relates to highly reactive borate photoinitiator conpoun ns
conprising these conpounds, and to the use of the conpou The use of
borates as photoinitiators in.conbination with coinitiators is known in the
prior art. For exanple, US Patents 4, 7724530, 4, 772{541 and 5, 151, 520

di sclose triaryl alkyl borate anions wth catlonl C dyes for exanple

cyani nes, rhodam nes, etc., as counterions. These conpounds are enpl oyed as
phot oi ni tLat etnt 4,954,414, cationic transition netal

conpl exes2HE Qlopolymerizalion | ) kyl borate anions in

phot opol yneri zabl e conpositions. From US Patent 5,055,372 it is also known
to use quaternary anmoni um conpounds, for exanple tetranmethyl amoni um

pyri di ni ufipe melytiqnyrelatbsiomighlyetaactivealmraketpimtdinitiatomﬁmdtmds, tbeotripesitionsar y |

it ar ongirrerayRy s eBBoute: e b g S BeRrfloalh: ' T phot ocurabi e
materials Abﬁ?ézﬁ lﬁsrééé agiﬁot?:ﬂ'ﬁtlalﬁrsph E&hblﬁa%lﬁ?coﬁﬁé@f'seﬁ ’knb\ﬁﬁ lirt’fﬂb%or

trimesity orate ers, are use

(oxo) sul f%.FLﬂheesemﬁleelé@sPatentS%'&?%&?@ 4,77 2:54i1 \?@dﬁa@eﬁzﬁd@ﬁmﬁ taawl alky of
phot oi ni tb@h@rmoﬁshﬁtmat@nit dy%ﬂtl’of Gia?ﬁﬁleb RikGS, ritdaRtines, b, sslcddh@ribRact i ve

d It h f t d
SO e o Gigs el U et SRS RES 7 e P EHEPBLE BT oo e
propert i etansition rhetghcahapjexas. aré lused togetiter with ttfeeryledlion borateoaniodmssinconpounds of

the for Wmﬂo@?&]iagle compos t1ons From US Patent 5,055,372 rthls LfSibr anopﬁé{m ch

Rlerr] an Ohe> aBot hat >are
aromati c ﬂHﬁiW@@ﬁfrmoant W@OWSH@U@X@FQG tﬁttameélatlammomnc Pylflfélﬂumal s are

unsubst i t sgtAByrHdi nlérheeﬁ:mé%tcbﬁbﬁl@@!odmé'l WE%é’Ma@i Qlky'l]b'ogtér r]al kyl,
C[err]-C[erL WFE‘W |t§ I S mterru& by re radical s O
S(O[err] Ing ipn, tge borates are employed in assoclatlon with aromatic ketone mmator
compounds as coinitiators in photocurable materials. In EP-A-555 058 and JP-A Hei
5 255347, borates, including trimesityl butyl borate among others, are used as coinitiators
for (oxo)sulfonium complexes.

A- 20640/ AA-20640/ABor at e coinitiators for phot opol yneri zat§i | nvention
ds

For the extensive range of applications of photoinitiators, there is a requirement in the
industry for stable reactive compounds.

. It has surprisingly now been found that monoborate compounds which are ortho-substituted
on at least two aryl radicals possess these properties to a high degree. The invention
therefore provides compounds of the formulae | and I’

R, | R

R—B-R, |a* | | i -

4 2 G 0 Ri_'?—Rg_a—E (9]
R, R,

in which .
R; and R; independently of one another are phenyl! or another aromatic hydrocarbon, with
or without any heteroatom, which radicals are unsubstituted or are substituted 1-5 times by

C1-Caoalkyl, Co-Czoalkyl which is interrupted by one or more radicals O, S(O), or NR, or are



- 2- substituted by ORerr], Rerr]S(Oferr], Rerr]S(O[err]O
Rlerr]Rlerr]N, Rlerr]0C(O, Rerr]Rerr]NC(O, Rerr]C(O),
RlerrI][Rerr]Rerr]Si, Rerr]Rerr]Rerr]Sn, Rerr]Rerr]B, halogen,
Rlerr]Rerr]P(OJferr], and/or CN, with the proviso that the phenyl radical
or the other aromatic hydrocarbon radi Caf are substituted in at |east one
0-position, or Rerr] and Rl err] independently of one another are CJerr]-
Cerr]al kyl which is substituted by R err]Rerr]Rerr]Si, or the radicals

CLer ] A i 58, LA oo PSR, B IO AR B b s

formul ae ||:h9R1JF*1 rpIRthgBEH ASk p(o; QAdRF ON, e substituted by
Clerr]-Cerr]al err -(err "whi ch i s mterrugﬁe one or nore

radi cal s mtlebeymsqt erthmnpewl]rad;?alar thegther aromalieh icals are
Rl er r] S( Odyktledh &f lehst(drkld 6§r@n Rire, rahB[F?zr fnhéberﬁeﬂﬂf' b@(@notﬂ%@&@ﬁ-@

Rerr]C(O, e err err err] Rl err] Sn,

Rlerr]R eer}%Kb)‘{h&hr'fs yed @p‘ﬁ‘]o 1§h e rap{cglls@ ang W@W%E‘i’&?s&’ anot her
di val ent | t hout any heteroatom which

radi cal s ?@%ﬁ%‘%ﬁ%@?ﬁmgyg rsﬂgggt"m uted 1-5 tinmes by
Cerr-Cerr]Jalkyl, Ceer]-(Jerr]al kyl which is interrupted by onpe~Qr nore
radi cal s 0, S(O)[err] or NR[err], or are substituted b ‘
Rerr]S(Oferr], R[err]S(O)[err]O R err] OQ

Rlerr] R err] NC( Y ¥ ,

R err]R err] B, d
phenyl - err] - CRerFal fre rr]al ky s
substituted by R[err/] err]R[err > or anot hey aronatic
hydr ocarbon, with or w thout any heteroatom where t he pherdyl radical or
the other aromatic h)f@rocar bon radical sMe unsubstituted or(lbye
substituted 1-5 tinmes by (err]-Cerr]Jalkyl, Cerr]-Cferr]alkyl which is
I Nt er r upt eghdry ttegromaticeings incthe ¢orhmile@, Il ﬂié@'[llbran} unsublsiussd gr,are sulsstituted by

3+ G 5 L Ly e o b i R s f AL

(I'«:’I[\Ier r ]4R[ eréxbﬁlﬁtaferd]b?roﬂfh[ﬁs(fb Rdst(bﬁo RaRANy mgd@)%‘ gvhﬂ[l?@():][ R{GID) EﬂsﬂoR@i,d/ or
i's ot he i C rbon err err]al
derr]- C[ &P%ﬂ r\%geﬂ 'E‘%Fa %’%% one or rmre radlcals Oy

917 S4Bl A DA e e

radi cal.s pudiclyra lmmemsubstmted or W&tﬂﬂ -5 tqres yiztfféna*M|¢ey¢zpalkyl

ﬁ[ag[][ ]hqu %E{tr rﬁi!&éﬂhﬂéh b %e?jzx‘ndgﬁsrﬂa{udml@be 10 ,,GF NF(.;J Grqré’ Eﬁﬂ@idfélé b)ﬁbﬁs
Rlerr], 5000 Fo PR RaGGER) WD), Rl el i, el

Rl er 1] R erRLAGEDalofbre RoREPD), ﬂd%r@ﬁi[cﬁ'rﬂz], Jﬂ'rehllISDrCHII@ldan[ err]Rerr]Sn,
R12R13B, hﬁl 09§ @1- (ﬁ<y5 lvﬁ{cﬁrlsr lt%a ﬁrt(r?ruaeby QRm él or |9\Ip’henyl or another aromatic

hydrocarbon, with or without any heteroatom, where the phenyl radical or the other aromatic
hydrocarbon radicals are unsubstituted or are substituted 1-5 times by C4-Caalkyl, |
C2-Caoalkyl which is interrupted by one or more radicals O, S(O), or NRs, or are substituted
by ORg, ReS(0)p, ReS(0).0, R7RsN, RsOC(0), R7RsNC(0O), RyC(O), RgR10R11Si, RgR10R11Sn,

Rq2R13B, halogen, RgR1,P(O)q, and/or CN;
- Rs s phenyl, another aromatic hydrocarbon, C4-Caealkyl, C2-Czpalkyl which is interrupted

by one or more radicals O, S(O), or NRs, or is C3-Cyocycloalkyl, C,-Cgalkenyl, phenyl-C,-
Cealkyl or naphthyl-C4-Csalkyl, where the radicals phenyl, another aromatic hydrocarbon,
C1-Caoalkyl, Cs-Cyocycloalkyl, C2-Cgalkenyl, phenyl-C4-Cealkyl or naphthyi-C,-Csalkyl are
unsubstituted or are substituted by ORg, ReS(O),, ReS(0)20, R7RsN, RsOC(0), R;RsNC(0),
ReC(0O), ReR10R11Si, ReR10R11SN, Ri2R13B, halogen, RgR10P(O),, and/or CN;



- 3- E IS R[err]R[err]R[err]P Rlerr]Rlerr] S or Rlerr]Rerr]Rlerr]N,
[err] n Is 0,1 or 2; Rerr] is-hydrogen, (Jerr]-(err]alkyl,
phenyl -Clerr]-Cerr]al kyl or phenyl where the radicals phenyl-Clerr]-

C err]al kyl or phenyl are unsubstitued or are substituted 1-5 tines by
Clerr]-(err]alkyl, Cferr]-(err]al koxy apd/ or hal ogen; R err] and Rlerr]
I ndependently of one another are CJerr]-([err]alkyl,

phenyl - C[err] C err]al kyl or phenyl, where the radicals

phenyl - are unsubstituted or are substituted
1-5 ti rres Fb%\s#‘]‘il:’@[‘:gﬁﬁ 'ﬁwﬁﬁ%err] ( err]al koxy and/ or hal ogen;
Rerr], R[err] and R err] independently of on anot her are
Cerr]-Cerr]al kyl err]- rr cl Clerr]-derr]al kyl or
phenyl whefe t'%@”%%ﬁ%l’ﬁgbﬁﬁéﬁpeﬁﬁ(ﬁhé ﬁél"z)m'phenyl are
unsubstituted or are substituted 1-5 tines byCC[err] d err]al kyl,

Cerr]- C[err]al koxy, R err]OC(O, CN and/or halogen or R err] and R err]
together with sle1Ndr@& omto which they are attached, forma 5- or 6-
menber ed rlng xgra garray additionally contain Oor S atonms; Rerr], Rerr]
and R[err] i ndBen ently of one another are Clerr]-Cerr]alkyl,
C[err]C[erp]cysO,ohbka‘l, phenyl -Clerr]- (err]al kyl or phenyl, where the
radi cal s phenylogrﬁir?r]-qerr]al kyl or phenyl are unsubstituted or are
substitut &b 175 s by Jerr]-Cerr]Jalkyl, (err]-Cerr]al koxy and/ or

hal ogen; MRer rig hypdrdgéty, @ﬁ&ﬁlhﬁﬂﬂﬁﬂdl&?{-c?allql ooptengh eiheee tharadicals phenylfr

err r cl oa or
pheny! wh e e Anepyiep uhapsbien are furstivtod LB e Grsbrty. e eky
unsubstl t Wrebraloglel; substituted 1-5 ti rres by (Jerr]-Clerr]alkyl,

d h th t

atom ¢ oqmﬁ*«eéﬂﬂﬁéx%aé‘é B LGRS e A5 20 S bbb ®
Rlerr] andyidre ltﬂd raumdmm?mi-asamiyl onshenybareinsastituted or dreGubstitliebys |
Cerr]- C[err X,l g[ ré (i[werr(}l@yﬁ#oal kyl, where the radicals
derr]- ‘% Vl§ 69@'{\’ T '@B? a °ge&{err] Cerr]cycl oal kyl are
unsubst i ttﬁ,eﬂa ahd €ing hw eﬂormfarﬁ[tleérra}@@Qm{aWNca@md%aan&l, R[ err] and

Rlerr] are phe err -CJerr]alk whi ch i s unsubstituted or

subst i t ut RNCHH t@s kyl er pherytwhere %m@ﬁ @?Wb@k?ﬁmkytf’émﬁWtﬂ@r r ] al koxy or
P?ngegil Mng??ﬁn_tt&@&?{hgé’%ﬂﬂéhtutéde‘;lraiﬁﬂé%guryﬁ@‘fg lk?f 01%1%%%9 Izér?@(@) OOR afne/oli 'SV:
r adi cal W,haéqgegn C&’ma@dﬁ; tpgéthgrp\@lgh llw%a;oghga whlch ey are attac ed, form a 5- or 6-
membered ring which may additionally contain O or S atoms;
Re, Ryo and Ry, independently of one another are C-Cyralkyl, C3-Ciocycloalkyl, phenyl-Cy-
Cealkyl or phenyl, where the radicals phenyl-C;-Cgalkyl or phenyl are unsubstituted or are
substituted 1-5 times by C4-Cgalkyl, C-C12alkoxy and/or halogen;
Ri2 and Ry3 independently of one another are C-Cyzalkyl, CsPC]gCVClOa‘RYI, phenyl-C;-
Cealkyl or phenyl where the radicals phenyi Ci-Cealkyl or phenyl are unsubstituted or are
substituted 1-5 times by C4-Cgalkyl, C1-Cy2alkoxy and/or halogen, or Rq2 and Ry3 , together
with the B atom to which they are attached, form a 5- or 6-membered ring;
Ris, Ris and Ryg independently of one another are C-Cizalkyl, Co-Cyqalkenyl, Cs-
Ci2cycloalkyl, where the radicals C4-Cyalkyl, Co-Ci2alkenyl, C3-Ciocycloalkyl are
unsubstituted or are substituted by RgOCO or CN, or Ry, Rys and Ry are phenyl-C,-Cgalkyl,
which is unsubstituted or is substituted one to five times by C,-Csalkyl, C,-C2alkoxy or
halogen, or are phenyl which is unsubstituted or is substituted one to five times by
C+-Cgealkyl, C4-Cy2-alkoxy or halogen; and

G is a radical which is able to form positive ions,



- 4 - with the proviso that, if Rerr], Rerr] and Rerr] are
2,4,6-trimethyl phenyl, Rerr] is not (Jerr]-(ferr]alkyl or Cferr]-

C8al kenyl In conbination with coinitiators these conpounds are highly
reactive initiators for the photopol ynerization of ethylenically
unsat ur at ed conpounds. I n the conpoundg_of the formula |, at |east one of

the radicals R err] and R err], provided that they are not
Rlerr], Rlerr]Rerr]Si substituted CJerr]-Clerr]al kyl, are each a phenyl

ring which is substituted ortho to the nd t he horon atam.or i ot her
aromati c WiRsRIPYsA thatcll BalPaaiode Fo %%rtr'e'&ﬁwiphﬁr'ﬂdéf B ekl ofe
boron at ogaikdryno- substitution here is generally understood to nean a bond

in the o position of the aryl ring with respect to the boron central atom
thus including, for exanple, a fused-on ring. In accordance with this

definitio g I ' | 06 B xanpl e
napht hyl , ma?ﬁﬁ%@“rvﬁkhg@? r?‘ﬁ%,tﬁg%’ef%dr@ﬂ\?ﬁgghé @?@ﬁ%ﬁ"?l& tut eﬂsgﬁtﬂg to the
bond to t heotopelpmedzationof etylemicallnposaliptedspmOUAEHons as may be present in
t he novel conpounds may, for exanple, contain one or nore, especially 1 or
2, heteroatons. Exanpl es. of suitable het er

tons, a N P or. S

pr ef er abl {n e gempounds,ohihe forguiarl, ghlgasto 3&%&8[?%‘6@‘@34' ?’QA’F"&%&H%W?Y
[err ]h alnde 5t {Hg;R}a@lh\Siﬁstlitetddlmﬁm%élkg{lbémmu la, phenyl ring, which isrsphstityted orthcl)
tri pheny n | papnht ant.nr - : - or
fur ane 3. y P e op R BN gronf 18 Biior el RiakormoR Yodcat e Sfncail
pyri di n- 4hipdexgdiarthioytd the boron atam.dDiro-substittion hereyis geperally understood tg mean a
0- . M or pBd AR 8'PEsitidh ©f the aryl ring with respect to the boron central atom, thus including,
Lerr] for example, a fused-on ring. In accordance with this definition, therefore, some polycyclic

aromatic hydrocarbons, for example naphthyl, are also rings (ring systems) which are

substituted ortho fo the bond to the boron central atom.

Aromatic hydrocarbons as may be present in the novel compounds may, for example,
contain one or more, especially 1 or 2, heteroatoms. Examples of suitable heteroatoms are
N, O, P.or S, preferably N or O. Examples of aromatic hydrocarbon radicals are phenyl, o—

and B-naphthyl, stilbenyl, biphenyl, o-, m-, p-terphenyl, triphenylphenyl, binaphthyl,
anthracyl, phenanthryl, pyrenyl, furan-2-yl or furan-3-yl, thiophen-2-yl or thiophen-3-yl,
pyridin-2-yl, pyridin-3-yl or pyridin-4-yl quinolyl or isoquinolyl.

Stilbenyl is @—CH=CH—® Biphenyl is
o-, m- or p-terphenyl are </ \>_</ \> </ /y




- 5 - ' Tri phenyl phenyl is ' or

Bi napht hyl is Ant hracyl is [err] or [err]
Phenanthryl is [err] or Pyrenyl is J[err]
or [err]

-5-

D OO
O

" Triphenylphenyl is

Binaphthyl is OG 60
e SO+ O

Phenanthryl is - or O%
Pyrenyl is O‘ or O@



- 6- Furanyl is furan-2-y| or furan 3-yl. Thiophenyl is thiophen-2-yl or
t hi ophen-3-yl. Pyridinyl is

[err]] pyridin-2-yl, pyridin-3-yl or pyridin-4-yl. Quinolyl is or
[err] | soquinolinyl is or | f the radicals phenyl,
stilbenyl, biphenyl, o-, m or p-terphenyl, tri phenyl phenyl, naphthyl,

bi napht hyl, anthracyl, phenanthryl, pyrenyl ferrocenyl, furanyl,

t hi ophenyl, pyridinyl, quinolinyl or |soqurnolinyl are substituted, they
are so one to four tines, for exanple one, twd or three tines, 5 aIIy
one or twburanyids fursiiBH pr twean-3-vb T hiopbenyl &WIOPF‘P'PFQ ¥ pethigrben;3-l; Ryridin "F
positions 2, or in 2,6 or 2,4,6 on the phenyl rrng Cerr]-Cerr]
linear or branched and IS, for exanp Clerr €
[ er r | - J pyridin-8:l, oyedin3-yijos pyridin-dpyl. ermlvm es v
i sopropyl, n-butyl, sec-butyl, isobutyl, tert-Bu pentyl
2,4,4<trinethylpentyl, 2- eththexyI, octyl, nonyl, decyl, undecyl dodecyl
t etradecyl, pentadecyl, hexadecyl , hept octadecyl, nonadecyl or

el cosyl . Epr £X or T NN s err]eCaer] N kyl, in particular

d err] - ] BOAYIRP abll O 8 r - edded allkyl, for exanple methyl or
butyl . \MmeRMH] ] are Rlerr]Rlerr]Rerr]Si
substituted Clerr]- C[err]alkyl then the al kyl radical is, for exanple,

( err] - gihd sidkcals plféhyﬁ‘etrlbéd\w, Kipiesnyl, oQ[mmr]pﬂe}!gHenyptrﬁen;dﬂhgnyl , naphthyl, e
rr r

and' Cf or + prepBhyh anlreyl Bhendhgif] blshyblenboBi, il tiontiEnfi byidi, 11 & 1Y

exanpl e, thieolkiny onmqmndrnym'e(subsdutaddhey are sawonehto fountinass, imcﬁxﬂgﬂplﬁnﬂﬁer of

C ators. Ri'\?éer t]me&%%dllall rFer&r]two E#ubsﬁhﬁhf&on tﬂ[e‘ijhbﬂ\yl my@ré] and

R err] are Por exa I{e ecially (Jerr]-Cerr]al kyl,
pr ef er abl prefgrably)io @@F?']sﬁvla'/'l £ 246 /pHe phawlAingr bt yl .
Clerr]-Cferr]al kyI substituents for phenyl Jerr]-Cd err] aI kyl or phenyl

are, in part I, rr r for., e I

& o7 ] of By s R e tranerieia Yot el s, En £ o Gt Ca g collon.

-S(Oerr Examplesl‘ﬂ atethyl, atisyl, gropyl dseprppyd, n-butyk secrpuiyll |Sbb9tyt, lterbbl,ltyl‘ pentyl,

exanpl e 1 0. Thi s

oraduces Loyt lnyloAgE 2 ymeh, oo e oy et K.

-CH err] dqtmpylmwmg begadecyl, heptadecyl ocC decyl nonadecyl or eicosyl. For
example, Ry is C-Cgalkyl, in particular C,-Cealkyl, preferably C,-Csalkyl, for example methyl
or butyl. Where Ry, Rz, Rs and R4 are RgR10R11Si substituted C;-Czoalkyl, then the alkyl
radical is, for example, C4-Cizalkyl, especially C-Cgalkyl, preferably C-Caialkyl. Methyl is
particularly preferred.

C:-Calkyl and C4-Cgalkyl are likewise linear or branched and have, for example, the
definitions indicated above up to the corresponding number of C atoms. Rs, Re, Rz, Rs, R,
Ri0, R11, Ri2 and Ry3 are, for example, Ci-Cgalkyl, especially C1-Cgalkyl, preferably
C;-Cqalkyl, for example methyl or butyl. C4-Cealkyl substituents for phenyl-C+-Cgalkyl or
phenyl are, in particular, C4-Cjalkyl, for example methy! 6'r'butyl.

C2-Caoalkyl which is interrupted one or more times by -O-, -S(O),- or -NR;s- is, for example,
inierrupted 1-9 times, for example 1-7 times or 1 or 2 times, by -O-, -S(O),- or -NRs. This
produces structural units such as, for example, -CH2-0-CHj, -CH;CH3-O-CH;CHs, -
[CH.CH,0},-CHs, where y = 1-9, -(CH2CH,0);CH:CHs, -CH>-CH(CH;)-O-CH,-CH>CHj, ~CHz-
CH(CHjz)-O-CH2-CHjs, -CH,SCH; or -CHz-N(CHg)..



[CHerr]CH err]O][err]CH err], wherey = 1-9,

-(CH err]CHerr]OJerr]CHerr]CHerr],

-CH err]-CH(CH err])-OCH err]-CH err]CH err], -CHerr]-
CH(CH err])-OCHerr]-CHerr], -CHerr]SCH err] or

-CH err]-N(CH err])[err].

- 7 - Cerr]-Cerr]Cycl oal kyI Is, for -e7x'arrpl e, cyclopropyl, cyclopentyl,
cycl ohexyl, cyclooctyl, cyclo- dodecyl, especially cycl opentyl and
cycl ohexyl, preferably cycl ohexyl. Clerr]-Cerr]al kenyl radicals can be

rrgrm- ﬁr| @F@Mﬁmalksdisembraaxdmree cydiapropyl ceyplopentyl, Lydiohexgk bwdl%thvl :fypn»
- di net nt adi en
5- hexenzl Eﬂoldgéyl egﬂflfa}'eésl?eeglh}gﬁfﬁ%l?heﬁylb g&#ﬁly céc 8%’&?] derr ]yal kenyl is

for exanple C[err] Cerr]al kenyl, especially (Jerr]-Cerr]al kenyl .
Phenyl - J &t Lieaflen lrr]aa.hgns lcah %e nquh"o- Eavuﬁsauba@axdnd P8\ GOy &pe, alyl methallyl

oot 2l | 1 RISy e U, S5k i o -h%? -oder,

especi al | yespbeialiy allylCiRa a5 ]G Gsalkehyllikior exainpletC.tCyatkenyl, especially C.-Cjalkenyl.
phenyl - C[err] Clerr]alkyl is substituted one to four times, for exarrple

ore ot B U led TSR A Bt S oS e
phenyl ene g’h’eﬂ h&kA o H?z dmféiﬂ]/ﬂienhﬁ éﬂfecﬁ'llif%ﬁﬂﬁ Préfdréidb is §iven to phéti“gﬁée x =1

ubstitututed phenyl 1s substituted one to five tines r exarrple
once, t wi dxatiyl, espesiallyiphesyl- 6 s0sadkyh| Substitutes! ghenyi c8;alkyhistdubstitbtadydnerto ng.

napht iyl prafyimes: il cnger i oG ifUrien, SEARIRN SRR of b FRChg AL

al kyl uni tringan be in either position 1 or position 2 of the naphthyl ring
system Substituted naphthyl-Cerr]-Cferr]alkyl is substituted one to four
times, for exanple once, twice or three tinmes, especially once or twice, on
t he ar omatPhenyl-OgSealkyldne hds-thpdreac] tinde v whiech@he ds bn thegphenyiche aing laad the
radicals and is, for exanple, nethoxy, ethoxy, propoxy, isopropoxy,

n- but yl oxy, sec-butyl oxy, iso-kugytrRxy, tert-butyl oxy, pentyloxy, hexyl oxy,
hept yl oxy,OﬂZemn ﬁletalkyimml?ldp@ht yI ety Rexywoarg x ottyboxy, nonyl oxy,
decyl -.oxy ,

Substitututed phenyl is substituted one to five times, for example once, twice or three times,
especially once or twice, on the phenyl ring.

Naphthyl-C+-Csalkyl is for example, naphthylmethyl, naphthylethyl, naphthylpropyl or

- naphthyi-1-methylethyl, especially naphthylmethyl. The alkyl unit can be in either position 1
or position 2 of the naphthy! ring system. Substituted naphthyl-C;-Cgalkyl is substituted one
to four times, for example once, twice or three times, especially once or twice, on the
aromatic rings.

C:-Ci2alkoxy denotes linear or branched radicals and is, for example, methoxy, ethoxy,
propoxy, isopropoxy, n-butyloxy, sec-butyloxy, iso-butyloxy, tert-butyloxy, pentyloxy,
hexyloxy, heptyloxy, 2,4,4-trimethylpentyloxy, 2-ethylhexyloxy, octyloxy, nonyloxy, decyl-oxy
or dodecyloxy, especially methoxy, ethoxy, propoxy, isopropoxy, n-butyloxy, sec-butyloxy,
iso-butyloxy, tert-butyloxy, preferably methoxy.

Halogen is fluorine, chlorine, bromine and iodine, especially fluorine, chlorine and bromine,
preferably fluorine and chlorine.



or dodecyl oxy, especially methoxy, ethoxy, propoxy, isopropoxy, n-butyl oxy,
sec- butyl oxy, iso-butyloxy, tert-butyl oxy, preferably nethoxy. Hal ogen is
fluorine, chlorine, brom ne and iodine, especially fluorine, chlorine and
brom ne, preferably fluorine and chlori ne.

- 8 - Were Clerr]-Cerr]alkyl is substdtuted one or nore tinmes by
hal ogen, there are, for exanple, 1 to 3 or 1 or 2 halogen substituents on
the al kyl radical. Where R7 and R3, together with the N atomto which

they are attached, forma 5- or 6- nmenbered ring which may additionally
cont ai n O Wher® G+Osalkyltid substihaed ong er mormﬂimwlbyahdagémrthemalmlf@:emamle. atted

unsatur%é} fag%ngggergg%bsem&i@éq&k H?:ﬁ pyrrol pyrrolidine, oxazole,

thlazole 'azl ne a2|ne plperldlne or nor phol i ne.
~Radi cal s generally suitable as a counterion Gto the negative borate in the

formul a | \ihgre! RS Wt&détﬁér‘%wﬁtths M&totrﬁwmﬁhbyae étﬁi&ﬁed Eemalsearef these

are al kal i met al's

conpounds mWBe’@Qtr ng rY@'"‘En m@mapglﬁptaallsmrogﬁtiamsgaq Lén%'?'gﬁ a‘%‘% F 'BYP?‘E%{%PJ? r
conpounds. exafiphy; isaiurated be ingatardtedyr tngsop exampletaziriding| pyrral pyprolidine coxadgle,

t: Zt Irggzt h%%lﬁﬁ‘i’sﬂﬁrﬁ? ﬁ%@%ﬁﬁ%ﬂhﬁ,@ﬁ%ﬂ‘% ﬁ&ﬁ‘%ﬁ*@t“"l's:{ kyl amroni um i ons,

for exanple trinethylamonium are also suitable. Suitable phosphonium and
~ammoni um cRadi¢als generaliy suitablesss spounitericnd@ ol the negative borate in the formula 1 are

[err] PR er I?ife'ﬁ% r % rr E)err]NR[err]R[err]R[err]R[err] wher e
Rerr], té%’? h &8 '?Tb'l’ g‘??'lp‘tsﬂ'e!@ Edent | y of one another are hydrogen,
unsubstit lEﬁihmés Siithede aretaiichliahdtsils, especiatinlithium onaédd!urtquuatémrylanunomum
aryl al kyl . Substi,tugn for t | kyl., cycl oal al kenyl , phen or
Brylal oyl oS, B satot ot g Frandtion et A3viatnayot o BRkK sePBP sk,
(ﬁ g. heDOf@speatény R@Yérrefdm@fa@ﬂwbmuifnvte‘ttﬁglkyllagwmﬁlkm o dyd cattmhs.rﬂ-)katj)ﬁples of el
t hi opheny tetra dr of ur an et I a m no ar box al kyl -
and ary| cehaaigy! “&'F'W'@xi]/’ Pamaﬁ%t) fetyame %WVP"'“#'HE t?@%”&&/%f?'@ﬁ?'}/’m 'trogen
may al so bénhaagﬁ trealkwaﬁum@ﬁurmmree@tnplertgmethmamhatm?@e dldo suitableg may in
turn be fused to other ring systens. Theses eﬂgsma}%/als nﬁ
addi t i onal Syftable Rhosgheniumen F‘E"‘§°“Nt°"@‘ gs¢ gk the oy l'lé‘fﬂe ¥
al so be pagdd *anthm INNEBIFE,, Hx,fFQ ) ﬁ&éﬁ&tdéﬁtly SPenBRInBthRF AR w&g&i | ane
These systens may al so contain furt het er oat ons, for ex nsp S, 0.
unsubstituted or substituted alkyl, cycloalkyl alkenyl, pheny! or arylalkyi. ubstltuents for
these alkyl, cycloalkyl, alkenyl, phenyl or arylalkyl radicals are, for example, halide, hydroxyi,
heterocycloalkyl (e.g. epoxy, aziridyl, oxetanyl, furanyl, pyrrolidinyl, pyrrolyl, thiophenyit,
tetrahydrofuranyl, etc.), dialkylamino, amino, carboxyl, alkyl- and arylcarbonyl and aryloxy-
and alkoxycarbonyl.
The tetravalent nitrogen may also be part of a 5- or 6-membered ring, in which case this
ring may in tum be fused to other ring systems. These systems may also contain additional

heteroatoms, for example S, N, O.

