2 5 MAY 2005 WD 2004/ 029118 PCT/ US2003/030436 Liquid uncross]i ngxgoé\ﬂgghael
Addition Aigoners Prepared In The Presence O A Catal yst Had/ibn An
Epoxy Moiety And A Quaternary Salt 5 FIELD OF THE | NVENTI ON Thi s invention
relates to uncrosslinked liquid oligonmers containing polynerizable groups
that can WO 200482d1ithked using ultraviolet (W) |ight w PEDUS2MHBINE costly
photol nitiators. The uncrosslinked Iiquid Mchael Addition oligoners are

prepared 1n P&t ARE6EsRhked Wha FABE&IJ’\I@S O ProRR@INTEty and a
. flg

quaternary sa e Uncro IMI:’ | i goners
prepared using thepﬁ%iq'}q?daigt f ﬂhsEom Ne@ewgnd | ower resin

@IV owe |
colors, and on _crosslinkin I s e(fo‘B’ré?%an the sane uncrosslinked
liquid M cEéELDA@EiTﬁE)FN\SEﬁa—MrS prepared in the presence of catalysts
comonly used for such purposes. 15 BACKGROUND OF THE | NVENTI ON. The
M chael ~ Addi t i ofThig invettionirelatesdaywinciesslinked ligwd fligomers gontaiaitgy| at e
acceptor conpounds to nake crosslinked polyners has been described in the

li t erat ur e pdhe®ebI® hioup¥thaEtambe drbeslinked geingrudiravioket (RV)tight M chael
addi tion ofp acetoacetates to triacrylates and tetraacryl ates

(Macr ool e%ﬂfﬁ'fut???we@wgg}ﬁﬁiaﬁs.l&he%&s?sﬁin&@&ﬁhuiﬂ@ﬁ:m@dUCt s

formed were cros gel's. I'n one of the reactions, Mzner added
o € o TSR Bl Ol Tl ik by o
SRt wo Sraehomn et anigal SFobREis Shale LigHB cbE
| Addition oligomers prepared using the desired catalyst have lower viscosities

and lower resin colors, and on crosslinking, lower film color than the same

uncrosslinked liquid Michael Addition oligomers prepared in the presence of

catalysts commonly used for such purposes.

15

BACKGROUND OF THE INVENTION.

The Michael Addition of beta-dicarbonyl donor compounds to
multiacrylate acceptor compounds to make crosslinked polymers has been
described in the literature. For example, Mozner and Rheinberger reported

20 the Michael addition of acetoacetates to triacrylates and tetraacrylates
(Macromolecular Rapid Communications 16, 135-138,1995). The products
formed were crosslinked (cured) gels. In one of the reactions, Mozner added
one mole of trimethylol propane triacrylate (TMPTA) having 3 functional
groups to one mole of polyethylene glycol (600 molecular weight)

25 - diacetoacetate (PEG-600-DAA) having two functional groups. (Each

x5 cetoacetate functional group” reacts twice; thus each mole of



2 5 MAY 2005 WD 2004/ 029118 PCTI US2003/ 030436 di acet oacet atel\/gaiﬁfﬁw
reactive equivalents.) 0000 + o }IIll~ xlIl PEG600DAA TVET 2005
crosslinked gel Mole Ratio of TMPTA : PEG 600 DAA =1 : 1 Ratio of acrylate

acet oac ten ional groups =3 : 2 Ratio of reacti 1 ts = 3
20 o AP RBas ' OGO 86 and 6, 025, 410 i Ssued Lo T AER

di scl ose ungreefachieesinhd fiir fedtil@ efBivalensdposi tions nmade by the M chael 5
Addition reaction of acetoacetate functional donor conpounds wth

mul tifunctional acrylate agceptor conpounds ien the presencegsof strong base
catal ysts such as di@zabi cj\g;undecene, azgbi cycl M nd _gauni di nes.
The contents 94 a 6,029’, 4107ar & i neqr por atéd Kerei'n b

r ef er ence. L@.&ujl;at enty No. 5,565,525 di scloses resin conpositions curable
1o through the chael Addition reaction. The cgsg%ﬁ(%_'&ki ng reaction is
catalyzed wth a quatetnary anmmoni um conpound or other oniumsalt in the
presence of an epoxi? The product fFf the M chael Addition reaction

according to patent 565, 525 is a cyregh crosslinked conposition and
simlar to conpositions described inji"Mcronol ecul ar Rapi d Conmuni cati ons”
inthat 15 they ™y solids. 2 2 5 MAY 2005

crosslinked gel

Mole Ratio of TMPTA : PEG 600 DAA =1:1
Ratio of acrylate : acetoacetate functional groups =3:2

Ratio of reactive equivalents =3 : 4

.S, Patent Nos. 5,945,489 and 6,025,410 issued to Ashland Inc.
disclose uncrosslinked liquid oligomeric compositions made by the Michael
5  Addition reaction of acetoacetate functional donor compounds with
multifunctional acrylate acceptor compounds in the presence of strong base
catalysis such as diazabicyclouﬁdecene, diazabicyclononane and gaunidines.
The contents of 5,945,489 and 6,025,410 are incorporated herein by
reference. U.S. Patent No. 5,565,525 discloses resin compositions curable
10 through the Michael Addition reaction. The crosslinking reaction is catalyzed
with a quaternary ammonium compound or other onium salt in the presence
of an epoxide. The product of the Michael Addition reaction according to |
patent 5,565,525 Is a cured, crosslinked composition and similar to
compositions described in “Macromolecular Rapid Communications” in that

15  they form solids.



WD 2004/ 029118 PCTI US2003/ 030436 I n contrast according to the invention it
has been found that liquid, oligomeric acrylic conpositions2daMfye2005
prepared via the Mchael Addition reaction in the presence of a catalyst

system co 1S epoxide noiety 5 and a quaternary salt. SUWARY OF
THE INVENWB@W% ?nventi on is the discovery that certaiPﬁTmﬁfﬁ?Wm‘m
uncrosslinked acrylic oligoners prepared via the Mchael Addition
reaction, using Mchael donors 10 such as beta keto esters and M chael

acceptors such t o i L j esence of a
cat al yst systeme}ﬁg@ﬁﬁé‘l‘tgaﬁgél&dg}ﬁﬁ%ﬁé’%bﬁ%n%ﬁéég%%r?g@ rr]fg;} };}gggﬂuﬁ{,{' results in
uncrosslinked |iquid chael Additio cryvlic. qli i.ng | ower
viscosity a @Opﬁaﬁrﬁlc IP(S:PWIP(S’WBP%&W @e@ﬁ%‘}%@’ Vmﬁh%%%?éﬁlﬁg%ﬂers pr epar ed
In the presence of ,strong base catalysts. The is.oligoners of.the present
nvent i on dRECIIDIIBBRREGS Bbr GalAYS AL amemAreli o RBRHTe ol or 5.

Pol yneri zed (cured) filnms are lower in color than those produced from
resins nadeaWd @ RUamMaN§alases and col or stability upon exposure to

el evated tenperatures and/or WV radiation (i.e., sunlight) is greatly

enhanced. 20 DESCRI PTION OF THE DRAW NG S) Figure 1. The area bel ow t he

three curves represents ratios of acrylate to acetoacetate that when
reacted, foBuMMARYIDIRTHE INVENTAORY i al s outside the scope of the
invention. Ratios of acrylate to acetoacetate on or above the 2s curves

formthe |iquid THis jweetien isfthe Hissovary #aticertaindigaidsunarosstiokss 3@yikD04/ 029118
PCT/ US2003/ 030436
oligomers prepared via the Michael Addition reaction, using Michael donors
10 such as beta keto esters and Michael acceptors such as acrylates, in
specified ratios and in the presence of a catalyst system having an epoxy
moiety and a quaternary salt, results in uncrosslinked liquid Michael Addition
acrylic oligomers having lower viscosity and lower color compared to Michael
Addition oligomers prepared in the presence of strong base catalysts. The
15  oligomers of the present invention are photopolymerizable in the absence of
photoinitiators. Polymerized (cured) films are lower in ¢olor than those
produced from resins made with strong bases and color stability upon
exposure to elevated temperatures and/or UV radiation (i.e., sunlight) is
greatly enhanced.
20
DESCRIPTION OF THE DRAWING(S)
'Figure 1. The area below the three curves represents ratios of acryiate
to acetoacetate that when reacted, form unusable gelled materials outside the

scope of the invention. Ratios of acrylate to acetoacetate on or above the

25  curves form the liquid oligomers of this invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to

