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WD 2004/ 035632 PCT/ US2003/ 032643 OLI GOVERS FROM
MULTI FUNCTI ONAL ACRYLATES DESCRI PTION 5
Technical . Field The.present invention relates to
mul ti functional acrylate conpositions. Mre
particularly, the present invention relates to liquid
ol igoneric nmultifunctional acrylate conpositions
WO at085682 t 0 groups bound as part of the pol yper/us2003/032643
struct ur@u@bmﬁsmmwm?marmmgwnugs
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i nvention cure upon exposure to active radiation such

as W light. Filns nadej)ﬁéem[f,ffo ossl i nked

ol igoners of the inventi'on are useful as protective

or decorative coatings o ari Qus .substrates. The

ol i goners can al so be usrgﬂc\i‘ql‘f??‘g‘bﬂésives and '
conposi tes: 15 Background of |nvention Miltifunctional
acr ylBed@sesepiintentiopirelaies taulifinstiondsersitacepositionse Mdore

i dgl ' LN ives. seal.ants
Ll T S R e R R
canghositomOisvires Sitrd wedups BsundTdigRe oFBNOFR S cr@iichRe. The
crosslinked by free 20 radical chain nechanism_ which
CREWPOFIHARS Plche RISt IBVeRtiprIre BPOT XROsHadp activegadiatien sush as

. r 3 .
B o o L B R 8 i S g o
pratectivalos deberativeeatatiodgs anrvaaibuasdbisestes. t Eipeli ginbrecdnaléd e used
.&rﬂ@fence 0 am t}es or transition nmetal pronoters. 25
UARBITEFS RGPS i ti ating reaction, currently not as
W despread but gaining in popularity, is the use of
WV radi ation tor'deconpose photoinitiators to free
radi cal s. This net hdhchffoamd oflhvertidny rapi d
processing potential for a nunber of applications, as
the transformation froma |liquid reactive conposition
to a NHIgsSIcHBEA AciPtb methacBRERMd GhéMudsRSEAM RABEQMS:s are
upon exposure to UV radiation. Electron beamradiation
vogely il avetings, adtedives sealldnts; elastoners, Vensslinked filmk) foumdry
associ,ated.with acryl ates ve been addressed i.n. U S.
SERTERIES 880 o e stTieS o J6EE PP R be arossliea By free
1846d1 ¢h&E nihABBnaREich b requliRAnF T 2 HEMDPSS £lEradical generating

species such as peroxides, hydroperoxides or azo compounds, for example, which may

decompose to form radicals when heated, or at ambient temperature in the presence of

amines or transition metal promoters.

Another means of initiating reaction, currently not as widespread but gaining in
popularity, is the use of UV radiation to decompose photoinitiators to free radicals.
This method offers extremely rapid processing potential for a number of applications,
as the transformation from a liquid reactive composition to a crosslinked solid is
essentially instantaneous upon exposure to UV radiation. Electron beam radiation can
also be used to affect cure.

Various problems associated with acrylates have been addressed in U.S. Patents
5,945,489 and 6,025,410 to Moy et al and assigned to Ashland, Inc., the assignee of the
present application. Such approach involves reacting multifunctional acrylates with

‘acetoacetates via Michael Addition in ratios, which yield uncrosslinked, acrylate-
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present application. Such. approach involves reacting
mul tifunctional acrylates with acetoacetates via

M chael Addition in ratios, which yield uncrosslinked,
acrylate 1 WD 2004/ 035632 PCT/ US2003/ 032643

functional resins. These resins cross-link upon
exposure to an appropriate Wsource in the absence of

woddedhspht oinitiators. There are advantages t hi s
| ow vol atility and tog’u‘-‘&fq%%‘?”émz“i‘

h y | f
E&S%lﬂ%gt‘i%g%‘ﬁl &P%%ﬁ%snlgﬁéassmqpm IFEPOsHrRato aacpptapigte UV source
algi ' _ i.all d .
BONDOTRS FRBag I IR Grord PR £ 1 8 i opplpey

termseyfdsry volatBityanddokivitgcr yl i ¢ aci d. These processes

may require tenperatures of sufficient magnitude to
initiate undesired polynerization and crosslinking of

