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SI LYLI M DAZCLI UM SALT COVWPLEXES BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present

w0 pooened3gm rel ates to silylimdazoliumsalt cop@l/E3m89/040828
and their use as latent catalysts for curing epoxy
resins. 2. Description of Background and Rel ated Art
It is known in the art to use silylimdazol es as
curi ng agent s GkYaEMEPAZAIIPUM SAHLTLPMIE- oYy resi ns.
JP 58194918 descri bes the use of neutral silyl and
stannyl im dazol e conpl exes as curing agents for
curing epoxy resins. JP 2003292646 descri bes
t hernoplastic resins containing Si or Ti coupling
agents with a t BACKGROISNDYF THEAROVENTIOIWound used
as a nodifier. JP 08245762 descri bes epoxy resin

conposi tions for sem conductor devices that conprise
1-I-?Eﬁﬂ%ﬂkﬁ@éﬂﬁ¥ﬂ¥ﬂnidazoles as crosslinking

accel erators. Sone prior art references also disclose

t he The resen§ mveetal felatesstel sityliamideagtinpgsadigeqimplexes and their use as
lme%cqa§mg% For exa Iei JP 11286536 descri bes the use

I} & res I]b

%Q%ﬂgqgo stituted i mdazoliumsalts of
5 tet asubstlt | ring accelerators and
cur—- ek EIOWIOHEIEUES Y bes epoxy resin

ositions conpr|5|ng i m dazoliumchloride salts as
cr odls1si AV it eadty &9 ai5e ulﬁlmxﬂa%%?ﬁ apguring gty accelerators for

cur?% dd(?er%mh@e PISg 92{91?'?16&5%@? g rBf h{ralcslﬂgl ?cgﬁﬂﬂ imidazole

Ing a |sp enol A-epichlorohydrin co
cotingleaéss ask eonmg | agehtse far tcut‘log uggoxy resins. JP 2003292646 descrlbes
|'i m dazol e-.bor,i a latent catal

faor.. .
thegPp g cofsoky PRLFHEE Ser e/ paRses praly Buber ks THimidazole

comB&hdl GiHdeds Y naiRE hy P Wisdagrhedlefib& 86d:d t@leBbmpositions for
catal yst useful for electrical |am nates applications.

serpigardustor depigecihpeconeprpe rltnglylefyltimedaaplox gs eresdlinking accelerators.
catal yzed by the 2-nethyli m dazol e-boric acid is not
t un&bire. prildovxﬂ\reﬁerent:dsmlea disclog tte s6d ofSinridazotinm salts as curing agents

suggestion in the t hat eache : .
or GHENPE F @R SATRIF Ka 2%é6§%%1%9§5@ CSang uﬁh%ﬁ‘ 2ifigethyl-3-Ry-substituted
1m1d%§ﬁ[ﬂm ‘éﬁtsad)fy t%Erﬁsu%@tﬁtufeﬁ%di‘&e@ ROEMridL §dc@§rata-11§ &h8 dufing agents. JP

al so no di scl osure nor suggestl on in the prl or art
10t KO0t deaoihes aphwy ueen gpbmpositions comprising imidazolium chloride salts as

crosslinking catalysts. U.S. Patent No. 3,635,894 describes the use of an imidazolium salt

curing agent for curing a bisphenol A-epichlorohydrin copolymer.

It is also known in the art to use 2-methylimidazole-boric acid as a latent catalyst for
curing epoxy resins. WO 96/12752 discloses an epoxy resin cured by
2-methylimidazole-boric acid latent catalyst useful for electrical laminates applications.
However, the cure temperature of the epoxy resin catalyzed by the 2-methylimidazole-boric

acid is not tunable.

However, there is no disclosure nor suggestion in the prior art that teaches
silylimidazolium salt complexes and their use as latent catalysts for curing epoxy resins.
There is also no disclosure nor suggestion in the prior art that teaches the use of
silylimidazolium salt complexes as tunable latent catalysts for curing epoxy resins at

various high curing temperatures.
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silylimdazoliumsalt conplexes as tunable | atent

catal ysts for curing epoxy resins at various high
wa@oroongp3penper at ures. Zarudni tskii, E. V. et alPCT/US2009/040828

(Synthesi s 2006, 8, 1279-1282) describes a nethod of

synthesizing | -nethyl-3-(trinmethylsilyl) imdazolium

br O@aﬂﬁmtmw o, efal Lt@%he%lﬂ 2?&{ & 127@012@9} db&ABEs Tahfﬁethod of

use of |-nmethyl-3-(trimethylsi i mdazol 1 um brom de
syrahesazmgﬂ ahqtlsyl F (1r1rrepjryiwlyb)umlql'kgohmplbr«amtdengwever Zarudnitskii et al.

(f: g fg t@ ¥§fr t%ﬁr e I églgﬁ%%&glsﬁﬁgaﬁé% V%l r%tlcﬁz as a catalyst for

e @;S{ml%lh tagpcatibng. 9r eater t han 12000) and are al so
ptunablg g? various high curing tenperatures. SUMVARY

oF R'E‘Eoﬂdh&gg}\' th& 15@1‘%&15&%%}6% e RelaRhESRA t's Med%hhg%poxy resins
is direct toaS|y|mda20|umsatco
at a1 bjghesstempechtiy (¢.pegréael than Y0 Eorndibe dlso tuﬁd:rlcmt warjous high curing
wherein R1-R4 are substituents of the imdazole ring
NGB R each i ndependent |y represents an organic
group that forns a stable imdazole ring within the
silylimdazoliumsalt conplex; R, R' and R" are
substituents of the silyl functional group and R, R',
and R " each i ndeDENBMARNY,OF i INKENTIGNor gani ¢ gr oup
that forns a stable silyl function group within the
si I ﬂniemsg@pz(ﬂfiﬂump@aftm inmmpibeis daeadod tosa adylamidepolivmi sdlt complex
%§ Ir]11 ex wth the silylimdazolium
rep&%tslcPtSﬂ Nitheh OWHEg ?r "dazol i um salt conpl ex.
Anot her aspect of the present invention is directed to
a tunable |l atent catal yst conprising at |east one
silylimdazoliumsalt conplex, wherein the
silylimdazoliymsalt conp|ex conprises jan i m dazole
ring with a siljyl functional groupR‘attached to one of
nitrogen atons |n t he |m azoI e rl/ng Anjot her aspect
of the present entiqQ ec§,ed/tRo an epoxy resin
conposi tion corrpri?s‘l\n a) an e!p6<y esi n,g%ff) a curing
agent, and c) 4 catal Wwst; whefein thg.catadtyst

R3 R,

Formula |

wherein

R;-R, are substituents of the imidazole ring and R;-Rs each independently
represents an organic group that forms a stable imidazole ring within the

silylimidazolium salt complex;

R’, R and R’”’ are substituents of the silyl functional group and R’, R’’, and
R’’’ each independently represents an organic group that forms a stable silyl function

group within the silylimidazolium salt complex; and
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conprises the above silylimdazoliumsalt conpl ex.

Still another aspect of the present invention is
wa@le0eaesdd t 0 an epoxy resin conposition conpriBCHYSAN9I/040828

an epoxy resin, b) a curing agent, and c) a catal yst;

wherein the catal yst conprises the above a tunable

| at entxeqd @h ¥3lon FARLNGIMaSP&SH1e Qhietdddh &L SR the silylimidazolium

invention is directed to an article conprising the

akatve wither e s8yinatdzelieponit complem. conposi tion. A

further aspect of the present invention is directed to

an i m Aaahéi aspecalftthe prskexinyeploasie ntiedted o tahemable latent catalyst

following Formula |]: Formula Ilwherein Zis

rROTTISINE 3t 9t osralylimidagplium salf complgx. ‘F]&‘Felé%%ﬁ ydimigazolium salt
S t

I%O%C Bu%}% ﬁ(grﬁﬁ‘f}stglrs Q‘g?gﬁ%&gwl% @ggao:ﬁ ?’o!yq{lﬁ%rdngl g@uﬁ aYtached to one of
fnitvogdnomarhs irRpRiMidarde sinpst i t uents of the im dazol e

ring and RpR 4 each i ndependently represents an

or g@Amiotheg opept bhéle prosdis ideatiab hﬁdlkéﬁtdﬂﬁﬁﬁdtmepd)dygresm composition

within the i mdazoliumsalt conplex; , R" and R"
CORPHESIAg 134 1At GROKY JeBR Pha C§¥1P%Iag?ll}né‘”t‘4 6h§| Cagarlbiapwaﬁranpthe catalyst

t
‘305?%%%“’%5“? %?f%?nfggg‘?aﬁlfgﬁ‘i "R es}e " oncti ongl
gr o'ﬁPﬂl 1r11 gbeec{ 'Hfd léel‘égﬂt ?Nen& e&(lr cﬂfglt 3< An e%gxy resin

ani on f or'ms sal ex W

coﬂnﬁbﬁﬁdxﬁbdrﬂpﬁﬁ@ h)odn dpol’xb Irélslﬂi 9 a dﬁrﬁ@l&@bmtumﬁcsw d catalyst wherein the
npl ex. . BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is
Catalygtr%?ﬁrﬂr@as theaperet ¢ ANARIA IAHBKRAY St he ef fects of

varyl n anion X of the silylimdazoliumsalt conpl exes
of r aspeeit ofi the/ pigsdnd Ve ntian fidéieetad tan Stiglerromprising the above

the% tta XX}(%)CO rogltlgflo“ ! es of an epoxy resin
BRUST ylim dazol ium salt conpl exes

| t t Fi
|a|s| @{“{@F{ %%e% H}é\kﬁ%aref lillré\f%fl SURE cgfe%gegrtylaﬁ dméc}alz%lum salt complex
repréiRftet by et ®I1lowing Formula II:

Formula I
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R, R, and R'"" of the silylimdazoliumsalt conpl exes

of the present invention on DSC cure profiles of an
WE@p@A293e%i N conposi tion using the silylim dazBCT/uf2009/040828

salt conpl exes as latent catal ysts. DETAILED

DESCRI PTION OF THE I NVENTION In the foll ow ng detail ed

deggLinption, the specific enbodi nents of the present

i nvention are described in connection with its

prefer f I h .

