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Bor at e phot,oini titators f.rom nonobor anes The invention relates t

phot opol yneri zabl e conpositi ons which conprise borate photoinitia QHF#/
parti cul ar includi ng uni nol ecul ar borate photoinitiators. The use of
borates as photoinitiators in conbination with coinitiators is known in the
prior art. For exanple, US Patents 4,772;%30, 4,772,541 and 5, 151, 520
disclose triaryl alkyl borate anions with cationic dyes, for exanple

cyani nes, rhodan1nes etc., as counterions. These conpounds are enpl oyed as

phot oi ni ti totre Do §o aﬁ&mn B3dma ;4 cationic transition netal

conpl exes al kyl borate anions in

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

pyri di n| urTheciavgrition relatesite photepelymesizakle compesitions it FRRISEPARE tri ar vy
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wi th aro oneé Ini ounds as c0|n|t|ators i n photocurabl e
- materials. For the ext enS| ve range of applications of photointiators,
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used as | opo Meri za 0SI LI ons orat e
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advant age
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-of coinitiators, nitiate photo t S|nI now
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phot oi ni t | gdtPpyridinium, etc., as cationic counterions to the triaryl alkyl borate. In this publication the

P

borates are employed in connection with aromatic ketone initiator compounds as coinitiators

N in photocurable materials.

For the extensive range of applications of photointiators, there is a need in the industry for
stable reactive compounds which can be used as initiators in photopolymerizable

compositions.

o The borate compounds described in the abovementioned publications are always 'uéed, as
photoinitiators, in combination with coinitiators. In the industry it is advantageous to provide
photopolymerizable compositions comprising photoinitiators which are sufficiently reactive,
even without the addition of coinitiators, to initiate photopolymerization.

It has surprisingly now been found that borates having defined substitution pétterns

possess these properties.

The invention provides a photopolymerizable composition comprising
a) at least one polymerizable ethylenically unsaturated compound and
b) at least one compound of the formula | or I’ as unimolecular photoinitiator



- 2- [err] Rlerr], Rerr] and R err] independently of one another
are phenyl or another aromatic hydrocarbon, with or w thout any

het er oat ons, which radicals are unsubstituted or are substituted 1-5 times
by unsubstituted or OR[err]- or Rlerr]R err]N substituted
Clerr]-Cerr]alkyl, Cerr]-Clerr]alkyl w2ech is interrupted by one or nore
radicals 0, S(OJferr] or NRerr], ORerr], Rerr]S(Oferr],
Rlerr]S(Oferr]0, Rerr]Rerr]N Rerr]OC(O, Rerr]Rerr]NCO,
Rlerr]C(O, Rerr]Rerr]Rerr]Si, Rerr]Rerr]Rerr]Sn, halogen,

Rerr]Rerr]P(Oq, CN and/or [erL]. or the radicals Rerr] and R err]
formbridges to produce |strwgiturgs of the for all, Illaor Ilb [err]
whose aromatic rings ar tiftuted or a 'éuted by
Clerr]-derr]al kyl, by 'érrl-iéf

rr]al kyl vvhi'%%’is'“i nterrupted by one or
more radicals 0, S(O/[err s NRlerr], or by err], .MpwhichS(O[err],
Rerr]S(Oferr]O Rerr]Rerr]N, Rerr]OC(O, Rerr]Rerr]NC(O,
Rerr]C(O, Rerr]Rerr]Rer®]Si, halogen, RelM Rerr]P(Oq and/or
Rlerr]Rlerr]Rlerr]Sn; with the provisos that not nore than two of the

radi cal s RRgR:jand Nsdndépendentiyafronp another drephianyl orangther aramatic: hydeeparbanwo  of

th di cal _ i G. . : I€Cal
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one radi cafimé¥ by unsubsfitated ordDRROr K, RNs-tshbstitated\C1HEshalkyl,CaTaoallylivdigh iand t he
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ort ho- pOSi Ré(m,O), R7R3NC(O), RQC(O), RngRﬁSi, RgR10R11Sn, halogen, RngP(O)q, CN and/or

R1Ba ‘Ryg
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whose aromatic rings are unsubstituted or are substituted by C{-Caoalkyl, by Co-Caoalkyl
which is interrupted by one or more radicals O, S(O), or NR;s, or by ORs, RsS(O),, ReS(0):20,
R7RsN, RsOC(O), R7RsNC(0O), RsC(O), RoR10R11Si, halogen, RgR1oP(O)q and/or ReR10R11Sn;
with the provisos that not more than two of the radicals R, Rz and R3 are identical and |
either at least two of the radicals R4, Rz and Rs are aromatic hydrocarbon radicals or phenyl
radicals which are substituted in both ortho-positions

or at least one radical Ry, Rz or R; is a sterically bulky aryl radical and the remaining radicals
of Ry, Rz and R; are aromatic hydrocarbon radicals or phenyl radicals which are substituted
in at least one ortho-position; |



-3 - Rlerr] is a divalent aromatic hydrocarbon radical which is
unsubsituted or is substituted by Cerr]-Cferr]alkyl, ORerr],
S(O[err]Rerr], OS(Of[err]Rerr], NRerr]Rerr], C(OORerr],
CCONRerr]Rerr], C(ORerr], SiRerr]Rerr]Rerr] or halogen, or Rerr]
I's phenyl-Clerr]-Clerr]al kylene; R4 is pBenyl or another aromatic

hydr ocarbon radical, with or without any heteroatons, which radicals are
unsubstituted or substituted 1-5 times by unsubstituted or ORlerr]- or
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Rerr]C(O, R[err]R[err]R[err]SlR[err]R[err]R[err]Sn halogen o

Rlerr]Rlerr]P(O[err], and/or CN, Y is (CH[RU])[QH] CH=Qitpe
NR{err], O S(Of[err] or [err] nisGQ 1l or 2;N (ﬁ?] or N3; NS
2, O 4 1 a
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phenyl -Clerr] - C[err]al kyl or phenyl where t he ragy cals
phenyl -Clerr]-Clerr]- alkyl or phenyl are unsubstituted or are dhbstituted
1-5 tinmes by (Qerr]-(err]alkyl, Cerr]-(err]al koxy

R19

i~

N-N
—</ N or '—<©|'R19 , of R4 is C4-Capalkyl, Co-Caoalkyl which is interrupted by -
N=( N—N
Rz
one or more radicals O, S(O), or NRs, or is C3-Cyzcycloalkyl, Co-Cgalkenyl, phenyl-C-Cealkyl
or naphthyl-C4-Csalkyl, where the radicals C,-Cxoalkyl, Cs-Ci2cycloalkyl, Co-Cgalkenyl,
phenyl-C4-Cgalkyl or naphthyl-C4-Csalkyl are unsubstituted or are substituted by ORs,
ReS(0)p, RsS(0)20, R7RsN, ReOC(0), R7RsNC(0), ReC(O), RoR10R11Si, RoR10R115n,
halogen, RgR1oP(O)q, and/or CN;
o)

Y is (CHgz),, CH=CH, G(0O), NRs, O, S(O), or c: >(CH2) m 3
6]

n is0,1or2;

m is2or3;

p is0,1o0r2;

q isQort;

E is RyR22R23P, R/R7aRsN or RsReaS;

Rs is hydrogen, C-Cizalkyl, phenyl-C-Cealkyl or phenyl, where the radicals phenyl-C;-Ce-
alkyl or phenyl are unsubstituted or are substituted 1-5 times by C;-Csalkyl, C+-Ci2alkoxy
and/or halogen;



and/ or hal ogen;

-4- Rlerr] and R err] are unsubstituted or hal ogen-substituted
Cerr]-Cerr]al kyl, phenyl-Clerr]-C[err]al kyl or phenyl, where the radicals
phenyl -Clerr]-Cerr]al kyl or phenyl are unsubstituted or are substituted
1-5 times by err]-Cerr]alkyl, Cerr]-GCterr]al koxy and/ or hal ogen;

Rlerr], Rerr] and R err] independently of one another are unsubstituted or
Cerr]-Cerr]al koxy-, halogen-, OH, COORerr]- _or CNsubstituted
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unsubsti t UsiRyl wharecthe waditals pnerwl-ﬁ@sakyrlax pbenytjase uq\smgﬁbiutq@rrgre substituted
| kox i d t oget h th th
N ot oin o TREtsE G GRSl o ey b BlBeaR S Lo g i ch ay
addi tional Ry H;péﬁcﬂﬂmlnﬂepéncﬁnﬂy ofne &tjather] are Bhsubstituied|oRC eCrplkpxytehalogrmi | y
f
G ert - o PP GRResr Splngmoting & Hlamrb i yPloBlig BV s st BE BRI,
or phenyl @ﬁ@re:ﬂli@ tefidald pﬁ?ﬁror- Iejll oriphényl g’eamsri:bils'tltuuedm atqrsubstrtuga[d 1-5
err err|a err rrja an or a r
(F\E[[ err } %d"fpé%w 1'pﬁ§gﬂegﬂ€%ﬁ9 ?“‘ﬁwyﬂ?ﬂﬂ"h et Ra?'égﬁergf’%gh w%”\@ﬁ @gé{(’%‘lﬁ(’ed
or Cerr]-whigh 'i%[y atb laRgohett) hﬁrnl 4 5t Grb-fabaibaledSiey which kndy, additionalty édntdie © ar

nono- to penta- err]-Cerr]alkyl-, -Cerr]- C[err]al koxy-
or - hal ogenS&tasms:i t ut ed phenyl C[err] Cerr]al kyl or are unsubstltut ed or

nmono- to PARNR; afd R li'rd(géi‘ﬂéﬁtly @f'dﬁé'anothe@b?é Cl [bildﬁmba phenyl-
- hal ogen- suBsttut ed phenyl, or the radicals err
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be fused, Eﬂb%r.r&e%ﬂgqmdsb&ecgab@[@térauk&ﬁﬁ&om&%err] |ndependently of

one anot her are rogen,” unsu tuted or (Jerr] err]al kox¥ , OH _or
hal ogen- suBs} RisiRecand %fandeope«mtbuqtpne gnotheeanguidregen; ubsitpstituted or Ci-Cre-

ohonyl - Ry afepf-Sisituidd ErElARYE Ui lfitsk o inbho % pSRTSA0LAER O, lofidony-

c% err] dq e?r Jhaldgeh-suliitiutetl-pBpeylGCdaliylor ase umg@aﬂ}uteceprempqteye pealek (h-Cenher e
t

Gor 11~ oPRYCyErBegelioRd g haitbon; Suilhed il Br b uicaR Ry gy Rupnd Ry
or CN, or R{getrre}forlﬂaaraﬂomd riR do whichrferthersandraatia ingsdnay bedused; t o

pent & el R st ang Fahidselhb) B R s o0, SHbsbe

pent a- C[ er c],ad;[aa(ax]/a IO:lor halo@bmsubstlﬁﬁted 1C 40 1kadieyy or are urisubstiuted ouGsCidalkykd

phenyl; X a, radical which is able for form

; s
positive i ngfrzalkoge,!?%qrmﬁger\ﬁgbgﬁﬁpg,pgﬁn f coinitiators, the conpounds
of the formyl, &, andBRY m\depehaemt@asftomenbmet aAd or-e12hmy| Cbemalkenyl or Cs-

phot opol yneri zati on of et ur at tur es af
t he corrpouﬁ;d%cng%'kY'h‘ﬂFereftF%/ ‘f‘i‘}“?s hb%é ZﬁE(VCEF P%?Hgﬁg‘zf’%a(@l 8% err],
R gr r] | ang[ uﬁélﬁ{sﬁﬂut&i & érd%ﬂg‘stg[aﬂed RODT GﬂON%/or mﬁr Rhg ranatRz!; aaainsum.tarredtohe
“radicals err err] an re aropmgtic

phenyl radiMoROs {Q/ﬂ’i?[ fsalkyipstrG xY'rP"b RIYrE t'ﬁ‘@%‘i Peelol ofare
unsubstituted or mono- to penta-C4-Cgalkyl-, -C-Czalkoxy- or -halogen-substrtuted phenyi;
X isN,SorQO;and
G s a radical which is able for form positive ions.

Even without the addition of coinitiators, the compounds of the formulae | and I’ are reactive
initiators for the photopolymerization of ethylenically unsaturated compounds.

Features of the compounds are that, firstly, not more than two of the radicals Ry, Rz and R
are identical and, secondly, either at least two of the radicals R,, Rz and R3 are aromatic

hydrocarbon radicals or phenyl radicals which are substituted in both ortho-positions,



-5 - or at least one radical Rerr], Rerr] or Rerr] is a sterically

bul ky aryl radical and the remaining radicals of Rerr], Rerr] and R err]
are aromati c hydrocarbon radicals or phenyl radicals which are substituted
in at | east one ortho-position. Aromati c hydrocarbons as may be present
in the novel conpounds may, for exanple, -6entain one or nore, especially 1
or 2, heteroatons. Exanples of suitable heteroatons are N, O P and S,
preferably N or 0. Exanples of aromatic hydrocarbon radicals are phenyl, 1-

and 2- naphphyl le?]s? bhb l?é‘(ﬂé‘él Ry pR?BIeﬁ;YIE a Sterically bulky b FH@RQ:Y hnd thel rBHﬁWA@ﬂ%GI&Hi&

- bi napht hyl ; ant henan ferrocenyl’, pyrenyl, furan-2-yl
f ur an- 3- yI of IBum@ndrBazarg arqmattcthy@m@mrwcalswp eyl padjgals wplpharmswmted)r
pyri di n- nol yl or isoquinolyl. Al so suitable are
aromatic hy rto%aéﬁg%g‘r'tggdkos' g“of the formul a in which A and Z

| ndependently of one another are -(CHerr])[err]-, -C(O-, N, S(Oferr],
e A AR AP proES R ool EARARAE A0 Bt
phenoxat hi ogrtaiaromhepitemye sespegially 1 or 8 hétbratdms. £Examplesrdf suntabl@hpﬂema}cbms are
_O ! mor Rl: b? E’paq\%ry,lprgfre?ably N or O. Examples of aromatic hydrocarbon radicals are phenyl,
1- and 2-naphthyl, stilbenyl, biphenyl, o-, m-, p-terphenyi, triphenylpheny), binaphthyl,
anthracyl, phenanthryli, ferrocenyl, pyrenyl, furan-2-yl or furan-3-yl, thiophen-2-yt or
thiophen-3-yl, pyridin-2-yl, pyridin-3-yl, or pyridin-4-yl, pyrimidinyl, quinolyl or isoquinolyl.

A
Also suitable are aromatic hydrocarbon radicals of the formula @ :©/
Z

which A and Z independently of one ancther are -(CHz),-, -C(O)- , N, S(O),, where n and p
are as defined above. Examples of these are anthracyl, fluorenyl, thianthryl, xanthyi,
acridinyl, phenazinyl, phenothiazinyl, phenoxathinyl and phenoxazinyl.

o-, m- or p-terphenyl are O O 6

(O~

~ Oabad




Tri phenyl phenyl is or Bi napht hyl is
Ant hracyl is or [err] Phenant hryl is [err]

or J[err] Pyrenyl is J[err] or

Q=T OO
o &,

Triphenylphenyl is ‘ or O

sarnte (1 3-€17]
Anthracyl is O‘

Phenanthryl is or O%
Pyrenyl is OO or O@

S
8
o
a



-7- Qui nolyl is or I soqui nolinyl is

[err] ' ~or [err] Furanyl is furan-2-yl or furan-3-yl.
Thi-ophenyl is thiophen-2-yl or thiophen-3-yl. Pyridinyl is pyridin-2-yl,
pyridin-3-yl or pyridin-4-yl. Substituted radi cals phenyl, stilbenyl,

bi phenyl, o-, m and p-terphenyl, triphenglphenyl, naphthyl, binaphthyl,
ant hracyl, phenanthryl, pyrenyl, ferrocenyl, furanyl, thiophenyl,
pyridinyl, quinolinyl or isoquinolinyl are substituted one to four tines,
for exanple one, two or three tines, espeC|aIIy tmo or three tlnes

Substituents on the _phepy ing are ositio 6 or in
@ ot foe r|r1 |S° linybism [ |ca v BUl ky
oA s applic ers, for exanpRe

2,6 or 2, 4QGinoRniki g

aryl radical" as us

pol ycycles, i.e. polycyclic aryl radicals. Exanples of these are fused

hydr ocarbon rings wi thout or w thout heteroatons, preferably S, O or N,

- exanpl es bei 2-napht hyl, bi naphthyl, anthracyl, phenanthryl,
pyrenyl, qu' andl i soquinolyl. The term"sterically bul ky aryl
radi cal ", Nat'so refers to ring sequences, i.e. aryl rings |inked by

single bonds Exarrpl es of these are biphenyl, o, m and p-terphenyl, and

tri phfanyl PRexayl.is furi-2wl brmiarrs-]yhrrh;dphesyl is hiaphen-2-yi onthidphen-yl. Pwidinybis
exanpl e, r Cerr]-Cerr] or Jerr]-Cerr]al kyl.
Exanpl es a 3@" ?—%PV"@P}%%' orBl'fﬂ%‘ﬁ’ isopropyl, n-butyl, sec-butyl,

| so-butyl, tert-butyl, pentyl, hexyI heptyl 2,4,4-trinethyl pentyl,

2ot e bt il e BB CRE e oA By,
exanpl e, %ﬁti\yl ﬁné}ftﬂﬁjl] ar%ﬁb¥|] ﬂhéﬁdnthrfﬁpﬁ@hﬂl ieyro&rwl,rfixraﬁf/leﬂﬂdmdehyll

E{ 2]; (re]r ab:q{gyrpq?rr\\a,rﬁqu?lrg{' rqr legqglreﬁrgyl %}(g |Ht%é Q@% tosf% %/smfgcexsglple%ne tv]lo

Rlerr]R er : I
Clerr]-d eﬁ ﬁ&f ﬁhgg eesgbgglllfatlk@ &imeé % rt ']hﬂ%l[ g?ﬂgs]ti;t;iel?té x t@@ggﬁn}? are preferadly
derr]-d eﬂTl}QﬁlﬂO}"B 2, for ﬁ;ﬂ" in 3, 6;525 &Pﬁ?gl?atfﬂ"eq%%?

eny ring.

