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| M DAZOLI DI NE ANl ON AS CATIONIC | NI TI ATORS BACKGROUND OF THE | NVENTI ON The
present iwoashsnngrel ates to novel oniumim dazolide orgamromaisab/bg2e7

conpl exes which are cationic initiators of polynerization, and to the use
of such novel onium salts for the pol yrreri zati on or crosslinking of
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are well known as initiators ol yneri zati on of nononers or
of polymers substituted by functional groups of the epoxy or vinyl ether
type, and any other cationically polynerized nedia and the Ilike (U S. Pat.

Nos. 4, 069, 094: 4,450,360; 4 and 4, 640, 967; Canadi an Patent No.
1,274, 64BAGKORUMNDANE H&W@%ﬁ%ﬁ 203, 829). It has been observed that

the best results are obtained when the anion of the initiator salt is SbFé
; or tetrakis(pentafluorophenyl) borate, (C6F5)4B-. Receﬂtly ? new group
of phot oiThieresentrisvensienaplaicn & peyel altllémalﬁ?lé??"hé@e@)l%ta EWIPEP f or mance
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et her functional groups and oniumsalts as phot 0| nitiator. More

par t i cul amhytochemicel @tl@@thrnOtmtwghmamdey apgleptien beaibl e and/ or crosslinkabl e
conpositions conprising novel, easily synthesized iodoniumsalts with high
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pol yner i zahiinis pelyRerichRsSof hkahhds 606Msythére Bebstiourt 'bﬁ tfungtional groapy -
of the epoxy or vinyl ether type, and any other cationically polymerized media and the
like (U.S. Pat. Nos. 4, 069,094; 4,450,360; 4,576,999 and 4,640,967, Canadian Patent
No. 1,274, 646; European Application EP-A-203, 829). It has been observed that the
best results are obtained when the anion of the initiator salt is SbFy ™ ; or
tetrakis(pentafluorophenyl) borate, (C¢Fs)4B™ . Recently, a new group of
photoinitiators containing gallate anion, (CsFs)4Ga” whose performance is similar to
that of the analogous tetrakis(pentafluorophenyl)borate has been discovered (U.S.
Pat. No. 6,166,233).

The present invention relates also to ultraviolet-curable compositions containing
epoxy and/or vinyl ether functional groups and onium salts as photoinitiator. More
particularly, it relates to cationically polymerizable and/or crosslinkable compositions
comprising novel, easily synthesized iodonium salts with high solubility and high

catalytic activity.
SUMMARY OF THE INVENTION

Good homogeneity and high curing activity are exhibited by

cationically polymerizable and/or crosslinkable compositions comprising an epoxy-



1 WD 03/062208 PCT/ US02/ 38227 functional resin and a catalytically
effective anount of an oniumsalt such as iodonium sulfonium
phosphoniwmo3sferzooceni um or di azonium of formula (1) Q+ APCIjuSahss2e7 Q i s an
oniumcation; Ais imdazolide anion of formula (Il) [R 3 M-LNMR 13 ]
(I'l') where LN is mdazolide, M is B, Ga, Inor Ti; R are identical or

di fferent faRdohARESS 8 a BatIRAELUR/ &fycnaé Bl o BY hREPAENARCH adi cal  havi ng

from6 to 14 carbon atons wi'th at | east one el ectron-w thdraw ng el ement or
group suc hodasivnGREa]foriNGR phosphG@Numy fermicehiuat orl damniwmof fomholel® at ons; I n
anot her enbodi nent of the present invention A is a nonocarborane ani on of
the formula CBIIH XlZ_"mhereiéjLaé iﬁ hal ogen or CF3. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON The onium i m olde sal'ts of the present invention
include a cationic conponent and an ani onic i mdazolidine noiety of

formula (kynhefetQAs 4d a,mmecraﬁo Ahssmﬁaazoﬁawﬁbﬁ@?mﬁm@ DA- is an imdazolide
ani on of fornula (I LNMR 3 (I'1) where LN is imdazolide

group, M is B, Ga, In or T| R are |dent|cal or different and represent
a nonoval ent aromatic hydrocar HB:MaBENSMIR hh(Dng from 6 to 14 carbon atons
with at | east one el ectron-w thdraw ng el ement or group such as -CF3, -NO2

any of ¢ naelt PYAEnidRRs MO BB E™ odomi um pyrytium o

thiapyrylium sul phoni um phosphonium ferroceniumor diazoniumions and
the |ike. RPapf Reh@sh] ONdiER Gabhdrepfeerttiadhyndvaranirdmaiia hldrodrbéofadidap

having from 6 to 14 carbon atoms with at least one electron-withdrawing element or
group such as —CF3, -NO; or —CN, or with at least two halogen atoms; In another

embodiment of the present invention A is a monocarborane anion of the formula

CB11HXj2.4 wherein X is halogen or CFs.
DETAILED DESCRIPTION OF THE INVENTION

The onium imidazolide salts of the present invention include a cationic

component and an anionic imidazolidine moiety of formula (I)
Q"A ()
Where Q" is an ‘onium cation and A” is an imidazolide anion of formula (II)

[R'sMt-LN-MtR!5]" (1D
where LN is imidazolide group, Mt is B, Ga, In or Tl; R! are identical or different and
represent a monovalent aromatic hydrocarbon radical having from 6 to 14 carbon
atoms with at least one electron-withdrawing element or group such as —CF3, -NO; or

—CN, or with at least two halogen atoms.

