10

15

20

25

WO 2004/ 029118 PCT/ US2003/ 030436 Li quid Uncrosslinked
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Quaternary Salt 5 FIELD OF THE I NVENTI ON Thi s
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crosslinked (cured) gels. In one of the reactions,
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groups. (Each "acetoacetate functional group" reacts
twi ce; thus each nole of WD 2004/029118

PCT/ US2003/ 0304
BACKGROUND 8F '?ISSIE 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
the Michael addition of ace;coacetates 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)
diacetoacetate (PEG-600-DAA) having two functional groups. (Each

“acetoacetate functional group” reacts twice; thus each mole of



10

15

di acet oacetate has four reactive equivalents.) Il 00
0 +k -~ly~ A--~ PEG 600-DAA 0 cat, TMPTA

waee@gsbiinked gel Mle Ratio of TMPTA : PEG 60BCDBA2061/030436

1 Ratio of acrylate : acetoacetate functlonal gr oups
@agetoa%ta%ﬁascfoé'freﬁéfé‘@‘i"%"aé%m? alents = 3 : 4 U S,
Pat ent Nos. 5, 945,489 and 6, 025 410 |ssued to Ashl and

Inc. disflose ncrossllnked Ilqu d ol i goyperic

conposi ti y thg Mc géﬁdyéﬂgn“ﬁggkLygh\
a?”jfé tat'e functlonal donor compound$ with

mul t] functyonal acryl ate acceptor conpounds in the
presence strong base catal ysts ®8&h0@RA

di azabi cyc ndecene, diaz bicyclononane and

gauni di ne The contents § 945, 489 and 6, 025, 410
are incorporated herei'n by r&ference. U.S. Patent No.
5, 565, @ di scl oses resin conpositions curable to

t hrough the M chael Addition reaction. The
crosslinking reactioncrosstinkedygefl with a quaternary
anmoni um conpound or other oniumsalt in the presence
of an epoxi de. The product of the M chael Addition
reaction according to patent 5,565,525 is a cured,
crosslinked conposition and simlar to conpositions
descri bed in "Macronol ecul ar Rapi d Conmuni cati ons” in

that  15:4b@%tid SRl iFEs 600 DAA =1:1

Ratio of acrylate : acetoacetate functional groups =3 : 2

Ratio of reactive equivalents =3 : 4

U.S. Patent Nos. 5,945,489 and 6,025,410 issued to Ashland Inc.
disclose uncrosslinked liquid oligomeric compositions made by the Michael
Addition reaction of acetoacetate functional donor compounds with
multifunctional acrylate acceptor compounds in the presence of strong base
catalysts such as diazabicyclouﬁdecene, diazabicyciononane 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
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

they form solids.
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WD 2004/ 029118 PCT/ US2003/ 030436 I n contrast
according to the invention it has been found that

wo 2@uiogh11®l | gormeri ¢ acrylic conpositions can bBCT/US2003/030436

prepared via the Mchael Addition reaction in the
presence of a catalyst system conprising an epoxide
moiety 5 and a quaternary salt. SUMVARY OF THE

| NVENTC@NraBh Bscarding o therinventiondt ssheandioynd hat igddt ai n
liquid uncrosslinked acrylic oligoners epared via
digembtic baslic Aompositionsraadid preparesi vig thd MR?@@BI AHERTs

to such as beta keto esters and M chael acceptors such
ragctariv tied pesehte siecathiysisystan asmarising mntapexideaseiatye
of a catalyst system having an epoxy noiety and a

£hded glimafmarpadit., results in uncrosslinked Iiquid
M chael Addition acrylic oligonmers having | ower

viscosity and | ower color conpared to M chael
Addi tion oligonmers prepared in the presence of strong

DGR aak Jpplhe. INWERITﬂéNol i goners of the present

I nvention are photopol yneri zable in the absence of

p hot thig‘ln\/ér‘\tlo%t ke dlgﬁiv%mh‘alz g&hdif Hﬁtﬁghnf:#dsﬁiﬁw kati&c hc

I'n color han os€ produced fromresins ma

Eweiaé?%% e %‘fnda‘f%'?"aav*"?%o%@”@%'ﬁ%‘%"%
%%R ke o oS 2o F AE G ioR AR e ﬁ%é&c rves
swsBlfer Salert rdpePiasaos oL GarhBh Sl BT At
N R LR e e Adton,

oligoners of this inventiaon. 04/02911

Py SPO0E D 5AVING IOWSE YIRCORD %ﬂ@é@#ﬁbﬁ? PREQEPSFER Lo Michael
I NVENTI ON
Addition oligomers prepared in the presence of strong base catalysts. The

oligomers of the present invention are photopolymerizable in the absence of
photoinitiators. Polymerized (cured) films are lower in color 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.

DESCRIPTION OF THE DRAWING(S)

Figure 1. The area below the three curves represents ratios of acrylate
to acetoacetate that when reacted, form unusable gelled materials outside the
scope of the invention. Ratios of acrylate to acetoacetate on or above the

curves form the liquid oligomers of this invention.
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The reaction is carried out in the presence of a
catal yst system suitable for pronoting the reaction

hEr e LTl A A IVER o o T erper at ur es

over _ﬁport time frames with no required byproduct
r emoval "OPrERERKINYgNtionelatesdp Aighael Adsitiom uriseasslinkeddiguid
present invention conprises an epoxy noiety and 10 a
qBRlyReHats oligamers Rrgnared ByreasHng Mioliashdenora witbgviehae!
used to make the oligonmers of this invention are
natasPiI By [TAedeadtipaHs aarrigh Qut ipitae eresence af ayateyest systanh
tetraacryl ates. Exanples of useful diacrylates are: O
osuitable for pramotingthairgaation Of adrejd-dicarbow dordt 4uithfa = 2 a
0o~ 20 Ethoxyl ated Bi sphenol A Diacrylate, MN= 424, f
=camp@Bdih®-rge reutipth adryiBlesfonyticatticd\dIow @B peifatdred ovér
WO 2004/ 029118 PCT/ US2003/ 030436 0 O Neopentyl G ycol

Deteort tirhatiemdéMith 24 Pequired bPproBuct realovat dibeRepd pHeo!
D acrylate, MW= 302, 508, f =2

catalyst system used in the present invention comprises an epoxy moiety and
a quaternary salt.

Among the common Michael acceptors used to make the oligomers of this
invention are multiacrylates such as diacrylates, triacrylates, and
tetraacrylates.

