁ‘&%%’é@ér‘%
pol ypropyl ene gl ycol hawmiN & trimktyild@opaes gihtrbofnetequiepiod@e4200, supplied
by Bayer. PTG L 2000 is_ 2000 . pRl t | col L S 15% 3-
rnet hyl substituted PTE;@a{;%rer1§%ﬁs€@y&é?)§y§)}ghﬂg§§l%ew%%%dg a?ﬁg” lem’ cal Co.
in Japan. sufbledity Ciba@ednone dii socyanate HEA is 2-hydroxyet hyl acryl ate 35
HPA is 3-hydroxypropyl , ?{ : 4 2004/ 000343
-17 HBA i s 4-hydr oxybumﬁ%ﬁﬁ'@]@ X’O?fm)g%@ 1%%% %ﬂc(r%é&b@lpﬁgﬁé DN is
et hoxyl @t etheoirstighemolecAadivaigtthddh eupplicRCONAIMECpol Fremsidreamaioar et hane
dinorbornene 5 TCDDVDN-ig obfil p¥lBhithifor a1 FIREAHY- UREA2NGte) HnBBFRO4NeNe

molecular weight 937.5), Is made by esterification of pentaerithritol with 11-mercapto-

undecanoic acid. These are higher molecular weight multifunctional thiols and they are

useful for applications where the elimination of the odour of thiols is important, e.g. for

15 use in stereolithography.
PETMP is pentaerithritol tetrakis (3-mercapto-propionate) supplied by

QOtto Bock.
ENPA is ethoxylated nonyl pheno! acrylate (SR504), supplied by
Sartomer.
20 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

25  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

30 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 trinethyl ol propane tinorbornene propionate Irgacure 184 is

hydr oxyl cycl ohexyl phenyl ketone, a photoinitiator supplied by G ba Geigy
TMPTSH i s | propane tris(3-nercapto-propionate),,, . ot j cal
nmol ecul ar ‘\a/\//eliéﬁ%néég supplied by Aldrich or Evans Chenet} cég'jl‘t\lﬁ@;—(ﬁ%gs
Pentaerithritol tetra(ll-nercapto-undecthate) (theoretical nolecul ar

wei ght 937.5), is nade by esterification of pentaerithritol with 11

- mer capt o- undecanoi ¢ acid. These are higher nol ecul ar wei ght

mul ti functional thiols and they are wuseful for applications where the

el i m nation, of t.he dur of h| Is = Ptant e.g. for 15 use in
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heat ed to POBSphoRYqESHPR WBAMONIGIRY k¥ 'E’y%ﬂes%%ﬂoau?@ﬁéi ?“&%QP%%@E‘@

por ti onwi S@eakd £0M3k e 08 PH e PaREIH NAFCheRaIEReh it M@éppﬁéﬁirérw@tcﬁd Wit h
a b.p. 40-42C, in a 30 cool ed receiver, Erotec ted from noi sture.

di cycl openPaakebrionkls asadels nipions ¢t 567 1R ASTMREMIoRTaSE EVEPREKAURRS Bth he

di mer; 44 he jeapREal Whvak bfyhﬁo&&?ﬁ a0k atﬁ@d@pz%au&tl B{EIAOOP) btewis%l mesy @yove 42C
when addltlon is too rapid. The diene d ITEI‘ISFS re

t enper at ur &C) Wéﬁf’c@t@‘ﬂe%@*%@*’é’au?trﬁ%dqeaf%h%f Roified 549&{651")/ pPW& biyccggt%%‘a?tt ment

of a refrig I h 2005 2803 4dhent 18
Synt hesi s o?%rz&gogxﬁ %eﬁi ﬁ_ﬂ%?l%gyéﬁéﬁggﬁﬁéﬂﬁggé&ldg%é% 99 nol) 2- ﬁ;droxy

et hyl acryl dete qfFEEAR ares' HNMR was Qweﬂlﬁ’ﬁ@@ neck round bottom flask under
nitrogen aEFREARELCom™ S da97 hlarbRyl0i781 fesfer@@monah enfalddUible bonds of

15  norbornene)
1H NMR (CDCI3, ppm): 1.34-1.53, 1.93 (Exo), 2.27 (Endo), 2.90-3.22(protons belong
to norbornene ring except double bonds), 2.65 (hydroxyl) 3.66- 4.21 (protons which are
not belong to norbornene ring and hydroxyl), 5.91-6.19 (protons of norbornene double
bonds)

20

Example 1 Synthesis of a PTGL 2000 urethane dinorbornene oligomet

An acrylate oligomer PTGL2000 urethane diacrylate (made from
PTGL2000 diol, IPDI and HEA) 21.4 g (0.008 mol) was dissolved into 15 mi toluene
and stirred at 40°C under a nitrogen atmosphere in a 250 mi three-necked round--

25  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

30  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
helow
FT-IR (neat,cm™): 1722 (urethane carbonyl); 3061.1, 712 (double bond of norbornens)
"H NMR (CDCls, ppm): 5.93, 6.12, 6.18 (endo and exo hydrogens of norbornene



freshly cracked cycl opent adi ene was added drop-wi se to HEA. The reaction 5
tenperature was kept under 50 C during addition of cyclopentadiene. The
reaction s then slowy heated to 85 C and nain S
tenperature forhﬁngﬁ hours. The reaction was nonitored b ﬁﬁgﬂgﬂg%®w%g%opy
(the di sappearance of acrylate peaks at91634 cmi and 810 cm 1) and 'H NWR
nmeasur enent (the di sappearance of peaks belong to acrylate protons at 5.77
to 6.39 ppn). Excess cycl opentadi ene and 10 DCPD were renoved by vacuum and
a crude product (HEA-CP) of 97.5%purity (by GC) was obtained. This

pr oduct ca%ngaegg@%ger purified t098.55% purity by distillation at 81-82
C, 0.4-0.5 yield of the distilled product is 90% The neasurenent
data of FT-1R and 1H NVRewaspgiveéro belabned cBT-beRreprissatied bithe following

3447( hydro I§Maﬁ%ﬁ%t§§ster carbonyl ), 714(doubl e bonds of 15 norbornene)
1 H NWR ( .~ 1.34-1.53, 1.93 (Exo), 2.27 (Endo), 2. 90- 3. 22( protons

bel ong to nor bor nene ring xce t doubl e bonds) 65 (hydroxyl) 3.66- 4.21
(protong iC arce not beI nor bor nene rlkhg and hy ¢l xy ) 5.91-6. 19
(protons of u Nex— ds)_bazeorem ?G,HQ:N TGL 2000
ur et hane di orn e|ol i gomer acryl ate ol gorrer

diacrylate (rmade fr "PT&.2000 d)ol | PDI and HEA) 4 '(0 008 m)l) was
di ssolved into 15 mM toluene and stl rred at 40C under a nitro
at nospher e wherein 2BMaskberty is & THHA068, X dudeiives fioat Féthend askausdful p d with an

efficient
Cher momot ef SMEORCas & HESRRR AN REGES §§4€a%%%'§”f%%@%ﬁéﬁﬁ?@(%%24 ol 3
equi vall@nt s§t>nm/asn6h\dtﬂé}@ furtlogywetserehto ai TG ﬁo@i(l‘ﬁl%1HEAFh’§)z eaction
tenperature was then raised to 80C and stirred for about 16 hours
(overnight) FlnaIIy, excess cyclopentadlene and di cycl opent adi ene were
renoved ungae 1the D0O9- erinprbonneelimomer to give a

quant  tat i ve yi el Of%ﬁ@tg oygfhng:ﬁeéodbu@hen@%m% (aste fich | owed by

FT-1R and 'H NVMR neasur e the spectrosco aks given _bel ow
FT- I R ( neaPP&R0DD dict 2P Df ane Hirdnes deaonbwln)us 0833775072 D HHAHISMB HAS of

of nor bor néiseSes Sbosy o1 RGNty P gadd < MBS Eu AR R R g oene

ml three-necked round-bottom flask equipped with an efficient condenser, a constant

pressure addition funnel, and a thermometer. Freshly cracked cyclopentadiene
monomer 1.56g (0.024 mol, 3 equivalents) was added dropwise by addition funnel,
then the reaction temperature was raised to 80°C and stirred for about 16 hours
20  (overnight). Finally, excessive cyclopentadiene and dicyclopentadiene were removed
under vacuum (0.5-2 mbar, below 70°C), and a slightly yellow resin was yielded
quantitatively. Analysis of the reaction mixture by FT-IR and 'H NMR measurement
showed the conversion to be complete.
FT-IR (neat, cm™): 1722(urethane carbonyl), 3061.1, 712 (double bond of norbornene)
25  'H NMR (CDCls, ppm): 1.15 (-CHCHa), 3.4 (-CH;0), 3.567 (-CHCH,), 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 o
30 i O IL—X“"(l\l O __ backbons_ O EiJ—X"rl\l O %
R0 S Sl GRS i [ RS
_4n O o O Q 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



The conpound so obtained can be represented by the follow ng chem cal
structure: AQO /NX-N /O -backbone OY" XNf \ /O 50l I I I r o [//]
LVY n 10( ( wherei n the backbone is PTG2000, X is. i rom

| FDI and néngt(}gﬁ/fs?”%o The conpound has a theoreti cal nurrb[g('r]qgiiieﬂy}gg"e"g“{]’
nmol ecul ar wei ght Mi of 2809. The 10 cé@¥pound will be further referred to
by PTGA.2000- (I PDI - HEA- NB) 2. Exanple 2 Synthesis of PPG 2000 uret hane

di nor bornene ol i gomer Acryl ate oligoner PP&000 urethane diacryl ate (nade
from PPG&000 diol, IPD and HEA as described in US-A-5837750) 21.4 g
(0.008 nol ' Ny L kol uene and stirred at 40C under a
nitrogen a{uﬁﬁ@@é&e&%ﬁeoﬂh%&%ﬁ&?@oﬂ(ﬁlﬁtr)lég_ﬁ?ef\é%)é.d round- bottom f | ask equi pped
with an efficient condenser, a constant pressure addition funnel, and a

t her momet eE;garﬁél%%h%%;tﬁésﬁcgf%ﬁ\ﬁﬁgﬂB?é}fﬁ_}%. '&H&Po%ﬂg%‘ﬂ&%@emg (0.024 mol , 3
equi val ent ; the reaction
t enperat ure was rai sedTheofPMarnd Fxtimpleatlisfrveparbd i theGahwuway 29ior

i ght ). i | . . di ) di
(e " kb, oerPEREPRG g GLORTALERLEAS ARGCGISUBPIALEL ene ver e

renove revacuum mbar’, ~ bel ow yellow resin
was yi el decompuantsa cttiived gan basdyssanted by the sasacthiconcalistiugiuee By IFFD | R and

