17 JUL 2006 ONI UM SALTS W TH WEAKLY COORDI NATI NG | M DAZCLI DI NE ANl ON  AS
CATI ONI C | NI TI ATORS BACKGROUND OF THE | NVENTI ON The present invention

rel ates to novel oniumimdazolide organonetal lic conplexes which are
cationic initiators of polynerization, and to the use of sucHTniellboni um
salts for the polynerization or cr ossl i nki ng  of functional polyners or
nononmers by photochem cal activation, or activation under an el ectron
beam Oni um saONRJM BAETS VATHWEAKISNOCOORDINATINGOMIDAZCIIDIAEANIONI known as
initiators of the cationic pASYETIORE INOMADORSDNONMErs or of pol yners
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, 450, 360; 4,576,999 and 4, 640, 967; Canadian Patent No. 1,274, 646;

Eur opean AppbkemidORDESE ALBOBvIBR®ION |t has been observed that the best

results are obtained when the anion of the initiator salt is SbF6" ; or
t et raki s(pent afl uorophenyl) borate, (C6F5)4B . Recently, a new group of

hot oi ni t
phot of N 11 firsscHeAk I e1Aakd Avel a,ahmmldag&@&gﬁ % RRElOITRNCE | S

e anal ogous tetrakis(pentafluorophenyl )borate has
been di scowkickdre(datiGnic 1IBaatorsl‘¢fponmbﬁﬁatﬁm3and P ithee @c@im nionelemiymen r el at es

also to ultra oI et -curabl e co J on n ox and/ or Vi nyl

et her f unc¥atsfgtheplypenzation ghf Gﬁﬁﬁ@% EWB’# 19(1%[6{ af{")'@?%o

particul ar %’toc!h%mfce& £ifvatidd &?&i&ﬂé&@d&h@&é&ﬁ&membl e and/ or Cr 055' i nkabl e
conpositi conprising ndve easi |y synthesized iodoniumsalts with high

sol ubility and high catalytic activity. SUVWARY OF THE | NVENTI ON Good
honogenei t @niantisatts ghsatts of nigeaaemeteilic pomplexesdne el &aowy as gitiatap PEGE| y

pol yrreri Zacl?al 1<e)m%%%{y?r§en%£1t?§ns cl) mncl)(r%%w%s groo%ofl térsos%%stct%mrb&%&gioﬁﬁ SFApsY 1
of the epoxy or vinyl ether type, and any other cationically polymerized media and the
like (U.S. Pat. Nos. _ 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 SbFe ; 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-
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catalytically effective anount of an oniumsalt such as i odphijumz00b

sul f oni uyoRRReRPSNi um ferroceni um or di azoni um of for ”Ulp%'rfl?s})z/%izﬁ‘ (1)
' a (Il

where Qis an ontumcation; A is imdazolide anion of fornul
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I S a nonocar borane anion of the formula CB11HnX12 a wherein X is hal ogen
or CF3. DETAI LED DESCRI PTI ON @ AHEDI NVENTI ON The oni um i mi dazolide salts

of the present invention include a cationic conponent and an anionic

i m dazolidine mpiety .of faormula (1) Qf A (l) }[\%‘]ere IS an oni um cation
and A7 i s VARG Qitan enineeatinnqn inimitiezolide anien o om&{)-u\l-l\/tl? 3] (I1) where
LN is imdazolide group, M is B, Ga, Inor Tl; R are identical or

different and represent a non Ot Navegt g hydrocarbon radi cal having
from6 to 14 carbon atons w t;mg{mreast on}eagl ectron-w t hdraw ng el enent

or group such as -CF3, N2 or -CN, or with at |east two hal ogen atons. The
cati oni ¢ miest kN gomlidhzbidea Mt io B, GaclnoatTlpns of oni um salts such as
i odoni um pyrylium thiapyrylium sul phonium phosphonium ferrocenium or
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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

CB11HoX12.n 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 (D)
Where Q" is an ‘onium cation and A™ is an imidazolide anion of formula (II)
[R'sMt-LN-MtR'3]” ()
where 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.