The cationic moiety could be any of the cations of onium salts such as
iodonium, pyrylium, thiapyrylium, sulphonium, phosphonium, ferrocenium or
diazonium ions and the like. Preferred onium salts are diaryliodonium salts of formula

(I10)



(rrr)y 2 WO 03/062208 PCT/ US02/ 38227 [R2-1-R3]+ A- (111) where R2 and R3
are each i ndependently a nonoval ent aromatic radical having from6 to 24
car bon atwom3s/dizes nonoval ent aromatic radicals R2 and R3 may/use2/38227
unsubstituted or substituted with any group that does not interfere with
catalyst function. Preferred substituents include C1_18 al kyl, C1.18
al koxy, and trial kyl sil ane- terﬁn §13 d,Cl1 &ﬁl al kyl ; each of these
substituents can be uninterrup{ed or |nter Bted by one or nore oxygen
and/or sulfur atoms. Highly preferred iodoniumsalts for use in the
UV- cur abl\@her@ RApAS RE kenscRimepadentyimriond ddent|araheatkabdisaldiaving flym Hor nul a
(1V) (R)c (R)h RI0O 1 11 R8-Si- (Re)e-(Of \ \~ (1% Qk (RO1 -ii-R 19 R12
VAT (@Rayl@az(bm&)qmq Typ mqnRy@paiErapNls BdResR \iRdRe M R5. R7 and R8 are
|ndependentl ) terrupted or
%\}1%%% %Jlbﬁ]%l}lge% ity r?p %n‘gé f &0 o@&t&ﬁa‘%@%‘cﬁ ca{él[xif‘

i nt er r upt'&g” oxyge or s ur atoms; R6 and RO are

| ndependeghtiond P@bféﬁé@@ﬁbsﬁweﬁﬁammd&&fifg@uqﬂ bons aidkgaindhaskyisiléneom 1 to 18
carbon atons per radical, which is either uni nterrupt ed or, interrupted by

one or nbnmn@bcsi@.‘ems allvll eachsnfithase sulpsgfentseAn bRENINEGTUPEELT IRFerTdptEy R12 are

! ndependetl,’l}} or}/e oarl mncg)rre]%\é?ée%natndpo\{ Suigs aart(l))rgg] radi cal

Highly preferred iodonium salts for use in the UV-curable

compositions are iodonium imidazolide salts given by formula (IV)

R’ R Tm
RB_S“_ (RO~ (O ==\ (R ——si—rR"
0 { L)
B OR) °R8 - av)

REB N\ —BRD

\®)

where

R* R®, R and R® are independently an alkyl group having from 1 to 18 carbons

uninterrupted or interrupted by one or more oxygen and/or sulfur atoms;

R® and R’ are independently a divalent aliphatic hydrocarbon radical having from 1 to
18 carbon atoms per radical, which is either uninterrupted or interrupted by one or

more oxygen and/or sulfur atoms;

R, RS, R9’ R R'! and R'? are independently a monovalent hydrocarbon radical

having from 1 to 18 carbon atoms, which is uninterrupted or interrupted by one or

3



having from1 to 18 carbon atonms, which is uninterrupted or interrupted by
one or 3 WD 03/062208 PCT/ US02/ 38227 nore oxygen and/or sul fur atons, or
whi ch naywbea3sbea2vher functionalized with hal ogen or hydrorgTgrsoupse27 R13 are
identical or different and selected fromthe group of substituted phenyls
consi sting of -C6F5, -C6H4(CF3), and -C6H3(CF3)2; ¢, d, g, h, i and 1 are
i ndependently 0, 1, .2, 4 or 5 L th th I . . of the suns
c+d+g and?if¥ iowé%ﬁndé%% églgl&r HOmg: 0L r\%vmléehsmébf gee g{)@ﬁ gﬁcé&%lrhg ?@%E}gd conpounds

i nclude enl(—%@é({rgggba B(C6F5)3 CHNN H3CCH3 CH3 C\ (CG5)3B--N
NB( C6F5) 3 C H17 (C6F5)3B-- NN B(C6F5)3 (C6F5)3B-- N N B(C6F5)3
[ G 2H251 A 2H25 The initiator salts of the present invention are useful for
pol yner i R'Agreddenticeker diffkienyand sslecied dioat F@@?@%M%‘W?d@g Sultraviol et

light or electro m rs or 3/ 062208 PCT/ US02/ 38227 pol yners
beari ng f%ﬁ%‘??%&‘%ﬁbdgggﬁ » &% e%%{w%ups, oxet ane groups, Vvinyl ether
¢c,d, g h,iand 1 are independently 0, 1, 2, 3, 4 or 5, with the proviso that each of the

sums ct+d+g and h+i+l not exceed 5.

Examples of especially preferred compounds include

. +
HiC._ H/CHs (C6F5)3B\N/©N/B(C5F5)3>
CH | c
< > < > \

ch/ CH3 \_J
H v -
C
/[ (CoFo)B— > — B(CeFs)a
HaC 1 CH\ Q
CHs "/

+ -
(CeF5)3B—~— N/\ N~ B(CsFs)3
| OCgH17 ,

The initiator salts of the present invention are useful for polymerizing or crosslinking,

by radiation (especially under ultraviolet light or electron beam) monomers or



groups, or any other cationically polynerizable nononers and the |iKke.

Generally, cationically polynerizable nonomers and prepolyners are

di scl osedwDre3ib2308 Pat . No. 5, 639, 802, which is incorporatred/user/as2n7 be

reference. The nonomers can be nade nonofunctional, difunctional, or

nr!tlfunctiggal.lThese may al so be high nol ecul ar weight prepolyners and
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ethers including oxetanes, cyclic esters, cyclic, sulfjdes, nelamne
dﬁé%Paqg@:anes and

f or mal defsptienicgharmdymerizabls meneery §ad Prepelymerig disosebitdids!

anct 1 onah CAPPPEoRECH T e arct pee i B 1 GRBhed ThEFRARRAH BRELRAT] Moner o

funct i onal oxetane unc i cone ol i goners.

The oni U RARhAINE: fSdtHosalC amaliidienal THedeenaisash Wshigh heietalar
pol ynerization initiators, or as conbination ultraviolet |ight or electron
beam andweigkrpregolpoéymed ohigemen. Fxanpleg efregtiomegberadyingizable exanpl es of

conposi ti t hat be, ol i zed us; he .opi uin.._im i

Che or escrmmaerr Bt BB bt b, e ey By gy ' I o2 te ©f

addi ti on, ;i fiesee &L, S8ny1 BEHeHIGinki shahAatonAt pRENYmEeRS tRSic etieed oal | phati ¢
TR

epox!des,‘ etal ~epoxi dized olefins such as pol ybut adi ene epoxi de,
epoxi di zemiclodmanixetaned, sycleiesterasydivovl fiflez.aveleminecdarmdiehydadoheneliq i ke. The

oni um i mi i di It i ded h i Qni : i
mat er] &l maHesmaRR ernpa et Betnr Tty e S errBf
crossli nkﬁﬂ&icﬂ@ﬂsiﬂ@&%L@g‘g%ﬂae%sﬁ@ﬂ@?etiléloﬁhc@&ﬁpﬁiligo&ﬂqﬁg@m%& R &etdie Wei ght

per 100 parts by wei e polynerizable material. The conpositions of
t he i nvenfunotioral slivsefaligoasrs. Ate anivoninpidhzohide isaltsotas addisiphallsberwsed apaper