The term “sterically bulky aryl radical” as used in this application refers, for example, to.
polycycles, i.e. polycyclic aryl radicals. Examples of these are fused hydrocarbon rings
without or without heteroatoms, preferably S, O or N, examples being 1- and 2-naphthyl,
binaphthyl, anthracyl, phenanthryl, pyrenyl, quinolyl and isoquinolyl.

The term “sterically bulky aryl radical”, however, also refers to ring sequences, i.e. aryl rings
linked by single bonds. Examples of these are biphenyl, o, m- and p-terphenyl, and
triphenylphenyl.

Ci-Caoalkyl is linear or branched and is, for example, C1-C1z, C1-Cg, C4-Cs Or C4-Caalkyl.
Examples are methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, pentyl,
hexyl, heptyl, 2,4,4-trimethyipentyl, 2-ethylhexyl, octyl, nonyl, decyl, undecyl, dodecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl. For
example; R, is C1-Cgalkyl, especially Ci-Cealkyl, preferably C-Cqakyl, for example methyl or
butyl. Where R4, Rz, R; and R, are C-Cooalkyl substituted by RoR10R11Si, then the alkyl
radical is, for example, C-Cyoalkyl, especially Cy-Cgalkyl, preferably C;-Csalkyl. Methyi is
particularly preferred.



-8 - Jerr]-Cerr]alkyl and (Jerr]-Clerr]al kyl are |Iikew se |inear or
branched and have, for exanple, the definitions given above up to the
appropriate nunber of carbon atons. R err], Rerr], Rerr], Rerr] Rerr],
Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] are, for exanple,
Cerr]-Cerr]al kyl, especially (err]-C-&-r]alkyl, preferably
Cerr]-Cferr]alkyl, for exanple methyl or butyl. Cerr]-(err]alkyl
substituents for phenyl Cerr]-Cerr]al kyl or phenyl are, in particular,

Cerr]-d e qaaln@g%d amgyé dv Wﬂea?br@#ﬂn&hedancﬂ?a@ﬂﬁr'elxuinplwtmrUpt ed
one or noré err]- or -NR[err]- is, for exn'&
i g’z (Ca); { upt ddflmtlmstglmabCW@rUPetmt ppproprate |Wﬁ§>ebpf @'B‘P“ atopsyBe '%y R’ Rra,
- err Gllkyh
exanpl e, ]Fbl—‘g 5“%@3 1&’}%& ggig%ﬁﬁ L Hﬂ?‘? ds [gerr %)(r:?_lf%gbpﬁ
where y GI,-(Balkyl( tdﬂ[eaamp@fﬂ[\eihyl]db)bﬂm[%r(a [s,chs}l uen sfor pheny| -C;-Cgalkyl or
O G e 7 PRodY Ry PGB T el B e by r B |-
CG:I[ gr;]o N( CH erlr] )[e{r} Cl[err] C[err] cycl oal kyl is, for exanple,

C o en : < gpéj@
egpecgoal F& c‘fﬁé';/ ?ry‘l'a{%Bn Eﬁgﬁe %?s B%r ef er h?rggﬁ éxy ) Fﬁﬂle,
c2-dq Ier r] a’lat}mmtbd I'Iéslﬁtxmeé Sfonca(an’ipbe rmrtimeemr 100!1 2 times by r@t, eS(Qib‘rcDraNB,r, TUS
exanple, a met

2-but eny! Prat ducgs SEH‘E%' éﬂ%ﬁ S“% el ﬁiﬁ‘ "&?j(ﬂ"ﬁ- L&@,@@&g %"F 3 yI R4
as Cerr]+ ﬁi%ﬂl(%h@ﬂ@,whéré y= 1o, f(@ﬂgu’dg))vﬂlmﬂal -CHLCH{GH-GH,- Oblaﬁble.l-Glev

C2- C4al ke err Ik s, for exanple, benzyl,
phenyl et hﬁ/ H(Chlsh@r b2 GE’hza" éﬁ%ﬂﬂﬂ §H32phenyl hexyl or

?321 F“krrFt hyl benzyl especially benzyl. Preference is given to phenyl-Cerr]-
al ky especi a henyl -Clerr]-Clerr]al kyl Ituted

phenyl - (] @x G+ @Jﬁy&sm examplapYciapieRyl yeiep ?’HVsif @(ﬁﬁdl%")ﬁ'egy clog Y& e
once, twi C&d?éy&é%p@@latl*ﬁf&opmﬁﬁﬂ Bl ddhexyk gré!érabvc?elohemt he phenyl ring.

Phenyl -C[ err ene has two freé bonds whi ch one is on the
phenyl ene ring and the other is in the al kyl ene radical: [err] wher e

x =1to 6C%C a{@ﬂ?ﬁ%ﬂfcﬁ&%n%@ﬂdﬁo—'o‘i gégbﬁdt&t‘&éﬁchda&et@r bkarfiple] dTRE mdtidllyl,

exanpl e oncC or three tines eci a once or tw ce, on_the phenyl
ring. The ‘Su-ldsnethweﬂw,s1 -autenyloa@utamyl th@ybﬂp%cﬂe"taﬂ'ebﬂsﬂ‘%ﬁy' or Zn‘?ﬁteﬁys 2

_ zza’nd 44aﬁ(rj _spéclgmalﬁrl.cﬁ "S- CLMBAYI ib, 1BPexelMipfib 26 2Blalkenth, B85 €3-CralBRYIS OF

Phenyl-C4-Cgalkyl is, for example, benzyl, phenylethyl, a-methylbenzyl, phenylpentyl,
phenylhexyl or o,o~dimethylbenzyl, especially benzyl. Preference is given to phenyl-Cy-
Calkyl, especially phenyl-C4-C.alkyl. Substituted phenyl-C-Cealkyl is substituted one to four
times, for example once, twice or three times, especially once or twice, on the phenyl ring.

Phenyl-C;-Cealkylene has two free bonds, of which one is on the phenylene ring and the -
other is in the alkylene radical: @-(c Hop);— Wherex=1106.

Substituted pheny! is substituted one to five times, for example once, twice or three times,
especially once or twice, on the phenyl ring. The substituents are located, for example, in
positions 2 and 6 , 2 and 4 or 2, 4 and 6 of the phenyl ring, preferably in positions 2 and 6
or 2,4 and 6.



-9 - Exanpl es of naphthyl-Cerr]-Cerr]al kyl are napht hyl met hyl,
napht hyl et hyl , napht hyl propyl and naphthyl -1 -nethylethyl, especially
napht hyl met hyl . The al kyl unit nmay be in either position 1 or position 2 of
t he naphthyl ring system Substituted naphthyl-Cerr]-Cerr]alkyl is
substituted one to four times, for exanpl®-once, twice or three tines
especially once or tw ce, on the aromatic rings. Cerr]-Cerr]al koxy may
conprise linear or branched radicals and is, for exanple, nethoxy, ethoxy,

g;gFSTX;(y'n%@ﬁf(MMpnﬁWHC¥bea1wl aseeﬁim?wwgm naplathidethyl, nawhthYIpro}ng,(nq/l o;y,
bety! oxy. TRRYVERIReadEYE sspasialisabtpy v R g b eds itertipslion

propoxy, '&%&iﬂ@@ébf the ﬁuﬁmﬂwﬁug s?ét@mbsﬁﬂétmﬁd niapifthjiuG YC Kyl :stsebstnﬁmabhexy,
pref erably nethoxy en is uorine, chlorine, brom ne and | odi ne,

especi al | ytofffP‘{!@mqtiefO’@K‘P'BPﬁgerRé‘cﬁnW'QﬁQm’f‘W@ timase peReglly onee, BF wice. oRdhe
chl ori ne. #ﬁéﬁ‘cﬁ r] Cerr]Jal kyl is substituted one or nore tinmes by

hal ogen, re are, for exanple, 1 to 3 or 1 or 2 hal ogen substituents on
t he al kyl radical. Were R7 and R8, together with the N atomto which
they are ; Bbprise fH %ﬁ&%fn@df 3%ndis, 36 &8 ‘i‘héth&@a"y
I ncl ude Oa%r Qg%niﬁ\}?%eﬁ eh eafor ghar(;1 %or exa e, saturated

erin I NVO
or unsat urethexy, plopgxy, isanomwb@tygw;rseﬁméylom rso&téylmpy terbbutdions pesiviony) e,
t hi azol e, ' g
Eampl co. PRl Heptions adtiinndrapibl bRk, o, nBRIGH" bbdlioxy
stil benyl eor@lodbcxmvn%mllymethw atidxy)-prepgxyeisopropexy, nqumcwsmmyme
napht hyl e I phenant hryl ene, pyrenyl ene,
ferr ocenqug%gmy‘&?r}%mb ﬁg&yt ﬁ‘%‘g’%@&yl e‘ﬁg)&epyr i di nyl ene, qui nolinyl ene or
I soqui nol i nyl ene. -10-
Halogen is fluorine, chiorine, bromine and.iodine; especially fluorine, chlorine and bromine,
preferably fluorine and chlorine.
Where C-Cxoalkyl is substituted one or more times by halogen, there are, for example, 1 to
3 or 1 or 2 halogen substituents on the alkyl radical.

Where R; and Rg, together with the N atom to which they are attached, form a 5- or 6- -
membered ring which may additionally include O or S atoms, then the rings involved are, for
example, saturated or unsaturated rings, for example aziridine, pyrrole, pyrrolidine, oxazole,
thiazole, pyridine, 1,3-diazine, 1,2-diazine, piperidine or morpholine.

. Examples of divalent aromatic hydrocarbon radicals are phenylene, stilbenylene,
biphenylene, o-, m- and p-terphenylene, triphenylphenylene, naphthylene, binaphthylene,
anthracenylene, phenanthrylene, pyrenylene, ferrocenylene, fdranylene, thiophenylene,
pyridinylene, quinolinylene or isoquinolinylene.



Napht hyl ene is or especially [err] or

Stil benylene is [err] or [err]

Bi phenyl ene is o-, m or p-terphenylene are [err]
or Tri phenyl phenyl ene is or

- 11 - Bi napht hyl ene is -10- [err]

. z N~ '
Naphthylene is } or , especially “ or
N

OO . Stilbenylene is @—c;H:cH—@ or

QCH:C”_Q . Biphenylene is
o-, m- or p-terphenylene are @ O @

S g



especially and [err] Ant hracyl ene is

, [err] Phenant hryl ene is , [err]

or [err] Pyrenylene is , [err]
Furanylene is [err] -12

- or [err] Thi ophenyl ene is11 - or [err]

[err]

Binaphthylene is QG a@ CG ,

O €0



Pyridinylene is Quinolinylene is [err] or

[err] [err] Isoquinolinylen is [err] [err]

or [err] Substituted radi cal s phenyl ene, stil benyl ene,

bi phenyl ene, o-, m or p-terphenyl ene teiphenyl phenyl ene, naphthylene

bi napht hyl ene ant hracyl ene phenanthrylenﬁgpyrenylene ferrocenyl ene

furanyl ene, thiophenyl ene, pyridinylene, quinolinylene or isoquinolinylene
are substituted one to four tines, for exanple once, twice or three tines,

especially once or tw ce. Substituents on the 1, 4-phenylege ripg are in
position 2, 5 6r 6, especially in sition 2 3 of th enyl ring.
Substituents gn {\ne 1TRiophenyénerie rfyn§\ are i n ppsi\iono2, 4 or 6,
especially in\pogition 4 or 5 of the, yl +1 di ca ich are
general ly suitaBl e as the counterion Gerr] to t%e negative borate in the
formula | are those which are able to formpositive ions. Exanpl es, of these
are alkali netals, especgally lithium or sodi ygfgga ernary N
conpounds pyRbiRgieRe i U@f—enlamn@m&nénwsni 4 . or
transition nmetal conpl hiiarrpounds or dyes. FO & uni nol ec ate

conpounds of the formula Gis preferably amoni um or t et r'aal kyl anmoni um
Exanpl es of tetrgal kyl ammoni um are, in particular,

t et rabutyl u However ... trisal kKylgamsoiRugp | ons
trimethyi umiar elsggglgbiw[epigl ~ ¢ .v ant adeg
anmoni um comwgou are, for exanple, cetyl

cetyl pyridinium Also suitable are phosphoni um and anmoni um count eri ons of
the formulae [err]PR err] R err] R eGi] RiGH,r ] and
[err]NR[ err] R err]Rlerr], wheyeR err], Rerr], Rerr] R

i ndependent anof re unsubstituted
- 13- or s d'gri@ﬁ{w ic?;’ycl o] , al kenyl, phenyl or arylal kyl.

Substituted radicals phenylene, stilbenylene, biphenylene, o-, m- or p-terphenylene
triphenylphenylene, naphthylene binaphthylene anthracylene phenanthrylene pyrenylene
ferrocenylene furanylene, thiophenylene, pyridinylene, quinolinylene or isoquinolinylene are
substituted one to four times, for example once, twice or three times, especially once or
twice. Substituents on the 1,4-phenylene ring are in position 2, 3, 5 or 6, especially in
position 2 or 3 of the phenyl ring. Substituents on the 1,3-phenylene ring are in position 2,

4, 5 or 6, especially in position 4 or 5 of the phenyl ring.

Radicals which are generally suitable as the counterion G* to the negative borate in the
formula | are those which are able to form positive ions.

Examples of these are alkali metals, especially lithium or sodium, quarternary ammonium
compounds, phosphonium, sulfonium and iodonium compounds, cationic transition metal
complex compounds or dyes. For the unimolecular borate compounds of the formula |, Gis
preferably ammonium or tetraalkylammonium. Examples of tetraalkylammonium are, in
particular, tetramethylammonium or tetrabutylammonium. However, trisalkylammonium ions,
for example trimethylammonium, are also suitable. Other advantageous quarternary
ammonium compounds are, for example, trimethylcetylammonium or cetylpyridinium. Also
suitable are phosphonium and ammonium counterions of the formulae "PR.R.R,R, and
*NRWR.R,R., where Ry, R, Ry, R; independently of one another are hydrogen, unsubstituted



t hese al kyl, cycloal kyl, al kenyl, phenyl and aryl al kyl radicals are halide,
hydr oxyl, heterocycl oal kyl (e.g. epoxy, aziridyl, oxetanyl, furanyl,
pyrrolidinyl, pyrrolyl, thiophenyl,tetrahydrofuranyl, etc.), dialkylan no,
am no, carboxyl, alkyl- and aryl carbonyl and aryl oxy- and al koxycar bonyl .
The tetraval ent nitrogen may al so be parti3ef a 5- or 6-nenbered ring, in
which case this ring may in turn be fused onto other ring systens. These
systens may al so include additional heteroatons, for exanple S, N, O The

et raval eyl ABT B bR DT, oy r BRIIN Aotneldd @ bShtoens

exanpl e azonraprope I'so contain further
het er oat ortbesefalkyl,cyeloplieyl, Slkenyl, phenyl adary wdicalsare hpligde, &Mﬁ’l‘@m"u m salts

and pol yp F)yﬂb

p033| bI e ?‘3?£??¥é|°§§¥e€e§1%??§fuen L)Xet%nﬂ Ea;n i bgéhdc@n @g above for the
'mono"  corthiopinahyl, tetrafiydrofunanyhi elcr), shalksdarand, aminopearhoxy aligi-tandrasylcabeaylbe

substituted by neutr t hi oxant henenes, thi oxant hones,

counarins, "ﬁ'ﬁﬂe’% aa!l‘é’&y‘g"{’ég')ﬂ Such salts are obtained by the reaction of

the anmonithe tsﬁdntaﬁemmdrqyensmﬁmsmbe paitiof a 55 obh&imarohardd bing.rie ahidhcasgthisps

(e.q. epo amn | .. etc. W th a | Ll P f

neut 1 al S R pa otte oo bRaRE TR ofldind Bk B! gRue

(Quant acuréad%)m heterdatons fdriexampleod NjDsal t s and phosphoni um salts can

al so be substituted by colourless el ectron acceptors (e.g. benzophenones);

exanpl es of these are Quantacure ABQ [err] Quant acure BTC [err]
from I nt ervid teaddierRintfogehirdy 4o be part of a polycyclic ring system, for example

-14- The conpounds of the fornula | are reactive even
cont ai n asPZopigRfapeliane. Jhese Fystems &?ﬁy%?ﬂ @Q‘?‘H%‘é‘ﬁqraﬁt%tﬁms WBHB’F%Q&‘* #::

other wordg, they can be enployed even in

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.

The ammonium salts and phosphonium salts may also be substituted by neutral dyes (e.g.
thioxanthenenes, thioxanthones, coumarins, ketocoumarins, etc.). Such salts are obtained
by the reaction of the ammonium salts and phosphonium salts, substituted by reactive
groups (e.g. epoxy, amino, hydroXyI, etc.), with appropriate derivatives of neutral dyes.
Corresponding examples are described in EP-A 224 967 (Quantacure QTX).