For | ove iy *deate Eridonal B Flipetbplor SKh Dl by Pnctonal

egromglionanhoromeallpanicictyliadludisg, fof dxhmppy; @sgisphinoyl or a sulfonyl

techniques, it is intended to be illustrative only and

nePe3nakr ovi des a conci se description of the exenplary

enbodi nent s. Accordingl¥, the present invention isnot

|i mi t Ri-Ro arheubsiidednts ef dhd daigraplesrioe safi Rel+ warkndependently

b : ' ' [N S | t. | VRS,: -

et AL e LG R PR B Rt b WAL ipicazolm

saitpemplext he appended cl ai ns. Unl ess ot herw se st at ed,

a reference to a conpound, a conponent, or a materi al

i ncl udes R*hand RTPQud dubsEGOFRRNSEthe sBY] fBE@HaBbrdd and R’, R**, and
itself, as well as in conbination wth other

cRnpeashdadepeadandsi aprresentsy amerganis grap Bafciermas a miakleueR'R"R’}
0 ' QNS Of G rein, the

stlﬂnﬁétﬁ air g'% gf? g\rrgél‘ma{hﬁ 9&;&%?&'{1%% aaléfan}éﬁ%gna% ude the plural
referepce unl ess th ontext clearly djctates . . . .
ot her ks & an-l-ﬁlélmﬂ) r“é’é‘g“h orplﬁ\;leﬁ?tﬁg ﬁglls rcgglpjc?éswuh the imidazolium cation
Sivithihithe Gad@olium sitlcbmpp! exes which are particul ar

useful as latent catalysts for curing epoxy resins.

The silylimdazoliumsalt conplex of the present

i nvention conprises an imdazole ring with one of the

ni trogen at oM rhie ipddBERIGr THRIDRAYREEET bY a

silyl functiomat group. fhe sityt frunctromat  group

deactivates the j.m.dazale ri such that the . . _

S Stk a3 o FEtiC e Shfioh Do T e P Rb ' Gipying anion X of the
siljlenfaesafudf esa(te cmpre@C)ofafd Pedsei@ti@ebndbn doMi Dfffential Scanning

tenperature (e.g. >120C). At the higher tenperature, '
Cajquanasfy (i e Brafilen Sain crospedx co@pesiégmating the silylimidazolium

Sﬂ?éﬁﬁég%%gwggagq%%bgpyactive i m dazol e conpl ex, which

. ( l'yst (a latent catalyst) for curing
epoﬁ/gurrée 303 gr%hliélall Iillirl]lsgr%égtll Is}lljoryvﬁga lt}tle 8?&;@8' St \gasrying silyl substituents

R’, R”’, and R’”’ of the silylimidazolium salt complexes of the present invention on DSC

cure profiles of an epoxy resin composition using the silylimidazolium salt complexes as

latent catalysts.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description, the specific embodiments of the present
invention are described in connection with its preferred embodiments. However, to the
extent that the following description is specific to a particular embodiment or a particular
use of the present techniques, it is intended to be illustrative only and merely provides a

concise description of the exemplary embodiments. Accordingly, the present invention is

4
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The silylimdazoliumsalt conpl exes of the present
i nvention conprise an imdazole ring with a silyl
wo covetizspal group attached to one of the nitr oPENUSL09840828
in the imdazole ring. The silyimdazoliumsalt
conpl exes of the present invention are stable salt
HOFME@ 1Efhe PR e ABBMShehRadest iR Hefly, tB?at ka?ﬂérath%qn@éltlon includes
sol1ds and do not convert back to the imdazole and
all mierngfives] mpdiictiianaindequynlavniadmenwshiatthe gagrscope of the appended
1ten‘perature (e.g. about 25C). The stable
9yl im dazolium salt conpl exes of the present

i nvention can _be activated at el evated tenperatures to
f or MSisItesrese e ot &REReH {1 RcRmBPuaLF ympgRent, or a material

mC@LRﬁ%('tﬁjtec&ﬂl e@btﬂ oﬂe%@c(;r' rﬁﬁ't\%nélnb)I ﬂ?elf: UK iagl 9f 1ne9(9ﬁ%natlon with

resins. Preferred exanpl’es of the 'silylimi dazol i um sal
otheo npinepcesdof comporpness et niataénd,i suthane megnes ent e:dmlbynatlons of

the following Fornmula | : Forrmula I The anion X , the
compAudSt yent s R1-R4 of the imidazole ri ng, and the
substltuents R R', and R'' of the silyl functional

gr odys YsAd NEEing Wi ENEURGIES |‘a.of ap-hand | ?hff'l inflefeA8F Pl reference
unfed! e%m£%1 ta,]lggoglgl\,(x, F@rl abl es which forma

stabl e si yI|m tumsalt conplex. The anion X in
h I
E:orerp'[ﬁ? %}e[egerﬁgﬁe;%ltlgn Hroqjldesr%ﬁyﬁ%&ékﬂrq{ng ?%lnp é&r}é&%«% \;lhlcl’ll gre particular

usefoIngs| la%nu\édtzhyflti‘l ﬁ)rSduhMg lem;@élli‘:@lhs UWhé ailylonidaedlininnsdlh@mplex of the
silyimdazoliumsalt conpl ex. | es of the anion X
Presentt R sy BRI | A 1m1éﬁzq1% ding W}ﬁ i PRedalz G fitiogan atoms on the
imERTPL P83 BELE, Aot B SR et cecte
theuinsddorsld ting edhahitythe glﬂydum,damlmubsﬂﬂ ¢ambpdek orinert at room temperature

unsybsti tut ed al kox rou Sstit or .
(e.g n%%b@c qnd Acliyatgd 94 2 %ﬁg‘?}ﬁel%B?r a@lﬁ% <8 Is’rlgéozf)r &Y thsighrdgmperature,
theofsﬂ;‘}lhﬁldﬂi’duu%? shif Cdokkqﬁe;@ﬁs "ﬂ'iBiimhll?r REO4EI 16 0Bk AP 8y Ofimidazole

he” al kyl group include G - group, and

Compl@ﬁewh@u iexgfilaes cathlyar (yflllatgntcnarﬁlysn)cfpudla‘i@ epOk Orestng|

group. The substituents R1-R4 of the imdazole ring in
Silyl@idabolinen Boit feoheldxeef the silylim dazolium salt

conpl exes each may i ndependently represent any organic

gr oUpe sh@imidazdThind st @phetaiof @zopreseht MYeiidohéomprize an imidazole

o sil %/I i m dazol i um conpl ex
ring with a silyl functional group attached to one of the nitrogen atoms in the imidazole ring.

The silyimidazolium salt complexes of the present invention are stable salt
complexes, which means that they can be isolated as solids and do not convert back to the

imidazole and the silyl functional group components at room temperature (e.g. about 25°C).

The stable silylimidazolium salt complexes of the present invention can be activated
at elevated temperatures to form complexes that are catalytically active for epoxide ring-

opening reactions in the curing of epoxy resins.
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Exanpl es of the substituents R -R of the imdazole
ring in the above Formula | of the silylimdazolium
W@ 2000/1280pl exes may i ncl ude a hydrogen atom aPOHUSZE9/040828
(e.g. Br or I ),a substituted or unsubstituted al kyl,
a substituted or unsubstituted al koxy, or a
SUb@}éfEHé@gxa%plwwé tsﬂgfl%ﬁﬂzﬁﬁﬁﬁll Af CHRplekELIEhE %ijesent invention
exanpl es of al'kyl group include Cl-C aIEyI and
arepepfeeantatbyetha iplaesng Foanylh Igr oup i nclude C -G O aryl .
The substituents R, R', and R'' of the silyl
functional group in the above Fornula | of the
silylimdazoliumsalt conplexes nay each i ndependently
represent any gani c grogp t hat forns'ﬂ stable silyl
functional groyp within the silylig dazo] i um conpl ex.
Exanpl es of the substituefts R, R', and R" of the
silyl functiongl group i e above F&'nula | of the
silylimdazoliymBakt, conpl i ncliudey a
substituted or junsubstiituted al kyl, s:tétituted or
r

unsubstituted 4l koxy, or a sybstitutéd o
unsubstituted aryl gro ferred exanpl es of al kyl
group include ¢1-C8 yl an referred exanpl es of
aryl group incliude &-do aryl RaThe sily]imndazolium
salt conpl exes {of the present invention_can be used as
| atent catalysts for curing epoxy resins with (a) high
active tenperatures (e.gfkgﬁﬁﬁﬁgq_than 1200C) and (b)
tunabl e active tenperatures TOf various requirenents
of applications of the |latent catal ysts. As used

herein, the term"latent catalyst" is referred to a ,
cat alfiesanigihXchhe gubSﬁmentsd%rRo@%ﬁh@ emplzeleuing, grd ge substituents R,

2 »an tive .a hi gher. t ratur " LVe. .. . .
RSt B P Be G I in U RER Iyl P8} ¥ Sytimtdnzotim
salt edreplbx@ahal ysinyuseidbltOvhihIfoiig asesienslylitidhzoRRAXYIt complex.
resins) is referred to herein as the tenperature at
whi gite hhRn et i@nhe RvalRoshuRACHTRSsiBSiINE oRlmAaltWBhiplbxes may be
the onset of curing beglns "onset ‘cure tenperature").
anyT lseione wiichaiorinwvae steklepe it atompeexr withehe isdylirafdezqlgn cation within the
.hengin.as tpe t efper ature range bet ween t he onset and
silyimidazoli eX.

AENSHRGHR R E CP'BRISEr at ure when the | at ent catalyst is

used for curl resins.. The ter "t unabl atent. . .
ot BROPIES & PErTeg 19 P BONE o HE prb b pfiggmidazolium sal
coffleSes ﬁiﬁ% incudeeMPBidat RESO, OPFLN6r BRYGMU vikdh Y6 tepfBnts a halide,
be adjusted (e.g. by changing the identities of Fhe
a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a

substituted or unsubstituted aryl group, or CF5".

Preferred examples of the halide include Br™ and I', preferred examples of the alkyl

group include C;-Cg alkyl group, and preferred examples of aryl group include Cs-Cig aryl
group.
The substituents R;-R; of the imidazole ring in the above Formula I of the

silylimidazolium salt complexes each may independently represent any organic group that

forms a stable imidazole ring within the silylimidazolium complex.