Examples of useful diacrylates are:
[o] 0
\)ko/\/o\/\o/”\/

Diethylene Glycol Diacrylate, MW =214, f=2

| |
OO

Ethoxylated Bisphenol A Diacrylate, MW = 424, f =2

\/Lo/\/\/\/°\”/\

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



10 I'l Propoxyl ated Neopentyl dycol D acrylate, MN=

328, f =2 15 Tetraethylene dycol Diacrylate, MN=
wa@om4/09118 2 20 Tri et hyl ene A ycol D acryl at e, POANIS2003/030436

258, § =2 25 Trlopropyl ene @ ycol D acrylate

(TRP A) , 3 2 Useful triacrylates are: O

/U82003/ 030436
Tr| nmet hyI ol propane Triacrylate (TMPTA), MN= 296; f =
30 O0Oov 5 Et hoxyl at ed Tr| nmet hyl ol pr opane

Tr| acr > 428 o 0 0O 10 Propoxyl ated
'%9%%@?@ NW\F-21£28 =3 0 N "NOif O
----\ONO/ ~ 0

o] [o]
\/”\o/%\/%\/\o/[k/
Polyethylene Glycol Diacrylate, MW = 302, 508, f = 2
o} a
\)J\o/k/o\/{\/o\)\o/”\/

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

o] o}
\)Lo/\/"\/\o/\/"\/\o/[v

Tetraethylene Glycol Diacrylate, MW = 302, f = 2
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20 o) o} \ﬂ/\

Triethylene Glycol Diacrylate, MW =258, f = 2

\/“\o/\]/‘)vLo/ﬁ/ °\ﬂ/\

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

25

Useful triacrylates are:

0
O/lv
30 3



15 Tris (2-Hydroxy Ethyl) Isocyanurate Triacrylate, MN
423, f =3 IO HCI:x320 Pent aeryt hri tol
Wd’ zocaoeohigat e, = 298, = 3 0 A useful tetreeruygioas/as0436

Iﬁ g{thﬂaﬁ%tn?f a-l:l ’fl?g@?ﬁ%(‘?&@a@ﬁa'%w %@55 %-As’ aM/av - %2

acryl at ed epoxies, such as 25 acryl ated epoxy
di acryl at es, acryl ated urethanes, such as aryl and

al i phati 6 WO 2004£029718 PCT/ US2003/ 030436
nd

ryl ated pol yesters, "“such as
p . sg, nonofunctional acryl ates
(e.qg., mpl'e C1-C18 acrybate ester, isobornyl

5 acrylate, ethyl hexyl acrylate, lauryl acrylate,

Hyttoxytated Ayimedicylgibedpane Triapytata didhe >at28y Fat3e, etc.)
may be included to nodify resin properties such 5 as
adhesion to specific substrates, toughness,
flexibility, film gll 0ss, solvent resistance, inpact
resi stance, surgaceltensi on and others. Exanples of

M chael donors us®&d to nmake the oligonmers of this

| nvengi on are acegtoacetates havi ng a functionality of

N/6@60 10 et hyl Acgfﬁ#{et te, T =2 00 15 Ethyl

Propoxylated Glyceryl Triacrylate, MW =428, f=3
/\/ \U/\

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

o]
”o\/c‘éxo/“\/
3

20  Pentaerythritol Triacrylate, MW =298,f=3

o}
: M
A useful tetraacrylate is 4

Pentaerythritol Tetraacrylate (PETA), MW =352, f =4

10

Additional useful acrylate acceptors are acrylated epoxies, such as

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



10

15

20

25

30

t-Butyl Acetoacetate, f =2 0 0 25 2-Et hyi hexyl
Acetoacetate, f =2 0 0 C12H25 30 7 WD 2004/029118

wEaBAO3/ 030436 Lauryl Acet oacetate, f = 2rOr/0S1403/830436

Acet oacet ani | i de, 0 0 10 2-Acet oacet oxyet hyl
N@?tha'&ﬁ* aenylates mémprylated polyegfers, S4Chas pPIVABiEl aardat%% e,
= 2 Acetoacetates having a functionality of four:

dklsco mgnofynciionsl acpylates 2@95@@?{@&}1&18 Badale eateast dgodormy|
=40 0OYY 0O
acrylate, ethyl hexyl acrylate, lauryl acrylate, hydroxyethyl acrylate,

caprolactone acrylate, etc.) may be included to modify resin properties such
as adhesion to specific substrates, toughness, 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:

a (o]
/U\/“\o/

Methyl Acetoacetate, f = 2

o o
Mo/\

Ethyl Acetoacetate, f =2

A

t-Butyl Acetoacetate, f =2

2-Ethylhexyl Acetoacetate, f =2

CizHzs
/U\/H\o /
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25 1, 6- Hexanedi ol D acetoacetate, f = 4 ,~~011-~Q |, ~
30 Neopentyl dycol D acetoacetate, f =4 8 WD
wQo@402Ae 18 PCT/ US2003/ 030436 0 O PCT/US2003/030436

Cycl ohexanedi net hanol Di acetoacetate, f =4 5 J~KO O
}aurmt Aestgacetale. BF phenol A Di acetoacetate, f = 4 10

Acet oacet ates having a functionality of six: 00

Tri met hyl ol propane Triacetoacetate, f = 6 15 0 o o\

YY, 0Q 0Q ycerintriacetoacetate, f =6 200 Ro

O'"-~3P prolactonetriacetoacetate f =6 25 An
bhaving a functionality of eight is: 0 c

Acetoacetanilide, f = 2

o o
MO/\/"\IKK

2-Acetoacetoxyethyl Methacrylate (AAEM), f =2

o o
/“\/“\o/\/

Allyl Acetoacetate, f =2

Acetoacetates having a functionality of four:

M NN W
Butanediol Diacetoacetate, f = 4

0 o]
M /\/\/\/O

o W
Q 0

1,6-Hexanediol Diacetoacetate, f = 4

[s] (e} 0 O
/U\/”\O%O/“\/U\

Neopentyl Glycol Diacetoacetate, f = 4
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walemantigcl ude esters of malonic acid, 2,4

g Pentaerythritol Tetraacetoacetate, f =8 9 WO
2004/ 029118 PCT/ US2003/ 030436 O her useful M chael

pent anedi one, methyl cyanoacetate, ethyl cyanoacetate,

bManoac oct /I coanoacet ate and
C 0

Addition reaction is
typi caIIy carr

out W th an equival ent excess of
M chael acceptor to M chael donor. Wrkable ratios to
pddbewnetimpinaha Diggsteadetatprfoddict s are defined in
Figure 1. It is critical that an appropriate
equi val ent ratio of acceptor to donor is used in order
gnsure that a |iguidqoligoneric product is