Similarly, ammonium salts and phosphonium salts can also be substituted by colourless
electron acceptors (e.g. benzophenones); examples of these are Quantacure ABQ

CH,
@ \©\cu, N—ccH,» -8 _cucn, » Quantacure BPQ @’ ‘@\ and
o-cu,—cn- CHy N(CH,),

Quantacure BTC @’ \©\ o from International Biosynthetics.



uni nol ecul ar form The invention therefore additionally provides conpounds
in which Gis, in particular, a nmetal fromgroup | of the Periodic Table in
the first oxidation state, especially Na[err], K err] or Li[err], or in
which Gis MyZ[err] or CaZerr], in which Z[err] is a hal ogen or
Jerr]-CJerr]al koxy, or Gis an amoni umi4alt, sul foniumsalt or
phosphonium salt. An ammonium salt or phosphoniumsalt is, for exanple,

Rlerrl]Rerr]Rlerr]Nferr] or Rerr]Rerr]Rerr]Rerr]P[err] , where Rerr],
Rlerr], RlfHd doniitiinké 6f thb fornsla® eakaehttivetivef Whedthé)és netrcdntain as counterion

Cerr]-Clerr]al kyl, derr]-(err]cycloal k rr err]a ke
phenyl - G STBIShR CaHRTH BT Pl SaTibp 4 ok Yrde, B en 52 SSYGsLevanf
of the uni mhsetliarffoRRot 0i nitiator corrpounds can of course be increased by

adding coinitrators, for exanﬁl e dyes. I s consequently al so p033| ble to
use dye calhednyendiondharpfore addi WVPFWQWP%'BG‘F i whish Grisda particulapnmstahds

as count ery qof tt{@idéﬁ‘éﬂléﬂm@% lﬂ@tflféi%xﬁgﬁ% El!aié %EBécnél@rNé*hﬂ* &OLiato? in

Exanpl es o* pgro I ve counterions err I n"the conpound of
t he f or nulwhich G'is MgZ,* or CaZ,*, in which Z, is a halogen or C,-q,,@Ik@y of Gids agammnium

fol |l ow ng n in which Zis P, S
or N and Iéa‘?cséulfonuﬁnr(s?ltorpl{o%f-omu Sgg] Al so suitable are corrpounds

such as [ eAm }ammmmum salt or phosphonium s(almgd@n axachple; R¢RefRRMNT ouRaRsR:R4P* J where
Pol ym SC' Ra, Ry, ﬁc 4nd Igd #nXEEéna%hﬁ%f &r?eggnotﬁ&’ aré %ﬁ-%z I,F&-(ﬂ@c&%ﬂ&ﬁ 34(6),

1130), or
: C2-Cgalkenyl, phenyl-C4-Cgalkyl, naphthyl-C4-Csalkyl or phenyl.

The reactivity of the unimolecular photoinitiator compounds can of course be increased by
adding coinitiators, for example dyes.

It is consequently also possible to use dye cations or cationic transition metal coordination
complex compounds as counterion. These radicals then act as a coinitiator for the borate.
Examples of positive counterions G* to be employed in the compound of the formula |

: +
px + CH~ZR
CH;—ZR, CH;—ZR, 2 T3

include the following ions: @ , OO ,

+
CH;ZR,
O“ , inwhich Zis P, S or N and R is an alky! or aryl radical. Also suitable

— 7
are compounds such as <\ , N-OR oOf ®“+ (described by Yagci et al. -
X ~N~OR

in J. Polym. Sci. Part A: Polymer Chem. 1992, 30, 1987 and Polymer 1993, 34(6), 1130), or



conpounds such as [err] where R = unsubstituted or substituted
benzyl or phenacyl (described in JP-A Hei 7 70221). In these conpounds, the
aromatic rings in the pyridiniummay al so be substituted.

Tetraal kyl ammoniumis, for exanple, ((Jerr]-Clerr]alkyl)[err]Nerr], for
exanpl e tetrahexyl ammoni um tetraoctyl anmgyd um tetradecyl ammoni um

t et rabut yl anmoni um or tetranet hyl ammoni um Preference is given to
tetra(Cerr]-Cferr]al kyl)ammonium N(C[err]-Clerr]alkyl)[err], in which
Cerr]-Cerr]al kyl can have the definitions given above up to the

correspondi ng nunber of ca atons. EXaqpres of. correspondl ng anmmoni um
conpounds ¢snspdudtis suet ay | mwm drethyl dnroniwdnere Ret uagibstittechfoni um
or tetrabutyl anmoni um esp Al | y tetragetharmmeni um and

tetrabutyl amoni um Benzyl-tri(Cerr]-Cerr]alkyl)amoniumis Cerr]Herr]-

CH err]-N( %b%ﬁ{uleoq zglr@rl phShaby "(diéscrlbéﬂ WUIFCA Heli 270R2) RV thbsd bdthpsunidsiee

the sanme definitions as above up to the corres&gndl ng nunber of carbon
at ons. Exaﬁph@@cung%Me.pmqilnunsma)'élseéawbﬁvtu t hyl anmoni um

benzyl tri %@g%@%@unﬁuwﬁg%ma il QR W@%ﬂaﬂaswﬁéﬁéxmam@gmm um

especi al | ammoni um and benzZyl tiibutyl - ammoni um
positive cmowlammrqm;w}radwammum tot FWHW@'@DM iaflegnstiydammenism,

further on f | of
cuch count EIRRBE s dfin GIARRCTC.aRRRMENEN, Sy GBI, VPAfigh Crhatiplceh
descri bed havedRe Alefilifioisgivemdbae- up ©30e conespandingaumber of @a,fbo'agtom nterions
are [err] are

cations of EF?IB‘"F% pmréeﬁpgp?lpg aFH“?M’.‘r‘ ch 8???3 e tetram?twl?mgn é’g l%‘gl

especi al | ytetiabthylammonium, tetrapropylammonium or tetrabutylammonlum egpecially benzyl

RATRUCRL e KM e R e e L

for exanpl eH.N(ERC/MIBBS, iDwhieh € ERalkyldah HiRE the same deflnltlons as above up to the
corresponding number of carbon atoms. Examples of such radicals are
benzyltrimethylammonium, benzyltriethylammonium, benzyltripropylammonium and
benzyltributylammonium, especially benzyitrimethylammonium and benzyltributyl-

ammonium.

Other positive counterions G* to the borate which are suitable for use are further onium

ions, for example, iodonium or sulfonium ions.
R,
Examples of such counterions to the borate are radicals of the formula Rq=?+ as

R,

described in. EP-A 555 058 and EP-A 690 074. Also of interest as counterions are

Phenyl-S—@— -@—s Phenyl * @— —O—S—Phenyl ; [@{ —@}-s—Phenyl] :

Phenyl Phenyl Phen vl  Phenyl

[Phenvl—s{@ ;I-Q* —Phenvl] . Further suitable counterlons for the novel borates

Phenyl Phenyl



However, cations of ferroceniumsalts are also suitable, as described in
EP- A 94915 and EP- A 109 851, for exanple [err] O her suitable oni um
cations, such as ammoni um phosphoni um sul fonium iodonium selonium
arsonium telloniumand bisnuthonium are described, for exanple, in
Japanese Patent Application Hei 6 266102.16- Exanpl es of cationic transition
nmet al conpl ex conpounds which are suitable as counterions are described in
US Patent 4,954,414. O particul ar advantage are bis(2,2 -bipyridine)(4,4'-
di met hyl - 2, 2' - bi pyri di ne) rut heni ug

tris(4,4'-dinethyl-2,2'-bipyridin )ruthenium tris(4,4' -

di met hyl - 2arg'catioriyofitie foenutao 1 3\ 2, 2'in hichdyiy an dikykradigah espagially ethyl, or
tris(2,2' -bipyridine)rutheni st

bi s(2,2' blpyrldlne)(S chl oro-1, 10- phbnanthrol|ne)ruthen|un1 Exanpl es of

sui tabl e es f I

vl achi ¢ e et ke PR el L R L

X ﬁnt hones, Othiet suitablecounterions are hadeniusdong) |e|spe(;iallyyd1anymdpnlunh wamsdescribed
phenazi nes or cyani nes and thi th
Preferred febﬁ{ﬂiﬁﬁ "EHﬁ@j«P%é] EER%E%%B 4 a)r/e Itho:e in vm: ?r(\arF]z[ e??]esand
R[e\rNL] ﬁre [ deﬂt i cal . O her conpositions which are of interest are those
in iC t ] f th

| ndependentipyews, GRBRSAberaRenii SalSAlA =80 Sl el entifRbin FRSA 9%af¥ ft,

wi t hout any heteroatoms whi ch r@c | s are unsubstituted or are
substitute

-17 - %%é@%%u‘ﬂ'ﬁweed 0 err]- or Rlerr]Rerr] N-substituted
Cerr]- C[err]alkyl OR[err], er Oferr], Rerr]S(OJferr]O
Rlerr]Rlerr] N, halogen and/ or [err]
Other suitable onium cations, such as ammonium, phosphonium, sulfonium, iodonium,
selonium, arsonium, tellonium and bismuthonium, are described, for example, in Japanese

Patent Application Hei 6 266102.

Examples of cationic transition metal complex compounds which are suitable as counterions
are described in US Patent 4,954,414. Of particular advantage 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)rutheniurﬁ, tris(2,2-bipyridine)ruthenium
and bis(2,2'-bipyridine)(5-chloro-1,10-phenanthroline)ruthenium.
Examples of suitable dyes are for example cations of triarylmethanes, for example
malachite green, indolines, thiazines, for example methylene blue, xanthones,
thioxanthones, oxazines, acridines, cyanines, rhodamines, phenazines, for example

safranin, preferably cyanines and thioxanthones.

Preferred compounds of the formulae | and I’ are those in which R; and R; are identical.

Other compositions which are of interest are those in which, in the compounds of the
formula 1, Ry, Rz and R; independently of one another are phenyl or aromatic hydrocarbon,
with or without any heteroatoms, which radicals are unsubstituted or are substituted 1- 5



or the radicals R2 and R3 form bridges to produce structures of the fornula
[1, Ilaor Ilb, R4 is phenyl, (err]-(Jerr]alkyl, Cerr]-Cerr]cycloal kyl,
Cerr]-Cerr]al kenyl, phenyl-Cerr]-Cerr]al kyl or naphthyl-Clerr]-
Cerr]alkyl; Rerr], Rerr], Rerr], and R err] independently of one
another are H, (err]-Cerr]al kyl or phedyl-, or the radicals Rerr],
Rlerr], Rerr], and R err] together forman aromatic ring to which further
aromatic rings may be fused; and X is Nor O Conposi tions worthy of

enphasi s alige Bljﬂﬁ'ﬁ’sﬁbéhtmu(iﬁ ORglof ﬁﬁagmgh'tﬂféd@r 4y, QIFIQJR@SqO)preQO)z@I err]

Is CJerr] yl, allyl, cyclopentyl, ‘cycl ohexyl, benzy
napht hyl net hyl . Particul ar prefRrpence is given to those conpositions in
whi ch, in the conpound of the f k! or I', Rerr] is

Clerr] -C[Qlﬁklﬂl,hhlogehlahﬂlouor-eﬁét hyl & phenyl which is unsubstituted or is
substituted 1-5 times by err]x€fefd al kyl, Jerr]-derr]al koxy and/ or

hal ogen. Conpositions which areRpf interest are those in which, in the
conmpound of the formula | or 1I', Rerr] and Rerr] are (Jerr]-(err]al kyl,
phenyl or dmfaaﬂwlmﬂsamg énﬂ@fdrrh&iridgés Wprotltmﬁéthmtures' ofrth ffiarmilzali,dia d>rdlb4\/ni ch

al 0 15 g1 ¥en B BnemsoanBCr il Gr ealkel, ARG Fodion o Frffa T ©

Rlerr] andcRigrr] are 2,6-di (Clerr]- C[err]al kyl ) phenyl ,
2 L R b oAt o S K %&%’ﬂ%‘&r e, orthe

6-
2,4,6-tri (@Hi%éIE]R&[FﬁIE 'R, Y REHRIMEr ford dn Bromtic#ing e Whichrfanmdrizyomalicmgs or
2,4,6-tri(hal o)p eny Preference is |ikew se given to conpositions in
whi ch, in magbedweduad of the formula 1, Rlerr] and R2 are mesityl.  Qther
e

pr ferred )@on‘qgﬂ(;rl(gns are those in whi ch in the conpound of the fornula
1, Rerr] is 1- naphthyl, 2-(C[err]-C[err]aI kyl )naphth-1 -yl, 1 -anthracyl,
9-ant hracyl or ferrocenyl.

-18 - Compositions worthy of emphasis are those in which, in the compound of the formula 1 or r,
R, is C4-Cyzalkyl, allyl, cyclopentyl, cyclohexyl, benzyl or naphthylmethyl.

Particular preference is given to those compositions in which, in the compound of the
formula | or I, Rg is C1-Cqalkyl, trifluoromethyl or phenyl which is unsubstituted or is
substituted 1-5 times by C4-Cealkyl, C4-Cizalkoxy and/or halogen.

Compositions which are of interest are those in which, in the compound of the formula | or
I, Ry and Rg are C4-Cqalkyl, phenyl or phenyl-C+-Cealkyl or, together with the N atom to
which they are attached, are pyrrolidino, piperidino or morphblino.

Preference also is given to compositions in which, in the compound of the formula |, R, and
R; are 2,6-di(C,-Csalkyl)phenyl, 2,6-di(C4-Cgalkoxy)phenyl, 2,6-bis(trifluoromethyl)phenyl,
2,6-di(halo)phenyl, 2,4,6-tri(C1-Cesalkyl)phenyl, 2,4,6-tri(C1-Cealkoxy)phenyl, 2,4,6-
tris(trifluoromethyl)phenyl or 2,4,6-tri(halo)phenyl.

Preference is likewise given to compositions in which, in the compound of the formula |, R,
and R, are mesityl.

Other preferred compositions are those in which, in the compound of the formula |, R, is 1-
naphthyl, 2-(C4-Cealkyl)naphth-1-yl, 1-anthracyl, 9-anthracyl or ferrocenyl.



Q her conpositions of interest are those in which, in the conpound of the
formula 1, R err] and Rlerr] are o-((Jerr]- C[err]al kyl ) phenyl ,

o- (hal o) phenyl, o-((err]-Cerr]al koxy)phenyl or o- trifluoronethyl phenyl.
Preference is additionally given to conpositions in which, in the conpound
of the formula 1, Rlerr] and R err] are-il8entical and are nono- to
penta-Cerr]-Cerr]al kyl- and/or -hal ogen-substituted phenyl, naphthyl or
anthracyl, R3 is unsubstituted or hal ogen- or

Cerr]-Cerr]al kyl - substitut ed phenyl bi phenyl, 1 -napht hyl , 2-napht hyl ,
9-ant hracyl, 9-phenanthryl pyrenyl R4 i s pheny

d er r] - J &thereamposiionso; mte}reﬁtrme F![C@Pr*ﬂ‘ “ml"mnathﬁpvmaeumbofﬁh%mlaa' R and
structure gf e | . o} o-

t et ranmet hny)amrt?rE)ndc %sgﬂglﬁg an?"r'lacg catl gﬁyl, HOr é%%x?w[ﬁngﬁllo?o

[err] or arlfwngnemmlpben)ﬂhe formula 1' in which Rlerr] is naphthylene and
E is trinmethylanmoni um or di net hyl benzyl anmoni um

Preference is additionally given to compositions in which, in the compound of the formula |,
R: and R; are identical and are mono- to penta-C-Csalkyl- and/or -halogen-substituted
phenyl, naphthyl or anthracyl, R; is unsubstituted or halogen- or C,-C,alkyl-substituted
phenyl, biphenyl, 1-naphthyl, 2-naphthyl, 9-anthracyl, 9-phenanthryl or 1-pyrenyl, Ry is
phenyl or C,-C,alkyl or R, and R; form a bridge to produce a structure of the formula Il in
which Y is a bond and G is tetramethylammonium, safranin O cation

OH

: + CH,. CH CH, CH
CH___ N(CHy), N ™NC
- CH, , )—CH==CH—CH= ,
' N
CH, CH,
ci

"NCH)s(nCreHzs), ¢ Wency, o ¢ ‘Eu*—cu, , *N(CHg)s(CHzOH),

O caHs
(CH3)aN*(CH5)sN*(CHg)s , “N(C2Hs)s(ICH21sBr), (CH,);— N— CHzCH- CH2 . [__YCH ,

. /T \+ i '
(phenyl)sP=N"=P(phenyl)s , N N’CH , (Phenyl):,;—-g—-CH.“—G—OCH3 )

0
(Phenyl)y—P—CHz-CH=CH, , (Pheny;—P—(CHs< } , (phenyl)sS* ,
O

o)
(Phenyl);—S—CHy c_©_c| , (Phenyl)i—S—CHz-O—OCHa or a compound of the formula I in

which Ry, is naphthylene and E is trimethylammonium or dimethylbenzylammonium.



-19 - The conpounds of the forrmula | can be obtained, for exanple, by
reacting triorganyl boranes (A) with organonetallic reagents, for exanple

al kyl I'i t hi um conpounds or Gignard reagents: [err] Mis, for exanple,
an alkali netal, such as Li or Na, or is MyX, where X is a hal ogen atom
especially Br. Another possibility for preparing the conmpounds of the

formula I is, for exanple, the reaction of alkyl di hal oboranes or

al kyl di al koxy or al kyl di aryl oxyboranes (B) with organonetal | i c conpounds
such as, f I e Rdtisggmpounds: [err]
X is hal o pehggpﬁhbggﬁﬁ@?rwﬁg%ﬁgﬁd %}E%%T(mb 9@ aryl oﬁg) The

definiti ortlorgﬁnylbm'anem(ﬁ) witidorganametallic seagents: fof %@ml@ alkyllmemecomnqqnﬂ%pm a
| above is.a |t radical other than lithium or magnesium these
conpounds‘%&ﬂgﬂi 5ﬁ¥§§hed, for exanple, by cation exchange reactions. The
reaction conditions when working with organonetalﬁlc reagents are generally
famliar to the skilled work®&r. For |nstance reaFtlo Is expediently
carried out in an inert orgagic solveny nwﬁther or aliphatic
hydr ocar bon, for exanple diéthyI ethef tetra y rbfur n or hexane. Exanples
of suitable organonetalllﬁkreadﬁnts for pr epart-ngR$ he-'lnovel pol yborates are
the lithium conpounds of th%Agorrespondlng aliphatic and aromatic

hydr ocar bon radi cals. The

M is, for example, an alkali metal, such as Li or Na, or is MgX , where X is a halogen atom,
especially Br.
Another possibility for preparing the compounds of the formula | is, for example, the

. reaction of alkyldihaloboranes or alkyldialkoxy- or alkyldiaryloxyboranes (B) with
organometallic compounds such as, for example, Grignard reagents or lithium organyl

compounds:

R
1

+ 3RMgX ———» Fi,-----l|3—F!1 MgX
R

- 2 MgXX
RB(X), — - —
() R
+3RLI — R;—B-R,| Li
-2 ux !
L. R

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

Where G in formula | above is a positive radical other than lithium or magnesium, these
compounds can be obtained, for example, by cation exchange reactions.