"H NVR LNt -' ¢

cnt) 170 N ERaEE AT b SRRERkBbEs Fr @ RaRe s hupd FomirbleAk

1H NVR ( CD&tidals pph)e catmpding-hasi@HBepredcal nUnDER @)grage Bplgculgnagight Mn o5~ 6. 12,
6. 17(end . Th d

bt at ned a0 e Pl BBl oB e B ERROROS I BIRIERMERL | C S el CH H MoK O
30 OYNX-N~O . _backbone__OY NNX-NM /OO &xJ O O O 10T nl17 1\/I wherein the

backbone | Exgxﬁ%gpg\znﬂﬁgsjissof%eﬁbé%ofo.rﬂ@hlaﬁghin%fﬂg?qﬁ;?er?/ WRbfhe}: The —conpound

has a t heoretrtat—nunber average norecur ar- we ' of 2809 and will be WO
2004/ 101649 PC T/ N1, 2004¢ 0la@843 of EXempier4 lsqrrepared it g seoneoyay as for

CF;IP %?88; (nleggéﬁ&yfgg) %%e%‘c i AR € RPN ORSI N, TRRGoARRRnH 8 dheIfed can‘
be represented by the same chemical structure as given under Example 2, but wherein
15  the backbone is PPG 2000, X Is derived from IPDI and n equals 2. The compound has
a theorstical number average molecutar weight Mn of 2823 and will be further referred
to by PPG 2000-(1PDI-HPA-NB),.

Example 5 Synthesis of a PPG 2000 urethane dinorbornene oligomer
20 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 theorstical number average molecular weight Mn of 2837 and will be further referred
25  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, condenset,

80  addition funnel, water bath and heating mantle. Then, 31.78 g of the HEA-CP adduct
were added drop wise to the mixture white 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 polyot (a random copolymer of
hexanediol and triethyleneglycol, number average molecular weight is 908, supplied

35 from Hodogaya) was added to the reaction mixiure and stirring of the resulting mixture



The oligonmer of Exanple 3 is prepared in the sanme way as for 5 Exanple 2,
except that PPG 4200 diol is used instead of PPG 2000 diol. The conpound
S0 obtain wepresented by the sane chem cal struc i

under eﬂOﬁﬁg“pﬁﬁ% wherein the backbone is PPG 4200, XZ%§LSE?E@@%%$?om

| PDI and n equals 1. The compound has 2d -t heoreti cal nunber average

nol ecul ar wei ght Mh of 5009 and will be further referred to by
PPG4200- (I PDI - HEA- NB) 2. 10 Exanpl e 4 Synthesis of a PPG 2000 uret hane
dinorbornene ol i gomer The ol igomer of Exanple 4 is prepared in the sane way

as for t ha gﬁﬁa ound so
obt ai ned c‘é’ﬁ cg%quggif%re%ﬁ?%aaE@k%Prﬁbérgtuﬁégp%} ﬁﬁicgﬁgw?\ %uc ‘?Eggatgﬁé\:gn under
Exanpl e 2, rdagtionvives ebmplkied Wieerbike kinoment obreRRG 200 anMesvaidrdl 9w - T Sth | PDI
and n equal Sﬂ%}g The conpound has a theoretical nunber average nol ecul ar

2

wei ght vh 8 3 and will be further referred to by PPG
2000- (| PDI FHPA{NB)i2emEx anpl air&hSymtirbsng); G063, FRGI2086 bandohag@ornens).

di nor bar ne 20 T go |, r t he sane
way asq“ffr orwmg&% pp& %hatggEA8;F%£%iJ@& re(% O? Ré@%érrﬁe conmpound
S0 obt ai nedouwtadg botds r§peeseapberdj iyl Hehfertsamefarieerid OplPGEIN.uct ure as gi ven
under Exanple 2, but wherein the backbone is PPG 2000, X is derived from

| PDI and n equal s 3. The conpound has a theoretical nunber average

nmol ecul ar Beirgple Mayrofie2887a ARGLEOOD voethéng tiherborneherdligdmepBy pdding PPG
2000- (| PDI Fi gﬁ@ Ni Bgﬁ Exanpl e 6 Synthesis of a pol ycarbonate urethane

di nor bor ne ' r 38.98 g of isophorone diisocyanate, and 0.16 g of

di butyfgtin dil aurat e wer &hplaantde |ohgcanere%“ﬁft%12ﬁ®0ws’@eheéwn@@d”ﬁﬁ@h a
stirrer, N2 bl cond nd heating
mant | e. %ﬂm 08 Cﬁ‘ﬂ WEP&E%%H%@C@ mbﬁ? c?d%@ dr6&)#%1%\/:@sgfa1 to the

m xture V\hdlbpolsmemaidlelge ¢0001r@é£’| mtb[awaret ank:ietdenﬁoeﬁmmnmlﬁ@ISbwheBIh@iaSKfW@r the
addi tion was .finish ng xtur f

nour s ot 4% 15 A abeatefn paloa 1BO08 TS s el (L U oBp W eleBion
COpoIhyrrer ggterhﬁé@ éﬂ@'ﬂe\&al?odmetﬁwlailreﬁeglltMMPQgggmmd er)amrfseagétcrmﬂhedm ar
weight is e ro a to the xture
and sti&ri ‘6(95{ 'Q”Fz'@gh%t%le Qtpﬁﬁgw%\l\g ﬁgeﬁf,eﬁsl\ﬁf'égg% %@b@f

-21  was C@@ﬁé RHRA el @hddr mum bsaurd eNMPAbaY, HIV@"GqftoE’g'lveQé)@uazhﬁltaumyieldtof mat ed

that the reaction was conp| eted when the 1@ unt | (3 ESS' dual chPéanate was
bel ow 0. 1 %/gljpw resin. The reaction was followed by F and measuremen

the spectroscopic peaks given below.

FT-IR {neat,cm™): 1722 (urethane carbonyl); 3061.1, 712 (double bond of norbornene).
20  'H NMR (CDCls, ppm): 5.93, 6.12, 6.18 (endo and exo hydrogens of norbornene

double bonds).

Example 8 Synthesis of tricyclo[5.2,1.0] decanedimethanol dinorbornene (TCDDMDN)
40g (0.13mol) tricyclo[5,2,1,0] decanedimethanol diacrylate was
25  stirred in three-neck round bottom flask under nitrogen atmosphere at room
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 GP. 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

30  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 guantitative yield of a yellow resin, The
measurement data of FT-IR and *H NMR was given below,
FT-IR (neat,om™): 1740 (carbonyl); 3061.1, 712 (double bond of norbornene}.



wei ght. FT-1R (neat, cm): 1720 (urethane carbonyl); 3062, 713 (double bond
of norbornene). 5 '"H NWR (CDCI 3, ppm: 5.92, 6.17, 6.20 (endo and exo

hydr ogens Qf rpene double bonds). The conpound will ke further
referred t‘%%@g'kw Exanple 7 Synthesis of a PTGA 2000 u'r&fﬁé’ﬁ"é“}a"":’”

di nor bornene ol i gomer by adding DCPD diazectly 10 The acryl ate ol i goner
PTGE.2000 urethane diacrylate (nade from PTA.2000 diol, IPD and HEA) 50 g
(0.037 nol), 0.005 g DBH and 2.6 g dicyclopentadiene (0.0197 nol) were
added into a one-neck flask, then the flask was set into a preheated oil

bath at 1901§NME¥\/FC|§ &%}ﬁer ( r_one was cooled by water; the
upper one was CO0O edeﬁ Ak 5396”(1%5“% %‘qﬁﬁ?chog%ﬁ%o&ﬁgé‘?ge'\ﬁé%@C’Wfrfe[neon t he
top 15 of tHeUWeherddn flask. The reaction perforned for 1.5 hrs, then
excess di cycl opentadi ene were renoved under vacuum pressure (10 nbar,
170C), to give a %uantitative yield of a yellow resin. The reaction was
fol | oned byEXaropls ol-ddeNiRInTTsiion enteimindibi tligorh Beoisheeigl@3copi ¢ peaks
given bgJ ow. FT-1R (neaf, ?P . 1722 ret hane carbonyl); 3061.1, 71
(doubl e ‘bond of nor bor n'E\e’rilﬁe;’ .”3%4’?%? Riﬁ?%”@é%%?' BoyS pg%@?g?g,g)_ylrgl,mr@_t%@
(endo and eRbowipdrnegerss:of norbornene doubl e bonds). Exanple 8 Synthesis
of tricycloflrad > anedi hanol di norbornene (T 409,.(0. 13nol )
tricycl o[ 5, ;,_ 1, 0%0%Q§§g§%F@o| di acryl ate was 25 %’?@%45 Withr ee- neck
round bot t offiméetagRIptargee nsBrogeaptatmgspieeele at room 1.eapgsabuies) 20. 89

(0. 315n01, I?gpa%u?eqlrﬂdyal ent) of freshly cracked CP was aﬁ%ggg?éggw\%se. The
e i &

reaction te rature was kept under 40 C during additi
reacti df mi Nieupelanggiotdienec 4o tudlys hdated to 80 C and nmmintained at this

tenperature for 3 hour T tion i tored I ectrosc
(the di sappearance of 30 act ﬁ‘%ﬁ%%pﬁa%fg@a‘ﬁ%ﬁeé{ ' aﬂ%?@m [%%?If% NVR
measur enentintensiy atdi% appen’ paweREf Rpeses rdnedinthd corasssiticat shopleatzomst at 5. 77

to 6.39 d.b A t i
qaanti ta{) P\r?'éo@@eglc%ﬁ@f@‘gﬁgW%%F&%Eﬁ?@ﬁg%%aw&@ﬁ%%@a%'aoo? | \Ié'el' ?R and ' H

NMR was given below. FT-1R (neat,cm): 1740 (carbonyl); 3061.1, 712 (double

bond ofznonrhg T : NVR ( CDC13i
ppm: 5.93, 6. 5. 0—€ex0 T6gens l =t e doubl e
bonds) . A thiol-norbornene coating composition was prepared, by mixing the

materials as in Example 9, but using [PPG 2000 (IPDI-HEA-NB).] as the compound B.
The composition was cured and tested in a RT-DMA and RT-IR
measurement. The composition showed a very fast modulus build-up when measured
20 by RT-DMA (see Figures 2 and 3). Other results are shown in Table 2.