The " pr opBeTPagobma e Buiosee i abelPas el SreRRivsais Al ow
one to utjlJ %&ﬁﬁﬁo@ﬂieﬁ%ﬁdﬂ dazeliides of the present invention
Representative examples of compositions that may be polymerized using the onium
imidazolide salts of the present invention are described in U.S. Pat. No. 5,639,802. In
addition, these may also include bis-phenol-A-epoxy resins, cycloaliphatic epoxides,
oxetanes, epoxidized olefins such as polybutadiene epoxide, epoxidized organic oils
such as epoxidized soybean oil and the like.
The onium imidazolidine salt is added to the cationically polymerizable material in an
amount sufficient to initiate polymerization or crosslinking and generally ranges from
about 0.01 to 20 parts by weight per 100 parts by weight of the polymerizable
| material.
The compositions of the invention are useful as radiation polymerizable coatings for
paper, metal, plastic or glass and are particularly useful in applications where the
properties of a silicone coating are desired. ‘
Photosensitizers allow one to utilize the onium imidazolides of the present invention
for photopolymerization on exposure to longer wavelengths of light. The iodonium
imidazolides may employ separate photosensitizers or sensitizers and accelerators

described in the prior art for sensitizing and accelerating cationic polymerization



for photopol yneri zation on exposure to |onger wavel engths of |ight. The

i odoni um i m dazolides may enpl oy separate photosensitizers or sensitizers
and accelwpaBosx08 described in the prior art for sensitiziPog/isoz3s227

accel erating cationic polymerization 5 WO 03/062208 PCT/ US02/ 38227
reactions. If a conpound is serving as a photosensitizer only it nust

absorb |ight. en that ,can,_ in : sond m d i
Ceact i ng reuerRd TP aedet Nrh af BB Rl AURF b KA Lt T vl engt h.
Repr esentggtioyenf%aiRh 86me fornh be tiasgaséd fodfrdazblidd rereyngrpetisethat dussude

benzophenones, acetophenone acetals, benzoin ethers, substjtuted or
nonsubst irot tlesgrlt highteaeteh of 8w, sapeprvsieasth. Bepresenigiiye X yRBIC 9%

phot osensi ti zers. may,.functjon as_el ect f j i i
Chai 1 s TR0 b Py bR Tph BRI PRS: S dRBRsE B O th
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" Acc_el er at or./' Sen5| tizers _f or Cationic Systens". |In this enbodinent, the
cruci al  sAdditiorlliyhphdtosensitizers ol fametion s Plegtions transéergonprsdn gmevidalysi ti zer

that i s capabl f el . i
i dazol | R SRSBOVE Shh FAE APPRST P e o Fn i o S Bpfhligg e on' U
depr ot 0”%?1@% B T PrARsiONA Aicafin SRANGGOAMN, 11isomakcelpfatir®ensitias

accel erat’i ng ~cationic polynerization. Representative, but nonlimting
exanpl es fof Catietis Systzes'. & thid embedmsntythefaniciglisteptia thedoenationpiigAc| ude

napht hol s, di hyd ht hal )
galpl ol g, Swit@%@{%Iqegq%g}?lleng}%géegsigge??]’@t ?sogadgkﬁg%gﬁ%ﬁf%gpg r%]é(;fs%llg g@n &SSOI S,
al koxyhydgt%%?@?%ﬁ@é?ﬂﬁﬁiolmﬁhgwmeglré’éi&él’)éliti&fmﬁ§pﬁ’dtéseh§iﬁzéri ke. Because

in the charge trans reaction wth the oniumimdazolide the sensitizer-
accel er at @épr@ef@esioasriah bxy rasicat anl aradslitiomd] pratirothus ageeleralingdesi bl e to

pol yer i pefbeleRoRGEration SRPPBaLYS. b BETIAGTE STTWOF fer | zabl o monomer s

I ncl ude bsoetngtig&?a%@are%tg}gﬁgéﬂ il invention include naphthols,
dihydroxynaphthalenes; polyhydroxy phenols, such as cresols, gallols, pyrogallols,
etc.; di (C1- C10)alkoxynaphthalenes; C1-C10 alkoxyhydroxynaphthalenes; naphthyl
glycidyl ethers and the like.
Because in the charge transfer reaction with the onium imidazolide the sensitizer-
accelerator generates both free radicals and cations, it is possible to utilize a
combination of free radical polymerizable and cationic polymerizable monomers.
Examples of free radical polymerizable monomers include both monomers having one
or more ethylenically unsaturated groups, such as vinyl or allyl groups, and polymers
having terminal or pendant ethylenic unsaturation. Such compounds are easily
identifiable to those skilled in the art and include acrylates.
If solvents are used to dissolve the photosensitizer/accelerator or an onium
imidazolide they may be selected from the group yielding o-hydroxy alkylsubstituted
carbon centered radicals upon UV induced cleavage. These radicals will further
deprotonate to form a ketone. The proton released will participate in the cationic

polymerization. Thus, the solvent may act as an accelerator as well. Some examples of



or nore ethylenically unsaturated groups, such as vinyl or allyl groups,
and polyners having term nal or pendant ethylenic unsaturation. Such
conmpoundswerog/oexss |y identifiable to those skilled in thecansozasst2i ncl ude
acrylates. If solvents are used to dissolve the photosensitizer/accelerator
or an onium imdazolide they may be selected fromthe group yielding

a- hydr oxy, al kyl.subst j t. ; s O i ed
cl eavage.thﬁ'H%e\sf'él 3 g’ P{gaﬁéﬁ_(\ﬁ/ime ?@%tﬁl?ﬁé@ﬂ,%%?ﬂé%ﬁ%@ 1t§y(%H1I‘QI§)Hr’é %&gpidgtagﬁe. The
proton relgageitheiikk. participate in the cationic polynerization. Thus, the

sol vent may act as an accelerator as well. Some exanples of 6 WO 03/062208
PCT/ US02/ 38227  t heroUs@hm infi@i480¢é SalistE kitifestnemotans ot pafiated