The reaction conditions when working with organometallic reagents are generally familiar to
the skilled worker. For instance, reaction is expediently carried out in an inert organic
solvent, for example an ether or aliphatic hydrocarbon, for example diethyl ether,
tetrahydrofuran or hexane.

Examples of suitable organometallic reagents for preparing the novel polyborates are the
lithium compounds of the corresponding aliphatic and aromatic hydrocarbon radicals. The



-20 - preparation of Grignard reagents is famliar to the skilled worker
and is wdely described in textbooks and other publications. Reaction with
the organonetallic reagent is expediently carried out with exclusion of air
under an inert gas atnosphere, for exanple under nitrogen. In general the
reaction is performed with cooling to OF@0r] C or bel ow and subsequent
heating to roomtenperature. It is expedient to stir the reaction m xture.
The products are isolated and purified by nmethods |i kew se generally known

Lo the SKipbEdaial &%rtﬁ]rigg& roBEBAR eIl ROdKARRNvOrk YGiraTS Rhddly7@ddofibed i C.

Where the Ml ormu contain a dye radical as cation,
t hese cormexthdd(saandqlhmbbdatbylst he cation exchange reaction of a

corres pon%ﬁ%ﬂﬁ@@ xfﬁllgtap EQIIQ rgé( nt @%Bﬁﬁﬂf&aﬁ@@ oWt éxc‘ﬁiiﬂldrﬁof?é# table

for.the e gnes um sodi um ammoni um and

t et r aal kylunaiepan ma'lsgustatmoym.ere, foh&amnlpundersﬂltrﬂgqfhb‘ ganenalithe reaghion igi n a

t t t al |

method 51 merRimes HRpSinaCt I ich BRiow AR RIRG LY 6 BofRehBeutie] |
2. Prepafgldxpadieht tbistiPthaaaattRamaRese. (The: prbd!lﬁ:ts)a&nedlatbdmnd@hnﬂwhy

al kyl di aryl boranes i s described, for exa et a

Tet r ahedr onetogdslikendse Q@'@Sa“YT‘ﬁ@V‘Wﬁﬁ'?ﬁa%'?‘lg)dd‘f’oﬂéﬁym@rtelxﬁgptﬂ ?'Hﬁ‘é’gfﬁ?h¥ been

descrl bed %¥ ERiiigafidn, @tc. in J. O-ganonet. Chem 1972, 38, 229, by Brown et
in J. anonet. "Chem 1981, 209, 1, by Brown et al. in J. Aner. Chem

Soc. 1957, 79, 2302, and by Wttig et aI in Chem Ber. 1955, 88, 962.

Prepar at i %}@w Ithasepbor anes
(B) has bce\émrqgits%@ém%%lor Xahaf‘%ﬁhézg%%‘ﬁccferﬁéigﬁ dy?;ﬁ?ﬁﬁcsﬁldggﬂ t99 7097 and
Al

I US Pat ctamupes arsprepRtad hirsaion excbenge teastionp a perespondibg hofte Rl m
1959, 29, | . ooy
4160, des C\?‘Iﬁgg %e pmar ot 8tthe b%hté‘%altéh&ltﬁldie for lﬁ@ e%ha?@;@ arb t MRium!

on of such conpounds. The “preparation of
phenyi di f | magudsiuna,sodivns, dnemonipmeansttetsagligganmionium S%{ls in J. Oganonet.

Chem 197 Zyﬁgge th% rogﬁg,ﬁgg&égxi b PR 1 ccﬁféi % et@ﬁ%ﬁ'ibﬁ dété’l)%hﬂf & ESeatibf! these

exanpl e, y various” pu rocedur es or exanpl e Brown
et al. O geammrrﬂb lare prep@fRl bya frietiéyd @mdaﬁo@uatalesvrlb@dgahl&ﬁatam 4,984.4%02 11
3094; Bro & a* ﬁ g. Chem 1980, 2, 1316. The boranes required as
starting é"m"a Sch P £he novel corrpounds can be obtained, for exanple, in
accordance wth one of the published nethods nentioned above.

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 described by Doty et al. in J. Organomet. Chem. 1972, 38,
229, by Brown et al. in J. Organomet. Chem. 1981, 209, 1, by Brown et al. in J. Amer.
Chem. Soc. 1957, 79, 2302, and by Wittig et al. in Chem. Ber. 1955, 88, 962.

Preparation of aryldihaloboranes (B): the route to some alkyldihaloboranes (B) has been
shown, for example, by Brown et al. in JACS 1977, 99, 7097 and in US Patent 3,083,288.
Furthermore, Mikailov et al. in Zh. Obshch. Khim. 1958, 29, 3405, and Tuchagues et al. in
Bull. Chim. Soc. France, 1967, 11, 4160, describe the preparation of such compounds. The
preparation of phenyldifluoroborane has been presented by Nahm et al. in J. Organomet.
Chem. 1972, 35, 9.

The alkyldialkoxy- and alkyldiaryloxyboranes, for example, can be prepared by various
published procedures, for example Brown et al. Organometallics 1983, 2, 1316; Brown et
al., Organometallics 1992, 11 3094; Brown et al., J. Org. Chem. 1980, 2, 1316.

The boranes required as starting materials for the novel compounds can be obtained, for
example, in accordance with one of the published methods mentioned above.



-21- The invention extends to conmpounds of the fornulae la and | &'
[err] - Rerr]' and R err]' independently of one another are phenyl
which is substituted in at |east one ortho-position to the bond to the
boron atomby Cerr-Cerr]alkyl, Cerr]-Cerr]al kyl which is interrupted by
one or nore radicals 0, S(OJferr] or NRf3tr], OR[err], Rerr]S(OfJerr],
Rerr]S(Oferr]O Rerr]Rerr]N, Rerr]OC(O, Rerr]Rerr]NC(O,
Rlerr]C(O, Rerr]Rerr]Rerr]Si, Rerr]Rerr]Rerr]Sn, halogen,
Rlerr]Rerr]P(Oferr], CN and/or [err] ' [err] or the radicals
Rlerr]' and Rlerr]" formbridges to produce structures of the formula II,
| la or | Mhe invenfien extends to aampasinds of thedermylae laaslai n the fornula 11 are
unsubstituted or are substituted by (Jerr]-Cferr]alkyl, Cerr]-Cerr]alkyl
which is interrupteg-by one—r nore radicaIsRO, S(OJferr] or NRerr],

OR[err], Rerr]S(O err]llq,( 12 ¥
R—B—R; gt (a) RB—RE (i2') , in which

R, R,

R, and R’ independently of one another are phenyl which is substituted in at least one
ortho-position to the bond to the boron atom by C4-Czoalkyl, C>-Caoalkyl which is interrupted
by one or more radicals O, S(O), or NRs, ORs, ReS(O)p, RsS(0)20, R7RsN, ROC(0O),
R;RsNC(0), ReC(0O), RoR1oR11Si, ReR10R11Sn, halogen, RoR1cP(O)q, CN and/or

R R F‘18a —<H19
14 14 N R N
X R X o X Ry N=<
Ry R R, Ry
N—N
—OtRe
N—N

7/ \
(1)

B2
/' \

(l1b)

where the aromatic rings in the formula 11 are unsubstituted or are substituted by C4-Caoalkyl,
Co-Caxalkyl which is interrupted by one or more radicals O, S(O), or NRs, ORg, ReS(O),.
ReS(0)20, R7RsN, RgOC(0), R7RsNC(0), RoC(O), ReR10R11Si, halogen, ReR1oP(O)q and/or
RoR10R11SN;

Ry is a divalent aromatic hydrocarbon radical which is unsubstituted or is substituted by
C,-Cgalkyl, ORe, S(0),Rs, OS(0)-Rs, NRsR7, C(O)ORg, C(O)NRgR7, C(O)Rs, SiRgR10R+1 OF
halogen, or Ry,' is phenyl-C,-Cgalkylene;



Rerr]S(Oferr]O Rerr]Rerr]N Rerr]OC(O, Rerr]Rerr]NCO,
Rerr]CO, Rerr]Rerr]Rerr]Serr], halogen, Rerr]Rerr]P(Oqg and/or
Rlerr]Rerr]Rerr]Sn; Rerr]" is a divalent aromatic hydrocarbon radi cal
which is unsubstituted or is substituted by CJerr]-Cferr]alkyl, ORerr],
S(O[err]Rerr], OS(Of[err]Rerr], NRerrFRerr], C(OORerr],
CCONR[err]Rerr], C(ORerr], SSRerr]Rerr]R err] or halogen, or Rerr]'
is phenyl Cerr]-Cerr]al kyl ene; :

-22 - 14 Haptic radical err i s phenyl,

derr]- C[er ]'Fkyqﬁjﬁc,é[w}rn%r gerr]al kyl |nterr5|[oted] by ong oryrmre radi cal s

0, S(O) [ erR] orisgREryly C-Caalkils CeCasaliyl iGfesruptasiy end ¢rymore radicals O, S(O), or NRs,

ot R b S oy i oo

Jerr]-( elaﬂloaml"ﬁ@doﬂwl CeLeaxydlodlkyd G2 Gialienyl, phenyt-GyiCealkdrar haphtbylrG-aCiajikyl or

CRLorr), FABPPUReD By & g Bl aRy RSt RSt PR BERIORY, )

Rl err] Rl er RiRyNOMD), FED(ﬂtD)r JFoR (R SRIFyRi RIS, h}alaben,rmsﬂwP(BD@anW 6N;] Rlerr] Sn,
hal ogen, R err]R err]P(Oq, and/or CN, is (CHerr])[err], CH=CH

A0, NRerr], O S(Qf[err] or [err] n |s© lor 2, m is 2o0r 3; p
is 0, 1 ory2; g (CHb) CHECH,IC(TS, NRg,@FQ(e)MrR[@rr] GH,) 1P,
Rlerrl]Rerr]Rlerr]Nor Rerr|Rerr]S, Rerr] \b hydrogen

derr]- C[err]al kyl, phenyl-Clerr]-Cerr]al kyl or phenyl, where the radicals
phenyl - rr]r al kyl or phenyl are unsubstituted or substituted 1-5
times by err'f C?er]rz]al kyl, Cferr]-Cerr]al koxy and/ or hal ogen; R err] and
Rl err] indmpenidearld; of one another are (Jerr]-Cerr]alkyl,

phenyl -( e r]'gﬂeﬁro]r?' kyl or phenyl, where the radicals

phenyl - 'kyl or phenyl are unsubstituted or substituted 1-5
times by Cherrig-0&rer;r] al kyl , C[err] ( err]al koxy and/or hal ogen; Rerr],

th - | kyl,
Gorr] qef¢ cvﬁab%ae%?pﬁﬂff% G iaaRer - L or 1] al Kyt oF phenyl ¢ vihor 6t he
: radl cal s pRgnyis-hgbirygeh; Cl-Staike, bhény@crmaalkyﬂor@henylmhlérelﬂhé tédigisoshenyl-

nal ogen. o B RRGIOARE oubp Bt PuRteT S ohas Y Cromichr Oralfost e

attached, hRd/6t Balbgerr 6- menber ed ring which may additionally contain O or

S at ons: d d t h
oL or 1] PPl Ryl indepandentbyas phy cpEnghRIe Rl PRy bR r Lol OF P&y or
phenyl, whghere!the racieliis ahénynbﬁ'-mgémﬁ[oe bhbnyPhes tinsublétituteer oria0BStitea 165 times by

unsubstl tuted or
C;-Cealkyl, C;-Cyzalkoxy and/or halogen;

Rz, R7a and Rg independently of one another are C4-Cizalkyl, Cs-CizCycloalkyl, phenyl-
C,-Csalkyl or phenyl, where the radicals phenyl-C,-Cgalkyl or phenyl are unsubstituted or
substituted 1-5 times by C;-Cgalkyl, C+-Ci2alkoxy and/or héiogen, or R; and Rg, 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;

Re, Ri0 and Ry independently of one another are C4-Cyzalkyl, Cs-Ci.cycloalkyl, phenyl-C;-
Cealkyl or phenyl, where the radicals phenyl-C;-Cealkyl or phenyl are unsubstituted or
substituted 1-5 times by C,-Cgalkyl, C1-C2alkoxy and/or halogen;

Ri2, Ri3, R4 and Rys independently of one another are hydrogen, unsubstituted or C,-
Cs.alkoxy-substituted C4-Calkyl, unsubstituted or mono- to penta-C,-Cealkyl-, C,-C;zalkoxy-

or -halogen-substituted phenyl-C;-Cealkyl or are unsubstituted or mono- to penta- C,-



substituted 1-5 times by (Jerr]-Clerr]Jalkyl, Cerr]-Cerr]al koxy and/ or

hal ogen; R err], Rerr], Rerr] and R err] independently of one another are
hydr ogen, unsubstituted or Cferr]- (err]al koxy-substituted

Cerr]-Cerr]al kyl, unsubstituted or nono- to penta-Clerr]-(err]alkyl-,
Clerr]-Cerr]al koxy- or -hal ogen-substit88ed phenyl-Cerr]-Cerr]al kyl or
are unsubstituted or nono- to penta- (err]-

- 23 - Clerr]alkyl, -Clerr]-(err]al koxy- or -hal ogen-substituted phenyl,

or the r a%e@giaf ucf{% éli(exlyR[oPrffa]o eﬁls%bédtu@agmeﬁwar]mé PitiidaIER of RiITRG arky Rygat i C

ring to whi ITB.tICI‘InSITB.K fused; Rerr R[err] and
Rl err] i ndegstimatdomn an aforpatic ringdotwhichsiue QI[Q!’W‘F“@['@Q%‘P&YP fused

I K)
G orr1 - o &l e RO Vs filorSrtepy of e drcir BT il er'%a“'?y"?F%‘*mf
unsubst i t ©gaycloalksl wheretbeiradicals Cb%ﬂllvl rC]z@I@ kﬁnVCN\ rCFzEIC oatigg aéﬁhd R23
bstit t
et - CppRRag: B lislly e Glof N SPRLL Ry it s aro %‘waed ¥ or
i Ee et e vy e ird
wht ch 15 uBpubted bR moner e R e Substi '
vvh:gh :?[Sergnb is 1- F(;{rnr92 Inapht hyl , bi napht hyl, anfﬁrggyl Spﬁreﬁantﬁrsll,
|, | yl i nol y|,. hiph L -t h I

ItOBr/irme)E)ényl u'ez%zra "I?%g” s n'gr?\ﬂthRIQ'%bgg%fW(? ipng; (r:];I gr RI[OerrG]rP, erI%)[/er?]r' and
Rlerr]' are exactly as given above for Rl, R2 and R3. I n accordance with

th tion th ds of the farmyl
phot o i  IFEHeSTIMAOHBSRAG DS PIELER 1O & BRRPL ERM ARENBR vt o

conpounds p?{enaﬁthfvé,wrlém RTEN, m«nm«ﬁyl BlpleehyR @4, TASor pXiptemglior tphdriyiphenyl.

formula | a which 'do not contain a dye radical as counterion can be enpl oyed
as uni nol ecul ar photoinitiators. Conmpounds which are particularly in

accor danc h SxclclipBE gRbn BHOV foF Ay R, dkd R,
whi ch G Igrﬂéé (?rée}'tngpﬁ?lrogynﬁgrhgﬁglslm’%te{\ﬁg Pse?f%dl C e ri‘n t he fiF'FIs‘taz R

oxi dation state, especially NaJerr], Kl err] or L|[err] or Gis MyZ[err] or

Cazlerr], fuactisBhodith Ho ihﬁe,ﬁ.oh%ﬁ pOlindelatiid forrﬁélahésea.ybe @Sedass an

anmoni um sa oni um sa Onl um sal In order to increase

. the reacti phqtgmmmrs:mmmomm@iza@gm p&ethﬂpglsallyeunfg&maﬁea ceBwerRdg oo wi t h
o s RO B BER 0 S e
Compounds of the formula la which do not contain a dye radical as counterion can be
employed as unimolecular photoinitiators.
Compounds which are particularly in accordance with the invention, therefore, are those of
the formula la, in which G is a metal from group | of the Periodic Table in the first oxidation
state, especially Na*, K* or Li*, or G is MgZ,* or CaZ,", in which Z, is a halogen or Cs-

Csalkoxy, or G is an ammonium salt, sulfonium salt or phosphonium salt.

In order to increase the reactivity the compounds can of course also be used in combination
with at least one coinitiator or electron acceptor (c).
Use may also be made in combination with another photoinitiator and/or other additives.

The novel composition as weI| may comprise, in addition to components (a) and (b), other
photoinitiators (d) and/or other additives, and also at least one coinitiator or electron

acceptor (c).



The novel conposition as well nmay conprise, in addition to conponents (a)
and (b), other photoinitiators (d) and/or other additives, and al so at

| east one coinitiator or electron acceptor (c).

-24 - Exanpl es of dyes suitable as el ectron acceptor which can be added
as coinitiators are described in US Pateg#-5, 151, 520. Exanples are
triaryl met hanes, for exanple nalachite green, indolines, thiazines, for
eﬁanple nethylene bl ue, xant hones, thi oxanthones, oxazines, acridines or
phenazi ne | s5cdififfstbldlfet O use
t he above%i(gtsng’ gﬁ?% glr‘\'%{%t% %élﬁg r&f mrﬁrﬁ%@&dgﬁeﬂé&s@gré&m um ?r%naﬁe
conpounds deé‘aibetnlnn ¢S Patent 5156620, rﬁmpieajgfestnwlmqibame@r g¥ampplemalaehiisr s

oreen QX O Tiazned, iordkafiole meithhR iud. XahBhes, IERarfihehed! achi t €
[ﬁr (rj ] ox'annw,lachdﬁeandplﬁénaamsadbkgkamplea:a;ranlnadi cal s, exanpl es being
rhodam ne B, am ne . 6G or.Vipl ' ]

Colt or hodeAR NSO s daisk &gl i @ﬁésﬁg@ﬂ%@@a@ﬁm kR Eoiiple

exanpl e bycohgokiads oedniah.ion conipoufalsy m Sci., Part A Poly. Chem 1995,
33, 1691-% aot%mc neutlal or amom@a yte's (c::grlr 3{3 |u¥e5‘ gé’ &hﬁg%%’ﬁ:r the novel compounds.