Examples of the substituents R;-R4 of the imidazole ring in the above Formula I of

the silylimidazolium salt complexes may include a hydrogen atom, a halide (e.g. Br or I),

6
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substituents of the silylimdaoliumsalt conpl exes of
the present invention) to neet various catal yst
wappbilzeb? ons requirements. I n general, the acPCwEsS2009/040828
tenperature for the silylimdazoliumsalt conpl exes of
the present invention is greater than about 120C
a sEBsthlﬁE@Qf WnsubfRu@ ik £ ol SBRALRE YE ﬁn%@@tﬂﬁteﬁfalﬁ(ﬁ? or a substituted or
'yl m dazoliumsalt ‘conpl exes of the present
unw’mxmtmtadoaryl sréupomPagfeured 20i@ples etbdkyl28®Cp imolude C;-Cs alkyl and
rabl fro about lé%ég 0 ab ut 2300C, and nost
P“g 5%’6’&?‘311 cCieiEbout 2200(: I'n
addltlon the act ive tenperature of th

si | yibf avlpsisusnts Ry Ral @n%gn’ﬁpéggssﬂd% fqnﬁgorﬁ\l &uqupyin the above Formula
I df rﬁi@ @Il?l%lﬂ?&ln?ﬁ shiynahy ‘fex\% trﬁhf%:h%&&%ﬁenﬂm fﬂc‘ﬁafe%&toatny organic

he an , the substituent he "i n dazol
grcmlprtgat famas 4 $tabls sibgtfinaentlsgritip within thaeilyRmidadolinhecomplex.
silyl functional group in the silylimdazoliumsalt
conmplxexeks ofishes hdbatituents R’QR'E ahdaid &f GarsdlyRfunttienal group in the
active tenperature range or the onset and nmaxi mum cure
abewenpeiatiyrleef die ﬁlﬂﬁélr%lidﬁ%ﬂhl“m 82y GPMRIR*E R IMAYC Higidex subjtituted or

unM?)@tlt’a[e% 1, h @Ml?s%ﬁt@cp Pﬁﬂsu%?ﬂtﬁ&@%ﬂ&%? Qly a @hlgsftlﬁft@cp bt Bhsubstituted

Scanni ng Iorlne try anal ysis is a
aryl lgesupo d?rafeyﬂed ccahmpks b dlkyk gicbup ancledeudyCaglkylingd preferred examples

rofil es ners, (e.g. epoxy resins). During a
0f5ﬁ$gﬁﬁpﬂF%HE(§3&BdF mers undergo thermal transitions.

DSC i s used to neasure the amount of heat apsorbed

( enddt HEY AP aEplR 83 complessseefstba PrEki IHEFHIoR G3pdealsy as latent

catgﬁr'é srfgrl éﬂf}\g e%t}% ynsfrf/l%{]s@) i \r)%:tlgg }&ﬁn rat +ets 43 Qgﬁgr than 120°C)

and éb‘bpmnaiﬂel raetice tevigresaigres iforevarius ueqmrg:np:ntsf ofl ppditatéons of the latent
may be obtai ned by anal yzing the DSC curve,
Caﬁh’%h may i nclude, for exanple, onset and maxi num cure
tenperatures, exotherm c peaks of the pol yner obtajned

f r osDed heyegrthe termndatenigeatalyss” i {enf@fqdatpea fHelyphshich is inert at
rodtif Ee(f'naﬂe:l?ﬁ{ulre e(?%r Ois EB] gndaﬁ)(ﬁf% af ?ﬁitgﬁelctgﬁ{ﬂgnﬁhﬁé grﬁ‘étlf’éﬂe%erature”).

cert red exa es o azo

sal tT ?({I"Rl ‘eXﬁ )f(:ra%m@’r§ anltaten{] ca% %ét%@e(?%or %%ngg% }etsHls (e.g. epoxy

cata yS resin COﬁpOS ons

res%ﬁs&’ﬁﬂin)é&h@ hbﬂalerlsghé endpedditre fak Ghich tBe LAMPChtaB/sBbecomes active or
m xture of blsphenol A and diglycidyl ether of
at whigh ks i1setof(DEEBRFSiBhd 0Bses CHIFitHNBIZHIT Um sal t conpl ex

as a latent catalyst. The nole
The term “active temperature range” is referred to herein as the temperature range

between the onset and maximum cure temperature when the latent catalyst is used for

curing resins.

The terms “tunable latent catalyst” is referred to herein as the properties (e.g. active
temperature) of the latent catalyst can be adjusted (e.g. by changing the identities of the
substituents of the silylimidaolium salt complexes of the present invention) to meet various

catalyst applications requirements.

In general, the active temperature for the silylimidazolium salt complexes of the
present invention is greater than about 120°C. Preferably, the active temperature range of

the silylimidazolium salt complexes of the present invention is from about 120°C to about

7
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ratio of the bispenol A and the DGEBA of the epoxy
resin conpositions used in the exanples shown in
wo-2@aneze3?9 and Figure 2 is about 0.6 to about 1PCTN82009/040828
silyimdazoliumsalt conplex used in the epoxy resin
conpositions is about 1 nole percent based on the
236 %llorg\ﬁfe%péblgf frgllﬁeabsgto 190°€ & 'af)]ou‘f 95pRS 'ahh %st ]gllefelfﬁbqy,]from about
shows t Xy resin conpositions conp
18@K1unnbdazmrcunwsalt conpl exes with dlfferent
identities of the anion X have different exothermc
peaks alidtise, {h%fa%ﬁ(/@ Qerh D%er@tﬁre bh ﬁle”ﬁwllmimz%ﬂﬁﬁl salt complexes of the
tenperature C cure profilles. For exanple
pr@entepmnylon egaynbe;@mp@gmlt}odnfﬁem 1dmjn'pcs gfethe anion X~ the substituents

I n1da ol j um sal 0 Jid 2, Br.o )
R PRl S An TR, 2 & 8 glsiBl functionat
grobpGh ¢het 9lyBRAAHZoAHERGH cINERREOX XS SHRSINInFRFROS iahl Ptfure 2.

conpr|5|ng silylimdazoliumsalt conplexes with other

ani qfs e edH eﬁ!%!ﬁ% rﬁ@&&g&h%@)’dn)set fﬂ&st%xlﬁ{un%%e&%mtures of the

nmet hyl ), PF6 and as the anions X in the
silf@gnigatdivum a&ibwneibms ofi thplpeependi ih femtiontmagyxlot measvirgsl by Differential
g eaks Hn %ﬁﬁ (ﬁgg s between about 130 OC to about 220

¢ lm%g SH ie fol |l owi ng table' Figure 2 shows

epoxy, resin caonpositions conpri sj |n1d zol i um

sal DXormptiésiess i thergepabyticy et jpgch forpptugyag cure profiles of
{itgend §X)R resiff):  AP&HMR a Qﬁ‘nﬁ??r&elsé/ | ptf)lﬁ}ﬂl‘a;s' QR&rgo thermal

roup dlsp ay exot hermi ¢ peaks at
trapatiprer dDS(C esuselde neasurpltie; arepon yf heslabsmrbcﬁb(mldmhenmc process) or

risi,ng a silyim dazol i sal Iex ith the )
relgRPR T oot A et Pl RS Pl St RC analysis
is @%EMN NEDICCcRsheal f15W S eRRO I eliiR &Q@R9§tlﬁ1e0@§cdrﬁlg profile of a
hi gher tenperature ranges when changin

polsvmtrmatyu@mpbtamed bR' anabpgngRhe Y cheves %}qh may ddlegdealfor example,

on%r_.,?agg _[ﬁ%}%fg‘]{l}% C "%r%?&o' Eg%&%}% e?ﬁgjﬁﬁ P%I%%er obtéuned from

DSBU=t ert butyl). O her In1dazollun1SaIt Conpl exes
According to the present invention, the silyl

prot@gliend SHOYR R 2 h@usihdwy | then Iﬁ?@ Okt Mpdfilds of the epoxy resin
conpl exes may be substituted for other protecting

CO@pw@@lsswm cagaqn pzﬁme@exa}m}gﬁmfﬁhe@bémmqhnm faf complexes of the

ol | .owm ich t
preset%t inye Qg)gn?sbg'tl%l% calal st Vﬁ‘l epog% res[né rﬁ%nrpgglltjlrorés u%edt for the DSC

and\if ircFignitel lyaﬂdalﬁgh& X &bnlqms@a&ﬁi\k&de dobisplgenohardi@ldiglycidyl ether of
treatnment I n curing an epoxy resin CoerOS|t|0n Z1s a

bisphengl 1A EERAY 288 A sﬂmﬂn@@%phum salt complex as a latent catalyst. The mole

ratio of the bispenol A and the DGEBA of the epoxy resin compositions used in the
examples shown in Figure 1 and Figure 2 is about 0.6 to about 1. The silyimidazolium salt
complex used in the epoxy resin compositions is about 1 mole percent based on the total

weight of the epoxy resin composition.

Figure 1 shows that epoxy resin compositions comprising silyimidazolium salt
complexes with different identities of the anion X~ have different exothermic peaks (also
referred to as “the maximum cure temperature”) in the DSC cure profiles. For example, an
epoxy resin composition that comprises a silylimidazolium salt complex with halide (e.g.

Br or I') as the anion X~ shows an exothermic peak at about 130°C to about 140°C. The
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i ncluding, for exanple, a stannyl functional group or

a non-netallic noiety including, for exanple, a
w@b@epkispoyl or a sul fonyl functional group. FOPOTIUS2009/040828

Simlar to the silylimdazoliumsalt conpl exes

represented by Fornula | above, the anion X, the

r

ep blz%s%nt uen]%ocslti%l‘ls %nﬁ)frlsfng sﬂymlg%?zt% ﬁgm %a%%@o&ﬁﬁlgxésh\@uh other anions
sucﬂxchli’Iur(Bh—lgrewb P Qe MboVe(Mer nu:ltla/l)l IPFQfaIlﬂi@Fssos as the anions

_|m oI| np vari abl es whi
151 Soupiira®ons SRTGISHIR eitfert Sxabsntie praRL oh ey between
ab&ﬁ%éb@\{@aﬁ%'ﬂbac' ds s%whhﬁt}ier}‘bﬂ&%ﬁl' ici-sal t conpl exes
may i ncl ude any ani on, which forms stable sal t

conpl ex rw tthe nmdarot un L,oul him t he

i m dazoli mAé%l Oﬁ:g E 31 ?%1?"{ anion X in

t he aboVe Forpmila II o theagd{u @Iﬁ;gllyr@lm sa t conpl exes
may incllude a halide (|ncluding F Br , and | ),

R-SO, PF, oBPBR4 ; and vvh@:roat Mﬂ%ﬂéﬁar esepts a halide
(i ncl udirpgF—C—Br——=an tbst+i ut ed or
unsubst i tSQa aﬂ?NFS%’% bup, a:\boélﬂﬂgq tlgfed of

unsubst it uted g Kkoxy gfoup, a&rut g Ubghi tuted or

unsubst il tuted aryl group, CE . Preferred exanpl es
of the hali d€F:$04 ude Br andbcbut,l%{bz()erred exanpl es of
t he al kyH—greup—+netude—Ct—CaHoH—greup—and

preferred exanples of aryl group include C -G Qaryl
group. The substituents R1-R4 of the imdazole ring in
t he Fahey €2 FeHdW @pbky Ofesinh@ohiposiad® | domprlds GAPRh8XRF%um salt
each may independently represent any organi C grou
complgres d\rlths défﬁsQIHblldéntllthd@ip 6lee sybistigpeinist RT.nR heand R on the silyl

funzfrtno?zﬁ gﬁou él%¥ Oelxgélﬁn%: pe t cﬁ%f %:\I}g t reﬁ%t+§e§’ E‘;[}IO Fafrﬁpele epoxy

resﬁr{rb@lrap@lmdim @ﬁ{ptnsmgrw bleyiﬁﬁdmuumrsalt Wdehpiexhyfih @8k Bnion X~ such as
atom_ a substitute unsubstituted al kyl, a