t he W2 r..the renoval. of
| ow ol Bl LA s R OB B o el S Katlc
cehgesiok By adamdypicilbrbasédincestaithiiaass gpcslt, mlyod by
te ds.téo bgcoma re difficult i'f higher nolecul ar
TRETHREE 24X UF 8P %hi GRS PIPCRTRas ity ey edsmppatures of sufficient
mAnSu B iBRiat@giERdd SOl ibs i Ve
a'{lgctzl1 coatin 19 appl i cat ilgorll%ﬁerg%ggé %gﬁ?ﬁ%@%@%@% Eroups
and pravatipns fog iegemordrofilowpmolenian weight hy-pesivest e.b9 walks or

i f §s l.acrylates. Su r f Jnvention The
B! IR0 ASLHARHERS o5 B o Bt
toglieq oroBschlad fwdigles 2aBathighed fiRHSEANRE adkiefitdd. THs may be

articular, the present invention nakes it possi g”é, to
Cgﬁlw’ﬂ@él partiplardor sames alhedivwsootingyaprdicatietsat  can be
further reacted to formcrosslinked structures.
According to the present invention, this can be
achi éwedrdmgl ootisideeshlé FonOstdbex@ts fir ’i‘lﬁprd%é%hﬂﬁitﬁ%pect to
wi.t.hout produci ng volatile |ow nol ecul ar wei ght
R ERnG 8 - require renoval as the reaction
proceeds. Moire specifically, the present invention
relates to a new uncrosslinked liquid oligoneric
conposi tion, conprisi SenBniycdfaaleriildhi ti on reaction
product of a

The present invention relates to providing acrylate oligomers of increased
molecular weight. In particular, the present invention makes it possible to provide
liquid, uncrosslinked oligomers that can be further reacted to form crosslinked
structures.

According to the present invention, this can be achieved without requiring
external heating and without producing volatile low molecular weight by-products that

require removal as the reaction proceeds.

More specifically, the present invention relates to a new uncrosslinked liquid
oligomeric composition, comprising a Michael Addition reaction product of a

multifunctional acrylate and an organonitro reactant.

The present invention also relates to curing the above disclosed uncrosslinked
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reactant. The present invention also relates to curing

t he above di scl osed uncrosslinked 2 WO 2004/035632 -

PCT/ US2003/ 032643 liquid oligoneric conpositions by

exposi ng the conpositions to actinic light. The

gresent i nvention also relates to a cured product
POUWHRES2by subj ecting the above-discl osed | iPGETEE2003/032643

lzjuidydigeniericoompositibholy ¢xposiag ite cwnipogitions ticdttias: ligwt

radi ation. 5 Another aspect of the present invention

relates to a method, which conprises appl yi ng the

abov
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ahovd-disclobdddirfuid dligomerta doinpbsitivh ey actimjrelight efick 4%€UV radiation.

present invention relates to the product obtained by

t he above-di scl osed nethod. Still other objects and

advaniages N i .

readily aggéicgﬁfthg)&?ﬁ%ﬁ%g%‘}egﬁwfékggﬁ e#dtljﬁg&g?‘t F %rcr? The e

applyingihe gbaiet distlestddigstirdligpmeric covnpogiiion fota substrdth and then

shown and descr. |b§d r ef ed enbodi nents of the

e?‘ﬂ%’?ﬁ%ﬁomgp ?)J%’W‘ “illustration of the best

node cont enpl at ed of carrying out' the invention. As

wll be realized the invention is capable of other

and dh stilbfusther aspseidifitespresentimarention relatasrta the redhait bbtained by

i fications in various obvious

t?éegoé)ggjt%%l% O%eé)&b%o departing from the invention.

Accordingly, the description is to be regarded as

illustrative in nature 20 and not as restrictive. Best

and i her qbirsésandadvanizgey phhemmesentiveentionrwillieoerge readily
%Pﬁe% éérﬁcélke%rlﬁltheaaﬁ{ Hlelﬁtt]?esfo %gn 'cﬂetal gc%g?riﬂiﬁgpegherem it is

resent | nven are

showaand/ tlm:ﬁbcd p\ﬂeﬁertedteﬁ&adm)dn’ést c&&he ﬁ?ﬁaﬁttdn? qufly by way of
Itlfun naI rylates are_ diethylene g
ssr@rlgm 0 e BErtBad Con TP EARIbIE o iRy akice, As il be

poT%‘Z t&% I?J.éer?gfoﬁ% YrabRrof Biepant éiffe&#%&gi))(o RV b sovral
detsdlp ere qabahglb ynS mOdtﬁmnom mlvm;louseﬂamg t‘@sbeﬂﬁ vgikhet® Heparting from