M chael Addition uncrosslinked liquid polyacrylate oligomerg grmhara@ﬂ by
reacting M chael donors with Mchael 5 acceptors. The reaction is ¢ $ed
out in the presence of a catalyst system suitable for pronoting the

reaction ofwoezobgom®ii carbonyl donor with a conpound havimergiobd s
acrylate functionalities at | ow tenperatures over short tine frames wt

no required byproduct renoval or work-up. The catalyst systemused in the
present inventl ises an epoxy noiety and 1o a quaternary salt.
Anong t he co%%ﬂﬂmgﬁ%%@f&@“ﬁﬁﬁmv%mg the oligoners of this
invention are nultjacrylates such as diacrylates, triacrylates, and
tetraacryl ates. EX&fpirasentinesdon relateads VichaebAddion uhbroSsiieyllienie G ycol
D acrylate, MV = 214, f = 2 0 20 Ethoxyl ated Bi sphenol A Diacrylate, MN=
424, t = 2 0 Belyagryiats-aligaamesiprepaliddyrreacting Midhas! dstfors it Mickas? 5 MAY: 2005
WD 2004/ 029118 PCT/ US2003/ 030436 5 10
5 acceptors. The reaction is carried out in the presence of a catalyst system
suitable for promoting the reaction of a beta-dicarbony) donor with a
compound having multiple acrylate functionalitles at low temperatures over
short time frames with no required byproduct removal or work-up. The
catalyst system used in the present invention comprises an epoxy moiety and
10 aquaternary salt.
Amang the common Michael acceptors used to make the oligomers of this
invention are mulliacrylates such as diacrylates, triacrylates, and

tetraacrylates.

0Examples of useful diacrylates are:

15 \)Lo/\/"\/\o)‘]\//’

Diethylene Glycol Diacrylate, MW =214, f=2

T OO

20
Ethoxylated Bisphenol A Diacrylate, MW = 424, f= 2
e
A NS

o S

25 T\

1,6-Hexanediol Diacrylate, MW = 226, f =2



15 20 Neopentyl dycol Diacrylate, MW= 212, f = 2 0 0 Pol yethyl ene d ycol

D acrylate, MW= 302, 508, f = 2 0 O Propoxyl ated Neopentyb Wﬁo
D acrylate, MW= 328, f =2 Tetraethylene A ycol D acryl ate! ggﬂé f = 2
O O Triethylene G coI D acrylate, MN= 258 f :225 55 25 3

Tri propy! HA2H2ZYE8 i acryl at e ( TRPGDA), = 300, f = 2P6T’i9§%‘}°a403°436
triacrylates areg 5 2 5 MAY 2005 WO 2004/ 029118 Tr| nmet hyl ol pr opane

Triacryl ate (TMPJA), =299, f =31 ~ M1
Neopentyl Glycol Diactylate, MW = 212, f= 2

A I

Polyethylene Glycol Diacrylate, MW = 302, 508, f= 2

\)Lo*/"\/f\/"\)\o/ﬁ\/

Propoxylated Neopentyl Glycol Diacrylate, MW = 328, f =2

o] 4]
\\\Jj\o/\/ °\/\D/\/°\/\o/lk/

Teftraethylene Glycol Diacrylate, MW =302, f =2

10
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Triethylene Glycol Diacrylate, MW =258, f = 2

o hm

Tripropylene Glycol Diacrylate (TRPGDA), MW = 300, f= 2

25

Useful trigcrylates are:

o]
0/“\//’
30 8



n 3 5 10 Ethoxyl ated Trinet hyl ol propane Triacrylate, MN= > 428, =
Propoxyl ated d yceryl Triacrylate, MN= 428, f = 3 0o",-"/0 |1 Qm 2
PCT/ U82003/ 030436 15 Tris (2-Hydroxy Ethyl) Isocyanurate Tri ac W/—
423, = 3 HOC 20 Pentaerythritol Triacrylate, = 298, =3CA useful
tetraacry taerythritol Tetraacrylate (PETA)

Addi ti ona:‘% f‘ﬁ)ﬁfgé;ryl ate acceptors are acryl ated epox:v% m? 810504

acryl at ed epDimeifiyiatpropariceTriacgate @VRTA) vhaes, fswch as aryl and
aliphatic 6 2 5 MAY 2005 WD 2004/ 029118 PCT/ US2003/ 030436 ur et hane
acrylates, and acryl ated pol yesters, such as pol yester acrylates. Al so,
monof uncti onal acrylates (e.g.,,single C1-Cl8 acrylate ester, isobornyl

acryl ate, ethyl he crylate, |l auryl acryl ate, hydroxyethyl acrylate,
RV)\} ncluded to nodify resin properties

caprol act one.acr
such s as adhesion peci f¥c substjates, toughness, flexibility, film

gl oss, so vent resistance, inpact resistance, surface tension and others.

e 0 PP (R LSS o ent o i

.

Propoxylated Glyceryl Triacrylate, MW =428,f=3

10

15 Tris (2-Hydroxy Ethyl) Isocyanurate Triacrylate, MW =423, =3

v% 1
3

20  Pentaerythritol Triacrylate, MW =298,f=3

0]
: P
A useful tetraacrylate is 4

Pentaerythritol Tetraacrylate (PETA), MW = 352, f = 4
Additional useful acrylate acceptors are acrylated epoxies, such as

25 acrylated epdxy diacrylates, acrylated urethanes, such as aryl and aliphatic




10 IOxl a ~ v “off Methyl Acetoacetate, f = 2 15 0 0 Ethyl zl%aﬁﬁaﬁﬁ
= 2 20 ox t-ButyI Acet oacetate, f = 2 25 00 00 v "o~ 2-Ethyl he 5

Acet oacet at e, =2 30 OI'l 0 "0,zHRS 0 7 2 5 MAY 2005 WD 2004/ 029118
PCT/ US200334303 6‘43@ @auryl Acetoacetate, f =2 5 10 Acet oaggtafRiddi 4 = 20
0 2- Acet oacet oxyetﬁ Met hacryl ate (AAEM), f = 2 b 30435

urethane acrylates, and acrylated polyesters, such as polyester acrylates.
Also, monofunctional acrylates (e.g., simple C1-C4g acrylate ester, isobornyl
acrylate, ethyl hexyl acrylate, fauryl acrylate, hydroxyethyl acryiate,
caprolactone acrylate, efc.) may be included to modify resin properties such
5 as adhesion to specific substrates, {foughness, flexibility, film gloss, solvent

resistance, impact resistance, surface tension and others.

Examples of Michael donors used to make the oligomers of this invention are

acetoacetates having a functionality of two:

Q Q
)j\/u\o/

Methyl Acetoacetate, f= 2

g . 2 .
PNENEN

Ethyl Acetoacetate, f =2

S A

t-Butyl Acetoacetate, f =2

2-Ethylhexyl Acetoacetats, f =2

Giztzs
J
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00 ~v off 15 Allyl Acetoacetate, f = 2 Acetoacetates having a
functionality of four: \/ oIl Il 0 O 20 Butanedi ol D acet oacetgge“A%g@é
JO JIO"~ YY 0 0 25 1, 6- Hexanedi ol Di acetoacetate, f = 4 30 Neopenty I
D acetoacetate, f =4 8 2 5 MAY 2005 WD 2004/ 029118 Cycl ohexanedi net hanol

D acet oac t f =45 /2 Ethoxyl ated Bi sphenol A D acetoacetate, f = 4 10
Acet oacet ﬁgﬁ?ﬁwﬂa a functionality of six: 0 3 Trinet h)ﬂca‘t'wgfﬁ?é[ﬁ%‘”ﬁ

Tri acet Oacetl_%thl AbefgabethR §=6 0 0 Gycerin triacetoacetate, f =6 20

I

Acetoacetanilide, f = 2

4] 0
MD/\/"\"/J\
Q

2-Acetoacetoxyethyl Methacrylate (AAEM), f=2

[} 0
)I\)J\D/\/

15 Allyl Acetoacetate, f=2

10

Acetoacetates having a functionality of four:

[4] 0
MO/WGW
o] [+]
20  Butanediol Diacetoacetate, f = 4
0 o] ]
)J\)}\ Ve e
0 W
[o] Q
25 1,6-Hexanediol Diacetoacetate, f=4
o} 2] o] o]
MO/X\QM