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

(I
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I ndependently a nonoval ent aromatic radical having from6 tiIoJ 24 2088 bon

at omns. Thwm Rgent aromatic radicals R2 and R3 may be P‘&?ﬁgﬁ byt ed or

substitute VVI/'[% any group that does not interfere with cata yst%*z?znction.
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uninterrupted or interrupted HR &&e m)r(gl)oxygen and/ or sul fur atons.
H ghly preferred iodoniumsalts for use in the UV-curable conpositions are
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by one or more oxygen and/or sulfur atoms.

Highly preferred iodonium salts for use in the UV-curable

compositions are iodonium imidazolide salts given by formula (IV)
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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’, R%, R’ 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 from|l to 18 carbon atonms, which is uninterrupted or interrupted by
one or (N) 3 17 JUL 2006 WO 03/062208 PCT/ US02/ 38227 nore oxygemn;amdg or
sul fur atons, or which nmaybe-further functionalized with hal ogen or
hydroxy groups. R13 are identical or different and selected fromthe group
of substituted phenyls consisting of -C6F5i -C6H4(CF3), and - C6H3( CF3) 2;
c, d, g, h, | are independently 0, 1, 2, 3, 4 or 5 wth the proviso
t hat each oprﬁgﬂﬁzéﬁm c+d+g and h+i +| not exceed 5. Exdjl‘Fﬁ{Ué'glsﬁzfz" especially
preferred compounds include 1 H3 CH \CH3 OC8HL7 O N--B(CsF5)3 (CsFS)3B
(CGoF5) 3B © 1|1>Iore E}((y%chnFaSndfo?guli a_ltZ)I_nL\,r or W c}I13 %?hlv:eSf)ur?t’}}er functionalized with

halogen or hydroxy groups.

R® are identical or different and selected from the group of substituted phenyls
consisting of —~C¢Fs, ~-C¢H4(CF3), and —C¢H3(CF3),;

¢, d, g, h,iand1are 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
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The initiator salts of the present invention are useful for polymerizing or crosslinking,

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



The initiator salts of the present invention are useful for polynerizing or
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beari ng functional groups such as epoxy groups, oxetane groups, vinyl ether
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In Iaurt]lctional silicone oligomers. The onium imidazolide salts can additionally be used as
thermal polymerization initiators, or as combination ultraviolet light or electron beam
and thermal polymerization initiators.

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



amount sufficient to initiate polynerization or crosslinking and generally
ranges from about 0.01 to 20 parts by weight per 100 parts by wei ght of

t he polynerizable material. The conpositions of the inventiignjyar@fsusef ul
as radiation polynerizable coatings for paper, netal, plastic or glass and
are particularly useful in applications where the properties of a silicone
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herewith cl ?i chtif @s shwh .5 yPatht AppBicatibhi fited oi Q@ﬁﬂa}tﬁﬁﬂﬂﬂithalailf\ﬂg Ser. No.
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accel er at i ng stafeof teahivaimidapsidy. TRe fofraéd radical Beioh eftbplatosenditizebut nonl i m ti ng
exanpl es of deprotonates to form an oxy radical and an additional proton thus accelerating the
cationic polymerization. Representative, but nonlimiting examples of
sensitizer/accelerators useful in the 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 a-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
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-one and the like. Todoni umi m dazoli de salts of the present invention are
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stopped polydialkyl-alkylepoxysiloxane copolymers (such as the material sold as

UV9300 by General Electric Silicones), epoxy functional siloxane 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 propeny! ethers (such as those described in US Patent

No. 5,650,453 1o Eckberg et al.).