Example 11 Thiol-ene composition containing oligomer of Exampie 3

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

25  [PPG 4200 (IPDI-HEA-NB),); 20g (94.02 wt.%)
Trimethylolpropane tris(3-mercapto-propionate) 1.06 g (4.98 wt.%)
frgacure 184 0.213g (1.00 wit.%)

The composition was cured and tested in a RT-DMA and RT-IR
measurement. Results are shown in Table 1.
30

Example 12 Thiol-ene composition containing oligomet 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 composiiion was cured and tested in a RT-DMA and RT-IR
35  measurement. Results are shown in Table 2,



Exanpl e 9 Thi ol -ene conposition containing the oligomer of Exanple 1 5 A

t hi ol - nor bor nene coating conposition was prepared, by mxing the follow ng
mat eri al s: b GI7 2000 (1 PDI -HEA-NB)2] 20g (90.45 w.% Trinet h%/l ol propane
tris(3-mertQ'GY P S8i onate) 1.89 g (8.55 wt. % Irgacure H8YNEBY1Y 1. 00
w.% 10 The mol ar ratio of ene to thiadl- is 1:1. The conposition was cured
and tested in a RT-DVA (run at lower U intensity at 1.5 nWcn2) and RT-1R
measur enent. The conposition showed a fast nodulus build-up (see Figure
1). Oher results are shown in Table 3. 15 Exanple 10 Thi ol -ene conposition
containing the oligoner of Exanple 2 A thiol-norbornene coating conposition
was prepared, by mxing the materials as in Exanple 9, but using [ PPG 2000

(1 PDI - HEA- bleds THe- uditBn corfilaini uw cbfxavaglediired and tested in

a RT- DVA an RT-1R nmea .e The conp, h r 1o #@dul us
bui | d-up when neasur edi%éﬁﬁevtnweﬂﬁ/ﬁo? |ﬂgo§ﬁg§ V%\%eaéiras%r\éﬁ %ﬁgﬁ Sesults
are shown ekl & 2. Ex‘émTr@Bebdt]Js'ﬁlgl BPGeﬁ@@Oc{ﬁ-‘rﬁidﬁANﬁja @@ﬁhaphmﬁ@erol i gorrer
of Exanple 3 A thiol- bor nene,.coatin e, by mX| ng
Che 101l owing mat or ald® COBPPRBES davoreran reat Ry So8s %ﬁﬁéﬁ
Tri met hyl ohpespanent. Hes{iBs mmmﬂmabkelannat e) 1.06 g (4. 98 W . Irgacure
184 0.213g (1.00 wt.9% The conposition was cured and tested in a RT- DMVA and
RT-1R neasurenent. Results are shown in Table 1. 30 Exanple 12 Thiol -ene
conposi t i ogxgaplkaidn th!oleﬂnetmjmrosmbnlémahatmlum digameniobExanpledt nene coati ng
conposi ti on d P X|.n tp materials as in Exanple 9, but
usi ng ([ PP&Z2608 afl o L NIGHOY I goner. The conposition was
cured and tested in a Rﬁhﬁmo@nm%cbalmammummﬁpreﬁe@dl by mafirg ®Rown i n
Table 2. WO 004/ 101649 PC1/ 004/ 00 13 Thi ol - ene
conposi ti OW RS agwpi %gr s I‘—_“gﬁ%p%légtag%ihﬁéﬁgﬁ ar bor nene coat i ng
conposi ti omenaptqurepeseade) dxytheitxibhgnipoend.

The composition was cured and tested in a RT-DMA measurement.

Results are shown in Table 1.

15
Example 15 - Thiol-ene composition containing the oligomer of Example 2 with a
tetrathiol

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

20 [PPG 2000 (IPDI-HEA-NB),] ' 10.9 g (91.1 Wi%)
Pentaerythritol tetrakis(3-mercapto propionate) 0.95 g (7.9 wi%)
{rgacure 184 0.12 g (1.0 wt%)

The composition was cured and tested in a RT-DMA measurement.
Results are shown in Table 2.

25

Example 16 — Thiol-ene composition with high modulus
A thiol-norbornene coating was prepared, by mixing the following
materials:

30 [PTGL 2000 (IPDI-HEA-NB),] 1.08 g (14.7 wt%)
EBDN 4.0 g (55.4 wt%)
Trimethylolpropane tris(3-metcapto propionate) 2.01 g (27.9 wt%)
Irgacure 184 0.14 g (2.0 wi%})

EBDN is ethoxylated bisphenol-A-dinorbornene can be synthesised
35  as described in Example 4 of PCT/US87/02618. A film was cured with UV light and



materials as in Exanple 6, but using [PPG 2000 (1 PDI-HBA-NB)2] as the
oligoner. 5 The conposition was cured and tested in a RT-DMA and RT-IR
measurenent.. R |ts are shown in Table 2. Exanple 14 - Thiol-¢e

conpositi or\%'()czéfﬁ?'g}llﬁ)ng ol i goner of Exanple 3 effect of f Vi’lbﬂgff}“{”ﬁ“of
thiol by using tetrathiol 10 A thiol-neehernene coating conposition was
prepared, by mxing the nmaterials as in Exanple 8, but using 1.87 g
Pentaerythritol tetra(ll- nercaptoundecanate) as the thiol conmpound. The
conposition was cured and tested in a RT-DVA neasurenent. Results are
shown in Ta&{m 15 - Thiol -ene conposition containing the

ol i goner of ?g%r}fﬁdééze%\fmé?ﬁj%r' tetrathiol A thiol-norbornene coating was
prepared, by mixing theRéslisdwinmMAEiEchalstes@fly hRRE200abldPD! - HEA- NB) 2]
10.9 g (91.1 wt% Pentaerythritol tetrakis(3-nercapto propionate) 0.95 g
(7.9 wt% Irgacure 184 0.12 g (1.0 ww% The conposition was cured and
tested in a W reldsieereetmposies uith Sicir@odliosn in Table 2. 25 Exanpl e
16 - Thi-ol - ene conposit W th high modul us A thiql-norborne coating was
pr epar eg, by m xi ng theA?rg?lmoo\tfr\??{ae'g%gagmé“fasg:p’%%arfa?él” Qt‘ﬂ)'@&?ﬂ%dP‘JtHEA- NB) 2]
1.06 g (14.i7sterdpf 2 EBONP TR 1985 532612 W% of Jaritamy/ thyiko kdrapam@ensrcapto-

tris(3- ; i 01l 27. 9 | 184 4 2.0
w05 EBDN EORPRA AT Bk A findibste kel ma hitane rbdBE s don bt iolel’ 3s as
described in Exanpl e 4 RésuR€TérySBMAORGII8NsIA Bl avesiauriedaictds ULV | i ght

and WO 2004/ 101649 PCT/ NL2004/ 000343 -24- post-baked at 80C for 2hr.

Results from DVA and tensile testing are given in Table 4.
10 Example 18 — Thiol-ene composition with high modulus

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

materials:

[PTGL 2000 (IPDI-HEA-NB),] 1.59 g (15.9 wi%)

EBDN 4.47 g (44.7 wt%)
15 TMPTN 0.883¢g (8.83 wi%)

pentaerythrito! tetrakis (3-mercapto-propionate) 2.76g (27.58 wt%)

Irgacure 184 0.2 g (2.0 wi%)})

Triphenylphosphite 0.1 g (1.0 wit%))

TMPTN is trimethylolpropane tri norobornene propionate and can be
20 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

25 A thicl-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 wit%)
TMPTN 1.94g (19.42 wt%)

30 pentaerythritol tetrakis (3-mercapto-propionate) 2.79 g (27.9 wt%)
Irgacure 184 0.2g (2.0 wiv%)
Triphenyiphosphite 0.1 g (1.0 wt%))

A film was cured with UV light. Results from DMA and tensile testing
are given in Table 4,
35



Exanmpl e 17 - Thi ol -ene conposition with high nodulus 5 A thiol-norbornene

coating was prepared as in exanple 16, but instead of 2 g TI\/PTSH 1.85 ¢

(26.2 w9, of (Pentaerythrltol tetrakis (3-nercapto- propignat vyas used. A

filmwas P WHH UV 1ight and post baked at 80C for 2H“''} ’H S

DVMA and tensile testing are given in Tagl-e 4. 10 Exanple 18 - Thiol -ene

conposition with high nodul us A thiol-norbornene coating was prepared, by

m xing the following nmaterials: [PTG 2000 (IPD -HEA-NB)2] 1.59 g (15.9
wt% EBDN 4.47 g (44 7 w% 15 TMPTN O. 8839 (8.83 W% pentaerythritol

tetrakls( , 27 . % Irgacure 184 0.2 g (2.0
W%  Tri phReEmHpio f 0 PTR-I s trinmethylol propane tri

nor obor nene pr opi onat eAahidal n@nbob@nezaaﬁ’@‘aaap@@achmgymxm@éﬁ@rﬁeﬂwdg of

Jacobi ne A dJaser DD M, et. al. J. of App. Polym Sci., V45,

471- 485( 19@2‘}9"‘3}? filmwas cured with UV Iight. Results from DVA and tensile

testing ar EPTQEWEGJDO rOekE.-NB)JExanpl e 19 - Thi ol - ene88ENPI@s3T WEM Wit h hi gh

nodul us_ 25 -nor bornene coating was prepar ed e foll ow ng

material s: E?B%‘QL 2000 (I PDI-HEA-NB)21 1.75 g (17.49 m%gﬁ%%%l\fg 28 ¢

(32.77 wt % MPTMPTN 1. 94g (19. 42vvt% 30 pent aeryt hri8.68gt 0aks)

( 3- mer capt o- propi.on | rgacur Owt%

Tri phenyl pﬂ@gﬁﬁ@f@i‘%ag aéq %rag%% prg\piﬁ{%tﬂ was cur:%lJr§ ﬁ%wfl ght. Results

from DVA anpgdadeesslie testing are given in Table 4.0.38( (3NDVED04/ 101649

PCT/ NL2004 000 -25 Exanple 20 - Thiol-ene conpg hi gh nodul us

Fdlet The Bk

A t hi ol - nof B&¥ %&o0ating was prepared, by mixing _
10 A film was cured with UV light. Results from DMA and tensne testing

are given in Table 4.