2 Exanpl es of|| thise atios for 1o acrylate
and>~\\M-Ctha s/ include the follow ng.
e reactive equival ent, functional ratios are:
a) diacrylate: Mchael donor of 15 >1:1 where the

? afe'd é;ﬁﬁ%ﬂ@ Nma‘é‘ﬁgﬁ‘feé?@ d-yhere the donor

unc I ona where the donor
functionality = 6, >3.5:1 where the donor
functionality =8, 25 b) triacrylate: M chael donor
of > 2.25:1" where the donor functionality =2 >6.4:1

MbdetiaBs MAURB I8 &% 27" 1 uner e the donr

functio alltM
[9)

3

Trimethylolpropane Triacetoacetate, f = 6

YT

Glycerin triacetoacetate, f= 6

Ro—é.ﬁl/\/\/\o-;n—Uk >3

Polycaprolactone triacetoacetate, f = 6

An acetoacetate having a functionality of eight is:
o} o]
0 4

Pentaerythritol Tetraacetoacetate, f = 8

PCT/US2003/030436
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35

40

35 c) tetraacrylate: M chael donor of > 6.6:1 where
the donor functionality =2 40 10 WO 2004/029118

wEOASADH3/ 030436 > 12.3:1 where the donor PCT/US2003/030436

functionali tly = 4 >13.2:1 where the donor 7

f unct PBieaLpefsl Midhaekdenor intlutledséars of hal@inecid, 2,4~
functionality = 8. The catal yst systemused in the
peeiasadiongeethyloryaooagetatee sthahcyepoagetatep betyy cyemdaestate,
quaternary salt. Exanples of epoxy noiety-containing
oclyposinbaceisteuself eyanbacdtamidenvent i on i ncl ude gl yci dyl
nmet hacryl ate, io trinmethylol propane triglycidyl ether,
di gl yci dyl ether of bisphenol A and the 1like. The
quaternary salts include tetraal kyl amoni um hal i des

such Bse MickiabPRddiibrRraaenbm 8 thpieaydeiriad Yhakiyhn equivalent
anmmoni um hal i des such as benzyl tri et hyl amoni um

ekdeRE il RicHH] b phdrks Midhsel dBRGE rW@FIdéb%arlattiléf( 3} Bldduce

i ncl ude phosphoni um hal i des such as tetraa

RAS BARRHE oA I 8% aDtheton FIRSER0MH W AC iliGh Such

as et hyl tri phenyl phosphoni um acetate acetic
.y to it t.
FEep e PR plo'er SR8 ool BB B Brdetg gpoure

BRERIbED PATBRIOTAA Rerthsd " P Lty bn P
AP ACEPRRS and pfhaet kRSO el BB enar or. nost

preferred ranges would be 0.10 - 5% and 0. 10-2% by

i gh respectively. Resin design is application
ﬁ@@g‘? %Hed’ eaﬁ@eae%'v&ég'}téwg@oa?' AR and quat er nary
salt noiety is possible on that basis as the catal yst
Q)Sd‘@W?F‘?-M%Wﬁ% deadr i recty influence properties of

cured fil nms.

>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,

b) triacrylate: Michael 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,

c) tetraacrylate: Michael donor of

> 6.6:1 where the donor functionality = 2

10
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Wiile not wishing to be bound by theory, it is
bel i eved that when the epoxy and quaternary salt are

w@odded2€$8 separ at e conmponents the epoxy and 1BRCTMIS2003/030436

2004/ 029118 PCT/ US2003/ 030436 quaternary salt react
to forml2iRe! whem thedonar Bingtiondlity afot her ~ enbodi nent ,
the epoxy noiety and quaternary salt nay be present
in one?.?ﬁ)%!éomh@e thendencrfphaionelity &= 6e t he reaction
product of triethylam ne and epichlorohydrin. 1In
anot her 1énmbdheenthetdomoc inatigrsdlitycaB. be derived from a
guaternary salt 5 wth both epoxy and pol yneri zabl e
ligand functionality. An exanple is acryl oyl ethyl

gl yci Tyd catalyet $ystermuesd imheldresdnd tvehtien BOhBABEY ZRBbSxy
ligand allows for the binding of that conposition

wididty the a(‘qmwnﬁtfy@?du@tEx@ﬁiﬁlés?(oftBbondPé’tg%@ﬁfdirﬁﬁ@ i on
with other acrylic functional groups. 10 The high

86mp6sitiond vsefll it B INVEHRR! indi6as lk@ifilylﬁﬁél{l%&rﬁlﬁtt@e use of

nmononmers such as styrene and nethyl” nmet hac {/ ate as
trfh@éthylé@Fd{)%ﬁb%riél?cigﬂll.\é%er! Qib’fy\‘,fd?Pé}ﬁértcyf bist %gFA%ﬁﬂtth@r €
easi |y incorporated into a“varfety of reésins. e
Aot QAR E, S, huuie RGOS BionhaF hRI ¥ ou
_ L O . £ Ul

R R R e R T LT

| et f . | icati :
KR ot RO A3 0 00 58 it SRy st aiso
i ethoxy-2-ph . t oph be added to, th
b e R
PSSeRaRIVE oaLalie: SHeD 28 SEVFBnoBdRaPRaNe] retaimwetc
fallow series of experinents provides exanples of
ﬁ?'éﬁSWP[%n%UC%?S firll t F3taNEL R Aarigiy iptespatiangl. The
P-di carbonyl M chael donor, which separate the |iquid
B3 gERRr SPBARRINSIUGE anHmenibmy phesrhentunp et sWtongen or

solid products of the 12 WD 2004/029118
horperst03/ 030436

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

constituents can directly influence properties of cured films.