2- hydroxy-2-nethyl - T -phenyl- propan-1 -one and the |ike. |odonium
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for epoxy-funct ionalized sil oxane_resips due.to,their excellen olubilit
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Pat ent NoS: rﬁ%ﬁ?%ﬁﬁ?a&%g élf%k%ﬁd l5, 583?12195 of Ecklberg et al., which

are i ncor pOTRYEY StBH7EH18 antiys, 58815 erfi Eekbd?g ef &r, méhichegrosacofnanated beraini zed
si |l oxane pol yners and. si| ane npnomer

i ncl ud .
(3- (3, 4- eposeyrgitdco ﬂi’é@@ﬂ?‘%@ﬂ’ﬁ?‘l}’tfﬂpﬁ‘ffppﬁﬁ?&ﬁl S@ﬁ?‘%‘ﬁ’g’f’lm%{ﬁ RU4 SRS TPBEE chai n-

st opped pol ydi al ky] - al kyl eno i . ; i al | d
s Dvos et Bttt S SRS b AR GO U P SRS TR P ) Sy
chain- stg ﬁ@)q)}(ygkﬁ%wle}ﬁjxlyml@@ﬁe;y@dlmaﬁQSuebp@in)atmirals soklesh as t he

material sol'd as ° Uv9300 by General Electric Si Ii,concies , epoxy functi onal
si | oxane U&9BMS adiT 9480 by&ienprat Blertic Sibrenea)s and gk %{?Xté‘r%é’tnél El ectric

2y b eHaBporr sl ARRF okt SthhabS T a8, E2IGP0 €
propenyl e&R8HS b BtabrafBElhRIiERRSY, bhad fuictidiaPalogaie resin (such as the

material sold as UV9430 by General Electric Silicones, and further described in US

Patent No. 5,360,833 to Eckberg et al.), blends of epoxy functional siloxane

copolymers with vinyl and/or propenyl ethers (such as those described in US Patent

No. 5,650,453 to Eckberg et al.).

The siloxane compositions can additionally contain other additives and
adjuvants, such as adherence modulators (linear silicone polymers or resins bearing
vinyl, epoxy, vinyl ether, alcohol and the like functional groups), reactive diluents,
pigments, photosensitizing agents, anchorage additives, fungicidal, bactericidal and

antimicrobial agents, corrosion inhibitors and the like.

The compositions according to the invention can be used as such or in
solution in an organic solvent. The compositions advantageously exhibit a viscosity
not exceeding 5,000 mPa.sec, preferably not exceeding 2000 mPa.sec at 25°C. They
are useful for providing antiadherent coatings on cellulosic materials, films, paints, for
encapsulation of electrical and electronic components, for coatings on textiles and for

sheathing optical fibers. They are very particularly advantageous when they are used,



No. 5,650,453 to Eckberg et al.). The sil oxane conpositions can
additionally contain other additives and adjuvants, such as adherence
nodul at orwo(0Biosz2e8 silicone polymers or resins bearing viPaglgsozpsazy, vinyl
et her, alcohol and the |ike functional groups), reactive diluents,
pi gnents, photosensitizing agents, anchorage additives, fungicidal,
bacteri ci dal ,and n r EOfhat i@nd the like.
The conpd$? 't‘?hoﬁosprgglcl:%er di (r%'??f Oglkcﬁ%g%glnsp ?égnélg?nﬁgzﬁﬂ?e%ypas such or in
sol uti on JoRaderéi gRether Selevigito whivh icwopldsiotmelhsadidrant ageousl y exhibit a
viscosity not exceeding 5,000 nPa.sec, preferably not exceedi ng 2000
nPa. sec at 25C. The are useful for gow di ng ant i a ent Cf @tl ngs on
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fibers. vant ageous when they are used,
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sheet, gl ass, 9' astic or Eﬂ%r that is nonadh erﬁﬂt to other.materials to

which it tadul/oh’ roreral legst aunace surfasgdhereafeatist @osshipking aseqepPsifi ol % eat ur es a
process for ﬁyal%%ﬁgﬁggélfgrne%pc%w Pad?aﬁoﬁ%p?ﬁh?or{ %ngxarrpl e) that are

nonadher efPP t'he ere, conprising coating
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present O\?lgn ?q%%algﬁ]Etafl% Sgty}ﬁes t flanal ar te?cl esas(sheets for exanple)

conpri si nﬁ cBated Qlithch dlﬁlﬁ}ﬁi’slt@haéﬂ&icﬂlbﬁd ghavsswhishasmipesitipaper, and the |ike),
at | east one surface of which is coated vvlth a conposition as described
above, MPMO@MBE%@QQIC%OSSSII%H@)P%@?S SEPMREPor cross-1inked by an el ectron

beam ﬁ ttg (%?ﬂlli‘e{rﬂlh@s':[ra{e th'Blek & SnvellBo S BBB ad VARARE kiRfec@e t he

advant age
following specific examples are given, it being under: stood that some are intended

only as illustrative and in nowise limitative.

The iodonium imidazolide salts of the invention can be prepared by

synthetic procedures such as those described in the synthetic examples, below.

SYNTHETIC EXAMPLE 1

N HN'Ety

\~/

A

\/

(CoF)sB— 6N/B(CSF5>3

H | 2B(CFs); + NBy ——— >

Synthesis of Triethylammonium imidazolide

Tris(pentafluorophenyl)borane (3.008 g, 5.88 mmol), 0.2 g of imidazole (2.94 mmol)
and added 0.297 mg (2.94 mmol) of triethylamine were partly dissolved in 50 mL of
toluene. This mixture was refluxed for 5 hours to give a white powder. The white

solid was collected on the frit, washed with hexane, and dried under reduced pressure

to give 3.22 g of product. Yield 91.9%.