30 Neopentyl Glycol Diacetoacetate, f = 4




RO Pol ycaprol actone triacetoacetate, f = 6 25 An acetoacetate r%ﬁc@gga@
functionality of eight is: Oq C(3) Pentaerythritol Tetraacet t ,ﬁﬁf
= 8 PCT/ US2003/030436 9 2 5 MAY 2005 WD 2004/ 029118 PCT/ US2003/ 030436

O her useful M chael donors include esters of malonic acid, 2,4

pent anedi ore.2od@2bik cyanoacetate, ethyl cyanoacetate, byicHyRiagnaaset at e,
octyl cyanoacetate and cyanoacetam de. 5 The M chael Addition reaction is

typically carrjed put witp—=an equivgl en excess of M chael acceptor to
M chael donor AWorkable '@- 0 oduge Iliquid oligoneric products are
defined in Figure 1.1t i5% itical that an appropriate equivalent ratio

of acceptor to donor is used in order to ensure that a liquid oligoneric
product is dychhegshedinieimheisDigbetbhestate, figos for 10 acryl ate acceptors and
M chael donors include the follow ng. Were the reactive equival ent
functionagl ratios are: a) diacrylate: Mchael donor of 15 >1:1 where the
donor functionglity =2 > 4.5:1 where thge donor functionality =4 20 >4.5:1
where the ddnof fynchionality =p, 3.5%:1 where the donor functionality=
8, 25 b) trfira (

Ethoxylated Bispheno!l A Diacetoacetate, f = 4

10

Acetoacetates having a functionality of six:

Uy

Trimethylolpropane Triacetoacetate, f= 6
15

v} o]

BN
YT

Glycerin triacetoacetate, f= 6

el

Polycaprolactone triacetoacetate, =6

20

25 An acetoacetate having a functionality of eight is:
o] 8]
o _ 4

Pentaerythritol Tetraacetioacetate, f= 8§



> 2.25:1' where the donor functionality =2 > 6.4:1 where the d r
functionality = 4, 30 >7.8:1 where the donor functionality = GQSQAQ:@%
where the donor functionality = 8, 35 c) tetraacrylate: M chael donor of >
6.6:1 where the donor functionality =2 40 10 2 5 MAY 2995 WD 2004/ 029118

PCT/ US2003/ 030436 > 12.3:1 where the donor functionality = 4 >13.2:1 where
the donor WERFEPM/GAMSBIi ty = 6 5 > 12.7:1 where the donor fROTYS200%03043 = 8.
The catal yst syst used in the present invention conprises an epoxy

noi ety .and a quatcga]?{aﬁ??‘g&ﬂ'?ha QhpIsdaclyde eplgls offprBNE adhtZfni ng
conpositions useful in the invention include glycidyl nethacrylate, 1o
trinet hyl ol Iane; giejl gyancacatate, einy cyanangetade Hatylatyabosgsiateol A and
the like. The quaternary salts include tetraal kyl anmoni um halides such as
t et rabut y| arR®bh Cyarigscein@iand ayainasiceiamidanoni um hal i des such as

benzyl tri et hyl ammoni um chl oride and the |ike. The quaternary salts al so

i ncl ude phosphoni um hal i des such as tetraal kyl phosphoni um brom des and 15
phosphoni um acet ates, such as ethyltriphenyl phosphoni um acetate acetic

aci d conpl ex sucfhadithad Addiioalrgadtiohrie tppidalty esrrieatcri Rathi H1SduivaIaR
quaternary salts al so i ncl ude ammoni um phosphoni um or sul foni um

i Il(l;oo/r bo(rj at e ex2éssyfdfliehasl dotaptoe® KivhabhtordRoworRésle daMLLRbNuGAl t are 0.10
»on liquid oligomeric products are defined in Figure 1. It is critical that an
appropriate equivalent ratio of acceptor to donor is used in order to ensure
that a liquid oligomeric product is obfained. Examples of these t;atios for

10 acrylate acceptors and Michael donors include the following.

Where the reactive equivalent functional ratios are:

a) diacrylate: Michael donor of
15

>1:1 where the donor functionality =2

> 4.5:1 where the donor functionality = 4

® >4.5:1 where the donor functionality = 6,
>3.5:1 where the donor functionality = 8,

25 b) triacrylate: Michae! donor of
> 2.25:1" where the donor functionality =2
> 6.4:1 where the donor functionality = 4,

? >7.8:1 where the donor functionality = 6,
>7.4:1 where the donor functionality = 8,

35

c) tetraacrylate: Michael donor of
\ > 6.6:1 where the donor functionality = 2
0 .

10



0.10 -5% by wei ght, respectively, based on the total acrylate and M chael
donor charge. Moyst preferred ranges would be 0.10- 5% and O. 1&- g’/m

wei ght, respectively. Resin design is application specific an ezﬁﬂange
of epoxy and quaternary salt noiety is possible on that basis as the

catal yst 2 | nts can directly influence properties of cured fil ns.
Whi | e not %‘g%ﬁ%@b?ggebe bound by theory, it is believed tRal/URHEHII0A3S

epoxy and quat er nag yo g %Ve g@ at ¢ conponents the epoxy and 11

2 5 MAY 2005 WO 2004?%319‘% g@ﬁ%@%@gf@% 6 2quat ernary salt react to

formthe catal yst J I i t her enbodi nept, the epoxy noiety and
A2 bk BRI R, 128

quaternary salt nay be prese An exanpl e woul d be the

reaction product 0;152{18\'[35%{'935]93'3}38(? ag i chy}rghydri n. 1n anot her

enbodi ment the cataly uaternary salt 5 with both
epoxy and pol ynerizable ligand functionality. An exanple is acryl oyl ethyl
gl yci dyl di nmet hyl.gnmoni,um ch% oride. The polynerizable ligand allows for
the binding of thd® CARIavEiegnusRd in the presenbinveptiniucampmseas an éyoxyo-

pol yneri zation,wth other acrylic functional groups. 10 The high
selectivity @P‘%@W&Hﬁ@mﬁﬁééﬂd Eapelasiaf epoxemesdy-chntaimmger s such as
styrene and nethyl nethacrylate as inert solvents to give |owviscosity
syst ens t hat CHURROSERSS|Usefuh rothpdmeardian intludesglyzidyl etatharyladsi ns. The i qui d
M chael Addition products of the present invention are 15 curable by

ul travi ol%t timgthylelpropane trighsicyt etheof diglygitid tethieridf bisphenanal aagenaisef ul  as
coati ngs, adhesives, sealants and encapsul ants for a variety of substrates

and appl i catlikenhepjuatarharytsalts ocludeutetraaiRyl emaombeNesRica ReLR hs 2, 2-
di met hoxy- 2- phenyl acetophenone nmay be added to these resins to further

enhance cur itagabutflemotdanjombremisie, biveali asemdniim HRNEESBusRYs al so be cured by
20 chem cal or thermal neans and el ectron beam radi ati on.
benzyltriethylammonium chloride and the like. The quaternary salis also
include phosphonium halides such as tetraalkyl phosphanium bromides and
15 phosphonium acetates, such as ethyltriphenylphosphonium acetate acetic
acid complex such as "A-1" catalyst from Morton International. The

quaternary salts also include ammonium, phosphonium or sulfonium

fluorborate,

20 Preferred ranges for the epoxy and quaternary salt are 0.10 -10% and
0.10 -5% by weight, respectively, based on the total acrylate and Michael
donor charge. Most preferred ranges would be 0.10 - 5% and 0.10 — 2% by
weight, respectively. Resin design is application specific and a wide range of
epoxy and quaternary salt moiety is possible on that basis as the catalyst

25 constituents can directly influence properties of cured films.