lacryl ate . e . ..
the 1nver¥t10n. Accordingly, the description is to be regarded as illustrative in nature

and not as restrictive.
Best and Various Modes for Carrying Out Invention

Among the multifunctional acrylates used in making the oligomets of the
present invention are diacrylates, triacrylates, and tetraacrylates. Examples of
multifunctional acrylates are diethylene glyéol diacrylate, ethoxylated bisphenol A
diacrylate, 1,6 hexanediol diacrylate, neopentyl glycol diacrylate, polyethylene glycol
diacrylate, propoxylated neopentyl glycol diacrylate, tetfaethylene glycol diacrylate,
triethylene glycol diacrylate, tripropylene glycol diacrylate, trimethylolpropane
triacrylate, ethoxylated trimethylolpropane triacrylate, propoxylated glyceryl
triacrylate, tris (2-hydroxyethyl) isocyanurate triacrylate, pentaerythritol triacrylate and

‘pentaerythritol tetraacrylate. Acrylated Epoxy resins, acrylated Urethanes, acrylated
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triethylene glycol diacrylate, tripropylene glycol
di acrylate, trinethylol propane triacrylate,
et hoxyl ated tri met hyl ol propane triacryl ate,
propoxyl ated glyceryl triacrylate, tris
(2-hydroxyethyl) isocyanurate triacrylate,
Bent aerythritol triacrylate and pentaerythritol

| ate. Acryl ated Epoxy resins, acryl aP€il/US2003/032643
polyestbianad othee liké adrgllied ¥Rr2004k AB2@31Rable reactants. _
PCT/ US2003/ 032643 pol yesters and other |ike acrylated
materials are also suitable reactants. Exanpl es of

sui t

<o EFA PSRRI oBRARALA 4 B Syt s

asdib®td typicelly ﬁidnaﬁm shbaitutbd{ plkedsltat hgpleail Hae anSJ@bBbon atoms
and re t ically_ 1-4-carbon atons. O he

ag‘%}P’P‘a%‘WE“ﬁ 1y - caho s (Pthen Hlablepilre sarapcunds asluget r o

FERABRINRLS | cording to the

pr esﬁt |H§iébﬁ%ngﬁouaaﬂé&cﬁg '?%L“%ﬁnﬁﬁm acrylate is

typically enployed in excess of its stoichionetric

anouwecorfiing to dhd yrosdne invquiionathentultifitictond] attyéate is typ1cally
unction ate to the nitro co nd

el et B PoSig ioS  yPIoR b o AL 200 o the

miultifudctiobhBad/iaftas lth biion@fb ERShl !n@'i‘ss #Br 48 q¢ h?%@férably

by a stron ase, as dlazablcyc oundecené

gidates Fhang . 15, ffici ently strong and readily soluble in

the nononmer m xtures. Qther cyclic am dines, for

exa u n|d nes ar e
T PR S P08 e PN B0y 450 A5
daxdﬂhltyodnundchae (BBUB WhicteigsBfficientii }4&‘6@(&&1&%&%%1@% in the
t et rabut amuponi um _hydr.qxi de and al kal i et al

ONRERRY t§'{?§h Ofeer speliccamidimes, for argmipdrediazabiqysiornenene (DBN)

LSR8 50 BN s ) o B iy

amoinash hﬁdtdxidlemuaheaact&trabutybmhmnﬁﬂl hyﬁromde ﬁgd h]ﬂtah hﬁtal
i nvention doges not reg eating to "

{
ofKG08 Rkst SRt R AP RA S b BTy o dgiasgium Bydroride,
sOi@A U5 BroxiHeds Al thitR] Wﬁ&c é’éﬁ'b‘é'ﬁtsec? ¥EM1§si0l | goner s

and does not evolve “vol atil e byproducts V\hl ch require
renmoval fromthe reaction. Each acrylate group has a
f uncTheMirhae) Adflitiopmeactinu employediatcouting tif the Ipesshhtcinamtion

ab91ot | FQire 1B l'{:n C‘imﬁ Poge%ht ¥ e%stltng %111% o o(gn%?acrylates to produce

higher molecular weight acrylate oligomers and does not evolve volatile byproducts

which require removal from the reaction. Each acrylate group has a functionality of
one under conditions of the Michael Addition. The functionality of the nitroorganic
coreactant is either 2 or 3. Under the selected conditions of acrylate functionality and
its stoichiometry with respect to the Organonitro coreactant, uncrosslinked

multifunctional acrylate oligomers may be obtained.