SYNTHETIC EXAMPLE 2



foll owi ng specific exanples are given, it being understood that sone are
intended only as illustrative and in nowise limtative. The iodonium

i m dazol iwe isab1288 of the invention can be prepared by symcChaiSor3igepcedures
such as those described in the synthetic exanples, below SYNTHETIC
EXAMPLE 1 (C6F5)3B~ O /B(C6F5)3 + N NH + 2B(C6F5)3 + NEt3 N N HN Et3

Synt hesi f Tri et Iar ophenyl ) bor ane
(5005 g Sviths pfy e N0 AR IS bR B D R 207 g

(2.94 mmol) of triethylamne were partly dissolved in 50 nL of toluene.

This m xturg )\5\9&:&1@%@(%&9@(%&9@@ altgpogmvfnmolym$ dispovdein. 15ThE whi te
solid was coflected on the frit ed wt heXﬁd{g and dri ed under
reduced pfeostiuylene qh&vrgievérosh@zObm@Pa q&rlé%mew PRGYDE D1. 9% SYNTHETI C EXAMPLE

2 8 WO 03/ ﬁ H§08 P %/19%2%24}%%%6 14@’539@5{1&?01 nld mL of methylene chloride

(4-i sopr &pS pheny = odoni um m dazol i de
[ (C6F5) 3%&%@%&%&%&)@&&%\&@ sol@iochlwags, stibred 4dr Irinm yhe\ﬂask dr hﬁsol ved in 15

nmL of met hyl ene chlori To this soluti on (4-1i socp ngn %,

met hyl phqngldlplwemaaﬁitmﬂo&nddbe sgvan rgmoye St‘?g“f%‘fli GUR © ﬁé g%f }ﬁ%t hyl ene
chlori de ded at, roomte I for 2 h
inthe d guc?mgmmaé?%a @I ﬁ%e?gd&? %1%8 of 1'1199 &&t;({aﬂn‘gg%d to give
a vi SCOUSaﬂb%m&ny%ﬁzgjz anﬁf}exmed@dg t@rgwétacwmwapomiurm gg@mw@ﬂ)t hrough a

short plug o l'ica gel by elution with a mxture of CH2C12 and hexane

(1:1) to gipve7a1Wiee HOMBI(COLIATNS) D295 yil.tfly = 7Tz CE-494(¢. * H NWR
(T2 R a0 b vells orh it Grfld 2 Euiawr ©© (
738 (d, 2H, J = 8.4 Hz, C¢Hy), 7.42 (d, 2H, J = 8.8 Hz, CHy); 7.80 (d, 2H, /= 8.6

Hz, CéHa), 7.81 (4, 2H, J = 8.6 Hz, CsHy); °C NMR (CDCls) § 23.5, 25.3, 36.2,
109.1,109.2, 125.8, 130.3, 134.2, 136.5, 136.8, 148.5, 158.9; ''B NMR (CDCls,
BF5-Et,0) § -8.73 (s, 2B); '°F NMR (CDCl3, CFCl3) 8 -165.01 (s, 2F), -159.23 (s, 1F),
-132.49 (s, 2F). Anal. Calcd for CssHajBoF3olNa: C, 46.25; H, 1.48. Found: C, 46.45;
H, 1.58.

EXAMPLE 1

Solubilities and photoactivities were determined for these new iodonium salts
and for four comparative iodonium salts in an epoxyfunctional polydimethyl siloxane
copolymer MEPDEP, D, M material sold as UV9315 by General Electric Silicones.

The structure of the imidazolide iodonium salt (compound 1) is presented below:

+
/ e (CeF5)3B—t N@ N~ B(CsF5)3
CH
* | \CH
3 —

The comparative iodonium salts are as follows:

Compound 2 — (4-isopropylphenyl)-4’-methylphenyliodonium hexafluoroantimonate



7.3 8 (d, 2H, J = 8.4 Hz, CoH4), 7.42 (d, 2H, J = 8.8 Hz, C6H4), 7.80

2H, J = 8.6 Hz, C6H4), 7.81 (d, 2H, J= 8.6 Hz, C6H4); 13C NI\/R)’(CDC13)(g1
23.5, 25.800366298 109.1, 109. 2, 125. 8, 130. 3, 134. 2, 136. 5, 13®@CEFUSAZ38R2158. 9;
11B NWR (CDC13, BF3Et20) 6 -8.73 (s, 2B); 19F NMR (CDCl13, CFC13) 6 -165. 01
(s, 2F), -159. 23 (s, 1F), -132.49 (s, 2F). Anal. Calcd for C55H21B2F301N2:

C, 46.25; H, . Found: SOMR Solubilities and
phot oact |9‘?IPP%1§1 _'r@'la%?%%’ hé}l Df“so‘m?tﬁgl?ﬂe’ﬁ’ﬁ\%% odon(%hl%nrfdseal ts and for four
conparative iodoniumsalts i n an epoxyfunctional polydi nethyl sil oxane

copol ynercgfgﬁgﬁja)@ngopﬁipg fphaxhyl)mLﬂae&s'lﬂWﬁ)ﬁikﬁobiganﬁener al Electric
Silicones he structure of the im dazogli e,io alL.t (conpound 1) is
pr esent edtetrekisiwentafTerophapibbysts Dbﬁnﬁd-asg(hg‘ﬁ?) mﬁ%ﬁ%‘ % CH 3 The
conparative iodoniumsalts are as foll ows: Corrpound 2 -

037 062206 PR U] GeisaFbIEhARETY SRR or oant ronate S 1O

(4-1i Sopr%ﬁh]gQ@,@ﬁﬂaﬂufb ha@jj@gﬂmbenyl i odoni um chl ori de Conpound 4 -
(4-i sopropyl phenyl) - 4rp met hyl phenyl i odoni um w

tetrak tafl henyl
Compound 5 - (T¢ sUBhiGpLPER DR TG HA SABHA SRR Bl 2ova w0 &
tetrakis(pe ?{53{1 ngﬁ@eﬂ}z{%%ﬁ% éat%;gét The. o selidRivdstibe@for SREPhtoRaviEm sal t was

eval uat ed ?ff’
determination. Borate (compound 4) was dissolved at 0.25 % by weight in an epoxy

silicone resin (GE Silicones UV9315) and used as a standard. The other iodonium
salts were prepared at molar concentrations equal to borate 4. A 0.5 mil film of these
solutions was applied onto PK paper, and the sample was passed under a focused UV
lamp (System LC-06-T3 from American Ultraviolet Co.) using a conveyor belt
capable of operation at variable speed. The intensity of the UV lamp was 125
Watts/in. Firmly placing a thumb on the surface and dragging across the length of
the coating was used to test the level of curing of the film. Any tackiness or smearing
‘of the coating or transfer of the film to thumb was classified as a failure. The
maximum speed of the conveyor belt that would provide curing without failure was

determined and recorded.