While not wishing fo be bound by theory, it is believed that when the

epoxy and quaternary sait are added as separate components the epoxy and

i1




The follow ng series of experinents provides exanpl es of propogggﬂ&eﬂ]
mul tifunctional -acrylate to R-di carbonyl M chael donor, which ﬁe

liquid oligomer products of this invention fromthe gel or solid products
of the 12 2 5 MAY 2005 WD 2004/ 029118 PCTI US2003/ 030436 prior art. In the

foll ow ng Ey@BR4RSeds! parts are by wei ght unless otherw |ndi ed,
Exanpl e | Trinmethyl ol propane triacrylate (TMPTA), 74.0 g, iggh&%(ﬁ%oags .

acet oacet at e q&tdiiary sait febcBtodiondl e catalystRLIMC iy babfiet EMNod§RENY tHEoNOMET
1.8 g and tetrabutyl anmoni um brom de, 0.45 g, were conbined in a reactor

wi th moder bgoRgibRl AR AAGHATEANRAY L8l SiditiPhne el iACKAT content s

were heated at approximately 1 C mn e prescri run tenperature of

e
80 C and he = ; ' : : sin was
di schar ged 1%%@%%1@%@%2%{%%%%52@8@? [%yltg(%'ﬁéaq&méh%@%&' ours after
di scharge, regsi | I r t ' rookfield Cap 2000
Vi sconet er aﬁgéﬁbc}g%@e%@é@%{] fé\ﬁ%eég\%?%ggﬂg%sq&%%%\vmggga%rﬁﬁgtsﬁﬁr eact ibve13C
met hyl ene_ pr t_hyl tat s determned to be 95.2 % by
R ol o7 -l B0 B oo BB R o5 AR ar or . 15

: . 0
Vi scosity (CBSwiagri gyels AReHymmoRam SHS) ThS pomanenbls Tgand ~0r 390
95.2 3 .
allows for the binding of that composition with the cured product matrix by co-

polymerization with other acrylic functional groups.

10 The high selectivity of the Michael reaction permits the use of
monomers such as styrene and methyl methacrylate as inert solvents fo give

low-viscosity systems that are easily incorporated into a variety of resins.

The liquid Michael Addition products of the present invention are
15 curable by ultraviolet fight without the need of a photoinitiator and are useful
as coatings, adhesives, sealants and encapsulants for a variety of substrates
and applications. Photoinitiators such as benzophenone and/or 2,2-
dimethoxy-2-phenyi acetophenone may be added to these resins to further
enhance curing. The oligomers of the present invention may also be cured by

20 chemical or thermal means and electron beam radiation.
The following series of experiments provides examples of proportions

of multifunctional-acrylate to p-dicarbonyt Michael donor, which separate the

liquid aligomer products of this invention from the gel or solid products of the

12



The vi scous resin product was applied at a thickness of 2 mls to an

al umi num panel and cured "tack-free" by exposure to a Fusion2' H'Mwlzgmgt a
dosage of 500 ml/cnR. The cured coating was snooth, glossy, very har
(pencil 20 hardness 8H) and sol vent resistant (>200 MEK doubl e-rubs).

Exanpl e 2 For_sake of conparison, a "traditional" oligoner synthesis is
eval uated WP 20940 pie 2. 13 2 5 MAY 2005 WD 2004/ 0291 1BCT/US2003/030436

L 8- di azabi oyl O[5, & 0 confond EBRRMesaH) Bel 56 fy WAL uds entee 3

reactor. Wt % grous agitation froma nechanical stirrer. Ethyl
acet oacet ate @ 5 199.8 g, was added dropwise to the stirred

acryl ate/ am ne catal yst over approxiﬁte,g 20 m nutes begi nning at room
tenperature. The highly exothermc resulted in a peak tenperature

of 84 C duri ng. ition _ of . | addi tional external heating. At the
concl usi on oﬁqﬁi‘%ﬂ%‘ﬁ?ﬂa&ﬁ,”‘g@@@%m)r 93&%@%%6&8%@@@& (EAMAB5 C and
hel d for t wo- hour rio to Affer two hours, the resin was discharged
fromthe 3ea\£@o$]gag%‘9 'I"Eﬁ(bé%FW‘@te @\%5 eAMNonaraes 1Hbdeedaf t er di scharge,
resin vi scosit¥ was neasured at 25 C with a Brookfield Cap 2000
vi sconet er. BRTRHYIRMMABHiRe baraide of. 4P« wiory eombisedyn emeagtoowiths on et hy |
acetoacetate was determ ned by 13C NMR Viscosity (cps, 25 C) Acetoacetate
conversi on, odesatgragitaiien Bemasmecbagicalstirrer. The reactor contents were

heated at approximately 1 °C/min to the prescribed run temperature of 80 °C

and held for a three-hour period. After three hours, the resin was discharged

10  from the reactor and allowed to cool. Twenty-four hours after discharge, resin

viscosity was measured at 25 °C with a Brookfield Cap 2000 viscometer and

determined to be 10,390 cps. Conversion of both reactive methylene protons

on ethyl acetoacetate was determined to be 95.2 % by *C NMR. Color was

measured with a Gardner Delta 212 Color Comparator.

15

Viscoslty {cps, 25 °C) 10,390
Acetoacetate 95.2
conversion, %

Gardner Color 3

The viscous resin product was applied at a thickness of 2 mils to an aluminum
panel and cured "tack-free” by exposure to a Fusion “H” bulb at a dosage of
500 mJ/cm®. The cured coating was smooth, glossy, very hard (pencil

20 hardness 8H) and solvent resistant (>200 MEK double-rubs).

Example 2

For sake of comparisen, a “traditional” oligomer synthesis is evaluated in

25  example 2.

13




15 As in exanple 1, the viscous resin product was applied at Iélstrg&\gkness of
2 mls to an alum num panel and cured "tack-free" by exposu 5i on
"H'" bulb at a dosage of 500 mJ/cnR. The cured coating was snooth, gl ossy,
very hard (pencil hardness 8H) and sol vent resistant (>200 MEK doubl e 20
rubs). Exawphe4d2911® epoxy] 2s Trinet hyl ol propane triacr yeatus2405hbidy , 74. 0
g, ethyl acetoacetate (EAA), 14.8 g, and tetrabutyl ammoni um broni de, 0.45
g, were conbined in an open 14 2 5 MAY 2005 WD 2004/ 029118
PCT/ U82003/ 0 reactor, Wi th nmpder itation froma mechani cal :
stirrer. F‘é‘i’&'ﬁlrprﬁﬁﬂ%ﬁﬁlﬁwﬂ?éTMEif‘gélS&Q Ogpprdilifrately 1 Gnin to the
prescrlbed run tenperature of 80 C:and held for ‘a three-hour period. After
t hree hout s 91a2zqBicyslali:4. anéﬁﬁt7e¢ﬂes(%-ﬂ)e1a+gsﬁaw@f@6@mbtmlflki?ereﬁé tor and
allowed to cool. 5 Twenty-four hours after discharge, conversion of both
reactive rreﬁ’\f@’lmouﬁ)a@iaiiﬁ@ feom atrhgshaainet siieast Fihyl aastodcetatar{E®A), t o be 0 %
by 13C NMR Viscosity (cps, 25 C) Acetoacetate conversion, % Gardner
Col or 76 0 MBS\ was aided dmapwmadethe)stumdaarviatefmlubtoatqjystmveact ed nonomer
m xture. 10 Exanple 4 [no quat]

approximately 20 minutes beginning at room temperature. The highly

exothermic reaction resulted in a peak temperature of 84 °C during addition
of EAA with no additional external heating. At the conclusion of EAA addition,
the reactor temperature was set to 85 °C and held for a two-hour period.

0 After two hours, the resin was discharged from the reactor and allowed to
cool. Twenty-four hours after discharge, resin viscosity was measured at 25
°C with a Brookfield Cap 2000 viscometer. Extent of conversion of reactive

methylene protons on ethy! acetoacstate was determined by **C NMR.

Viscosity (cps, 25 °C) 48,000
Acetoacetate 86.4
conversion, %

Gardner Color 6

15
As in example 1, the viscous resin product was applied at a thickness of 2

mils {o an aluminum panel and cured “tack-free” by expasure to a Fusion “H”
bulb at a dosage of 500 mJfem®. The cured coating was smooth, glossy,
very hard (pencil hardness 8H) and solvent resistant (>200 MEK double-

20 rubs).