Particularly suitable cationic dyes are malachite green, methylene blue, safranin O,

rhodamines Qf the formula Il

RN NR,

in which R and R’ are alkyl or aryl radicals, examples being rhodamine B, rhodamine 6G or

violamine R, and also sulforhodamine B or sulforhodamine G.

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

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

CHO™ O o 0

is particularly advantageous.

Examples of further suitable dyes are cyanines of the

Yy \f

formula IV @: ,)—Ecnzcna-ncnz( ;@ (v)
e \
R

R

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



Exanpl es of further suitable dyes are cyanines of the formula 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 the above formula IVis C(CH3)2 or S.

-25 - -95.
[err] The follow ng dye conpounds are al so suitable as coinitiators:
[err] Ris an alkyl or aryl radical. Preferred conmpounds of the

above formul ae are those in which ZR[err] is N(CH err])[err] ,+

2' (()(r?[pg:’] :]:LISH [ 'EI'EéHI @.an;] dyp cg;p&%er rir?{pgc{ él}ll[c\glrerals' coimtla'%lorséo i@fﬁngg 6}{125 cri bed
r C

for exanple by Yagci et al. in J. Polym Sci. Part A [err] Pol yner
Chem 1992, 30, 1987 and Pol ymer 1993, 34(6), 1130, o h as, for
exanpl e,

+ +
CH;-ZR, CH;—ZR,
CHZR,

“ ‘ , O‘ , inwhich Zis P, Sor N and

R is an alkyl or aryl radical. Preferred compounds of the above formulae are those in which
ZRs is N(CHs)s, N(Csz)s orP (CGH5)3.

Also suitable are compounds such as, for example, <\ y Nton or

-~
I + , 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 such as, for example,

— z
N-+-R' or | where R’ = unsubstituted or substituted benzyl or
Y/ x NEg

phenacyl, described in JP-A Hei 7 70221. The abovementioned pyridinium compounds may
also be substituted in the aromatic pyridinium ring.

" 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.



[err] or [err] where R = unsubstituted or substituted benzyl or
phenacyl, described in JP-A Hei 7 70221. The abovenenti oned pyridi ni um
conpounds nmay al so be substituted in the aromatic pyridiniumring. Q her
sui tabl e dyes can be found, for exanple, in US Patent 4,902,604. These are
azul ene dyes. O particul ar advantage as-2®tnitiators for the novel
conpounds are the conpounds 1-18 listed in colums 10 and 11 of this patent
in the table. Exanples of further suitable dyes are nmerocyani ne dyes, as

descr i bed Lo cHinitRiS Rir the A 28mpblrid 4rfdf doMbdiitiohs s gIQo Eass‘?!ﬂé Wasd). |ine

c0| ni ti at oceurhanin canepauswsl Examples attbesearecgivgivioi Us Batent 4,950,581 Jocoumpitl) e

to use cou c&m@ S npl es of these are given in US Patent
4,950, 581 F@é%@fo qqg lm 0 to colum 12, line 42. O her suitable

coinitiators are xanthones or t hi oxant hones as described, for exanple, in

o Pat ent by oM At b iiafiihion b bRty oailisc s
I nstance, Ratent 8950581, esdamnd2plinef 44.1tor coduran n3dine 8. so sui table. O her

sui tabl e dyes, for exanple fromthe triaryl nethane class or azo class, are
described in US Patent 5, 143, 818. Further suitable coinitiators or

el ectron ammtocuw dofpoands bamalep berenployedi fonexampiesas tainitlators. For irgtanda,

Giant ot o PRBeBetiAl porins S RSt deh HrcchiapBleober Plfdbis pien B Sumple rom

Bi osynt het ffestiaryiméthne clasebhadd dlasy aiedescbBsd in US Patant 8[148@1801 033548) ,
nmetal conpl exes (described in JP Hei 04 261405), porphyrins (described in

JP Hei 06 202548 and JP Hei 06 195014), coumarins and ket ocounarins
(descri bed Fuﬂhé&uﬂa&é%ﬁﬁiﬁt&@ dr échH% atteplofS {0) Gle b&z?gté?ﬂméﬂfbhbs ?5%5&
Hei

(described in EP-A xant henes (described in

pyrylium ﬂﬁl"lﬁb??ﬂﬂ?‘@@ﬁ)&ﬁ@%@%’éﬁﬂ#’? enanes (ios exqrarle Mighlars kﬁtgm.mawure

175563) . ABQ, Quantacure BPQ and Quantacure BTC from International Blosyntheucs),
trichioromethyltriazines (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).

Other suitable electron acceptor compounds and coinitiators are given later on below.

Other compositions of interest are those in which a readily reducible compound, especially
a halogenated hydrocarbon, is employed as a further additive.

Halogenated hydrocarbons are suitable readily reducible compounds. Examples thereof
are, in particular,



O her suitable el ectron acceptor conmpounds and coinitiators are given |later
on bel ow. QO her conpositions of interest are those in which a readily
reduci bl e conpound, especially a hal ogenated hydrocarbon, is enployed as a
further additive. Hal ogenated hydrocarbons are suitable readily reducible
conpounds. Exanpl es thereof are, in partRBéul ar

-27 - [err] The termreadily reduci ble conpound in this context
al so refers to conpounds as described in US Patent 4,950,581, and includes,
for exanple, iodonjumsalts, sulfoniumsalts, organic peroxides, conpounds

cont ai ni ng on%al | de bopds, (t®i chl or onet hy azines), heterocyclic
sul fur cor ; Bt her @. LUO%t or SiCar @, &Hlpnes) . Exanpl es of
ot her additi ar(%a het erocyel £s as deéscribed iv¥he Patents and Patent

Applications US 5,168,032, JP 02 244050, JP 02 054268, JP 01 017048 and DE
383308. Exanpl es of further additive%are aromatic imnes, described in US

5,079, 126, and ?firomat i c grraxo conpoungs, described in US 5,200,292 (for
exanpl e i monGeG-rOMe,G @ CHiiGCagseri bed in US 4,937,159, and
thiols and N, N-di al kyl aniNnes described in US 4,874,685. It is also

possible to enploy two or nore of the abovenentioned coinitiators or
el ectron acceptors and additives in conbination. The i nvention

(2 and ( EYPeLBITR KD sRulci 3ibdyis B choRELISIAREE 6 Liinb ek BRI
in US Patent 4,950,581, and includes, for example, iodonium salts, sulfonium salts, organic
peroxides, compounds containing carbon-halide bonds (trichloromethyltriazines),
heterocyclic sulfur compounds and other photoinitiators (a-amino ketones). Examples of
other additives are heterocycles as described in the Patents and Patent Applications US
5,168,032, JP 02 244050, JP 02 054268, JP 01 017048 and DE 383308. |
Examples of further additives are aromatic imines, described in US 5,079,126, and aromatic
diazo compounds, described in US 5,200,292 (for example iminoquinone diazides), thiols,
described in US 4,937,159, and thiols and N,N-dialkylanilines described in US 4,874,685. It
is also possible to employ two or more of the abovementioned coinitiators or electron

acceptors and additives in combination.

The invention additionally provides a composition comprising in addition to components (a)
and (b) at least one compound of the formula XI

P -
l: J-lla—RgJ zZ+ (X1
RC

‘in which Ra, Rs, Rc and R4 independently of one another are C4-Cyzalkyl, trimethylsilyimethyl,
phenyl, another aromatic hydrocarbon, Cs-Cealkylphenyl, allyl, phenyl-C1-Cealkyl,
C»-Csalkenyl, C2-Cgalkynyl, Cs-Cocycloalkyl or saturated or unsaturated heterocyclic
radicals, wherein the radicals phenyl, another aromatic hydrocarbon, phenyl-C4-Cealkyl or
saturated or unsaturated heterocyclic radical are unsubstituted or are substituted 1-5 times
by unsubstituted-or ORg- or R;RgN-substituted C1-Cxoalkyl, C2-Caoalkyl which is interrupted
by one or more radicals O, S(O), or NRs, ORg, RsS(O)p, ReS(0)20, R;RsN, RsOC(O),
R,RsNC(O), RgC(0), RgR10R11Si, ReR10R11Sn, halogen or RgR1gP(O)q, CN;

p is0,1o0r2;



in which Rlerr], Rerr], Rerr] and R err] independently of one another are
Cerr]-Cerr]alkyl, trinmethylsilylnmethyl, phenyl, another aromatic
hydrocarbon, Cerr]-err]al kyl phenyl, allyl, phenyl-Clerr]-Clerr]alkyl,
Cerr]-Cerr]alkenyl, (err]-Cerr]al kynyl, Cerr]-Cerr]cycloal kyl or
saturated or unsaturated heterocyclic re@ecals, wherein the radicals
phenyl , another aromatic hydrocarbon, phenyl-Cerr]-Cerr]al kyl or
saturated or unsaturated heterocyclic radical are unsubstituted or are
substitutad 110 bi {ES by unsubstituted or OR[err]- or

err err N-su stltuted err]-Cer Cerr]-Cerr]alkyl which is
|R£u er]ra[ot Ed] bis hydeogean, Fofa-aliertii amsd-QvAegNﬁ/qr@hepylow efethe radicatspleny]-Cq-

S
R er ] R oo RRACEp o Ble R aiiglor A gpiemlid 3 WY EEBARL Orcetlons,,
hal ogen oanéoehalpgmrr] P(O) [err], CN; p is 0,1 or2;
h257 -y vl ey el s RSSO e Sl et oy wher
C6al kyl othepiadivals pheaylkGsOkediyl buprmlhybareamsubsﬂmed puawdcsubstitutedes times by

- : - | k d/ hal i
ineubst i { Grealyt R oplon AR B er ) Clerrl arkyi, o) S
phenyl - C[ ﬂﬂahd@{gemddp@hﬂyﬂltlm opbangther nl‘bannsubhﬁuted(br((al&zalkoxy- halogen-, OH-,

e | o sty ON-Sutit o DB TRl B G BPRRY RSP G Rl oF g, Widfe,

and R err }hd mdmerplenyrl-m-oaarm or pivaiyhare umsabstinatot o atelsubdtiioted 1-5 times by

| k CN-
G orr] - O SirGeatats Pr-cplkony Sosor hbgin G Al Hon togpiet it 1o Ml fawih o
phenyl, V\Wyearb RgtabiRed, fothsa BhensLhmefmbRiéd ritd Which ddyydddiionl taif CBor S

unsubstltuted or are substituted 1-5 tinmes by (Jerr]-Cerr]alkyl,
C err]-C &M%l koxy and/or hal ogen, or Rlerr] and Rerr], together with the

N atom t o pahrghankiFRY Y irioBerddrity 3p6 B¢6he Eﬁ’étﬁblaal'@01%1gﬁk)’|‘9®?@ BybIGAIG, pehgl ey

addi tional I'y cont ai Rl err] err] err] I'ndependent | y
of one an&uealkylrer F’@F@Y'r yvhetedhe I%d"?@}q Phﬂprmwpf phol geg 'R'}ﬁUbSWH@Hﬂ' are
Qerr]-gq %hﬁ&tﬂut%wrs)ﬁmeesgy acssrﬂgr 8- ‘ilk’bﬁg goﬁhab Ian@[ err]-Clerr]alkyl

or phenyl are unsubstitut & Substit

d err] - ] &ispariighl whigheisrgbledodorm apsitive/ionadyspeciaty dg@me@iﬁi apmaniym oxdi cal
which is _ ositive ions, especially alkali netals, anmonium or
tetraal ky?%%%tﬁn@gﬁh he definitions of Jerr]-Cerr]alkyl, aromatic
hydrocarbon, Cerr] -([err]al kyl phenyl, allyl, phenyl- Cerr]-Cerr]alkyl,

L L bR of SLErbla b e da?&ﬁ*‘édﬁ%%ﬁ“?@*%ﬁr@ o

f or m posi tOw%alkyhﬁg-CaaIkemw (aaecgdlkyayldc‘ﬁ-@ﬁdcydbklk}'IasmraIMr wnsatupdted as

The | nventieitodit BRI LIS BinkhErMiihd Atailmety &l cadt one

borate of tethmlkylammomum as well as Rs-Ry4 are as indicated above for the formula |, I’, la or la’.

The invention additionally provides a composition comprising at least one borate of the
formula I, I', la or la’ and at least one dye which changes or loses its colour during or after
irradiation, it also being possible for this dye, as cation, to be a constituent of the compound

of the formula |, I, 1a or 1a’. Examples of such dyes are cyanine or pyrylium dyes.

As already mentioned, it is advantageous to combine the novel borate compounds with
coinitiators, for example sensitizers (=energy transfer compounds). In this context,
additionally and particularly, combinations with two or more different sensitizers, for
example mixtures of the novel borate compounds with onium salts and thioxanthones or
coumarins with dyes, are highly effective. Preferred onium salts in these mixtures are



formula I, I', la or la" and at |east one dye which changes or loses its
colour during or after irradiation, it also being possible for this dye, as
cation, to be a constituent of the conpound of the fornmula 1, 1I', la or

la'.. Exanples of such dyes are cyanine or pyrylium dyes. As al r eady
mentioned, it is advantageous to conbi ne20ke novel borate conpounds wth
coinitiators, for exanple sensitizers (=energy transfer conpounds). In this
context, additionally and particularly, conbinations with two or nore

it oni VSR pogin R, el e pRpchRe 5OTp s

ef fective. heRaﬂ:iaoplmtphaie,Jm em'l'espondmg bthae amons of these cempounds, for examp?«la the
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other ani %’;ﬁ' ElfreQ PWGQWWW& ChAi d@%’g’ﬁb@re? kesh frbmdBegusaa dr SPStSO und
sul foni um sa or exanple triarylsulfoniumsalts &b Cyracurel[err]

a

gggo Wra&lggé'g?gn] Asammt;a) Prefetenne isrgicen, forxampley i@ nixtare ¢f the “8‘!>e|from

gussa or un

oxanpl e, " teprate Aot fbnehARORDH R lcibpn SRl SRFoppiaanuioRt,
Bex af | uor qpiumgdtmée:f ?Wovebmratwmmpmdamb fie-octytoxypheinyt)phenyljiodaniumov el
orate conpounds

hexaf | uor oFGLYPRPho am%*’q grb%% bR TRenticRg- a9 £fiBaind Bt ine novel borals,

novel borate [err] g&gure UVI-6974) 9nd |sopropylth|oxantg9ne

However , |le®FtH®ularly abvan ageo s~ & add yel g0 her y 0 0|nft|ator,

of the a- a tAhEel—S s
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m xtures of the novel bomewes sal t%"e'ﬂhd th| xant hones or%
and a-amino ketones are highly effective. A preferred exanple is the
m xture of (AdeaQWdﬂVlbﬁWdﬁ endmmmru@omrtﬂnprm phenyl i odoni um

hexaf | uoro hos I te,
sopr opy! ¢ HPGSUET, hreEriciaAdebRERY SRR phARBoAd AR, o e BUaTRIT  ©
A particul gaibye E};':bt @¥hhe aBQﬁéﬁ&tiéﬁé@ﬁib&drdsnFél’@&mmé fiixiuess ofthe novel borates

t et ranet hyl amoni um net d{‘b dinesityl (1 - naphthyl) borate. Q%&l nvention

'E h)er ef gr (ebvlltb enignsaligan %@ﬂh?“% QYSﬁﬁF‘F' ﬂ'ﬁ@'np fetongs arenighly eligrtienent s
a) an t hon
() oo e AR, BB i L i So BB, BpnadnBacicn: none
addi ti on ahéxsflaoroptiosgtiate or (p-octylphenyl)(phenyl)lodonlum hexafluorophosphate,

. isopropylthioxanthone and (4-methylthiobenzoyl)methyl-1-morpholino-ethane. A particularly

suitable borate compound in these mixtures is tetramethylammonium methyl dimesityl(1-

naphthyl) borate.

The invention therefore also provides compositions comprising in addition to components
(a) and (b) at least one neutral, anionic or cationic dye or a thioxanthone compound and an
onium compound, and those compositions comprising in addition a free-radical

photoinitiator, especially an a-amino ketone compound.