The tetravalent nitrogen tnay also be part of a polycyclic ring system, for example
azoniapropellane. These systems may also contain further heteroatoms, for example S, N,
0.

Also suitable are polyammonium salts and polyphosphonium salts, especially the bis salts,
in which it is possible for the same substituents to be present as described above for the
“mono” compounds.



Al so suitable are pol yanmoni um salts and pol yphosphonium salts, especially
the bis salts, in which it is possible for the sane substituents to be
present as descri bed above for the "nobno" conpounds.

-9- The ammoni um salts and phosphonium salts nmay al so be substituted by
neutral dyes (e.g. thioxanthenenes, thioxanthones, coumarins,

ket ocoumarins, etc.). Such salts are obtained by the reaction of the
anmoni um sal ts and phosphonium salts, substituted by reactive groups (e.g.
epoxy, amno, hydroxyl, etc.), with appropriate derivatives of neutral

dyes. Cor rwamapniymesalisandphasehaniume saltsemay alsgibe gubstifuted by neutiahdves(@g-
Qrx). S géﬁtha er@mmfan?ﬁﬂéé,%o%qﬁnémme?wms? @&:th)? Sﬁﬂ?sﬁdssé}e RBtained
substitute y co’? ourless el ectron acceptors (e.g. benzophenones); exanples

p
of these diydhexeastion of thesmpunonium salts and phosphoniuptsalts, subsitwted-hy rapihe

[err] [ : P

| nt er nat i rgl]lpsBﬁe&?_. §9£r)1ﬁigh|%%wa&g(@ﬁg§’ \(?Eigta%érﬁgfri%/te gﬁ{%ar“vﬁ%oi:%er%%g@cfss “whi ch
are of i ntGoreasponding examples anptiescribed incEPrA 224 967{vantaglred@TXkt yI pyri di ni um
conpounds. O her exanples to be used as positive counterions Jerr] in the
compound of the forrnual | include the follow ng: +

+ Similarly, ammonium spits aiid phosphonium saits chn Zisodergubstituted ByaotbuRess an
al kylor aerlgétrorn%%'cgﬁlors (%lgS ?)eﬁ%pth%%ges?;r &aﬁ%@so&wésesﬂg Iauantacure ABQ

SR | !
i\ e » Quantacure BPQ -~ and
c"lzﬁch'(cH,L-o C~CH:CH, ©/ @0-%—$ of

~CHzRiCH),

Quantacure BTC @’ °\©\ o from International Bio-Synthetics.
ooy,

Other quaternary ammonium compounds which are of interest are, for example,
trimethylcetylammonium or cetylpyridinium compounds.

Other examples to be used as positive counterions G* in the compound of the formual |
include the following:

. +
+ + —7R CH;~-ZR,
CHé—' ZR, CH;‘ZRS CH; ZR,

in which Z is P, N or S and R is an alkyl or aryl radical. Also suitable are compounds such

as NiOR or { (described by Yagci et al. in J. Polym. Sci. Part
Y/ > NEoR

A: Polymer Chem. 1992, 30, 1987 and Polymer 1993, 34(6), 1130) or compounds such as



as J[err] or [err] (described by Yagci et al. in J. Polym Sci. Part
[err] A Polynmer Chem 1992, 30, 1987 and Pol yner 1993, 34(6), 1130) or
conmpounds such as -10-
[err] or where R = unsubstituted or substituted benzyl or
phenacyl (described in JP-A Hei 7 70221) .5l n these conpounds, the aromatic
rings in the pyridiniummy al so be subs?ituted. The termtetra
(derr]-Cerr]al kyl)amoniumrefers to conpounds of the follow ng formula:
N(Cerr]-Clerr]Jalkyl)[err], where (Jerr]-(err]al kyl can have the
definitions en above t/ he correspondi ng nunber of C atons. Exanpl es
of appropri @ﬁfhﬂ)n oH S ar ghérRiA A FHshistAdien or Sibstituted benzyl or
tetraethyl a um tetrRQPLOW Fhﬁ)nl um or tetrabutylamonium especially
t et ramet hyl anmoni um and t et rabut yl amoni um

Benzyl tri errl- . Kk pgeYal i e

G or 1] H erTenei sERg Bl A HE 27 0RZ0N Ty pss pqmeqyngetheLyatcings i 1.y

can have tgyeidimiin niayialstsbeysubstitudehve up to the correspondi ng nunber of C

atons. Exanpl es of such radicals are benzyltrinmethyl ammoni um

benzyl tri et hyl amfmoni um benzyl tri propyl ammoni um and benzyl but yl anmoni um

especi al | yTHeeteny hétrd cmtmalkwryammbﬂmreﬂarbmwhpc;]dnmbf/tbmnmﬁingﬁormu& her )
ositive terio err o, the horate whi can be enpl oyed are other

b um | ondursraladlle whets GrsHalH e RauF i SnTR0R Sven SEBUR o KES;  ouch

count er i ongorie8pbritingntirabér of Catoadl ERdriples of Aspropriaie hmnichiunh compourtissars i bed,

f I ' - A 555 05 EP- A 690 074. Al t t
c SL n? )e( ? irrg rFgfrgr:'ngthEgmrTonSMm, teg'agtﬂglammonium, tetrapropyla%?no?\{un'\ gr t%{rggutylgr%monium,

especially tetramethylammonium and tetrabutylammonium. Benzyltri(C,-C,alkyl)ammonium .

is CgHs-CH,-N(C;-C,alkyl)s*, where C4-Cqalkyl can have the definitions given above up to the
corresponding number of C atoms. Examples of such radicals are
benzyltrimethylammonium, benzyltriethylammonium, benzyitripropylammonium and
benzylbutylammonium, especially benzyltrimethylammonium and benzyliributylammonium.

Other positive counterions G* to the borate which can be employed are other onium ions,
for example iodonium or sulfonium ions.

R
[ (]
Examples of such counterions to the borate are radicals of the formula Rq=|s+ as

R

described, for example, in EP-A 555 058 and EP-A 690 074. Also of interest as

counterions are thyI—SLQ—S—Q—-?LPhenyl . @.s@_§~_.,hmy, ,
! Phenyt

Pheny! Phenyl
+ 24
[@{s_@s_m@] : Phenyl—?{Q—s}Q§—Phenyl . Further suitable
n !Lhenyl Phenyl fa Phenyl
o)
counterions for the novel borates are cations of the formula ©5 , in which Ry is
st

Ry

an alkyl radical, especially ethyl, or benzyl, and where the aromatic ring can carry further
substituents.



[err] Further suitable

[err] counterions for the novel borates are cations of the formula I n
which Rerr] is

[err] an alkyl radical, especially ethyl, or benzyl, and where the
aromatic ring can carry further substitugpts. O her suitable
counterions are haloniumions, especially diaryliodoniumions, as described
for exanple in EP-A 334 056 and EP—A 562 897. However , cations of
ferroceniumsalts are al so suitable, as descr qﬂtﬁM‘g’afor exa

94915 and @pensujighlegoynterigns @ réum [l%nsp pspe rdiogpaHMAb ms(3 ﬁﬁgnﬁpcnbed

cations, ShEékaniplNEPAEG4 (BBSIEPIAISE2 89%.f oni um i odoni um sel oni um
arsonium tellonium and bisnuthonium are described, for exanple, in

Japanese Patent Application Hei 6 266102. Exanpl es of cationic transition

met al - conlidivever BARGHYIS féfbddhiuth Salts dreNPsuMBbIROES HEICHBES, fof Sxaftiths;in bed i n
US Patent 4,954,414, O particular interest are

bis(2,2[err]-bipyridine)(4,4[err]- di math ? +bi pyri di ne) rut heni um
tris(4, 4] exp h-ghiods bRy IEF2A 30915k ; fok BXArhpi hgnium tris(4,4[err]-

di methyl -2, 2" -bi pyridine)iron, tris(2, [ rr]-terpyridine)ruthenium
tris(2, 2[err] bi pyri di ne) rut heni um and

bi s(2, 2" - %lﬂé.f éclgﬂaﬁfé) §;§gﬁ-|h|c8ﬁ Lo gl g ﬁ\%h phgggrﬁoﬂuﬁ? H'Sﬂmm oY

suitabl e a n are ose WI aci or “example "8t i ons
of tri arylssknivamessorfium, eleniphanddisoithoriung; arendescrilbky, forexample; inzlapasese or

cyan nes, TSI ERPIGIR A RERBI0E" " Chanpl'e afrani ne. prererably
cyani nes, thioxanthones and safrani ne.
Examples of cationic transition metal complex compounds which are suitable as counterions
are described in US Patent 4,954,414. Of particular interest are bis(2,2-bipyridine)(4,4'-
dimethyl-2,2’-bipyridine)ruthenium, tris(4,4’-dimethyl-2,2’-bipyridine)ruthenium, tris(4,4'-
dimethyl-2,2’-bipyridine)iron, tris(2,2’,2"-terpyridine)ruthenium, tris(2,2’-bipyridine)ruthenium
and bis(2,2’-bipyridine){5-chloro-1,10-phenanthroline)ruthenium.

. Dyes suitable as a counterion are those without acid groups, for example cations of
triarylmethanes, for example malachite green, indolines, thiazines, for example methylene
blue, xanthones, thioxanthones, oxazines, acridines, cyanines, rhodamines, phenazines, for
example safranine, preferably cyanines, thioxanthones and safranine.

if the compounds of the formula | do not contain a dye as counterion and at the same time -
the corresponding borate is not sufficiently absorptive, then for the photopolymerization
process it is expedient to add at least one coinitiator or electron aceptor compound,
respectively. In this application the term coinitiator includes sensitizers and electron aceptor
compounds, for example thioxanthones, reaction accelerators, for example amines, thiols,
etc.. Preferred are dyes. Examples of suitable dyes which can be added as coinitiators are
described in US Patent 5,151,520. They are, for example, triarylmethanes, for example
malachite green, indolines, thiazines, for example methylene blue, xanthones,
thioxanthones, oxazine, acridine or phenazines, for example safranin.

The above-described transition metal complex compounds or onion ion compounds can
also be used as coinitiator.



| f the conpounds of the formula | do not contain a dye as counterion and at
the sanme tine the corresponding borate is not sufficiently absorptive, then
for the photopol ynerization process it is expedient to add at |east one
coinitiator or electron aceptor conpound, respectively. In this application
the termcoinitiator includes sensitizerszand el ectron aceptor conpounds,
for exanpl e thi oxanthones, reaction accelerators, for exanple am nes,
thiols, etc.. Preferred are dyes. Exanples of suitable dyes which can be
added as c0|n|t|ators are de(frlbed in U? tent .5, 151,

52
exanpl e, t FRUANIG: Reviral Qs anionis dves £ap be emA 4Seolfitiators f‘?’r{g%PPYFg§°mp°”"Js
t hi azi nes, pAmiculampsiiadle ®itiBiicRIyEes At MalasEits @Qaﬁﬁnethgbﬁé Blik€diRMin Oxazi ne,
acridi ne or phenazines, for exanple safranin. The above-descri bed
transition netal conplex conmpounds or i on conpounds can al so be used
as coinitiator. - 12- Cati oni c,
neutral or anionic dyes can be enpl oyeo cEOs'ti ators for the novel
conpounds. rhedaminegaiohthefosuwle #bl e cationi f dyes are (Ml achite green,
nmet hyl ene bl ue, safranin Q [err]
rhodam nes of the fornmula |11 [err] in which R
and R are alkyl radicals or a : Rranpl e rhodam ne B,
rhodamine 6G or violamne R and al so suI forhodamihe B or sul for hodanine G

7 St e R o o, s,

| S particub@ |or yiokuhing Ragad also sulforhodamine B or sulforhodamine G.

Other suitable dyes are fluorones, as described for example by Neckers et al. in J. Polym.

Sci., Part A, Poly. Chem, 1995, 33, 1691-1703.

4Hg

is particularly advantageous.

Examples of further suitable dyes are cyanines of the formula IV

@: /)—Ec:)H—CHa-CH=< @ )

in which R = alkyl; n = 0,1,2,3 or 4 and Y1 = CH=CH, N-CHj3, C(CHj3),, O, S or Se. Preferred
cyanines are those in which Y, in formula IV is C(CH3), or S.

The following dye compounds are also suitable as coinitiators:

+
+ —_
+ . CH;ZR, CH;~ZR,
fCHz—ZRs CH;—ZR,



Exanpl es of further suitable dyes are cyanines of the fornmula IV [err]
in which R=alkyl; n=20,1,2,3 or 4 and Y[err] = CH=CH, NCH err],
C(CHerr])[err], O S or Se. Preferred cyanines are those in which Y[err]

in formula IVis C(CH3)2 or S. The foll owi ng dye conpounds are al so
suitable as coinitiators: [err] qzerrl]
- 13- in which Zis P, Nor S and Ris an alkyl or aryl radical.

Preferred conpounds of the above fornulae are those in which ZRerr] is
N(CH err])[err], N(Cerr]Herr])[err] or P(Clerr]Herr])[err]. Al so
sui tabl e are conpounds such as, for exanple, [err] [err]

, as descrinh@cH 2lis PXQBP5anlR 6ditalkflor alyl rddical.. PrEfrethcofpoundditthé\above
Pol ymer Chem 1992, 30, 1987 %nd_Po{(é_ﬁr %8%3' 3%@@5 1130, or, for

exanpl e, formylaeare thgse in which ZR; is N g N lso8 6] = unsubstituted or
substituted benzyl or  phenacyl (described in JP-A Hei 7 70221). In these
compounds, A Be ALl Sormburs SLHTLS, 1BFSable, @ﬁt%ﬂosae tut ed.

| +  as described for example by Yagci et al. in J. Polym. Sci. Part A:
X ~N~or

Polymer Chem. 1992, 30, 1987 and Polymer 1993, 34(6), 1130, or, for example,

— =
iR' or | where R’ = unsubstituted or substituted benzyl or

phenacyl (described in JP-A Hei 7 70221). In these compounds, the aromatic pyridinium
rings may also be substituted.

Other suitable dyes can be found, for example, in US Patent 4,902,604. These are azulene
dyes. Of particular advantage as coinitiators for the novel compounds are the compounds
1-18 listed in columns 10 and 11 of this patent, in the Table.

Examples of further suitable dyes are merocyanine dyes, as described in US Patent
4,950,581 from column 6, line 20 to column 9, line 57.

As coinitiators for the novel oompounds and photoinitiators it is also possible to use
coumarin compounds. Examples of these are given in US Patent 4,950,581 in column 11,
line 20 to column 12, line 42.

Other suitable coinitiators are xanthones or thioxanthones as described, for example, in US
Patent 4,950,581, column 12, line 44 to column 13, line 15.

Anionic dye compounds can also be employed as coinitiators. For instance, Rose Bengal,
eosine or fluorescein are also suitable as coinitiators. Other suitable dyes, for example from
the triaryimethane class or azo class, are described in US Patent 5,143,818.



O her suitable dyes can be found, for exanple, in US Patent 4,902, 604.
These are azul ene dyes. O particular advantage as coinitiators for the
novel comnpounds are the conpounds 1-18 listed in colums 10 and 11 of this
patent, in the Table. Exanples of further suitable dyes are nerocyani ne
dyes, as described in US Patent 4,950,58{4fromcolum 6, line 20 to colum
9, line 57. As coinitiators .for the novel conpounds and photoinitiators
it is also possible to use coumarin corrpounds Exanpl es of these are given
in US Patent 4,950, 5 n col rm 11 ne 20 1t line 42. O her
sui tabl e g?}f’?ﬁ "\'tﬁ'P'Sreiecgf’B a)?ﬁ?ﬂ ?Pé‘%doé‘f‘d§ ﬁf%’?gﬁ?ﬁgﬂ%tgr%%égyui bed, for
exanple, in US Patent 4,950,581, colum 12, line 44 to colum 13, Iine 15.
Ani oni ¢ dye conpouynds can al so 0 s cQi.n For nce,
Rose Beng#iref eﬂ%gﬁr‘r%g%?"ﬂ?ﬂw 8? H?E'B@é'r@%?w'?% eaaé%m?P?" 1% her
sui tabl e @Maﬁwr bRy H@é@mﬂhl@h fsrswsﬁtbwdtm ableRbGHc A PESIidnAREC pCaalia), 0R§$§R8Na,r e
described in US Patent

-14- O HisRoRuiS apder B#'eeemﬁ Ra@egﬁe@re ederpbemdnaphthy]. binaphthwly aptiyast. o

bel ow. RBlifyP ofBORIMBIAWHIEh FdRbalsr8hsubstituled b 18 Rl err]
and qerr?’?ﬁﬁgﬁgﬁﬁé’ﬁwgw o ypoanot herﬁar eyghe&/q v(,hl ch |ssI substituted in

one
at | east éHESt!SUt%@VtQKQSHW ERer RiRsty BeRpR11RIAN Rlerr]Rerr]N,

Rl err] R[err] Rlerr]Si and/or halogen, or Rerr] and R err] are o-terphenyl,
napht hyl , ‘bi napht hyl, ant hracyl, phenant hryl , t¥‘r enyl, quinolinyl or

i soqui nol yiurther advantagieeus eormpaunds o the formula d s thase inswijeh Re i RNy o-, m- or

O e O 67k ey iha A dhTaBic b o 3o of BonaR e

hal ogen. €ous conpoun are those

whi ch R3 wuqthr@dgpals aje unaubs(tjtut?ﬁ Oreﬁqbﬁt&tﬂiﬁd byrapbieatiyl, ORts HdﬁdN iReR1oRz S hr acyl
phenant hr;%n é;p ggh qui nolyl or isoquinolyl, which radicals are
unsubstitu or stituted by CJerr]- C[err]alkyl ORlerr], Rerr]Rerr]N,

Rlerr]Rlerr]Rlerr] Si and/or hal ogen. Conpounds of the formula | deservi ng

|
byar ocar bSTign8RpP i OMARE ) uobeHing PalidybbmBEH arm (AR S W8 phéni,
by one or amother @'mnatNNydrqc]arboadCe@haalkyb Ga-i(hzaﬂsytlmyﬂtgrmgteﬂ b org by more
Aerr]- A & bl AR Rlidats, BPRZbioBEnd EIdHESY b,-CifAiKehyi, benzyl or phenylethyl, which

radicals are unsubstituted or are substituted by ORg, R;RsN, RgR10R1Si and/or halogen.

Particular preference is given to those compounds of the formula | in which R;, Rz and Rs
independently of one another are C-Cxalkyl which is substituted by RgR19R11Si.

Advantageous compounds of the formula | are those in which R, is Cy-Capalkyl, substituted
by R9R10R11Si.

Preference is also given to the compounds-of the formel | in which Ry and R; are identical.

Preference is likewise given to compounds of the formula | in which R4, R, and R;_are
identical.

Further preferred compounds of the formula | are those in which G is an alkali metal, a
quaternary ammonium radical, a dye cation, a transition metal complex cation, a sulfonium,
sulfoxonium, phosphonium or iodonium salt or a UV absorber containing a cationic group,
or are a radical MgX or CaX, in which X is C-Cgalkoxy or halogen.



radi cals are unsubstituted or are substituted by ORlerr], Rerr]Rerr]N,
Rerr]Rerr]R err]Si and/or hal ogen. Particular preference is given to

t hose conpounds of the formula | in which Rlerr], Rerr] and R err]

i ndependently of one another are (Jerr]-Cerr]al kyl which is substituted by
Rlerr]Rerr]Rerr]Si. Advant ageous conpounds of the fornmula I are those
in which Rerr] is (Jerr]-(err]alkyl, “d@sti t ut ed by Rerr]Rerr]Rerr]Si.
Preference is also given to the conpounds of the formel | in which Rerr]
and Rlerr] are identical. Preference is |ikew se given to conpounds of
the formula | in which Rerr], Rerr] and Rlerr] are identical. Furt her

preferr edOfBQ['TP&H o8 fof et LY 'ofr WhithGark WP iferb S AP0 irtlde i WhicRD @ kal |
metal, a quaternary ammoni om Fadical g 4ye o ca trandition et al
conpl ex cBianshiR. areds-Catkyliwhich ard substituted bypRsRpMeSi armrepheénytlohichiis sal t or a

LY 2 UglA i By B R oRl ey ot . s Moiend it Gl '
- 15 -  which issubstitoted byd3,RagR 1 Sicorf is phemyh whichris Upsubstituted arlis substibfted hser est
t hose, i j - | kyl which

cubst 1 ¢ ut IS R G Qe FRRVRRER BBoGort' DLl i oh 15 subst it uted 1-5

'thi[ rres] by R{ eris }mﬂ[bstitu]e]‘.d ?ﬁﬁf,ﬁﬁrr]supstﬁaﬂgQ{g(fxa![kw&mgmsgi[sﬁtut?th[)s?mﬁwI e]ng ;
err] is rrleGerr]a ich is substitute err err err]Si,

or is pheﬂ%wdﬁeﬁ{;unsu%sti tuted or is substitut gd 1-5 times by

ol A JeB s TR kb ank o ol iy

unsubstitu or r err -

unsubst i t?ﬂongr §re E[a%ﬂgﬂ%f E’ﬁ%&;ﬁ%b@&’ﬁﬂghﬂ? Eﬁ&a'& apd br'gge," s

R[ er r ] R eCalkif)ammbhiuntbetianzyHta(CtCanyhammoniual. kyl ; Rlerr], Rerr] and

Rl err] independently of one another are Cferr]-Clerr]al kyl or benzyl;
Rlerr], Rerr] and Rerr] are Jerr]-CJerr]alkyl and Gis tetra((Jerr]-

C4al kyl) i -] - r,rdal iU The conpounds
o the 1 e urikButs BERE b L BFpE bolrely (R ke Ralle T
- triorganylboranes (A) with organometallic reagents, for example alkyllithium compounds or
Grignard reagents:

B, R, -

' : +
/B\ + RM — Fl,;-'IIB—'F.l2 M
R, R R,
)

M is, for example, an alkali metal, such as Li or Na, or is 'MgX in which X is a halogen atom,
especially Br.

Another possibility for preparing compounds of the formula [ is, for example, the reaction of
alkyldihaloboranes and alkyloxy- or aryloxydihaloboranes (B) with organometallic
compounds, for example, Grignard reagents or lithium organyl compounds:

. R4 e .
+3RMgX — [R—B—R,| Mgx”
- 2 MgxX'
R,B(X), _ R, -
(B) B '?4 1T
+3RLU — |R—B-R,| L"
-2 LiX !
| F{1 -

Xis halogen, especially Br, and X' is halogen, alkoxy or aryloxy. The definitions of the other
radicals are as indicated above.



triorganyl boranes (A) with organonetal lic reagents, for exanple
al kyl'l'i t hi um conpounds or Grignard reagents:

[err] Mis, for exanple, an alkali netal, such as Li or Na, or is MX
in which X is a halogen atom especially Br. Another possibility for
prepari ng conpounds of the formula | is, for exanple, the reaction of

al kyl di hal oboranes and al kyl oxy- or ar yi1&'ydi hal oboranes (B) with
organonetal | i ¢ conpounds, for exanple, Gignard reagents or |ithium organyl
conpounds:

[err] Where & ith the BIRErmUES PR pYsitive Padical dtheX thadnlithiamQ Sagnabiumy thede
aryl oxy. The defjinit og:@ Qf *gg ot he E)adl cal s _are as hndl cat ed above.

-16-  WheAaPQynds cap ge nRXpAPle. PY Meahs of CAAD GXCHANGR FeRLYANS.  han

l'ithiumor nmagnesium these conmpounds can be obtained, for exanple, by

re obt ai TEeOGfuER R e foffia) S opmind, fif EREMPIE by tonclfy fBfdeybotans
subst i t ut whichpra substjtutedbythesgravp Erasdlefined above totike borate ip acpordanes willmoare

Wi th one gfihk RetddsetsutfiovgUt above. \VWen working with organonetallic
reactions, the reaction conditions are generally famliar to the skilled

worker. Thus the reaction is expediently carried out in an inert organic
sol vent, Whenwosking with erganemetallic egaciiong: the reaetiopcapdiions arggegtally familiaret hy |

ether, te{yRE¥LI WbABr.Ohus the reaction is expediently carried out in an inert organic solvent,
for example an ether or aliphatic hydrocarbon, for example diethyl ether, tetrahydrofuran or
hexane.
Suitable organometallic reagents for preparing the novel polyborates are, for example, the
lithium compounds of the corresponding aliphatic and aromatic hydrocarbons. The
preparation of Grignard reagents is familiar to the skilled worker and is described in various
textbooks and other publications.
The reaction with the organometallic reagent is expediently carried out with the exclusion of
air in an inert gas atmosphere, for example under nitrogen. The reaction is generally
performed with cooling to 0°C or below followed by heating to room temperature.

It is expedient to stir the reaction mixture. The products are isolated and purified by
methods likewise generally known to the skilled worker, for example chromatography,
recrystallization, etc.

Where the novel compounds of the formula | contain a dye radical as cation, they are
prepared by the cation exchange reaction of an appropriate borate salt with a dye.
Examples of the borate salts suitable for the exchange are the lithium, magnesium, sodium,
ammonium or tetraalkylammonium salts.

Where the novel compounds of the formula | contain a transition metal complex as cation,
these compounds are prepared in analogy to the method described in US Patent
4,954,414, column 7, section 2.

Preparation of triorganylboranes (A): The preparation of some alkyldiarylboranes is
described, for example, by A. Pelter et al. in Tetrahedron 1993, 49, 2965. The synthesis of
some triarylboranes has been disclosed by Doty et al. in J. Organomet. Chem. 1972, 38,



hexane. Suitable organonetallic reagents for preparing the novel

pol yborates are, for exanple, the |ithium conpounds of the correspondi ng

al i phatic and aromati c hydrocarbons. The preparation of Gignard reagents
is famliar to the skilled worker and is described in various textbooks and
ot her publications. The reaction with tq§ organonetal lic reagent is
expediently carried out with the exclusi'dn of air in an inert gas

at nosphere, for exanple under nitrogen. The reaction is generally perfornmed
with cooling to O[err]C or below foll owed by heating to room tenperature.

It Ifs eép&b , B9 Bréven étalrmWQ)rQ@ﬁﬁﬁétOOhémX‘lsmeaog heepé»mduﬁnsSarAmﬁscmfﬁgned and
urifie ew se 0 ed worker or
gxanpl e cﬁf}/%ﬁg%&%sﬁhﬁ ar"gi}y %Cﬁw W& 15}%\/\‘4@%@% he novel conpounds
of the foPmpartion obmtymhalaboﬂmmsr(mtlml roate toabmralkyldﬂﬁaloburmqy(epaaeﬂeéry t he
cation exg, [ d Ies
of !the bor e&gaYPs sug{%%f' Jﬁpsa@%gggxc anﬁg{agér)‘gef e lilﬁ't PBS&h @é’h%ﬁ

sodi um aZﬁrﬁﬂp%ﬁn@Ffugl@mmekyl InRh Chim sSeq: Frangeei W7 Ad, tﬁ@@lsmdﬂqmbendv of

the for n%r@péraﬁ&ﬂbﬁéd&h%ohfp%ﬂﬁdé IThe W?i@btn&%h@ﬁyléﬁu&ﬁbbﬁﬂe hal Baén gémﬁunds
are prep ribed Tn US Patent 4,954, 4

e
col umm 7ab @% gﬂalg qu@'ﬂ)%m%ttgg &anyl boranes (A): The
pr epar at i Tris(irimettylstlylrietyi)boranes lban b gsepated| doicaxahmpib, by die msthiod|describedby

i ary! poratert! Rl R ARG hebd oo, 1950,671804 2" 1175 "%0r ganomet . crem

1972, 38, The boranes required as starting matenals for the novel compounds can be obtained, o~

229, by S mebbis rown et al. in J.
Aner . Chgérr)f& (I)t%ﬁn?éc%dja{h%w:%oz eqﬁéd %y W&?t et %Pgaanveghem Ber. 1955,

88, 962. Preparation of aryldi haI obor anes (B) The route to sone
al kyI di hahcicosrdance Wit thedavdrtion titkeeortpathdd of Biedfdfindta | 84n bé Oselféss 1977, 99,

5 s B R iy b e B

prepar at i mixtusés earaprisingrgushradmpotinds.pr epar at i on of phenyi di f 1 uoroborane has

been set %] ?2’ | %‘@{%Sbu - combinktiofP WA 3 Bt or%‘@é(]ﬁ.t.{t%? ér é?éc%%n accgg/tm[' he

Tris(trinmet thyl) boranes can be prepare
met hod def§§99qyé%lyby Seyferth et al. in J. Arer. Chem Soc. 1959, 81, 1844.