Example 21 — Thiol-ene composition with high modulus
A thiol-norbornene coating was prepared, by mixing the following

15 materials:

PCDN 0.96g (9.6 wit%)
EBDN 5.975g (59.75 wt%)
Pentaerythritol tetrakis (3-mercapto-propionate} 2.765¢ (27.645 wt%)
Irgacure 184 0.2g (2.0 wi%)

20  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

25 A thiol-norbornene coating was prepared, by mixing the following
materials:
PCDN 1.02g (10.24 wi%)
EBDN 4.78g (47.81 wt%)
TMPTN 0.945¢g (9.45 wt%)

30  Pentaerythritol tetrakis (3-mercapto-propionate) 2.95¢ (29.5 wt%)
lrgacure 184 0.2g (2.0 wit%)
Triphenylphosphite 0.1 g (1.0 wi%))

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

are given in Table 4.



materials: [PTG 2000 (IPDI -HEA-NB)2] 1.835g (18.35 wt% 5 EBDN 1.72¢g

(17.19 wt9%9 TMPTN 3.06g (30.56 wt% pentaerythritol tetrakis

( 3- mer capt Q-.nropj te) 3.18g (31.82 wt% Irgacure 184 O, 0 WO

Pr opyl ga|$gf289’81_“8§‘%g (0.5 wt%) 10 Afilmwas cured with’ %'&ﬂ?'}%g@esul ts

fromDVA and tensile testing are given26n Table 4. Exanple 21 - Thiol-ene

conposition with high nodul us A thiol-norbornene coating was prepared, by

m xing the following 15 materials: PCDN 0.96g (9.6 wt% EBDN 5. 975¢g

(59.75 wt% Pentaerythritol tetrakis (3-nercapto-propionate) 2.765g

(27 645 W% Irgacure 184 0.2g (2.0 wt% 20 Triphenyl phosphite 0.1 g (1.0
w%) PCDN is pol ycar bonate uret hane d| norbornene Afilmwas cured with

W light. R Rlg2 gatmodulase gi ven in Table 4.

EEZFPLS 2 prTQ'pS'r eﬁ”ebﬁqﬁaﬁm&ﬁﬁ %ﬁﬂia‘vvﬁnsgo”gﬁ%@@?? Pt BN 105
wt 9% EBDNBalPBgls(47.81 wt% TMPTN 0. 9459 (9 45 wt % 30 Pentaerythritol

tetrakig (aacljlf_ﬁrmcapto propi onate) 2.95g (29.5 w9 Ir 0@9% %ﬁ/)o 29 (2.0
wt %9 Trlphené phosphite 0.1 g (1.0 wt%) Afllmwas W light.
Resul ts frd and tensile testing are given in Badieg 434.VOw20BP4/ 101649

PCT/ NL2004/16@03¢43 -26 Exanple 23 - Thiol -ene conpo gl gh nodul us
A thiol-norbornene coating was prepared, by m xing ?h@% gP1 4qur4
Pentaerythritol tetrakis (3-mercapto- proplonaie) 3.161¢ (31.61 wi%)

Irgacure 184 0.2g (2.0 wt%)
10 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.

Example 24 — Thiol-ene composition with high modulus

15 A thiol-norbornene coating was prepared, by mixing the following
materials:
PCDN 1119 (11.12 wit%)
TCDDMDN 5.44g (54.44 wit%)
Pentaerythritol tetrakis (3-mercapto-propionate) 3.21g (32.1wi%)

20  Irgacure 184 0.195g (1.95 wt%)
Propyl gallate 0.039g (0.39 wi%))

TCDDMDN is tricyclo[5,2,1,01 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.

25

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%)

30 TCDDMDN 5.44g (54.44 wi%)
Pentaerythritol tetrakis (3-mercapto-propionate) 3.21g (32.1wi%)
lrgacure 184 0.195¢g {1.85 wi%)
Propy! gallate 0.039g (0.39 wt%))

A film was cured with UV light and post-baked at 100°C for 6 hr.
35 Results from DMA and tensile testing are given in Table 4.



materials: 5 PCDN 1.16g (10.98 w% EBDN 3.426g (34.16 wt% TMPTN 2. 02g
(20. 24 % Pentaerythritol tetrakis (3-nercapto-propionate) 3.161g (31.61
wov Irg r 29(20Wt% 10 Tri phenyl phosphite 0, 9 )
filmwas gﬁ&eﬁ"}]%hg ight. Results from DVA and tensil !egh{fgéé f‘ﬁ@“"m%
given in Table 4. Exarrpl e 24 - Thiol -e® conposition with high nodulus 15 A
t hi ol - nor bor nene coating was prepared, by mxing the followng nmaterials:
PCDN 1.11g (11.12 w% TCDDVDN 5.44g (54.44 % Pentaerythritol tetrakis
( 3- ner capt o- propi onate) 3.21g (32.1w9% 20 Irgacure 184 0.195g (1.95 Wt %
Propyl gallate 0.039g (0.39 w%) TCDDMDN is.tricyclo[5,2,1,0]
decanedi met hanol di norbornene and can be syntheS|sed in the sane way as
descri bed ErafrEff e ThichEn®CINRSBIGO2IE118 Ulusddgyer fiived with UV |ight.
Results from DVA and te I le 25 -
Thi ol -ene conposition vflli(‘1 ﬁ'holﬁoh?)%én%%o%{lﬁ%\%% p?daﬁ%érrb ’rnﬁéﬁg 1%%%#%@%5
prepared materiats:ng t he foIIovm ng mterials: PCDN 1.11g (11.12 ww% 30
54.44 w% Pentaerythritol tetrakisq(y ARk, propl onat e)
3 219 ( ]% % |rgacure 184 0.195g (1.95 W% Prop %OWLﬁrB{*‘é’ 0. 039¢g
(0.39 wt % YORINDE was cured with U [ight and post5ﬂﬁak@bl4ét~m%b0c for 6

20041 101648 PRV IR IPOR6SAS P PR ETRI N 26 © Ty are kBB S (ion witn

hi gh nmodul ga@srbagér film 0.195g (1.95 wit%)
Propyl gallate 0.039g (0.39 wi%))
10 A film composed of three layers of 200 micrometer each was cured

with UV light. Resuits from DMA and tensile testing are given in Table 4.

Example 27 — Thiol-ene composition with high modulus-3-layer film

The following formulation was prepared:

15 [PTGL2000(IPDI-HEA-NB);] 47.62g (15.27 Wi%)
EBDN 179.17g (57.43 wi%)
Pentaerythrito} tetra(3-mercaptopropionate) 82.89¢g (26.57 wi%)
2,4-dimethyl-8-tert-butylphenol (ionol TM) 1.569 (0.50 wit%)
2-Benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyt)-  0.72g (0.23 wt%)

20 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 °C. Then the solution was allowed to cool prior to adding the
[PTGL2000(IPDI-HEA-NB),Jand EBDN.

25 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 md/cm? in each square
of the strip. Calculated as above, the woking curve parameters were found to be 5.33

30  mJlem? 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 md/em? to each layer.



A t hi ol -norbornene coating was prepared, by mxing the follow ng

materials: 5 PCDN 1.11g (11.12 w% TCDDVDN 5.44g (54.44 W%

Pent aer yt hy, j t akis (3-nercapto-propionate) 3.21 g (

| rgacure %ﬁ) %l}ﬁfgﬁH)(l. 95 wt% Propyl gallate 0.039g (0 bé”w 3/%”)‘/2"1)64% film
conposed of three layers of 200 m cronet2@r- each was cured wth UV |ight.
Results from DVA and tensile testing are given in Table 4. Exanple 27 -

Thi ol -ene conposition with high nodulus-3-layer film The foll ow ng

formul ati on was prepar ed 15 [PTGL2000(I PDI - HEA- NB) 2] 47.62g (15.27 wt%
EBDN 179. 1790&5,‘61{;‘?;9 28 ole )

82.89g (26. = A BT 89 (0.50
% 2- Ben@.ﬁll-_fii&)_N- di met hyI ani no- 1- (4 m)rphol i nophenyl) 0. 729 (0 23 Wt 9%

20 1-butanone (Ilrgacureg [ ion,
2, 4-di net hyl - 6-t ert - but ﬁgﬁéﬂalt 6§ln§j Cﬁﬁ‘pmlgj‘ §'§1&"&?@"%‘?%§’ PN ssol ved
in pent aeryfpmwlﬂ@mﬁt@ta*%l (3 rrercapt opropi onate) at approximtely 50 C.

Then the sgbyhi aipg I to cool prior to addin

[PTGLZOOO(?[PDI -HEAm Dw' @FEBDN 25 A portion of thg"%{]@m%/"\)\as exposed
to establ i i Etﬂﬁﬁéewywﬁg? ey \eexyeapdster BEEHARt d0sy (48wl Bser power was
121 mW of apy er operating at 351.1 nm The di [E]St n scan
lines in the X %l r%(sztl on was approxi mately 50 um Anoosg[?zﬂ%% V(\SEV\%
provided were 15.5, 23, TIgacampatBion weshurathen®&sted/achp- Di\mﬁ. ea@hi‘rslqvare of

the strip. d rs were found to
be 5.33 30 miﬁ%@ T%C@H%% Qﬁp"&%&{r%?ﬁw Sp%‘f@ ﬁ%ﬂg YSbki cat ed by
coat i nd015(§3ttlﬁﬁ repHiicrel shpwndn TalBlelfayer s thick, using a doctor blade in a
stereolithographic process and providing i rragevvi Se exposure or
approxi mately 250.um or 34 3 m)/cn2 to each |ayer. WO 2004/101649
11CT/ N1, 200LI0ERn® EXoeg hBarfaryiste cBrpesitior pbntAiningdinphat @ PERopogirDion
cont ai ni ng Oner PTGLZOOO (1PDI - HEA) An acryl ate coating conposition
was prepar e‘ﬁ"‘lf)y m xi ng the
An acrylate coating composition was prepared, by mixing the

16 following materials:

{PPG 2000 (IPDI-HEA),] 10g (49.5 wt.%)
Ethoxylated nonylphenol acrylate (ENPA) 10 g (49.5 wt.%)
Irgacure 184 0.202 g (| wit.%)

The composition was cured and tested in a RT-DMA and BRT-IR
20 measurement, The composition showed a relatively slow modulus build-up (see Figure
2). Other results are shown in Table 2.