CFsd@sthawe erspestivigriBiibek the grefieraniy ggaks o thaerarygesin 9?@6081t10ns to

T TR T L B

furetiomal ygrogp cafpthien Sllyl]lﬂhﬁdﬁoh(im(hzﬂy Icofﬂphsxsau Hsim t-venpt ME t,o —Me;'Bu
R', and of the "} functional group in the
(PEB&QOP&RMﬂ_gleF}WL&ndt ﬁ’é tF’i‘nbﬂﬁé)ol i um salt conpl exes may
each |ndependently represent any organi c group that
t [ja SR "} functional group within the

I m dazol I um
According to the present invention, the silyl protecting group on the

silylimidazolium salt complexes may be substituted for other protecting groups such as
{-ZR’R’R”’’} group as shown in the following Formula II, in which the N-Z
interaction/bond is stable at room temperature, but sufficiently labile to be cleaved during
thermal treatment in curing an epoxy resin composition. Z is a metallic functional moiety
including, for example, a stannyl functional group or a non-metallic moiety including, for

example, a phosphinoyl or a sulfonyl functional group.
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conpl ex. Exanples of the substituents R, R', and R "

of the |-ZR R'R " } functional group in the above
wo-or0ake99 | of the imdazoliumsalt conpl exes PEI/US2009/040828

i nclude a substituted or unsubstituted al kyl, a

substituted or unsubstituted al koxy, or a substituted

or unsubstituted aryl group Pref erred exanpl es of

al kyl group indlude G -CsR al kyl angd. preflerred exanpl es

of aryl group ijnclude C - Garyl. /gim'l r to the

silylimdazoliymsalt co exes of/ the-present

i nvention descri bed_g i-nt+dazol iumssal t

conpl exes of the presegnt i ionqa{e st apl e

i m dazol i um saljt conpl e imda¥olj umsalt

conpl ex of the {present ion can be jacti vated at

el evated tenperifat ures a conplex that is

catal ytically dcti v&sfor epoxi @& ringopeni ng reactions

in the curing af epoxy resins. Thernpsetjtabl e Epoxy

Resi n Conposition The thernpsettabl e epoxy resin

conpositions of the presgﬂg, ﬂxgqllon conprise (a) an

epoxy resin, (b) a curin éb ; 7and c) a | atent

catal yst; wherein the latent catal yst conprises one or

nore of the silylimdazoliumsalt conpl exes of the

pr eSentlari tn\thmiilﬂimidérztméiupr el terongdexex aeypeesatedfbyt Fiemula I above, the

| at.ent ca st ipclude the silyljmd I|un1 alt, .
amBB b 83‘?@%1 % er“é%ga‘%iéapg&‘? 1ydazels g é“fi the 5y Ffeﬁ R »and R
of i @OYR GatRY V}Sfunﬁ:ﬁ@ﬂa@%%ﬁpeﬁl iy ﬁ%‘\/@lﬁo@m{llaoﬁ thtﬁe imidazolium salt

present invention nay al so be tunable by changing the
complepes Xay be mey varialikes othechy oy asitabde inidee iwmRBItRGmMpiaxd

the silyl functional group substituents R, R', and

R " Tae dnivn Xl iy1| ihe abeze|Houmukmallt ofc tipineradobinmy sali ooxeplexes may

1ncé%ﬂ%ﬁn§/§r8{§%gw ic gl{ggﬁt,agsrt%?sle tsz;‘]rgceq l égg/gtpﬁ%ﬁr@gflztohum cation within the

imfRIRLEX S Qmfibe present invention. The preferred
exanple of the latent catalyst may include the

%%Zu‘ﬁ fed "?]fsiﬂ aﬁlgﬁpke)ﬁﬁstﬂee%(ﬁéeﬁgﬁ%lpgﬂt(;}et}EOEIH}ﬁlaQOIium salt
atent catalyst represente
cofﬁpremad @ay 1nchfdetahmhpe eﬁdnﬂmg v e@l ) Bn mlyFBIM(he, PFs", or BR,; and
tunahl e by cha t he .anion X Lm dazol e ri
Whe RS 1 reprerngs @ﬁ%ﬁ@ (nghfighE |C12FErRr %@d--r)f apsHHGH aF Unsubstituted
alk§{ gf&lgsggﬁﬁétftﬁ@@5§ uﬁ"éubsﬂutedazﬁgo@ oroflh, &ihe shdttidAZPb Hubstituted
sal't conplex for various high curing
aryl group, or CF;". Preferred examples of the halide include Br  and I', preferred

examples of the alkyl group include C;-Cs alkyl group, and preferred examples of aryl
group include Ce¢-Cyg aryl group.

The substituents R;-Rs of the imidazole ring in the above Formula II of the
imidazolium salt complexes each may independently represent any organic group that forms

a stable imidazole ring within the imidazolium complex.

Examples of the substituents R;-R4 of the imidazole ring in the above Formula II of
the imidazolium salt complexes may include a hydrogen atom, a substituted or unsubstituted
alkyl, a substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.
Preferred examples of alkyl group include C;-Cs alkyl and preferred examples of aryl group
include C¢-C aryl.
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t enper atures. The anmount of the |atent catal yst used in
the thernosettabl e epoxy resin conposition of the
w@e@sare399 nvention will mainly depend upon thePdEE2002/040828
active tenperature of the latent catalyst and the
percent conversion of the epoxy resin. An increase in
{ heThalhlEakakySk-CaREGOtT & i IHPIRCGLHY WAEHGRP ghoup in e
shift in the exothernmc peak in the DSC curve or
abact IFQrmutaer)é itheet inridazofiumhsaltl catpiixes ataglegsh uldopfaldbm%empresent any

LN 2 DN EAE R P —

compRVver, an increase in the catalyst concentration may
result in an increase in the glass transition
t emﬁﬁﬁﬁbl& %f(tﬂg)suggtltﬁaﬁs RGSRI’ ’t ing 1@’@06}" tﬁee!?' PRR’ nR”’} funct10na1
general, the latent catalyst nay be present from about

graiplin ttloe diwatFoﬂrﬁulmil ef therimahizoliypn efile pabp}y:xei m@ymabmlqta substituted

0. ab nol e .percent, and nore preferably
or Qb Bkbobe LB 5k SEEVRAGHD BEneTt by AfocRbed or

un§s @SR alyNQr&RPXPréRELN REGPRBof! AkYINGrdu eﬁl@lﬂﬁ@t@la@é @lkyl and
epo (g@re& n conposition for the |latent catalyst to be

prederddexanplrs of ol Igequpiinclpdaks-6fo atle epoxy resin
conposition obtained by DSC may be shifted to a | ower
t enmpénddrutoethb il himidaaslivny saheohmlant of alicapsesent invention described

abgv%n gltp{lga(;ﬁﬁgqq:ﬂ?g tté:ge Q‘%é 9 %%;%?s?lg&ngg%ﬁ a{rﬁ gtagle imidazolium salt

cofPRXEDS ght aRli @76 RO Ysalt EInihlSOBP AR pie@ht Qhvdnlfi®n R8BSR Nhctivated at
i nvention may be any conpound or m xture of conpounds

elevhtad teopprfuses tofioray er eqyepleprtbatt hagntdpécadyoadtide fgr cppxide ring-
of the epoxy resin may include

I l. I
op?@\r}& %‘éf@‘?&“ﬂsﬂlﬁh%%?lggto?%l?o%fafﬁgs mol ecul ar wei ght

sin preferably has an epoxy
of at | east about 100, and

equi aI ent wei EEW
nor d ﬁrﬂéﬁf@roé%tagleﬁpow&a%sen seypesition. of the PEEwAtdhvenkign comprise (a)

| | I Y N ,
o SR S5 UGB 301010, T LD, 80 o
compasqsloas oofnotehef thp sﬂyhrnﬂsmhususaitabinqalém of e present invention. The

pre:g(:gr? c?s;)(lefgt]hg g?t | c izrsg rngl:a%/ élgit: ;;]iioeg Fl&@%&b?z%ilﬁ?lﬁg@?tn&mplexes

rep%%‘gH@H rb@sthls %IIIIﬂQIanEaIZﬂ)VQOLM{egﬂaBéﬁt eith1y6t RBfeker&d by &rmula I of the
from a bi sphenol conpound,

present invention may also be tunable by changing the anion X, the imidazole ring
substituents R;-R4, and the silyl functional group substituents R’, R’’, and R’”’ of the

silylimidazolium salt complex for various high curing temperatures.

The latent catalyst comprises one or more of the imidazolium salt complexes of the
present invention. The preferred example of the latent catalyst may include the
imidazolium salt complexes represented by the Formula II above. The latent catalyst
represented by the Formula II of the present invention may also be tunable by changing the
anion X', the imidazole ring substituents R;-R4, and the {-ZR’R’’R’”’} functional group
substituents R’, R”’, and R’”’ of the imidazolium salt complex for various high curing

temperatures.
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bi sphenol conpound, a trisphenol conpound, a novol ac,

an aliphatic diol or a hal ogenated variation of those
wW@oimpoes3ds. The epoxy resin nost preferably cop@F/USHE9/640828

di gl yci dyl ether of bisphenol A, a bisphenol F, or a

hal ogenat ed di gl yci dyl ether of bisphenol A or a

hal qgeasiofh dRORRAPLy XAER!Pihe AerBRURLRREYY FEH dimposition

that may be used iIn the present invention, include
of theglrgsentinlergtoherill nfinlyeteperc upoin, the ddseethottjve temperature of the latent

hydr oquj.none, bi sphenol, . hi sphenol . A, bi sphenol AP
carghoS{ 418} PR ar SRPRBRENYS ?1.6! SRS e HalBy oIS gt calyst
cotoenRERNEPRAIIKinduREd ARRBMDIME RRBIRSHMI peak in the DSC curve or active
phenol - f or mal dehyde novol ac resins, alkyl substituted

terpiesatoref Of rih¢ deteptieatabst e, a dreaoitempepioxy beAgedrdiablydefor higher
terh ee%zlltﬂfe' cu(r:irngsa(l) 1o_vx|/']e¥ %E%ié% eor}l%:grllt(rja%r(])quse prre?esrlrelgl.s However, an increase in the
i cyclopentadi ene-p Rof o resi 1is.
catdlysy ednep@ittiadi reneresullp i b tii@ehsphea) glagsSiraiBition temperature (T,) of
t et ramet hyl bi phenol , tetranethyl-tetrabronobi phenol,
they rg$ HEREERAKY E'85ibr onobi phenol , t et rachl or obi sphenol A,
and any conbi nation thereof. The epoxy resins useful
i n Thgepirels dhe latenvegatdlyp mae bagireserhdiam iahouth® 1 gptabout 10 mole