The bor anpfis u€siedr 8o BE irApidfiehfed iNBbMbinatien iith ahSfeNPHAbInRABP AP othan be

obt ai ned, J olg
'additives.
The invention therefore also relates to photopolymerizable compositions comprising

- (a) at least one ethylenically unsaturated photopdlymerizable compound and
(b) at least one compound of the formula la or la’

R R
. -
R—B-R, |G* () R—B—RgrE (@)
R R

in which

Ri, Rz, Ras, Rs, E and G are as defined above and

Rs’ is RoR10R11Si substituted C4-Cypalkyl, C1-C4alkyl,phenyl or another aromatic hydrocarbon,
with or without any heteroatom, where the phenyl! radical or the other aromatic hydrocarbon
radicals are unsubstituted or are substituted 1-5 times by C;-Caoalkyl, Co-Caealkyl which is
interrupted by one or more radicals O, S(O)p or NRs, or are substituted by ORs, RsS(O)y,
RsS(0)20, R7RsN, RgOC(0), R;/RgNC(0), RgC(0), RgR10R11Si, ReR10R1:1Sn, R12R13B,
halogen, ReR1oP(O), and/or CN,



exanple, in accordance with one of the published nmethods cited above. In
accordance with the invention the conpounds of the fornmula | can be used as
photoinitiators for the photopol ynerization of ethylenically unsaturated
conpounds and mi xtures conprising such conpounds. This can be carried out
in combination with at |east one coinitiagtor or electron acceptor
respectively. This use can also be inplenrented in conbination wth another
photoi nitiator and/or other additives. The invention therefore also relates
t o phot opol yneri zabl e conpositions conprising (a) at |east one

et hyl eni cajg be'my pasdible ddratHe RbMpOsitidry tRronsisk Sin@adition telcanpbrieh)s (a) ahd () one
conpound of fornu{oa | a,,or

[err] ‘ﬂo'ﬂf'@ ﬁanc&? ?tba'[a(ﬁt&ﬁ‘] Rlerr], E and G are as defined
above and R[err] is Rerr]Rerr]R err]Si substltuted Cerr]-Cerr]al kyl,

d err]-C eThid aﬂléajlhratdﬂmmpouhdanﬂy iveoludey eriepdri more\olefinicodduble bowids NThsy may beut
any hetero

radical s a&é"‘ﬁr@ﬂﬂ@%‘g’f t°é5'ng‘r(° @%@hﬁﬁk@h‘%&%’? %‘Ré%sr %mgAO%'eh'g%&g'%{"%m
d gr r]- | Cl ea Hb?d)(l)&bbnd Sfecdlifi oﬁhwrbmlmwhcrvhiestl}:ritrﬁethf&rﬂagesproedxmple Reatioyl, Nor e
radil cal s r or are s Stlitute err

Rerr]S(0O ?‘BV‘ 2.:@ e%‘h%?'g’mfé H oxyethy a 'Mféé‘? "Nf %‘F’%F%L’@}hyl Retacpialy
Rlerr] C(Oer &hﬁ it aiefibmbbﬂnéacryla{e%rarrb a[sarard/ahtagéd@n Ottdr ekarhples ard B,

he.conposkevaH %raislwr«%i%er el SR e oSt (A B JIDRFtoB hor

phot oi ni ti gicHes \thl'é@étatét Vmyl e.%ﬁéi’stsu&ﬁﬁs lsoﬂ?l?l iRy @tHer aétﬂén@ qmtaaﬂs nay

i ncl ude one or nore olefinicC bonds may | ow (nononeric)
or high (ohalgw@n%)N-my@ml&onﬁa\g%vl cﬁﬁﬁ%%@“ﬂ\deﬂ%ﬁ@ﬁW% containing a
doubl e bond are al kyl or hydroxyal kyl acryl ates or nethacryl ates, for
exanple methyl, ethyl, butyl, 2-ethylhexyl or 2-hydroxyethyl acrylate,

i sobornyl Bxaryplas ef Maaemers qeptaining Waetmare dauble bands iase thel diacsylales|of cone

acryl ates éhh?leﬁé g@c@i?ﬁ%ﬁgﬁﬂéa_%ol %&ﬁéﬂtﬁé% Rgxahéth é/glg&il o bhﬁ phenol A,

acryl am de, Z substitute acr vin esters
and 4 ,4'-bis( -acryl-oyloxyethoxy)dxphenylpropane tnmethy olpropane trlacryla e

pentaerythritol triacrylate or tetraacrylate, vinyl acrylate, divinylbenzene, divinyl succinate,
diallyl phthalate, triallyl phosphate, triallyl isocyanurate or tris(2-acryloylethyl) isocyanurate.

Examples of polyunsaturated compounds of relatively high molecular mass (oligomers) are
acrylisized epoxy resins, acrylisized polyesters, polyesters containing viny! ether or epoxy
groups, and also polyurethanes and polyethers. Further examples of unsaturated oligomers
are unsaturated polyester resins, which are usually prepared from maleic acid, phthalic acid
and one or more diols and have molecular weights of from about 500 to 3000. In addition it
is also possible to employ vinyl ether monomers and oligomers, and also maleate-
terminated oligomers with polyester, polyurethane, polyether, polyvinyl ether and epoxy
main chains. Of particular suitability are combinations of oligomers which carry vinyl ether
groups and of polymers as described in WO 90/01512. However, copolymers of vinyl ether
and maleic acid-functionalized monomers are also suitable. Unsaturated oligomers of this
kind can also be referred to as prepolymers. |

Particularly suitable examples are esters of ethylenically unsaturated carboxylic acids and
polyols or polyepoxides, and polymers having ethylenically unsaturated groups in the chain
or in side groups, for example unsaturated polyesters, polyamides and polyurethanes and

copolymers thereof, alkyd resins, polybutadiene and butadiene copolymers, polyisoprene



such as vinyl acetate, vinyl ethers such as isobutyl vinyl ether, styrene,
al kyl - and hal ostyrenes, N-vinylpyrrolidone, vinyl chloride or vinylidene

chl ori de. Exanpl es of nononmers containing two or nore doubl e bonds are
t he diacrylates of ethylene glycol, propylene glycol, neopentyl glycol,
hexanet hyl ene gl ycol or of bi sphenol A d

4,4' -bi s(2-acryl - oyl oxyet hoxy) di phenyl propane, tri et hyl ol pr opane
triacrylate, pentaerythritol triacrylate or tetraacrylate, vinyl acrylate,
di vi nyl benzene, divinyl succinate, diallyl phthalate, triallyl hosphate,
triallyl .agtsldmm%@@qbfmqrsq E%W%W#WP@VWT%CQ"M%HU?@F& 'cg%w e of

pol yunsat WialRdard 4B wiktarediof bRk 8F mofd Judh golym@secul ar mass (ol i goners) are
acrylisized epoxy resins, acrylisized polyesters, polyesters containing

vinyl ether or epoxy groups, and al so pol yuret hanes and pol yet hers. Further

exanpl es Qb Jfigad &rlﬁk?ﬁrélbd iéﬁlc%gis‘éi?ﬂ téﬁg ich&d, rﬁ&hﬁ(@rgﬁceécld FotBiic akéfg' ch

are usual |y prepared Trom na acl | c acid one or nore diols
and have ritsiceniglagid, giehaicacist, and yns@tmd fatiy acids sucinas lineleniciacid onoleic acid.

al so poss'ﬂrﬁ{cﬂﬂ}ﬁﬁ&h?&gﬂdﬁéafg forfdgnoners and ol i goners, and al so

mal eate- te oners w pol'yester, polyurethane, polyether,
pol yvi nyl ether and epoxy main chains. O part i cul ar suitabili ty are

com nat | S afls BALARROMIE e ¥ Eskuba b e gBap ARt Bael e > o5
aﬁl d- 1;( ungtEmmﬂleszafcammammlmlaam layquwmneam%dlhm;tydmmu 2c8-dlgbrrer s of
tex;afm: es df ’r‘g@bﬁ?@)ﬂggfﬁﬁﬁ B e R P oxf*ygp%@eg&' oS Yfoafite”

b hetaingrh 1 tchloed
e e B
Bgaggm amej’rpnnd mgfgﬁrg;ggémﬁ beampigmles b?mb gélgwc]fgl?lmég:;%d g;g:geriﬁ;reof
(et h) acr yAROVEVEORE &P 9L conalyinarp erap pglvo itallg
E)gfty%?gyzreaiwﬁ having hgarionyl@nd@greupsboxyl i ¢ acids are acrylic. acid, "
nmet hacrylic acid, crotonic acid, itaconic acid, cinnamc acid, and

unsaturated fa_tty acids such as linolenic acid or oleic acid. Acrylic and
met hacryl i Exanfplés e ipRatRs £id @@loaliphatic polyols are alkylenediols having preferably 2 to 12

C atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4-butanediol,
pentanediol, hexanédiol, octanediol, dodecanediol, diethylene glycol, triethylene gicyol,
polyethylene glycols having molecular weights of preferably from 200 to 1500, 1,3-
cyclopentanediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-dihydroxymethylcyclohexane,
glycerol, tris(B-hydroxyethyl)amine, trimsthylolethane, trimethylolpropane, pentaerythritol,
dipentaerythritol and sorbitol.

The polyols may be partially or completely esterified with one carboxylic acid or with
different unsaturated carboxylic acids, and in partial esters the free hydroxyl groups may be
modified, for example etherified or esterified with other carboxylic acids.

Examples of esters are:

trimethylolpropane triacrylate, trimethylolethane triacrylate, trimethylolpropane
trimethacrylate, trimethylolethane trimethacrylate, tetramethylene glycol dimethacrylate,
triethylene glycol dimetﬁacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate,
dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate,



Sui tabl e polyols are aromatic and, in particular, aliphatic and
cycl oal i phatic pol yols. Exanples of aromatic pol yols are hydroqui none,

4, 4[ err]-di hydr oxydi phenyl , 2, 2-di (4- hydroxyphenyl ) propane, and al so

novol aks and resols. Exanpl es of pol yepoxi des are those based on the
abovenenti oned polyols, especially the g&ppatic pol yol s, and

epi chl orohydrin. Qther suitable polyols are polyners and copol yners

cont ai ni ng hydroxyl groups in the pol ymer chain or in side groups, exanples
bei ng pol V|n cohol and co nmers thereof or polyhydraoxyal kyl

met hacr yl 4P&8 Sm%ﬁﬂ&eifﬁmhﬁﬂg‘ éﬁaewdptplr%:,taqg:ad@tg; Renjggnythritg dimathacaylate, ar e

ol i goest eﬁéntb@l’ytﬁﬁlfbl hﬁﬁétﬁéd&la@%&h&é?ﬁhnml dirndthakRfa té’fdlﬁédlﬁ?ghhibl and

cycloalip atic polyols are aIk |'enediol s having preferabl 12 C at ons,

such as ele¥@ M@%‘%o\"f’eﬂmimrﬁﬂo' pctamathaciylate; wntaqw-tol gntgcormte
1, 4- but a”&ﬂb%erﬁﬂﬁﬁél%ﬁb@ﬁate I'k’f'iﬁfél'ﬁéféi'}/fﬁhtol Sﬁtﬁﬁ&]@nﬁb d{B Qgﬂﬁ'ﬁblm
co

dlethylene glycol, triethyl ene yet ene gly avi ng
nol ecul ar h%‘@?@@‘%fet@ﬂ@%@ml 9'39 ,zb@-butangawbdlaqrytate dy@&buigaediainedi ol ,

gl yosr ol Bd'ﬁ%r MW ook <R RIS B RUE ARG,

tri met hyl perga jtol- teéérlgqrwates wblt@htptgmmmapmlﬂtexsqrbumhpemacrylata The
pol yol s ”?t?(rPﬁ& rﬁ%ﬁdr@g{eyu ?Igoeéfégglr:@fa%sr Irﬁfﬁ@fhé&ﬂy%@e%fy@eﬁpg ?&2 a?@éX&e' ¢ acid

or with d erent un c aci t he
free hydr tirgtylae.cudcycielexane MMate.oblsaawlates ang Ibcsmatlhanrylates of polyethylene f i ed

Ui acryl oPRCAN R neooEk flight of RO oo Bt iR isridtopane &

triacryla trimet ne trracryla bpane
trimethacrylate, trimethylolethane trinethacrylate, tetrarrethyl ene egcoI

i aor yi ot NeB sttt bEblHpB I3 s S ol ol of GpR ieifiaegth
pent aer yt carbOxyllc tacidls adthrayoraatis, c;zlmltpm||')hal’inr qudmliphahc polgaminks having preferably 2
di pent aer %t %)%}lalgyéén@q{aénﬁg%g@up )}a%Ieplé/s O rs'uJE: oltyertnEnae%Carr Ieﬁltylee’nediamine

di pent aer yt
-20 -- di,aent aefp;owlenediamiae(,alaz-r ¥/3abe 4tudtylemddienivieT,5ipehtylshedireding, a6,

ent aer yt di net ha entaervythritol tripethacrylate,
gl pent agr ?’Wﬁﬂ"ﬁSP“ﬁnwﬁlﬁ?@ "éeo ‘@F “éﬁlél nediamine,; L.4:diamipocyriohexaney | ot e,
tripent aeisypmmomeduammtemdymwhnﬁrm b@gnémnedwmuh@lduimt-ami?s@mw?her
ent ai t aconat e

di t t { t t
i bent acr SeVlngiaing, iRtk SrernRyliEramos bon LRy Ameproposy Btheamed of
di acry! at ©thet sditddls polgainks drdTpdelﬁérTs)dnatc‘épolilm@ré) bFéé%ﬁlkaltrpéddit%QFé}hiﬁo

sor bit ol trlacwbate, rblt tetraacrylate, pentaerythritol-nodif

triacryl af'QUPE It ?15[99 l"i!ﬁ" figpamidesh '"%%PBP@(HF’ %@%E@WP'&G@fS%r b| t ol
heéaacr y| éisaturgied @nngéLareantt)ishatisatiflaniRic) R8hexaBthylehlelicaérPlanflliiCr v! at e
: an diethylenetriaminetrismethacrylamide, bis(methacrylamidopropoxy)ethane, B-

methacrylamidoethyl methacrylate and N[(B-hydroxyethoxy)ethyl]acrylamide.

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid
and from diols or diamines. Some of the maleic acid can be replaced by other dicarboxylic
acids. They can be used together with ethylenically unsaturated comonomers, for example
styrene. The polyesters and polyamides may also be derived from dicarboxylic acids and
from ethylenically unsaturated diols or diamines, especially from those with relatively long
chains of, for example 6 to 20 C atoms. Examples of polyurethanes are those composed of
saturated or unsaturated diisocyanates and of unsaturated or, respectively, saturated diols.

Polybutadiene and polyisoprene and copolymers thereof are known. Examples of suitable
comonomers are olefins, such as ethylene, propene, butene and hexene, (meth)acrylates,



triacrylate, 1,4-cyclohexane diacrylate, bisacrylates and bi snethacryl ates
of polyethylene glycol with a nol ecul ar weight of from 200 to 1500, or
m xtures thereof. Al so suitable as conponents (a) are the am des of
identical or different, unsaturated carboxylic acids with aromatic,
cycl oali phatic and aliphatic pol yam nes Jjaving preferably 2 to 6,
especially 2 to 4, ami no groups. Exanpl€s of such pol yam nes are
et hyl enediam ne, 1,2- or 1 ,3-propylenedianmne, 1,2-, 1,3- or 1

, 4-butyl enedi am ne, 1 ,5-pentyl enedi am ne, 1,6- hexyl enedi anm ne,
oct y| enedaentionirile,fixrens peviaylichidride., Palymarsgyitinimediaenyistregraups in the side chain
| sophor ongdi@pi.ae, I, 313 | b Ak ;

: a3 Iﬂ%ﬁﬁﬁne%ﬁ Wﬁ%%?ﬁyﬁwﬁ, %t}ﬁgéﬁoﬁ{b‘r??de@%?geﬁoxy resins based on

di -[err]-am noet et her i am ne, etetram ne,

di ([ er r] - aouolaksiwil(peth)aerylit a¢idorimaynbebpmeopencppelymerscof inyhalcohalior abl e
DOouon oS R el OP LS oL eiathnc gl dng gt oo

groups in n oam am’no’en anpl es
of such uhemoiant apolymaleof gnath)actylatésewhich araestérifiedadth hydroxyalkyl

1, 6- hexar@& igﬁ&ga%ssacr yl am de, diethylenetriam netrisnethacryl am de,
bi s( et ha opropoxy) et hane, 13- nethacryl am doet hyl nethacryl ate and

N ([ err]-hydroxyet hoxy) et hyl Jacryl am de. Sui tabl e unsaturated pol yesters

i an nes. TepARoBRSYE I pomBhyree 28R o8 ysp R BB By L Bfastp B APelle8ER R ™ "
aci ds. Thprefarsad tb &ise sextutesgsfpolyol (mdth)aetytatéseni cal | y unsat ur at ed conononers,

for exanple styrene. The pol yesters and pol yam des may al so be derived from
di carboxylic acids and fromethylenically unsaturated diols or diam nes,

especi agsinafmd\?as@mﬁd fddedd totthese! novﬁmwupdsmbna aglﬂ,t?ifs@ pmamidwe@eweneo C
at ons. a S 0 ur et nes are.those co ose 0 at ur e or .,

Gnoat ur o WHeR e RodRltarzaRR menads Aol G viecpus Substansgh e cianlity of
diols.  biatemtaydoreaxantpis) HeE-95%0prefatablin 0-009D ahd 85etiall{ 400056, By SvdigHt\w.

Exanpl es of suitable cq oners are ol efins, such as ethyl ene, propene,
but gﬁe anf@f@?é‘h e C(Vﬁ.éql o.lg?‘g§ ngg&?he choice of binéjer is made depending OIE thepﬁeld of

-21 - agpplicaiivr drid énh plobiities feduiredifoithisdidld) ' dudR asitied ¥apRichly ¥rdévelopment in
(meth)acryl ate groups 1n the side chain are |ikewi se known, They nmay, for
exanpl e, B¥qoNsENA GFIgNIGIRIVANS systemsadhesionity subsiraies ad sepsEViRie axyaen.
(meth)acrylic acid, or may be hono- or copolyners of vinyl alcohol or
hydr oxyal kyl derivatives thereof which are esterified with (neth)acrylic
acid, or R¥amples pbswitablekinders are/pelymersthavingiannatecyirpweightypfi abeub$eoo to

esterifi egdoydood, prsfiranty 3b600 ot BBEGD0A EXYnpie8 Sre: homo- and copolymers of acrylates
and methactrylates, for example copolymers of methyl methacrylate/ethyl
acrylate/methacrylic acid, poly(alkyl methacrylates), poly(alkyl acrylates); cellulose esters
and cellulose ethers, such as cellulose acetate, cellulose acetobutyrate, methylceliulose,
ethylcellulose; polyvinylbutyral, polyvinylformal, cyclized rubber, polyethers such as
polyethylene oxide, polypropylene oxide and polytetrahydrofuran; polystyrene,
polycarbonate, polyurethane, chiorinated polyolefins, polyvinyl chloride, vinyl
chioride/vinylidene copolymers, copolymers of vinylidene chioride with acrylonitrile, methyl
methacrylate and vinyl acetate, polyvinyl acetate, copoly(ethylene/vinyl acetate), polymers
such as polycaprolactam and poly(hexamethylenadipamide), and polyesters such as
poly(ethylene glycol terephtalate) and poly(hexamethylene glycol succinate).

The unsaturated compounds can also be used as a mixture with non-photopolymerizable,
film-forming components. These may, for example, be physically drying polymers or
solutions thereof in organic solvents, for instance nitrocellulose or cellulose acetobutyrate.

They may also, however, be chemically and/or thermally curable (heat-curable) resins,



The phot opol yneri zabl e conpounds can be used al one or in any desired

m xtures. It is preferred to use m xtures of polyol (neth)acryl ates.

Bi nders as well can be added to these novel conpositions, and this is
particul arly expedi ent when the photopol ymeri zabl e conpounds are |iquid or
vi scous substances. The quantity of binde, may, for exanple, be 5-95%
preferably 10-90% and especially 40-90% wei ght relative to the overal
solids content. The choice of binder is nmade depending on the field of
application and on properties required for this field, such as the capacity
for devel opramples being pelyisocyanatas; g@tuesaoxsdﬂs\ﬁmtm@wtr@rrssm&dTw@sussm theat-
substrates re
pol ymer s ha@?ﬂe%&% ﬂetﬁtéj érp%&en@(% out (Sﬁgs?%m%'gg%%%@ %irig%g%%glﬁ y
10000 to mbontma firsk stage @se ah@topwmnzmdda @ciepard stage arecerpsslinked by means
met hacryl 6ﬁﬁernia?%ft§:¥r%m tcopol ymers of methyl methacryl ate/ethyl

acryl ate/ nethacryli ¢ aci pol y(al kyl nethacryl ates), poly(alkyl

acryl at es) Theinventionsaiditionaliyspravides ebmpasimmecvmm in,addifioh tacoroponantssg and

pol yvi nyt o §PupAe gt ab Hoihror B ISR oot esBRclo R T, e B2fimple 2

pol yet hyl enmtmx,loaaompol' smiownip ydyene a0tV absarbdr. poI yt et rahydr of ur an;

pol yui 1 EHichTe 8% PRSI eorfifhd Py GURr slbb™ BRI A8 peReBlartime. o

vi nyl i denebmtﬂoﬂmxmthunbhpﬁomné onpomphiin dysst Ratticulatiy prafertexdt aarea:ompmsmgms

s pol ycapiRtabil svaEe BeiATHEE n 5 i: Kaaiatl FiterRa3E birinBo e ol
pol y(et Pyl) mwnelremm-n,evmmﬁta)s andiRieCy-Chvalikghet hyl ene gl ycoI
SUcCCIl nat e

The aturated co ounds n also be u xture W th
non- phot opGX3/ARIES ?ggfl@ '%Iefﬁ‘f'B'F FFQSLE@H% tlatqu.fgseZqu(gp ac;r: Ofexampl e, be
physi cal | Yrdébédztﬂﬁlypfﬁ) }ﬁ?@mfoxahth&aé dbfiaiives, twuﬁﬁtms fbeﬁﬁ@ﬁm;hﬁn§ Mengdptenoh®r
I nstance nitrocel l'ul os bl ul ose, ac tE_se/(e éJ may al so, however,
be cheni cafi®yvaivs deriaivesa eﬁﬁrﬂwﬁ@'ﬁt@iﬁ

-22 - exmaﬂab@ﬁnd&owéﬂvamamscnu@alwasq:@tdﬁﬁ 30784, ml mszssveSI ns.
The use of heat- curable res is inmportant for use in
systens kntit 1483459, §4%-fsﬂé?r§21 mﬂ‘ 6 ﬁz?ﬁsﬁ ‘Pﬁ Pﬁlc%@faﬁt%aafﬁee are 2-o-

phot opol yn@ﬁlbn%ﬁﬂe@ﬂ@ubétmﬁeé BEMARIvES, 306h a5 8,2-bREELHIBIRReMY)- 4TS -18irapHeAyIR | -
aftertreatnent. i nvention additionally provi des conpositions which'in

addition t t)ﬂcblﬁmmﬂ% Qthgr WY @bsprberssivilabla dn this gantaxt ates for @gpmple; RelyeycHs
el ectron a%?ﬁ&tn%ﬁvfoéﬁm%ﬁ%'ﬂﬁﬁé%néﬁé anthfdceRd IFBlend, dHetthé Hazired de8tiedh

ani oni ¢ dye or
EP-A-137 452, in DE-A-27 18 254 and in DE-A-22 43 621. Further suitable triazines can be -
found in US Patent 4,950,581, column 14, line 60 to column 18, line 44. Of particular
advantage are trihalomethyltriazines, for example 2,4-bis(trichioromethyl)-6-(4-styrylphenyl)-

s-triazine.

Other suitable coinitiators or electron acceptors (c¢) are benzoteridinediones (described in JP
Hei 02 113002), substituted benzophenones (e.g. Michler’'s Ketone, Quantacure ABQ,
Quantacure BPQ and Quantacure BTC from International Biosynthetics),
trichloromethyltriazine (described in JP Hei 01 033548), metal complexes (described in JP
Hei 04 261405), porphyrins (described in JP Hei 06 202548 and JP Hei 06 195014),
coumarins and ketocoumarins (described in US 4,950,581 and JP Hei 06 175557), p-
aminophenyl compounds (described in EP-A 475153), xanthenes (described in JP Hei 06
175566) or pyrylium, thiopyrylium and selenopyrylium dyes (described in JP Hei 06
175563).



Sui tabl e dyes (c) are described above. O her suitable exanples are
benzoxant hene, benzot hi oxant hene, pyronine or porphyrin dyes. Particularly
preferred are conpositions containing cyanine derivatives as a dye.
Particularly preferred are cyanines of the fornula IV, where nis 1-4, Yis
C(CH err])[err] or Sand Ris Cferr]-C[ep ?lalkyl. Exanpl es of UV absorbers
whi ch are suitable as coinitiator or electron acceptor, respectively, (c)
are thi oxanthone derivatives, coumarins, benzophenone, benzophenone
derivatives or derivatives of hexaaryl bisimdazol e. Exanples of suitable
hexaaryl bi si m dazol e derivatives are described in US Patents 3, 784, 557,

4,252, 887, 5 4, é%éb%a%ﬁ miflt ﬁrﬁﬁ  eléotfbhthdedptor e Fedtiily r&ﬁﬁlbl&orﬁﬁétiﬂdﬁ.u‘r e

advant age are stituted derivatives, such

2,2 -bi s( aemreaddpmib)ecpmcémﬂ]refsrslpéhls]GOBM%I%@rﬁﬂmPOEHQs desccbad iU .
Gther WV @%g@%@dgﬂﬂ {; ﬁap&gg 'ibrt%ihﬁlgfeoi%&%m%raﬁs SuftbniBmaans, or ?&ﬁé pEoRIdeS,

aromati c hy nthracene or pyrene, and t he tr| a2| nes
descri bed comgeRnds ¢BRaining, carbonj@lme bendss(tichioramethyliriazines, betersyelis sulfii + her

suitable triazines ¢ e 60
to col um PEPY f’ﬁ aﬁoth%?p%@ﬁ@ﬂl@hﬂ% E‘\%ﬁﬁg%%ﬁebszf%atﬁ 7 ‘fforret h ﬁ'@‘r’?éa?i&nes,
fo% ex affp![ﬁbgié’roéyd%ssés% d]és!téhb@d mRe lbﬁteht@ar(dﬂp&tewapbbdﬂi(m?k JS 5168 oa& iJR02
er suitable coinitiators_or. e rs (c) are

benzot er i R4408Polfe92 Pateks: B QW%%’ D%?%OOZ) subst it ut ed
83”2 ?phenoé;%jrn f@s &-fuftﬁ?*&dﬂfutvés Kﬁl érgmatl@ilﬂhéﬁdwdabéfiﬂ U%samm a??a@nmud

ant acure rom nernalona i 0 richloro Zi ne
(descri becdipzp campqundg deseribeddy US fat ﬁ?ty%%&%ég@sg C'BE'%P'PB%%HFH%J {%ﬁ S04
261405), p&ésehwéd RUg d%%?ﬁsb%dltm%l%nbﬂw NQﬁalRﬁ&ﬁMb Aaxdridéd indiiS 8872536 114 s,
coumarins and ket ocoumarins (described in US 4 581 .and JP

175557), pAlseppssifie tnsmpley twe anmerg ofdhe PPB‘&!“‘?’HmE?d ,@\0'&"9'3‘??3‘?’ e'éﬁ??(‘he nes

(descri be 54 adfitivbsIR E6mhbmatigh,r Yl i um  thi opyryl i um and
sel enopyryz'llécgﬁ%:bcl'il)S ?dEéCI‘I bed in JP Hei 06 17556
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reduci bl e d RO Har k6
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exanpl e i oaldmmqmllysand gartnguiaﬂnmombm&pn%wﬂl@hgcaﬁﬁ moﬁd'mﬂ@"s@éﬁoﬁﬁds
cont ai ni ng ¢ rfggnm ",escgnqz ﬂﬂﬁ%l bérate&dn SR umht“éma.ﬁ* 546 aH&Qﬁi@k&’tﬁM&ﬂésCor

sul fur corrpou S and tornitrat -am no ketones). Exanpl es of
ot her addi toursayingros dyes,ar@bmbly@ifeat@vedé’sefetr cpmum"twéismtf@ﬁ? BEWES 389 ent

applicatio . Ul 7048 and DE

383308. Exgﬁ{%%@'gd‘ﬁ"%“%ﬁ%f#&ga‘g%t P48 B:octloRBhopepRonylioddhivet /D43 and 2

5, 079, 126, hexafluarophasphate, or corresponding other anions of these compounds, for example the
halides; but also sulfonium salts, for example triarylsulfonium salts (Cyracure® UVI 6990,

Cyracure" UVI-6974 from Union Carbide; Degacure® Kl 85 from Degussa or SP-150 und
SP-170 from Asahi Denka). Preference is given, for example, to a mixture of the novel
borate compounds with diphenyliodonium hexafluorophosphate and isopropylthioxanthone,
to a mixture of the novel borate compounds with (p-octyloxyphenyl)(phenyl)iodonium

_ hexafluorophosphate and isopropylthioxanthone, and to a mixture of the novel borate