Comparative Experiment C - Acrylate composition containing oligomer PPG4200-(1PDI-

HEA),

25 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. %)
lrgacure 184 0.202 g (.00 wt.%)

30 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.



followng materials: 5 [PTG 2000 (IPD -HEA)2] 10g (49.5 wt. %

Di (et hyl enegl ycof) -2-ethyl hexyl acrylate (DEGEHA) 10 g (49.5 wt /()

| rgacure 184 202 (1.00 wt.% The conposition was cured and in a
RT- DVA andwﬁ‘lg(}ﬁ}“\ﬂ(”?f‘gasur ement. The conposition showed a s'f%Wh%’Hﬂi"ﬂ’é”

buil d-up (see Figure 1). 10 O her resuls are shown in Table 3.

Conparative Experinent B - Acrylate conposition containing oligoner PP&000
(IPDI HEA)2 An acrylate coating conposition was prepared, by m xing the

15 followng material s: [PPG 2000 (I PDI - HEA) 2] log (49.5 w. /() Et hoxyl at ed
nonyl phenol ) . 9. Irgacure 184 ( .O/c)
The conposi to-teste su8ie P P
The corrpomﬁﬁlzn shovved a rel atlvely sI ow nodul us buil d-up (see Fi gure 2)

O her results are sho i1, Tabl iment C - Acrylate
conposi tion contai ni n\gljmq m%%sr%?fepﬁéﬂﬁ (qq%p?lsgqgﬁgf NI %ﬁe"a@lpﬁzé)f)é(%ati ng
((:?Ig([))ISI 'lt_ll 0512?@)?) pr((azgr gd by mi )é![ Rg t he fgl lowing nmateri al Is t[PPENgiOO

- 0 non acryl ate g
(49.5 wt%A/o I rgacure 1%VQ§%§)6 fl%ég\ﬂﬂdc%%§%’%ﬂg Ol amek e “&i”ﬁ%éz cur ed

and test ed roamdetRbe@ike andeRT ﬂﬁ:ﬁgeﬁéﬁﬁbﬁpﬁ@mh a J8remC eireesictkéroshawed an
ition of Conparative

even sl ower t han

Experi ment ﬂ?é%gth F]gg!f]u'gp ?P\gﬁl?j ag)e%ﬁc@% ncfeggﬁr, fLogFaNt RIgswHePAYHARl e 1. WO

2004/ 101649urp@/ammfmm@m Fre28y Cantked afdopenktisie zﬂ@iﬁﬁmé} 2.834i ol -ene

co 05|t|o n ner 0- nt hesi s

Polrrspr opyl w@{%‘r uﬂ%@gm&ﬁa& gzgg %&6@8%(%9 IORy8y! yyre\;was then slowly

Pol ypr dpyl é@#@gﬂ Scc@] "2000 dirediyl HaheatBOEC (AnQ4A3BdY cyishebtddidrthriat
dicyclopentadiene were removed by vacuum system (0.5-2 mbar, below 70°C),

L\-u- 8

quantitative yield pale yellow resin was obtained. The reaction was followed by FT-IR
and 'H NMR measurement and showed the conversion to be complete.

15 FT-IR (neat): 3061.1, 711.3 om™ (double bond of norbornene)
*H NMR (CDCls, ppm): 1.15 (-CHCHy), 3.4 (-CH,0), 3.567 (-CHCHs), 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;
20

O —backbone. —

wherein the backbone is PPG2000.

25 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 palypropylene glycol with a molecular weight of 2000 has been used as the
polyot instead of hydroxy terminated polytetramethylene oxide with a molecular weight

30 of 650,

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

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

35  [PPG 2000 (AA-NB).! 10g (88.47 wt.%)



room tenperature under a nitrogen atnosphere in a 250 niL three-necked
round- bottoned flask equi pped with an efficient condenser, a constant
pressure aﬁgltl on funnel , and a thernometer. Freshly cracked

cycl opent a &S mer 2. 82g (0.0427nol, 3 equival ents)pQ\g@L%)aﬂ%m;’
dropwi se. The reaction m xture was thergoslowy 10 raised to 80C and stirred
for 16h at 80C. Finally excess cycl opentadi ene and dicycl opentadi ene were
renoved by vacuum system (0.5-2 nbar, below 70C), quantitative yield pale
yel l ow resin was obt ai ned. The reaction was followed by FT-IR and 'H NWR

3061, 1, 7T NRTIOREIoL" BoRBSERPRoH BBPEAD) - H AR L B0l B b °] 15

(- CHCH3), Bgéolre@BRO), 3.57 (-CHCH3), 5.95, 6.12, 6.07130¢ha0 vasie) exo
hydr ogen of. norbornene, doubl e ds) The conpound so obtai ned can be
represent ed! B{/“O? éﬂTﬁ%Pﬁ%{ﬁtﬁdh'OE‘ﬁgnfcm structure: 20 k-L p -backbone -0-
wherein the backbone l$h5’8&@6§1t1012@a§' bered@mpdestdd vas RE-Diécaret RTAR nunber

aver age_nol ecul ar fy I o]
BPC200GE ( ARIERBY 2ot Bairputaon S Todrara snb SpRet MELBE by IELEUERIE LY 7
of WO 95/ 0086Bodili@rcdii Camparapar Bpediment Ogsee pigutdral Cpbéry‘ps@mﬂreﬁéo‘gn y‘col
with a nol ecu wei ght of 2000 has been used as the polyol instead of
hydr oxy ter Fﬁ)ﬁ%ted pol ytetranet hyl ene oxide with a nol ecular weight 30 of
650. A thiol-norbornene coating conposition was pr epar ed, by mxing the
following nateri aJ S: ' b R¢ _ @_par ed,
by mixi ng # A e p i g10sen Be AAENBY 211 i3
WO 2004 10@@4)&0?[;[\48\3;2004/ 000343 -30 Trimet hyI oI pr opane
trls(3 mer capt o- pr opi onat e) >

.% The molar ratio t% S Oi%%ﬁ(%%giﬁfé%rb@n"%ﬁggg%% Q/}’%S’% \?R/é?% gr ed
and t est edof mgaaqdimﬂ@w}ﬁe:agdaf RDIRd B3 ueasmaemnmylﬂﬁummeatpbwem fed idh@ved an

even sl owey %gllélvxlrj ﬁ[eg eaoqor \Btth wa{?ar co&mg/heatmg and equipped with an upper stirrer,
dry-air-inlet, thermocouple and a dropping funnel. The mixture was cooled to 10°C with
15  strirring and dry airflow over the liquid 46.4 grams of 5-norbornene-2-methanol was
added through the dropping funnel in 25 minutes and a high viscous, white mixture was

obtained. After 1 hour the temperature was raised to 20°C and 370 g Desmophen 2061
BD (polypropyleneglycol with a molecular weight of 2000; OH number is 56.6) was
added after which the reaction temperature was increased to 80°C. Regularly samples
20  were taken for measuring the NCO content and the reaction was allowed to proceed
untill the NCO content was below 0.05 wi%. 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:

0 N—X—N Ompac}(bone_ N—X~N O
T T ﬁi

25
wherein the backbone is PPG2000, X is derived from IPD1 and n equals1.
The compound has a theoretical number average molecular weight Mn of 2693 and wil
be further referred to by PPG2000-(IPDI-CH2-NB),.

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

following materials:
[PPG 2000 (IPDI-NB).] 20g (90.12 wt.%)



conposition of Conparative Experinment C (see Figure 3). O her results are
shown in Table 2. Conparative Experiment E - Thiol-ene conposition
containin PPG2000- 10 (IPDI-CH NB)2 Synthesis 0

PPG2000- @ g@”ﬁ%“Z ene-5-nmethyl) Urethane 0.5 g of Ird%ﬁ%kﬂﬁﬁ§§3*%3

of | PDI and 0.3 of DBTDL (dibutyltindi-lsgureate) were fed into a1 L double
wal | ed reactor with water cooling/ heating and equi pped with an upper
stirrer, dry-air-inlet, thernocouple and a dropping funnel. The m xture
was cooled to 10C with 15 strirring and dry airflow over the liquid 46.4
grams of 5:nor nene hanol was ed t hrough th g funnel in
25 i nut es 4R Eﬂﬁ@ﬂ?@%@@ emﬁﬁFk%OHPQ? e was obt4 ngdgggfn 1 hour

t he tenper ahadies Wwes ralsed to 20C and 370 g Desnnpheﬂ)Zﬂ@ﬂ1GﬂWt%

(pol ypropyl enegl ycol nmol.ecul ar me 4§ 56.6)
was added after mhlcﬁ% ﬁ@OV@Sﬁy@bWa?8W6 ga$geéﬁggﬁ creas I%O
Regul arly arapliemeAl Therconipakiion fsmswmaa.s srémgotvbemiE@us bntenp trmrrdhe he

reacti on was aIIowe t he .NCO I 05 wt %
This was r@%ﬂ%%t"%ﬁ Orﬁ‘g‘?ﬁ‘“"ei "ﬂ%'meé' br{aee 3 ﬁgre;@ag%lﬁ%r{exﬁﬁt%?gﬂ%@ pour ed
out of theTtggactor. The conpound so obtained can be represented by the
followng chemcal structure: | H Hy-O O N X-N O backbone- O-/N-X-N ||
Il 25 0 0 0 wherein the backbone is PP&Q000, X is derived fromIPD and n

equal sl . Toenparmesrtphased ft heabetdioalof hostbecompenmie) nol ecul ar wei ght I\/h

of 2693 and wll be fyrther referyr b PP =]
t hi ol - nor bor nene coat i E@d@g%gg{ﬂp@tgﬁ%\}é@% 8&%@&%&0&9@@%{9&{%5? I ovm ng
gBCtT /e rN :_ gdog 4?{039548\%@&'(;(@5’%@4&% érlrogé)gatmﬁpﬁaérevwltw/@ 0FOdROOAUNdbExDe in 250) L o7
rime 0 ri S(3-mercapto te
g (8.88 wt ”&)*’OU”‘%B%‘UF@ {%‘ﬂ‘ ?9"%}2/)?% "E){[’ ’}ﬁfé%c (r%ﬁ Secroe%aom f@ﬁh%@ cur ed
and t est edniomoin-BlerfoMAisabghridle §R32g (76% solution in toluene, 1.03 equivalents, made
according to Jacobine paper J. of App. Polym. Sci. Vol.45, 471-485(1992) was added

dropwise by syringe. During the addition, the reaction temperature was controlied