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

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

11
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waeooamediys ol pr opane tri acryl ate (TI\/PTA)

prior art. In the followi ng Exanples all parts are by
wei ght unl ess otherwi se indicated. Exanple |

acet oacetate rf)ﬁ 14. 8 % Sld yl nmethacr Iate
G@M}”?’é}bé‘?@“ﬂﬁﬁh@ Fm the satglya iB-sittie{ abeNer ampeRimeRt. the
brom de, 0.45 g, were conbined in a reactor with

rpoer mpietyend audtemary sl mapbeiesanAin ene molgculerhin
reactor contents were heated at approximately 1 Cnmin
eramhle ywould be itieeaction pwduet efttietbylemignam eaiﬁ%lor@ydrin-
for a three-hour period. After three hours, the resin
wasnathsicdrabapicie ibthbromtalydiean daectenived franah Qoakethary salt
cool. Twenty-four hours after discharge, resin

Wit Gash &pyoxyamdmdgnethbi li2ihd Gundtiohalkty BhaakkingllelisCap
2000 vi sconeter and determned to be 10, 390 cps.

W&ﬁh lyeidyb@itrtHygaa tioviRinirefilbides "Ehe pollyaiesizalsls ligand
et hyl ac\gt@oygcgt ate was determned to be 95.2 % by 13C

%’h@vs feR i binding o“inﬁ?h%lébﬁ‘ﬁ)o‘éﬁlbh with @3¢ e dreditid n@dtAx by co-

Col or Conparator. 15 ... ......... Viscosity (cps,
Blyheriz Qo Rith other acry ho functlonal acet ate 95.2
? ﬁ/verls?tznn /oGardn lor 3 Qhe Vi scous resin

product was applied at a th| ckness of 2 mls to an
al um num panel and cured "tack-free" by exposure to a

Fusi opy, o ngké‘é‘é%n?ih/ & tﬂg m&%eﬂeacﬁ gﬂfa.%e %'glgeogcur ed

coat i ng 0ssy, very penci

har dness 8 and ve >

TGS o S%Q%ﬁpw" %efé‘?ffh%ﬁ%%'éfe Sk F%'S%"*S o give
“traditional hg ner _synt hesi s '3 val uat

Iow—vnscosﬂy systems that'aré easily incorporated into a variety of rasins.

The liquid Michael Addition products of the present invention are
curable by ultraviolet light 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-phenyl acetophenone may be added to these resins to further
enhance curing. The oligomers of the present invention may also be cured by

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

of multifunctional-acrylate to B-dicarbonyl Michael donor, which separate the

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

12
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25 exanple 2. 13 WD 2004/029118 PCT/ US2003/ 030436
Trimet hyl ol propane triacrylate (TMPTA) 1000.0 g, and
wda 2@4/0ek1az abi cycl o[ 5. 4. 0] undec- 7-ene (DBU), 10POr/4y$2003/030436

vver.ecE‘E.Legr'n.ar actor with vigorous agitation )

£ path ait i srplioingiEarsies gl pgis sl U iniessperwise
5, 599 8 g, was added dropwise to the stirred '
a Wgﬂde/ am ne catal yst over approximtely 20 nmi nutes
begi nning at roomtenperature. The highly exothermc
reaction resulted in a pé@megerature of 84 C during
addition of EAA wth no additional external heating.
Alrimatayplpepans acyfate MVBTA), t14dhg, ethylacetarcetate (EAA),
tenperature was set to 85 C and held for a two-hour

5 pé4.Banlglytidylahetsactylade KBMAS epbriemossiner,via8 gdirglc har ged
fromthe reactor and allowed to cool. Twenty-four
hietrabutgfahenordimditamipis, Ordssg,rwere coobirtey inasreaetas witad at
25 Cwith a Brookfield Cap 2000 vi sconeter. Extent of
copderatd agitatibn fieach invechankzbhstirene The aéauisr sunt&itiWere
acet oacetate was determ ned by 13C NMR Viscosity

(isdted abagprodalilY 1 *BpRIncBees Fﬁe@c%d“runﬁ_@ﬂ\\béfaﬂh@bféﬁ’%
Gardner Color 15 As in exanple 1, the viscous resin

PARANEGH favabthphb@thetoda Afttr 8BEHBURS 172 reBin Wwad QisBfarged
al um num panel and cured "tack-free" by exposure to a

10 FrshaRe Féé'ctor%htaug&vealtéieéﬁgwéfntyiﬁagr dérgféﬁterﬁfé%hsﬁg'é%sin

coating was snooth, glossy, very har penci

RS B e RN MR 2 B LR OB gl nd
t § BRFKEAISDE THBEops.” bvErsich Mot ARSEAR Sty ferfeBiolons
on ethyl acetoacetate was determined to be 95.2 % by "*C NMR. Color was

measured with a Gardner Delta 212 Color Comparator.

15

Viscosity (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 comparison, a “traditional” oligomer synthesis is evaluated in

25 example 2.
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14.8 g, and tetrabutylamoni um brom de, 0.45 g, were
conbi ned in an open 14 WO 2004/029118

froma nmechanical stirrer:- The reactor contents were
heated at approximately 1 C mn to the prescribed run

AR bt Ao TIELE) Wbe By dhf Deiare "

[ th [ d o |. 5
ARAPRIISG A BBt rare D, RIS sb et vmbGean siresgien
reacti ve net_h¥_l ene protons, on ethyl acetoacetate was
WP oAt gTitign oM mEchanicRITery Edbbastioacaipts (EG),

No attenpt was nmade to cure the resulting unreacted
RBREXERataly -d0uUniautesiigeginning Rierosn ieepgeatule. The highly
Trimet hyl ol propane triacrylate (TMPTA), 74.0 g, ethyl
axetheristreadion Fagylted in 4. (®aly tempdrafiirg of 8¢I°C during addition
nmet hacryl ate, 1.8 g, were conbined in an open reactor
oHEEMAWIthmel ed ditienad gikteanal tieafing rAt dheremriviusicrabf BAAradeEition,
The reactor contents were heated at approxi mately

e wantor terh prerafure s@isiseeth 831°C badpelkiabua ewetho8Ppérioand
held for a three-hour period. After three hours, the

Afiactvy haws tharesineize disbhaedearfess thd @actdranbensives t@nd
all onwed to cool. Twenty-four hours after discharge,

6061V Fiveh§Fo@f hales BteediSEHarge, TBSIRYsBBSIANAS RRaisGfedeit Dyl
20 acetoacetate was determned to be % by 13C NMR

G with-a Brookfield Cap 2000 viscometer. Extent of conversion of reactive

methylene protons on ethyl acetoacetate was determined by *C NMR.

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

Gardner Color 8

As in example 1, 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 hardness 8H) and solvent resistant (>200 MEK double-

rubs).