SbFg SbF; SbF;

s .
+ : +
Phenyi—S—@—s—@—sy-Phenyl @— —@-S—Pheﬂvl
! Phenyl Phenyl

Phenyl

compounds with

(=Cyracure® UVI-6974) and isopropylthioxanthone.
However, it is also particularly advantageous to add yet another photoinitiator, of the o-
amino ketone type, to the abovementioned mixtures. For example, mixtures of the novel

borates with onium salts and thioxanthones or dyes and a-amino ketones are highly



di azo conpounds described in US Patent 5,200,292 (e.g. imnoquinone

di azides), thiols, described in US 4,937,159 and thiols and

N, N-di al kyl ani line described in US 4,874,685. It is also possible to enpl oy

two or nore of the abovementioned coinitiators or electron acceptors and

additives in conmbination. As already mentjoned, it is advantageous to

conbi ne the novel borate conpounds with Toinitiators, inter alia

sensitizers (that nmeans energy transfer compounds). In this context,

additionally and particularly, conmbinations with two or nore different

sensi ti zeueﬁectrver Aprelapred examplgisthegnixiune ohibe sfoveldosate compodsitivi t h
“oniunt sy I hly effective.

his) ﬂﬂﬂoﬁ nrﬂmt 103BFRospha fé%ggsobgﬁ)h%mlg(ﬁﬁ&gl) dgnfﬁhg

Preferred salts In these mxtu oni um

hexaf | uor bgxafbiorerhespliate.deepropiiinisrantipne anth éhinethyiihiohengey!)methyl-1-

hexaf | uormﬁﬁcﬁﬂgi%a ' correspondi ng other anions of these conpounds, for
exanpl e the ut also sulfoniumsalts, for exanple triaryl sul fonium
salts (Cyracure[err] UVI 6990, Cyracure[err] UVI-6974 from Union Carbi de;
Degacure[err] KI 85 from Degussa or SP-150 und SP-170 from Asahi Denka

Pr ef er encdhpdnvgnijemalse providesa,¢ampasifion aempriging inadditien tespmpopentsi(a) and )

conpounds apieiabt sHePhtitoal, iaPfbaid o Balienia e oF Qﬂﬁl@ﬁdﬁﬂﬂiﬂ% atidchn onlum compound

I h t.h
(b Doty ol DBRARIEST BRUSTAIY aibied  seteneton 4 i kA aftaRlyeansing a ree-
i sopropyl vadrcadahomtatoraasbecmllnamoxamm ketoristeompousd. bor at e

[err] =Cyracure[ err] WVI - 6974) and i sopropyl t hi oxant hone. However ,
is als art ul ar | eous to add yet anot her ot0| nitiator, of
the a- ﬂ%hﬁ sl Eroies; e e RmPRRg G pdHon-§ CueepRe

m xt ures Qé)drhle(b)lQMéést dj}(g@dmumtdﬂtmuﬁmaants and t hi oxant hones or dyes
and a-am no ketones are highly
- 24 - effective. A preferred e Ls_the m xture of the novel borate

conmpounds wi th di phenyl i odoni um h E + gl pEQspR@be or

(p-octyl phenyl) (phenyl )i odoni um h f pfiosp i sopropyl t hi oxant hone
and (4-methyl thiobenzoyl) net hyl - nmoRphed i no- et hane. The invention al so
provi des a comnposition conprisi ng in addition to conmponents (a) and (b) at

cemmbuna "HRHE P P 3BU ad Al r 04 g L LC L BB

addi t i onaPhgn\ARothesianmatiG hyssacarkon, éﬁﬁ@hﬂpbwl.ta"m phenytG el G- an

a- am no Ke,8IRenyt,CHOMKYnyl, C3-Ciocycloalkyl or saturated or unsaturated heterocyclic radicals,
wherein the radicals phenyl, another aromatic hydrocarbon, phenyl-C;-Cealkyl, or saturated
or unsaturated heterocyclic radicals are unsubstituted or substituted by 1-5 times by
C+-Caoalkyl, C2-Cxoalkyl which is interrupted by one or more radicals O, S(O), or NRs, or are
substituted by ORg, RsS(0),, RsS(0)-0, R/RsN, RgOC(0), R;RsNC(0), RsC(0), ReR10R11Si,
ReR10R11Sn, R12R13B, halogen, ReR1oP(O)q, and/or CN,
p is0,1o0r2;
q isOor1; :
Rs is hydrogen, C-Cizalkyl, phenyl-C,-Cgalkyl or phenyl, where the radicals phenyl-Cy-
Cealkyl-or phenyl are unsubstitued or are substituted 1-5 times by C,-Cealkyl, C-C1alkoxy
and/or halogen;
Re is C+-Cqoalkyl, phenyl-C4-Cealkyl or phenyl, where the radicals phenyl-C;-Cealkyl or
phenyl are unsubstituted or are substituted 1-5 times by Cy-Cgalkyl, C,-C1,alkoxy and/or
halogen;
Ry and Rg independently of one another are C,-Cyalkyl, C5-Ciocycloalkyl, phenyl-C;-Cgalkyl
or phenyl where the radicals phenyl-C;-Cgalkyl or phenyl are unsubstituted or are -
substituted 1-5 times by C1-Cealkyl, C1+-C12alkoxy, RsOC(O), CN and/or halogen or R; and Rs



The invention provides, furthernore, a conposition conprising in addition
to conponents (a) and (b) at |east one conpound of the fornmula Il

[err] in which Rerr], Rerr], Rerr] and R err] independently of one
another are CJerr]-Cerr]alkyl, trinmethylsilylnmethyl, phenyl, another
aromati c hydrocarbon, C[err]- C[ err]al kyl.ggenyl, allyl,
phenyl-Clerr]-Cferr]alkyl, Cerr]- CBal kenyl, C[err]-C[err]aI kynyl ,
Clerr]-Cferr]cycloal kyl or saturated or unsaturated heterocyclic radicals,
wherein the radicals phenyl, another aromatic hydrocarbon,

phenyl - C adogdthél withr thalNatom torwhsielt theytacel attached sfatm - d 6+memberesi ¢ing ahich

di cal tuted by 1-5t b
E:[aelr(r:i'i agdér ‘lﬂﬁw&h&% 'r‘%?af'%( ! \(/a\hl CK IS |n!t renrefup%/ed by one or_nore
radical s (e r[delan}ndﬂpem@lyrqf oneuangﬁher aiearCralld CoGrcygiealipy, phenyl-Cy-
Rl err] S( O¢giidl or gRef Ir ]Nﬁé@thé radidals phéi bBbé‘élkﬂl R ﬁ@rﬁﬁ aleristbstituted or are
Rlerr]R er W) ] Cé(f frr 8}' h R[err]R[err]R[err]Sn
Rlerr] R[ersr'}’Bt't“ QI 5 H’lesﬁy of, RPN N R 1 or 2;
q is 0 d2 and R fdppende g@@ﬁnot@@rp]m ey fpaecycloalkyl, phenyl-
phenyl - QF rd:saﬂa/%trﬂ@ ngh&e the Riicals mﬁgﬁcm&md ;Sliéln?l a@wbbs@m&d Lr are

C err]al ky re unsubstitued of are substitu -5 tines

Clerr]-C equb]s@tmeyln § tines by -Cap Caalkyla Cioaplkortyl Ape/oR halggem or ﬁmﬁnq Riss togetl%/e_r
qerr]-C g # étorﬂ{a%l?iéh ﬂegfai’rel aftdchid, Bkt ¥l 5- OF eﬁ{?@ﬁuéredwﬂ T4hd he radicals

phenyl -Clerr]-err are unsubstit or ar substituted
1-5 ti mes %ig aadiceal whipbnsq!z{e kq/ioma;pelith ionp cgsppeiplboRialbmetals, aRumaER or R er r |

and Rlerr] y of one another are Cerr]-Cerr]alkyl,
Cerr]- qer{rf‘%gﬁg‘g’ﬁﬂﬂ phenyl -Clerr]-Cerr]al kyl or phenyl where t he

radi cal s pFengéfinitiops of ﬂﬁ[redlcillalﬂsﬁw,dh-%hailwu trisethyisilgmethy. tpheayl, otherr e
;‘[Jgfﬁ i tC%E € od\eﬁf B%JJ‘?J OarrBﬁ ﬁhmﬁbﬁéﬁd 3 Olb%henq B CLakfiSELE R .

-25 - t@@ﬂdyhyircmcuoyttlbalkw satwatadwrwhsatbratétblyetameydlcvadxbaidradfcetwlmah B or
6- menb d d

and R o r 120 Betot B oo ikl ARRl mi bl el off & inbroalda®
C err]-( eaboveycl oal kyl, phenyl-Cerr]- (err]al kyl or phenyl, where the -
radi cal s phenyl-Clerr]- C[ err]al kyl or phenyl are unsubstitut ed or are

substituted 1-5-times by (Jerr]-Clerr]Jalkyl, C(err]-Cerr]al koxy and/ or
hal ogen; Rih& mvehtiaihaxlédmmaslarcbmposuflomumnmmmgwarleastenéiberate} ofdhe rfasrhalld<yd>r'

L ey St A 008 o e S stiep oS bF R Caifur Vying B B e, s5RAG, i

substi tut Qﬂ/elméy alsa;ea éatnoﬁ[ 5] pa]trt 6{ e cbaiplsMhd ofGhe farinuld Eorl]. ExEmisles h Steh
hal ogen, err EI r?& ther with the B atomto which they are
attached, qy@?’rﬂ’% ""?frd B’t" Fﬁ'g and Z is a radical whichis able to

formpositive ions, especially alkali nmetals, amoni um or

In addition to the photoinitiator the photopolymerizable mixtures may include various
additives. Examples of these are thermal inhibitors, which are intended to prevent
premature polymerization, examples being hydroquinone, hydroquinine derivatives, p-
methoxyphenol, B-naphthol or sterically hindered phenols, such as 2,6-di-tert-butyl-p-cresol.
in order to increase the stability on storage in the dark it is possible, for example, to use
copper compounds, such as copper naphthenate, stearate or octoate, phosphorus
compounds, for example triphenylphosphine, tributylphosphine, triethyl phosphite, triphenyl
phosphite or tribenzyl phosphite, quaternary ammonium compounds, for example
tetramethylammonium chloride or trimethylbenzylammonium chloride, or hydroxylamine
derivatives, for example N-diethylhydroxylamine. To exclude atmospheric oxygen during the
polymerization it is possible to add paraffin or similar wax-like substances which, being of
inadequate solubility in the polymer, migrate to the surface in the beginning of



tetral kyl anmmoni um The definitions of the radicals Rerr]-Rerr],
Cerr]-Cerr]alkyl, trinmethylsilylnmethyl, phenyl, other aromatic
hydrocarbons, Cerr]-(err]al kyl phenyl, allyl, phenyl-Cerr]-Cerr]alkyl,
Cerr]-Cerr]alkenyl, Cerr]- Clerr]alkynyl, Cerr]-Cerr]cycloal kyl,
saturated or unsaturated heterocyclic radjgcal, radical which is able to
formpositive ions, alkali netal, ammoni um or tetraal kyl ammoni um are as

i ndi cat ed above. The invention al so provi des a conposition conprising at
| east one borate of the fornmula | or errJa and at | east one dye whjch
changes or P9lysedzation aeéﬁtermaéranmger&suaﬂ% yeruhich grexentgthe i Wﬂf%‘ﬁ ofj - Ihigy

al so, as Cgﬂ.‘sb gaﬂs.@s t&ﬂéﬁlg% peiGorf %e&bneiaybhe_.gm igBhlﬂeHs vﬂ'ﬁcH &aﬁfﬁd added in

Exanpleso yes or I'um ditionto
the phot oi asmautquanttty\er$HM@@p@myqurmmlﬁ¥9$m¢fé§e hwoxvmeuwbewnwb

additives _ ended to
pr event pr@?’?ﬁhggymeﬁe%g‘? ﬁ%ﬁoxtafeé)‘?(‘rg&@*)r wb%hgﬁrﬁﬁrtﬁdﬁgﬁéerm&gr oqui ni ne
derivati vesqmlpolJMtchobpplseddel@la“VPt Mpmﬂﬁ@ﬁ, %ﬂ@hf)%teﬁml’gﬂaﬂy hmder@d

phenol s, s% ?g §7d|-tert butyl -p-cresol. In order to increase the ,
stability on storagée”in the dark it is possible, for exanple, to use copper
conpounds, Exaroples of sughddy absqrheisandtlight stabjlizess ereor oct oat e, phosphor us
conmpounds, for exanple trlphenylphosphlne tri butyl phosphine, triethyl
phosphi te, : piriazolps fayexample@+(25pidrosy-S'eethgiphemy))- anmoni um

d : ) 1)
"t: ?lrrprrg'tj Eyisbg%'%ﬁ@?ﬁgp dgﬁ QL%F\%%F] I<ia"\/zé S-{RIbUYEE™ exanpl e
N-di et hyl hwhroxwhanyl)benzdtuamle,laﬂ(%hydrmeﬁ |=(e rﬂ,&Sde@a;m‘thyime)@anhb-
ubat anceobiftbEiRoeR RS rPlefy v Bisnsh i BB Frapur 1o
t he surf acE’-hydrdﬂyeﬁ’hmjhymelgl){.ﬁ‘-chlorobenzotrlazole, 2-(3’-sfec-butyll-S'-tert-butyI-Z’
-26 - t t
the 1 ngr oebyEpophBhvtanaazsE A b BRER RS BypREnRSSs iteele, Bastelinr " ©
llayer. Lighiyse’ &bdidx?ﬁi@;y»bé%tﬂh&ﬁlebﬂ-(@@dbﬁ (um-amwmﬁenqwatwdro@pﬁew

absorbers, for exa t hose of the hydroxy phe%l benzotri azol e,

hydr oxyph eh?’!ZOH @?El?p metdiecf 2dRatestriuid-2hydow-o eBigRycarbonylethyhrhenylss-
These conmpgylg ridsold! 25@ eyl ?é {Tz\lp?tﬂﬁl He?ylgt%ﬁﬁé’rbsﬁl - %-l?fdr&lgbﬁ'tf}%)

sterically hin r am nes EHALS sor

st abi | i zer B-chlogobepzotiazole 2-(3 1o FWk%MéWV%%@WWWH’M)P@RW'e

7 (3 orr ) ydethetid S G R B arstyphen
2- (5[.err] - benzoifazole, 21?dert}butyi-y'lah!drq')mﬁf(9+0):b!éqxxearbor:Mch)é)phenyl)benzotnazole 2-
2- (2" - hydr pxysphityrs o323ty HexPiBky) BabBiMidthyiP2S 4k dxyphenylbenzotriazole, 2-(3*

dodecyl-2'-hydroxy-5’-methylphenyl)benzotriazole, and 2-(3'-tert-butyl-2'-hydroxy- 5'-(2-

isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2’-methylenebis[4-(1,1,3,3-
tetramethylbutyl)-6-benzotriazol-2-yl-phenol]; transesterification product of 2-[3'-tert-butyl-5'-
(2-methoxycarbonylethyl)-2’-hydroxy-phenyl}-benzotriazole with polyethylene glycol 300;
[R-CH2CH>-COO(CHy)3].- where R = 3'-tert-butyl-4'-hydroxy-5’-2H-benzotriazol-2-yl-phenyl.

2. 2-Hydroxybénzophenones, for example the 4-hydroxy-, 4-methoxy-, 4-octoxy-, 4-
decyloxy-, 4-dodecyloxy-, 4-benzyloxy-, 4,2',4'-trihydroxy- and 2'-hydroxy-4,4'-dimethoxy
derivative.

3. Esters of substituted or unsubstituted benzoicacids, for example 4-tert-butylphenyl

salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol, bis(4-tert-
butylbenzoyl)resorcinol, benzoylresorcinol, 2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4-
hydroxybenzoate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-



benzotri azol e, '
2-(3[err],5[err]-di-tert- butyl 2[ err]-hydroxyphenyl)-5-chl orobenzotri azol e,
2-(3[err]-tert-butyl -

2[err]-hydroxy-5[err]-nethy|phenyl) 5-chl orobenzotri azol e,

2- (3" -sec-butyl-5-tert-butyl -2 hydrox¥phenyl)benzotr|zoIe
2-(2[err]-hydroxy-4[err]- octoxyphenyl)benzotrlazole
2-(3[err],5[err]-di-tert- anyl-2[err]- hydroxyphenyl)benzotrlazoIe

2-(3[err], 5[err] bis-([err],[err]-dinmethyl benzy I% - hydr oxyphenyl ) -
benzot ri aflotpxg oxXypen ,and 2-methy-4 6-di-tert-butylphenyl 3,5-di-tert-butyl-4-

2- (3[err]T&QR&Wgyﬁmgﬁg[err] hydr oxy-5' - (2- oct yl oxycar bonyl et hyl ) phenyl ) - 5-
chl orobenzoOtri azol e,

2 ( 3' -t er th Aopyiates; for[egca(rwlealsngcrtylrwﬁmybw;cyam-&ﬂﬁphenyyaqwlafae methyhger oxypheny
5- chl or gbenzot
2 (3 orr ] %%%Sﬁ’@?%‘?@gﬁ byyhergnsthy asryanorBmathwigsrethesinprEat], metimd &y ) -

5- chl or okaRmRyhbmG -gvmethoxycmnamate and N- (B-carbomethoxy-B-cyanovmyl)-z-
2-(3[err]- tert but [err]-hydroxy-5[err]-(2-nmethoxycarbonyl et hyl ) phenyl) -

benzot ri afefAtay "“d°"

2-( 3[ err ] 5 sfémagz whdefeu BYER Yor example®is-12,2.6 6B frRMBiHy Rigbridyip Behcatd) BRZOL T |

azol e,

(3[err]- t é2.2 Gtﬁrt%tnarrﬁﬂylmpemdyl)(sycejt\ma bisA1:R 28 $Dentemeiindnipgridyl) sebaegte,hy dr oxy
henyl ) b J -3 5-di-tert-butyl-4-
gogggyl) g{bfs‘ﬁ,? ﬁ@ nt t{ﬂgl;r)lferwl) n-bu Iesn?/ di E) gnbzuo I 4 Zd(;?)glbenzry dmalonate
2- (3' -t er rcopdansation PWQG’@N -h)@rm(ygthy -2,2,6 6—tetramethyl-4-hydroxyplperldlne and
tyl I 1,1, 3, 3-
Lot ramet byl By P, Bt SRR oA NI RAolzrs 0 6 téuaRBh i BRI Guuer

of 2-[3] emqthylgpqd:mng land [tletert-]octylammo-z 6-dichloro-1,3,5-s-triazine, tns-(2 2,6,6-

e e

3[ er r] - t ebutdmettetractte, Hytir(d,2yetBandiyibis{3,3 5. 5-telranietil-piperdzinonk), 4-enzoyl-

i ooyl oS gﬁgﬁé*ﬁgfi‘?'i’@x“ﬁ'"gxfgﬁeﬁ@w’&%é s B el B 2 68 i

- hy dr ox pendtamethiiipipéridyy) 2-ukbutyl-24(2-hpdroly- SBsdlaenrbullbeenbm mhbha'lé 84n-octyl-

b b I p )
Eﬂiﬁyft | S oBORRLE] el Moo BB B ot S M bR B2
but yl benz mgtfa)m&ihylpipendyl) selbaoﬂeyﬂns«é&octvlonple 2 6’,64etchméthylbrpbﬂdw fueeinste,

g g g: tglr;, é.omgrﬁgﬁ% éﬁfg@'e@ g? é% %Ee? gdgﬁl@[l—%plgeﬂqyl)pgﬁm%tﬂylypedlamme
-27 - 4ah§id¥marphemma,66!jlcm}d 143,8:184 408, oénd“erréaudrembd@@ttoy PrRARIAY-4,6-di-(4-n-

3,5-di-tert ydr oxybenzoa ates, for_exanple | sooctyl or
Syl T er IO 2 BokEriareney 1 3 erike 8nd fiz-bgie pERGPropy
car borret hexinad)ethans,t condbnation Qf'odﬁéi &03-chloro-4,6-di-(4-n-butylamino-1,2,2,8,6- :

E:; L&;@Eﬁa&y‘eﬂlyﬂiﬂ?ﬂ!&bcﬁ%ﬁnﬁﬁﬁ %{:"FQP %ﬁé-%—a%w%pylammo)ethane 8-acetyl-3-
- Ne([err]- @aaém;wmg&etiaeﬁéﬂmylcwaBqnaia\ébbro[zﬁ]d&hhyJZIMQhé Fdo 151-(322 88-1y

oo Rt SRR RIss 5 e i escor-{1 S 2 pertzimeti
bi s- (1, 2, Bigerifylp pﬁ{r@ﬂmel:ysmmrl dyI) sebacat e,
bi s (122 6pentarrethy|p| erid
- b yi - 3 B5Osalamges. IeypnBlerd radrienpyaniide Al diethaorandidei 28-Boaary- of
1- hydr Oxystdml-te% o) oﬁarﬁlﬂer2Eﬁauﬁb{éeecﬁ}roﬁlg%rﬂx&*tﬂﬁglo%hﬁﬁ%@'édetﬁ VH)trr?y pact d,
condensati on produc bi's tetra pi per y ex
net hyl eneemﬂ?% l\bmoblsr(?e-émetma@rwnamonw)@ca@r@m@m-@thgxyﬁ Seributyk 2'+etﬂ1ylmmllde
tris-(2,2 AN BRVI-8 YL di-
tet ra§<| s- 0 gd gs éﬂ |>‘§h{ et ra%lttq]&q@ 95‘5" 2 %Jt&)thyyg%ﬁ'i ’bu?%‘ PO AndBi e,

-(1, ZH&ﬂFdeaW pho-Arel F&eﬂ)'!OSY-dlsub%tmwpkarmllpes azi none), 4-benzoyl -

1. 2-(2-Hydroxyphenyl)-1.3,5-triazines, for example 2,4,6-tris(2-hydroxy-4-octyloxyphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-1,3,5-triazine, 2-



2,2,6,6-tetramet hyl pi peri di ne, 4-stearyl oxy-2, 2,6, 6-tetranet hyl pi peridi ne,
bis-(1, 2, 2,6, 6- pentanethyl pi peridyl)

2-n-butyl -2-(2-hydroxy-3,5-di-tert-butyl benzyl) mal onate, 3-n-octyl -
7,7,9,9-tetramethyl -1, 3,8-tri azaspiro-[ 4. 5] decane- 2, 4-di one,

bi s- (1-octyl oxy-2, 2, 6, 6- tetranethylplpq&idyl) sebacate

bi s-(1-octyl oxy-2, 2, 6, 6-tetranet hyl pi peridyl) succinate, condensation
product of N, N - bi s- (2 2 6, 6- tetra nethyl 4- pi peri dyl ) hexamet hyl enedi am ne

and 4-norphol | no- 2, hl or o- 3,5 azi ne, condensation product of
2-chl or o- %d@ydrngyphenyl)A 6-b|s(2 4-d|methylphenyl)-1 3,5-triazine, 2,4-bis(2-hydroxy-4-

but yl ami ”Q&yi%xﬁpﬁeﬁy@té-mmétﬁ*lﬁﬁédgﬁw 3 sﬁngzu% bl éﬁgufbgﬁﬂ%txpoxyphenvl)%&

1,2-bis am nopro ¢ondensat| on
2- chl or o- bis@- mpthylphﬁnﬂ):! proatiaripe,2-2-hydsoxy-4-dodecyloxyphenyl)-4,6-bis(2,4-

ent anet h
5’ Al ( opr g'?)yl’ 5 iﬂa’%ﬁeeg ﬁ-g% 'g?&gﬂgﬂ-(zr‘yd@xy-s-butyloxy-propyloxy)phenyl]-4 6-
dodecy! - 7bl$(294-9lm@|ﬂylmmﬂl 3,5-tipzing, er[mgméf(z-mymwmmqw di one,

3 dodecyl PRPYPA A LTEE Glpo oot 15 it S ladoPqiniiliigan.

Oxal am debydroxyprepyioxy-g-hydewxy-phenylly4,6-bjs(2 Ardimethglphenyl)-1,85etiazirg.ox ani | i de,

2 57 G achmenin e fonled! for BYANPR A el hosphts, plphoy ey pigephtes.

oxani | i dephedyNdialkylphodphitase tris{rionyiphenylphdsphits; itrilatrglphosphite, trioctadecyl

2. ot hoxy- BrosEhh ey ng ol ST b B erkd Aol pnosenis,

met hoxy- diisddedyl pentaelytmﬂydidlpbnoyptdtw biss(E;@dlttaﬂ-buwlphahyl)tiﬁa\ta&ythntyl

S ey GRuBRR, e o Sspidt AR Rvsenyil Batasythuing diohosphite, bis-

2- (2- hy dr iswglecyioxg pehteyytiitydiphoépkite) bls-(em-dl-tdﬂmtyhﬁlmﬁtﬁﬂwényﬁ pén&ewmil' ne,
2, 4- di hyFPBoSPbfieRI${2.4.Eaifed-pytyiphgnyilpeRtrertiviid 5"P'£°§°h§e=ttf'§fﬁiwh§°fb'ty'

4- b: S ( 2tripuesphity; tétrakis-(2, 4-d|-tert-bt|1tylf‘>henyl)-4 4’-b|pheq[ylene dlphosphomte 6-isooctyloxy-
ropyl ox e e riazjn

( gyhyd?/%’g& {H Wﬁéiymgﬁﬁ'b%zg alf %3 cmaﬁmmgﬁ'yﬁ)é flueyo.4.8{19Aetr,
3 ( 2t EYFV?% Qdﬁéﬂlklpdilmﬁ%[d’b])‘r 4, 2tdidtaphésphocine, bis-(2,4-di-tert-butyl-6- :

i me e
2 (- hyclr BRYVipheDuh i phaspbe PRGBS r ARy AT o hospnte
bi s(2, 4- dlnethylphenyl) 1, 3,5-triazine,
2-[ 2- hydr gxy- 4- 2t hxdrox 3l oct yl oxy q
pz)r Fzyhgg?ﬂ?ﬂﬁ?ﬁ‘?}l 'Z;?;FPBP Qdi)/émﬂﬂizm 'HS/'P;PﬁéﬁPIP)tOQ & amines; {7 pxample
hydr oxyprg%y la) g!)?y rg\‘;gﬁéox ttﬁ%rhol?mme p-dgnet?)élamlngbenzoatei or MlchHeS lfetone

, 3, 5-t ri azheractiop of Mﬁ)@'iimeﬁégn&ﬁdﬂtsn%%bhme@dltm rof emqiic&etqmp ok thel
phosphi t eperffoPR&HbH! H{bﬁb%oé?'atnﬁﬁe méﬁn gé%&ﬂ\s 8@&%@ecy GRS are. o

trls(nonylpheni%i hos h|te trilaury Ite, trro
di st ear yi sybshiutast NiNwdintigylantines es e ﬂescrigsdeE-A&:s@ﬂ 841 Qthenacgeleratong| )
hosphite RASRY. r
Do (2, - SpMABRRI EHGieaE ofo ok AhiobirBiRg StifsBe, phosphonium salts, phosphine
bi s- ( 2, 6- eXidescgriphggphines;-asiesotihsde foy lexample; mdilel-ﬂmaetgas ih @BasRNBOS58Iaind -
[ sodecyl oxXY, tyl di phosphite,
s-(2,4- ﬁldp{g’gﬁe?gupéﬁé% met hyl phenyl ) pentaerythrityl diphosphite,
b| Sb'( 2, I4 thtopolvmepzaﬂony:bphhw)be)aqmeluated by ladding lfurthiep phetpbentisizets wisitle shift |
sorbit e . . .
ot rak) s- rRgEe sBecal spusitiy) These areyip peritiRE Araste SHhaTL ATBRRYES
63| Z ogct yloogyamﬂecb,eazdphmfelhe,ahioeamtzm,ﬁnar&aéuihaﬁdmm[a@ymiunﬂarin derivatives,
i OX S n - rO- -tetra- . .
torc- but o 95R AAECNerBunadiRipfinds. Bubalg BRSF shostaming and erythrosine dyes.
bis-(2,4-di-tert-butyl-6- nethylphenyl) net hyI phosph| te and
bis(2, 4- did ngFn'gbpurctx\fels's%hﬁ‘?)tehe}/slsgpe%rﬁ/y, }n parp c\fularp comgosmons which are pigmented (for

example with titanium dioxide), and also by adding a component which under thermal

2-
(
2,
P
2-




To accel erate the photopol ynerization it is possible to add am nes, for
exanpl e triethanol am ne, N nethyl di et hanol am ne, p-di net hyl am nobenzoate or
M chler's ketone. The action of the am nes can be intensified by the
addition of aromatic ketones of the benzophenone type. Exanples of am nes
whi ch can be used as oxygen scavengers a% substituted N, N-di al kyl ani li nes,
as are described in EP-A-339 841. Other 4tcelerators, coinitiators and

aut oxi di zers are thiols, thioethers, disulfides, phosphoniumsalts,
phosphi ne oxi des or phosphi nes, as described, for exanple, in EP-A-438 123,
i n GB- A- 2 casditidsFonmsifree rapicals, FeriexampisB0azo caepaswd isyeibas 22-pEebi¥4n al so be

accel ted. b ' . i S ' i, £ h
apoct s SRy pPorilaiahef 1AERer U FS Sultdh, penaadibngbr JpERAFT 1 Ne
gogpo:mds mmpouradgmrﬁhsi_ambyﬂrepemuipetohpemmatmtel.dmemamﬁh_ | Hl@lm!l andb
-acyl couparl n _derd vat Lves. - t ,
al soyeosi ngropﬁr(%gm %éed%%%b%?@?qﬁ?%@ﬁheﬁ“%%&g@%% gﬂ?l) ngI S?gcgggscanuhe
a_ssihst_ed by, ig par'éli cul ar,OI conpositions which are pignmented (for exanple
with tita i oxi de), I b ' | I
"o - conthet eiorey isedived oBRaming o WiipibaETHR oRg lblbtcont BHfEnd U
§u|2f | SéOb%ﬁ%‘f?\?ﬂﬁ%&? grettigrg?)?bmsmllweﬂirglghrﬁba)\ts.? tri azeg% di azo q

: . conpoun Qr_i.n or
per oxycar RIS gusp Tickang Bismepiad aoaRods s APBiariate 1 Saf albes WlkioShgtes oF
exanmpl e i pulvBrifeldasSfitstes, astdgsthitsad forexample jn BSdﬂ-ﬁjOﬂB,?ﬁBdepelndi ng 0;1 t he

I ntended use, are fluorescent whiteners, fillers, pignents, dyes, wetting
agents or levelling-assistants. In order to cure thick and pignented

gogt i ngs iﬁhgiiﬁve%ﬂgﬁ gﬁ?ip@é\ﬁdés%olﬁbbsﬂiogg &orﬁgﬁ%iﬁﬁé;gdsrﬁporwhﬁ (a)lav imakrenk gl ass
| bres, as described for exa e in - A- 5, . .. . The invention also
provi des cYnirnically gRsatuaied P tpbolgger&gggoq@ﬂoupgy% is gmylsified or dissolved in

et hyl eni cgldiyr, unsat ur at ed phot opol yneri zabl e conpound which is enulsified

or dissolved in water. Many variants of such radi ati on-curabl e aqueous
prepol yner di spersions are conmercially available. A prepol yner dispersion

I s under st Biah! df Suéh Fﬂdﬁ%h%h%lé)é?d%w brepefnitir dispafsionerife BoRRRIGIANT

di spersed therein. The concentration of water in these systens is, for

- available. A prepolymer dispersion is understood as being a dispersion of water and at least
one prepolymer dispersed therein. The concentration of water in these systems is, for
example, from 5 to 80% by weight, in particular from 30 to 60% by weight. The
.concentration of the radiation-curable prepolymer or prepolymer mixture is, for example,
from 95 to 20% by weight, in particular from 70 to 40% by weight. In these compositions the
sum of the percentages given for water and prepolymer is in each case 100, with auxiliaries

and additives being added in varying quantities depending on the intended use.