15  under 30°C. After addition, the reaction temperature was raised slowly to 70°C and
stirred for 4 hours. Then, toluene and excessive norborn-2-ene-5-isocyanate were
removed under vacuum (0.5-2 mbar, below 70°C), a slightly yellow resin was yielded
quantitatively. Analysis of the reaction mixture by FT-IR and 'H NMR showed the
conversion to be complete. Nevertheless, the resin had a strong odour, which

20  remained in the coating 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): 1.08 (-CHCHg), 3.34 (-CH,0), 3.51 (-CHCH5), 5.95, 6.01,6.09,

6.3 (ende and exo hydrogens of norbornene double bonds})]

25  Table 1; Resins with a backbone of PPG 4200.

30

RT-DMA RT-IR
GTi0°Pa] | Curetme | Curetime | Rp”
(final [s] til 10% [s] till 80% (Y8 )
modulus) of final of final
moduius modulus

8 PPG4200-H-NB/TMPTSH 20+0.2 0.9 5.9 384

C | PPG4200-H/ENPA 3.9+0.3 1.7 10.7 X!

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

* Rp — maximum rate of polymerisation %.s7 w.r.t. unsaturation consumption

of ene functionality




measur enent. The conposition showed an even sl ower nodul us buil d-up than
the 5 composition of Conparative Experinment D (see Figure 3). O her
results ar Table 2. Conparative experinment F (reproduction of
Loctite coﬁﬂoﬂﬁ%}ﬂ]ﬂﬂ Hydr oxyl - t er m nat ed PPG Pol y( pr opyl erfegyd6t"¥dbh) 254
(0.02495 10 mol OH) was stirred under -82ni trogen atnosphere with 0.05g
dibutyltin dilaurate in 250 nL round-bottoned fl ask equi pped with an

ef ficient condenser and a thernoneter. Norborn-2-ene-5-isocyanate 4.432g
(76% solution in toluene, 1.03 equivalents, made according to Jacobi ne
paper J. of tApR o RekiX i 5(1992) was added dropw se by
syringe. During tﬁ l |Itt§%obr?0¥?+1e repaﬁtgégﬁgterrperature was controlled 15

under 30C. After addltlon t he reactlon tenperature was raised slowy to

70C and stiTredfor—=2& huuu S IIICII, re—and-exgess €

nor bor n- 2- gneFs5-1 B H3 HT f‘ﬁA el ety RHR” wbar, bel ow
G ) TP p G !

70C), a sljightly yellow resijngias Vi 5 d O fsﬁt‘ vseLy tlr’?énal ysis of the

reaction mxture by FT-1R an(r}nc',dduélj\/l?oﬁrp,nged be conpl ete.

Nevert hel elss,| the resin had ) RO | ' in the

coating copmposition, nmeking]lit unsuitable f FT-1R (neat,

cm ) 1717 § uy Bt Reoee-id/&NBéNny 173 + 8686112, 722 ¢.doubl éebond Jof norlbor nene)

NI\/R(CDCI3,_p{p 1._09._(-CH 4 (-CHZO) ., 3.51 (-CHEH3), 5.95,

- ). 3.B4 (
6.01, 6. 09, 1065%@9%“&% exd-hyBropeAs of nBkbornéne doybl® bdnds)] 25
Tabl e 1: ResiAi® gac,kt_gn.e_ of _PPG 420 RT-DMA RT-I1R 0 Pa] Cure
QF‘F al [SPtill 331 o

G [
time Cure itimg 18% [ s] D% (% g 0-8%odul us) ~ of
S g

final of fii=m PIGA200—+H-NBI TMPTSH 2. 0402 0. 9 5.9 384
b5 11 F 00- F—@TNB/'I'FL%H 1.3+0.1 0.6
'PF‘@@bUFHPhdLe ‘é'HJB’zlY
oipremerdncti onality 3

C PP&4200-{I H
8.1 nd * B I-F sat oS- -t HAS turation
20023/ 140164 04/|000343
TP GRObBLAR. DACKIGITE, O
NB/TMPTSH

consunptign
2 cUUU.z 6
E | PPG2000-I-

Table 2 G
NB/TMPTSH

a stron
orlhocmn@ct i cal use.

1H

b pPCT/ W
17

-32

46+04 |50 33.3 52

5  Table 3: Resins with a backbone of PTGL, (curing irradiance 1.5 mW/cm? in RT DMA).

RT-DMA RT-IR
GT10°Pa] | Cwetime | Curetime | Rp
{final [s] 10% of | [8]90% of | (%.8™)
modulus) i final final
modulus modulus
68 | PTGL2000-IH-NB/TMPTSH 8.7+ 0.5 8.1 42.2 207
A | PTGL2000-H/DEGEHA 88+05 9.8 40.3 44
Table 4 : Resins with higher modulus at 23°C.
Ex DMA (1 H2)
E-modulus | Tg{max. |FE at
at 23 °C E") (°C) 100°C
(Mpa) (Mpa)
13_| PTGL2000-IH-NB/TMPTSH/ERDN 419 20 2.76
14 | PTGL2000-IH-NB/PETMP/EBDN 1130 31 5.23
15 | PTGL2000-1H- 1180 32 7.1
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(75moi%)

18 | PCON/PETMP/EBDN 2290 34 5.85

19_| PCDN/PETMP/EBDN/TMPTN(25 mol%) 2230 35 7.19

20 | PCON/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 fayers) | 2570 47 6.4




RT-DVMA RT-IR G [10Pa.] Cure tine Cure Rp Gel (final [s] 10%tine [s]
(%s') time nodulus) of final 90% of nodulus final nodul us B

PPG2000- | PA 7.2-+0.6 1.4 9.1 99 10 PPG000-1-HBA- 4.3 0.4 1.5 18.1
1.11 N8/ TV 1 48pc2000- 1 - HEA- 7.6 1.2 12.2 0.80 N/ PENPL 22‘"“/"“"343
PPG&2000- 1 - HEA- 4.5+0.5 1.5 16.4 187 1.-ZB- NB/ TMPTSH 9 PPG&000-1-HPA- 3.70.4
1.9 30.4 1.47 NBITMPTSH D PPQ2000-AA- 3.7+0.3 2.2 8.6 1.7 NBITMPTSH E
PP&2000-1- 4.6 0.4 5.0 33.3 5.2 NB/TMPTSH 5 Table 3: Resins with a
backbone of PTA., (curing irradiance 1.5 mWcn2 in RT DMA). RT-DVA RT-IR
G[10 Pa] Cure tinme Cure tine Rp (final [s] 10%of [s] 90%of (%s')

nmodul us) final final nodulus nodulus 6 PPTG.2000-1 H NB/8.7+0.5 8.1 142.2

207 A PTGERQOO-H DEGEHA 8.9 + 0.5 9.8 40.3 44 Tedpbie tdstinResins with higher
modul us at 23C. Ex DVA 1 Hz) E- nodul us! Tepsflerax| Yigldat Staezq5238@nE9 C) 100C
Ma Ma 18 PTGL2000- | H NB/ TMPTSH EBDN 4[1@ogdgup . 78resq 4| BTGL200624 49
H NB/ PETMP/ EBDN 1130 31 5.23 (Mpa) (Mpa) ?ﬁfa")
pa
13 | PTGL2000-IH-NB/TMPTSH/EBDN 350 4.6 18 250
14 | PTGL2000-H-NB/PETMP/EBDN 8320 21 23 135
15 | PTGL20C0O-1H- 746 15 20.2 112
NB/PETMP/EBDN/TMPTN(25 mol%)
16 | PTGL2000-kH- 1146 24.7 24.7 88.4
NB/PETMP/EBDN/TMPTN{50mol%)
17 + PTGL2000-1H- 1287 34.7 26.6 33.3
NB/PETMP/EBDN/TMPTN(75mol%)
18 | PCON/PETMP/EBDN 1652.6 32.5 14.5 52.9
19 | PCDN/PETMP/EBDN/TMPTN(25 1698.6 323 1373 | 13.7
mol%)
56 | PCDN/PETMP/EBDN/TMPTN(50mol%) | 1888.2 428 | 45
51 | PCDN/PETMP/ TCDDMDN 2000.5 46.85 | 2.7
22 | PCDN/PETMP/ TCDDMDN {posthake) 2122.3 46.8 2.3
23 | PCON/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 acrylate system. As is clear from table 3, the
10 rate of polymerisation of the composition of Example 6 is 30% faster than that of
comparative Expetiment 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
15 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
20 compared with Example 12; Example 12 is subsiantially faster than comparative
Experiment B in RT-DMA.