Example 3 [no epoxyl]
25 Trimsethylolpropane triacrylate (TMPTA), 74.0 g, ethyl acetoacetate (EAA),

14.8 g, and tetrabutylammonium bromide, 0.45 g, were combined in an open

14



Trimet hyl ol propane triacrylate (TMPTA), 74.0 g, ethyl acetoacgetate (EAA),
14.8 g, and glycidyl nethacrylate, 1.8 g, were conbined In a 5pHAYrM5tor
1s with noderate agitation froma nmechanical stirrer. The reactor contents
were heated at approximately 1C/ mn to the prescribed run tenperature of
80 C and WOIZ0¥BP1IG t hr ee- hour period. After three hour LCHURR083R0436r
contents were discharged fromthe reactor and allowed to cool. Twenty-four
hours af t er 'eagf ¢y fgederatargiiadpn froet a chaneactiines rbetgacior prot ons on
et hyl 20 acetoacetate was determned to be 0 % by 13C NMR Viscosity (cps,
25 O) Acet eridentstwere heatedratiapproximatalyr tfemice the HEs@ibhddAuhlo attenpt was
made to cure the resulting unreacted nononmer m xture. 25 Exanple 5 15 2 5
MAY 2005 WOepgs#a0p0afld0 WCandGaicrar a3iréa8adoul pemned. idted thremanes] theacr yl at e
(TMPTA), 74.0 g, 7,4-pentanedione, 1l1l.a g, glycidyl nethacrylate, 1.8 g,
and t et r abutegictomontents wererdisthardgbdifforg te Feactaramgi aredielito @800 peEN 1 eact or
with noderate agitation froma nmechanical stirrer. The reactor contents

ver e heat edT@ENGIBLOMGURRBRENIScHEEE, ReohOersii & Rk REhRE fhettleenper at ure of
80 C and held ftgr a three-hour pegeiaod. After threech[ours,M{'%e react or

cont ent s wepRtdisSamgIRbeldRBIAI HabaRRHRINATS e bOUF PG ROl - Twenty-four

hours after discharge, conversion

Viscosity (cps, 25 °C) 70
Acetoacetate 0
conversion, %

Gardner Color N/A

No attempt was made to cure the resulting unreacted monomer mixture.
10

Example 4 [no quat]
‘Trimethylolpropane triacrylate (TMPTA), 74.0 g, ethyl acetoacetate (EAA),

14.8 g, and glycidyl methacrylate, 1.8 g, were combined in an open reactor

15 with moderate agitation from a mechanical stirrer. The reactor contents were
heated at approximately 1°C/min to the prescribed run temperature of 80 °C
and held for a three-hour period. After three hours, the reactor contents were
discharged from the reactor and allowed to cool. Twenty-four hours after
discharge. conversion of both reactive ;’nethylene protons on ethyl

20 acetoacetate was determined to be 0 % by *C NMR.

Viscosity {cps, 25 °C) 57
Acetoacetate 0
convarsion, %

Gardner Color N/A

No attempt was made to cure the resulting unreacted monomer mixture.

25
Example 5

15




reactive nethyl ene protons on 2, 4-pent anedi one was det erm ned o»ﬁfY9032.6 %
by 13C NMR. 10 Viscosity (cps, 25 C 2, 4-Pentanedi one conver i% ,ACV 005
Gardner Color 52,400 93.6 5 As in exanples | and 2, the nobile resin
product was applied at a thickness of 2 mls to an al um num panel and
cured "tack-free" by exposure to a Fusion "H' bulb at a dosage of 500

ml/ cn2. Tha'¥QRaMa@2Hd%ti ng was smooth, gl ossy, hard 15 anBCEAISINN30436

resi stant (>2Q0 doubl e-r ubs).. e 6 20 _Tri et hyl ol pr opane
riacryl ats (HEVROINGNG Haciata (MBI A4 0 G2 AuepringRaind viarag)
met hacrylate, 7.7 g, and tetrabutyl anmoni um brom de, 1. 9@ were conbi ned
in an open r gWeidykMaineRviriRich-8teaddiattbublaramenivan hiseridei @4 g WeBrrer. The

reactor contents were heated at approximately 1 Cmn to the prescribed
run tenper at gersbisedgoacoaan reastter with maderate egitaiion freen acuechenical 25 t hree
hours, the reactor contents were discharged fromthe reactor and all owed
to cool . Twestirperf dihe reacioscarfterts wikire tleategegt approxématetyn? ‘@fmirotorthé6 2 5 MAY
2005 WD 2004/ 029118 PC T/ US 2003/ 030436 reactive nethyl ene protons on
~acet oaceani prederibasrutetemparatee sfGUFE 4QDh&k fhrya Hsge-WRR perlod. After

three hours, the reactor contents were discharged from the reactor and
allowed to cool. Twenty-four hours after discharge, conversion of both

reactive methylene protons on 2 4-pentanedione was determined {o be 93.6

% by *C NMR.

10
Viscosity {cps, 25 °C) 52,400
2,4-Pentanedione 93.6
conversion, %
Gardner Color 5

As in examples 1 and 2, the mobile resin product was applied at a thickness of
2 mils to an aluminum panel and cured “tack-free” by exposure to a Fusion “H”
bulb at a dosage of 500 mJ/em?. The cured coating was smooth, glossy, hard

15 and solvent resistant (>200 MEK double-rubs).

Example 6
20  Trimethylolpropane triacrylate (TMPTA), 296.0 g, acetoacetanilide, 80.5 g,

glycidyl methacrylate, 7.7 g, and tetrabutylammonium bromide, 1.9 g were

combined in an open reactor with moderate agitation from a mechanical

stirrer. The reactor contents were heated at approximately 1°C/min to the

prescribed run femperature of 80 °C and held for a three-hour period. After
.25 three hours, the reactor contents were discharged from the reactor and

aliowed to cool. Twenty-four hours after discharge, conversion of both

16



Viscosity (cps, 50 O

Acet oacet ani |l i de

conversion, %

Gar dngy , (G
24,420 100 4 5 The data in Table 1 were derived fromthe follg\ﬁggl\\?ﬂg%ion

Tri met hyl ol
14.8 g,

par adi gm
acet oacetate (EAA),

propane triacrylate (TMPTA),
epoxy and quaternary "salt’

74.0g, ethyl
conpounds as

I ndi cat ed wp Jmbomiis were 10 conbined in a reactor with W@s@ﬁki@tion
contents were heate

froma mechanical stirrer. The

react or

appr oxi mat el yedetige maihylend peotgnseat nidtescdtamilidd RAPAERIMIRSB YN dge,Tabl e 1

and hel d for the time indicated. After the
¥ WMR di scharged fromthe

react or cont épt
Twenty-four hours after discharge,

and 50C with a Brookfield Cap 2000 vi sconeter.

acet oacetate was neasured bWiégtE
212 Col or Conparator. Raw g,

Al drich Chem cal 20 Corrpany

gl yci dyl methacryl ate,

ol yci dyt mthacryiate. caunEHEH] S

174;

supgl I ed by The Dow Chem cal
PCT/ US200

/ Oi’.\ﬁ)

prescribed reaction t| me, the
reactor and allowed to cool.
product 1s viscosity was neasured at 25C
Conver si on of et hyl

lo vy treql by a Gardner Delta
ld%a RZW qr '?UAS yere supplied by

(g@pt where indicated.) QWA -

ht 142 y The Dow Chemni cal
of bis enol A..-equi val ent wei ght
Conpany 17 2 5 MAY 2005 WO 2004/ 029118

ata in Table 1 were derived from the foliowing reaction paradigm:

Trimethylol propane triacrylate (TMPTA), 74.0g, ethyl acetoacetate (EAA),

14.8 g, epoxy and guaternary “salt” compounds as indicated in Table 1 were

10 combined in a reactor with moderate agitation from a mechanical stirrer. The

reactor contents were heated at approximately 1 °C/min to the prescribed run

temperature shown in Table 1 and held for the time indicated. After the

prescribed reaction time, the reactor contents were discharged from the

reactor and allowed to cool. Twenty-four hours after discharge, product

_1'5 viscosity was measured at 25°C and 50°C with a Brookfield Cap 2000

viscometer. Conversion of ethyl acetoacetate was measured by 3C NMR.

Color was measured by a Gardner Delta 212 Color Comparator.