The radiation-curable, film-forming prepolymers which are dispersed in water and are often
aiso dissolved are aqueous prepolymer dispersions of mono- or polyfunctional, ethylenically
unsaturated prepolymers which are known per se, can be initiated by free radicals and have
for example a content of from 0.01 to 1.0 mol of polymerizable double bonds per 100 g of
prepolymer and an average molecular weight of, for example, at least 400, in particular from
500 to 10.000. Prepolymers with higher molecular weights, however, rﬁay also be
considered depending on the intended application. Use is made, for example, of polyesters
containing polymerizable C-C double bonds and having an acid number of not more than
10, of polyethers containing polymerizable C-C double bonds, of hydroxyl-containing
reaction products of a polyepoxide, containing at least two epoxide groups per molecule,
with at least one «,3-ethylenically unsaturated carboxylic acid, of polyurethane



exanple, from5 to 80% by weight, in particular from30 to 60% by wei ght.
The concentration of the radiation-curable prepolyner or prepolynmer m xture
is, for exanple, from95 to 20% by weight, in particular from70 to 40% by
wei ght. In these conpositions the sumof the percentages given for water
and prepolymer is in each case 100, mﬁth:ﬁﬂX|I|ar|es and additives being
added in varying quantities dependi ng on e i ntended use. The

radi ati on-curable, filmform ng prepolyners which are di spersed in water
and are often al so dissolved are aqueous prepol yner dispersions of nono- or

pol yf unct i neth)acetaigs and ebaqrwmawmeéa which ceplaingBrethyignieally yipsatiraeth per

From 0. 01 POVIC ERER. B sl Fpolt EeEaTRia aufe o ERBE Rl B 1) o,

and an avelikendseind asad. Alsovsitgble aod thefmlymmablemremlymmslesmn in EP-A-

Povover . iy S S sheHer aaeER B A SuakblahuSp A R B R A Ui

I's made, f ﬁfolmiaI‘rWnght of atiedst 690 24 carboxyl grovipanieEsit phiesm Debtoet 5% énd awdohtent

bond d h | t h
cont ai ni gt et Mol SRimizebiR.ceasie Aonsdier 08 B BreRcRar-Qte on
products ofsm&blwémbag diéﬁersmsl asatih spbcrnean(yl (meth)apylatelpolgmetspareper

g‘g! SCU Iofe p ! hpg% Hhﬁlg-A-Mo QES anLiesruft blg §~h er-di spce?slillalg rarc}la EJH-E&}a e pcrgﬁo mers o?

-30 - (nﬁiéﬂ)a?féra&ﬁét%caﬁde@éurﬂqﬁﬂﬂﬂ-mamﬁrs whi ch contain
[err],[err ethylenlcall uns a lic radical as are described in
Ep. A 12" 35 Gurihgracdiies whichiescbenangey hbse Gatbpeirable SRiEaus ploPaRIST

suitable aarépéﬂaﬁmeawaispéré@hIa@xmmbmyﬁfﬁe@%ﬁm@ﬂs lighdtatitize?s &§8S, Whi ch
are thioether adducts of polynerlzable prepol ynmers having an average

nol ecul ar Rigments, flers,for exampletaic. aypeym iicls agd.guljecamamblac, ZF‘P&’HdG ipoR o
15% and a SQIHI;@ rl‘éadiif)n faE:@éTéthcQQ Ié\ﬂellﬁrgf?adﬁﬂis fRibrieAtY, Wﬁuﬁé‘@é&t&tﬁcﬂéﬂém fattfg ds
per 100 g of prepol yne CQt her’ sui tabl e agueous di spersions, based on

speci fic apags, (Wtqﬁﬂqu ether aypiliaries eustemaryda pain tﬁ@hmlmsgﬁuﬁabig dispsrsigm d
sui tabl e V"é&:ﬁﬁ%ﬂéh%i’é’ﬂv%teh’ls&ubfea&g%b e&hgbhnﬂi%' vﬁhnﬂ{ Cﬂéh@rrﬁo@é ﬁé@éﬁ‘d
acryl ates can In DE-A-29 36 039. Further a I ves

i ncl uded i rontaiBPSlar gIOUPS; examnleabeleg aquowglcpnh@bopglmnylwrwdam oreeliy

di sper S1 on ofidid, Enfidfits WHBH in'teisb 438 hbAShI B lsitdrb B, FaRLU iBRES: dyes,
pigments, tillers or exanple ta gypsum silrcic acl car bon
bl ack, zi nemulsifiges ag weh oxi des, reaction accelerators, |evelling agent S,

| ubricants, wetting agents, thi ckeners, flatting agents, antifoans and
other auxiliaries customary in paint technology. Suitable dispersion

auxi | i ari e cartaiveases-itsoaybé of advgatage to uae cixies oftiworor amare of thieirgivehol ecul ar

mass and c i 0. . ' .

ot yvi nyl poSiriafie s BiSp a8 ERHER BURTRBIY Binolnphofifatorton o,

noni oni ¢ epxample intixtaresnwith bénzopbenone, acetophenene derivatives, farsexamiple
a-hydroxycycloalkyl phenyl ketones, dialkoxyacetophenones, o-hydroxy- or o-

aminoacetophenones, 4-aroyl-1,3-dioxolanes, benzoin alkyl ethers and benzil ketals,
monoacyl phosphine oxides, bisacylphosphine oxides, titanocenes, ferrocenes,
anthraquinone, thioxanthones or xanthones.

Examples of patrticularly suitable photoinitiators are: 1-(4-dodecylbenzoyi)-1-hydroxy-1-
methylethane, 1-(4-isopropylbenzoyl)-1-hydroxy-1-methylethane, 1-benzoyl-1-hydroxy-1-
methylethane, 1-{4(2-hydroxyethoxy)-benzoyl]-1-hydroxy-1-methylethane, 1-
[4(acryloyloxyethoxy)benioyl]—1 -hydroxy-1-methylethane, diphenyl ketone, penyl-1-hydroxy-
cyclohexyl ketone, (4-morpholinobenzoyl)-1-benzyl-1-dimethylaminopropane, 1-(3,4-di-
methoxyphenyl)-2-benzyl-2-dimethylamino-butan-1-one, (4-methyithiobenzoyl)-1-methyl-1-
morpholinoethane, benzil dimethyl ketal, bis(cyclopentadienyl)-bis(2,6-difluoro-3-pyrryl-



In certain cases it may be of advantage to use m xures of two or nore of
the novel photoinitiators. It is of course also possible to use m xtures
wi th known photoinitiators, for exanple m xtures wi th benzophenone,

acet ophenone derivatives, for exanple a-hydroxycycl oal kyl phenyl ketones,
di al koxyacet ophenones, a-hydroxy- or a-_g{iinoacet ophenones,
4-aroyl -1, 3-di oxol anes, benzoin al kyl ethers and benzil ketals, nonoacyl
phosphi ne oxi des, bisacyl phosphi ne oxides, titanocenes, ferrocenes,

ant hr aqui none, t hi oxant hones or xant hone art glarly

sui tabl e rphemd)tlﬁﬁmqf&tfdﬁppaﬂféd'em\"(ﬁt%% ;‘) B‘E!Hﬁgg P?'tsqulifg?'BQ -iso-
met hyl et h?)?(?thb]e(r]ﬁen Qﬁ{l’%&né%ﬂgﬁiéﬁw r)onall)ﬂéiégﬁd%é(p‘h%spl‘ﬁié hyl et hane,

1- benzoyl rox
1-[ 4(2- hydrmuwbbw)dimmywb@mnmweqwzsmambw-umyn 12,4,4-trimethyl-

[4(acr {l g%ﬁx el hoxg (ﬂ%ygk%%é:}é%re&y}ﬁenzoy E X'a%e*h"i‘&&phgﬂﬂiﬂh%giﬁnné 5kia8 or

penyl -
(4- nor pholpjgie) Iawmeltayiﬂerizevly-phemmospmhy loaikie NOthee puitable dddjtRndl photoinitiators
met hoxyphenyl ) - 2- ben

( 4- met hy| t9AN&8daunslin) S_Pﬁt?th%%?L%siﬁPE'ﬂm #@21@?,1?33%@5@%1'. ling &t hyl ket al ,

bi s(cycl opgréradheivNel photeintistord iatd omployed Rtiybyi Hsystems use is made, in addition to
- 31- phenyl )titani um cycl openefdl en?;1 - aren, I ex salts, for

exanpl e ( [te% Ppval ¥ge-radicq) fRmanseh p'l?k}?!? eé%R}'P% 5994 )
hexaf | uor QRipeandd, Suc &s BBﬁib?l ﬁsraz.aul &hmmwwdesearémedmbed in US Patent

bi s( 2, 6- di met hoxy- b t th hi
01 3( 2, 4, 649908 §GaNEA 2y e 7253, rored SUHRTIT B RS0 A0 dosribed fo

bis(2,4,6- | md 18 Niné Yolorbl e
add|t|onaléx[éh@%'PH?Fgﬁgygbggﬁgwé&gﬁﬁﬁblIgﬁugg(tgg"tégjng 4, 9|r510 581 coLurm 20,

line 35 tmycbpmdlgnyl-arenﬁaquﬂll) coveplex saits, fos exampledn olsairrorMibeNZolMe enmpl oyed
in hybrid s on to the novel free-radical

har dener s, p@@?@S'W méﬁﬁ?@%§¥w+éh’6%pﬂé or exanpl e peroxide conpounds,

such as benzoyl per oxi de (other sui t abl e peroxides are described in US

Pat ent 4,950,.581 col.unm, 19 n - 25). A "

cal to. as dHBURYATLER TSRS el BiRvises Bahenfbc gyt RHAdABRISHR alotifRueE
to col um (bPalsb comphst arleastone fartticphotiditissordpand/ondgthér adsitives erd/enl t s, for
exanple ([err Iso propylbenzol)([err]- cycl opent adi en-yl )iron(l1) -

hexaf | uor Y The invention therefore further provides
conposi tions Whl ch in addition to the phot oi ni.ti ator (b) also conprise at

| east onefurthe hot oi pj ti at or .apd/qr ot her..additives and/.or.

Coi ni 1t oMe ProeRebRBEBls O TIRORIIoNS InEkice e SR BNY it die BRgeiRltators ()
“phot oi ni ti #idod) &Xxped@intly iea lqhaﬁmy of tmmtunsto(ts% by she(ght, prefeexbiyeindrh .1 10 5%
quantity of from0.05 to 15% %ﬁvvelg ht, preferably from0.1 to 5% by
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Compositions comprising as photoinitiator (d) a titanocene, a ferrocene, a benzophenone, a '
benzoin alky! ether, a benzil ketal, a 4-aroyl-1,3-dioxolane, a dialkoxyacetophenone, an
o-hydroxy- or a-aminoacetophenone, an oz-hydrdxycycloalkyl phenyl ketone, a xanthone, a
thioxanthone, an anthraquinone or a mono- or bisacylphosphine oxide, or mixtures thereof,
as additional photoinitiator are of particular preference.

The photopolymerizable compositions can be used for various purposes, for example as
printing ink, as a clear finish, as a white finish, for example for wood or metal, as a coating
material, inter alia for paper, wood, metal or plastic, as a daylight-curable coating for the
marking of buildings and roadmarking, for photographic reproduction techniques, for
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to reduce anddywasingitthe sHilledovarkertie ablede inflyeaemihg prepestigs efnthe cured film. The
polyunsaturated monomer functions as a crosslinking agent which renders the film

insoluble. The monounsaturated monomer functions as a reactive diluent, which is used to

reduce the viscosity without the need to employ a solvent.

Unsaturated polyester resins are usually used in two-component systems together with a
monounsaturated monomer, preferably with styrene. For photoresists, specific one-
component systems are often used, for example polymaleimides, polychalcones or
polyimides, as described in DE-A-23 08 830.

~ The novel compounds and mixtures thereof can also be used as free-radical photoinitiators
or photoinitiating systems for radiation-curable powder coatings. The powder coatings can
be based on solid resins and monomers containing reactive double bonds, for example
maleates, vinyl ethers, acrylates, acrylamides and mixtures thereof. A free-radically UV-
curable powder coating can be formulated by mixing unsaturated polyester resins with solid
acrylamides (for example methyl methylacrylamidoglycolate) and a novel free-radical
photoinitiator, such formulations being as described, for example, in the paper "Radiation



Unsat ur at ed pol yester resins are usually used in two-conponent systens
together with a nonounsaturated nononer, preferably with styrene. For
phot oresi sts, specific one- conponent systens are often used, for exanple
pol ymal ei m des, pol ychal cones or polyim des, as described in DE-A-23 08
830. The novel conpounds and nixtures_%ﬁgreof can al so be used as
free-radi cal photoinitiators or photoinitiating systens for

radi ati on-curabl e powder coatings. The powder coatings can be based on

solid resins_and nnnoners contai ning reactiyve doubl e onds | e
mel eat es, GHIRG ofReyes Cogling, Gopterenge Ripegadings, Hadtesh 99%@”3@#%

free-radi Cghd ¥n \Bbnriatialthe pawaelﬁéoaﬁiﬁ bma@aaomumﬁdaté aetseaie lgséribed B
unsat urated polyester resins with solid a | am des for exanpl e math I

met hyl acr yexamriegn REof:4228 sidand iR (ﬁPeA qels r E'Eﬁed'éﬂ'cﬂ%‘tj\ﬁ‘ch %PQ)’i’de"s uch
formul ati ogsatigs Ban 8o %3&%&?&9@1 by %mﬁ?‘ afsdtGratdd iR 38hs wﬁ@gblﬁé ates,

-33 - Curi ng”of Powder Coati ng erence Proceedi ngs, A Radtech Europe

1993 by M methecryipteser wpyl ethﬁmnmwﬂlm@oyelvmm@wm (wehefaw'tm@mwrﬁ)aﬁ?
bi nders, é ovidér c@?ﬁ%ﬁ%ﬁalsﬁ%mﬁﬁ%h&ers'a@ drb-dbsdibed &oﬁéfan?dw ih DEEA- A- 636

669. Free-radi cal wder coatings can al so rormul ated by

m xi ng uns42 @8 &iéang o FBsA-636 p6S.i The WY-curablg powdes Wam@amﬂw ates or
| eth

¥h2ypoﬁde?5%ﬁsné€¢f*n%*%g%ﬁ%ﬁ%d %gﬁgﬁﬁﬁi%égéfﬁﬁg@*e'@%%!‘ggﬁﬁmﬁeé%“ o

exanpl e, i empByed ind@neentsationaptiup to ordente gine- 8 Guredl powsiendeating

coati ngs | r e,

or of er abl yOF iR g Bt @ BB re Moo il et B ooetafc SHEAARL

to 50% by okthglpowider antddhe substrates fax example metatien waash meitingadf thppewderdiyng

D g oM G B PP Tl AT 9 RSB e R e e
meldfc i ng of atdfer \pﬂbfﬂdlghb)asuhgeﬁbﬁ m@mpﬁ;uiednaht—mswre rmm:ury fanhps, hl;wllalmahdeldmps
I‘alatIOI’lCI‘In [0) It he cqat,l ravl,0 an V] SI e

o o G amn St S Bl hivahtade b s atiRliG-o Pl Botle? oRthgh oSt neir
xenon | arrpaeatkumtﬂé cmﬂtapaaslisahaage flodv tnﬁmﬂameﬂﬂnglhe @uvrn]rab:][ ;farﬁﬂ?dean b? t
coati ngs oy nte arts, i I the W L Ne, a er
et g« hESRYSRIB orpetip enp e forRtaL oA Snbst: Sebalber soains, FLedryER &
for [nat i on ﬁ%at&iuﬁdm@b%tergs,gbd@mseuﬁbhtpd&@er bﬂiatihgﬁbaﬁlbé fdrmmag@c: mnembi lewer
systens, radlatl on-cura (0] er c | o nel

s T o R DS OOL e DR AT CLO oG Ring fhei 1594t i this qason, they

lifetine. Eu%ranws@tabmauhg@ibrhb@t-@dn%mva uusswt& St ex@mbleWsod X plastics.
heat -sensitive substrates, for ex or plastics. In addltlon to the

novel phot B #fditjostg the “?‘f?épmgﬁt‘ggéf'? ﬁ@‘”ﬁ'%"r‘i?& ing fasmulatians may glsoripglydeUYy
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materials-for substrates of all kinds, for exanple wood, textiles, paper,
ceramcs, @hgnsvel Bh%&bn‘&%le%&iﬁbo%ﬁions are suitable, for example, as coating materials for

substrates of all kinds, for example wood, textiles, paper, ceramics, glass, plastics such as
polyesters, polyethylene terephthalate, polyolefins or cellulose acetate, especially in the
form of films, and also metals such as Al, Cu, Ni, Fe, Zn, Mg or Co and GaAs, Si or SiO» to
which it is intended to apply a protective layer or, by means of imagewise exposure, to
generate an image.

Coating of the substrates can be carried out by applying to the substrate a liquid
composition, a solution or a suspension. The choice of solvents and the concentration
depend principally on the type of composition and on the coating technique. The solvent
should be inert, i.e. it should not undergo a chemical reaction with the components and

should be able to be removed again, after coating, in the course of drying. Examples of
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resist, solder resist), the production of printing plates, such as offset printing plates or
screen printing plates , for use in chemical milling or as a microresist in the production of
integrated circuits. The possible layer supports, and the processing conditions of the
coating substrates, are just as varied.

The compounds according to the invention also find application for the production of one- or
more-layered materials for the image recording ore image reproduction (copies,
reprography), which may be uni- or polychromatic. Furthermore the materials are suitable
for colour proofing systems. in this technology formulations containing microcapsules can
be applied and for the image production the radiation curing can be followed by a thermal
treatment. Such systems and technologies and their applications are for example disclosed
in US 5,376,459.

Substrates used for photographic information recordings include, for example, films of
polyester, cellulose acetate or polymer-coated papers; substrates for offset printing formes

are specially treated aluminium, substrates for producing printed circuits are copper-clad
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-The photocurable composition may additionally be used in a process for producing printing
plates or photoresists as is described, for example, in DE-A-40 13 358. In such a process
the composition is exposed for a short time to visible light with a wavelength of at least
400 nm, without a mask, prior to, simultaneously with or following imagewise irradiation.

After the exposure and, if implemented, thermal treatment, the unexposed areas of the
photosensitive coating are removed with a developer in a manner known per se.

As already mentioned, the novel compositions can be developed by aqueous alkalis.
Particularly suitable aqueous-alkaline developer solutions are aqueous solutions of
tetraalkylammonium hydroxides or of alkali metal silicates, phosphates, hydroxides and
carbonates. Minor quantities of wetting agents and/or organic solvents may also be added,
if desired, to these solutions. Examples of typical organic solvents, which may be added to
the developer liquids in small quantities, are cyclohexanone, 2-ethoxyethanol, toluene,
acetone and mixtures of such solvents.
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for exanple of floor or wall coverings based on PVC Exanpl es of the

phot ocuring of paper coatings are the col ourl ess varnishing of |abels,
record sl anvther field wheekphatoeuring is employed is the coating of metals, in the case, for

example, of the coating of metal plates and tubes, cans or bottle caps, and the photocuring
of polymer coatings, for example of floor or wall coverings based on PVC.

Examples of the photocuring of paper coatings are the colourless vamishing of labels,
record sleeves and book covers.

Also of interest is the use of the novel compounds for curing shaped articles made from
composite compositions. The composite compound consists of a self-supporting matrix
material, for example a glass fibre fabric, or alternatively, for example, plant fibres [cf. K.-P.
Mieck, T. Reussmann in Kunststoffe 85 (1995), 366-370], which is impregnated with the
photocuring formulation. Shaped parts comprising composite compounds, when produced
using the novel compounds, attain a high level of mechanical stability and resistance. The
novel compounds can also be employed as photocuring agents in moulding, impregnating
and coating compositions as are described, for example, in EP-A-7086. Examples of such
compositions are gel coat resins, which are subject to stringent requirements regarding
curing activity and yellowing resistance, and fibre-reinforced mouldings, for example, light
diffusing panels which are planar or have lengthwise or crosswise corrugation. Techniques
for producing such mouldings, such as hand lay-up, spray lay-up, centrifugal casting or
filament winding, are described, for example, by P.H. Selden in "Glasfaserverstarkte
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A further advantage is that the conposite conposition can be renoved from

the |ight THeWontpositios aAd torpouridschcopidirg o the inwemtionruandeerused fetthped, with

full aki | .sub tly.  Th [ 1]
accor di ng ReAdRRen B aridtiss: SRRLSyickins wiern SOUBAAF b Mkn 3 il QLR RARCR
optical sviflaGlisiendwin@hdlindey afiich@etiorsbétwisen ircddidtéd ankd uritragiatect areés. a

difference in the index of refraction between irradiated and unirradi ated
ar eas. The use of photocurable conpositions for imging techni ques and

for the opfrgasle d?&)ﬁdié%ﬂaﬁlé compositions for imaging techniques and for the optical production
of information carriers is also important. In such applications, as already described above,
the layer (wet or dry) applied to the support is irradiated through a photomask with UV or
visible light, and the unexposed areas of the layer are removed by treatment with a solvent
(= developer). Application of the photocurable layer to metal can also be carried out by
electrodeposition. The exposed areas are polymeric through crosslinking and are therefore
insoluble and remain on the support. Appropriate colouration produces visible images.
Where the support is a metallized layer, the metal can, following exposure and
development, be etched away at the unexposed areas or. reinforced by electroplating. in

this way it is possible to produce electronic circuits and photoresists.

The photosensitivity of the novel compositions extends in general from about 200 nm

through the UV region into the infrared region (about 20000 pm, in particular 1200 nm) and

therefore spans a very broad range. Suitable radiation is present, for example, in sunlight or



of information carriers is also inportant. In such applications, as already
descri bed above, the layer (wet or dry) applied to the support is

irradi ated through a photonmask with UV or visible Iight, and the unexposed
areas of the |layer are renoved by treatnent with a solvent (= devel oper).
Application of the photocurable layer tqQggetal can also be carried out by
el ectrodeposition. The exposed areas are polyneric through crosslinking and
are therefore insoluble and remain on the support. Appropriate col ouration
produces visible inages. Were the support is a netalljzed ]ayer, the, netal

can. ol | JihhFoRasGH ohtRoUFResConraENty, & lRige mWmbaralvery JHRESN: ipes ot o
areas or rnhpseliregsareyenilydd. Balraﬁdiﬁt&ouwastaha%r% g‘ia'fmd Sarpéis™) iaPd SuifaBle.

produce el ectronic circuits and photoresists. phot osensitivity of the

novel conpEanRiemaresarkoiarciiames xepen arc lampagaediumy highy2pd jawrgiessyre uv
regi on i nt el s RMLHATHOolaA Aaite FRARGmbBI-FIByer B, niisae-1200 N

and therefore spans a very broad range. itable radiation is present, for
exanpl e, i§tinuigied getalyapour lamps, excimer lamps, superactinic fluorescent tubes, fluorescent

- 38 - || 1dcBhBhmpl SIbCtRY FaR R er
of very di I? ?@%bér{%’gﬂ%g@ﬂ%ﬂ‘?hﬁf’ééﬂoﬁ?‘c es ar ehge'ﬁg'lrbz?e : é{cl)‘%lﬁrl\wac!%ﬁ Q.Z‘ecl)ﬁﬂ;!?gs
and arr aysbqams:ans Kaam_pwcag by seana of synciisatiens et lageeplasmacthedistanemps,

; s I . ;
w th ot ) AR 1l T 5} Syborasto G BoEBR H SecBRERHE ith S Rwp R T
vapour | anyasy dereriding on thegntendegapplication and thedyrssancheutpuinf damp,|andrmaay:ieet

| anps, ar | I . QN | ] hi od
| amps, ol of PRGBS i L FRPom 36k ihlgbyicoB 101 Ll oBSfEOBEAR. blct ad

| aser pl askryptomiifdasirs ferrexposure wh 848 nime atecegpegiatly stitabley basersiincthe wisibie taginrs ed
: q : nvent i ; . ot

appi i cat i SREdS [ bedfor i CEIho 7 oHPloyBd; i S RERE REBH bV cF Bk Rovel .,
2 cmto 15hatenialsli;mveny advahiageaus: By this methosbibisypossibledo prdube prnted ciraudts ims - -
krypton F rs for.e r.e 248.nm .are Lal.ly suitable. _Lasers in
thor vt i bl &8 25T RS EERRT fooPaprc BreaRbulie.fias Bt Runtpitbb Bide. e 8805 .
t he hi gh spitodraphit imagde teberdirguebterialseri al s i s very advantageous. By this
method it is possible to produce printed circuits in the electronics

i ndustry, lithographic offset printing plates or relief printing plates,
and al-so pTied ingertioni thereforg aisogrovides'@ progbss forkite photdgulymerizativn oindnvekagieor e
al so provides a praocess for the photopol rizatjon of ponvolatile

monomer | ¢, MGNo8Te AIEoTReric e RAbPerE compmytcoBaing At fenst re Paklepicgly,

e; hyl eni ca&dsa&ma&atdmarg%ndprhicﬁ compfisesdddiny tgnn? abﬂm?aﬁdhfwcclbmpémﬂs da_t
abovenent i oned conmpound east one conpound, of the faormul a ccor di ng
Fo el ai m 116R angi oAU ofhayfamula f Beroraigy tpainy it wiid &S A radin. or
fornula I rRast dnRrdompuiR@® bflthedoiniule | 8} Madcording R8I irPsbmbikdtionwithl &€t r on
acceptor and irradiati ng the mxture with |ight fromthe infrared reﬁgl on
t hrough t h@lectron acceptor a d irradiating the mixture with light from the infrared region through the

UV region to a wavelength of 200 nm.

The invention additionally provides for the use of the above-described composition for
preparing pigmented and unpigmented coatings, printing inks, powder coatings, printing
plates, adhesives, dental compositions, waveguides, optical switches, colour proofing
systems, glass fibre cable coatings, screen printing stencils, resist materials, materials for
encapsulating electrical and electronic components, for photographical reproductions, for
producing composites, for producing magnetic recording materials, for producing three-
dimensional objects by stereolithography and as image recording material, especially for
holographic recordings.