15 PTGL2000- 1 H 1190 32 7.11 NB/ PETMP/ EBDN/ TMPTN 25 nol % 16 PTGL2000- | H
1440 40 8.52 NB/ PETMP/ EBDN TMPTN 50mp1% 17 PTGL2000- | H 1500 52 9.57

NB/ PETI\/P/E‘? TVPTN 75m01% 18 PCDN/ PETMP/ EBDN 2290 34 5.85 19 |

PCDN/ PETMP PPN 25 nol 99 2230 35 7.19 20 PCDN PETNME ERBBROHRISTN
50mol % 2380 38 8.05 21 PCDN/ PETMP/ TCODNBN 2680 43 4.78 22

PCDN/ PETMP/ TCDDMVDN ( ost bake 2720 45 4.69 23 PCDN/ PETMP/ TCDDMDN Tri le la
ers 2570 47 6.4 WD 2004/ 101649 PCT/ N1. 2004/ 000343 -33 Ex Tensile testin
Tensile Yield Stress Strain at nodulus stress at break (%9 (Mda) (Ma)
break M a 13 PTGL2000- | H NB/ TMPTSH EBDN 350 4.6 19 250 14

PTGL2000- | H- NB/ PETMP/ EBDN 820 21 23 135 15 PTGL2000-|H 746 15 20.2 112
NB/ PETMP/ EBDN/ TMPTN( 25 Fiighité 4 6hdWGAR00 Bxdrhte TldrkBodtipataids Bx@Binfent C. It

NB/ PETMP/ E N | % 17. PTG 2000- 287 34.7 26.6 33.

NB/ PETMP/ Eﬁ%r%%ﬁ'@‘@%w?ﬁ@“ ' %ﬁﬁ#ﬁzé’qﬂﬁ%ﬁ@@f?@ @g’.es@"fﬂ.sgw‘?ﬁ gt thy
PCDN/ PETNP/@BMBW@@N@%emF%Hﬁa%VQ E2peBndid . Fis yél)lé\%)éﬁﬁower_fhese

PCDN/ PEEMP/ Opol %.1888.2 42.8 4.5 21 P PETMP/ T 2000. 5
2685 207 BHCAENF SR NoT B HsRTe osp st o Tabgoant grain fog

PCDN/ PETMP/UreamBrehiigicupd epek@l5. 3 53.5 5. 3

Description of test methods
Determination of the speed of network formation by Real-Time DMA ("RT-DMA”)

10 The primary instrument is a Rheometric Scientific RDA-2 rheometer,
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
Hluminate the sample from the top.

internal mirror

- UVin

gquartz cups

15
Detailed drawing of the modified plate holder for the RDA2 rheometer,



| ayers) Fromthe exanples and conparative experinments, the foll ow ng
observations and concl usi ons can be drawn, as elucidated in the figures. 5

Det ai | ed ripti of the figures Figure 1 shows the RT- curyves of
Exanpl e 6 @%@%ﬁ{ﬁ’é&gti ve Experinent A (see also table 3)'. ' zoﬁf%{ﬁ?@
clearly shows that the Exanple 6 conp@si-tion is significantly faster than
the acrylate system As is clear fromtable 3, the 10 rate of

pol ynmeri sation of the conposition of Exanple 6 is 30% faster than that of
conparative Experinment A. Figure 2 shows the RT-DVA curves of Exanple 7 vs
conparative Experinments B and C. Conparative Experinment B and Exanple 7
use the sane backbone (PP&000). The acryl ate based system has a
conparabl e rate of nmodalnigods ntinkeds injerndilguwether uger platekoltier afledivgtiheres

hi gher nody] us vert hel ess, t i ignificantly | I tabl e
2). The pr ijﬂh%%lﬂ\ﬁﬁ by & %%Er(}@énﬂ?ﬁ@@? gﬁtgga?%aqp{%ﬁ%?iﬁqe\yh%s Q%S?%rﬁr‘setﬂ? or cure
speed is texdefiflenadrepogedpe®)ti on giving the sanme nodul us. Hence, the
conpari son of Exanple 7 and co rative Experinen , 4 qRT- DVA,
the thi%l - ene system OPVﬁwgtg?%E@ﬁweﬁf\?gh% %guﬁpg@t"%%ggg@%’erpé@%g%dmnt B
can be 20 wompareHsmetdorip@iaged & GExaamyl EhdPVilampubstantial |y faster than
conparativ Experipent B.in RT- . WO 2004/ 101649. /. 00343 -34
Fi gure 3 s'ﬁ"ot\)(ge E@'&it at@?&%ﬁm%m} 03%@8%61&%@? e'r@ﬁ%}ége@ﬁ%béggﬁu%furt_erm)re
shows conpgiaaigingah&Espesiiamenipubio adsetireappblerise tpebef idamgk dvadere Hgd inhe
acrylate b sgé '

Sttt o et Sl o AP LB BT bR e RUPRLEAR S oo ©
have wnexgrectambldiighddtieeligneete. Description of test methods Determination
e A e L A
with a 200uges quant pReDdegiie m cuglle wanget inpwijlue Salamvspedadiomigter
Pol der's. G PBEU oA EnCP R aa (3Ia Eed A Trea Ol AE P st TP 0 By
WV |ight teystdrhd, miinatiantd ef sioph & rivvdomt hes tisg].
15 After preliminary setup steps, the sample was loaded into the
rheometer and the upper quartz plate was lowered towards the lower quariz plate untit
a gap of 0.1 mm was established. Excess liquid was trimmed from the sample so that
the sample size would be exactly 9.5 mm in diameter and 0.1 mm thick. Then the oven
doors were closed and a purging flow of nitrogen gas started. Purging with nitrogen
20  was continued for at least five minutes. The purpose of nitrogen purging is to prevent
oxygen inhibition of curing at or near the sample edges which would occur in an air
atmosphere, and to not need removing dissolved oxygen from the sample, which would
take much longer.
For the cure test, the instrument was operated in the so-called
25  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
30 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

35  the measurements a controller box is triggered which opens the shutter in the



internal mrror mrror Win Mn\~ [/ 9 SI~ | 7 quartz cupst 15
Detailed drawing of the nodified plate holder for the RDA2 rheoneter. WO

2004/ 101649 P, 004/ 000343 -35 A mrror is nounted inte ly . 1n 1he
upper pl af@ohzéﬂﬁﬁlbgﬁ)ef |l ecting the WV light emtted by an';(gfgpg%“ﬁiﬂ"h’w
source to the sanple. (Path was not used6i-n the experinments reported here)
5 W light was obtained froma. Bluepoint-2 W/ source, manufactured by

the Dr. Honl e Conpany based in Germany. The UV lanp is an F- type bul b that
contains not only nercury, but also iron halides within the bulb, changing

t he spectr ag i : e ; t W .l amps that are used
i the 11 bey SRl aheh SHEREloe) AT €t Fratf iy Mt s Bpetr Te f B
pl at e hol def0 ggcande aftenthefshattdrvensi thpgerkilqui d-filled |ight guide. The

ntenstty (v aahance) oot by AL O IR THARL B L R oo
manuf act ur éatwngmicas@qr mothlusranddihane engl visbibetDi@BetWaLmner Wassidehaittred.

b o i 1 iy 08, e RRD ORI RRRR 0o BaY Sohudrd MG T on B HRGa "and the

upper quar t¥iItEe & ardbisinovse dvet spMtetb theteagrdinee aguahbae ploabef trtutlity a gap

Chat the cansehdYE088a PHEE RS R £s K RGP E RS o oo i k.
Then the ovRamiodresr werdglusl@sedl thaghaseangé Bagsfd ometdh diicuroges, Tastime

St e U0 W 9 A0S LSt B LoRBhe TS o
at or fear fixed delamil &78dyEemihe tinewatd. taatnisraridptRRe @ingle A6 FBHREEH or tAgd t O
e L e b s T TR M
arbitrary waveersiodéronAstraimpeseeiage seaisuo @or@t sy, [perbaraeteddyerkeapi ng t he
which is a dynamic measurement, the following moduli are measured: the storage
shear modulus &', the loss shear modulus G”, and the dynamic shear modulus G*
15 according to the following relation G* = (G” + G2, Further, the phase angle § relates
to the shear moduli as follows: tan § = G*/G’.
Typically, after the start of the UV illumination, the storage shear
modulus G’ shows a fast monotonous increase and levels off when full cure is
obtained. Simultaneously, the phase angle drops from typical liquid values (around 90
20  degrees) to typical elastic values (around O 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
25  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
moduius.
30 In the present application, we use the time it takes for the storage
shear modulus fo increase 10 10% of the value after 64 seconds cure as indication for
the speed of network formation.



frequency, anplitude and tenperature fixed and follow ng the changes in

mat eri al properti es). A sinusoidal wave, with the foll ow ng paraneters
set/fixed: %ul ar frequency 52.36 rad/s and strain anplitude of 10% wth
a duration Qf B4%104¢onds was programmed. Data sanpling o‘fmffﬁéz"fﬂ?‘l?é‘é and
strain signals was set to 4 intervals 08730 16 seconds duration, each
sanpling 400 data-points. This results in three data points for bot h
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The infrared spectrum of the uncured, liquid sample was obtained.

20  The sample was then cured by exposure to UV. During curing full FTIR spectra were
recorded with a maximum speed of 25 spectra/s with decreasing acquisition rate.
Fihaliy an infrared spectrum of the cured resin was recorded after the shutter blocked
the UV light.

The net peak heights were calculated of the functional group specific

25 IR bands of acrylate (1635 cm™), norbornene (3060 cm’™) and thiol (2555 cm™) in each
recorded FTIR spectrum. The net peak area can be determined using the baseline
technigue in which a baseline is drawn tangent to absorbance minima near the peak.
The difference in absorbance between the peak and the baseline is the net peak
height. The experiment was performed in duplicate.

30 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.

35  Khau Marcomolecules 1997 30, 7322-7328). A plot of 1/(1-X) where X is conversion (in



(the product of the dynam c shear nodulus and the cosine of the phase

angl e) at the end of the cure cycle (after 60 seconds UV-iIIunination) as
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network formati on we extract the tinme at which the storage shear nodul us
has increased to a certain fraction of the final nodulus. 30 In the
present application, we use the tinme it takes for the storage shear

nmodul us to Silh&; fter 64 seconds cure as di cation
for - the sprddeRfErcad el hPRineLbls Bl sdsRBSRerPNID S B LRI e 37
RT FTI R neaghangrennraedd coinperediat eoim olddflentiof, tehafina® raeooienséeRs by
rapi d scan ﬁgg R.ithesteal time chemcal conversion for UV curable acrylate
and 5 thiolene coatlngs were determ ned using rapid scan FTIR A Bruker

| FS 55 was equi ped wi t BMA 4ot ersistradaduransiits ectré pbricehdd @ndbsanbddsh WO
detectols. Adhbspgurce, a Bluepoint 2 systemwith a D-bulb, was coupled
using a quartz T1ght guide into the cell focused on the sanple.The |ight
intensity was 41.0 1.0 miWcnR The WV source systemwas equi pped with an
el ectronic shutter. (For a schematic setup of the 10 equi pnent see: A A
Dias, H Hartwig, J.F.G A Jansen, Real tinme FT-IR for both liquid and

radi ati on curabl e powder systens, Surface Coating |International 2000,
August 2000, 83(8) p384). A 20 mcron thick |ayer of the reactive
conposition on a gold coated Alumna plate (7 X 7 mm) was cured under a
nitrogen atnosphere and at room 15 tenperature. The actual filmthickness
was adjusted by placing the sanple in the FTIR cell, recording a spectrum
and checki ng the absorbance of the functional groups specific IR band.