ILlustratjve epoxy resins useful in the practice of
peier DSl UL Ao LA BRTCY g peRd AR el erably. from

ab&neycloopedi antfle Filﬁéﬂt%aked-rcﬁpﬂhﬁ edtavoleY ofthe@pof ed¥irafrdsent in the
M J . Marks published in 2005 by W1 ey-Interscience, )
therppestiahle eRoxY psimepppppition fpphgeent @falyspéxbe maiend hgyexothermic

. ' . ' . d.i 67ty '
el & RN el G o R ALY obE b og pifiegto a tover
ter@pdratofe twhincileading tiedateat cchl yve cendentoytianaihehetheamosthigble epoxy resin
curing agent suitable for the thernosettabl e epoxy
COMBR§IO%tonposi ti on of the present invention nmay be any
co-reactive curing agent materials known to be useful
f or Tharapayy apvn pupalde fop fice thegmatettalle canopb Setin gipsnposition of the

pregéﬁginQ/%tiorﬁgm ?e&t afggfcgfﬁlig?",n‘?d !op C{h&ﬁgg ,Jfg{oé’?éﬁ‘gﬁga r%ﬂha e(:,omprises on

am ne, poftyam yam noam

aviragey ploen dlan @l yposidecgiohp Qler npdégndar Eaxyples cdahe epordy resin may
. anhydride, and anﬁ conbi nation_thereof. OQher specific . .

IncdycgTIpMERCl8FulMheCIg i ¢rysliy erftlequirg e HRsed fBv gy and liquid
R R O R e A R G A
wetghp CEFWOrces at dmast ghopt ¢00yvisind awore prefi@blycdt leaFhabaquatli7@. dhe EEW of

theteg)gﬁg E%@gﬁ%ﬁ%ﬁal; I?O %nl?)?e t gg é%o&tel%)[dbo,rrz%}/d Plllgrrey prgf%Pa(?)rP}(frj hon (I:]nore than
about 3,000.

Specific examples of the epoxy resin suitable for the thermosettable epoxy resin
composition may include one or more poly(glycidyl ether) or poly(glycidyl ester)
compounds including a poly(glycidyl ether) derived from a bisphenol compound, a
bisphenol compound, a trisphenol compound, a novolac, an aliphatic diol or a halogenated
variation of those compounds. The epoxy resin most preferably comprises a diglycidyl
ether of bisphenol A, a bisphenol F, or a halogenated diglycidyl ether of bisphenol A, or a
halogenated bisphenol F.
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agent selected and the intended use of the
t her nosett abl e epoxy resin conposition. In general,

wo b@oaepsvval ent ratio of the curing agent to tPET/EpIRY040828
resin is fromabout 0.01 to about 100, preferably from
about 0.1 to about 10, nore preferably from about 0.2
to @Q%bleé of ﬁﬁ&vﬁ@%&xﬁe?&? El?awn% fleQraRrH épes'éntt ﬁventlon include
about 2. Applicati I't has be n discovered in

dighyady rethdry v spmdl hattechblke hlydtogninooattasphensl, bf8ph¢ne>1 A, bisphenol

APDn,pdgvn%lagéﬂgﬁntl &I,efg? 'tg [ n]g eeﬁlga)(%) re%isnﬁen%?ve F, bisphenol K,

tetzabfBRAdIdphehsla A0l BreRA fofmAGeIE, de BhGoYRT r&GHIsI QN YSuH§tﬁgted phenol-
for curing epoxy resins. For ‘exanpl e, with 1 nol

forpwtdehpide |1asiant p etmé—ﬂlyéuoxxz)b@geldchydﬁ rdsenst rﬁémbbédlpameezaldehyde
resnpsox&cgeelgil)fp %(P %R: p%e%llolo nfemtng] € c? % ope adlrér:]né::l %Iﬁ())s:gl utbcP l B,IEF(EOI resins

an actl erature at

tetif/éfﬁieltlgfllﬁpﬁénoq)f H&&ra%idtwlltma(ﬂ)?drﬁbblpmn%wt eaplcexesibedmobiphenol,
t he present |nvent|on have active tenperatures
tetraghlerbiiphgizol 4y, gRd a8y geyBbinatigtberesf.about 2300C.
Furthernore, the onset cure tenperature for the
2- nﬁfﬁlhyfmom dl@zi@ts euspl i io  Hhei aree%rtt ailnysrttiqns aghbvetl BEOQ in the art.

an th lim dazo
Ith\Aterlﬁve %poxpl I'eSé%S 1%) utl I;}n p éascélﬁ { ér-}:l\? é)resent 1nvc%llr\}t]1on ar &escrlbed in Kirk-

OtPN&EEnSHIoPedig Eﬁﬁe‘h@hié’bﬁ’ﬁec%ﬂﬂggﬁgy DIGQWﬁQm&h@lM Jlﬂﬁ@l@ published in
about 15Q0C. The thernosettabl e epoxy re

2090 hy Piayr lgerisienchephaksel) {Amaddt17dw Ié@lﬁé’PP’éan@U@N desins by H.E.
Le& ahy lK rﬂlgﬁﬁé) &)i)lyligh@?llﬁ lggm;g NIES - ﬁ'ﬂ ﬁé’& Gi’drﬂnluﬁ?bts Patent No.

conpl exes as ts nay ‘used 1 n hany
4,06p 628 cAl ofomsich ineofperdtedhdrain, bytrbﬁErd:Iher nosett abl e epoxy
resin conposition of the present inventi on is useful

for plications re resi stance and.
E St'88 3@8“%%1%&# {Oﬁ g%a%‘“’mgéetﬁ‘ oMYy N oapRosition of the
pretSQntbiﬁVéﬂ?f%ﬁtm@ﬂ; bB QY Blo- LAY ﬁﬂ &Q&n@ﬁ%ﬂnetoai)e useful for
tenperatures Of up to abou For exanpl e,

cummepdxmmélasecbbeatmgmompoempns cénﬁosummgmgqmayndmlad&mlude for

in.electrical ations.such,as eIeIrl i nate .
exigilf; BIHBAE: pRREmIRE PRELRITAFAS SSGHELFE pol MRS Bolymeric
thi60THROR LIRS GOIAPAIdS hilydtibe, ARt @i cEMbMadel Sh&bofl N®ther specific

pr esent invention may al so be used in powder coatin

PIEs attheraringcageal necludeophenedmsivelacs.obisphsnek s Q@@gacs phenol
no%lgg %‘:Sf H&Saobeht 1@[%' lgr?%l%orﬁglgircl'ﬁ%& 9 drl((‘i? 3§1(/1%t) cogolﬁlmers and any

rernforcrng rebars,
combinaged theresf.and vaI ves from deteri or ation due to
corrosi on.

The ratio of the curing agent to the epoxy resin may vary depending upon the curing
agent selected and the intended use of the thermosettable epoxy resin composition. In
general, the equivalent ratio of the curing agent to the epoxy resin is from about 0.01 to
about 100, preferably from about 0.1 to about 10, more preferably from about 0.2 to about 5,

and most preferably from about 0.5 to about 2.

Applications

It has been discovered in the present invention that the latent catalysts of the present
invention for curing epoxy resins have improved latency relative to the

2-methylimidazole-boric acid catalyst currently used for curing epoxy resins.
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The thernosettabl e epoxy resin conposition of the
present invention nay be prepared in a powder coating
wo orogi12439an at nospheric tenperature (e.g. 760 POT/H§2089/040828
25C). The epoxy resin and the curing agent in the
powder coating remain inert at normal storage
condgpj Qﬁ]a?mplét wétht Y Rh&al e%mj%[terﬁoéwlw éﬁ'@ﬂ%hi &Rk thermosettable
tenperature (e.g. from £bout 1800C t o 2500C), the
eppowdesin c oanperitiomny thee 2amtthgldmatadolerbmns f ocidedatakysta has an active

liquid f whi b lied ) fl d t
tery %'tnfeaetggfgn%{t 91'.482Cg%é? B ?élgeﬁlﬁéaae@ﬂﬁrﬁaﬁ%o?np exes of the

pre%é‘rﬁsif?\%lﬁﬁgﬁ !hX e g(cli]i%e ‘?Efb?%:irftgreg 9%31{1)@%8 ﬁieé,}ﬁrh% glmt 1%°C to about 230°C.

transient 1nto a so coatl ng

Futh@gamrd,| thkiongetaougl eempredtitentpr thd Ranetapiphidaadle-®osic akid catalyst is
the thernpsettabl e epoxy resin conposition of the
abeyt PGt Whishestaisorioway than dhergeot thesilgigidsrliung salt copgplexes of the
structural | am,nates, electrical _ or structural o
P BHRD, MAERhGCon ELEFkr s Berafls bineie filcen, gyt t00°C 1o
abddck8pekhe follow ng exanples further illustrate the
present invention in detail but are not to be

consif U ?lgerﬁlgsét%g]regeptggg | r)§/§19 RG E)HQ{ISI? fof tl@(@%g&lﬁ?ﬂ%ggn comprising

foll om ng stan t1cal “equi pnent

theasiBlinséctolinmt dak coxpigxeesr andatiimpasat comeplExpersilaent Sialysts may
1H and 13C Nucl ear Magneti c Resqgnance (NI\/R) ) .

be yedein BIBOIRPIIFHINSt yp PRACUIIIIe fsampirdable egoxraH amposition of

thcsl%ljeée%t SleMliddTsARE RN iSRRI g r@riﬁ% §§1?%1\[/1§é%1t kQdidbamee Thd a good
of deuterated sol vent, 'such as d” or CN. 1H, 13C

stolgR sybddy (ag vierndowepok gedingsd hg irertidmoamallstowge ddvRitions and cure

pectroneter wth operati frequenci es 300 and 75.4 .
ot BB eBURLER: Yty HErol Eac AR EpRle: 1 trerbic epoxy resin
coﬂh?é S66NHAH bé Qsedl iYRfeckRhNEHPlibRi I8 ShEHA el LK P hinFih &BApplications.

of the deuterated solvent. D fferential Scanning

Cal i i At I t
ot i TRt sl cridRl TR S b B St th it catalysts of the

presentphesitine ngyvwesoglheedsed nad psedéranbatimgsaappitatming inmluding, for example,
hernmet j ¢, DSC pan (P/.N.900793. 901 pans and 900794. 901
0 PIHET SloBh B DB s B PU TG 38E FEUGRIS G R and on a

wide variety of piping connections and valves from deterioration due to corrosion.