U region to a wavel ength of 200 nm The invention additionally provides
for the use of the above-described conposition for preparing pignented and
unpi gnented coatings, printing inks, powder coatings, printing plates,
adhesi ves, dental conpositions, wavegui des, optical sw tches, col our
proofing systems, glass fibre cable coatgdgs, screen printing stencils,
resist materials, materials for encapsulating electrical and electronic
conponents, for photographical reproductions, for producing conposites, for
produci ng magnetic recording materials, for producing three- dinensional
obj ects by stereolithography and as inmage recording material, especially

f or hol ogrRe Mventicttadditioratly prowdes a coated substrate which is coated on at least one
-39 - The i nvention addi ti onal provi des a coated subst rate which is

coat ed onSwifageyth a gerpasitionasdegeri 'hg‘ba'?,‘?)ﬁ?pég‘i’ desaribas apeecess lrdhahove, and
descri besyp ﬁo@gﬁﬁﬁ@%r&ﬁfcﬂbn Bf @"@ﬁ ?gﬁhh WhithQrsuetdPsubitrated sabjetteBESS. 1 N

whi ch a coated substrate is sub to I magew se exposure and then the

unexpos ediMRgawigsexXpIsure andhen “W tmexaogqsl Rastigns arp "?ﬁ?‘{qdc‘ﬁlﬂhﬁ selvertnOhge i n
this cont gfichlar é&\%nia@%% tis %t@ﬂﬁ@ﬁigrlﬁélbb 'aﬂ‘@ﬁ&/ AieAliShed abblé.

novel conpounds of the fornul ae err |te powders which are
stable in air. As already nentioned above, in the conpounds at |east two

aryl radi ‘i’ﬁéﬁ i Su@gﬁﬁﬁdé Mttﬁéfdrﬂnuﬁb l aﬁé?’tarQ Wﬁltﬁ pB\%é vﬂﬁcrpéreté@olé‘fnyélr As"9-

These conpoun risingly reveal an extrene reactivit
free-r adi skeadyrraentioned aaovﬁ.sn the cmwyn@%aﬁmmo eryl rachcds:amuaetltuteslmmIat

[Terr] wh r‘ﬂ'fets r

aci d-stab'e%gt&gﬂ’gbgb F%&@Bén ac}9 ﬁ%@*@s@za e Q’ggrﬁﬁ ){Hlon as
phot o har gemer@.ctlwtymefreamadtoel phmqmtlath according to the invention can be
used not only as initiators for photopol ynerization reactions but also as

thermal polynerization initiators. Subsequently, the invention also
provi des Tbhose ¢ompmmds of thedomulpe Lants!’ whichaontaireelbctoon-aifractinlg, groupd aredm

contal i ngert AR Rl farl B BB E I AE5G AR &?%@%EQ%S%% Phole

t her mal pbalyieaenszat I on of conpounds

The borate compounds according to the invention can be used not only as initiators for
. photopolymerization reactions but also as thermal polymerization initiators.

Subsequently, the invention also provides for the use of the compounds of formula | or I,
or la or I&’, as initiators for the thermal polymerization of compounds containing ethylenically
unsaturated double bonds, and a process for the thermal polymerization of compounds
containing ethylenically unsaturated double bonds, which comprises employing at least one
compound of the formula | or 1°, or 1a or 1a’ as polymerization initiator.

The examples which follow illustrate the invention in more detail. Parts and percentages
are, as in the remainder of the description and in the claims, by weight, unless stated

otherwise.

Where alkyl radicals having more than three carbon atoms are referred to without any
mention of specific isomers, the n-isomers are meant in each case.



contai ning ethylenically unsaturated doubl e bonds, which conprises

enpl oyi ng at | east one conpound of the forrmula |I or 1[err], or 1la or
la[err] as polynerization initiator. The exanples which followillustrate
the invention in nore detail. Parts and percentages are, as in the

remai nder of the description and in the_gd_ai ms, by weight, unless stated
ot herwi se. \Where al kyl radicals having nore than three carbon atons are
referred to without any nention of specific isonmers, the n-isoners are
meant in each case. .

-40 - L Preparation of the-besaeson of t he boranes
Compound 1: Dinesityl phenyl borane 1.1 equivalents of 1.6 Mbutyllithiumin
hexane (37.5 m, 0.066 nol) are added over the course of 15 m nutes at
-78[err]CQQmMLuﬂlmnsmphsnﬂborgneo 06 nol) of bronobenzene in 80 m of

or 3 b Picigeilgleh o 1 SPodgfiloe h Kb (6r.5 0,066 0 e acich ARFHEC ' ©
and :1 he nt:curae of 15 minutesatd78C teea solution of¢h42 g1(§ 06 mal)rof brordobenzene in 8(bm: a

f r I ng.
sﬂg:)eﬁm on i s M?%ﬁ%eﬁ‘ %@t“ '{l"ig{ug%r |§qp r’égag i Eﬁ”a{?ﬁlgép%h oi li %g
met hanol , 16.9 gO\06 mal) of §p|('l&limes:iylﬂuoI'nh@rq:m')ge:?I aé &Ede%;nddmmmwﬁs all;w@btsol id

T o P ey o Aot ok ol 0 B BY
zgi;og?n I()lr;ﬂate; aorijetrﬁfr%mg s@pgﬁsurm(r;f(lmgei@. Thé ;?;ppmp(:ggﬁ Eyat\’nuratuﬂﬂwiu'ps if..’ml A
W butyi 1 PATERTEARRE, 15 858 46 305 (8 %07 BEby b 1neiBlds b BB P @3 ce of
15 mi nut eme&hg-rﬁﬁde?d)fr‘l]&fi 187°e Fhe sliifts b anthel HNMA, ©e4$uréd inCHETI; @fe 7.50 ppm

di bronmonesi tyl ene in THF). The reaction m xture is stirred at

this tenmpthédaf Bz} 3r4QiPR!“ %111’-1 7). 798P B8, 2, do7 Hia),6:82 ppro (5418130 ppm

phenyl dlf@)ﬁrép,lao‘rgmspmqsqued over the course of 10 minutes. The m xture is
then allowed to warmto roomtenperature, and is stirred for 2 hours and

then poured into water. Follow ng extraction with 100 ml of ethyl acetate,

the or gancempBasea! Phgﬁylﬁg BmQQS‘)E& Wg sul fate and, follow ng

filtration, 1S concentrate IVin of a white solid.
Recryst al ﬂ41zQ§{UlVGl6nF9r ofrit-6 M ouyll tﬁiil&mz!n l1exg|;|e ?5 mh, 0.611 mioh)fare addadgventhet he

o] i n e of 8 findits 1 28T id s Bobediah of 2,78 £0%) 198 b dbrorinasilieh

7. 46 ppm gaimiof (THF). The reaﬁl@ﬁmp@me @s stitredt-at this Jemaratureionons ha@yr, and then
0.63 g (0.58 ml, 0.005 mol) of phenyldifluoroborane is added over the course of 10 minutes.
The mixture is then allowed to warm to room temperature, and is stirred for 2 hours and
then poured into water. Following extraction with 100 ml of ethyl acetate, the organic phase
is dried over magnesium sulfate and, following filtration, is concentrated, giving 2.59 g of a
white solid. Recrystallization from hexane gives 1.27 g (i.e. 52 % of theory) of the borane in
pure form, with a melting point of 215-218°C. The shifts 5 in the 'H NMR measured in CDCl,
are 7.49 ppm (t,1,J=7 Hz), 7.46 ppm (d, 2, J=7 Hz), 7.35 ppm (t,2,J=7 Hz), 6.91 ppm (s,2),
2.42 ppm (s,6), 2.13 ppm (s,6) and 1.98 ppm (s,6).

Compound 3-10, 14, 15:

Compound 3 is prepared by the method described for compound 2 using the appropriate
starting materials. Compounds 4-10, 14 and 15 are each obtained in analogy to compound
1 using the appropriate starting materials. The compounds and their structures are set out
in Table 1.



2.42 ppm (s,6), 2.13 ppm(s,6) and 1.98 ppm (s, 6). Compound 3-10, 14, 15:
Conmpound 3 is prepared by the nmethod described for conmpound 2 using the
appropriate starting materials. Conpounds 4-10, 14 and 15 are each obtai ned
in anal ogy to conpound 1 using the appropriate starting materials. The
conpounds and their structures are set ouf_in Table 1.

-41 - Compound 12: m Chl or ophenyl di nesityl borane The preparation of
conmpound 12 is described in J. Organonet. Chem 1981, 209,1. It has a
melting point of 151C. _In the 1H NVR (300 MHz, CDCl[err]) it shows the

f ol | ow ng Gompousd 12; mrChigropnenyidimesityPeraBe const ants J [Hz]: 7.46 (s, 1),
7.43 (d, 13 and ; ibed inlk nfetSChéra. 1981, 2080. (s, 6),
1.98 Es, 1 )9%\'epca£%l€bglucﬁ‘gmﬁ1§rb aa 1218 é’gsc{'lbeégri]@?%r;ﬂ b(;r a,néemTﬁ;e G 031 of

. p-B h | rat i
Conpound 1thassa mekipgipoist of 1\58’.0- E)(r)'ggﬁﬁmﬁ (390:MHz,1GDGls) '§8’,‘°"’?2@.g rf&{z’%qr'fé%l a

Iti ' f 1 84:185[err]C : '
Chovs. ¢ ho ShielRpRLaas fouping Ghostadif Rt rdalBin whd oy Fisblgen. Ay o
d, 2, J=8) it 1. , 128. . 6), 1. L 12) . bl

é 2, ag,{ﬁﬁsﬁé.a’%%@z}.aé(s%),ﬁfsaﬂ(h12,0, 30 (ng) 1.99 (Swéfii g Tc[':le”e]h
NVMR  pound

poi nt 300 MHz;
CDCl [err] 13; p-Bromophenyldimesitylborane [err]C
[err] [pp on;1 % P f y Di_crﬁ’or_o- ] I?J ((‘)hl or o- &l_;neny{
212-216 /ihsoreparation-of)Compound 13 is degcgbedin J. Organgme}; Chem. 972, 38, 229.
e (7 . 3g)|{ R34 metting point of 184-185°C. In 'H NMR (300 MHz, CDCly) it shows the following shift
, 3 [ppm] and coupling constants J [Hz]: 7.48 (d,2,J=8), 7.36 (d,2,J=8), 6.81 (s,4), 2.30 (s,6),

1.99 (s,12).

Table 1

om --?

Com-
pound

7

-

Rs

Melting
point
[°Cl

THNMR
300 MHz; CDCls
3 [ppm] ; J [HZ]

Dichloro-
mesityl

Dichloro-
mesityl

Phenyl

212-216

7.52 (t,1,0=7)
7.43-7.33 (m,4)

| 2.58 (s,6)

2.10 (s,12)

Chloro-
mesityl

Chloro-
mesityl

Phenyl

182-187

7.49 (t,1,J=7)
7.46 (d,2,J=7)
7.35 (1,2,J=7)
6.91 (s,2)
2.39 (s,6)
2.08 (s,6)
1.99 (s,6)

Mesityl

Mesityl

p-Fluorophenyl

119-120

7.52 (dd,2,J=8,5
5,5)

7.2 (t,2,J=8,5)
6.81 (s,4)

2.30 (s,6)

1.99 (s,12)

Mesityl

Mesityl

m-Fluorophenyl -

185-186

7.32-7.28 ((m,2)
7.17-7.11 (m,2)
6.82 (s,4)

2.30 (s,6)

1.99 (s,12)




2.1 0 (s, 12) 4 Chl or o- Chl or o- Phenyl 182-187
7.49 (t,1 ,J=7) nmesi tyl nmesi tyl

7.46 (d,2,J3=7)

7.35 (t,2,J=7)

6.91 (s, ?2) -42-

2.39 (s, 6)

2.08 (s, 6)

2 NMoci tazl - Nocitazl n |||r\rr\r\'\r\n 11019
(16392(13 SRR Mo —p-Fijiang 0320 7. 52
5 55 ' ’ pound point | 300 MHz; CDCls 7 9
(t.2 J=8}&) - [°C] {3 [ppm]; J [Hz] e
6 ’81’ (s 45' 7 Mesityl Mesityl 3,4-Difluoro- 207-208 | 7.31-7.23 {m,2)

' "E phenyl 7.16-7.07 (m,1)
2.30 (S, Z)) 6.82 (s.4 1199 (S,
1 2) 6 Mesi tyl Mesi tiyl m Fl uor pphenyl 2_]3%5{-3:15%6 7.82-7.28
((m2) | - 1.99 (s,12)
7.17-7. LT 2) | Mesityl Mesityl | 3,6-Diffuoro- | 199-200 | 6.97 (br d,2,J=8)
6.82 (s, f) phenyl 6.92-6.82 (m,1)
2.30 (s, p) 6.82 (s,4)
1.99 (s, [L2) . 2.30 (s,8) -42|-
Com R arr] ~ Rlierr] RB8((s,12)

Mel ting [Terg] H |\WesitypounfiMesityl | 3,5-Bis(trifluoro- | 139-140 | 7.97 (s,1)
poi nt BOO MHz;| CDCl [err methyl)phenyl 7.92 (s,2)
[err]C [err]| [ppm ; § [Hz] Meqdi tyl 6.864s.4) |
3,4-Difl fioro- 207-208 | 7. 31 7.23 (M 2) 2.32(s,6
phenyl . 7167 07 (m1) 1.95 (s,12)
6.82 (s, 4) 10 Mesityl Mesityl | 3-Bromo-5- 145-148 7.40 (s 1)
2.30 (s, 6) 1. gpfluoro-phenyl o) 8 kge
Mesi tyl 3, 5 Di f | uor o 199-200  |6. 97 (br7§ 4o 4,2)
phenyl 6.92+6.82 (m1) 2.30 (s.6
6.82 (s, 4) (31)2
2.30 (s, &) _ 1 o0 S TVICET: 1'““3%1323%3"2}—3
Vesityl | 315 g Mesi ¢ upMeSIY | bf' ophepyh 7 189181 | 74 G2 J:B;
met hyl ) phenyl 7. 92 6.82 (5.4) -
6.85 (s, 4). 2.30 (s,6)
2.32 (s, 9) _ | 1.99 (s,12)
1.95 (s, 2714 Chloro- | Chloro- | p-Bromophenyl | 160-172 | 7.50 (d,2,J=8)
mesityl mesityl 7.32 (d,2,J=8)
6.91 (s,2)
2.39 (s,6)
2.07 (s,6)
_ . _ 1.98 (s,6)
15 ‘Mesityl Mesityl | 4-Bromo-2,5-di- | 204-205 | 7.31 (s,1)
methyl-phenyl 7.04 (s,1)
6.76 (s,4)
2.28 (s,6)
2.27 (s,3)
1.99 (s,3)
1.95 (s,12)

Compound 16: Trimesitylborane

The preparation of compound 16 is described in J. Am. Chem. Soc. 1957, 79, 2302.
It has a melting point of 197-198°C. In 'H NMR (300 MHz, CDCly) it shows the following

shifts & {[ppm] and coupling constants J [Hz]: 6.72 (s,6), 2.25 (s,9), 1.97 (s,18).



10 Mesi tyl Mesi tyl 3- Br ono- 5- 145- 148 7.40 (s,1)

fl uor o- phenyl 7.33 (dt,1 ,J=8,2)

7.09(dd, 1 ,J=4,2)

6.82 (s,4)

2.30 (s, 6) -43-

1.98 (s, 12) 11 Mesi tyl Mesi tyl p- Chl or ophenyl 180-181

7.44 (d, 2, J=8)

é g% Egi Smpbund 17: Butylbis(chloroduryl)borane
2.30 (s, 6 mixture of 1.21 g (0.05m&Pof magdrbsium, 14450 g (0.6 dA)0of dichlorodGizheand one

g 5 rzo?gpgg&g{?j of iddine Th 46 mi THFIS refitkad for 2 hours. The resmtlrg\gsérgﬁﬁlard solutiongs V'

g- gé (s, é):ooled to 0°C, and 3.55 g (3.14 ml, 0.025 mol) of boron trifluocride ethyl etherate are added
: S, S .
2. 07 E s, G%jropwise over the course of 15 minutes. The reaction mixture is allowed to warm to room

1. 98 (s, 6jemperdiare and ARAr Mluxed for oh& Rblry Ifter cdbliﬁ%fﬁ“@"o’%’a jtion of 1@&Wm205
7.31 (s,1) met hyl - phenyl

7. 04 (s, 1butyllithium in hexane (15.6 ml, 0.025 mol) is added, and the reaction mixture is allowed to
6. 76
2.28
2. 27 (s, 3pnd subjected to extraction with 200 mi of ethyl acetate. The organic phase is dried over

The by ebamagNesiumsulfate fitered g Bancehtrateddiying 1200 R e Wiite JbIICSS! ¥, 207 N

79, 2302.. Chrdmetography (SiOghexdne) gives 539-gLE.8(51 Yaof theory - offth&p(re(ibrafd with a
CDC [err]) it shows_ .th fJé% 'n.;l;ifts.[r] n}an upl i

const ant s%fllt["ﬂﬂ".‘"t &f %ﬁ”e'@ fﬁ qwlgsggts ndje Hﬁ'@é- '(“ggglg din SDEQ e af 232 ppm

-43 - Cupgo bpim Buioy) 083 bkl (BF QElvLe/s HaD 2861 A5 Ppitt (#4,8), ®f 83lppid (13 S5 05
nmol ) of nagnésium 11.50 g (0.05 nol) of di chl orodurene and one crystal of
iodine inH8b i THF is refluxed for 22 hours. The resulting Gignard
solution is cooled to O[err]C, and 3.55 g (3.14 m, 0.025 nol) of boron
trifluoride ethyl etherate are added dropw se over the course of 15

m nut es. SGempeuad 8, risfotelyhlorare al | owed to warmto foom tenperature and is

then refl i ]- ti Af s M
butyl |1t TSRO Cotfpout, 6 fefhielin Chel Bl f9ooces el s Bmelad

mi xt ur e i poiat oiAvE9Co ImtherTHINMR (300 MbzpEDELs)it showsithedoliawing shifts & {prn]randr s.
The m xt uggudli%g tcgr?sr}alg)tg W[ﬁg]: '7@5975\@ Enel,rS), 7.17-7.07 (m,9), 2.07 (s,9).

E : ' g%varm to room temperature and is stirred for 2 hours. The mixture is then poured into water

Compound 20: Butyldimesitylborane

Compound 20 is prepared similarly to compound 17 using the appropriate starting materials.
The compound is an oil, which in the 'H NMR (300 MHz, CDCls) shows the following shifts &
[ppm] and coupling constants J [Hz]: 6.77 (s,4), 2.26 (s,6), 2.20 (S,12), 1.88 (t,2,J=7), 1.52-
1.16 (m,4), 0.85 (t,3,J=7).

Compound 21: Methyldimesitylborane

'Compound 21 is prepared similarly to compound 17 using the appropriate starting materials.
The compound has a melting point of 78-79°C, and in the 'H NMR (300 MHz, CDCl,) shows
the following shifts  [ppm] and coupling constants J [Hz]: 6.73 (s,4), 2.23 (s,6), 2.20 (s,12),

1.46 (s,3).

Compound 22: Dimesitylphenylborane



and subjected to extraction with 200 m of ethyl acetate. The organi c phase
Is dried over magnesiumsulfate, filtered and concentrated, giving 12.6 ¢
of a white solid. Chromatography (SigJerr]/hexane) gives 5.19 g (i.e. 51 %
of theory) of the pure borane, with a nelting point of 145-147[err]C. The
shifts [err] in the [err]H NVR, neasuredgyn CDC [err] are at 2.32 ppm
(s,12), 2.20 ppn1(s,12),1.83 ppm (br t,2,J=6.5 Hz), 1.36-1.25 ppm(m4),
0.83 ppm (t, 3,J=7 Hz). Compound 18: Tris(o-tolyl)borane The preparation
of compound 18 is ed.in Chem Ber 962. It has a nelting

19
poi nt of @%%‘"dlﬁeﬁr@s[’ﬁ?ﬁtﬂtm WW%@@P@@H]) it shows the

followng shifts [err] [ppn] and coupling constants J [Hz]: 7.35-7.29

(m3), 7.17-7.07 9 ound 20: Butyl di nesityl borane
Corpound @m@@%ﬁ&@mﬁh&vﬁ%‘k&zf‘g@und 17 using the appropriate
starting nme%repé@uoﬁ BEcoApoUPdI23 is aes'mmeu Im JVhCOném. $6i, 1959; Bt 194, (300
MHz, CDCl[err]) shows the follown

gg Berr H%pna and c_ougl |p?%

(lzog;t agt iéh'*‘*[ﬂﬂz‘]“ WB“"F?“E@ "HHNMB (3 W%?Dobdig"l“(%wbgz,"l“gﬂ%eh'ﬁf, IQL And

yl di mesi tyl bor ane
Conpound 2?"' uf%(F%n%éa?g% LH%?J %ss)t’o co%oﬂhd 17 using the appropriate
starting materials. The conpound has a nelting point of 78-79[err]C, and in
the [err] hovvsthefollovmng shifts [err] [ppn]
and coupl %%ﬁ"%&ﬁ@ 2.23 (s,6), 2.20 (s,12), 1.46
" (s,3). @ompeurd] 2Pis piepared smlpﬂ;eto,&tdmpmmm using the appropriate starting materials.
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descri bed ghows. mé\fblloﬂl@rshufﬁc&{ppnﬂaﬁacoﬁﬂ:ngb&ﬁétantlsu [H2): 8184q(s/1.5)y6.B21{s,118),t he
[err]H NWVR (300 Miz, r]) shows the follow ng shifts [err] [ppn] and
coupl i ng & (%%315“{%@ 19) 67 (s,6), -0.23 (s,27).

Compound 25; Tris(dichlormesityl)borane

Gaseous chlorine is passed for 45 minutes at 0°C into a suspension of 0,01 g of FeCl; and
0.74 g of trimesitylborane in 10 m!- of carbon tetrachloride. After warming to room .
temperature, the reaction mixture is washed with thiosulfate solution, dried over sodium
sulfate and concentrated. Chromatography (SiO-/Hexane) of the residue gives 0.20 g (i.e.
17 % of theory) of the title compound, with a melting point of over 230°C. In the'H NMR
(300 MHz, CDCl;) the compound shows the following shifts 8 [ppm] and coupling constants
J (Hz] auf: 2.55 (s,9), 2.08 (s,18).

Compound 26: Tri(m-tolyl)borane
The compound is prepared by the method described in Chem. Ber. 1955,88,962.

Compound 27: Tri(p-tolyl)borane

The compound is prepared by the method described in Chem. Ber. 1955,88,962.

Compound 28: o-Tolyl-dimesitylborane

The compound is prepared by the method described in Example 1 using the appropriate
precursors. The melting point is 128-129°C, and the signals in the 'H NMR spectrum
(recorded in CDCls) are at 7.22 ppm (dt,1,J=7 Hz), 7.14-7.01 ppm (m,3), 6.70 ppm (s,4),
2.25 ppm (s,6), 2.01 ppm (s,3) and 1.90 ppm (s,12).



Compound 24: Tris(chlormesityl)borane Conpound 24 is prepared simlarly to
conpound 1 using the appropriate starting materials. The conpound has a

nmel ting point of 188-189[err]C, and in the 1H NVR (300 MHz, CDCl[err])
shows the following shifts [err] [ppn] and coupling constants J [Hz]: 6.84
(s,1.5), 6.82 (s,1.5), 2.35 (s,9), 2.16:4585 (m18). Conpound 25:
Tris(dichl ormesityl)borane Gaseous chlorine is passed for 45 mnutes at
Oferr]Cinto a suspension of 0,01 g of FeCl3 and 0.74 g of trinesityl borane
in 10 m of carbon tetrachloride. After warmng to roomtenperature, the
reaction mxture is washed wth thiosulfate solution, dried over sodium

sulfate aGdr_n_goqmdemr@i—Buhetﬁinamh‘bpngfwﬁh)es&ﬂbé{aﬁér]/Hexage) pI ht he rfats: ﬁue |
ot i of _ SRPODASinelif prepared BF Dl behod SRRbPI ULERREDIS drieinadh ppProREats
conpound precwsoishThé fiel mns&wétt-m@ ahdi na'if tRE YR INMIY sptehnt S J
(Hz] auf: 2.55 , s 18) nd 26: Tri(mtolyl)borane The
conpound "%C%I@E)'Hr@gc’b)ﬁrﬂ?é {ﬁtﬂﬁ@ﬂ(dﬂ)d%? bh@ 73ppon (s4), Bgﬂgplmﬁ&&aiﬁﬁ)g
d gwg’u I's prepared by the nmetho
ggggﬂjgedﬁs "Eﬁ’ (%P)'B% bé@%%ggf@g? féoiund 28: o-Tol yl -di nesityl borane
The conpound i s prepar ed by the nethod descrl bed in I[Exarriolce 1 gs![ Rg the I
appropri ?(%nq?é of 29[err] C, an e signals
iﬁpt hg [% esc(f"rcﬂ;% rec.&p@ HQ%W? g’]‘ are at 7.22 ppm
(dt, 1, J=7General grogedure for prepa jidim@sitylberanes s, 4), 2. 25 ppm (s, 6), 2.01
3
pom (3, )kﬁnguﬂva'%“%"%k'éﬁﬁ*ﬁ@% 7 olbENERS Bre Adep pvREhR 2R SBrmpound
i s pr eparmihutes athlemmsblntmmﬂmnomfwmtﬁrembblpgem irt 100 mpgfr opr i flthe
recur sor : {4 int s 164-165 signals_in e

I[Oer r1H N&trg@ég?fpﬁé% W@é‘%e’%a@%l’[’%#ﬁ ehpét%ﬂempgrpﬂgﬁg?r%. 5@1929 Hz
6. 73 ppm §.87 Ml ofsdlid qm(dhhbrcﬁne‘su?l)ﬂﬂb)'obo?ar%ammmdés,, dnd. thd mbduies aliéwéd toand
1.99 ppm\@m}@mom temperature and is stirred for one hour more. The mixture is poured into

500 ml of water and subjected to extraction with -ethyl acetate. Drying over MgSOQ,, filtration

and concentration give a pale yellow solid. The product is purified with.boiling acetonitrile.

The shifts § in the 'H NMR are 7.60-7.47 ppm (m,8); 2.59 ppm (s,6); 2.13 ppm (s,12).

Compound 35: Dimesityl-1 -naphthylborane

Thié compound is prepared by a method similar to that described for compound 33. The
melting point is 170-171°C and the shifts § in the 'H NMR are at 7.98 ppm (d, 1, J=8 Hz);
7.89 ppm (d, 2, J=9 Hz); 7.56 ppm (dd, 1, J=7 Hz); 7.51-7.44 ppm (m, 2); 7.33-7.27 ppm (m
1); 6.85 ppm (s, 4); 2.36 ppm (s, 6); 2.00 ppm (br s, 12).

IIl. Preparation of the borates

General method of preparing borates from triorganylboranes

Example 1a: Tetramethylammonium methyl-dimesityl-phenylborate

1.1 equivalents of methyliithium (0.0101 mol) in ether are added at 0°C to a suspension of
3.0 g (0.0092 mol) of dimesitylphenylborane in 20 ml of diethyl ether at a rate such that the
temperature does not exceed 5°C. The reaction mixture is allowed to warm to room
temperature and is stirred for 2 h. The resulting 2-phase mixture is poured into a vigorously
stirred solution of 1.2 g (0.011 mol) of tetramethylammonium chloride in 50 ml of water. The



Compound 33: Bi s(dichloronesityl)(4'-bronbi phenyl)borane General procedure
for preparing aryldinesityl boranes 1.1 equivalents of butyllithium (0.077
nol) in hexane are added over the course of 15 minutes at -78[err]Cto a
solution of 0.07 nol of 4,4'-dibronobi phenyl in 100 m of tetrahydrofuran
(THF). The reaction mxture is stirred aggthe tenperature for 3h. Then 0.07
nol of solid bis(dichloronesityl)fluoroborane are added, and the m xture is
allowed to warmto roomtenperature and is stirred for one hour nore. The

i Xt ' d, int 0 f ter ' ' w1 h
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err] in the, . 6Q- 7. m . m (s, 6); 2. m
(s, 12). t&nﬁﬁ%@ﬁﬁﬁ?&ﬁ@&?%ﬂ&%?@ﬁéﬂﬁ?ﬂ%pgorrpound is pr eggr ed
by a method simlar to that described for conpound 33. The nelting point is

170-171C and the shifts [err] in the [err]H NVR are at 7.98 ppm (d, 1, J=8
Hz); 7.89 Rusherexamplesi—9 Hz): 7.56 ppm (dd, 1, J=7 Hz); 7.51-7.44 ppm (m

2): 733 TiilooRRiBuhd of xarfpiE® 288k 508 &dd, 18, 3 66198, 1, 12, 175 Hbohasd,0r S,

12). . Preparation of orates
‘General m24ady 258-29p:324, 339, IMa and-359-t ymprepased siRyiady ialhe sompaupd fom,:

Tetraneth ' : = (] | . »&al . ' :

oty ¢ e 4 QY T8 M sertofito blienBRaipGfid o Tne AR pjsial ;
g (0. 0092 data 9f theé cainpoundsarpigiveplindable.in 20 m of diethyl ether at a rate
such that the tenperature does not exceed 5[ err]C. The reaction mxture is

allowed to warmto roomtenperature and is stirred for 2 h. The resulting
2- phase niQenergl methed of prépanngbarates gronvalkyidihaloborapds sol ution of 1.2 g

Yo - "ormetinig SRS RO R RS b R RreEL S and v er
and dri ed A smaliportion of solutipndofs. 18 § {h0Smmu) 2-beatojgluare inf80 miraf diii isadded tohi t e
o o BT 2% B0 AR RS eteb Id Bl AL R repsion .
exanpl es: miftture izMeatstintid theEangnare Feattior Beging Withétdthe kbactioh bebins Heating i,
12 170, emiielingiR s e o tang RS B e
conpounds duéh 83 a sligiet refluixie retaPedaRslionimEthe alddition, heating is recommenced until the
remainder of the magnesium has been consumed. In a different reaction vessel, 10 m! of
THF are added slowly to 2.89 g (0.01 mol) of butyldibromoborane-dimethyl sulfide which
has been cooled to 0°C. The Grignard solution is then added dropwise over 30 minutes at
the same temperature and, once addition is complete, the mixture is refluxed for 2 h. The
mixture is then concentrated in vacuo and the resulting oily residue is dissolved in 80 ml of
a 4:1 mixture of methanol and water. Following filtration and treatment of the filtrates with
- 3.3 g (0,03 mol) of tetramethylammonium chloride, a white solid is precipitated. This
precipitate is filtered off, washed with water and dried in vacuo, to give 2.1 g (51 % of
theory) of the borate, with a melting point of 248-250°C . The shift 5 in ''B NMR spectrum in

CD3COCDs is -8.21 ppm.