Typically, the above oligomers of the present invention are not self-
photoinitiating by exposure to UV radiation, and need an additional photoinitiator for
cross-linking. However, the above oligomers of the present invention can be made self-
vphotohlitiating by co-reacting with a rel"atively minor amount of an acetoacetate (such

as about 2.5 to 10 wt %), an example being about 3%. In addition, the nitro group is
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coreactant is either 2 or. 3. Under the sel ected
conditions of acrylate functionality and its
stoichionetry with respect to the Organonitro
coreactant, uncrosslinked nultifunctional acrylate
ol i goners may be obtained. Typically, the above

ol i goners of the present invention are not self-

WoR00403862i at i ng by exposure to UV radiation, g 868032643
138w bE hi IiRiid oo ob 1L DR
A2 abt bRREerpih i ol 0000 Bhom GELATEL SRl acstoaetates
canbe fendvn &/Sskdtént Sdat430nditdleduranef wick & ihe@pbiatdl hekdih by
a.relatively mnor anmount of an acetoacetate (such as
refsBiee2. 5 to 10 wt %, an exanpl e being about 3% In
addition, the nitro group is 4. WO 2004/ 035632
PCTI Ti$2Q0:3/ @%&@ﬁ‘é arf SR | Ishit£d18Bnd '
300- 400 nar?orrete crange. aﬂscgfitlng X) a%@gé{tﬁl@@h&t@sgﬁ&ﬁzm
apé photomdtistors USxRanptas tof h@6ia|tik8as aci Iskydrexyogclohexyiiphényl

tefoprr St SRS Brfiemon & BraiT oo D Buhene, 22-
di&h@tﬂn@ﬁﬁ_ﬂ%’h%ﬁﬂ%kétopﬁéﬂénﬁ,%& QLHidkdx3t RrRthyy %H%)&}?ﬁpt%ane— 1-one.

EhOt oinitiators are 1-hydroxycyclohexyl” phen
IRestugtive oDsuitehleythomsphsitizs eanpopindsrommcan-mention acetophenone,

P&‘?ﬂ%@{?@g&b 5g‘g%g’ﬁ%élgg;%@%gﬁg%%miﬁé;emﬂdehyde, fluorene,
aathygigone; Ziphehylihnide; oi8a1le; B iPRAGtHy1RB®phenone, 3- or 4-

I'llustrative of suitable photosensitizer conpounds one
reatylaselephanengcktos s aenzophespha gHétpspreanthone, 3-

e none; . henzal .
PRAEOR AR and BB HRE Bho kit SEORGRARE: DR Giger vsed
c3n varty flormabdutiOc®lefoebbeydnesight-peffentlof the coating solution. A
pefgt y%acetophenone, 3-.0or 4-chl orobenzophenone L
preleRPdrBRERthabrut 0F.to et G ysiahimesisat. ohanikhise pf potoimitiators

0 1.1 r photosensitizer used can
a\%g}ragﬁﬁtggrﬁngbﬁg%cg{.lgffgthgh%egbyt 20 wei ght percent of the
coating solution. A preferred anount is about 0.5 to
aboutThs ligeidybligopesr cemposionsiof the preseht imvettoin) sincathey are
Iand({jor phof.osensi ﬁ.i‘iers can %I sg be.used.. The_ Ijquid
W GofE e SRPHEH L BFIOPHBOSIUSIRNG PRAUAE Ieshmiddps jush as
b1 @Y spRhPprib ta¥hdlsetint@Ro 8@l | v be applied to various
substrates using coating techni qgues such as

The following scheme showing Michael Addition of a selected organonitro
compound and multifunctional diacrylate is for purposes of illustration only and to

facilitate a further understanding of the present invention.
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roll or spray prior to the actinic light cure. The
foll ow ng schene show ng M chael Addition of a

sel ected organonitro conpound and rultifuncti onal
diacrylate is for purposes of illustration only and to
facilitate a further understandi ng of the present

i nvention. 5 WO 2004/ 035632 PCT/ US2003/ 032643 M CHAEL

WADDMTI36M20F NI TROETHANE TO 1, 6- HEXANEDI OL DI AGRAABE3/032643

0 "NO2 + 2p~"p~ O % BASE O O02N 0O 2 5 The

following non-limting exanples are presented to

further illustrate the present invention. In the

foll owi ng exanples, all parts are by wei ght unless
MM?&DDITI@I% SFSII TROEHIANE T |,ceHEXANBDEOL ®JACRYLATE
menti oned herein are specifically incorporated by
reference. 10 Exanple 1. M cgael Addition Product of