The siloxane compositions can additionally contain other additives and
adjuvants, such as adherence modulators (linear silicone polymers of 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 celiulosic 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,



by reference. Preferred epoxy-functionalized sil oxane polyners and sil ane
nononers include R-(3,4-epoxycycl ohexyl)ethyltrinmethoxy silane,
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groups), reaghicke(shlels46tkample) RiapArE RérdncRACH ISR 1§ Which fhept?Rll, anchorage
addi tives, fungicidal, bactericidal and antim crobial agents, corrosion

i nhi bitors afgherneomurikias copring 48 amEws of the shblesicompeRition, seBertlidromfibnt i on can be
used as SUCh D% o/l onfQk 1ehdt O hdd s@fhcOBRGY fdRIsiBRihe thd BEnfesiBOB t i ONs
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as such, to prodedwitya sannesitionas desgrihed govaeyhigh comeesitiondy 555, plastic or
paper that i $hoth@saitHREd &'ttost-Buked Bedn iRk dedhs t0 which it woul d normally
adhere.

In order to further illustrate the present invention and the advantages thereof, the
following specific examples are given, it being understood 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 w

O e 4o, ——— ‘C“FS’-"B\N@\N/B(Cst)a .

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



Thus; the present invention also features a process for the production of
articles (sheets for exanple) that are nonadherent to surfaces to which
they normally adhere, conprising coating an amount of the subject
conposition, generally from0.1 to 5 g/n2, onto at |east pngjf#ée surface
t hereof, and crosslinking the conposition by supplying energy, as, for
exanple, W radiation or electron beam The present invention also features
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(metal, glass, plastic, paper, and the like), at |east one surface of which
is coated with a conp05|t|on as descrlbed above mhlch conposition is

phot ocr oss| i Sykthesign : ek : ; I maaarplide

illustrate the present invention and the advantages thereof, the follow ng

speci fic exaimrgs- @{fﬁNgBY@G!PS)g] [HNE@] (]09,1 gﬂﬁﬁﬂ%n@&ﬁwésfa%%olwrmm i nt ended

only as i1l ustrative and imtative. The iodoniumimdazolide

salts of théfMﬁﬂ%MW?@Wﬂ@&nT%@“ﬁW@E§¥@dﬁwvmﬂ§VWW ¥t ¢ procedures such as
those descr'ﬁ&%@ﬂ@nﬁh@oﬁiﬁ@&lﬁ@fd’e@o ﬁ?‘%ﬁ]@b@ﬁma@ﬁi BV, Sphkht CbAMPLE 1 N/ NH

+ 2B(C6Fs) 3 + nt hesi s of riethyl ammoni umim dazolide }I"'Et3
Tr|s(pentafHWﬁ@@Bﬁéﬁ?w?B@ﬂﬁﬁ@H%é”@@@mﬁm“asngﬁﬁﬁﬂﬁlnﬁwﬂmﬁ &ke i ni dazol e

(2.94 mml) o aé%?ﬁlt&edz%?d tH0solventIémeVER to) givefa Videb RlIN.8)NghMer e partly
dissolved in 50 n_ of toluene. This mxture was refluxed for 5 hours to

gi ve a whi t ecrysigumndnct wenghrojpitessaphedibrongtymshor plug etsilicg eehpyelvEon ¥ith, washed
ot |h dhgiéggﬁ) %HE Tc%%c qﬂ@ﬁex gv 8}%9 @egmo@wamo% V&3 2dag of product.

m.p. 172-174 °C. ‘HNMR (CDClg, TMS) 8 1.25 (d, 6H, J = 7.0 Hz, CHs), 2.47 (s,

3H, CHs), 3.00 (m, 1H, J = 7.4 Hz, CH), 6.76 (s, 2H, C:H3Ny), 7.49 (s, 1H, CsH;Ny),

7.38 (d, 2H, J = 8.4 Hz, C¢Hy), 7.42 (d, 2H, J = 8.8 Hz, CsHy), 7.80 (d, 2H, J= 8.6

Hz, C¢H,), 7.81 (d, 2H, J = 8.6 Hz, CsHy); *C NMR (CDCl3) 5 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,

BF3-Et;,0) § -8.73 (s, 2B); '°F NMR (CDCls, CFCls) § -165.01 (s, 2F), -159.23 (s, 1F),

-132.49 (s, 2F). Anal. Calcd for CssHarBaFsolNs: 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 M¥PDF",D,M*® material sold as UV9315 by General Electric Silicones.