The thermosettable epoxy resin composition of the present invention may be
prepared in a powder coating form at an atmospheric temperature (e.g. 760 mm Hg at 25°C).
The epoxy resin and the curing agent in the powder coating remain inert at normal storage
conditions. At a typical powder coating application temperature (e.g. from about 180°C to
250°C), the powder coating may be melted and transformed to a liquid form which may be
applied to or flowed onto a substrate (e.g. a steel substrate) surface and, subsequently, the
applied powder coating may be transient into a solid coating by chemical cross-linking

and/or heating.

Other applications of the thermosettable epoxy resin composition of the present
invention may include, for example, coatings, structural laminates, electrical or structural

composites, moldings, castings, encapsulations, or the like.
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sanpl es were scanned in a TA (Thermal Anal ysis)

I nstruments RO000 DSC (P/ N 970001.901) (S/N 2000.0884)
wowakb/12939aut osanpl er, a nitrogen purge of 50 mMP¢TURDE)40828

and nechani cal cooling accessories. DSC experinents

were carried out under dynamc conditions in a

heatryg qgllld\ﬁﬁgtexgﬁ{?llf@ fuI{'_HeE ?ﬂustlta{éethp Qs@ﬁrﬂ?lféﬁo%ﬁ @etail but are not

heated from Cwth heating rate of
to]zﬂmsnmc}atoliﬁm@tlﬁmmﬁrpﬂeeé wer e cool ed to 200C at

10C/ m nute and then rescanned from25 0C to 280Q0C at

10C/ m nute. The scans werEXAMEIMESRd usi ng Uni versal

Anal ysis V4. 3A software. Weight | oss of the DSC

sanrhe $oNeeing alagiddratagdlyliE 0@y bipehedi Afememees hetweeh thbExamples

initial weight of the E,)SC sanpl e and the final weight
angfopparapBcEsparphentsf t er the scanning run. Exanple 1 A

si | ){I i mdazolium salt conplex was synthesi zed using
'Htahe " {ONbeleanagnetic ResonancedNMRa apdcsmscoBy : React ant A

(i mdazole): N-nethylimdazole, 1,2-di rret hyl i m dazol e,

or In reetypydal NNIRempetrimedazoll@ mieadtsaiitl \yl(iGidagbAdmng@mplex was

dlsé%l(\f%f }ne(ijﬁ @i% @J,@Lé@trsgﬁ e?gucgras %@@q@%ﬁw| I%P qSézﬁ\llll\/IR spectra

weld eebiasl usmg %Va?r%ﬁﬁ@é’d Nl\/ﬁ@ gpec@Hm‘eIe? Wlthmﬂe}’altl)ag @ﬁ‘auéﬁcws 300 and
represents halide (e. g, Br or ) or R ; wherein

75 Fepltls anspectavelyl 'Iﬂ/langijr dugYM&n spdckioxyerg rmﬁcpﬁzncacrh tar%;Mm using the
sol u n of reactant A (12.5 mmol)
res?CLr’ nggfwlgr@?ﬂfeﬁhe E% d?sé)l‘f At) was reacted with a

.5 mol) in Et20 (4 nL) at

2 cHa ) C) The sol ution of
react ants A and B was stirred continuously for
m nitSEs experingsity perpperEed cat pedosding 2%©STMhE34J&AE%35énmethod as
folly@n exotherm c reaction which was acconpani ed by
i ‘Tiredi at e precipitation of a white solid product. The

Whl ‘i)eSCS gallrhp e rw%geu (v:vtelg\i\{aé anH sealed in an aluminum hermetic DSC pan (P/N
900793.901 pans and 900794.901 lids). Each DSC sample weight was roughly 10 mg. The
samples were scanned in a TA (Thermal Analysis) Instruments Q2000 DSC (P/N
970001.901) (S/N 2000.0884) with an autosampler, a nitrogen purge of 50 ml/minute, and

mechanical cooling accessories.

DSC experiments were carried out under dynamic conditions in a heat-cool-heat
cycle. First, the DSC samples were heated from 20°C to 280°C with a heating rate of
2°C/minute. The DSC samples were cooled to 20°C at 10°C/minute and then rescanned
from 25 °C to 280°C at 10°C/minute. The scans were analyzed using Universal Analysis
V4.3A software. Weight loss of the DSC samples was calculated from the difference
between the initial weight of the DSC sample and the final weight of the DSC sample after

the scanning run.
Example 1

A silylimidazolium salt complex was synthesized using the following reactant A and

reactant B:
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collected by filtration, washed with Et20 and dried
under vacuumto obtain the silylimdazoliumsalt
w@orpliz9s99 i nal product. Yields are typically iPCT/082009/040828
range of about 80%to about 95% The white solid
product was characterized by 1H and 13C NWR
ReSRSHIA ARf@RYIgescri bed above. Exanple 2 For a
Sityrimdazoliumsalt conplex with anion X in which
theNc erﬂ%ﬁﬂmﬂd' neq reactant B (R R'R "Si X reagent) is
unavail He®si | ylim dazoliumsalt conplex can be

FLER?QOWT%E\%” 1 g%Q?theSI s reaction as exenplified by

| -methyl -3(trinmethylsilyl)imdazoliumbromde ( 1
nrollymethyl- Bh@%%%@rzl‘?@xafl uor ophosphate KPF ( 1 mmol)
were added together with acetonitrile (CH3CN) (5 nl)
Repefani By6Silylatimigveagent)A preci pitate of potassium broni de
(KBr) forned inmedi ately, which was renoved fromthe ,
rea®R’ROR’ D teagent] whéreint RatR’t mnd‘Hiématheepscﬁemsﬁﬂevﬁs ‘Pr, or ‘Bu

(MTBRITeL HEEM hdi-wa el o e obhad i Sactikar Mde .. Br

or Y3GHUROSOLhheRAR GEpias i CARBRGE gfduﬁegn Bikodi o8, 28Gryl group, or
NVR spectroscopy descrl bed above to be

CHs-net hyl -3(trinethylsilyl)imdazolium
hexaf | uor ophosphate in quantitative yield. The above
p_r oceskingon nf Eaatapt & @2camniod) us detthtyd efree 9BrO) d6 mer) was reacted

| %)lli gqq(gégic%ﬁ‘#”gr@% ST ig%@@nﬁﬁgéﬁgf}m’ SO0 (about 25°C).
ThE m%nmesf adicentp gxxn& 65 w&hsc QIRQS béﬁtﬁﬁ%uél? NRRF 1 39 Hﬁnﬁt@se at room
l'yl'imidazolium salt conpl exes obtained trom Exanpl e

tenlpemtu@(ahwteZSQCthlweere&ettcel lpraapfapé@rrmn redpsion artgeh fvapagcbmpanied

by Aol P PR Gk g PorcRll i R IR was hen

coli&edd ,byofllt5atfm| )wanRed bivBRhENOl Ad( ABed, ufdieP VRLIMWES obtain the
heated to 1300C to yield a honbgeneous sol ution. The
silfsmdgensousalisesmpleoHnd predust. D‘@%}Lﬁ ap &y PigadliyHe Hisl rapgeagfsabout 80%

i y t
o PSR SLLPAELHG SHObr SRk AORbFIRSEE K Syt ecroscos
desoibed atvedur i ng cool i ng, the heating and cooling

processes may be repeated. Aliquots (approximtely 1

) Example 2

For a silylimidazolium salt complex with anion X in which the corresponding
reactant B (R’R”’R’”’SiX reagent) is unavailable, the silylimidazolium salt complex can be

prepared salt metathesis reaction as exemplified by the following example:

1-methyl-3(trimethylsilyl)imidazolium bromide (I mmol) and potassium
hexafluorophosphate KPF¢ (1 mmol) were added together with acetonitrile (CH3CN) (5 mL)
used as a solvent. A precipitate of potassium bromide (KBr) formed immediately, which
was removed from the reaction mixture via filtration. Then the solvent was removed from
the resultant product under vacuum. The product was then washed with Et,O and dried
under vacuum. The product was characterized by 'H and '*C NMR spectroscopy described
above to be 1-methyl-3(trimethylsilyl)imidazolium hexafluorophosphate in quantitative
yield.
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of the honogeneous solution of the DGEBA and bi sphenol
A were then added to a solid silylimdazoliumsalt
waeorpphizeszat al yst. The resulting |iquid m xturBCEHOS20091@40828
solid silylimdazoliumsalt conplex catal yst were
manual |y agitated until a honbgeneous m xture was
obt gi,p eclgov@gm%edu%e T )Etx%hrn?leof CQGE‘;B'%sédlt(p Qpard- o?hmlyilmldazohum
and bi sphenol T was dP go ' ved
combleunes @thtpmﬁetﬁlmvemhﬁaﬁ@wamldmr m a sol uti on. The
solution of the DGEBA and the bi sphenol A was then
added to a solid silylim &aalplet salt conpl ex
catalyst with stirring to forma honogeneous m xture

at sa@plek enper aidtesetthbR CEEHy2: B0 <0hpBtitioMAS comprising  the
renoved from the honobgenous m xture by placing the

silgimgpeoliyiy splt \ceaplenes orbtaingh ffosn ERagpictli 9% Example 2 above were
pre%ﬁfmqﬁ ﬁ{e%ﬁa’% f%mtlng Srnqg‘lu/(ly ngﬁ%MéMﬁ@ﬁiﬂ%lﬂg St hEhods:

ositions

dsi g the BBl SRS TR A0, T ot

bisphénod POYRD £n0.5iBsl s heated 3.136°Q@ PRI a ¥ndolik €6lution. The
conpl exes vvereflp %red according to the net hod of

homggenspes solutivieot; e MGEB Agndpisphendky wre thendllswrd e Fool rapidly to

ro%?%ﬁf)e‘%&ﬁ | tifetﬁe %{s ;lg[n)?her all?z% ro&n tﬁ%gl# %Beﬁg%oﬁtlon during

eac ana YSI'S
codlitiy, (g Waﬁﬁ@ﬁﬁcﬁﬁodlihg@r@hﬁm|m@ 6@r@eétecﬂ)l &@hﬁﬁﬁ(apprommately 1g)
A: di gl ycidyl ether bispheno BA)) epoxy syst

of the; lﬁgnqgeeew B WionAfythe Q@%ﬁ’fét%ﬂ@éﬂﬂl_})lem,&y rGdken added to a solid
t 11 € SOol1
GBI PO Tol TR (S HFRUE e HETEE R e ot

sil d@hidhmliunasdlooetpl¢ocatdpdt wae maomaltyergiteted tuutibg hamadgdnkeus mixture
rescanned to determne Tg. Data for the series of

WaéPF’S?PI}eHl Yazol i um corrpl exes are summrl zed in Table |
Table 1. Sunmary t he DSC dat a
Silghini é\a@@fm@rﬁf@%%x@so 8-23 mrwlﬁ &ﬁ‘il @18%@0& Adék4 gpl.7 mmol)

waﬁ?géﬁé%on \2}[2#15 3?}118 %X}ﬂ) élﬂzg@l:% Q2 )t()‘}_fg% a'_foglllt%@g '@rﬂ ?Loé%tlon of the
DGEBAS 7and t’hd?blﬁ)thbolSA?@aﬁ fhed ddeled/o Si MERI Biylibdi8a£»1iBOR s@t complex

385107378
catalyst with stirring to form a homogeneous mixture at room temperature. The

CH,Cly:Et,O solvent was removed from the homogenous mixture by placing the sample

under vacuum for 4 hours.