Thi ckness of the filmwas adjusted until the absorbances were between 0.2
and 0.6. The infrared spectrum of the uncured, |iquid sanple was obtai ned.
20 The sanple was then cured by exposure to W. During curing full FTIR
spectra were recorded with a maxi num speed of 25 spectra/s with decreasing
acquisition rate. Finally an infrared spectrumof the cured resin was
recorded after the shutter blocked the UV light.



The net peak heights were cal cul ated of the functional group specific 25
1R bands of acrylate (1635 cm ), norbornene (3060 cnml) and thiol (2555
cm') in each recorded FTIR spectrum The net peak area can be determ ned
using the baseline technique in which a baseline is drawn tangent to
absorbance m ni ma near the peak. The difference in absorbance between the
peak and the baseline is the net peak -B8i-ght. The experinment was perforned
in duplicate. 30 The maxi numrate of polynerisation was determ ned as
described by D as et al (see ref above) and reported as %s. To conpare
thi ol -ene systens, which polynerise in a second order reaction, the

gel -point at the critical ene conversion according to classic Flory-
Stockmayer theory of gelation was usef&LAMSviously described by B-S Chiou
and S. A. 35 Khau Marconol ecul es 1997 30, 7322-7328). A plot of 1/(1-X)
where X i s conwetsi dr ; ; / - i on)

i ncr easedsll'i ne\éréﬁé@mggr&blﬁn\ré\egoﬁ%%té@g’?%gé@gﬁ%g%%r%\%ﬁ@?’gﬂ%g%nantdﬁtgn{sqogg% of
the line chand@soragompdend (B) fothrepspmptisiag paiohthiofffudikiioheldy Wbarein he
ultimate rate %&)%gpﬁﬁgﬁk n was set at 94% DMA and tensile neasurenents
were perforned as describéd in WO 5 02/42237. -39- CLAIMS 1 A curable

t hi ol - ene conpdB) tsiaepropayndireiving achluladiy of orgiowene qraypsdheregonpirifaid sel) , or a
conmpound (B) furt Iah S . i Lo i i A is a
ol YEhi ol « (8 1 s o RARERE ShiceenPlotboin? by S ADAMqchka 1081 Eacl ont

t her eon, wherei n swilidene grppand qEB)Pricespt legsivng hydragenongtinaugrodp.r ect | y
attached to at | egabrfNfic it dthotiiePhiqLi BRE of QBT SRS rlorb GRSnde

hydr ogen donati ng group, herein t i stance betwe east one of said
cyclic ene groupsleasidonstof saisldtwdrages dehating grohpeliscyjdanst brmskarialgoddps i s at
| east two skel et al gl i f WL CQM ahp a
(meth)acryl ate g?gﬁ%%ﬂgﬁodm%%@ﬁéﬁagoﬁ%%gﬁgg %L%%o%%{){?atgo%har acteri sed
in that conpouffe AP 8% ebapboiethitieB)r conprises 4 or nore urethane bonds

and a_backbone. - 2o, J8cAQAR%: cOMpBGRPLA I BohBolh By britheseh Br kkfe

functionalities o
urethane bonds and a backbone.,

2. The composition according to claim 1 wherein the functionalities of both
compound (A) and (B) are higher than 1.2 on average, and wherein the
functionality of {A) + (B) is 4 or higher.

3. The composition according to any one of claims 1-2 wherein the polythiol (A) is an

ester of a thiol-carboxylic acid compound.

4, The composition according to any one of claims 1-3 wherein the at least one
hydrogen donating group is selected from the group consisting of hydroxy, amino,

thiol, and carboxyl.

5. The composition according to claim 4 wherein the hydrogen donating group is
selected from the group consisting of urethane, inverted urethane, urea, amide,

thio-urethane, thiourea, isothiourea, hyrdoxy esters and hydroxy.

6. The composition according to any one of claims 1-5 wherein the cyclic ene group

has a fused ring structure.



conmpound (A) and (B) are higher than 1.2 on average, and wherein the
functionality of (A) + (B) is 4 or higher. 3. The conposition according to
any one of clainms 1-2 wherein the polythiol (A is an ester of a

t hi ol - carboxylic acid conpound. 4. The conposition according to any one of
claims 1-3 wherein the at |east one hydrogen donating group is selected
fromthe group consisting of hydroxy, arfio Ho, thiol, and carboxyl. 5. The
conposition according to claim4 wherein the hydrogen donating group is

sel ected fr.om the @npiRiteARSESHINGYo QE%HH@Eh&éﬁﬁvs 1- @W%Fe"?ﬁjtﬁérrﬁ&gé’ugﬁn w%?

am de, thio- ur?t hane, thiourea, isothiourea, hyrdoxy esters an

6. The conposi t9 %W@Ph@om@f'%ﬂya brrkbene bpapmeolaciarRighiioh 28kt | | c
ene group has gmbused ring structure. -40- 7. The conposition according to
any one of cl al ms 1-6 wherein the nol ecul ar wei ght of the conponent
conprising a kbone has a nol ecul ar wei ght of 250 to 6000 /rml 8. The
conposi ti acc FORPOS O AGCARBY &% apy 8ngigS qa“?‘%éf“@ief?%@?fﬁm (BB)
conprises: a. @ob@ﬂk@@ne derived froma polyol b. urethane groups deri ved
from pol yi socyanat m nal cyclic ene groups derived from

te
hydr oxyal kyl (et A) é‘elﬂﬂngt rived YR RY¥YPosi tion according to any one of

claims 1-8, wher eufstieaianguisk fervad fiBm @dbas@jyghét@gt conpounds. 10. The
conposition accorgl ng}ai of claims 1- wherein A and B are conbined in
one conpound. f1.'°ff 6¥P§6§P?9Wp§€@8\’%fﬁ‘@{“thdd’é’t’fya'BHémﬁfh)@M?% 1- 10
wherein the corrp05| tion further conprises diluents or oI igoners with one
or nore cyclic di fferent from corrpound . Optical gl ass

fi ber coatt ng (],_E &pPF'Q?F BEFANYING Ihvaonae é’ﬂﬂ’@séo@rﬁﬁ@i@'ﬂﬁﬁmp%@bﬁ@ﬁﬁé to
any one of cl aiarmdléhnblcoriqaoudd&e of an optical glass fiber coating
conposition according to claim12 as a primary coating material, a
secondary coating material, an ink, a matrix, a bundling or an upjacketing

coating naveri ahe cddpoftiormBsaordingid a1y drefaikoatd, Mgherdih IACAld MbASCMBIRES $

conprising a curable conposition
mp 9 one compoun r‘g)

11. The composition according to any one of claims 1-10 wherein the composition
further comprises diluents or oligomers with one or more cyclic ene groups
different from compound B.

12. Optical glass fiber coating composition comprising a curable composition

according to any one of claims 1-11.

13. Use of an optical glass fiber coating composition according to claim 12 as a
primary coating material, a secondary coating material, an ink, a matrix, a

bundling or an upjacketing coating material.
14. Primary coating for coating optical glass fibers comprising a curable composition
according to any one of claims 1-11, said coating after cure having an equilibrium

modulus of 0.3-3 MPa.

15. Use of a curable resin composition comprising a composition according to any one
of claims 1-11 in photofabrication.

16. A product obtained by curing the composition according to anyone of claims 1-11.



according to any one of clainms 1-11, said coating after cure having an

equi librium nodulus of 0.3-3 MPa. 15. Use of a curable resin conposition
conprising a conposition according to any one of clains 1-11 in

phot of abri cation. 16. A product obtained by curing the conposition
according to anyone of clains 1-11. -41- 17. A product according to claim
16, wherein the product is a functional-4dr-ototype. 18. A product according
to claim 16, wherein the product is a coating. 19. A process for obtaining
a coating or a product, which process conprises the step of curing a
conposi ti di- acdoprdidnet acoording torkirof16civhenein the biodwict is sEBnctidval motoige. vi s

radi ati on. 20. Conpound having a plurality of cyclic ene groups, wherein
said conmpound conprises a carbonyl group directly attached to at |east one
cyclic end8grodprraddct asomginogde slaim 16ewberebmtbe pyatiustiera aeting.i ng gr oup,
wherein the di stance between at |east one of said cyclic ene groups and at
| east one of said hydrogen donating groups equals at |east two skel etal
bonds, and9%wherepmcessifar ciaiar?pmmcqmies onetprodushtwdiieh fro¢esstdo)racisys teester oup

characterized i %[;(‘Eé% r n ds and
a backbone. O?&o'ﬂ:%gun acsgto lr‘% cl b’%%g(?ﬁlmﬁgﬁsem@\éﬁd@%g%/pgﬁn

conpri ses a yispadiebone deri ved from a polyol b. urethane groups derived
from pol yi socyanates c. term nal cyclic ene groups derived from

hydr oxyal kyl (neth)acrylates 22. A conpound according to claim20 or 21,

sai d conp@dnd CGanpeend bewpg iagiiurglity lof eyclic gnegpmips, 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 equais at least two skeletal bonds, and wherein said compound does not
contain a (meth)acrylate group characterized in that said compound comprises 4

or more urethane bonds and a backbone.

21. Compound according to claim 20 wherein said compound comprises
a. a backbone derived from a polyol
b. urethane groups derived from polyisocyanates
¢. terminal cyclic ene groups derived from hydroxyalkyl (meth)acrylates

22. A compound according to claim 20 or 21, said compound further comprising thiol
groups.