Mt romet hange & 6-Hexanedigk -Diacrylate A resinis
pré%ar ed by?t %BU (1, 8-_di°gﬂz\a/bi' cycl o [5.4.0]

undec- 7-ene) catalyzed M chael "addition of 3.0y (0.05
nol e) Nitronmethane to 44.3g (0.20 nole) 1, 6-

Hexanedi ol diacrylate. NVR indicates that the position
al pha to the Nitro fumgdd onality 15 has becone fully
substituted. There |s no evidence for any unreacted

Ni t ronet hang. Mol etul ar wei ght]determ nati on by GPC
supports thgse findings. A ganplie containing 3% (ww)
of Irgacure|1700sphotoi-nitiftor (crosslinks to forma
soft tacg ee ian%ﬁt\e/r\o/E%% 500mJ/ cnR exposures to
a Fusi on"?™H| b b. -

2

The following non-limiting examples are presented to further illustrate the
present invention. In the following examples, all parts are by weight unless otherwise
indicated. In addition, all references mentioned herein are specifically incorporated by

reference.
Example 1. Michael Addition Product of Nitromethane and 1,6-Hexanediol Diacrylate

A resin is prepared by the DBU (1,8-diazabicyclo [5.4.0] undec-7-ene)
catalyzed Michael addition of 3.0g (0.05 mole) Nitromethane to 44.3g (0.20 mole) 1,6-
Hexanediol diacrylate. NMR indicates that the position alpha to the Nitro functionality
has become fully substituted. There is no evidence for any unreacted Nitromethane.
Molecular weight determination by GPC supports these findings. A sample containing
3% (w/w) of Irgacure 1700 photoinitiator crosslinks to form a soft tack free film after
two 500mJ/cm? exposures to a Fusion “H” bulb.
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6 WO 2004/ 035632- PCT/ US2003/ 032643 Exanple 2.
M chael Addition Product of N tronethane and
Trimet hyl ol propane Triacrylate. A resin is prepared
by the DBU (1, 8-di azabicyclo [5.4.0] undec-7-ene) 5
catal yzed M chael Addition of 2.0Og (0.033 nole)
| thane to 58.6g (0.20 nole) Trinethylol propane
qu %@%5&(2@. NMR indicates that the positi WW@OW&GQ
tivamle 2.0 Mighast Additian Praduptef Wisesethane pnd T alpropeine
ﬁ@farc@d%t% no evidence for any unreacted N tromethane.
ecular wei ght determ nation by GPC supports these

findings. A sanple containing 3% (ww of Irgacure
1700 photoinitiator crosslinks to forma tack 10 free

fi | m o fesin sscsouhi Ge Bk fotdiagahiaydo ﬁjé-p]icbnndqew—ene)
b'\?llétaﬁ)yz A8 Agid.ilt?qncé}"i%ﬁ (@%@3 st ﬁf@?ﬂ%ﬁi glt%§%§g iQD.Z(Amole)

e
roet hane an meth 1I"pr opane

rEghethyBlposartaserpitel NMVRBLiCdteSthdi the pbiitiys hphb Bo the Mitro
undec- 7-ene) . catalyzed M chael Addition of 5.0 g
(longipnakity) has bRpao Bl APsTiEECD: gllprg Isoxyigasee for any unreacted
AoliBEleth; BIGRANE bRk ol M OPC bR Rt tindlR. A
fsatple conbmEbing 3¢ fv/whlhérgaduse 10 Oephiottanitiatol arosslinks to form a tack

unreacted Ni et hape. Ml ecul ar, wgj ght determ nation
b@ﬁe %1%‘}5[98? é&flﬁ@@geﬁﬂoﬁ%‘?ﬁ%%. usion oHS S e cont ai ni ng
3% (ww) of lIrgacure 1700 photoinitiator crosslinks to

forma tough tack free filmafter one 500mJ/cn?
eeppotple 3. MochacFAdidision PrsdubudiiNitropthahd andFemethyipbpae

confirmed conpl ete reaction of the active
e

e group in the position alpha to the Nitro
functionality. GPC confirmed a 25 nol ecul ar wei ght
increase relative to the parent acrylate and branching

t hat 4 regivats frepaslesciie B (le&dirzebisyderS.40] nadticat-eum)

S B, ST o585 o W
Pfﬁﬁélﬁzloq:froﬁz{ﬂe&ﬁadﬁﬂafe{) NNRMadiFitBy ihache pasabahpha fsthe 3ftro

Trimet hyl ol propane Triacryl at e.
functionaf/ J

ity has become fully substituted. There is no evidence for any unreacted
Nitroethane. Molecular weight determination by GPC supports these findings. A
sample containing 3% (w/w) of Irgacure 1700 photoinitiator crosslinks to form a tough

tack free film after one 500mJ/cm? exposure to a Fusion “H” bulb.