Example 3 [no epoxy]

Trimethylolpropane triacrylate (TMPTA), 74.0 g, ethyl acetoacetate (EAA),

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

14

reactor with noderate agitBtT/082003/030436
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...................... Vi scosity
(cps, 25 O 57 Acet oacet ate 0 conversion, %......

WO 2004/029118 . ... ....... ... Gardner Col or NeGT/NBS2003/030436

attenpt was made to cure the resulting unreacted
reacionwith moderate agit@tonEremal reeéhanidal ¥¥ire0 de02a4to8

PCT/ US2003/ 030436 Tri net hyl ol propane triacryl ate
dondPitAvereHeleq at pproxierateln ¢ FConim, to Ie presaribedytuci dy|
net hacrylate, 1.8 g, and tetrabutyl amoni um brom de,
tOmpéragunesst 0 °Caarel sd forra MreedheuY getiddt AlftevtHrBe MBdE, &ice
agitation froma nechanical stirrer. The reactor

réactbBbie e ineré BRERSRgY fRAPIHOYEEBbLEAND AildWdl b ddblt he 5
prescribed run tenperature of 80 C and held for a

TR WouRediteP dischbidR! corvair8n BPHEH, reé&@eﬂﬁé&ﬁ?l@f\

contents were di scharged fromthe reactor

Qe erS|on
hRcR8 RhotIABE Balatle o AeRnEl 10 b8 T RS0 AN
2, 4- pent anedi one was determ ned to be 93.6 % by 13C
NMR. 10 Vi scos 400
2, 4- Pent anedi on{/FS}J(E%'@/IO(zcs i |on ZQ/JG Gardner Col or 5
As in exanples ceéa? he nDbl | e resin product was
olor

applied at a th&arcfrf]er A

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

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
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 ﬁ]ethylene protons on ethyl

acetoacetate was determined to be 0 % by BC NMR.

Viscosity {cps, 25 °C) 57
Acefoacetate 0
conversion, %

Gardner Color N/A

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

Example 5

15
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2 mls to an al um num panel and cured "tack-free" by
exposure to a Fusion "H' bulb at a dosage of 500

worddoao118The cured coating was snoot h, gl ossy, PeBEUS2003/830436

and sol vent resistant (>200 MEK doubl e-rubs). Exanple
Briaetimiolprepayes tlapriaie (EMPTALCFA/D 8t 34(PamEnRdionsyd1d §,
acetoacetanilide, 80.5 g, glycidyl nethacrylate, 7.7
glycialgmetacataie yl.&gnand tetrabutysrdeoniunobrgnvige.d.44 g were
conbined in an open reactor with noderate agitation

to@BInadie ahapis adactatwithr moderBbe agittiondront amesttegioatr e
heated at approximately 1C mn to the prescribed run

Lehee riHareactof c&tefsanste mebtbdf airappraximatehhB@/miretoitbel .
After 25 three hours, the reactor contents were

%Pés‘?ch@é&ﬁﬁ BRIt SrECIaN@REd fér 4 Bieslhbor serid. After

wenty-four hours after discharge, conversion of both

@?gﬂoa&‘) D238 cHEMIHIRH LBAARE frdr@ @t fedRtor and

yl'ené protons on acetoacetanilide was deterni ned

0 0 i : 20
AlaPEL Kooty Pt ol b bReeacarl Ronyalino "
The.data in T i '
B e rbighors F2 Atk bRl Rs.o
(,TgPT@ M4. 0g, ethyl acetoacetate (EAA), 14.8 g,
e/b Xy H uaternary "salt" conpounds as indicated in
Table | were 1o conbined in a reactor with noderate
agitation from ,mac,ha{z:i cal_stirre '5 ----------------- rieact or
contents were he4CEBING pﬁp%? )lmatégsé AAAAAAAAAAAA Clain to the
prescribed run 2i4RpeiPREUPE® shown | PATabl e |1 and hel d
for the time i nGPRYATEAN After the| _prescribed reaction
time, the react &ardnaiteies were diScharged ffromthe

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 mdJ/cm?. The cured coating was smooth, glossy, hard

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

Example 6
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 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

16
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war@452T18v t h a Brookfield Cap 2000

reactor and allowed to cool. Twenty-four hours after
di scharge, product 15 viscosity was neasured at 25C

Conversi on of ethyl acetoacetate was nmeasured by 13C
NREctive magthyleng srotenson edetbgcetadidaiwas dbeimmeaita beoloor %
Conparator. Raw material key: (Raw materials were
HypptiNMRby Al drich Chemical 20 Conpany, M |waukee,
W, except where indicated.) GVA - glycidyl

nmet hacryl ate, equival ent wei ght 142; supplied by The
Dow Cheni cal Coviigessityles, B0*°C332 F24igh yCidyl et her

of bisphenol A &estbx&dtemiidevei ght T "Suppl i ed by
The Dow Chem cal cdpBRasty o4 7 WO 2004/ 029118
PCT/ US2003/ 03043@,dFNPEGler- t i Met|ytotpropane
triglycidyl ether, equival ent wei ght—t44:—supplied by
Dyna Chem Inc. UVR 6128 - Bis-(3, 4-epoxycycl ohexyl)

S A et b S
TSR e b ERP3RE) BBRS I

R WS
AT i A SR o
el 2~ et ac i
ot serafice shown in Table 1 and held for the fime indicated. After the

prescribed reaction time, the reactor contents were discharged from the
reactor and allowed to cool. Twenty-four hours after discharge, product
viscosity was measured at 25°C and 50°C with a Brookfield Cap 2000
viscometer. Conversion of ethyl acetoacetate was measured by °C NMR.

Color was measured by a Gardner Delta 212 Color Comparator.

Raw material key: (Raw materials were supplied by Aldrich Chemical
Company, Milwaukee, W, 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
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18 WO 2004/ 029118 PCT/ US2003/ 030436 Table 1.