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

+
C
e < > ! < > o H3 (cstkB\N/CSN/B(cstk
\CHa \__/

The comparative iodonium salts are as follows:

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



WO 03/ 062208 Synt hesis of (4-isopropyl phenyl)-4'-nethyl phenyliodoni um

i m dazol i de PCT/US02/ 38227 [(C6F5) 3B- C3H3N2- B(C6F5) 31 [HNEt3J (0.41 g,
0.344 mol) was dissolved in 15 nL of nethylene chloride.] 1t 2066 s

sol ution, (4-isopropyl phenyl)-4"'- nethyl phenyliodonium chloride (0.14 g,
0.378 mml ) in 15 nL of nethylene chloride was added at room tenperature.
The solution was stirred for 2 h in the dark. The precipitate was
filtered, andV@Pi06288 vent renoved to give a viscous oil kd/dssr@)2s The
crude product was chromat ographed t hrough a short plug of silica gel by
elution with a mxture of CH2Cl12 and hexane (1:1) to give a white powder

(0.45 g, 92%Coimpbahd:3 - (MSpproﬁﬁﬁ:eﬂM’Cﬁaethyﬂlbhbﬁﬂ?oio@i}ﬁl&lonR/B) S 1.25 (d, 6H, J=
7.0 Hz, CH3), 2.47 (s, 3H, CH3), 3.00 (m 1H, J= 7.4 Hz, CH), 6.76 (s, 2H,

C3HBN2), 7. 4 4 Hz, O6H4). 7.42 (d. 2H
J= 8.8 H, c&ﬂ&’?“‘%‘ %gmgﬂpheﬁ‘zn‘g g‘q’ﬁﬁh%h%@ﬁ%)‘é% 81 (d, 2H J= 8.6 He,
(05 H4) 13 C NWa(ﬂ@@@ﬁ@tlr@h@@l)BoratQ,@b@me@@ IQ’IOdOSll 2074 from Rhodia.

109. 1, 109. 2, 125. 8, 130, 3, 134. 2, 136. 5, 136. 8, 148. 5, 158.9: 11B NVR ( CDCL3,

BF3Et 20) S - & 5 -2BsoprbHip MR A Gk el ibdodhmS - 165. 01 (s, 2F), -159.23
(s, 1F), -132 s% p%ﬁ’ Cal cdfo?rgCF:SSHZIBZFSOINZ C, 46.25; H,

1. 48. Found: @*‘A@W@WOP%‘F“YQE@SE EXAMPLE 1 Sol ubilities and photoactivities
were determ ned for these new iodoniumsalts and for four conparative
i odoniumsalts i nmompmwéfumﬁddaﬁaﬁ splOwshiviTedtddyisusliyl 40 8.a588 weightpol ymer

VEPDEPXDy MEP nat er i ?.: S lﬂﬁ @?3?'15 by Gener al arﬁ ry' c Silicones. The
structure of PEiER 81 STMGIBHF RRCFiop ¥ahseR IRGthe photectiis ent ed bel ow:
CH3 CH \ CH3 d&fmifioR.Bondtd (¢Empad@ N wHdisdlved afl. 25 B By veilghtGian 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.
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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 Uliraviolet 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 (A7sp/Ai730)0 and (Ago/Aj730)n are the