In all three examples, NMR confirmed complete reaction of the active
methylene group in the position alpha to the Nitro functionality. GPC confirmed a
molecular weight increase relative to the parent acrylate and branching that is what is
expected in each system. UV radiation cure experiments indicated comparable

reactivity with the parent acrylate.

Example 4. Michael Addition Product of 50/50 Nitroethane/Ethylacetoacetate and
Trimethylolpropane Triacrylate.

A resin was prepared by the DBU (1,8-diazabicyclo [5.4.0] undec-7-ene)
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A resin was prepared by the DBU (1, 8-di azabicycl o

[5.4.0] undec-7-en€) 7 WD 2004/035632

PCTI US2003/ 032643 catal yzed M chael addition of 2.5g
(0.033 nole) Nitroethane and 4. 35g of

Et hyl acet oacetate (0.033 nole) to 43.5g (0.15 nol e)

Tri met hyl ol propane triacrylate. NM indicates that
Waeopdsra32on al pha to the Nitro functionality PRe$/US2003/032643
eeabyred Mithael additisd 0ﬁ2J5§(D.OSBhﬂ®1e) Nétroetha@e bf@n36g bor

%g%dunr eacted N troethane. ig there is 100% 5
aetoagptatsr(0PaA male)tn 43 de 40 S maley Trimethpiokeepant figacrylate.
r
Mlgmmgﬁeggﬁfhgegggﬁ b pBt2 10 fle N TRt b RMBP AR ol By
S0bsidtedr Thorp dsn eviddnoe forug unreadttt Nitbdthatiet Adsy thagtde d00%
phot oi.ni tigtaqr. mpl € 5., M chael Addition Product of
e oF B ol EEMR i a8 sk ghtel Ogomer crosslins to form
I W :
o RBLA B-PRRR SR vLE) AR Refrofofyic), B0PRGOBRRNEH exposure
d:@a Hosioe {HNVbohewl thad didedghominitigiof.0. 067 nol e)
Ni t roet hane and 2.9g of Ethylacetoacetate 15 (0.022
nDI e) to 57.9g (0.195 nole) Trimethyl ol propane
4. MRhad RGN IEBHRS of 74188 NifdGet IP%%J'Eth Bocddb Bt dé fhd
the itro functionality has becone fully su stltute
Thierathylelpropsne Trigemltaée. f or any unreacted Nitroet hane.
Al'so there is 100% conversion of EAA to the
di substituted product. The |i qui d ol i gomer crosslinks

Wi t how reapoesh Iﬁ'Bﬁdr&i By the DB (1,8Qidzabidyélo (94D uh@&K7-ene)

free filmwth very good sol vent resi stance, "after two
ss@lwrsé mhaezz@d@m@%ge@ 063 raoie) Niteonthane ansi.Bg Bkarp e
%ﬁt‘ ddi ti on Product of 85/15

roet ane Et hyl acet oacetate and Tri net hyl ol pr opane

To.022 mpllHtie 57.25 (@sl?ﬁsﬁllotb) W&md&[ﬁﬂﬁf@dn@mabﬂ@atm indicates
M%S di azabi ycI 0 under. ene) cata

Eaparoskinm; & IPIB‘rFO de Ié.ﬁm(t]en%maw hay bwomeo’@llﬁ aw@tlaﬁad There is

b0 AR A B D R Peghon o

rtlmjdlswsemt&dmdndte TheHydid @hg&hﬁrft&oishnkﬁﬂh{bﬂt a@ded photoinitiator

ctiona ecaone full
to orm a tougfl %a%kq:r I%i)m m&e very gogd solvent resistance, after two 500mJ/cm?

exposures to a Fusion “H” bulb

Example 6. Michael Addition Product of 85/15 Nitroethane/Ethylacetoacetate and
Trimethylolpropane Triacrylate.