The active temperatures of the resultant homogeneous mixtures (epoxy resin
compositions comprising the silylimidazolium salt complexes) were measured by DSC

using the DSC method described above and the results are shown in Figures 1 and 2.
Example 4

Twenty three complexes were prepared according to the method of Example 1. The

identities of the Ry, R; and SiR’R’’R’”’ functionalities are shown in Table I, below (R; and

R4 = H for each compound). Thermal analysis of the dynamic curing processes in a

phenolic (0.6:1 bisphenol A:diglycidyl ether bisphenol A (DGEBA)) epoxy system using 1-
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3 M HSE3Br 120 1 139 0 238 50 3 55 75 4 M Me

SIEt3 Br 133 8 135 6 247 4 85 064 8 1 5 M H Si M3 |
wa3@9329889 1 246 8 106 8 79 70 6 Me Me Si Me3 | PABOSI09/040828

168 6 245 9 113 4 8 1 78 7 Me H Si M3 CF3SC3 200 7 66

7 234 2 228 5 85 75 8 M M Si Me3 CF3S03 203 7 203 4

>S5S M TR i S o

regyonRad Hopto 6005 %@%&&C@n&%@ MR §ﬂ§)2%d B cool 0
1Bu CF3SC3 22 3 121 8 3 15 Me Ph S| Me2 1Bu SSCB
To0p] fenapeygprepa 8‘2@63“% thEnnbeBta s the seas q
72 17 Me Me Si Me3 MeSOB 171 7 203 9 59 56 18I\/EH
silginvidazabingoomigexe apooingmerizedin TableNe Me Si Me3 PhSO3
158 3 199 5 58 82 20 M H Si M3 PF6 200 5 151 2 44 7 1
21T AHe VeS@nkinty BF 6helDSCGlatd Por&he SilsBmidizoNem-C&npkXes 1-23.
BPNZ 15T 8 295 U 86 107 Z3* MRenMdscondWs BPN4 144 8 1838
2c0h@f 9R36 Z. 655ARF" QT aitaed ok | TRE@ A4 € geoakrEiark) Df Te () ©
t he DSC'peaks. Déra fbr a®secofid i $6thersmis |n?,°I uded 7

onliy f olfe Salﬁfﬁﬂ es’swien V\:Ffl ch33e 202.8 243.8 51.0 78
Me SiEt, 120.1 139.0 238 50.3 55 75
4 Me Me Sit, Br 133.8 135.6 247.4 85.0 64 81
5 Me H SiMes I 138.3 169.1 246.8 106.8 79 70
6 Me Me SiMes I 130.1 168.6 245.9 113.4 81 78
7 Me H SiMe;  CFs80;  200.7 66.7 234.2 228.5 85 75
8 Me Me SiMe;  CFs80;  203.7 203.4 58 66
9 Me Ph SiMe;  CFs80,  209.1 196.5 57 65
10 Me H Si'Pr;  CFsS0;  197.0 208.4 60 53
11 Me Me Si'Prg CF:80, 195.3 210.5 69 73
12 H Me SiMe,'Bu  CF,S0;  212.7 160.6 46 65
13 Me H SiMe,'Bu  CF4S0; d d d 63
14 Me Me SiMe,'Bu  CF,S0, 222.3 121.8 35 63
15 Me Ph SiMe,'Bu  CF,80, 218.3 166.2 48 62
16 Me H SiMe;  MeSO,  195.8 164.1 56 72
17 Me Me SiMe;  MeSO,  171.7 203.9 59 56
18 Me H SiMe;  PhSO;  183.9 209.9 61 54
19 Me Me SiMe;  PhSO,  158.3 199.5 58 82
20 Me H SiMe, PFe 200.5 151.2 44 71
21 Me Me SiMes PFe 188.0 192.8 56 69
22° Me H SiMes BPh, 151.8 295.0 86 107
23° Me Me SiMe, BPh, 144.8 188.2 187.9 36.2 65 99

“Obtained by linear integration of the DSC peaks. Data for a second isotherm is included only for samples in which
a clear higher temperature peak is present. tCalculated using an estimated reaction enthalpy of 20 kcal/mol for
both epoxy homopolymerization and epoxy-phenol reactions. ‘Estimated from DSC data. “Reliable integration data
could not be obtained. ‘NMR spectroscopy suggests rapid dissociation to imidazole-BPh; complex in solution.

It will be obvious to persons skilled in the art that certain changes may be made in
the compounds, compositions, and processes described above without departing from the
scope of the present invention. It is therefore intended that all matter herein disclosed be
interpreted as illustrative only and not as limiting the scope of protection sought. Moreover,
the compounds, compositions, and processes of the present invention are not to be limited
by the specific examples set forth above including the tables to which they refer. Rather,
these examples and the tables they refer to are illustrative of the compounds, compositions,

and processes of the present invention.
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a clear higher tenperature peak is present.
"Cal cul ated using an estinated reaction enthal py of 20

whe@binpsbo f or bot h epoxy honopol yneri zati on anBCT/US2009/040828

epoxy- phenol reactions. E stinmated from DSC dat a.
"Reliable integration data could not be obtained. 'NWR

“ﬁf?ﬁgst{l . suggests rapid dissociation to
i mdazol e-B

1

Ph3 conplex in solution. It will be obvious

8 R TL Uec SE Bl gaE

I ons, processes
descri bed above-w t hout departing fromihe scope of
the present invention. ItRjs therefore ijntended that
all matter herein disclosé¢d be intgrpretjed as
illustrative only and ;g;fgi\linitin gl-he scope of
protection soughtg, Mor véh\btﬁg,m oungds,
conposi tions, dn 6?6 esses ot heNresent, S nventi on
are not to be liimted Yy the specifi exanpl es set
forth above ingluding t\he taples to which they refer.
Rat her, these gxanpl es”and t tables they refer to
are illustrati e of Rfhe conmpoulpgs, conpositions, and
processes of the present invention.Wat jjs clained is:
1. Asilylimdazoliumsalt conplex represented by the
followng Fornmula | : Fo&gﬁ}auh ﬁherein R1-R4 are
substituents of the imd MBUifing and Rl1- R4 each
i ndependently represents an organic group that forns a
stable i mdazole ring within the silylimdazoliumsalt
coRbgx; R, R' and R" are substituents of the silyl
functional group and R, R', and R " each
i ndepepdgnt : .C hat
st abl ats Ty pRERIESENEE JAC RSP HRE HE RPRL O Thadhendenty
sieptekéms daz obrigaimc s gkdupc ahgal dxrmsand Kabls anidapslonringi efithin  the
forps.g sfable salt. conplex with the silylimdazolium
cHvigidagetinnsalt ReMBIEKyi ni dazol i um salt conpl ex. 2. The
silylimdazoliumsalt conplex according toclaiml1, =
wher ei > tthe 28¢iRon axe eehpiFicassofhe silylgnctpngbgroupmand Ry R, and
. X urt- .

S o IRERED, ok RAL IR Dr® BN I By Sloble A uncion
ugrsuh ¢/ithinuthe dil @i nkidxxoligirossit, compdexyand t ut ed or
unsubstituted aryl group, or CF

X" is an anion which forms a stable salt complex with the silylimidazolium

cation within the silyimidazolium salt complex.

2. The silylimidazolium salt complex according to claim 1, wherein the anion X~

comprises a halide, R—SO;7, PFs, or BR,; and wherein R represents a halide, a
substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a

substituted or unsubstituted aryl group, or CF5".

The silylimidazolium salt complex according to claim 1, wherein the substituents Rj-Ry4
each independently represents a hydrogen atom, a substituted or unsubstituted alkyl, a

substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.

The silylimidazolium salt complex according to claim 1, wherein the substituents R’,
R’ and R’ each independently represents a substituted or unsubstituted alkyl, a

substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.
19



3. The silylimdazoliumsalt conplex according to
claim1, wherein the substituents Rl-R4 each
w0 pabepessgent | y represents a hydrogen atom a PCT/US2009/040828
substituted or unsubstituted al kyl, a substituted or
unsubstituted al koxy, or a substituted or
5. uﬁ%b‘@éfsi Lothskidy Bk sOYIRHRAzStiund B8 Shnlpidd & Gage] i um sal t
conpl ex according to claim1, wherel'n the substituents
i3 n ' t ;
o SN SR E e PFRBLHS SRS RSEAL T sy wheri
uhs yhglirnidat @thnalskloxymplek @ngulisd i hildzae ring with a silyl functional
unsubstituted aryl group.5. A catalyst conprising the
SHPYR RHFACHES 1) IGAL b RitreginpteRs 8t the iidizale B A t unabl e
| atent catal yst conprising at | east one . .
7. sThey cptedyga 26t qrdine st clagnp| sherejihdhejsfykimidazolium salt complex is