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

11



10 17 JUL 2006 WD 03/062208 Table |I. Solubility and Photoactivity Test
Resul ts PCT/ US02/ 38227 ConpoundSol ubility in UV9315Phot oactivity i rg UV9315
No. (Maxi mum f pm of conveyer where snear- free cure is obsé?vléé 29“ 1Very
good28 2*i nsol ubl e3 3*i nsol ubl e0 4*Good28 5*Good28 *Conpari son Exanple 2
Phot oactivities were determ ned for the new iodoniumsalt and for the four
conparative iodoniumsalts in cycloaliphatic epoxide (UVR6110, trademark of
Uni on  Car bi d¥Of§4220bow Cheni cal Co) using FTIR Sol uti ofCTafSozpstdrat e
(conpound 5) in nononmer UVR 6110 at 1.00% (wt) was prepared and used as a
standard. The other iodoniumsalts were prepared at nolar concentrations
equal to gallate 5. A Gmugpsiof=/[led8h/sododtH (Bmo/Amsdadnoi®8te UVR 6110 was pl aced
bet ween two pi eces of polyethylene plates spaced with a Teflon spacer

(0. 015m) . Theclbsegramindtioh showad that a shight diffecbned in colnfduedsdri follosdsheunder a WV

| anp (System LC-06-T3 from Anerican Utraviolet Co.). The IR peaks at 790
and 1730 cm wedeeof galldtofie dorlate 4FTimidlazelide | Aatgnaned >axshieridd inct i on of dose.
The peak at 1730 cm' was selected as the internal standard, and the

The general conclusion from both Examples is that compositions of the
invention provide good catalyst solubility and photoactivity in organic epoxy and

especially epoxy-functional siloxane systems.

While preferred embodiments have been shown and described, various
modifications and substitutions may be made thereto without departing from the spirit
and scope of the invention. Accordingly, it is to be understood that the present

invention has been described by way of illustration and not limitation.

12



conversion was cal cul ated fromeq. 2, where (A790/A1730)o and (A790/ Al 730)n
are the area ratios of peaks at 790 and 1730 cm 1 at begi nning and at dose
n, respectively. 11 17 JUL 2006 WD 03/ 062208 PCT/ US02/ 38227 Conversion= [1
- (A790/ A?.730) 0 (A790/A1730)n 3 x 100% A cl ose exam nati on7 gjopms t hat a
slight difference in conpounds 1-5 followed the order of gallate 5 >
borate 4 > imdazolide 1 > antinonate 2 >> chloride 3. The genera
conclusion fromboth Exanples is that conpositions of the invention
provi de good catal yst solubility and photoactivity in organic epoxy and
especially egoxy-functional sil oxane systens. Wiile preferred enbodi nents
have been and descri bed, various nodifications and substitutions nmay
be made thereto without departing fromthe spirit and scope of the

| nvention.y, ACC?(&Bn%'si‘ﬁon,'cBm?ﬁsih? (D% daneiREly QORmichAdbld fRrdakikemE | nvention
has been described by way of ilTustration and not limtation. 12 17 JUL
2006 CLAI Wit .and\()dropoé D1 tockf, pads bpweightagr 19Qparts by ameigbhefdal afyanpol yneri zabl e
or crosslinkabl & rfesi 0 and (b) fromO0.01 to 20 parts by wei ght per 100
parts by WBIGhELAE RN 2 “onium salt of formula (1) QA (1) wherein Q+
is a oniumcation selected fromiodonium pyrylium thiapyrylium

sul phoni um phosphoni um fer r@cgni@m or di azoniumions, A is imdazolide
anion of formula (I1) (R 3M-LNMR 3)" (1)

wherein Q" is a onium cation selected from iodonium, pyrylium, thiapyrylium,
sulphonium, phosphonium, ferrocenium or diazonium ions, A is imidazolide anion of
formula (II)

(R'sMt-LN-MtR'5)" ()
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 selected from —CF3, -

NO; or —CN, or with at least two halogen atoms.

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

salt of formula
®REARY A ()

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

6 to 24 carbon atoms.