Solubility and photoactivity results are presented in Table 1.

10



per cent

phot oactivity determ nation.
by wei ghtwpro3asz2epoxy

in UV9315. The sane catal yst concentrati on was used for the
Borate (conmpound 4) was dissolved at 0.25 %
silicone resin (GE Silicones UV931¥%rTarsd2/seed as a

standard. The other iodonium salts were prepared at nolar concentrations
sol utions was applied onto PK

equal
paper,

to borate 4. A 0.5 ml
and the sanple was passed under a focused UV |

filmof these

anp

(System LC-06-T3

from American Ul travi Bade 1.CSolubiliy aed BhQi@WJéf}thTeﬁéﬁS‘ﬂt%apabl e of operation

at variable speed. The intensity of the UV |anp was 125 WAtts/int. Firmy
placing a thynb_on the syrf Lng ross,.:1 I pf  the

coati ng was us edompoyngs ¢ é?‘ﬁ’éﬁtéflmg#\?%gbi %@Ppotaﬁtﬂslﬂ?flnw %nlr; t acki ness or
smearing of [the &ating|lor transfer of the f|| to t h rrb ¢l assified as
a failure. THe naxi num $peed of the conveypr ]ﬁ%g %Ed provi de
curing without failure was determ ned and reE@P@Xﬁ“” ?ﬁ@??]t) and
photoactivityl results ar¢ presented in Tablg 1free cue MOPEBYT62208

PCT/ US02/ 3822+—Fable—1—Soetubiti+ty—andPhotoactivity Test HeSLI ts Compound
Solubility in JUv9315 Phot yagfgatdy in UV9315 No. (M&inumf pm of

conveyer wher
3

3* insol ub

(W~

ahco ad
oBSer Vet

A
]

\-/ (l aVWalla
—Very—gooa—26 4

* insol ubl e

Q clLlra 1
CoOT-C— 1 I

| £ 0 4* Gooshs3Bibld* Good 28 3
3% insoluble 0
4% Good 28
5% Good 28
*Comparison

Example 2

Photoactivities were determined for the new iodonium salt and for the four

comparative iodonium salts in cycloaliphatic epoxide (UVR6110, trademark of Union

Carbide Div. Dow Chemical Co) using FTIR. Solution of gallate (compound 5) in

monomer UVR 6110 at 1.00% (wt) was prepared and used as a standard. The other

iodonium salts were prepared at molar concentrations equal to gallate 5. A drop of

each solution in monomer UVR 6110 was placed between two pieces of polyethylene

plates spaced with a Teflon spacer (0.015mm). The liquid film was irradiated at

different doses under a UV lamp (System LC-06-T3 from American Ultraviolet Co.).

The IR peaks at 790 and 1730 cm” were followed by FTIR and integrated as a

function of dose. The peak at 1730 cm”! was selected as the internal standard, and the

conversion was calculated from eq. 2, where (A790/A1730)0 and (A790/A1730)n are the

area ratios of peaks at 790 and 1730 cm’ at beginning and at dose n, respectively.

11



*Conpari son Exanple 2 Photoactivities were determ ned for the new i odoni um
salt and for the four conparative iodoniumsalts in cycloaliphatic epoxide
(UVR61 1Owotmsacenar k of Union Carbide Div. Dow Cheni cal @or/use2/ss2FTl R
Solution of gallate (conpound 5) in nononmer UVR 6110 at 1.00% (wt) was
prepared and used as a standard. The other iodoniumsalts were prepared at
nmol ar concentrations equal to gallate . . Adr f solution in
nononer UVR 6110 wa OIﬁ’l%ﬁé%”gbf Gé@(?]}\ 7\7\5§° p@é@&@@@“ﬂﬁ@@%yl ene plates
spaced with a Teflon spacer (0.015mm. The liquid film Sl irra%%:eated at

di f f er entA divse sxamigeiorashowerl i a shglhttdifferenceyscrmperpdh lasde s UF ¢ r avi ol et
Co.). The IR peaks at 790 and 1730 cmi were followed by FTIR and

i nt egr at egd@Sofaallitysct barateof > inidezolilkd “peatimartatd 730 cbidndeds sel ected as the
internal standard, and the conversion was calculated fromeq. 2, where

(A790/ A1730) o and (A790/ A130)r, are the area ratjos of peaks at../90 and
1730 cm at begi nniFep ganerahconghusioniombofeExanrlps s t?lalt %%8?-3 10052 1BC

PCT/ US02/ 38227 Conyersipn. = -1 4 ' it i AL99L 30hd 1 x 100% A
cl ose exdh W‘d’r’io\@ﬁ%&%%{)?%agys[téOIEPIfl@K?MﬂOE%%%}éHf néconpé%(?unds 1-5 fol | oned
the or degeofiBpdealSuftionbsidkekysteins] dazol ide 1 > antinonate 2 >>

chloride 3. The general conclusion fromboth Exanples is that conpositions

of the invention provide good catalyst solubility an& Qho.go cti.vity in
organi c epoxy and Bdpleprefergd epbodimenisderehem sEpya, g dess: ‘P‘gﬁzﬁl.‘lo%i | e
preferred enhodi nent been [ Ll i kfications
and subst PPHHECERYS Y Sﬁgs\{ﬁ%t%? Phaz,,lr% %}[ﬂ\{ga%’lﬂﬁg@tsﬁ lé‘%aéglggﬁ?a\rﬁgﬁ% ?%t?ﬂggggi rit

and scope,pf scB?@of fRY &i\leh@6n. A@&@diﬂ%l@git&’s toi e vindletstookdehatrtieprssandd t hat t he
present 1 nvention has been described by way of illustration and not
| i mitati omvention has been described by way of illustration’and not limitation.
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12 WO 03/ 062208 PCT/ US02/ 38227 WHAT IS CLAIMED IS 1. An oniumsalt of
formula (1) Q+ A(l) wherein Q+ is an oniumcation, Ais imdazolide anion
of forrmilwo(Bi§2208 R 3M-LN-MR 3]- (Il) wherein LN is ipardsanbs2ade group,
M is B, Ga, Inor Ti; R are identical or different and represent a
nmonoval ent aromatic hydrocarbon radical having from6 to 14 carbon atons
with at | east one electron-withdrawi ng el enent or group such as -CF3, -NO2
or -CN, wHATTR CiAIMEEA3EStwo hal ogen atons. 2. An oniumsalt according to
claim1l, wherein said oniumsalt is an iodonium salt of formula (I11)