Example 19a: The.compound of Example 19a is obtained by a method similar to that
described in Example 18b, using the appropriate starting compounds. The structure and the
physical data are given in Table 2.



data of the conpounds are given in Table 2.

Gener al

borates from al kydi hal oboranes Exanpl e 18b: Tetranet hyl anmoni um
butyl -tris(o-nmethyl phenyl)borate A small
(0.03 nol) 2-bronotoluene in 30 M of THF is added to a suspension of 0.73
g (0.03 nmol) of magnesiumturnings in 1041 of THF. The reaction mxture is

heat ed until

the Grignard reaction begins.

portion of solution of 5.13 g

When the reaction begins,

met hod of preparing

heating is discontinued and the remai nder of the 2-bronotoluene solution is
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t he addit
has been consuned.
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or ane- di net hyl

reflux is retained. Follow ng
F@Hﬁﬁ%eating I's recommenced until the renai nder of the nagnesi um
10 mM of THF are added
sul fide which

has been cooled to O[err]C. The Gi gnarbl1 solution is then added dropw se

over 30 minutes at the sane tenper gtRgeBafyg

m xture is refluxed for

2 h. The mlxtur

8nce addition is conplete,

t he

i s{then concentrated in vacuo and

the resulting oily residue is dissdved 1 Om of a 4:1 mxture of
nmet hanol aﬁqépu et——=Fotirom fr-trgonanttTaat t—ofr et 5
with 3.3 g (0,0B ntﬁ‘) of tet¥angt hyl @mohi umtchljoride, a %@Esplﬁg
precipitatgd. This precipitate ijs filtered off, [washed w te dr i ed
in vacuo, Q gi o 2 1 g (51 _940f fhnnrﬁ\/_/\ of tho hﬂl"_QfA1 \ML 2 'ITJ'L‘-D'Q'
poi nt of 2hgl@shMesivlc | Mesitylshil iRhenyk ;1 | Methvh - | IN(Ckie <) 240:250, | 18.71
CD[ er r] cOCD] #e r | Mesityl 3. » Mesityh | Botl THN(Ehidaou} @58258x 38198 19a
i s obtainefl 29 pBromdrod | Hrombar [tRhenplat ¢ Methyil bd N({Chlalxx ay208-208b, -B846ng t he
appropri at ¢_st a} mesitylco ity)s. |The stru¢ture and the physical data arf
gi ven in Tab8a PDichloro- | Dichloro- | Phenyl Methyl | N(CHs)s 200-201 {47.81
Table 2 err]| mesityl Exmesityl Rl Rlerr] Rerr]
Rlerr] 3b [Dmthloko- | Didtitdrds {Pheny! [ ef BLy N(CHs)s |204-205 | -6.40
poi nt NVR | mesityl  Masdsitytl Mesi tyl Phenyl Met hyl
N(CH err]) [ €4 T] ChiorstO- ¥Thioro- 8-[Phenyl 10| MMBAT [IN(CH)YES! tzob-zan’ﬁTEJ?m
But ylI N{ CH[ ef mlosityd" I | mesit@>3254 =~ -9493
4b | Chioro- | Chloro- | Phenyl Butyl N(CHg)4 208-210 | -7.64
mesityl - | mesityl
5a | Mesityl Mesityl | p-Fluoro- | Methyl | N(CHs), 258-260 | -9.86
phenyl _
5b | Mesityl Mesityl | p-Fluoro- | Butyl N(CHs)4 221-225 | -8.63
phenyl _
6a | Mesityl Mesity! m-Fluoro- | Methyl | N(CH3), 249-250 | -10.01
phenyl _ _
6b | Mesityl Mesityl m-Fluoro- | Butyl N(CHs)s 245-246 | -8.42
_ phenyl
7a | Mesityl Mesityl 3,4-Di- Methyl | N(CH3)s 260-261 | -10.18
fluoro- '
- phenyl
8a | Mesityl Mesityl | 3,5-Di- Methyl | N(CHs)s | 244-246 | -9.63
fluoro-
phenyl
9a | Mesityl Mesityl 3,5-Bis(tri- | Methyl | N(CHa)4 254-256 ++
fluoro- ,
methyl)-
phenyl
9b | Mesityl Mesityl 3,5-Bis(tri- | Butyl N(CHs)4 205-206 | -8.54
fluoro-
methyl)-
phenyl
10a | Mesityl Mesityl 3-Bromo- | Methyl | N(CH3), 195-200 ++
5-fluoro-
phenyl




2a Br ono- Br ono- Phenyl Met hyl N(CH err])[err] 205- 206
-8. 45 nmesi tyl nmesi tyl 3a Di chloro- Dichloro- Phenyl
Met hyl N(CH err])[err] 200- 201 -7.81 nmesi t vl mesityl 3b
Dichloro- Dichloro- Phenyl But yl N(CH err])[err] 204- 205 -6. 40
mesi tyl mesi tyl 4a  Chl oro- Chl opg- Phenyl Met hyl
N(CH err])[err] 200- 203 -7.84 nmesi tyl mesitvl - 4b
Chl or o- Chl or o- Phenyl But yl N(CH err])[err] 208- 210 -7.64
nmesi tyl nmesi tyl 5a  Mesityl Mesi tyl p- Fl uoro- Met hyl
N(CH err])[err] 258- 260 -9. 86 _phenyl
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f1 uor o- 12b | Mesityl | Mesityl " ’|' m-Chilopg; Ma,u}yl N(CHs)s | 240241 | -8.52
phenyl dh j | Mesityl phenul Bl s(tri-l Butyl N( cung;.r_}ﬁ.gl r
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23c | (CH3)sSi~ | (CH3)sSi- | (CHg)sSi- | (CH3)sSi | Benzyl- ++ il
CHy- CHy- CHy- -CH;- trimethyl-
ammoni-
um
23d | (CH3)sSi- | (CH3)sSi- | (CH3)sSi- | (CH3)sSi | Benzyl- ++ o
CHz- CHz- CHg- - Hz- trlethyl
ammoni-
um




Ex. R err] R err] R err] X err]

Mel ting [err] B-

poi nt NVR :

[[err]C] 11 a Mesityl Mesi tyl p- Chl oro- Met hyl N(CH err])[err]

255-256  -9.96 _. _49. __phenyl 11 b Mesityl

Mesi tyl p- Chl oro- Butyl N( CH[err])[err] 247- 249 -8.73

phenyl 12a Mesityl Mesi tyl m Chl oro- Met hyl N(CH err])[err]

232-236 -9.96 phenyl 1 2b Mesityl

Mesityl m Chl oro- Butyl N(CH err])[err] 240- 241 -8.52

phenyl 13a VESTRYT PRI onp- RHyet Ryl x*N( ting) | Br 'B-

>250 : _{ phenyl ﬁaint I 5NMR

Chl or o- nyl N(CH err])[err] 348- 249 sj tyl

mesityl | = —i:ﬁsvs-ry- it Sy R

N(CH err]) EH‘”’;Z_ )§§_‘9. @;3 =71 Met ‘5@3, - 4-

br ono- phehyl 16a 5?5_00_

Mesi tyl "3RIV EnlordX CHCHIdre- T 4TCHioro- _ - £ Méth DT 872

p- Chl or 0~ | Pheny ot Bl Yhestyr N(GhbaRgr 1) (er 1] 8,60 | _

duryl duryl 17pb p-"Chl ¢ro- ~ p- ¢hl or o- But y| er-g B[ prr]

164- 165 %480 Chloro- d{Chloro- [@Hioto- | Butyl - 1MgC TO{LY'Harz of Tol yl

o- Tol yl Met hy esityM Cl-lﬁ,gsh%) [ 4rrhédsityl  >£250 -9.55 18y o-To-~yl

o-Tolyl a0 blchloro— Dichloro\| ‘Bretiibroh ) e?ltyl U1 155-158 { -638

o- Met h- h- Met mesmfl’ isityl BE FFM sityl ‘N : rr]) err] | =+t . oxXy-

Bt %a_| m-Toyl” - Tolyt | Rirtolyl . | WISHR | I ACH Lo | | 944-148 I'owEY
oy p-Toly) BTNt =TT Tolyi 2 F Methjd > | NIOH:f; > |V 61-188 T > ="

(G_B) 381' M 1 }r LI F‘ Rk

CHo- 22a  MeBR | Mesityl v %%%—Wﬁ Nl o 41132301 r e
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" The compound of Example 23e is a 3:10:1 mixture of the compound of Example 23a,
' tetramethylammonium methyl-tris{trimethylsilylmethyl)borate, and tetramethylammonium
dimethylbis(trimethylsilylmethyl) borate
" The preparation of the corresponding borane is described in CA-A-912019
" The ''B NMR spectra were recorded at 160 MHz in CDsCOCD; or CDLCN using BFs-
diethyletherate as standard
++ Not determined
** The 'H NMR spectral values are given in Table 3 below
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Table 3

Compound | 'H NMR (CDsCN), & [ppm], J [Hz]

19a 7.06 (br s,3), 6.80 (dt,3,J=7), 6.61-6.54 (m,6), 3.27 (s,9), 3.03 (s,12),
1.27-1.17 (m,2), 1.08 (br m,2), 0.76 (t,3,J=7), 0.71 (br m,2)
20a | 6.33 (,4), .02 (,12), 2.06 (s,12), 2.05 (5,6), 1.10 (m,2), 0.83 (m,4),
0.71 (,3,J=7), -0.03 (m,3)
20a | 7.37 (br s,4), 6.80 (L,4,0=7), 6.68 (,2,J=7), 6.31 (5,4), 3.13 (br m,8),
2.03 (s,6), 1.68 (s,12), 1.54 (br m,8), 1.25 (br m,56), 0.86 (br t,12,J=7)
22b | 8.45 (4,1,0=14), 7.52-7.39 (m,8), 7.28 (m,4), 6.86 (1,4,J=7), 6.73
(1,2,0=7), 6.40 (s,4), 6.31 (d,2,J=14), 4.00 (br t,4,J=7), 2.08 (s,6), 1.7
(,12), 1.77 (m,4), 1.71 (5,12), 1.51-1.40 (m,4), 0.99 (t,6,J=7)
23b | 3.09-3.04 (m,8), 1.64-1.53 (m,8), 1.40-1.28 (m,8), 0.96 (t,12,J=7), -0.13
(5,36), -0.62 (q,8,J=5)
23c | 7.52-7.47 (m,5), 4.37 (s,2), 2.98 (s,9), -0.13 (s,36), -0.62 (q,8,J=5)
53d | 7.52-7.46 (m,5), 4.31 (s,2), 3.14 (9,6,J=7), 1.35 (4,9,J=7), -0.11 (s,36),
-0.61 (q,8,J=5)




-50 - Tabl e 2a [err] Ex- Cation

mel ting [err]B— NVR, anpl e poi nt
[[err] C] [ppr’r] 35¢c [err]N(CH err])[err](n-C[err]Herr])

70-72 -4, '

(Aceton-d[err] ) 35d [_%r1rj 183- 186 -4.65
(Aceton-df[err]) 35e : [err] 130-131

-4.66 (Aceton-d[err]) 35f (Phenyl)[err] S err]

127- 135 ++ VQL det ermi ned Tahle 3 Conpound [err]H NMR

(CDO err] CN Corpmuqd @WR@W&L’\}) 5[PPm].-LFH¥] 7.06 (br s 3), 6.80
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0.71 (t,3,=) -0 737 (be s AV &

6. 68 (t,2,J:?§27a6.317(15@5),§8§:4d@b4-8}n98§7(s12)-222(89),013(23@k:3$s 6), )1 68
12), 1.
§3.545 %t,l,\]:l%§, 7 soifb?g)géenglb@)lgl y) %q%m JL?%ééﬁf J’gs"yz@

(t,2,J=7),| 6.40 (s, #$:30ds32) (&Dezsﬁw)a1a§(8.a).0c70((br12i 04361€£|@J— 08 (s, 6)
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0.96 (t, 174, J=7), -0|(s6), 1.95 (s,12), 0.48 (q,3,J=3)

Compound 30a: Methyl(p-trimethylammoniophenyl) dimesityl borate
[Compound of formula I’ in which R, and R; = mesityl, R; = methyl, R»,'= phenylene and

= N(CHa)a]
0.4 ml (0.0036 mol) of methyl trifluoromethylsuifonate is added at 0°C to a stirred
suspension of 1.50 g (0.0033 mol) of the compound 29a in 25 ml of dichloromethane. The
reaction mixture is allowed to warm to room temperature slowly and is then stirred at this
temperature for 3.5 hours. The solvent is removed and the resulting solid is dissolved in
ethyl acetate and washed with water. The organic phase is treated with magnesium sulfate,
filtered and concentrated, to give 0.35 g (i.e. 27 %) of a white solid whose melting point is >
230°C. The signal in the ''B NMR spectrum measured in DMSO-ds, is at -10.38 ppm.

Compound 31a: Methyl(p-benzyldimethylammoniophenyl) dimesityl borate

[Compound of the formula | in which Ry and Rs = mesityl, R4 = methyl, R», = phenylene and
= N(CHg3)2(CH2-CsHs)]

Compound 31a is prepared by the same method as compound 30a. However, the methyl

trifluoromethylsuifonate is replaced by 2 equivalents of benzyl bromide in acetonitrile.

lll. Use examples

Example 36: Reactivity test in a clearcoat
A photocurable composition is prepared by mixing the following components:
10.0g of dipentaerythritol monohydroxypentaacrylat, °SR399, Sartomer (Craynor,

France)



(s,36), -0.62 (q,8,J=5) 23c 1 7.52-7.47 (m5), 4.37 (s,2), 2.98

(s,9), -0.13 (s,36), -0.62 (q,8,J=5) 23d 7.52-7.46 (m5), 4.31
(s,2), 3.14 (q,6,J=7), 1.35 (t,9,J=7), -0.11 (s, 36), -0. 61
(q, 8, J=5) Compound J[err]H NVR (CD[err]CN),[err] [ppnl, J [Hz]
26a 7.16 (br s,3), 7.09 (br s,3), 6.83_(t,3,J=7), 6.58 (d,3,J=7), 2.94
(s, 12), 2.13 (s,9), 0.25 (g, 3,J=3) 27a 7.12 (m 6),
6.83 (d,6,J=8), 2.87 (s,12), 2.22 (s,9), 0.18 (q, 3, J=4) 28a  6.90
(br t,1), 6.65 (br.d,1,J=7), 6.53 (t,1,J=7), 6.41 (t,1,J=7), 6.27 (s,4),
3.30 (s, 13509 oaottg'psopv'enewcebd'etyryfaie 70 (s, 12), 0.36 (q,3,J=3) 29a
7.27 (br 35@ 6. 5pN(m ,,z,,,gm%) Flika52 (s, 4), 3.17 (s, 12), 2.88 (s,6), 2.21
(s,6), 1.95 (s 12) , 3,J=3 Conpound 30a:

Met hy! ( p- AP0t hyPﬁWﬁBﬁF‘W Apane Pﬁ@@tﬁi-{ﬁoe%'ﬁaate [ Compound of formnul a
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(0.0033 mp] ). of the ound 29a i n i chl or onet han The re
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solid is dissalved in ethyl acetate and washed with wate The organi c

phase is ©f hefammulption. M@RE@'BWT’ arg Gagfied oytiunder; red lights- .E%%W?'Pﬁf hich gi ve
0.35 g (i jfitatérhadbedh aﬂd%'a?éaﬁﬂieu%m‘hmiu?ﬂlﬁlﬁnﬁ&l TheitRickhes3 @k ﬁ’ferdrg The
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ppm Co ffifmo israboBi 6@:70 luan. [Tyl this-filre txerb ds appilieg laiGrom tluq:k‘mlyes)erdilmmer y\hlch
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same net hod s cog’goun a. However, the neth trifluoronethyl sulfonate

T epl o BIPtRPISHS DY RaAe A vacusim TRosMe i RKEA far 20.8949FS HEng 2 4 KW xenon

111, Use qmpat £8istance of 30 cm. Following exposure, the cover films and the mask are removed
and the exposed layer is developed in ethanol in an ultrasound bath at 23°C for 10

seconds. Drying takes place at 40°C in a convection oven for 5 minutes. The sensitivity of

the initiator system used is characterized by stating the last wedge step reproduced without
tack. The higher the number of steps, the more sensitive the system tested. The results are
compiled in Tables 4a-f

CH,, CH, CHy_,CHs +
[::]i?i;-CH=CH—CH=;?%3:::] ol
Yo \
B C,H, CH,
Table 4a

Compound Nurﬁber of
steps cured

S5a 17
5b 21
6a 15

6b 17
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5 devel oped in ethanol in an ultrasound bath at 23[err]C

for 10 seconds ying takes place at 40[err]C in a convection oven for 5
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stating the |dst wedge si egopsequrediyicecbehiavivarit tlack. The hi gher the number
of steps, the|noreqigensi five tdie system tgsted. [The results are conpiled in
Tabl es 4a-f : [ﬁrL] : Table 4a Conmpound Nunber
Of 13a 17 b

20a 18 -

21a 17 -

* b = bleaches out (visual examination)

-=NnN0
that it

bleaching out is obsetved; however, this does not mean that it does not occur but
is not noted in the course of visual examination :

Table 4C

Bleaching*
behaviour

Number of
steps cured

Compound

18b 18 b

* b = bleaches out (visual examination)

Table 4d
Compound Number of
steps cured
19a 18
Table 4e
Compound Number of
steps cured
24a 16




steps cured 5a 17 5b 21

6a 15 6b 17
-53 - Conmpound Nunber of steps cured
9b 15 1lla 15 11b 18
23a 18 _ 23e _ 549 Tabl e 4b Conpound
Number of Bl eachi ng steps cured behavi our
la 18 b 13a 17 b
20a _ 18 21 a 17 * b = bleaches out (visual
exanmi nation) - = no bleaching out is observed; however, this does not nean
that it does ngt oceur but that it is not noted in the course of visual
exanination Jablefky o 4cC Conp o Nerper  of Bl eachi ng*
steps cured [|bef20PSYRd from Nugaper of steps 1 § b * b =
bl eaches out (lvi suabXa®Rlfi nat ijon) reprodusegdafier,q Conmpound  Number of
steps cured exposure for20 s
25a 6
Table 4g:
Compound from Number of steps Bleaching*
example reproduced after behaviour
exposure for 20 s
26a 15 b
: 27a 16 _ b
32a (CG 34-0282) 18 b
* b = bleaches out (visual examination)
Table 4h _
Compound from ~ Number of steps Bleaching behaviour
example : reproduced after :
exposure for 20 s
28a 17 b
30a o _ -
31a _ 0 -

* b = bleaches out (visual examination)
- = no bleaching out is observed; however, this does not mean that it does not occur but
that it is not noted in the course of visual examination

Example 37: Photocuring of a monomer-polymer mixture

A photocurable composition is prepared by mixing the following components:

37.64¢g of °Sartomer SR 444, pentaerythritol triacrylat, (Sartomer Company,
Westchester)

10.76g  of °Cymel 301, Hexamethoxymethylmelamine (American Cyanamid, USA)

4730g °Carboset 525, thermoplastic polyacrylate containing carboxyl groups (B.F.
Goodrich)

430g Polyvinylpyrrolidone PVP (GAF, USA)

100.00 g of this composition are mixed with



19a 18 Tabl e 4e Conmpound Nunber of

steps cured 24a 16

-54 - Tabl e 4f: Conmpound from Nunber of steps
exanpl e reproduced after exposure
for 20 s 25a .55- O Tabl e 4g:

Conmpound from Nunmber of steps Bl eachi ng* exanpl e
reproduced after behavi our exposure for
ggas 319,00 g of mgt%?/lefg chloride and 15b 32a ( CG 32_ 0282)

18 30,00 g of mBthanéi. = bl eaches out (visual exam nat I on) Tabl e
4h Cowpound from nber of steps acw ﬂ‘beQaV|

exanpl e Portions of thig BP'@B%EQP aqetrglp(ed with 0.4 % of a novel borate and with 0.3 % &; Nure

ggr 20 s d|butyl)dlmethylmdog&%%cyamne chloride, based on thd &olids content, by st|rr(|)ng at room b

bl eaches JeMPeiatue ior anehiaunAAl eperations s caTiedeH Yries tRd lights, Jha spaples to
novever, iHich ifaforhab bEBA AdkétPhrel dopfies fo 4860 Affaimiiim idit10 k15!cin)*Phe N0 €d

in the course of visual exam nation
solvent is removed first of all by drying at room temperature for 5 minutes and then by

heating at 60°C for 15 minutes in a convection oven, giving a dry film thickness of 35 um.
To this liquid film there is placed a 76 pm thick polyester film, over which a standardized test
negative with 21 steps of different optical density (Stouffer wedge) is applied. The sample is
covered with a second UV-transparent film and is compressed on a metal plate by means of
vacuum. Exposure takes place for 40 seconds using a 4 kW xenon lamp at a distance of
"30 cm. Following exposure, the cover films and the mask are removed and the exposed film
is developed with a 1 % strength aqueous solution of sodium carbonate in an ultrasound
bath for 240 seconds. Drying takes place at 60°C in a convection oven for 15 minutes. The
sensitivity of the initiator system used is characterized by stating the last wedge step
reproduced without tack. The higher the number of steps, the more sensitive the system
tested. On this scale, an increase by two steps denotes approximately a doubling in the
curing rate. The results are stated in Tables 5, 5a and Sb.

Table 5
Compound Number of steps cured
2a ' 20
2b 19
3a 15
4a 18
7a 18
8a 19
15a 20




Exanpl e 37: Photocuring of a nononer-polymer mxture A photocurable
conposition is prepared by mxing the foll ow ng conponents: 37.64 ¢ of
[err] Sartomer . SR 444, pentaerythritol triacrylat, (Sartoner Conpany,
West chester) 10.76 ¢ of [err]Cynel 301, Hexanethoxynethyl nel am ne
(American Cyanamd, USA) 47.30 g [err]garboset 525, thernoplastic

pol yacryl ate cont ai ni ng carboxyl groups (B.F. Goodrich) 4.30 g
Pol yvi nyl pyrrol i done PVP ( GAF, USA) 100.00 g of this conposition are
m xed with - 55 -

319,00 g of nethylene chloride and 30,00 g of nethanol. Portions of this
conposition are ygpyesqWith 0.4 % of a novel borate and with 0.3 %of (N N
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pol yester film over which a standardi zed test negative with 21 steps of
~different optiXable8®nsity (Stouffer wedge) is applied. The sanple is
covered with 3§ sCompdundfromangparNurhbdridfstepsd i[5 c@gachinged ¢n a net al

pl ate by neang of waxamiple Exposurrepitodiesd pikerce [ or bdfavimednd$ using a 4 kW
xenon | anp at fa di stance of 30 cxpdsuré o208 exposure, the cover filns and

t he mask are fenoved_gnd the e=xposeTT1| I'mi1s deiveloped with @ 1 %strength
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the nore sensitive the systemtested. On this scale, an increase by two

steps denotes approximately a doubling in the curing rate. The results are

stated i n Tablemidsc:5a and 5b. Table 5 Conpound
Nurmber of stefs GgmBBund from Number¥ steps Bleaching 0
2b ample - reprodaded after behaviour*
exposure for 20 s
26a 18 b
27a _ 16 b
32a) 17 _ -

* b = bleaches out (visual examination)
- = no bleaching out is observed; however, this does not mean that it does not occur but
that it is not noted in the course of visual examination

Table 5d: _
Compound of Number of steps " Bleaching
example reproduced after behaviour*
: exposure for 20 s
28a 21 b
30a 13 -
31a 14 -

* b = bleaches out (visual examination)
- = no bleaching out is observed; however, this does not mean that it does not occur but
that it is not noted in the course of visual examination

Example 38: Reactivity of a dye-borate in a clearcoat



4a 18 7a 18

8a 19 15a 20

-56 - Table 5a - Conmpound Nunber of steps cured

Bl eachi ng behavi our *
24a 19 colgur change Tabl e 5b:
Conmpound from Nunmber of steps Bl*éachi ng exanpl e
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20 s * b o=

bl eaches oma ‘Ve of 8 uavel éxe#preé@ salhis incatperates le@@quﬁgulemn %mcﬁa@mmaﬁ

however, ?%Jd?& n”@@bshn?rde{/éloﬂﬂﬁﬁt eﬂﬂte\l&gfa%n Biglikb iRl s'irﬁﬂelrio fHokse 'i]'Pt ed
in the course o I sua nat Conpound
from Exampie 365 The eegults are rgprodueadiip Table 6. exanpl e

reproduced after behavi our * exposure for 20 s

26a Table6 138 . h 27a

16 Compound from | Number ghsteps 17 * b =
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Example 39: Reactivity of a dye-borate in a resist formulation

0.3 % of a novel dye-borate salt is incorporated into a formulation as in Example 37.
Sample preparation, exposure, development and evaluation are likewise similar to those in
Example 37. The results are reproduced in Table 7.

Table 7
Compound from Number of steps
Example reproduced
22b 8

Example 40: Reactivity of the borates in combination with electron acceptors in a clearcoat

0.4 % of a novel borate salt in combination with 0.3 % of Quantacure ITX
0

98&

S
Sample preparation, exposure, development and evaluation are likewise as in Example 36.
The results are reproduced in Table 10.

Table 10
Compound from Number of steps
example . reproduced
28a 12
5a 11
1a 13

Example 41: Reactivity of the dye-borate salts in combination with electron acceptors in a
clearcoat



exanpl e reproduced after behavi our *

exposure for 20 s 28a 21

b 30a _ 13 3la

14 * b = bl eaches out (visual exam nation) - = no bleaching out is
observed; however, this does not nmean th it does not occur but that it is

not noted in the course of visual examination Exanple 38: Reactivity of a
dye-borate in a clearcoat

-57 - 0.3 % of a novel dye-borate salt is incorporated into a fornulation
as in Exa08 % & ndSahqyesboratersaltin combinaligrowith 8.3 % deoplaetran agsarev S uati on
are likewi se singlar to those in Exanple 36. The results are reproduced in
Tabl e 6. e 6 Conmpound from Nunber of steps

- Exanpl e 2~y epr oduced . b . 8

Exanpl e 39: Redgtillity Oﬂsgcgyggaggggf%afq{ny?a%ggiagfn FRMRIPEron 0.3 %of a

. novel dye-B8whEt eOsalPe™s i ncorporated into a fornulation as in Exanple 37.
Sanpl e preparat Bon, exposure, devel opnent and eval uation are. |ikew se
simlar to those in Exanple 37. The results are reproduced in.Table 7
Table 7 Sample prapaationdexpeswse, deve'%mP“éﬁ"%‘t‘%‘ﬁ%’f)a’ewew'se as "Eg’é%?"é 3_"" _
repr oducedrpg resyits are reprodueed in Table 11, 8 Exanple 40: Reactivity
of the borates 1n conbination with electron acceptors in a clearcoat 0.4 %
of a novel borafggiespft in conbination with 0.3 %of Quantacure ITX

[err] Compound for Electron Number of steps
example acceptor reproduced
22b -C : 13

Example 42: Reactivity of the dye-borate salts in combination with borates in a clearcoat
0.3 % of a novel dye-borate salt in combination with 0.3 % of tetramethylafnmonium n-butyl
triphenyl borate is incorporated into a formulation as in Example 36.

Sample preparation, exposure, development and evaluation are likewise as in Example 36.
A bleaching of the higher irradiated steps occurs.



Sanpl e preparation, exposure, devel opnent and eval uation are |ikewi se as in

Exanpl e 36. The results are reproduced in Table 10. Tabl e 10
Conmpound from ~Nunber of steps exanpl e reproduced
28a 12 '

la 13 | a I e 41: Reacu—w—t—y—e‘f—t—he*—‘—‘
dye-borate salts in conmbination with eIe ron acceptor

-58 - 0.3 % of a novel dye-borate salt in conbinati !‘w ﬂ ﬂ“ﬁm‘t he
el ectron acceptor C [err] S inc nts0 &

f or mul at i OWhasisiclairiediisol e 36. Sanpl e preparation, exposure, devel opnment
and evaluation are |likewi se as in Exanple 36. The results are reproduced in
Tabl e 11. Table 1 1 Compound f or El ectron Nunber
of steps 1.A compound oféheafogpinalalor!” acceptor r epr oduced

22b C 13 Exanpl e 42: Reactivity of the
dye-borate salts in nmbi natipn with borates in a clearcoat 0.3 %of a
novel dye-borate sal: |nFiporrb nation with 0.3 % of Retramet hyl anmoni um
n-butyl triphenyl bo | dr porated into ad.or a_%on a |n Exanpl e
36. Sanpl e preparati ﬁLe s rée devg?oprrent arll:{j ei‘v%‘qb I on e i kew se

as in Exanple 36. A Iéa@:hl ngl of the higher irradi d&ed steps occurs

in which

R; and R; independently of one another are phenyl or another aromatic hydrocarbon, with
or without any heteroatom, which radicals are unsubstituted or are substituted 1-5 times by
C1-Caoalkyl, C2-Caoalkyl which is interrupted by one or more radicals O, S(O), or NRs, or are
substituted by ORg, RgS(0),, RsS(0)20, R7RsN, R¢OC(0), R7RsNC(O), RgC(O), RgR10R11Si,
RgR10R11Sn, R12R13B, halogen, RgR1cP(O),, and/or CN,

with the proviso that the phenyl radical or the other aromatic hydrocarbon radicals are
substituted in at least one o-position, or R; and R, independently of one another are C,-
Czoalkyl which is substituted by RoR10R11Si, or the radicals R, and R, form bridges to
produce structures of the formula il, lla or llb

g%
/ \

(lIb)

(n

where the aromatic rings in the formulae li, tla or lib are unsubstituted or are substituted by
C1-Caoalkyl, C>-Capalkyl which is interrupted by one or more radicals O, S(O), or NRs or are
substituted by ORg, ReS(0),, ReS(0)20, R;RsN, RsOC(0), R;RsNC(0), ReC(O), RoR1oR11Si,
RgR10R11Sn, halogen, RgR1oP(O)4 and/or R12R13B;

Raa is phenylene or another divalent aromatic hydrocarbon, with or without any heteroatom,;
which radicals are unsubstituted or are substituted 1-5 times by C-Capalkyl, C,.Capalkyl
which is interrupted by one or more radicals O, S(O), or NRs, or are substituted by ORe,
ReS(0)p, ReS(0)20, R7RgN, RgOC(0), R7RsNC(O}, ReC(O), RgR10R11Si, ReR10R11SN,
R12R13B, halogen, RgRP(O),, and/or CN, or Rg, is phenyl-C-Ceakylene;



-59 - What is clained is: 1. A conpound of the formula | or I[err]
[err] in which Rerr] and R err] independently of one another are
phenyl or another aromatic hydrocarbon, with or vvithoum

whi ch di | bstituted bstituted 1-5yfmj
d g?r] E?:[iaf?] §| ﬁ;le, ug[sgr f] I-Ctjerer] glr kslr e\_l_\fzuc__:?l : sui ﬁt err U[mmmlﬂ)mu"m l”!llr e
radicals 0, S(Oferr] or NRlerr], or arée substituted by GR[ &érr}, " °
Rlerr]S(Oferr], Rerr]S(Oferr]O Rerr]Rerr]N, SR[err]OC](C)), IR ]S.