The unsaturated compounds of component (a) may include one or more olefinic double
bonds. They may be of low (monomeric) or high (oligomeric) molecular mass. Examples of
monomers containing a double bond are alkyl or hydroxyalkyl acrylates or methacrylates,
such as methyl, ethyl, butyl, 2-ethylhexyl or 2-hydroxyethy! acrylate, isobornyl acrylate,
methyl methacrylate and ethyl methacrylate. Silicone acrylates are also advantageous.
“ Other examples are acrylonitrile, acrylamide, methacrylamide, N-substituted
(meth)acrylamides, vinyl esters such as vinyl acetate, vinyl ethers such as isobutyl vinyl



photoinitiator, especially an a-am no ketone conpound. The unsat ur at ed
conpounds of conponent (a) may include one or nore ol efinic double bonds.
They may be of |ow (nmononeric) or high (oligoneric) nolecular nass.
Exanpl es of nononers containing a double bond are al kyl or hydroxyal kyl
acrylates or nethacryl ates, such as nethgd; ethyl, butyl, 2-ethyl hexyl or
2- hydroxyet hyl acrylate, isobornyl acrylate, nethyl nethacrylate and et hyl
nmet hacryl ate. Silicone acrylates are al so advantageous. O her exanples are

acry1 ont & ibd: shy! 450 ABOAGRRN, WL ifipghbikhs it Adidg Bhd piaehar des,

vi nyl est & ers such as I sobutyl vinyl
-30 - ekh&mdestyrene aIkyI and halostyrenes N-vi nyl pyrrol i done, vinyl
chl oride and vinylidene chloride. Exanpl es of nononers contai ning two or

nore doubl e bonds are the diacrylates of ethylene glycol, propyl ene gl ycol ,
neopentyl Elayphds ofmmmrby:bmamum twoadr raord dofibleiboptie ars the, diagnylates of

4,4 -b 2- h

Criacryl st Vie Ve RaPYIoRy SUFRIEAREBRRS; naxaiERACUND AR Bt ispnonol
Crialy e ﬁ'r'gf?%"r'ﬂ??’?’é@?&”r"wwmmmmw’(’rﬁ?ﬂe ity

pol yunsat (reatastythilehasylate pr é@'ﬁ%‘f’yétq f@%‘%’&ré P"msd'e'&y gomers are
acrylici Zediané:?ﬂwalafés tritflyl pHobphdte, tAsYl ROLysutaRs or tris(ﬁ-aaylbglemyt)asuegamura@

vi nyl -ether epoxy groups, and al so pol yur et hanes and pol yet hers. Further
exanpl es of unsaturated oligonmers are unsaturated pol yester resins, which

are usual | ?@6&%@@%&%@5& b6mp&iitls o hélaﬁ\}dly:mglg mblwmhr msqongmrees)chrel S

and. have rm’f ecu hts of from about 500 to on it is

al so p033|aﬂrﬂlctzéd@ﬂﬁ%?ﬂﬂsnwwwl?@rp%m@‘yﬁﬁr%wrﬁﬂH\E‘Qé"“ Lﬁ CLPILEPOXY

mal eat e- t e | fe8 DR Bnsatglayert ol

pol yvi nyl @6%€%§§%|£p%x@ nméﬂ“cﬁgq ﬁgbé’tﬁék gan:[tl’lfég&X gﬂrhpsw t ‘t‘)?ﬁﬁl Ly gomers
conbi nat i oare unsatvrated pelyestentesinscwhich ave %%Ha“)éPWTQj’rf&mg‘aiﬂB agid, H&Fﬁ'mcgd as
descri bed ) 'm)éf@'[ f :
aci d- funct+r§1ng¥% 8%8#0%5)'%&@\*\%}%% lésdce)'&{s?w foﬁ?oud'{nshg?’%trfigﬂgg 38@33%??%#
this kind isascgiassibleetoranhpioy vidyletheramenamers pne pligomersgand &ls majeateryi t abl e

exanples are e ISetRéH &l &P

pol yol o or B oisetiodiner Wih Balbelet BolyiRfharle” %&ﬂe*ﬁéﬁPe'XV'f‘g e
groups in mhain cHairisn Of particular shntapmtum com!wnam aligamers whigh sarmypyinylether s
_polyam desgl%r&gs BR &%F {,&%‘%Pseas-s &&%ﬂbed 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
and isoprene copolymers, polymers and copolymers containing (meth)acrylic groups in side
chains, and also mixtures of one or more such polymers.

Examples of unsaturated carboxylic acids are acrylic acid, methacrylic acid, crotonic acid,
itaconic acid, cinnamic acid, and unsaturated fatty acids such as linolenic acid or oleic acid.

Acrylic and methacrylic acid are preferred.

Suitable polyols are aromatic and, in particular, aliphatic and cycloaliphatic polyols.
Examples of aromatic polyols are hydroquinone, 4,4’-dihydroxybiphenyl, 2,2-di(4-hydroxy-



copol yners thereof, alkyd resins, polybutadi ene and butadi ene copol yners,
pol yi soprene and isoprene copolyners pol ymers and copol yners cont ai ni ng
(meth)acrylic groups in side chains, and al so m xtures of one or nore such
pol ymers. Exanpl es of unsaturated carboxylic acids are acrylic acid,

met hacrylic acid, crotonic acid, itaconi-gtacid, cinnamc acid, and
unsaturated fatty acids such as linolenic acid or oleic acid. Acrylic and
met hacrylic acid are preferred Sui tabl e polyols are aromatic and, in
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are sui t ablg oifSesters HAGHY HyarorFendrbusl. oxyl end gr oups.  Exanpl es of
al i phatic and Cycl oaliphatic polyols are al kyl enedi ol s having preferably 2

to 12 C atons, such as et hyI ene glycol, 1,2- or 1, 3-propanediol, 1,2-, 1, 3-

or 1,4-but éiﬁ}& Qér of At a}dodnsﬁétﬁ%lyﬂrs af@(l dizils h&lﬁw&%@r&dﬁwh to 12

di et hyl ene ycol, | yet hyl ene vin

erI ecul ar Gataghs, sugh apeﬂwéremlxcof- r1@?n02063'9f9PEB®@°| 123- YR I1@179Hiaﬁg@8‘ ol ,
gI ycer oI ?rlt%rgelgtﬁ @ﬁh&&r@ﬁaﬁaﬂé&br d&deéneaneverdwéﬁtﬁry&&xﬁétﬁ?eﬁag@cor

amne, trinet hane; tri nethyl ol propane,
pent aer yt hpalyathylen glyeals baying molesulasweights of ar@rerably fmm 200 19J590nh3- be

partlally st qr . Hm rat ed
carboxylic é:!:oﬁag%lrr gl )ihéa ’p‘!argt 6{11 ﬁgzg%ﬁglﬁéka&%glof r1étghﬁg%'%ki$ﬁhg ?les mgg be

nodi fi ed, §lpcerelxhis(B-bydroxyethyl)amihe trinethylolethand, timethylolpropane,renaarytoritati ds.
Exanpl es of esters are: tri rreLhyI ol propane triacrylate, trinmethyl ol et hane

triacryl at Spentperihitg) @po SPEMe

The polyols may be partially or completely esterified with one 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 dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate,
dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, -
dipentaerythritol hexaacrylate, tripentaerythritol octaacrylate, pentaerythritol dimethacrylate,
pentaerythritol frimethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol
tetramethacrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate,
dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol
hexaitaconate, ethylene glycol diacrylate, 1,3-butanediol diacrylate, 1,3-butanediol
dimethacrylate, 1,4-butanediol diitaconate, sorbitol triacrylate, sorbitol tetraacrylate,
pentaerythritol-modified triacrylate, sorbitol tetramethacrylate, sorbitol pentaacrylate, sorbitol
hexaacrylate, oligoester acrylates and methacrylates, glycerol diacrylate and triacrylate, 1,4-



trinmethacrylate, trinethylol ethane trinethacrylate, tetranethylene glyco
di net hacryl ate, triethylene glycol dinethacrylate, tetraethylene glyco
di acryl ate, pentaerythritol diacrylate, pentaerythritol triacrylate,
pentaerythritol tetraacrylate, dipentaerythritol diacrylate,

di pentaerythritol triacrylate, dipentaetg2hritol tetraacrylate,

di pentaerythritol pentaacrylate, dipentaerythritol hexaacryl ate,
tripentaerythritol octaacrylate, pentaerythritol dinmethacrylate,

pentaerythritol triget ry.l at [ . ' ' ;
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di pentaerythritol pentaitaconate, dipentaerythritol hexaitaconate, ethylene
gl ycol diacrylate, 1,3-butanediol diacrylate, 1, 3-butanedi ol
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Polybutadiene and polyisoprene and copolymers thereof are known. Examples of suitable

comonomers are olefins, such as ethylene, propene, butene and hexene, (meth)acrylates,
acrylonitrile, styrene or vinyl chioride. Polymers with (meth)acrylate groups in the side chain
are likewise known. They may, for example, be reaction products of epoxy resins based on
novolaks with (meth)acrylic acid, or may be homo- or copolymers of vinyl alcohol or
hydroxyalkyl derivatives thereof which are esterified with (meth)acrylic acid, or may be
homo- and copolymers of (meth)acrylates which are esterified with hydroxyalky!

(meth)acrylates.



Pol ybut adi ene and pol yi soprene and copol yners thereof are known. Exanples
of suitable conononers are ol efins, such as ethyl ene, propene, butene and
hexene, (neth)acrylates, acrylonitrile, styrene or vinyl chloride. Polyners
with (nmeth)acrylate groups in the side chain are |ikew se known. They may,
for exanple, be reaction products of epesg-resins based on novol aks with
(nmeth)acrylic acid, or may be hono- or copol yners of vinyl alcohol or

hydr oxyal kyl derivatives thereof which are esterified with (neth)acrylic

acid, or I

ecterifi e%p?:ﬁtq%%&ly?@g%&?xﬁéﬁ% é‘aa}:n?rgﬁ &%@fﬁéﬁe%ry ih @h§ Seditdd Rixitires. Itis
-33 - Tipeefﬁh@dtqunﬂqmﬂureabfmlymmethmylam be used alone or in any
desired mxtures. It is preferred to use m xtures of polyol

(nmeth)acryl ates. Bi nders as well can be added to these novel
conposi ti (Bisderﬁad wfeh ican be added tacthieas hw&!npmﬂosMns;\Bedl thisis particularly expedxent

phot opol y ou are | i t
bt bi nde; Wi e BRogRaNgeRaniE compaditl pr8 Ty R RBSEACES The et s | ¥
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i nder is made dependin e fi t
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g)r(l S g:} ganla“gxﬁ&lt‘tsﬁ rahd%y\q&reﬁatue@tﬂa@ﬁe@fbrttl% ﬁuia$ tsuaﬁ &s thchpaeigsiot dwélqpmmt in
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| es of suitable binders are rs havin ecul ar
wei ght of %@9‘&'3 anrhorgapicsglygnbeystems @dhasiey Pﬁﬂ&?ﬂaieé af@(fﬁgﬁg‘"g%?é’meé‘s are:
hono- and copol yners of acrylates and nethacryl ates, for exanpl e copol yners

of nmethyl methacrylate/ethyl acrylate/nethacrylic acid, poly(alkyl
met hacr y| dbxemplesefisyitalplr Pinders %ea%ﬁvers having |ad”§‘é|e@§%fe‘?'%'9§tr&f;§8wi %085‘8

et hers, I%\qaos & ‘iﬁéi’el-% (ﬁﬁeth%(ﬁlooﬁeﬂémﬂﬁﬁ af ﬂb%”&ﬂd ééﬁbl\{mers of acrylates

nethylcel eth u ose; polyvinyl butyral, polyvinylformal

cyclized rarlﬁlb'eemamlam fmregamtﬁmpglymr? et mﬁ@h@e@ﬁp'&@telﬁﬁ‘b’kpr opyl ene oxi de
ol or i nat P RAphEERS adkf pthielopWomdtay K, RRRIR pRflatel) XaNas estors
chl ori de capdefluipss ethers, skugas selliiosgi aoptatel.ezeﬂulgm mtdwtwatm mathyjeelitlose, | e,
Copol y( ot Foynaalufisd poittiiet PP oL LR e Bethers suchas |
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te rep ht hal &)t!yt:)art‘;%)r}\%t pkwﬁpe%g%e Eﬁ%l’iﬁé}gd ngﬁf&kiné,Lb%@.\/ﬂ?f &?Ioride, vinyl”
chloride/vinylidene chloride copolymers, copolymers of vinylidene chloride with acrylonitrile,
methyl methacrylate and vinyl acetate, polyvinyl acetate, copoly(ethylene-vinyl acetate),
polymers such as polycaprolactam and poly(hexamethyleneadipamide), and polyesters
such as poly(ethylene glycol terephthalate) 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,
examples being polyisocyanates, polyepoxides and melamine resins. The use of heat-
curable resins at the same time is important for use in systems known as hybrid systems,
which in a first stage are photopolymerized and in a second stage are crosslinked by means
of thermal aftertreatment.

The invention additionally provides compositions which in addition to components (a) and
(b) comprise at least one coinitiator or electron acceptor (c), for example a neutral, cationic

or anionic dye or a UV absorber.



The unsaturated conmpounds can al so be used as a m xture with
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prevent premature polynerization, exanples bei ng hydroqui none, hydroqui none
oo RiainoR3o e yRUSRRpe 5 AR e b 68 i g,
stability addifvedl Eggmplas ohthegaake thiermal iptibitors, whict are inteaded prlavzenise copper
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phosphi t e, niethdXpteol, 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, tributylphosp'h'ine,- triethyl phosphite, triphenyl
phosphite or tribenzyl phosphite, quaternary ammonium compounds, such as
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 at the beginning of
polymerization and form a transparent surface layer which prevents the ingress of air. It is
also possible to apply an oxygen-impermeable layer. Light stabilizers which can be added in
a small quantity are UV absorbers, for example those of the hydroxyphenylbenzotriazole,
hydroxyphenylbenzophenone, oxalamide or hydroxyphenyl-s-triazine type. These
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conposi tions whic for exanple with titanium dioxide), and

al so by adEﬁBﬁ%@OéﬁﬁﬁBﬂéﬁq"W@@s B%er thermal conditions forns free

radi cal's, fras pﬁéﬁﬁ&}lﬁeﬂﬂatﬁ%aﬁ%mﬁccﬂ&&eﬁ%y?ad&mgqﬁleér%tosensmzers which
met hoxy- 2, 4- di et valeronitrile), a_triazene, diazo sulfide, pentazadlene
or a per OX§h|ft or broaden the spectral sensitivity. These are, in particular, aromatic carbonyl

compounds such as, for example, benzophenone, thioxanthone, anthraquinone and
3-acylcoumarin detivatives and 3-(aroylmethylene)thiazolines, but also eozine, rhodamine
and erythrosine dyes.

The curing process can be assisted by, in particular, compositions which are pigmented (for
example with titanium dioxide), and also by adding a component which under thermal
conditions.forms free radicals, for example an azo compound such as 2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile), a triazene, diazo sulfide, pentazadiene or a peroxy
compound, for instance a hydroperoxide or peroxycarbonate, for example t-butyl
hydroperoxide, as described for example in EP-A-245 639.



conpound, for instance a hydroperoxi de or peroxycarbonate, for exanple
t-butyl hydroperoxide, as described for exanple in EP-A-245 639.

-38 - Further customary additives, depending on the intended use, are
fluorescent whiteners, fillers, pignents, dyes, wetting agents and

| evel ling assistants. In order to cure tl88k and pignmented coatings it is
appropriate to add gl ass m crospheres or pulverized glass fibres, as
described for exanple in US-A-5, 013, 768. The invention al so provides
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exanple, from5 to 80% by weight, in particular from30 to 60% by wei ght.
The concentration of the radiation-curable prepolyner or prepolymer mxture
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added in vgaprng quantities depending on the intended use. The
radi ati on-curable, filmform ng prepolyners which are dispersed in water
and are often also dissolved are aqueous prepol yner dispersions of nono- or

pol yfuncti paay vaﬁd%ﬁsucﬁ%&amm&%ub%adow;ﬁeﬁélymef Gispétbiohs afcccdm ufian®
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I f
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500 to 10 000 lymers with ar vve|9 wever, may al so

be consi de@t&!ﬂmgﬁm prig 80% bmwerght, ghmﬁctagrdmreéﬂﬁ@ﬁo%wemlghtnﬁhe for

exanpl e, "%PQQ }gd?.qp avi ng
an ggl d nu rg:r%hicf notf%r‘r%&gitﬁ%1 g%é%f Heg Lﬁreg ont %ﬁ'ﬁgggg ?/rrer |léz1abl e
C- C doubl efrporadso 260 h)ywemhylm p@rﬂicuiahirwg 7Déad9r/dw Wweightu i these campositions the |

Poatt one. 2o FHetidhidiiadte Afivior wifls SR IGO0, d4Eh oiRe 764 it bl

“pol yur et haanad additiveszheing addes iarvdryafg quanyltles:dmpdingmrthe whendedauset ai n
a,[err]-ethylenically unsaturated acryli.c radicals, as are described in
EP-A-12 339. M xtures of these prepolyners can |ikew se be used. Also

The radiation-curable, film-forming prepolymers which are dispersed in water and are often

also 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
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, may aiso 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 o,B-ethylenically unsaturated carboxylic acid, of polyurethane (meth)acrylates and
of acrylic copolymers which contain o,B3-ethylenically unsaturated acrylic radicals, as are
described in EP-A-12 339. Mixtures of these prepolymers can likewise be used. Also

suitable are the polymerizable prepolymers described in EP-A-33 896, which are thioether
adducts of polymerizable prepolymers having an average molecular weight of at least 600,



suitable are the pol ynerizabl e prepol ynmers described in EP-A-33 896, which
are thioether adducts of polynerizabl e prepol yners having an average

nol ecul ar wei ght of at |east 600,

- 39 - a carboxyl group content of fromO0.2 to 15% and a content of from
0.01 to 0.8 nol of polynerizable C C doulgge bonds per 100 g of prepol ymner.
O her suitabl e aqueous dispersions, based on specific al kyl (neth)acrylate
pol ymers, are described in EP-A-41 125, and suitable water-dispersible,
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bi s( 2, 4, 6- thioxamthoned anttorsduinéhes-atititeavcenggheny| phosphi ne oxi de or
Examples of particularly suitable photoinitiators are: 1-(4-dodecylbenzoyl)-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)benzoyl]-1-hydroxy-1-methylethane, diphenyl ketone, penyl-1-
hydroxy-cyclohexyl ketone, (4-morpholinobenzoyl)-1-benzyl-1-dimethylaminopropane, 1-
(3,4-di-methoxyphenyl)-2-benzyi-2-dimethylamino-butan-1-one, (4-methyithiobenzoyl)-1-
methyl-1-morpholinoethane, benzil dimethy! ketal, bis(cyclopentadienyl)-bis(2,6-difluoro-3-
pyrryl-phenyltitanium, cyclopentadienyl-arene-iron(ll) complex salts, for example (n%iso-
propylbenzene)(n°-cyclopentadienyl)iron(il) hexafluorophosphate,
trimethylbenzoyldiphenylphosphine oxide, bis(2,6-dimethoxy-benzoyl)-(2,4,4-trimethyl-
pentyl)phosphine oxide, bis(2,4,6-trimethylbenzoyl)-2,4-dipentoxyphenylphosphine oxide or



-40 - bi s(2,4,6-trimethyl benzoyl ) phenyl phosphi ne oxi de. O her suitable
addi tional photoinitiators can be found in US Patent 4,950,581 col um 20,
line 35 to colum 21, line 35. Also suitable are triazine conpounds, for
exanple the triazines described in EP-A-137 452, in DE-A-27 18 254 and in
DE- A-22 43 621. Further suitable triazingg-can be found in US Patent
4,950,581, colum 14, line 60 to colum 18, |line 44. There is particular
interest in trihalomethyltriazines, for exanple
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di al koxyacejchipentzeivh-yvondh egafiuoyophaspleateni noacet ophenone, an

a- hydr oxycycl oal kyl phenyl ketone, a xanthone, a thioxanthone, an

ant hraqui none or a nono- or bisacyl phosphi ne oxide, or m xtures thereof, as

addijt } onal TRE Mivehtir thaketdre aflsoT;isrevmbﬂtasmieadyen'ienﬂdmed aumppmmpmmnsan be
use or varil ous ur esS or .e t . h
2a 2 whi t ooantRDG ™ PBIGR oI RIR gt s i piheraRcloinfatf () ilfordr ™

i nter aliagfdtivaaaper, wood, netal or plastic, as a daylight-curable coating
for roadnmarking and the narking of buildings, for photographic reproduction
t echni ques, for hol ographic recording materials, for inmage recording

techni quesTRg photopbIgRieRLablé tompéditions comprise the photoinitiator (b), and/or the
components (b) + (d), expediently in a quantity of from 0.05 to 15% by weight, preferably -
from 0.1 to 5% by weight, based on the composition.
(The quantities indicated relate to the overall quantity of photoinitiator in the composition.)
Particular preference is given to compositions containing as photoinitiator (d) a titanocene, a

ferrocene, a benzophenone, a benzoin alkyl ether, a benzil ketal, a 4-aroyl-1,3-dioxolane, a
dialkoxyacetophenone, an a-hydroxy- or a-aminoacetophenone, an o-hydroxycycloalkyl |
phenyl ketone, a xanthone, a thioxanthone, an anthraquinone or a mono- or
bisacylphosphine oxide, or mixtures thereof, as additional photoinitiator.