3. A - composition according to claim 1, wherein said onium imidazolide salts

are given by formula (IV)

13



wherein LN is imdazolide group, M is B, Ga, In or Ti; R are identical or
different and represent a nonoval ent aromati c hydrocarbon radi cal havi ng
from6 to 14 carbon atonms with at |east one el ectron-w thdraw ng el enent
or group selected from-CF3, - NO2 or -CN, or with at Ieaaty il ogen
atons. 2. A conposition according to claim1l, wherein said oni um salt IS an
i odonium salt of formula (R2-1-R)+ A (l111) wherein R2 and R3 are each
i-ndependently a nonoval ent aromatic radical having from 6 to 24 carbon
atons. 3. A conposition according to claim1l, wherein said onium

I mdazolide salts are given by fornula (1V) 13 17 JUL 20060 R~ R(R6)e--(Ck
\19 / FINJI h(7R) RRo g\ L (ORS)d wherein N(R13)3g
T R‘)c n(R, l
,——sll—-— (R)e—(O) //— : _{\'\ (O}——(R%) ——slu———a“
R® __ 1
n (OR5 (OR"). . av)

(R™)B N/\ _—~BRY);

\Q_/N

wherein

R* R5, 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’,R®, R’ 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
consisting of —C¢Fs, -C¢H4(CF3), and —CgH3(CF3)y;

¢,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+1 not exceed 5.

4. A composition according to claim 1, wherein said cationically polymerizable

or crosslinkable resin comprises a monomer or polymer said monomer or polymer

14




om ~~, i B(R13)3 R4, R5, R7 and R8 are independently an al kyl group having
froml to 18 carbons wherein said alkyl group nmay contain ether or

t hi oet her groups; R6 and RO are independently a divalent ali hati%

hydr ocarbon radical having from1 to 18 carbon atons per rbﬁﬂ&bﬁqﬁmherein
said al kyl group may contain ether or thioether groups; R7, R3, R9, R10,

R' and R12 -are independently a nonoval ent hydrocarbon radical having from
1 to 18 carbon atons, wherein said alkyl group may contain ether or

t hi oet her groups; R13 are identical or different and selected fromthe
group of g st z = , and
~ o6H3( c:|:3)s'béb!g Sslingd ﬁﬁ?‘mﬁ’?r?fbi"nﬁ%?&irﬁ?‘% ﬂﬁﬁé‘%&%&‘gﬁ{g?‘;’% %@9’{%5 @3?: 4 or 5, with
t he provi sunyllether grawgs, afd axkene grongs. c+d+g and h+i +1 not exceed 5. 4. A
conposition according to claim1, wherein said cationically polynerizable

or crosslignkabl,e resin conpri.ses nmnoner, or. pol. r _said. omer or

pol ymer ng{'-O) )A(-:mli’go-s‘-nﬁﬁ’fo'%ﬂflaﬁgi @fﬁf@ﬁ‘@%‘éf@‘%’%@%‘%@%&%&%i onal group
sel ect ed fepoxy-functichaDeHVirg0 BhbS findforad sikRecredh; AU &) frovi MY ko B0 fiees gr oups,
and oxetane groups. 5. A conpositiaon, conprising: 8a) a cationically

pol yner i zdWvEeigt perr 108 peithiaweight of G0 an Wﬁ%‘ﬂisﬂh@[?fo@?‘ﬂ%ﬂhyl et her- functi onal
siloxane resin; and (b) fromO0.1 to 20 parts by weight per 100 parts by
wei ght of (a) of an oni umsal@gﬁf (f)orrrula (1) @ A(l) wherein Q+t is a

oni um cation selected fromiodonium pyrylium thiapyrylium sul phonium

phosphoni ype & 86F 96 £ Bt Qfiof iR RAI86M b8ktum HybyliulMefigsshilbe ani on of
sulphonium, phosphonium, ferrocenium or diazonium ions, A is imidazolide anion of

formula (I)

[R:ME-LN-MtR's]” (1)
wherein LN is imidazolide group, Mt is B, Ga, In or TI; 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 selected from —CFs, -

NO; or —CN, or with at least two halogen atoms.