[R2-1-R3]+ A- (I11) wherei.n R2. and R3 are each independently a nonoval ent
aromatic tadi céqui‘&Wﬁét Pifgc?ﬁnuéa@g 24 carbon atons. 3. Oniumsalt according

to claim1, wherein iodoniumim dazolide salts given by formula (IV) 13 WO
03/ 062208 PCT/ US02/38227 7 10 (R4)Q"A(7/® RB-Si- (R6)e-(Or (0)k (R9)]j
-Si-R11 12 R

wherein
Q" is an onium cation, A is imidazolide anion of formula (II)

[R'sMt-LN-MtR'5]" (1)
wherein
LN is imidazolide group, Mt is B, Ga, In or Tl; R! are identical or different and
represent a monovalent aromatic hydrocarbon radical having from 6 to 14 carbon
atoms with at least one electron-withdrawing element or group such as —CF3, -NO; or

—CN, or with at least two halogen atoms.

2. An onium salt according to claim 1, wherein said onium salt is an iodonium

salt of formula (IIT)
[REIRT" A (1)

wherein R? and R are each independently a monovalent aromatic radical having from

6 to 24 carbon atoms.

3. Onium salt according to claim 1, wherein iodonium imidazolide salts given by

formula (IV)

13



9 (OR5)d (/ 8)i (IV) (R13)3B° NON B(R13)3 wherein R4, R5, Wand R8 are
i ndependently an al kyl group having from1 to 18 carbons wherein said

al kyl gr owp ogmg2200nt ai n et her or thioether groups; R6 andPRI/B0B38227

i ndependently a dival ent aliphatic hydrocarbon radical having from1l to 18
carbon atons per radical, wherein said al kyl group may contain ether or

t hi oether groups; R7, R8, R9, Rl, R 1 and R12 are independentty a

nonoval ent hydrocarbon radical having from1l to 18 carbon atons, wherein
said al ky roup may contain ether or thioether groups;.Rl re identical
or different anf sel ected\fronfhe group”b)f substituted |phen s consisting
of - C6F5, -CE3 ks, -ang, )P (), BRGi-1-r
independently o 1, é Vi so that Ieach f the suns
c+d+g and| hki +IrR°"not excee . /0 corrprisiﬁ’\g: (a) a
cationically polymerizabl e®or resin;, and (b) a|catalytically
ef fectivelamount of an oni um s@% of formeda (1) Q+ A(l) 14 03/©62208
PCT/ US02/ 38227 wherein Q+ is a oniumcation, Ais imdazolide anion of
formula (1) (R 3M-LNMR 3)- (I1) wherein LN is imdazolide group, M
is B G, Inor Ti; R arefdentical or differenat and represent a

nonoval ent aromati c hydrocar e i N,hewi“ng from6 to 14 carbon atons
with at | east one el ectron{w thdra el enent jor group such as -CF3, -NO2
or

wherein

R* R’ R and R® are independently an alkyl group having from 1 to 18 carbons

wherein said alkyl group may contain ether or thioether groups;

R® and R’ are independently a divalent aliphatic hydrocarbon radical having from 1 to

18 carbon atoms per radical, wherein said alkyl group may contain ether or thioether

groups;

R, RS, Rg, R R!! and R'? are independently a monovalent hydrocarbon radical
having from 1 to 18 carbon atoms, wherein said alkyl group may contain ether or

thioether groups;

R'3 are identical or different and selected from the group of substituted phenyls
COl’lSiStil’lg Of—C6F5, -CsH4(CF3), and —C6H3(CF3)2;

¢, d, g, h,iand 1 are independently 0, 1, 2, 3,4 or 5, with the proviso that each of the

sums c+d+g and h+i+l not exceed 5.

4. A composition, comprising: (a) a cationically polymerizable or crosslinkable

resin; and (b) a catalytically effective amount of an onium salt of formula @
QA (D

14



-CN, or with at least two halogen atoms. 5. A conposition according to
claim4, wherein said oniumsalt is an iodonium salt of fornula (R2-1-R3)+
A- (111) wbeses20R2 and R3 are each independently a nonovaiCartsozsemt i c
radi cal having from 6 to 24 carbon atons. The nonoval ent aromatic radicals
R2 and R3 may be unsubstituted or substituted with any group that does not
interfere at. al

. \ ith st ti G 3 ieted or di t | ai 4,
wherein s%(yar% i 6%?%31%&3@ y%gﬁnﬁlgg%dgidgglﬁmg%&rﬁﬂfggl re Irggi nocgnglr imses a
nononer or polynmer said nnnorre(R‘QMt-miN-M’rRh)' @iDssessing a functional group

selected fromthe group consisting of epox [ Qups, .. vi.nyl

anfl oxet awée?hnhlﬁés inridagdige @souni HH, is %ﬁ%ﬂr@%&ﬁ{‘?@? idé?“@ﬁ%ii% %tjgfg%qtgroups,

pol ymmeri zapl e or .crosslinkable . - i J t 5

functi onaf® TPERAHS TPRGVRien rﬁm(aﬁl?Bgéég{rgﬁ{%dgdaaﬁ@mgeﬁ@gdt ‘?O\E;leélh%ﬁ%otﬂl nt of an
oni um sal tyoafs it MLt 6he el&tro-ithdrvaioadl émét ok groupanéhias -€EF,, a¥O2 &t i s

i m dazolide anion of formula (11) [R3M-LNMR3]- (Il) wherein LN is

i m dazol i d€ENgpowph aMeastgwB halegen piomsr Ti; R are identical or different

and represent a nonoval ent aromatic hydrocarbon radical having from6 to 14
carbon asoms W édmpsitlopastording telckimh Mowhaicithsiidioning seltésramiodeniugy oup such
as -CF3, -NO2 or -CN, or with at |east tw hal ogen atons. 15 WD 03/062208

PCT/ US02/ 3822753189ff52ﬂ@6](?posi tion according to claim7, wherein said onium
salt is an iodonium salt of fornula

®R2I-RYHT A ()

wherein R? and R are each independently a monovalent aromatic radical having from
6 to 24 carbon atoms. The monovalent aromatic radicals R? and R? may be
unsubstituted or substituted with any group that does not interfere with catalyst

function.