Raw material key: (Raw materials were supplied by Aldrich Chemical

20 Company, Milwaukee, W1, except where indicated.)

GMA - glycidyl methacrylate, equivalent weight 142; supplied by The Dow

Chemical Company

D.E.R.* 332 ~ diglycidyl ether of bisphenol A, equivalent weight 174;

supplied by The Dow Chemical Company

17



TMPTGE - trinmethylol propane triglycidyl ether, equivalent wei Bt 44
supplied by Dyna Chem Inc. UVR 6128 - Bis-(3, 4-epoxycycl ohe )M igﬂﬁﬁe,
equi val ent wei ght 183; supplied by Union Carbide Corporation 5 TBAB -

t et rabut yl ammoni um brom de TBPB - tetrabutyl phosphoni um brom de BTEAC -
benzyl t ri eMYRWAMBMIGIM chl oride TMSI - trinmethyl sul f oni upCT/OS2ES00BNAHS -
tetrabutyl ammoni um_hydrogen sul fate 10 TBATFB - tetrabutyl amoni um
tetraf | uor obor atl MFﬁéﬁwﬂr@?ﬂvlqlprppa@sﬁngmwbﬁbﬁr, eauelariweigitdétc aci d
conplex = "A-1 supplied by Mrton International GIMAC -

gl yci dyl t ri met hpupphedmyyneThemndac. AETMAC - acryl oyl et hyl tri met hyl ammoni um
chl-oride 15 is 25 MAY 2005 WO 2004/ 029118 PCTI US2003/ 030436 Tabl e 1.
Conver si on of EtJWR 618t Biss(Sdepoxyegsivhei)sliste yeqindilétlvasighisi8a; Functi on
of Epoxy and Quaternary Mbdieties, Run Tenperature and Run Ti ne Epoxy
Miety & Quat Msumilied&yRimoiR@arisidd Totpdeation Dynani ¢
5 TBAB - tetrabutylammonium bromide

TBPB ~ tetrabutylphosphonium bromide

BTEAC -~ benzyltriethylammonium chloride

TMSI - trimethylsulfonium iodide

TBAHS - tetrabutylammonium hydrogen sulfate

10 TBATFB - tetrabutylammonium teirafluoroborate

ETPPA - ethyltriphenylphosphonium acetate acetic acid complex = “A-1";

supplied by Morton [nternational

GTMAC — glycidylirimethylammonium chloride

AETMAC - acryloylethyltrimethylammonium chloride

- 15
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Resin Color W. %of Total W. % of Total
Vi scosity (Gardner Reactor CharaReactor ChargeChr. 13C NVMRc é%&ﬁﬂ@§cgﬁ@?
80GVA, 5% BAB, 0.5%802.51004 88GVA, 2% BPB, 0.5%04.0731 88 s il :

0. 5%06. 0901 93GVA, 2% BAB, 0.5%04.0771 97GVA, 2% BAB, 0.5%804.01001
10GVA, 29 BAB, 0.5%803.010033051 10GVA, 2% BPB 0.5%803. 09417401 111GVA,
290NVBl, 0. 99BDB84/ADIBLGVA, 2% none) 803. 00 11GVA, 2%BAHS, PrhHvS83/0043561GVA,
290 BATFB 0. 59803. 00 11GVA, 2%TPPA; 0. 5%803. 010010. 140_ 4 11GVA, 2%BTEAC

0. 59803. 010023603 13GVA, 29%AETMAC, 0.5%803.088.52148 80GVA, 1% BAB

0. 5960241004 82Tale 1103RyBsion. @ Fi0g AszhRceBEVIResivT BassityaBb&Zoler 6961

Tenp. Tinme of acetoacetate

11noneT

Function of Epoxy and Quaternary Moieties, Run Temperature and Run -

Time
5

Epoxy Moiety & | Quat Moiety & | Run | Run | % Full Conv. | Dynamic | Resin Color
Wi. % of Total | Wt, % of Total | Temp.| Time | of acetoacetate Viscosity | (Gardner
Reactor Charge| Reactor Chargel (°C) | (tr.) | (*C NMR) (cps, 50°C) | Scale)

80 | GMA, 5% TBAB, 0.5% 80 25 1100 4

88 | GMA, 2% TBPB, 0.5% 70 4.0 |73 1

88 | GMA, 2% TBPB, 0.5% 70 6.0 190 1

93 | GMA, 2% TBAB, 0.5% 70 40 |77 1

97 | GMA, 2% TBAB, 0.5% 80 4.0 1100 1

104 GMA, 2% TBAB, 0.5% 80 3.0 100 3305 1

108 GMA, 2% TBPB, 0.5% 80 3.0 |94 1740 1

111 GMA, 2% TMSI, 0.5% 80 3.0 |0

110 GMA, 2% {hone) 80 30 |0

118 GMA, 2% TBAHS, 0.5% | 80 30 10

116 GMA, 2% TBATFB, 0.5% | 80 30 |0

117 GMA, 2% ETPPA. 0.5% | 80 3.0 | 100 10,140 4

118 GMA, 2% BTEAC, 0.5% | 80 3.0 |100 2360 3

138 GMA, 2% AETMAC, 0.5%| 80 3.0 1885 2148

80 | GMA, 1% TBAB, 0.5% 60 24 1100 4

82 | GMA, 1% TBARB, 0.5% 70 35 |78 3

85 | GMA, 1% TBAR, 0.5% 70 6.0 |90 1

114 (none) TBAB, 0.5% 80 30 |0

148 GTMAC, 2.6% | 80 30 |74

84 | D.E.R.* 332, 1% TBAB, 0.5% 75 40 |78 4

87 | TMPTGE, 1% | TBAB, 0.5% 70 50 199 3

134 UVR* 6128 TBAB, 0.5% 80 30 143

*Trademark of the Dow Chemical Company
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803. 00 BAB 0. 5% 14GTMAC 803.074 , 2.5% 84D.E. R * 332, 1TBAB, 0.5%54. 0784
87TMPTCGE, 1%IBAB, 0.5%05.0993 13UVR* 6128TBAB, 0. 59803. 0432 5 MA% R385 k of
t he Dow Chem cal Conpany 19 2 5 MAY 2005 WD 2004/ 029118 PCT/ US2003/ 030436
Havi ng thus described the invention, we claim 5 1. Aliquid oligoneric
conposi ti oWO 2Wwp2dLss ng an uncrossli nked M chael additi opctegsiososasy oduct
of; a) a diacrylate, triacrylate, and/or tetraacrylate M chael acceptor,
and b) a Mchael donor, having equivalent ratios of 10 i) diacrylate:

M chael donorHi®fingthus dggeriked the innandenfwecleintnal ity =2 > 4.5:1 where the

. donor functionality =4 15 >4.5:1 where the donor functionality = 6,
>3.5:1 where the donor functionality =8, 20 ii) triacrylate: M chael
donor of > 2.25:1' where the donor functionality =2 -

5 1 A liquid oligomeric compasition, comprising an uncrosslinked Michasl

addition reaction product of;
a) a diacrylate, triacrylate, and/or tetraacrylate Michael acceptor, and
b) a Michael donor, having equivaient ratios of

10 i} diacrylate: Michael donor of
>1:1 where the.donor functionality =2
> 4.5:1 where the donor functionality = 4

15
>4.5:1 where the donor functionality = 6,
>3.5:1 where the donor functionality =8,

20 ii) triacrylate: Michael donor of

> 2.25:1" where the donor functionality =2

> 6.4:1 where the donor functionality = 4,

25
>7.8:1 where the donor functionality = 6,
>7.4:1 where the donor functionality = 8,
30 iii} tetraacrylate: Michael donor of

> 6.6:1 where the donor functionality = 2

20



> 6.4:1 where the donor functionality = 4, 25 >7.8:1 where the donor
functionality = 6, >7.4:1 where the donor functionality = 8, 2 Z0MAYi 2005
tetraacrylate: M chael donor of > 6.6:1 where the donor functionality =
20 2 5 MAY 2005 WO 2004/029118 > 12.3:1 where the donor functionality
?13. 2: 1 WhBR2HER94Bnor functionality = 6 5 > 12.7: 1 wherRCT/HE208HPR0436
functionality= 8, U 4 reaction product of the di-,
tri- and/or tetraa?ﬁ?ﬁ%@ﬁ%oﬁgﬁﬂﬂcﬁ?@%ﬁel %donor is formed in the
presence of a catal yst system conprising an epoxy noiety and a quaternary

salt. 10 2. The conppsblq f,Claim.l where the quaternary salt is an
anmoni um phOSphOﬂiUﬁgg @E‘?‘"%éﬂ‘?&ﬂ?‘ﬂ{afrlﬁﬁl?!'a ¥eT8t e or fluoroborate. 3. The

conposition of Claiml, where the epoxy noiety Is an aryl or is aliphatic
gl ycidyl ether, ary r..aliphatic, glycidyl ester, conmon al kyl ene oxi des,
cycl oal i phtgtt ic epox-Ly‘,"%Jr?iWh%Fe &1‘%@2‘9}/?‘@05‘?%3?36?& sul fide or anine, and
aryl or aliphatic thiirane. 4. The conposition of Caim1l wherein the

| ene glycol diacrylate, diethylene or

diacrylate is thgl ene or, 20dpropry e g
di pr opyl ene gl‘@l% thg reacten peoduct oithe di-clife a0d/ot tetrampmylateacgeytonand
di acryl ate, tgidH: t: e | |, .di acryl ate,
pol-yet hyl ene or %F?/%?%ﬁ? gﬁ.%ddﬁgi%ﬁegﬁégr@%a?%?%gfwggw&Pé@ﬁs'ﬂgﬁghenoI A
di acryl ate, beepiYdneletyant glayaiedyarysather di acryl ate, resorci nol
10

2
4

2, The composition of Claim 1, where the quaternary salt is an
ammonium, phosphonium or sulfonium halide, acetate or flucroborate.