Conversion of Ethyl Acetoacetate, Resin Viscosity and
w@eioa2€s$8 a Function of Epoxy and Quat ernary ROT/@5208%030436

Run_Tenperature and Run Tine 5

.. . supplied.by. Union Carbide Corporation . Epoxy Mi ety & Quat

Miiety & Run Run % Full Conv. Dynamc Resin Color W.
5 % offBR® atetMbutylarafmonivi@brohsid®. Ti me of acet oacet at

Viscosity (Gardner Reactor Charge Reactor. Charge (O

(hr TBFBL3fetrabMVidhosphenium bromide (Pps, 50C Scal e)
80 GMA, . S%

. - BTEAG a—-benzylt;ietzhylSammonj-l'J_ﬁ’f“&\lerio% 5% _._8Q.
-+ TMSI= trimethylsulfonium fodide =« =« - =+ -

10 IBATFB - tetrabutylammonium tetrafluoroborate

e e et s g kg e ..... 88 QW 2%
TePBUPRiesRyAYodon e matignal qvn 20, TBAB, 0.5% 70 4.0 77
1 T T

... GTMAC - glycidyifrimethylammonjunrctiforide = T

15
..... 97 GW%T.. BAB, 0.:5%....... .80
............... L . 40, .. T100.
.. .. .. ..., 00010033051 80 . 4 GA .. .I
TBAB 0.5/0 10 Mo . X...... 10 GVA ..o B

....TBPB,05%......... 80 _...30
.......... b .
..... L ToaT40.
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1 3.0 1111 GWA, 2% Twsl, 0.5%80 ~ 0 11.0 GWA, 2%
(none) ] 80 3.00 . .._ _...... Ce .
WO 2004/029118 . . . . ... .. e PCT/US2003/030436

TBARSnetion. of E %y and Quatemary Moieties, Run Temperature and Run
N 111 X.... 3.:0...._ .. _....0

. . | Epoxy Maiety & | Quat Moiety & | Run . | Run, | % Full Conv, | Dynamic | Resin Color
Wi. %, of Total, | Wt. % of Total | Temp.| Time | of acetoacetaty Viscosity | (Geginer
..... Geactontapre) Redcior Charge) (O] M) | (CNAETg (605, SOEE) Bégle)
,,,,, 2 gg MA, 5% TBAB, 0.5% 80 5 1,25 | 100—, O el
GMA,'Z%' P ',,-[;BPB', 0.5%" ﬁ\é%ozsjq__ﬂlﬁ: YT {1

88 ;g- % A, 2% - TBPB, 0.5% ¢~ 1Fap 1

85 2% - -+ | TBAB, 0 U700 - 40 - FT - e - _ ..U 10y

97 | GMAL0%L40-1TBAB, 05% 4{80 . 140 ..100 .. . |.......

104 GMA,2%. . . 1BAB,05%.. /80 . .30Q..100. ... ... 3305 ... 11,

108. GMA, 2%, . . | TBPB, 0.5%, . | 80 30194 1740 1

111 GMA, 2% | TMSI, 0.5% 80 30 |0 1
710 GMA, 2% — (none) 80 3.0 10 A |17 T - —
715 GMA, 2% | TBAHS, 0.5% T8 A I3l 6 —2 .o 04 hreAe
16 GMA, 2% = FTBATFB,G5% | 80~ 30|00 ——° — Py - =70 Pi =
Yr7OGMA, 2% ©- VI ETPPA. 0.5% | 80 3.0 |100 10,140 4

{18 GMA, 2% - - - t BTEAC, 0.5%- {80 - - -3.0 - - 100 - - - - - 12860 - -+ 13- _
138 GMA, 2% - - + AETMAC, 05%{ 80 - -1.3.0 . 1885 .. —.|.2148148

80 . GMA,.1% . .|l TBAB, 0.5%. .60 ...24. ..100. 138 GVA 2 [ @

2 TEIAL, 1%0, e, 058 179, 1385 176 3 3

85 | GMA, 1% TBAB, 0.8% 70 6.0 |90 1

114 (none) TBAB,05% 180 |30 [T

148 GTMA!C: 2(5%9 8Q: 13'0 74;'\. Qn mzp\ T RA o YO = |
BA TP ER 332 A% TBABL05% ol (9wl 40 78 = e oo o
8‘7 Q%J;gﬁ,—rl%.l JTB)AB,)O.S% O 7OJVH 51:01 99'2-’:‘2 UhroTToU 2 360
134 B 28t 70 T TBAB, 0.5% - 180 - - | 3.0 - 143 1BAB, 07 5% =""T70

6."U *Trademark: of thd Dow Chémical Company
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11 (NONE) _ ..o

.TBAB, 05% ........... ~ . 80.. .. ..., ~..3..90
WO 2004029118 . . .. ....... e e PCT/US2003/030436
i~ LAB .- T
Gh}ﬁ)ﬂ@ﬂ thusgj%scnbed the 'B@ntlon we .C'.a.'m. 3.0, 74
............8 .D:E.R. 'éézﬁﬁﬁﬁﬁ..i')b""TBAB,
0.5 /0........... .75
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.......................... . ... ......8
13....1...-UVR* 6128. ... ...... h. . TBow

. 0% l)dlacryla{e NHEASe! d*omaa@rermr k of .te Cheni cal
............................... 43. .. ... ..
(e e e e e e .~
Conpan) 2003/ 030436 Havi ng
t hus d‘és%‘?’b%\gdt%tgg@ngﬁ%%%%ﬁviﬁ clabm 5 1. Aliquid

ol i goneric composition, conprising an uncrossl i nked

M chagl uc a) a

di acryi a?alq%%eg@? dﬁﬁ{}'lﬁjgandfg& %t raacr yl ate M chael
acceptor, and b) a M chael donor, havi ng equi val ent

ratio Iat el donor of >1:1
mhere%#%£1d@ﬁ%% P?%% %5 4.5:1 where the
donor functlonallty = 4 15 >4.5:1 where the donor
functiognality = :1 where the donor

f unct omal ,w%%retr@ do@ﬁﬂi”'lcf'oﬁlitlém‘gyl ate: M chael donor
of > 2.25:1" where the donor functionality =2 > 6.4:1
where the donor functionality = 4, 25 >7.8:1 where

t he ddhbiachimiet Mishaeidgpor &~ >7.4: 1 where the donor
functionality = 8,

> 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,
iii) tetraacrylate: Michael donor of

> 6.6:1 where the donor functionality = 2

20



30 iii) tetraacrylate: M chael donor of > 6.6:1 where
the donor functionality = 2 20 WO 2004/029118

wEOASADH3/ 030436 > 12.3:1 where the donor PCT/US2003/030436
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functio ' 4" " 1 ere the donor

funct | 0%312. %x Wh e the éo f%% Y&4% he donor
functionality = 8 V\,here t he reactlon product of the
di -, trig 1 %ﬂyg acrél ate acceptor and M chael
donor |s§ r efeh Nt W@l =B catal yst system
conprising an epoxy noiety and a quaternary salt. 10
2. The co 03|t|on of Gaiml, where the quaternary
salt i s—a&n e denasdyesanality 8, sul f oni um hal i de,
acetate or fI uoroborate 3. The conposition of Caim
1, where the epoxy noiety is an aryl or 15 aliphatic
g| yaergythe seaation reeguct of theldip tratalnd/ogltgtcaaiyylateﬁoeéptor and