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
roadmarking and the marking of buildings, for photographic reproduction techniques, for
holographic recording materials, for image recording techniques or to produce printing



-41- pl ates which can be devel oped with organic solvents or with agueous
al kalis, for producing nmasks for screen printing, as dental filling
conpositions, as adhesives, including pressure- sensitive adhesives, as

| am nating resins, as etch resists or permanent resists, and as sol der
masks for electronic circuits, for produding three-dinensional articles by
mass curing (UV curing in transparent noul ds) or by the stereolithography
techni que, as is described, for exanple, in US-Patent No. 4,575,330, to
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for exanple p mal et mdes, polychal cones or polyimdes, as described in
DE- A- 23 08 830. The novel conpounds and m xtures thereof can al so be used
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are descri
- - Unsaturated polyester resins are usually used in fwo-component (two-pack) 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 ethérs, 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
Curing of Powder Coating”, Conference Proceedings, Radtech Europe 1993 by M. Wittig
and Th. Gohmann. The powder coatings may also comprise binders as are described, for
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sections 1.-8. The novel . phot Qcur abl e conpositigns are suitable, for .
exanpl'e, a89VaHiAY %faé%'aﬂ&ﬁjscw © pawden copll 9%‘?"9258?9"@??3‘9;" c E?FB‘F’&* 18
wood, t ext Hatthe fRAPrhe after ﬁ\@ltiﬁ? td PéviderlpaptildsianDecdeldyfedin byRs teehsure the
pol yet hyl ene terepht hal at ehigﬁ-?q yol efins or cellul ose acetate, especially in

the” f or m oforatiensof afmoaths Bigmalesscoatieg, I sontrast g heatcuraple system3,gadalicts” and
GaAs, Si OpyrablddpdwiicrBbaithgscah beifdinfllated td MeftiBPlower tdthErakirdsARiticlY e OF by

means of inagew se exposure, to generate a reproduced imge.  Coating of

t he subst r Hpwanted gffeet of shertening theirdifetisgs IFr i tegsemdhey ayetalsa suitgbleasyi d

. conpositio o et i Hofpktigo! vents and the
concentr at ?%agﬁaggcﬁeﬁag??rﬁ%?\fgaﬂﬁ§ﬂ%%§,tfﬁge¥a%@eg\{c&e.go ostllt.i on and on the

coati ng t ebhaddiion tothe neval phetoinitiaters dthe gowder eoating formulations may aien inglyde MYo

2 chem oal obgdiitisORploplath AahRIEBIE iy aBGhiddbtbrier a0 Lo be removed

again, after coatin n the course o es of suitable
sol vents are ketones, ethers and esters, such as nethyl ethyl ketone,

iN_S ?Tg'l:w: p;ﬁbgﬂoyé %é’gfbg}lga@éeﬁé@ﬂﬁ&ﬁtﬁws%pg suifa’b?d, ?&%ﬂ\%‘b‘? as coating materials for
substrates of alf kinds, for example wood, textiles, paper, ceramic, 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 a reproduced 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
suitable solvents are ketones, ethers and esters, such as methyl ethyl ketone, isobutyl
methyl ketone, cyclopentanone, cyclohexanone, N-methylpyrrolidone, dioxane,



-43 - t et rahydrof uran, 2-nethoxyethanol, 2-ethoxyethanol,

1- met hoxy- 2- propanol, 1,2- dinmethoxyethane, ethyl acetate, n-butyl acetate
and et hyl 3-ethoxypropionate. The solution is applied uniformy to a
substrate by neans of known coating techni ques, for exanple by spin.
coating, dip coating, knife coating, cur#din coating, brushing, spraying,
especially by electrostatic spraying, and reverse-roll coating, and also by
means of el ectrophoretic deposition. It is also possible to apply the

phot osensii X ry. ' , $IARIIRGRy-2pfbpaAGIN1 20 coat the
final subgéttégﬁg%&fy%p' ﬁe@ﬁﬁ@a@ggg.g%gﬁdﬁgﬂg%ﬂiuit b)&garg, pl_)y transferring
H

the | ayer dimethpxyathane, ethyl acetate, rraivl aeefataandialiy! Sdhaxyprapigiatds) and the
nature of 1hRBoRHER Y Aiptiel A6y 4PE Sibetrald By ARARS EPRiovRH odaiRg #E2hiiofis, o ! d

of application. rdnge of ] cknesses generally conprises values
f r om aboutexampleghy spin aeatingt dinreoating, fpife coating, elgtain coatingabrushing cspiayingie

conposi ti y ' ' : | CeSi i i gh

ensi t1 vi EPr by e Adedrd g SRR oueRsc Bl g, o ol o AEEK O Tt 1 e
medi um wi tefemtropbaveti¢ deppsitibnelt isaleo possikie teapply fecphotessnsitive fayer tolaect r oni cs
(el ectroplati LSL, | St les | cll .

bri nti ng. Sppa8. §3idRfe suBhi eh s 1o BBt MG ankEloBirite o SxRnBR M odchRrPlaa (.
i n chem caircuit bbardgoyoirarssderaingthe layersiislamimatiohe producti on of integrated
circuits. The possible | ayer supports, and the processing conditions of the
coated substrates, are just as vari ed. The conpounds according to the

i nvent i on Thesquahtitychppied (coat thivknéss) ahd thepnatdrecdfiti subistrateclayer suppoet) lasgy/ er ed

materials for the i recor di ng or.e .i reproduct,.on, (copi es

r epr ogr ap ?“éﬁﬂ?gﬂ qﬁ‘géeﬁ'?d&m% ol%,ppbgqts?gﬁ‘? E?rﬁq%@ .oq ﬁﬁ?tttﬁ'gi"ﬁﬁﬁsgs BRMeAl eri al s
are suit aldoghphigés valhes fromraboli 0.9 1y &1 @ore thin 100ium.t echnol ogy formul ati ons
contai ning mcrocapsul es can be applied and for the i mage production the

radi ati on curing can be followed by a thernmal treatnent. Such systens and

t.echnol ogimz el fabiRtibn-BBRSifivEPdonipUEitidINS fih@ BpSlication 8s Abgdtive ¥8sistshaving a

5, 376, 459. Substrates used for phot ogr_aghl c information recording .

i ncl ude, fvSFY igh spnstiviyite fightandhaingahie fo %Q?YQB‘!’R%’Q" 8B Aayeeusilkaline meqlum

pol yner - CaRet SAARIG They Brd &itlaBRe dsPncwdrbsiBis 16F d1BtioMits| (BletRSpIatigy RBRE lefdh Y

treated alum nium substrates for producing printed circuits are

copper - cl d@sistafipldat wsistaihe rieditipa ObRriNtHO p?ﬁteﬁlf@phgs offeelqrintingPiaiesli t s are

si |i con. wadspdeh pribiiRg, 18¥&e in chemical milling or as a microresist in the production of integrated
circuits. The possible layer supports, and the processing conditions of the coated

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 recording 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
laminates, and substrates for producing integrated circuits are silicon wafers. The layer



-44 - t hi cknesses for photographic materials and offset printing fornes
Is generally fromabout 0.5 [err]mto 10 pm while for printed circuits it

is from1.0 [errmto about 100 [err]m Fol l owi ng the coating of the
substrates, the solvent is renoved, generally by drying, to | eave a coat of
t he photoresist on the substrate. The -#4ar-m " i magewi se exposure” incl udes

bot h exposure through a photonmask conprising a predeternined pattern, for
exanple a slide, exposure by neans of a |aser beam which for exanple is

noved und 0 nd
' this ngncgr?é%g%gdsr pglﬁﬂaltg hIC ?ﬁg{eggﬂfarnag{ Smﬁlwp %ﬁwe%qgg@gerﬁfg}bﬁéﬂri%toﬁula

el ectron kE&pm to 1(]-'11111me€er plhlnIed nmg.etsnlsefren'phﬁmnetoodbmihéOMmerl al and
prior to devel opnent, it nmay be advantageous to carry out thernal treatnent
for a short time. In this case only the exposed sections are thernmally

cured. TheFdllewhgrthé costingofithe sutsstrates, thersaihvant is retotéd) [genetally by defirg, adleave
80-130[ err 0 treatment is in general between 0.25
and 10 m n%?@é ?ﬁxeﬁ)ﬁp Wé%ﬁ'ﬁtﬁﬁgs%f}ﬁposi tion may additionally be used in
a process for produci ng pri nt. ng pI ates or photoresists as is descri bed,

for exanpl RE- A-40 13 358, uc rocess, th 05|t 1 S

exposed T oiteednagentRe Gxposse; BPiaps el diPBTivs tyaydh & RJPRTIEK SPmPRSILg 2400
nm W t hougredet8ffiked Béit&’h foeexémﬁlulat s’lﬂﬁobb&io!éuw W’tn@éné ofld lauerruhannwﬁaﬂ f&ﬁ

i rradi ation. After the exposure and t her nal treat'rﬁ

t he unex po%’@H‘PA‘? @d&%ﬂd yneler 51’!896@5%‘?*{‘!‘ 9@’65&?1‘%"%‘?@"? eoRiod quidtiate 2
devel oper thig \ﬁayﬁ'ﬁat%eslﬁiﬁm&gﬁeémﬂﬁ'adlatlﬁ w&h "cSﬁhéMte%Bﬁt\’éll&G%lecirBﬁ bage!
conpositions can be devel oped by aqueous alkalis. Particularly suitable
aqueous- al kal i ne developer sol uti ons are aqueous sol utions of

tetraal kyl eamgm Q?émg& BRoddurdbt thd 'ﬁ?dténa{i%hébnét‘ xb'dé%esmenh ﬁm&s
hydr oxi des an carbon M'nor quantities ng agents and

‘organi c soadﬂentaaemtowagw qyétlmmehtreatmeabfgr ﬁ@bon tllﬁ‘ete Inelbis case @Dlydhg exposed
Exanpl es JoTMoF: 1IN vel oper
| i quids i nées?tlr% qutgnt It eﬁre%glrrggcyc erﬁmxanorﬂﬁe% %F %gxg‘ea{" ggglf%od(tgol uene,
acet one anprefarablyBe<361C;dhe peded okthesnal tfreatment is in general be_tween 0.25 and

10 minutes.

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.



-45 - _ Photocuring is of great inportance for printings, since the drying
time of the binder is a critical factor for the production rate of graphic
products, and should be in the order of fractions of seconds. UV-curable
inks are particularly inportant for screen printing. As al ready nmentioned
above, the novel mxtures are highly sui-t48bl e for producing printing
plates. This application uses, for exanple, mxtures of soluble Iinear

pol yam des or styrene/ butadi ene and/ or styrene/isoprene rubber,

pol yacryl at es or. A c ' 9
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original ,tand Ithe uncurid pﬁrtsfarf subsequent |y washed out using an
appropria sol vent . other field wh | ' ESs ok N
g (r)]gt ![ ng of ﬁﬁél’%ﬁ m?w:;na?a a%ggee ,th;ﬁvegggﬁ{ﬁg@%%%l@g% ?%@@#?nﬁj %Illitﬁ'[r)‘ at(:a es

ubes, plaftidSTHIE i6n Q8¢s; f mple itixture li i , f
exanpl e ofpfloor ora,b\p/val I| oﬁi% s based nre;.\r% umE%n}eT;IpOlyea: aﬁgx o
phot ocur i nﬁt-)’@"e{%’b%ﬂ‘e'@o%ﬂdﬁ‘?f rep 'SPH'?"EJP@?W% Yaq7 ?gﬁ ﬁ'g“‘%f yf abel s,
record sl eﬁx\éﬁfacﬁymeée&hamg&fasquyl droaps, polyvinykalestiols or urbthane aciyfatéswitmov el
conmpounds for curing shaped articles ma @osjtions. The

| de f . '
conposi t e BRipRRlYmeizable @P§°@P%F°§§F?m8‘9;e?§&?|$';‘nfqég%§gﬁr&r h‘%ﬁl&@g% qamides, of

exanpl e a .ak}?l%ﬁ?(sf A6t rhéthaérlated] aid hphBRiritiRby Fille ane pined o thedesystdma(vet
[cf. K-P. eck, T. Reussmann in Kunststoffe %ﬁ 1995),. 366- 37 which is
i npr egnat ear diy} are;expopedhevRrthe RBIatye (o1 RASItYR) of ﬁ%@ﬂtegé\’ igina M?A%W@m

conposite _ i | ds, : _
n@%ﬁ%ﬁﬁ%"sgﬁﬁa‘ﬁﬁy%ﬁm& ukhidh hfisropatelsovempounds, attain a high

| evel of : bifity and resistance. The novel conpounds can al so
be enpl oyed as photocuring agents in noul ding, inpregnating and coati ng

ComposT {1 0Rfohidy fibIE wHERE bhIBCuringds oftbRiYel % thie'bobfindof iBIs, IRdAEIRGSS, fo Such
conposi tionsare gel coat resins, I'ch are subject to stringent .
][ ggw r errpn}exampgaotﬂla goaling efgnetat plates ang tubsse Farmprptia-eans; apd shotagying of
i bre-rein i , hael )¢ fusing panels
whi ch are Sg@ﬁg"? cggtuhgv@gﬁ’éan@@%&nf géorogrrq‘?:ar“ges&g\i\nmsgg bcalosrb ? %Baﬁi{%n. Techni ques
for producing such noul dings, such as hand | ay-up, spray |ay-up,
Examples of the photocuring of paper coatings are the colouriess varnishing 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, such as, 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 Kunststoffe" [glass fibre-reinforced plastics], page 610, Springer



centrifugal casting or filanment wi nding, are described, for exanple, by
P.H Selden in "d asfaserverstarkte Kunststoffe" [glass fibre-reinforced

pl astics], page 610, Springer

- 46 - Verl ag Berlin-Heidel berg-New York 1967. Exanples of articles which
can be produced by these techni ques are-#bats, fibre board or chipboard
panels with a doubl e-sided coating of glass fibre-reinforced plastic,

pi pes, containers, etc. Further exanples of noulding, inpregnating and
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producti on g Information carriers is also_jinportant. In such aﬁg'[llcatlons

as al r eadyudfees@dvantageisdat the cempagite CC(’WQS“GF‘ cah\pe ramered fromghe fightsoupsRs: ¢
is irradigf %agt%‘?'“&ﬂ gﬁéﬁ@%&é@ﬁ& cifh b8 shApcd, with filPéRingitéihg prRBE t he

unexposed ar ayer are renoved by treatnent wth a solvent (=
devel oper )subggguendint i on of the photocurable |ayer to netal can also be
carried out by el ectrodeposition. The exposed areas are polyneric through
crosslinking and are therefore insoluble and remain on the support.

Appr opr i atEnecesimpositions ang cotlpownds.aasotsiing iOrthgwenW@ hm@swugpmet is a

metallize %g{léji pEent, be

et ched a\/\&gﬁc??ﬂg}ﬁlg‘é%ése a{r;@g;sap%)drn%lgn orc gHY)a% ct ropI atl ng. In this

way it is develphieat ofa differtice irptherindak ofirefraation |bet\memuadlstedrﬂ!\dprraﬁ1@t§dst S.
areas.