3. The composition of Claim 1, where the epoxy molety is an aryl or

15 aliphatic glycidyl ether, ary! or aliphatic glycidyl ester, common alkylene
oxides, cycloaliphatic epoxy, aryl or aliphatic glycidyl sulfide or amine, and
aryl or aliphatic thiirane.

4, The composition of Claim 1 wherein the diacrylate is ethylene or

20 propylens glycol diacrytate, diethylene or dipropylene glycol diacrylate,
triethylene or tripropylene glycol diacrylate, tertraethylene or tetrapropylene
glycol diacrylate, polysthylene or polypropylene glycol diacrylate, ethoxylated
bisphenol A diacrylate, bisphenol A diglycidyl ether diacrylate, resorcinol
diglycidy! ether diacrylate, 1,3-propanediol diacrylate, 1,4-butanediol

25  diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, neopentyl
glycol diacrylate, cyclohexane dimethanol diacrylate, ethoxylated or
propoxylated neopenty! glycol diacrylate, ethoxylated or propoxylated
cyclohexanedimethanol diacrylate, acrylated epoxy diacrylate, aryl and
aliphatic urethane diacrylate and polyester diacrylate or mixtures thereof.

30
5. The composition of claim 1 wherein the triacrylate is:

21



di gl yci dyl ether diacrylate, 1,3-propanediol diacrylate, 1,4-butanediol 25
di acryl ate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate,
neopentyl glycol diacrylate, cyclohexane dinethanol diacrylaféiMAY §m5

et hoxyl ated or propoxyl at ed neopentyl glycol diacrylate, ethoxylate
propoxyl ated cycl ohexanedi net hanol diacrylate, acrylated epoxy diacryl ate,

aryl and &0 pabiaaisir et hane di acryl ate and pol yester di ape¥igidseio43e
e conposition of claiml wherein the triacrylate

m Xt ures ther&%gp 5. Th ) ml _ C]|

is: 21 2 5 MAYTUIGEOl¥CpERa festats. givagroidtiacsiats eilsexyiated nepiopbeylatedopane
triacryl ate, ginystavielprépd : ?qﬂ? I | at ed

trimethylol pro aneyt Pira%rr%ftgtﬁg?fafer' itlig 2- ;/H%%Q@t'ﬁ%s%ﬂﬁﬁ%?f%ml%?e
triacryl ate, e@‘@ﬁﬂ?gﬂdeﬂr dorexyisteholygerat idacylajeer ol triacryl ate,
pentaerythrit | I ' ¢ _urethane triacryl ates,

nel anine s t?%lggém{%gﬁé%gg%%m% &ﬁ@ﬁ?ﬁ?@?&?i@%ﬁaﬁ%m N€her eof .
6. The conposiariates, epcxy movolah triseiyiateder mbttu@aanareat.e i s pentaerythritol

tetraacryl ate, ethoxylated or propoxylated pentaerythritol tetraacrylate,
di pentaerythrlitol tetraacrylate, ethoxylated or propoxylated

di pent aer yt hr6.t ol The ¢camposiarybiaism 'ﬁfvhére@‘i‘&eﬁbﬁrﬁ%@r&ﬂagecfé{pgnlﬁbgéggpmog ‘os or

tetraacrylates, nelamn tetraacryl ates, epoxy n

m xtures t hefth'F?ny%tq;ﬁgh%%@pq PreRowfated penieerythiiiol tetmachylate,i si ng a
nonoacr yl at e.digént8eryifift |qgfm&§1',g' 0 ' ngacrylate is a
sinple C1_- bon |'yll-atcé ester ,l !ieéggb%)?;r/\l?Eﬁ@ﬁ%%?%@&%p%rﬁﬁmoy

1
t et r ahydr & u%ﬁ?%&%ﬁﬁrﬂ%‘d liphaticyrethane tetraduopgtest melayinet hyl acryl ate
ECECEA), ph g | | at e, | kyl
ol yal Kyl eno i adyiKs, sBetyhdlsfec SrBlr kS dBLIRG 18Hat. Sne acryi ate)

perfl uoroal kyl acryl ate and/ or

7. The composition of claim 1, further comprising a monoacrylate.
15
8. The compositions of claim 1 where the monoacrytate is a simple C; —
C1s acrylate ester, isobornyl acrylate (IBOA), tetrahydrofurfuryl acrylate
(THFFA), 2-(2~ethoxy ethoxy) ethyl acrylate (EOEOEA), phenoxyethyl
acrylate (PEA), hydroxyalkyl acrylate, monoatkyl polyalkylene glycol acrylate,
20 siloxane, silane or silicone acrylate, perfluoroalkyl acrylate and/for
caprolactone acrylate.

9. The composition of claim 1, wherein the Michas! donors having 2
reactive functional groups per molecule are methyl acetoacetate, ethyl
25  acetoacetate, t-butyl acetoacetate, allyl acetoaceatate, 2-ethylhexyl
acetoacetate, lauryl acetoacetate, acetoacetanilide, 2-acetoacetoxyethyl
methacrylate (AAEM), 2,4-pentanedione or mixtures thereof,

10.  The composition of claim 1 wherein the Michae!l donors having 4
30 functional groups per molecule are 1,4 - butanediol diacetoacstate, 1,6 -
hexanediol diacetoacetate, neopenty! glycol diacetoacetate, cyclohexane

dimethanol diacetoacetate, ethoxylated bisphenot A diacetoacetate or
mixiures thereof,
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caprol actone acrylate. 9. The conposition of claim1l, wherein the M chael
donors having 2 reactive functional groups per nolecule are Hx&

acet oacetate, ethyl 25 acetoacetate, t-butyl acetoacetate, al%Ww 2005
acet oacetate, 2-ethyihexyl acetoacetate, |auryl acetoacetate,
acetoacetanilide, 2-acetoacetoxyethyl nethacrylate (AAEM,

2, 4- pent angd) AL 1gmM Xtures thereof. 10. The corrp05|t|orl,@lfm§)0g§/5§0‘l‘36
wherein the M chael donors having 4 30 functional groups per nolecule are

1,4 - butanediol diacetoacetate, 1,6 hexanedi ol diacetoacetate, neopentyl

gI ycol di acet gacetate., tﬂﬁi/o%ﬁtﬁw@a% PWHEF‘%}‘Z&%LM%%F@?@?{A@%SQ hoxyl at ed

bi sphenol A di acetoace m Xtures t
2004/ 029118 FaTttiog8aADGBUPS PaBMolELUleTaTe tiroethyki prcxptaneftnﬁetmemelatmher ein the

M chael dono haV| n C nal ri met hyl ol
propane tri a é@%egoace&%t%q?%qapﬁgﬁﬁg? H%&? %%%cﬂ? f?rt 84 QEt one
triacet oaget q:trepo@m@d tflmétagloppsroﬁarm maeamkaaé@cb letha¥giated &t prohoraaed
triacet oacet i‘ﬁ&ﬂe eit hox E_‘orol(p%x% gl ycefol triacetoacetate or
m xtures the ro jt_rzac e&')tﬁﬁé IS teregr. a| m 1 wherein the M chael donor
having 8 functional groups per nolecule is pentaerythritol

tetraacetoacetate, i o ethoxylated or propox%l ated pentaerythritol
t et r aacet oaceldt e The aempasitien Ofﬂﬁié‘ﬂédﬂhe@@t Fidichastgdenot hain®® d aim 1,

wh th d
Lot r abut y1 amigactionSf orBss B8t £BERY e3¢ penGbKihiN| LBIGACAMEARD TN i said
reacti on et \adieoxytatédl ohproipoxylated peatatrythritat tejlaacetoecetateson mixtures pr esence of

non-reactive NOMer s.
’[I[;rtla)reolt:rE

- 13.  The composition of Claim 1, wherein the catalyst system comprises
glycidyl methacrylate and tetrabutylammonium bromide.
15
14.  The composition of claim 1 wherein said reaction between a Michael
donor and an acrylate occurs in the presence of non-reactive monomers.