AR, Bl 15 L8 4 LR o

alapphsamocﬁty Iand amterﬁary‘@a&. conposition of Claiml
wherein the diacrylate is ethylene or 20 propyl ene
gl ycol diacrylate, diethylene or dipropylene glycol

dizacr yTae @ompbesitieh by CRIM 10WhbFd PEQRMEASHNGOL
di_acryl.at e, tertraethél ene or tetrap roghl ene P col

diPHERSI e PhoshesiuRg PEsEog UM, Balds: apgta @rf@lcy@bnrate
di acryl ate, ethoxylated bisphenol A diacrylate,
bi_sphenol A diglycid et her diacryl ate, resorcinol
ddgl ycf H@/PO@PHSF'O'@JPBéWV 4t where, te spopp medétylis an aryl or

d

PNyl AT AR C ALY rimen gving, e,
né&ﬁ@ﬁt%'oa@pf}aiwlemamryilcmaéphamcglydeamGdd|oﬁatrhaﬁ@hd
dP@,; %’élgfheatic‘ﬁjifﬂ ﬁ(é’l ated or propoxyl ated neopentyl
gl'yco

I acr e et hoxyl ated or propoxyl at ed
cycl ohexanedl net hanol diacrylate, acryl ated epoxy

di4gcr y.l.ﬁ’:\ cOmpoglillon oFl Claim 1 wherein the diacrylate is ethylene or
propylene glycol diacrylate, diethylene or dipropylene glycol diacrylate,
triethylene or tripropylene glycol diacrylate, tertraethylene or tetrapropylene
glycol diacrylate, polyethylene or polypropylene glycol diacrylate, ethoxylated
bisphenol A diacrylate, bisphenol A diglycidy! ether diacrylate, resorcinol
diglycidyl ether diacrylate, 1,3-propanediol diacrylate, 1,4-butanediol
diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, neopentyl
glycol diacrylate, cyclohexane dimethanol diacrylate, ethoxylated or
propoxylated neopentyl glycol diacrylate, ethoxylated or propoxylated
cyclohexanedimethanol diacrylate, acrylated epoxy diacrylate, aryl and
aliphatic urethane diacrylate and polyester diacrylate or mixtures thereof.

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

21



al i phatic urethane diacrylate and pol yester diacrylate
or mxtures thereof. 30 5. The conposition of claim1l

wobeno2a11g he triacrylate is. 21 WO 2004/ 029188T1/US2003/030436
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gﬁ}égﬁg@?? ro%ggé aé:lntésratleggl},{ io tljo:(@grg{P anez}ﬁcty&@%;cﬁ érlf g't@goxylated
t timethill e parepRiacrylatd, a6s (- nycﬁox;téih;ﬁ) |(;80)Jé)ﬁqfa(?é<l/r%¥cl‘9{ét)a

Iate et hoxyl at'ed or propoxyl-at ed

te t
&%algfer r?%{e;ralgfygtgd glyesrohisiagEtitet ol triacr yI at e,
apwhta@wﬂhmbn LEE B ‘Hr}ﬂtatﬁa%‘ﬁpﬁéﬁcqﬁ%ﬁaﬂte%ac ”@%Famiﬁe

tri acryl at es, epoxP/ novol ac triacrylates o

t Hiacadat eS@D%é‘%@ﬁp@fﬁmﬂ@iﬁS of mixtaies thensoér ei n t he
tetraacrylate is pentaerythritol tetraacrylate,

et hoxyl ated or propoxyl ated pentaerythritol

t 6t r aathy bamepsmoh\ pecigiaet whierdit the tethnagtity lse}:teentaerythntol

|
L R T
t éipeFlmrxghrﬁtbemraaaiyam wox%%ﬁmm?ﬂyfg? %Rféﬁ}’aerythntol
ac etraac a
Bl eIt A Pk Sretifnspiregsnnios, Miiamine
nipteactjdtéd, spoxyt Rotoladh ié@raﬁ@r%?ésl & MREures tfdrébrm 1 where

the nonoacrylate is a sinplé C, - Cl18 acrylate ester,

i sobornyl acrylate (1BOA), tetrahydrofurfuryl acryl at e
(THFFA), 2-(2-ethoxy ethoxy) ethyl acrylate (ECECEA),
phenoxyet hyl acrylate (PEA), hydroxyal kyl acryl ate,
mbnoal Kya ceropgeitioryofeatrimgl Jetheraonyiratng, a Bdneatgtatne,
silane or silicone acrylate, perfluoroal kyl acrylate
and/ or caprol actone acrylate. 9. The conposition of

08 ai mThe odrepasitonshod crdlmhaelhenédh@rrmri@awyMe & a 6ifld cye

Eng | . Qro C
S T TR N R
a(d'eb{mq&«‘(m-@thcﬁdylemox@):émsllaamyléfee(ECﬁE@EN)/|ph§?ié(>lyethyl
acet 0 t.e acet acet ate, acetoacetanilide
I@[’jl & cE?t)oQ ﬁgﬂ\rkyl acryla e, monoalkyl polyalkylene glycol acrylate
snoxane, silane or silicone acrylate, perfluoroalkyl acrylate and/or
caprolactone acrylate.

9. The composition of claim 1, wherein the Michael donors having 2
reactive functional groups per molecule are methy! acetoacetate, ethyl
acetoacetate, t-butyl acetoacetate, allyl acetoacetate, 2-ethylhexy!
acetoacetate, lauryl acetoacetate, acetoacetanilide, 2-acetoacetoxyethyl

methacrylate (AAEM), 2,4-pentanedione or mixtures thereof.