NC( O , 0, rr]Si err err err]Sn,
Rl or 1] Rl orf] B5 Fagial whigh 3 futp s yciaturas) s ehemipt shather J5posiso. ¢ hat
th h I | ; ' ' :
Subst i 1 uf yecae, Bitn bb GinRbdl sy RoRRBGR, WKRed6e Ry fftel & o Bhfer aromatc |
of one andytacathos rafiicalsjare Whsubsiitutad,or ane substided iiSdinmas hye:-Gypalkyl,

i _ : r r |

ot oduice. st AP Mich intbiubd By 6 Sr FoRd eicBh, B0 dr N, Bt Bl ik
[err] by OR4 E1:8(Q)ncReH )z ReRaN, RgOC( ), RaBsNG(Q) RGO}, IRsRhdRa: 81y RIA:4R1é8re

bstit t biAL err]-Cerr]al kyl, err]-Cerr]al kyl
\?\E?ghsils ﬁféﬁ‘??&b%qﬁen;ygoﬁgt F'e%ﬁ%%gircglgo, ]S(O)%/err]qor }\IR[CEarr] or are
sél[Jbst i toléz &Ry bg[swaylrénotﬁéNm@Sﬁ@idwTd&b%rR[mwz];ﬂﬂ!(s@)ctae%z}@l wﬂiﬁﬂ*\gs Jritpreuptdd,
err , err er.r . er.r eLr err
N o] R oDy qab sk diEdib S, Skon S RFt 6706 BrCriey pedR Grtaerid Bhomiar 1 &
Rl eL r] is cghmwrmphmyl-%cs&hm, \glieta:tlﬁh*ad&alsmhvli' iinﬁiltimd matic hyﬂrédtf)ar?t_snt, o
t hout a et eroat Qm whi r cal s are upsubhs ut e r e substitute
o oe BoCronln Bz Sraydodi Seeafhehy blarb oy Sadlol SRy S Gealiyiam: od by
one or non@sibeliwtad r &re subslitufidly OR;, FEED).] R:S0).0/ R/R¢M) HOTO); R, RINGIS),
RQC(O), RngRnSi, RngRnSn, R12R1sB, halogen, RngP(O)q, and/or CN; -
Eis R14R15H13P ' RsRagS or RaHsaR'iN;

O
Y is (CHal CH=CH, C(O), NRs, 0, 8(O)por ] >(CHpy ;
0]

is0, 1 or2;
is2o0r3;
is0,10r2;

isOort;

2 v 3 =

Rs is hydrogen, Cy-Cyzalkyl, phenyl-C,-Cealkyl or phenyl, where the radicals phenyl-C;-
Cealkyl or phenyl are unsubstitued or are substituted 1-5 times by C4-Csalkyl, C1-C1zalkoxy
and/or halogen; '

Rs and Rs. independently of one another are C-Cyzalkyl, phenyl-C-Cgalkyl or phenyl,
where the radicals phenyl-C,-Cealkyl or phenyl are unsubstituted or are substituted 1-5
times by C-Csalkyl, C1-Cszalkoxy and/or halogen; '

Rz, R;s and R, independently of one another are C4-Cyzalkyl, C3-Cyocycloalkyl, phenyl-Cs-
Cealkyl or phenyl where the radicals phenyl-Cs-Cealkyl or phenyl are unsubstituted or are
substituted 1-5 times by C;-Cealkyl, C{-C;zalkoxy, R¢OC(O), CN and/or halogen or R; and R
together with the N atom to which they are attached, form a 5- or 6-membered ring which
may additionally contain O or S atoms;



Rerr]S(Oferr], Rerr]S(Oferr]O Rerr]Rerr]N, R[err]OC(O)

Rerr]Rerr] NC(O, Rerr]C(O, Rerr]R rr]R[err]Sr Rlerr]Rlerr] R err] Sn,
B, hal P(O d/

phenyl -CLert]-Cler ] akyl oner L ertTPEOLREL AN s°crﬂlllllﬂﬂ}gﬂlﬁ JIL

o

which is substituted by Rerr]R err] R[eréq Si, or is phényl adhot*her’
aromatic hydrocarbon, with or without any heteroatom where the phenyl

radi cal or the other aromatic hydrocarbon radicals are unsubstituted or are
substituted 1-5 tinmes by err]-Cerr]al kyl, 1%[16”1 Cerr]al kyl which is

i nt er r upt 8 By apd B1oindepe enuﬂptmesa@thts(a@& galky Qar%qypﬂoa"%lr phgnyl-C:-

Lo R o e 1) s

cR:l[\ler rIR ersu!’?sqllﬁed 16ntimeg by £)-Rpalkyl] @1-0 ﬂ[hﬁk?qm[ err]P(OJerr], I and/ or
R4

Cerr]-C er”r?ﬁeﬁél 'm\;ﬁ%aﬁ{sy § err ﬁ}é}éﬂ% ﬁzlaikg LIO%%&'IIS%&MW

S(O) [ er r | OaCehiRyicr pheny) wiese m[eerad]:arsrpaenm@eﬁsamynqrrpheqr @re nsUbetitules dravy | |

PR SR oS SR e i 0 L, i

d err] - C eithltiey Blaterh ky Which{they areGtiachdd; féreng 5; ommreydbe&dennd, d er r] al kyl or

o], Rrerd et Sirobfaodneedif 0 wibdtarahs b Lol oyt By o o)

E[lgrer ]35[ GHUE; | e£r)cy| %@rl’e]rthé:('é&caéﬂgiclizhm&e C&-b?{aﬁ(eh](ISCS-CB{cwdeR[I eare] Rl err] Sn,
r el
Rl er ] R enpaiaaRteb arpysubitigee B7sOiO by G 9iuurs A g e phenyl-C-Celi

[err] Which is &%ubhuwté’d ors substﬁ@ed 3ne ® five timéks b;lcpczarkyn c,-ccéélms@ orR{ err]
I's hydrogen, Cerr]- %err ] al kyl, er r&?ﬁﬁ er. r%n henyl , where
the radi cé‘ﬁ@gﬁﬂe‘?ﬁﬁr@ eyl ]"’h"’b['%r‘f‘f‘&sﬂ ”ﬁﬁ uted %stIYS d or are
substitut eg daaﬁ_tylt alRoxirbEhalbgé; k] al kyl . Cferr]-(err]al koxy and/ or
hal ogen; err] err] i ndependentl of one another are

Cerr]- C[ r]éﬁ%Eﬁdlc%WBWI'S@'Sﬁ?fmﬂl[%?sﬁ'}’ﬁl"?@b or phenyl, where the radicals

phenyl ! p#.ﬁp %!g;%,i d
1-5 ti rres%\{)ﬁ‘ tﬁfé gt'éeﬁr/irf FI‘( %err A erri ){Iiﬁgngp n'Ht%ﬁal 0g rllbl%ze
Rerr], R[Csalk?nsénd Rlerr] i ndependent |y of one another are

derr] -C[err] al kyl, (err]-Cerr]cycloal kyl, phenyl-Cferr]- Co6al kyl or
phenyl where the radicals phenyl-Cerr]-Cerr]al kyl or phenyl are
unsubst i t @& Acompouand asedrding teiclaiin 1, B whicheB: &nyd B indeperciently ptoreanother are

Cerr]-d I n I &

t oget her %"FW mﬁ*@&%s gﬁ%ﬁhtg%@lﬁa%#gg%%o% t'gp%&q%e(g“a&& Erff J.B R B"'ﬂ’ﬁ"é']

6- menber eandionbalepem,oriRyanddRb dre orterpihpnylpnaphthyl Gimaphthyh tantteacyl, phenanthryl,
pyrenyl, quinolyl or isoquinolyl, which radicals are unsubstituted or are substituted by
C1-Cealkyl, ORg, R7ReN, RsR10R11Si and/or halogen.

3. A compound according to claim 1, in which R; is phenyl, 0-, m- or p-terphenyl, naphthyl,
binaphthyl, anthracyl, phenanthryl, pyrenyl, quinolyl or isoquinolyl, which radicals are
unsubstituted or are substituted by C;-Cealkyl, ORg, R7RsN, RgR10R11Si and/or halogen.

4. A compound according to claim 1, in which R, is phenyl, another aromatic hydrocarbon,
C1-Cy2alkyl, C>-Cioalkyl, which is-interrupted by one or more O or NR; radicals, or is
cyclopentyl, cyclohexyl, Cs-Csalkenyl, benzyl or phenylethyl, which radicals are
unsubstituted or are substituted by ORs, R;/RgN, RoR10R1:1Si and/or halogen.



-61 - Rlerr], Rerr] and R err] independently of one another are
Cerr]-Cerr]alkyl, (err]-Cerr]cycloal kyl, phenyl-Cerr]- (err]al kyl or
phenyl, where the radicals phenyl-Clerr]-Cerr]alkyl '
unsubstituted or are substituted 1-5-tinmes by C[err]”mlmm!“u)umm“‘
Clerr]-Cerr]al koxy and/or hal ogen; R andsRerr] i ndepertdent | § of ohe
another are Cerr]-Cerr]alkyl, Cerr]- err]cycloal kyl, phenyl -
Cerr]-Cerr]al kyl or phenyl where the radicals phenyl C[err] d err]al kyl
or phenyl are unsubstituted or are substituted 1-5 ti (\I/

d err] - O & A @mpaund@ceerdingde gaim 4) M@rc'aﬁu/l’é:rawaﬁsdgweneﬁ thy frane anether
Rerr] , t 9@J€$5alk¥l%rch'?§sﬁ:sﬁ&ﬂéﬂ%ﬁﬂ \\&)si hey are attached, forma 5- or
6-menbered ring; Rerr], Rerr] err] independently of one another are
C[err]-C[err]aI kyl, Cferr]-Clerr]al kenyl, C[err]- Cl2cycloal kyl, where the

di cal | kyl
o o= S M A akabiqto el o el ol iy gL

and Rlerr] are phenyl-Cerr]-Cerr]al kyl, which is unsubstituted or is

SubSt | ¢ Ut o8 il Gl kGRS oBY ofthSf Shid P o m SHERE breughighe kY, O

hal ogen, or are is’unsu ed or'ms ute oneé to five
times by Jerr]-(err]alkyl, (err]- C[err]al koxy or hal ogen; and G is a

rR[agir?ia! W{He?\h i S abI e tor]drl‘n?grtrgnc Sl7t m[vy I;E;: he . qw 'slost Egz i f
C[err]-C[err]aI kyI or C[err] C[err]al kenyl 2. A corrpound accordr ng to
‘claim1, in which d d tl h I
Shich s S arehust Herorsii to 2y b of DEBTLTS: BinHi BiEAR pkaR MARIcA iyl
CRlerr], R{uaiérhﬁ&%rn’irhb\'uurﬁ[rﬁﬁlﬁilpﬁ ayé batic, ékﬁhsrﬁ&ﬁihﬁtal '&éh@lbﬁrbatléﬁ ﬂlﬂbﬁlhma”d

Rl err] are o-terphenyl, naphthy bi naph t hy ant hr acyl phenant ryl
pyrenyl , cﬁyﬂfﬁxnrwmdrhqseh@mwnarrqdonm galt Qraajwab§orapéoqmglnmﬁ qaionis WIUPar e

subst it ut & fyafehANEk oFLax! Mblh&ﬂ X :&B[-@gélﬂ:oxy'?{r falobBher r1 N,

Rlerr]Rlerr]Rlerr] SI' and/or hal ogen A”conpound according to claiml,

in which Rlerr] is phenyl, o-, m or p-terphenyl, naphthyl, binaphthyl, -

ant hracyl ,4 I mhlch radlcals

are unsubstolothut e ngugterﬁgﬁgm&roﬂrﬂg&gir& g‘rﬂ i’er W?ﬂkyl err]

Rl er r] R erRt{aud R} arerG:rGaaliey| which ﬂ[%iubéh%ﬂ anBdPO vSi or aze phenyb

accordi ng ther aromatic hydr ocar bon,
éugf&}"%'dn? gff‘l err cé@lﬁ?'ah?ﬁ% 5',9

Cerr]-CerrJa |s’|nterrupted by one or nore
O or NR[ erﬂd,lsrahhwbhe. or is cyclopentyl, cyclohexyl Cerr]-Cerr]al kenyl,

DenU O RIEBLCER i S Bl P8 BB o oS b o
substituted 1-5 times by C4-Caalkyl, ORs, R;RgN and/or halogen;
R; is unsubstituted or RgR1oR+1Si substituted C,-C,alkyl or unsubstituted or halogen-
substituted phenyl;
m is2or3;
E is RgRsaR7N;
Rs is Ci-Caalkyl; _
Ry, Rs and Rg, independently of one another are C¢-Caalkyl or benzyl;
Rs, Ry and Ry are C4-Cjalkyl and
G is tetra(C+-C,alkyl)ammonium or benzyl-tri{C,-C,alkyl)ammonium.

11. A composition comprising
(a) at least one ethylenically unsaturated photopolymerizable compound and
(b) at least one compound of the formula la or |2’ |



5. A conmpound according to claim1, in which Rerr], Rerrt—and R err]

I ndependently of one another are Cerr]-Cerr]al kyl whi | jgigut ed by
RlerrI][Rerr]Rerr]Si. 6. A conpound according to ﬂ‘g‘&“ﬁ“;‘ﬁﬁ““m R4 is
Clerr]-Cerr]alkyl, substituted by Rlerr] R err] R er n &% "5 7w A"compound
according to any one of clains 1-6, in V\_:fq'é:_h Rlerr] and Rl err] are

I denti cal . 8. A conpound according to claim?7, in which Rerr], Rerr]
and R[err] are identical. 9. A conpound according to any one of clains
1-8, in which Gis an alkali netal, a quaternary amoni umradical, a dye
cation, a transition nmetal conplex cation, a sulfonium sulfoxonium
phosphoni um or i odoni upn sagy, or{a UV absorber cgqtaining a cationic group,

or a radical MgX or Ca _:_Tﬁ_ [ X igCerr]-CEr]alkoxy or hal ogen.
10. A conpound of the 15f I;&I %r | @?’r] accﬁaTcﬁﬁ@aTgkclai('ﬁ\)l, i n whi ch
Rlerr] and Rl err] are er Ry- rr]al kyl which &g substituted by
Rerr]Rerr]R err]Si or are phenyl which is substituted 1-5 tines by

C[err]-C[e{nr I‘ﬂ+ yl, OR[err] and/or halogen; R err] is phenylene; Rerr] is
Cerr]-Cerrfalkyl which is substituted by Rerr]Rerr]Rerr]Si, or is
phenyl whi B R:sRunBylEand Giard asdefisedsininidimtuaretl 1-5 ti nes by

oneubst i 1 uReds B R esFsstted b Ebir B i R VAT PP R EMStE, 1 or
unsubst i t uhpdtoHrbéYs !vﬂWwimubt_Séﬁj hét@datons, wWhere the pﬂeﬂyl&adibal&jr the othef aromatic
N or 11 T o idbeAhon (acleiaarh unkaed i ate aubR LAY 5 Mgk bl oy, F

{?[ er ], R£ € 'CL@"(?EWBFE i ihteﬁfuﬁtne_e[tirvhrdr]re'dﬂrﬁdré}@diﬁa{é 08() {01 N¥Rs, or are substituted
banzyl 11 i:b%efﬁka%ﬁa B e ReRR(0), BRN(QD ReGQ) RefioReSh FeBioRlySpa)

at | east ORERYIBINERYGERFRRY p(O?qaéﬂw@t@ql_ phot opol yneri zabl e conpound and (b)
at | east one conpound of the formila la or |a’

12. A composition according to claim 11, comprising in addition to components a) and b) at

least one coinitiator (c).

13. A composition according to claim 12, wherein the coinitiator (c) is a neutral, cationic or
anionic dye.

14. A composition according to claim 13, wherein the dye is a cyanine derivative.

15. A composition according to claim 12, wherein the coinitiator (c) is a UV absorber.

16. A composition according to claim 15, wherein the UV absorber is a thioxanthone
derivative, a coumarin, benzophenone, a benzophenone derivative or a
hexaarylbisamidazole derivative.

17. A composition according to any one of claims 11-16, which comprises in addition to the
photoinitiator (b) at least one further photoinitiator (d) and/or other additives and/or

coinitiators.

18. A composition according to claim 11, comprising in addition to components (a) and (b)
at least one neutral, anionic or cationic dye or a thioxanthone and an onium compound.



-63 - R1 [err] in
which Rerr], Rerr], Rerr], Rerr], Eand G are as defined in claim1 and
Rlerr] is Rerr]Rerr]Rerr]Si-substituted CJerr]-

W
Cerr]-Cerr]al kyl, phenyl or another aromatic hydro t hout
any heteroatom V\/nere the phenyl radical ggr. the other T“ B::Hm"““ ““ rbon
radicals are unsubstituted or are substituted 1-5 ti

Cerr]-Cerr]alkyl, (err]-Cerr]alkyl which is |nterrupted by one or nore -
radicals O S(O[err] or NRerr], or are substituted by OR[err],

Rerr]S(Oferr], R[err]S(O)[err]O Rlerr]Rerr]N, Rerr]CC(O,

1 ] s B 4 e o g oy

accor di ng especialiy #n a-AMipY nepﬁlypmr*ﬂdaddltlon to conmponents a) and b) at

| east one coinitiator (c). 13. A conposition according to claim 12,
wherein the coinitiator (c) is a neutral, cationic or anionic dye. 14. A
conposi t i @0. Accompiisition taccarbingto £&jm WFccamprisingeasiptetoinitiator () @i titanatene,\eat i ve.

absorbor | ToTtendaa BaRStNeRtnd, 4 ierb ity oL Shdhriendion Bt o bttt
absor ber ldsamoxyacémplﬁédmaeam evhydeuxiyver, c-amiruaceiophendnenan pdqmm)qcyavoalkyl

benzophenone derivative or a hexaart\;‘gg sam dazol e derivative. 17.
conposi t i dheryldwteneng xapthene. aihioxgnthong, psantitapginonp oF & MAN LS ses | n

addi ti-on tisddyphBEsHing Sxidé Qir%xtb@stﬁérebﬁ%hd@iﬁ&nél%bfbﬂﬂdi&m0' nitiator (d)

and/ or ot her addl tives and/or coinitiators. . A conposition according
to claim1l, conprising in addition to corrponents (a) and (b) at |east one

neutral, oy AdmpsitioR acotaing®y Blafth 12, &dphsheiy iR 20AItIBA t ESSSHen s (ﬁ?HM’Wd

at least one compound of the formula 1l

l:nd—:'a— zZ+ ()
RC

in which R,, Ry, R and Rq4 independently of one another are C4-Cyzalkyl, trimethylsilyl-
methyl, phenyl, another aromatic hydrocarbon, C4-Csalkylphenyl, allyl, phenyl-C4-Cealkyl, C-
‘Cqalkenyl, C>-Cgalkynyl, C5-C,2cycloalkyl or saturated or unsaturated heterocyclic radicals,
wherein the radicals phenyl, another aromatic hydrocarbon, phenyl-C;-Csalkyl, or saturated
or unsaturated heterocyclic radicals are unsubstituted or substituted by 1-5 times by
C-Caoalkyl, C2-Cxoalkyl which is interrupted by one or more radicals O, S(O), or NRs, or are
substituted by ORg, ReS(O), RsS(O)a,O,. R7RgN, Rs0C(0), R7RsNC(O), RoC(O), RgR1oR11Si,
RsR10R11Sn, R12R13B, halogen, RgR1oP(O)q, and/or CN,

o] is0,1o0r2;

q isQorf;

Rs is hydrogen, C,-C,zalkyl, phenyl-C,-Cgalkyl or phenyl, where the radicals phenyl-C;-
Cealkyl or phenyl are unsubstitued or are substituted 1-5 times by C4-Csalkyl, C4-Cizalkoxy
and/or halogen;

R is C1-Ciz2alkyl, phenyl-C4-Cealkyl or phenyl, where the radicals phenyl-C4-Cegalkyl or
phenyl are unsubstituted or are substituted 1-5 times by C4-Cgalkyl, C4-C4.alkoxy and/or
halogen;



19. A conposition according to claim 18, additional
free-radical photoinitiator, especially an [err]-amno keto
20. A conposition according to claim17, conprisi nﬂml ﬂ m ‘irﬂmor (d) a
titanocene,  a ferrocene, a benzophenone, a benzoin enzyl
ketal, a 4-aroyl-1 ,3-dioxol ane, a diaIkP yacetophenone an a- hydr oxy- or

0

a- am noacet ophenone, an [err]-hydroxycycloal kyl phenyl ketone, a xanthone,
a t hi oxant hone, an ant hraqui none or a nono- or bisacyl phosphi ne oxide, or

m xtures thereof, as additional photoinitiator. 1. C It
accor di ng Rrand| Rs indlependentipefioneragother arritrCaalyl Cé‘é%ﬁ@ﬂ@p@%"ygﬁgcﬁw at
| east one o? ?;\B\E W‘ﬁfé th%r}ﬁdlfﬁépl ﬁled1lcsaIkyl or é)henyl are unsubstituted or are

[err] :

de
gnot hter arsubsliteled]t-s:pmes PutiGayGeal kCnrQa e(é?&vtq’@ g“d)éﬁgﬁggef’l é’n'g’tﬂﬁw
romatic I lal 8¢ lor 6-
phenyl - q%‘é%t&g?xér r?'al'fL@H%[ er ﬁ {h]eg[aer r gnf)(/)lmGi aC[ grr rs]m%[“g?rffz;llngyr?ﬁh,
Cerr]- C[ anay agditioralik gontain @ ar Gratemel or unsat ur at ed het erocycl i ¢ radical s,
bheny| - dfe ForEFy AR Ren 3 ofE andthFBle &, Calk oL eptycloalyl, phent Cr
E:[ adi cial a aTalkyhernghehyll whe:t the radi¢als phartybGOgalkyl Or phenyd a(eyunsubstltuted or are
err e db
(adi cal s cﬁu%%wa%%ew i B SPCet Sralif oby bABBRTP 27 o Y, O o e
Rl er r] S( O ggahll RiRirfiepbiddity ©f oh€ andther arbRE.C ik, CY-CrcyaR@tky). phenyl-
Rl or 1] R orTEamhppliamyl Where e slal pTaTpESrFsui B enerbf brePebaplipd bF 4"
01, ki Bty CH o g oy Gt i
adi ca
unsubst i t Luith the Byatomsteouhich M@rﬁaga"tr\cheé"hf %2 'i‘ r@?ﬁ?ﬁ]’ﬁ‘gi@&r ©
Jerr]-Cep E%é‘# wﬁi&ﬁ/.é)ébla% ﬂﬂﬁfbosﬁbéidnb is Clerr]-Clerr]alkyl,

phenyl -C[ err err]al kyl or phenyl, where the radicals
phenyl -Clerr] - C[err]al kyl or phenyl are unsubstituted or are substituted

1-5 tines &y AL&hpdsitfidntdccbing/to cldiler 1] bofmbfsing af I6aationdbdrate ohtedomiula la or

la’ and at least one dye which changes or loses its colour during or after the radiation, which

dye may also, as cation, be part of the compound of the formula la or la'.

23. A composition according to any one of claims 11-22, comprising from 0.05 to 15 % by
weight, in particular from 0.2 to 5§ % by weight, of component (b) or of components (b)and -
(d), based on the composition.

24. The use of a compound defined in claim 1 as a photoinitiator for the
photopolymerization of ethylenically unsaturated compounds.

25. The use according to claim 24, wherein the compound of the formula | or I' is employed

in combination with at least one coinitiator.

26. The use as claimed in either of claims 24 and 25 in combination with another
photoinitiator and/or other additives.

27. A process for the photopolymerization of nonvolatile, monomeric, oligomeric or
polymeric compounds containing at least one ethylenically unsaturated double bond, which



-65 - Rlerr] and R err] independently of one anotW
Cerr]-Cerr]alkyl, (err]-(err]cycloal kyl, phenyl - ““m“m“\ or
phenyl where the radi cal s phenyl -Clerr]-C err] al kyl (L “ﬂn

unsubstituted or are substituted 1-5 tinmes by (Jerr]-Cerrqalkyl,
Cerr]-Cerr]al koxy, Rerr]OC(0O, CN an%@[ hal ogen or R7 and R8 toget her
with the Natomto which they are attached, forma 5- or 6-nenbered ring
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waveguides, optical switches, colour proofing systems, glass fibre cable coatings, screen
printing stencils, resist materials, materials for encapsulating electrical and electronic
components, for producing photographical reproductions, for producing composites, for
producing magnetic recording materials, for producing three-dimensional objects by
stereolithography and as image recording material, especially for holographic recordings.

30. A coated substrate which is coated on at least one surface with a composition according

to any one of claims 11-23.

31. A process for the photographic production of relief images, which comprises subjecting
a coated substrate according to claim 30 to imagewise exposure and then removing the

unexposed areas with a solvent.

32. A process for producing relief images, which comprises exposing a coated substrate
according to claim 30 by means of a movable laser beam (without mask) and subsequently

removing the unexposed areas with a solvent.



conprises adding to the abovenenti oned conpounds'at | east one conpound of
the formula | according to claim1 in which Gis a dye radical, or at |east

one conpound of the formula | or I[err] accordlng__#,QLaLnyi—rﬁ—CUﬁﬁ”hatlon
with an el ectron acceptor, and irradiating the mxture w on1the
infrared region through the UV region togp-wavel eng“m m“ﬂm\\‘ 8. The
use of a conposition according to any one of clains duci ng

pi gnent ed and unpi gnent ed pai nts and varni shes, prlntlng i nks, powder
coatings, printing plates, adhesives, dental conpositions, mavegU|des
optical sw tches, colour proofing systens, glass fibre cable coatings,
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produci ng goRdge- di nensi onal objects by stereolithography and as inage
recording material, especially for hol ographic recordings. 29. A process
according to claim 27 for producing pigmented and unpi gnented paints and
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pr oduci ng photographlcal reproductions, for producing conposites, for

produci ng magnetic recording materials, for producing three-di nensional

obj ects by stereolithography and as inage recording material, especially
for hol ographi c recordings. 30. A coated substrate which is coated on at
| east one surface with a conposition according to any one of clainms 11-23.
31. A process for the photographic production of relief imges, which
conpri ses subjecting a coated substrate according to claim 30 to i magew se
exposure and then renoving the unexposed areas with a sol vent. 32. A
process for producing relief imges, which conprises exposing a coated
substrate according to claim30 by neans of a novable | aser beam (w t hout
mask) and subsequently renoving the unexposed areas with a solvent.



33. The use of a conpound of the fornmula | or I[err], or of the fornula |la
or laferr], as an initiator for the.thernmal- pol ynerization of conpounds
contai ning ethylenically unsaturated doubl e bonds. 34. A process for the
t hermal pol ynerization of conpounds containing ethylenically unsaturated
doubl e bonds, which conprises adding as_pglymerization initiator at |east
one conpound of the fornmula | or I[err] or of the fornula la or laJerr].

Borate coinitiators for photopolymerization

Abstract

Compounds of the formula | or I’

'I?1 + I?1_ +
Hr?—ﬁz G ()] Rr?— R;—-E )
Ry Ry

in which’ R: and R; independently of one another, for example, are an aromatic
hydrocarbon, with the proviso that the aromatic hydrocarbon radical is substituted in at least
one o-pbsition, or Ry and R, for example, independently of one another are C4-Czpalkyl,
which is substituted by RgR10R11Si; Rz, is, for example, a divalent aromatic hydrocarbon
radical; Rsis C1-Cxoalkyl which is substituted by RgR1oR11Si or is an aromatic hydrocarbon;
R, is, for example, C1-Czoalkyl, Cs-Cy2cycloalkyl or phenyl-C4-Cealkyl; E is R1sR15R16P or
RsReaR7N; R, Rs and Rg, and R, Rw' and Ry, independently of one another are, for
example, C1-Cqzalkyl; R4, Rys and Ryg independently of one another are substituted phenyl
and G is a radical which is able to form positive ions, with the proviso that, if Ry, R, and Rs
are 2,4,6-trimethylphenyl, R, is not Co-Cxoalkyl or C-Csalkenyl, are suitable for use as
particularly reactive photoinitiators.