A resin was prepared by the DBU (1,8-diazabicyclo [5.4.0j undec-7-ene)
catalyzed Michael addition of 5g (0.067 niole) Nitroethane and 1.53g of
Ethylacetoacetate (0.012 mole) to 51.1g (0.172mole) Trimethylolpropane triacrylate.
NMR indicates that the position alpha to the Nitro functionality has become fully
substituted. There is no evidence for any unreacted Nitroethane. Also there is 81%
conversion of EAA to the disubstituted product. The liquid Oligomer crosslinks to

form a glossy tack free film with good solvent resistance, after six 500mJ/cm?

- exposures to a Fusion “H” bulb. It is to be noted that the Nitro resin without the
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Tri met hyl ol pr opane triacrylate. The dark gr een
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i nvention illustrates and cribes the presen
TeRsiaRce after Ayas é@%ﬁvmyexppﬁgemmfm“ "Shrits The ﬁ]m has

PR aialy 8Rop act BRpBIEL 13t I SE Byt 13018, /i ant o
uentesesitnpack aftif@tb/inhe i nvention is capable of use in
various other conbi nations, nodifications, and
environnents and is capable of changes or

nodi f ifgata

Concept® aRgainp UL A Bipl 61 S SRRnfon IS G Thes the present
Méom.eAd&mngdlﬁthﬂa/dmclosure shows and describes only the preferred

embodiments of the invention but, as mentioned above, it is to be understood that the
invention is capable of use in various other combinations, modifications, and
environments and is capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate with the above teachings and/or
the skill or knowledge of the relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing the invention and to enable
others-skilled in the art to utilize the invention in such, or other, embodiments and with
the various modifications required by the particular applications or uses of the
invention. Accordingly, the description is not intended to limit the invention to the

form disclosed herein. Also, it is intended that the appended claims be construed to

include alternative embodiments.



25 the skill or know edge of the relevant art. The
enbodi nents descri bed herei nabove are further

i ntended to explain best nodes known of practicing the
invention and to enable others skilled in the art to
utilize the invention in such, or other, enbodi nents
and with the various nodificaCiLaisMs equired by the
particul ar applications or uses of the invention.

Accor diwBt\s clhiigegdescription is not intended to [imt
the invention to the 30 formdisclosed herein. Also

it 1s ijnten : ed be. str

to inc udeqlgg/{llélﬁh%a #@zone%g&g)%r%ﬂf%& gsaliﬂqcﬁgpf g crylgte and
claimed: 1. ofgdoniwedong@ddhd.i on reaction product of a

mul ti functional acrylate and organonitro conpound. 2.

The reaction product of claim1, wherein the

organoni tro nitro. .
conpou?d T%%Eg&ﬁgg %q?iggt of lﬁg ]t%% xﬁﬂ%{ﬁ%ano\% G @mpound is a
t he organondhmamondnpdmmmbcdnmmundltroalkane 4. The

reacti on product of claim3, wherein the nitroal kane

has 1 to 18 carbon atons. 5. The reaction product of

claim 3, wheangi

atons. 6. The r EehgglP ‘?8?‘%&@?&?@ glf’ EY mé'f% ?groncowound sa
ni t r oal kane ngooakanses ni t r onet hane or nitroethane. 7.

The reaction product of claiml1l, wherein the

mul ti functional acrylate is a diacrylate, triacrylate

or tetwuaacr yihat&actiSn prodfct TN weRSH He Iﬁ’lfrozﬁlkﬁier%a;’l to 18
wherein the multifunctional acrylate is selected from

the group cém®psetoms. of di et hyl ene gl ycol diacrylate,

et hoxyl ated bi sphenol A diacrylate, 1, 6-hexanedi ol

di acryl at e, '

5. The reaction product of claim 3, wherein the nitroalkane has 1-4 carbon
atoms.
6. The reaction product of claim 3, wherein the nitroalkane comprises

nitromethane or nitroethane.

7. The reaction product of claim 1, wherein the multifunctional acrylate

is a diacrylate, triacrylate or tetraacrylate.