10.  The composition of claim 1 wherein the Michael donors having 4
functional groups per molecule are 1,4 - butanediol diacetoacetate, 1,6 -
hexanediol diacetoacetate, neopenty! glycol diacetoacetate, cyclohexane
dimethanol diacetoacetate, ethoxylated bisphenol A diacetoacetate or
mixtures thereof.
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met hacryl ate (AAEM), 2, 4-pentanedi one or m xtures
thereof. 10. The conposition of claim1l wherein the

wor@haediiglonors having 4 30 functional groupsPEEUS2003/030436
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nol ecul e are 1,4 - butanedi ol diacetoacetate, 1,6 -
hexanedi ol di acet oacetate, neopentyl gl ycol

difac et Diges edrapEsiticry 6l Clbex aveheréinigd Midhalel donors having 6
di acet oacet ate, et hoxu¥l at ed bi sphenol A di acetoacet ate

ofunchienal graups:Res maigculear ol Psepans triacetoacetate,
N&l’%ér‘%?@i%ét%@é‘éﬁe Fé@ca&B%oFdh@ﬁ%éétbé&été’c& Shakyatbd or

érein the M chael donors having 6 functional group
peropasylated témgthylal prapenaiateteacsiinecthexyiaied @a@wﬂated

| act

e8Pl bl AEERGT B fes BRkgAD Ol actone
trinmethylol pr opane triacetoacetate, ethoxylated or

r | at ed '

CHer corne §5 ot by { WRRLT RERhAe ol ErihdRe
Mwi@a@rhal@mlmhs dernmaolgeule isfpamtaergingitol mtmpstopﬁetatml ecgl e
i's, pe erythritol|  t ace tate 0X te
o A S G R Lo E e i e
mperégfes thereof. 13. The conposition of C a| m 1,

wherein the catal yst system conprises glycidyl
nmet hacryl ate and tetrabutyl ammoni um brom de. 15 14.

The Com@éwggaﬁga offERIM! wHBRieing agstrsgaemafm orises

bet ween donor ‘and an acry ccurs 1 n the
pglysidriceetiiacritaie maa tetiabatyimnomesiusn bromde The
conposition of claim 14 wherein said nononer is
styrene, t-butyl 20 styrene, al pha nethyl styrene,
vilayl Tiod uvemeositiomyl claioet athereimbaiglreact®ndtedyween bWlichael
ggt hacry] at € g{tal Ieﬁl @ﬂhgal ate CiL - C 1§V
PRAIGTA &t aeryetepecrs I e PREReNyE §f Ben-reaciive monomers.
trimethacrylates or mxtures thereof. 16. The
conposition of cla 1 wh n.sa M chael, donor
np The composmon !)tngzlalm 1fw‘ﬁltarelr?sél monomer is styrene, t%utyl
styrene, alpha methyl styrene, vinyl toluene, vinyl acetate, allyl acetate, allyl
methacrylate, diallyl phthalate, C1 - C 18 methacrylate esters,

dimethacrylates, trimethacrylates or mixtures thereof.

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

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

cyanoacetate or mixtures thereof.

17.  The composition of Claim 1, wherein the epoxy moiety and the

quaternary salt are present in one molecule.
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25 an acetoacetate, a nalonic ester, pentanedi one,
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nol e an
an”éE%’P% groups\ sr aqttbezwﬁ@ '@@iﬁfb‘% 8@@0@@)&9@9 f@sn the
'TBFJTU‘E)%CNSISUH% bf‘&iaé‘ryla'té] Wlé’crﬂ bic) QAB fétfa- 5&%@1&9 i tH&presence

risin e steps of reacting a M chael donor
haf/a ﬁgtal sygtemcomgriging@n %Q(@(Mtfm?l@fé(cﬁﬂd\ﬁéquﬁtﬁrrﬁ@w gdftawhere

OFRRSCRR odBASH K dibhld Budd shaael acceptor sel ected

fromt oup consisting o |acryl ate, triacrylate,
and tetra- acryl ate, in the presence 5 of a catalyst

Sﬁﬂﬁ&% Ié}}salﬁgg?@ogoﬁpoxy nmoi ety and a quaternary

i ve equival ent functional ratios
are: i) d| acryl ate M chael donor of 10 >1:1 where the
donor f ctlon ere the donor
functieﬁgl"l’qesfe 3@&¥@°i'°uﬂ5¥e§?he donor
functionality = 6,‘ 15 >3.5:1 where the donor
functional i tv%ﬁ i) tri acri{kat e: M chael donor of

20 > 2231 éﬁ‘@etq‘i’@oﬂ%’épo'?% Thonality =2 > 6.4:1
where the donor functionality =4, >7.8:1 where the
donor functionality =6, 25 iii) tetraacrylate:

M chaetr4.8ohehersfthe den@: fungiieepblyth@ donor functionality
=2
>3.5:1 where the donor functionality = 8,
ii) triacrylate: Michael 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,
iii) tetraacrylate: Michael donor of
> 6.6:1 where the donor functionality = 2

> 12.3:1 where the donor functionality = 4

>13.2:1 where the donor functionality =6
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functionality = 8. 19. The _nethod of C aim 18, where
t he qb%\{]?ejg:ﬂﬁq?@ﬁ]e(&?@rgﬁncﬁ'ﬁ%ﬂyG * phosphoni um or
sul fonium halide. 5 20. The nethod of Caim 18, where
the epoxy nmoiety is an aryl or aliphatic, , glycidyl .
ether ,Therpetheg ngl%ﬁei‘t‘gi, wharey@iedwat%gw&a“é? ﬁéla onium,

gz?ﬂo@]%gomuﬁﬂc{?%bifmmrFan_dspoxy, aryl or aliphatic
ycldyl s

ulfide or amne, and aryl or aliphatic
thiirane. io 21. A crosslinked resin, conprising the
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vdhetiey! tetteer carglt erratiphaticsglyidyl sstem, alkylenmmoxide, gysloappiaticum
I foni um hali . at 11 t .
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noiety is an aryl or aliphatic glycidyl ether, aryl
l'i phatic glycidyl ter, alkyl id -
5 ou Srasindd i cofna 4 SRR PRt
sul Bii%é}{c mptitions climl1.or  aliphatic thiirane. 20
24. A coated article, conprising: a substrate and the

crosslinked resin of claim?21. 25
22.  The crosslinked resin of Claim 21, where the quaternary salt is an

ammonium, phosphonium or sulfonium halide, acetate or fluoroborate.

23.  The crosslinked resin of Claim 21, where the epoxy moiety is an aryl or
aliphatic glycidyl ether, aryl or aliphatic glycidyl ester, alkylene oxide,
cycloaliphatic epoxy, aryl or aliphatic glycidyl sulfide or amine, and aryl or
aliphatic thiirane.

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

claim 21.
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