6. A composition according to claim 5, wherein said onium salt is an iodonium

salt of formula
(R*-R]" A ()

wherein R? and R34 are each independently a monovalent aromatic radical having from

6 to 24 carbon atoms.
7. A method of preparing a cross-linked coating comprising:

(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,;
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formula (1) [R3M-LNNMR 3] (Il) wherein LN is imdazolide group, M is
B, Ga, Inor Ti; R are identical or different and represent a nonoval ent
aromati ¢ hydrocarbon radical having from6 to 14 carbon atons with at

| east one el ectron-w thdraw ng el enent or group sel ected nﬁﬁn @E -

or -CN, or wth at |east two hal ogen atons. 6. A conposit Ia@ rdi ng to
claimb5, wherein .said oniumsalt is an iodonium salt of formula ‘

([R2-1-R3]+ A (11l1) wherein R2 and R3. are each independently a nonoval ent
aromatic radical having from 6 to 24 carbon atons. 7. A method of

prepari ng ‘als:;hﬁ@@ohdd‘ﬁﬁmldf(}‘@iﬂﬂg orrprl sing: (a) applying to a substrate a
sol ution conprising an cationic I&FMﬂg perizable resin containing 0.01 to
B

20 wei ght percent of an oni um(BaMt' }nﬂlh (ry ot A (I) wherein Qis an

oni um cat i 51 RGL ekl LS ONB, EQRLPT: RY 12l 98aN, W, Sp! Foni um

phosphoni um ~Terroceni um an ‘azoni um m dazol i de

ani on of fmﬂmﬁreseﬁtlal I)mno(vﬁe&l\ﬁrerhiﬁcl‘}tyﬂoaérbodr’adh):alWﬂﬂﬁgiframlﬂ\iollﬂ chrigbglazol i de
group, M |; R. are.identical or different and represent

a nonoval ear'i‘fm%lY’B%ttlF@t ?f}?cﬁl‘?%%?%‘il‘i TaRneclmenLen gepprselsaie fiom < Ficar bon  at ons
\-NI }\I?)Zagrl ?[gftop@qq el 65 a P{é%%né‘%@ﬂ‘ﬂé%hg?’“ﬁl ement or group selected from -CF3,

or With at ogen atons.

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

thereby
(c) forming a cured coating.
8. 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)

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

[R'sMELN-MRR] (I

wherein LN is imidazolide group, Mt is B, Ga, In or TI; 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 selected from —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.
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(b) shining ultraviolet Iight or electron beamradiation on said substrate
thereby (c) formng a cured coating. 8. A nethod of preparing”aJ
cross-1linked siloxane coating conprising: (a) distributing on l&u@gqrate
an epoxy-functionalized siloxane resin containing 0.01 to 20 wei ght

percent of an oniumsalt of formula (1) Q- A (1) wherein Qis an onium
cation sel &t ed 4 ewsting peepgred gcardingite thergetbed plodeint Ut 8sul f oni um
phosphoni um ferrocenium and di azonium A is imdazolide anion of formula
(1) [R 3M-LNNMR 3]" (Il) wherein LN is imdazolide group, M is B, Ga,
In or Ti; RO.ar e\n et ibeaingod caditih f ehietcompositioepf elsignt. a nonoval ent
aromati ¢ hydrocarbon radical having from6 to 14 carbon atons wth at

| east one el ectron-w thdrawi ng el ement or group selected from-CF3, - N2
or -CN, or ith : . t e Lniag ultraviolet |ight
or eIectro%W%eaégi%d?%?%%ﬁﬂ%%a%%?ggggﬁéﬁr ?%ﬁ?%g$§%€ﬂ?b) formng a cured
coating. 16 17 JUL 2006 9. A coating prepared according to the nethod of
claim7 or 8. 0. An article bearing.,a coating .t conposition of claim
AT A1 ditieis Bty e BoRiiia fompan b aitnE o or i e, ' 15 Yan
article bearing the crosslinked conposition of claiml1l. 13. An article

bearing the crosslinked conposition of claim5. 17
13.  An article bearing the crosslinked composition of claim 5.
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