8. The reaction product of claim 1, wherein the multifunctional acrylate is
selected from the group consisting of diethylene glycol diacrylate,
ethoxylated bisphenol A diacrylate, 1, 6-hexanediol diacrylate,
neopentyl glycol diacrylate, polyethylene glycol diacrylate,
propoxylated neopentyl glycol diacrylate, tetraethylene glycol
diacrylate, triethylene glycol diacrylate, tripropylene glycol diacrylate,
trimethylolpropane triacrylate, ethoxylated trimethylolpropane
triacrylate, propoxylated glyceryl triacrylate, tris(2-hydroxyethyl)
isocyanurate triacrylate, pentaerythritol triacrylate, pentaerythritol

tetraacrylate, acrylated epoxy resins, urethane

10



neopentyl glycol diacrylate, polyethylene glycol
di acryl ate, propoxyl ated neopentyl glycol diacrylate,
tetraet hyl ene glycol diacrylate, triethylene glycol
di acrylate, tripropylene glycol diacrylate,
trimethyl ol propane triacryl ate, ethoxyl ated
trinethyl ol propane triacrylate, propoxylated glyceryl
we ?%@P?ﬁvﬁ%& e, tris(2-hydroxyethyl) isocyanurat®CT/US2003/032643
triacryl at @cryjiehaxndeptiated polyestéracr yl at e,
pentaerythritol tetraacrylate, acrylated epoxy
resins, urethane 10 WD 2004/ 035632 - PCT/ US20031032643
acr yl a9.es Anelreaoon roae:ioeLuast Shferefh thd Ry IufAG IR es
product of claim 1, wherein the acrylate cOnprises
hexanedi ol heranedipl diearyiate or irimstiyjolqiropmme praveylate.
triacrylate. 10. The reaction product of claimb5,
wherein the acrylate conprises hexanediol diacrylate
or tri et hyholeagtiomnmoeud: bf sy bakBeretnithe ﬂe}?rl_a mprises
reaction og claim1, wherein the nultifunctional
acryl at e i SexaRplig} daciyhtesiciametisioliprepase diiashyloteet r i ¢
anmount and the product is a non-crosslinked |iquid
oligomer. 12 . The reaction of claim1, wherein the
equi vallént r &he ceastion bEclaimul fwhateia thomalt facstvhal Rrilfe is
organonitro conpound is greater than 1. 13. A nethod
for producing the reaction product of claim11, which
conpri ses of j vl at-a ni h C
compound in t%gﬁ&% é;cfe‘%e%%}%s%?%% S?‘%‘?%ﬁ‘g ggé{ogl%f%%py@f’:
14. The method of claim 13, wherein the base is a
cyclic am dine uart emary, an ne .hydroxi des or al kal i
metal al koxiPia&ehf %Rﬂﬁ@?ﬁ%@g@ﬂﬁépﬂmermhod of
claim 13, wherein the base conprises DBU, DBN or a
guani di ne.

12 . The reaction of claim 1, wherein the equivalent ratio of the

multifunctional acrylate to organonitro compound is greater than 1.

13. A method for producing the reaction product of claim 1, which
comprises of reacting the acrylate and nitroorganic compound in the

presence of a strong base catalyst.

14. The method of claim 13, wherein the base is a cyclic amidine,

quarternary amine hydroxides or alkali metal alkoxides or hydroxides. .

15, The method of claim 13, wherein the base comprises DBU, DBN or a

guanidine.

16.  The reaction product of claim 1, wherein further includes an

acetoacetate,

17. The reaction product of claim 16, wherein the amount of

acetoacetate is about 2 to about 20 wt.% .

11



16. The reaction product of claim1, wherein further

i ncludes an acetoacetate. 17. The reaction product of
claim 16, wherein the anbunt of acetoacetate is about

2 to about 20 wt.% . 11 WD 2004/035632 -

PCT/ US2003/ 032643 18. A photo-curabl e conposition
conprising the reaction product of Claim1l and a
W&%ﬂp%ﬁﬁ ator. 19. A nethod for producing a SK/E82003/032643
Subst r at e 1 hPRQIpsHTablescomnesitipn gemprising dzecteaction product of
product of [ t -S4 rate and curing the
reaction p?%hug{g.nazaﬁoiblﬁrleﬁ?%%d for producing a coated
substrate which conprises applying the conposition of

claim 18 md uri 1Lhe conposition. 21. The nethod of
clai m 20 wHi IEQT‘E%@ o produgingdronisd selsgtsswhich wotmprisdsy/

radi ati ONappkfing the reaction product of claim 1 to a substrate and curing the

reaction product.
20. A method for producing a coated substrate which comprises

applying the composition of claim 18 and curing the composition.

21. The method of claim 20 which comprises curing the composition by
UV radiation.
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