6. A composition according to claim 4, wherein said cationically polymerizable
or crosslinkable resin comprises a monomer or polymer said monomer or polymer
possessing a functional group selected from the group consisting of epoxy groups,

vinyl ether groups, and oxetane groups.

7. Composition, comprising: (a) a cationically polymerizable or crosslinkable
epoxy-functional or vinyl ether- functional siloxane résin; and (b) a catalytically

effective amount of an onium salt of formula (I)

QA ()
wherein Q" is a onium cation, A is imidazolide anion of formula (II)
[R'sMt-LN-MtR'5]™ (II)
wherein LN is imidazolide group, Mt is B, Ga, In or Tl; R! are identical or different
and represent a monovalent aromatic hydrocarbon radical having from 6 to 14 carbon
atoms with at least one electron-withdrawing element or group such as —CF3, -NO; or

—CN, or with at least two halogen atoms.
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([R2-1-R3]+ A- (Ill) wherein R2 and R3 are each independently a nonoval ent
aromatic radical having from 6 to 24 carbon atons. 9. A nethod of
prepari ngwe sexss | i nked coating conprising: (a) applyingPCo/sozssstrate a
solution conprising an cationically polynerizable resin containing 0.01 to
20 wei ght percent of an oniumsalt of formula (1) Q+ A (I) wherein Qis an

oni um cation se{ gek ookt AR, SLOURLLONCHH B8 il AR Uiodphfn Um
Z

phosphoni um ferroc nium an ontum’. Als 1nmdazolide anion of formula
(1) (R 3/toebrMuRR 3)- (I11) whereln LN is |mdazoI|de group, M is B, Ga,
In or TI; R are identical or different and represent a nonoval ent

aromati ¢ hydrocarbon radi cal having f,rom6 to 14 carbon atons with at

| east one el ectron-w t hdraw ng dRe 1%% gr(g@p such as -CF3, -NO2 or -CN,
or with at |east two hal ogen atons. (b) shining ultraviolet I[ight or

el ectron Qg&%}%\hﬁgl H'}fjrﬁr@&lcﬁ%cgﬁ St %%no&%ﬁ@ﬁ)‘mﬁﬁé rJdWaﬂhi\gné"ﬁSﬁhr ed

coating. 1 coa I'Ng prepare accor ing to the nethod claam9. 11. A
met hod of @ioeXasaititg @o@s.0Ss- 1 i nked sil oxane coating corrprl sing: (a)
distributing on a substrate an epoxy-functionalized siloxane resin

containing 0.01 to 20 wei ght. percent
03/ 062208993CT/ Ug@@tlgglz@fprg@pn% qrgss- 11nied 2&‘[81%‘0%%3}3%%{&; of formula (1) 16 WO

(a) applying to a substrate a solution comprising an cationically polymerizable

resin containing 0.01 to 20 weight percent of an onium salt of formula (I)

QA (D
wherein
Q is an onium cation selected from the group consisting of iodonium, sulfonium,
phosphonium, ferrocenium and diazonium;.
A is imidazolide anion of formula (II)

(R'sMt-LN-MtR'3)" (IT)

wherein LN is imidazolide group, Mt is B, Ga, In or T1; R! are identical or different
and represent a monovalent aromatic hydrocarbon radical having from 6 to 14 carbon
atoms with at least one electron-withdrawing element or group such as —CF3, -NO; or

—CN, or with at least two halogen atoms.

(b) shining ultraviolet light or electron beam radiation on said substrate

thereby
(c) forming a cured coating.
10. A coating prepared according to the method of claim 9.
11. A method of preparing a cross-linked siloxane coating comprising:

(a) distributing on a substrate an epoxy-functionalized siloxane resin

containing 0.01 to 20 weight percent of an onium salt of formula (I)
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wherein Qis an oniumcation selected fromthe group consisting of

i odoni um sul fonium phosphonium ferrocenium and diazonium. Ais

i m dazol iwe oaexns of formula (11) [RI3M-LN-MR13]- (I1) poamarse?/ss2eN i s

i mdazolide group, M is B, Ga, Inor Ti; R are identical or different

and represent a nonoval ent aromati c hydrocarbon radical having from6 to 14
carbon atoms with at |east ong'el-eghron-w thdraw ng el ement or group such
as -CF3, -NO2 or -CN, or with at |east tw hal ogen atons. (b) shining

ul traviol efpli.ght or electron beamradiation on said substrate thereby (c)
formng a cured coating. 12. A coating prepared according to the nethod of
claim 11. Ql8an énivar ¢atiohacloetad o the eraip ddgsisting s od@tipasiilioaingf cl ai m 4.
14. An article bearing a coati n%‘ of the composition of claim7. 15. An
article bePlqsRlEHWE, fergseniymiaad diagmigatti on of claim4. 16. An article

bearing thg ;crossldikediGosMeshs ap of claim7. 17
[R'sMt-LN-MtR'5]" (1)
wherein LN is imidazolide group, Mt is B, Ga, In or T1; R are identical or different
and represent a monovalent aromatic hydrocarbon radical having from 6 to 14 carbon
atoms with at least one electron-withdrawing element or group such as —~CFs, -NO, or

—CN, or with at least two halogen atoms.

(b) shining ultraviolet light or electron beam radiation on said substrate

thereby
(c) forming a cured coating.

12. A coating prepared according to the method of claim 11.

13.  An article bearing a coating of the composition of claim 4.
14.  An article bearing a coating of the composition of claim 7.
15.  An article bearing the crosslinked composition of claim 4.

16.  An article bearing the crosslinked composition of claim 7.
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