S| ' 'ﬂ@; i lex conprises an imdazole

rfh%%%#% a&ﬁﬁﬁg%%?%%?§?@§%1 group attached to one of

1lthe nitrogen atons in the imdazole ring. 7. The
WIER?HI yst according to claim6, wherein the

silylimdazoliumsalt c lex.is represented by the
follo h§4 8T ﬁﬂi;n%mren.ts \Rzgﬁ%i”ﬁm}i%i@]mg%% &nd iRy {sgehtindependently
Abpleihtd Miflagghsic T bRGpandaRlofk eACH.hIBdGRRAAIET kMg within the
represents an-organic group that forns a stable
i nhiyteddzelivinnglt edmpien; t he sil yli m dazol i um sal t
conplex; R, R'" and R" are substituents of the silyl
functiRN&A” gndRY” aumel skdstituehis @fndle K1Yl factonal group and R’, R”’, and
;é"gﬁggﬁgﬁﬁéﬁe%g{}ﬁ@[ B Gt b WL BropRdhat Rormes stadle 81T function
Sibid LR AAROLIIR SRl GPOM @ipiandyX | s an ani on whi ch
f'or a stable salt conplex with the silylimdazolium
cati onyw:t hj e &l hyim dazgl - 2X . .
cat al ySt o ananiC Rl o Gubib R R o AR e gy RRdazolium
caipti mgthin te RAYindeéazoRu@0alt cBiplexor BR4 ; and wherein R
represents a halide, a substituted or unsubstituted
8. alfkeytat@yQUicor@ingUdsdlhihlly ehekinUihe Wasdn XutcepakdsOxXHalide, R—SO;",
roup, a substituted or unsubstituted aryl group, or
6.» @WoBRul and gvhergie Re gapsgsgats agadidedd pgbstigited af ppspbstituted alkyl
[ bst | ( e i.n n .
\r'%gé;gszg %Libtsgﬁtéﬁ%iy(zllr %%séﬁ&%t?tg%al@%g L@é‘%h’ tau%i%g&tg?e% &J thsubstituted aryl
upsufetidRyt.ed al kyl, a substituted or

R
)1\ R‘
/ Rn
o
Ry~ \ ®/S|
N N \\\ @
X
R"l
R3 R,
Formula 1
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unsubstituted al koxy, or a substituted or
unsubstituted aryl group. 10. The catal yst according
wo 0000124300 7, wherein the substituents R, R' apdI/BS2009/040828
each independently represents a substituted or
unsubstituted al kyl, a substituted or unsubstituted
9. ahlﬁaoa‘éfalyé)crac@olﬁﬂﬁs{o' &Hﬁ@d Qheldt® Hﬁsstu'bgt'ﬂthgrgs @rl}fh 691'2:9 lﬂf’Pdependently
11. The’catal yst” according to claim 7, wherein t
sneplgclsemtm dabpdrogen s@in, gowpbtentelasr ansubstituted alkyl a substltuted or

er at and wherein the actj t rature is
AT SR Y AgUOILHES bF BEU B UFE ARAEGHPx i n -t he
S|IyI|n1dazoI|un1saIt conpl ex. /12, The catal yst .
10gtheoFtrlygt pesoeding ﬁr??"lal%@r aihgrejh dhey |SP'%U1“}ﬁn6“a§ol Runfnd R*” each

%ﬁh@peﬁ@éﬁ?ﬂﬁvé’feﬁl@&n?sn aa%hbéfﬁutteg ”QFHﬁ{sHﬁs%t&Q@ Mﬁ% r eﬁ nsﬁtﬁﬁtuted or

active tenperature is tunable changing identities
ofnstbtitiged slkpx yent suliRititiReCbr mrtsebstmmtdéznyll graupng i n the
silylimdazoliumsalt conplex. 13. The catal yst

11 aCieocdalpg dooolirg @ Jainvie idiereit fiig: sil yivhidmdotiagokdlusdmplex has an
salt conplex has an actjve tenperature and wherejn the

aRetivg EEmpesBiengrehareinths, agive tﬁvp@ﬁtgrrgwﬁgnqbéeem changing identities
O(gf tﬁ@§m§ﬁ'F§5tn’1 Hfé%ﬂ& %hzolﬁlqu?\ lex 0f the silyl

functional group e si zolium salt conpl ex.
I
12.3:‘%"1%68[?{;@?/&?}18(:%@6% a)cglgfng 7nmg\{h§9en‘1: tlge{ g]}ﬁfml rh% salpg?m%lex has an

t RApe kclipei fugr dtvelieréinane ﬁbﬁ/@tterﬁﬁﬁﬁurelﬁ tuﬂ'ahﬂie B}’abﬁdmgﬁ{g identities
according to claim 14, wherein the active tenperature

off theenbstignty &i-Rasf the demidgalgiringimthe silylinpdazelipmeplecomplex.

16. The catal yst according to claim15, wherein the

13 abhd catalygmsepiging @ elpin He vagrean yia sil dinfideapliaBosalt ¢@wrex has an
te u’%‘gg gll}pee%%%%ﬁ%éld;7 erelg %{lec Qétgflf:{a{?ﬁlpé}g&?er g:']tlglgaéi)tl cﬁ‘%n@n§ identities
fdfoHé altitueAS O CRY’ QarﬂbRUt oQ&@%@yl fl@ictidhal @tblhfﬂi)ls eet salplimidazolium
epoxy resin conposition conprising a) an epoxy resin,
bRIt£oBMng agent, and c) a catalyst; wherein the
catal yst conprises the silylimdazoliumsalt conpl ex

14 oFhecqaglyst Beqagding e climbo siheiedh thecatad i Frgines agepinhiengerature and

t he cat al ese n an anount of about
O F o i 0 Pl P8R Bsea "on the toral ol e
percent of the epoxy resin
15. The catalyst according to claim 14, wherein the active temperature of the catalyst is

from about 120°C to about 230°C.

16. The catalyst according to claim 15, wherein the active temperature of the catalyst is

from about 150°C to about 230°C.

17. The catalyst according to claim 16, wherein the active temperature of the catalyst is

from about 180°C to about 220°C.

18. A thermosettable epoxy resin composition comprising a) an epoxy resin, b) a curing
agent, and c) a catalyst; wherein the catalyst comprises the silylimidazolium salt

complex of claim 1.
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present in the conposition. 20. The conposition
according to claim19, wherein the catalyst is present

wo pooan2seount of about 0.1 to about 5 nol es pePCENB2009/040828
based on the total nole percent of the epoxy resin
present in the conposition. 21. The conposition

19 afl%oédiiﬁﬂlﬁltfoﬁ LER>R20: clémeffﬁe Wheldh@ t}{%aéa?ahys%'is }El%seﬁ)ﬁ &S &0 hmount of
I n an anount of abgut 0.1 to about 1 nole percent
bboed0.drto taheutt Ik mblesperepterasethvn dfe toknd nepdo pyrcemsifrihe epoxy resin
pr esent the conposition. 22. A thernosettabl e epoxy
rlﬂfg?eﬁt’élothf)S%rPP‘?sétﬂln‘tgonpri sing a) an epoxy resin, b) a
curing agent, and c) the tunable | atent catalyst of

20 Thg sAnposBign aggording te Ickimohiy Mihereiny therratal yib iRy eant Jhmpamount of
ERRLY P nesi a%oﬁtomﬁﬁés %&&n@%g&ﬁd&p@lett&a? hﬁ‘ﬂ%&@cnt of théo‘onxy resin
article conprising the thernosettabl e epoxy resin
coaposinttheporapesdiiai.ng to claim22. 25. The article
according to claim22 or claim24, wherein the article

21] Bhea¢on@aiionaieordfngao @i 209 whateie thecdatdl Balis ®esent in an amount of
structural Iam nate, an electrical or structural

cepbliltte, abgut | mgle percintbasad ondherintal mgle erecad of e epoxy resin
g‘fre%tﬁﬂﬁ@mﬂ%‘%ﬁ&p 26. The article according to

alm 25 ein the artlclelsapovvder coating. 27.
0 d .
22{5%' %]Ivhg)ﬁét? ﬁe %cﬁ%l rltefﬁ;l @)Lp%)é tofiPlo ({ \%ﬁz{genl%na)zﬁ/ | égogiy resin, b) a curing
Sdg@nf)ythd c)ptheamlablraombm qatalyst sﬂ&lﬁmg] functional group;
R1-R4 are substituents of the im dazole ring and Rl-R4

23 eR% Articndep@idait thy (HeRba@Pleepaty RkBdUntpoditioHReddrding to claim 18.
forms a stable 1 mdazole ring W|th| n the i mdazolium

4S@h tartfcmnﬁ?hsl the Blenﬁegstt%le 6@5%/ &@M Sitlon a@éor@hlﬁg to claim 22.

functional group and each

25I @%Q?eﬂ%k!) ﬁu@e&)r ?gﬁgg to?%}]aa gﬁlpe%vhﬁ ;{ﬁ Euql?L {soart NEasPone of a

|<madﬂgo:hn glecsihl or aapitaal laﬁdlaké lag elactaodlosr whictdral composite, a
forms a stable salt conplex wi t h the i m dazol i um
cpmsRt WitdHiEn2 Mdingd L3618 GRS §1LPEDHANex.

26. The article according to claim 25, wherein the article is a powder coating.

27. An imidazolium salt complex represented by the following Formula II:

Ry

R
1 r.
RQ\N \%/Z e

DN

Ruv

Rs R,

Formula I

22



10

15

20

28. The im dazoliumsalt conplex according to claim
27, wherein the anion X conprises a halide, RSO, PF

w0 2@9/1BR99 and wherein R represents a halide, BCT/US2009/040828

28

29.

30.

31.

substituted or unsubstituted al kyl group, a
substituted or unsubstituted al koxy group, a

SWRstint uted or unsubstituted aryl group, or CF3 . 29.
The 1 m dazolium salt conplex according to claim 27,

wher ei p; ti‘ﬁarﬁﬁ,‘P %Egﬂﬁ%ﬂa;/t% &sﬁﬁoﬁa%{}ndtﬁ & &ﬂf”“y

repr esent S a

al koo B o gﬁ%ﬁ%‘?m o 1BF i, f%ta&%“lgr?ﬁ "p pdependenty

?lgpreg-élﬁs hivoetaaR! ¢rdip Sl tfomRPhaKledaiizdientnd WittlnadhBimidazolium
27, wherein the substituents R, R' and R" each

i salicpBmieEnt | y represents a substituted or
unsubstituted al kyl, a substituted or unsubstituted
al koxyR’, ¥’ and RHStare au@dttwntsmfsthbstl'yltﬁunet@bral gtougrapdR’, R”’, and

gér, s F%F‘I‘}P%‘P%Séenao nEpreSenp gant OhI'%anlcr:ngIdoau%ot at rnslsalatstagf%np—lﬁig R, ,R, 29 }
functional group within the imidazolium salt complex; and

X" is an anion which forms a stable salt complex with the imidazolium cation

within the imidazolium salt complex.

. The imidazolium salt complex according to claim 27, wherein the anion X~ comprises a

halide, R—SOs", PFs", or BRs; and wherein R represents a halide, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or

unsubstituted aryl group, or CF;5".

The imidazolium salt complex according to claim 27, wherein the substituents R;-R4
each independently represents a hydrogen atom, a substituted or unsubstituted alkyl, a

substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.

The imidazolium salt complex according to claim 27, wherein the substituents R’, R’
and R’’’ each independently represents a substituted or unsubstituted alkyl, a substituted

or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.

A catalyst comprising the imidazolium salt complex of claim 27.
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