15.  The composition of claim 14 wherein said monomer is styrene, t-butyl

20  styrene, alpha methyl styrene, vinyl toluene, vinyl acetate, allyl acetate, allyl
methacrylate,' diallyl phthalate, C1 - C 18 methacrylate esters,
dimethacrylates, trimethécrylates or mixtures thereof.

18. The composition of claim 1 wherein said Michael donor is

25  an acetoacetate, a malonic ester, pentanedione, acetoacetanilide, o-
acetoacetanisidide, o-acetoacetatoluidide, acetoacetamide, N,N-dimethy!
acetoacetamide, ethyl cyanoacetate, methyl cyanoacetate, butyl

cyanoacetate or mixtures thereof.

30 17. The composition of Claim 1, wherein the epoxy moiety and the
quaternary salt are present in one molecule.
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15. The conposition of claim 14 wherein said nononer is styrene, t-butyl
20 styrene, al pha nethyl styrene, vinyl toluene, vinyl acetafle5 MAY YA005
acetate, ally) nethacrylate, diallyl phthalate, C - C 18 nmethacryl ate
esters, dinethacrylates, trinmethacrylates or m xtures thereof. 16. The,

conposi ti owanioogbmim 1 wherein said M chael donor is 25 aprpgeioscisnte, a
0- acet oacet ani si di de,

mal oni ¢ ester,, pentanedi on acet gacetanilide, o :

0- acet oacet at@'uid‘%ﬂ@?h%‘g%frgﬁiﬁ%ga H'Q,O%QPN-GHPﬁBﬂﬁ’?F'tloﬁcWEéﬂ%ﬁede, et hyl
cyanoacet at e, stgps bﬂea@ﬂ@@%ﬁ@daﬂl BondiHaning IM6ATRACEHK &r@idHt réactiver €s ther eof .
30 17. The composition of Claim1, wherein the epoXy noiety and the

quat er nary satfctignal praaipsmer melashle with adlichael zecepter splactedmnwbe2004/ 029118

PCT/ US2003/ 0 ; : f ' L QUL i [ osi tion,
conpri sing t%§§t08%§3t6® ‘?@égc?ﬂﬁ%' g'%ﬁéﬂ%b%“%ﬁ)%?%@éﬁww e%%, si x, or
ei ght reacti wf a ¢atalysi systm gomprising an epoke ndiaty ahd la quatémbraesalbeden or
selected fro Labl f_diacrylate, triacrylate, and
tetra-acryl a%g%%&(v%ge%b‘ﬁ%&@h@@cﬁgﬁ r%tgo@gq(f'& yst system conprising an epoxy
noi ety and a quaternary salt, where the reactive equival ent functional

rati os are: i.;ddi afrg_l ﬂt : (I;A%hae donor of 10 >1:1 where the donor

functi onal i t y) d@cigtesMichagldanor phe donor functionality = 4 >4.5: 1 where

t he donor functionality = is >3.5:1 where the donor functionality =8, ii)

triacrylate: Mchael donor of 20 > 2.25:1 where the donor functionality =2
10 >1:1 where the donor functionality =2

> 4.5:1 where. the donor functionality = 4
>4.5:1 where the donor functionality = 6,
15
>3.5:1 where the donor functionality = 8,
i} triacryiate: Michael donor of
20 > 2.25:1 where the donor functionality =2

> 6.4:1 where the donor functionality = 4,

>7.8:1 where the donor functionality = 6,

25
iii) tetraacrylate: Michael donor of
> 6.6:1 where the donor functionality = 2
30 > 12.3:1 where the donor functionality = 4

>13.2:1 where the donor functionality =6
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> 6.4:1 where the donor functionality = 4, >7.8:1 where the dongr
functionality =6, 25 iii) tetraacrylate: M chael donor of > GE:"JJJHMeZ[ES
t he donor functionality =2 30 > 12.3:1 where the donor functionality = 4
>13.2:1 where the donor functionality = 6 24 2 5 MAY 2005 WD 2004/ 029118
>12. 7: 1 wheOeooHedti8nor functionality = S, PCT/ US2003/ 030M3BU2903/0Bb 86 et hod

of Claim 18, where : aternary salt.is.an gmmonium phosphoni um or

sul f oni um hal i de.—i‘;ﬁ%? %ﬁﬂ?ﬁ%ﬁﬁar O’Eﬁ"—éﬁ“ﬁﬁ'l . where the epoxy noiety is
alnkalryl or alji phat i f Igl y(r:]i flyl et her, aryl I or al : phatit_c gl ?/ci d)d/l I est le][_, ;
al kyl ene oxi de, cycl oaliphati c, oxy, ar or ali ic Ci sul fide
or amne, and@arylhemefiqdpifelpin ?ﬁl\" %{'ﬁghgﬂﬁatﬁﬁna%g@fﬁs@ 3’6‘@&‘%@ n,
conpri sing tB]e;%g Fiun?Br SlRARM hefiad.he 1iquid ol igoneric conposition of
claim1. 22. The crosslinked resin of Claim2l, where the quaternary salt

is an andoni um phosphoni um or sul fonium halide, acetate or fluoroborate.

oo 2% The s285p\ TRABRuERyTCIRtn Alegine BBBHEbRE RARKINIEY Siohatie a0 ary!

or aliphatic’glycid r, or alip iI'c g ster, alkyl ene
oxi de, cycl ghtidghethes aep oxgliphatiy iglyeidyhésteh atkytengl oxided giyclealifiadie or  ani ne,

o o o bbb 8 5 el AL b Fia e of AR 8 B bF bR L 2
10 21. A crosslinked resin, comprising the reaction product of the liquid

oligomeric composition of claim 1.

22. The crosslinked resin of Claim 21, where the quaternary salf is an
ammonium, phosphonium or sulfonium halide, acetate or fluoroborate.

15
23.  The crosslinked resin of Claim 21, where the epoxy moiety is an aryl or

aliphatic glycidyl ether, aryl or aliphatic glycidy! ester, alkylene oxide,
cycloaliphatic epoxy, aryl or aliphatic glycidyl sulfide or amine, and aryl or

aliphatic thiirane.
20 24. A coated article, comprising: a substrate and the crosslinked resin of

claim 21.
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claim21. 25 ABSTRACT The uncrosslinked |liquid oligonmeric conpositions of
this invention are nade by the Mchael addition reaction of 2

acet oacet aiggfrnety onal donor 5 conpounds with nultifunctional aSCMIYaQQ%
accept or conpounds where the equivalent ratios of multifunctional acrylate
to acetoacetate vary from?1:1 to >13.2:1 depending on the functionality

of both nul tif Gt irmredelaked/liqiie ot RARINMRERIAL &f ik H@’Eﬁﬁ’f@%nce of a
catal yst co rhil ng. an e_[)ox%,_m)l ety and a quaternary salt. Unusable gelled
or cut ed oo et Mkl SdiarLiesstaon ageoatstae Ainmsanalatages. The | i qui d
ol i gomer s hnddlingls WHRARLRIR : ' <\ @ mmke, coatings,
| am nat es ngngj adhgsi Ves. iR %Eﬁﬂﬁ?@%c&éﬁ?&%ﬂnﬁﬂ‘cﬁ%dﬁﬁgﬁﬁw
equivalent ratios of multifunclional acrylate to acetoacetate vary from =1:1 to
z 13.2:1 depending on the functionality of both multifunctional acrylate and
- acetoacetate in the presence of a catalyst comprising an epoxy moiety and a
guaternary salt. Unusable gelled or cured oligomer products occur below the
10 claimed ranges. The liquid cligomers of this invention are further crosslinked
{o make coatings, laminates and adheslves.
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