The use of photocurable 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 printed 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 nm, in particular 1200 nm) and



The photosensitivity of the novel conpositions extends in general from
about 200 nmthrough the UV region into the infrared region (about 20000
nm in particular 1200 nn) and

-47 - therefore spans a very broad range. Suitable radiation is present,
for exanple, in sunlight or light fromard7ficial |ight forces.
Consequently, a | arge nunber of very different types of |ight source are
enpl oyed. Both point sources and arrays ("lanp carpets") are suitable.
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phosphoni u%ﬁ‘%bf}aghﬁ'ﬁfgﬁéﬁ%’@ﬁ%%é@é m xture with light fromthe infrared

range throug wavel ength of 200 nm The invention
additionally provides for the use of the above-described conp05|t|on for
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printing i dent'a I'ons, “wavegul
. opti cal svvimqtiomenc.smjigomenploopblymgrlsyempomdsgioawmg btleastaiﬂeeetluwamallys

screen pr|n [l a electrica
and el ect r &M %gEaiﬁgﬁgbﬁgoﬁfi\ﬁ%}% sﬁg a@ﬂ'ﬁ'ﬂg Fle acoc"%ﬁ%' Qf @mqogpds al
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which Z is a halogen or C;-Calkoxy, or G is an ammonium salt, sulfonium salt or
phosphonium salt, and irradiating this mixture with light from the infrared range through the

UV range to a wavelength of 200 nm.

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



material, especially for hol ographic recordings.

-48 - The invention additionally provides a coated substrate which is
coated on at |east one surface with a conposition as described above, and
descri bes a process for the photographic production of relief imges, in
whi ch a coated substrate is subjected tosggmagewi se exposure and then the
unexposed portions are renoved with a solvent. O particular interest in
this context is the |aser beam exposure al ready nenti oned above. The
compounds of the fornulae 1, I' and la are white powders which are stable
in air. As already nentioned above, in the conmpounds either at |east two of
t he radi cathe ilfentioh additienally mmddﬁzecme}tedsebarawmhlch |§1mhtml:an kbleastaahiecal s or
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remai ni ng pmcbgtéﬁl'ﬁc prodtionrdf relfdf eﬁadesammmblearobamd&ubsmﬁs subjactedtar bon
radi cal s qr hen radi cal s  whi ﬁh are su$st|_tut ed in at tgst q(}ne

ort ho- posi'?‘?g?\w's expesuLe apdienae unexpase EPH'QP?”%EG&RVQEJ ity as
uni nol eculpaticulaR tterdet dhisRbAfelt iBithd REEY Seam BxsisORy alvéadg mériidked aove.
sufficiently reactive, even without the addition of coinitiators, to

initiate the photopol ynerization of ethylenically unsaturated corrpounds

Those conpsmpduntd'8f theforiutad 1, I'land3a drd @hwq;&ﬁd&@%%rhre stable in air. As

el ectron- attractln? groups are also, in general, acid-stable and can be

enpl oyed ialready mes Wﬂﬁ%ﬁﬂyﬁyﬁéhﬁ sambeunds;GipL#t loast fwa opthstrasigals &hcRzand Rahe
novel _bor airg aR AR ydFoctorBaRAR!o? SRS Pcies Yuiiitdd i (kPbAd Bbsitions, or

phot opol yneri zation reactions, but also as thermal polynerization

i ni ti at or St leastare radicahBi.dte arfrigsa @teétcammksbml raglicgl and the semainingiradigals ob
th d
ol yrrar | s g 81 FaSrd Sofae fylroBBboh radicats Bt bhethPreticel whiok afd egitied in

bonds, andtéegst Qmag!thﬁ-pbsmdim t hermal pol yneri zation of conpounds cont ai ni ng
thylenically unsat ur at ed doubl e bonds, which conprises enpl oyi ng as

pol yrrerl zation initiator at |east one conpound of the fornmula | or 1'.
These compounds, surprisingly, display good reactivity as unimolecular free-radical

photoinitiators; in other words they are sufficiently reactive, even without the addition of
coinitiators, to initiate the photopolymerization of ethylenically unsaturated compounds.
Those compounds of the formula I; I’ and la which contain electroh-attracting groups are
also, in general, acid-stable and can be employed in acidic photopolymerizable formulations
as photohardeners.

The novel borate compounds can be employed not only as initiators for photopolymerization
reactions, but also as thermal polymerization initiators.

The invention therefore additionally provides for the use of the compounds of the formulae |
and 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 as
polymerization initiator at least one compound of the formula | or I

The examples which follow illustrate the invention in more detail. Parts and percentages are
by weight uniess stated otherwise, both here and in the remainder of the description and in
the claims.



The exanples which followillustrate the invention in nore detail. Parts
and percentages are by weight unless stated otherw se, both here and in the
remai nder of the description and in the clains.
-49 - | . Preparation of the boranes Example 1: (Method A) GCeneral
procedure for preparing aryl dinesityl boragaes Preparation of
di nmesi tyl bi phenyl borane 1.1 equivalents of butyllithium (0.077 nol) in
hexane are added over the course of 15 mnutes at -78[err]C to a solution
of 16.3 g,(0. 07 f 4 nmobi phenyl in 100 m of tetrahydrofuran (THF).
The react i"d?feﬂ??pgézeﬁ{ip‘sebé{%}{re%ed at tenperature for 3 h. Then 18.8 g (0. 07
nol ) of solid dinmesitylfluoroborane are added, and the m xture is all owed
to warmtq roomte a and is stirred for one hour nore. The m xture
S pouredm%wat er and is subjected to extraction with ethyl
acetate. [EeHend procaduldfoCprepating &nddimesityiborames concentrati on give a pale
yel | ow solid product  whigch .i rified with boiling acetonitrile. 22.9 g
(81 % of tH@ r95|orb?ft¢wgs§{l%aﬁed&bﬂ@eobt ained as a white solid with a
nel ting ranpequiialdhisof BatyRitHibre.(0.072 nwl) ih hexére are added lowey thecpursEivR ar e
given in Table 1. EX; Iesé;lS ég nd.24:, Th K 2, 23
and 24 aré%’ﬂl"&ﬁ?&i'@%ﬁ?‘“ 'anf‘félﬁé% °?H‘°Dr?34$Pﬁ8§$h&5\gi%f?‘%§‘é°§bove
usi ng t he eRaHyrstaRA (maFffngllretrbaaiomhigrwais%tirrsu at teongeratorisfoasd. Then 18.8 g

' a 1

structures are shown in e 1. Tabl e . .
[err] (0.07 mol) of solid dimesitylifluoroborane are agided, and the mixture is allowed to war’\r)et‘ot i ng

VR Eéggn tempefAtie'ahd is stirred for one Fb@madre. The mixture is po@edlinto 500 mi gpoi nt
300 MHz; [erP]e; ] [err] C] [_e_rr}w ppm 1 . l\/Esngs L I\/Ea|tyl
Bi phenyl water and issubjegtedto @xtr@gl,ongylthﬁ Iﬁgytate. Drying over MgSO,, filtration an

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

22.9 g (81% of theory) of the product are obtained as a white solid with a melting range of
165-166°C. The shifts 8 in the 'H-NMR are given in Table 1.

Examples 2-13, 22, 23 and 24: o

The boranes 2-13, 22; 23 and 24 are obtained by working in analogy:to the method A
described above using the corresponding starting materials. The compounds and their
structures are shown in Table 1.

Table 1
21
Ry R,
Melting | 'TH-NMR
Ex. Ry - Rz Rs point 300 MHz; CDCls;
_| [°C] 3 ppm
1 Mesityl Mesityl Biphenyl 165-166 | 7.67 (d, 2, J=7 Hz)
7.58 (s, 4)
7.43 (t, 2, J=7 Hz)
7.34 (t, 1, J=7 Hz)
6.83 (s, 4)
2.30 (s, 6)
2.04 (s, 12)
2 Mesityl Mesityl 1-Naphthyl 170-171 | 7.98 (d, 1, J=8 Hz)
7.89 (d, 2, J=9 Hz)
7.56 (dd, 1, J=7
Hz)




7.58 (s, 4)
7.43 (t, 2, J=7 Hz)
7.34 (t, 1, J=7 Hz)
6.83 (s, 4)
2.30 (s, 6) 2.04 -68- 12) 2 Mesi tyl
Mesi tyl 1 - Napht hyl 170-171 7.98 (d, 1, J=8 Hz)
7.89 (d, 2, J=9 Hz)
T T [ St coos
Mel ting l%"err]l—l—ﬁN/REx F‘ZR[err] Rs %%'?trr] 5 % %
Rl err] noi nt 300 Miz- COC [ gfrl ppm
[ [efr] ppm 7.51-7.44 (m, 2)
7.51-7.44 (m| 2) 7.33-7.27 (m, 1)
7.33-7.271 (m| 1) 6.85 (s, 4)
6.85 (s, |4) 2.36 (s, 6)
2.36 (s, {6) _ 2.00 (brs, 12)
2.00 (br [8 1Dhi@o- Ch| Ghioro- Cn| tNaphthyl | 100-104 | 7.94 (ddpherya)
100-104 |[7. 94 nfekityll J=8| hepityl nesity mesi tyl 784 (d, 1, J=8.5
7.84 (d, |1, J=8.5 Hz)
Hz) 7.76 (d, 1, J=8.5
7.76 (d, |1, J=8.5 Hz)
Hz) | 7.45-7.38 (m, 3)
7.45-7.39 (m| 3) 7.25 (t, 1, J=-9 Hz)
7.25 (t, |1, J=~9 Hz) 6.89 (br s, 1)
6.89 (br s, 1) 6.87 (brs, 1)
6.87 (br s, 1) 2.38 (s, 6)
2.38 (s, |6) 2.15-1.80 (br m,
2.15-1.8Q (brf m , _ 12) _
12) 4 [GSTliqdsiyl MERYIT Y] 2-Naphthyl 2- \GB0HBRT | 8.06 (s, 1§90~ 192
8.06 (s, |1) 7.83 (d, 2, J=8 Hz)
7.83 (d, |2, J=8 Hz) 7.77 (d, 1, J=8 H2)
7.77 (d, 1, J=8 Hz) | 7.58 (d, 1, J=8 H2)
7.58 (d, {1, J=8 Hz) 7.52 (t, 1, J=7 Hz)
7.52 (t, 1, J=7 Hz) 7.44 (t,1,4=7.5
7.44 (t, |1, J=7.5 Hz)
Hz) 6.84 (s, 4)
2.26 (s, 6)
_ 2.10 (s, 12)
5 | o-Tolyl o-Tolyl 9-Anthracyl 132-133 | 8.45 (s, 1)
7.99 (d, 2, J=8.5
Hz)
7.70 (d, 2, J=8.5
Hz)
7.40-7.25 (m, 6)
7.25-7.09 (m, 6)
2.07 (s, 6)
7 | Chloro- Chloro- 9-Phenanthryl | 174-177 | 8.75-8.67 (m, 2)
mesityl mesityl 7.85-7.79 (m, 2)
7.76 (s, 1)
7.70 (t, 1, J=7 Hz)
7.62-7.53 (m, 2)
7.34 (t, 1, J=7 Hz)
6.90 (s, 2)
2.39 (s, 6)
: 2.27-1.80 (br s, 12)
8 Dichloro- Dichloro-mesityl 9-Phenanthryl | 210-215 | 8.75-8.65 (m, 2)
mesityl 7.83 (d, 1, J=8 Hz)




NN O NSNS

1-

6.84 (s, 4)
2.26 (s, 6)
2.10 (s, 12). 5 o- Tol yl o- Tol yl 9- Ant hr acyl
132-133 8.45 (s, 1)
7.99 (d, 2, J=8.5 -51 -
Hz)
7.70 (d, 2, J=8.5
Hz) - 1
7.40-7.25 (n 6) Melting | th-NMPR
7.25-7.0 )E(‘m 6) R4 R2 Rs point 300 MHz; CDCls;
2.07 (s, |6) Chlorg. Chl orda [Cl g apom
174-177 [8.75-8.67 (m P) mesi t yl mesji ty! 7.77-1.70 (m; 3)
.85-7.79 (m 2) 7.64-7.56 (m, 2)
.76 (s, |1) 7.36 (t, 1, J=7 Hz)
.70 (t, {1, J=7 Hz) 2.59 (s, 6)
62-7.53 (m 2) 2.00 (s, 12)
34 (t, 1% Imesitn) Mesityl 1-Pyrenyl * 8.16-7.79 (m, 9)
90 (s, {2) 6.81 (s, 4)
39 (s, |6) 2.32 (s, 6)
27-1.80 (bt s, 12) 8 Di chl or o- Di chl orol mesityl| 1.94 (brs, 12)
9- PhenantRigY ] Criore- 215 | Bhibeo-8.- 60 (M 2)1-Pyrenyl nes| 1§0-170 | 8.10-7.73 (m, 9)
7.83 (d, |1, | 7,% ) mesityl 6.85 (br s, 1) -9
Mel ti ng [edr] H NMR EX Rl err] R err] 6.82 (brs, 1)
Rl err] poi nt 300 MHz; CDA [¢err]; : 2.32 (s, 6)
[C] [ern] ppm 2.10-1.70 (2 br s,
7.77-7.7( gm 3? 12)
5 gg‘ (7 - B Eah ég%ro- Dichioro- Biphenyl 161-165 | 7.65-7.59 (m, 4)
' - Meditgl mesity! 7.50-7.35 (m, 5)
2.59 (s, |6) 2,59 (s,6)
2.00 (s, p1/2) 9 X Mesi tyl Mesity 1 fy“*gwé)
2‘; é? (737 A2 Mesityl Mesityl p-Bromobi- | 148-150 | 7.59-7.48 (m,8)
2 32 (s1 6) phenyl 683 (s,4)
1.94 (br |s, 12) 10 Chl oro- Chl ¢r o- Ii%’]y|
160- 170 |8 10-7. 23 {m Fresi-ty —rresidhy °3
6.85 (br |s13 {)Dichioro- chhloro-phenyl p-Bromobi- 7.60-7.47 (m,8)
phenyl phenyl 2.59 (s,6)
| ) 2.13 (s,12)
22 | Mesityl Mesityl p-Fluorophen | 119-120 | 7.52 (dd,2,J=8.5
yl 5.5)
7.2 (t,2,J=8.5)
6.81 (s,4)
2.30 (s,6)
1.99 (s,12)
23 | Mesity! Mesityl p-Chlorophen | 180-181 |.7.44 (d,2,J=8)
yl 7.31 (d,2,J=8)
6.82 (s,4)
2.30 (s,6)
- : 1.99 (s,12)
24 | Mesityl o-Tolyi o-Tolyl 128-129 | 7.22 (dt,1,J=7 )
) 7.14-7.01 (m,3)
6.70 (s,4)
2.25 (s,6)
2.01 (s,3)
1.90 (s,12).

* not determined



6.82 (br s, 1)

2.32 (s, 6)

2.10-1.70 (2 br s,

12) 11 Di chl or o- . Di chl oro- Bi phenyl 161- 165
7.65-7.59 (m 4) mesi tyl mesetyl

7.50-7.35 (m b5)

2.59 (s, 6)

2.14 (s,1 B Mesi tyl * p-Bronobi -
148- 150 %%M ‘Mﬁﬂéﬁd—“ phenyl
83 (s, 4)Preparation of bis(2-methylnaphth-1-yl)phenylborane

.31 (s, 6) - added over the course of 1.5 hours
03 (s, 157 rﬁlgof aD|1 5 MI solutlon of t but}ﬂlthlﬁpolp (?enhane a]re e i
.60-7.47 fABL toa solutphezﬁ W42 g (0.02 mol) of 1-bromo-2-methylnaphthalen9 mﬁg, ml of THF.

.59 (s, 6)

13 (s, 15he2'§acth%g|ﬂtw is stirred forl\}ehm{r ? .1 ml of phenyldlfluoroboraEe 1o ?g gho .01 mol)

2
2
7
2
2.
119- 120 ‘“Zardadded] ThemiRktube is then allowed to warm to room temperature and is stirred for  y|
5.
7
6
2
1

o

g) (t,2 Jz:golge more. The mixture is poured into 300 ml of water and the resulting suspension is

.81 E s, 4gfiltered. The product is purified by chromatography (SiO», hexane), to give 1.43 g (i.e. 39%
.30 (s,6 . N . . o 1
.99 (s, 181 thepty) of haberane as a white §glid i“f'ﬁl;'l a melting point of 208'%0% Ihe pIFI] NMR
%8311? é , sgu_ff&fa fndagurddih CDCl; are: 7.72 ppm (d,4,J=8.3 Hz), 7.53 ppm (d,2,J=8.6 Hz), 7.404
6.82 (s, 4)7.35 ppm (m,3), 7.25-7.15 ppm (m,6), 7.03 ppm (t,2,J=7 Hz) and 2.16 ppm (s,6). -
2.30 (s, 6)
1.99 (s,12) 24 Mesi tyl o- Tol yl o- Tol yl
128-129 T7E@ingles 18 add 18: |

%g (7 s, 0 lll)fl'@ ggranes 15-16 are obtained by working in analogy to the methods A or B described

.25 ('s, 6)above using the corresponding starting materials. The compounds and their structures are
.01 (s, 3)

.90 (s, 123h°w"*'ﬂgﬁblfe% erm ned

-52 - Exanpl e 14: (Method B) Preparation of

bi s(2- net hﬁ Eaghth 1-yl)phenyl borane 27 ml of a 1.5 M sol ution of
t-butyllit n pentane are added over the course of 1.5 hours at -780C
to a soluftof of 4.42 § (0.02 mdl) of 1 -brfono-2- neMeNingaphiHdiMme in 40 ni
of THF. |Ex. Ry R. Rs Method | point. [°C] | 300 MHz; CDCls;
| | 8 ppm

15 | 9-Anthracyl | 9-Anthracyl | Phenyl B <230 |8.49(s,2)

7.91 (t,8,J=7.6 Hz)
7.42-7.25 (M,7)
7.17 (t,2,J=4 Hz)

. 7.12-6.98 (m,4)
16 | Mesityl Mesityl 4-Phenylthio- A 51-52 | 7.42-7.37 (m,6)
phenyl 7.06-7.03 (m,2)
6.72 (s,4)

2.21 (s,6)

1.92 (s,12)

PN N

* not determined



The reaction mxture is stirred for 1 hour. 1.1 m of phenyl difl uoroborane
(1.26 g, 0.01 nol) are added. The mxture is then allowed to warmto room
tenperature and is stirred for 2 hours nore. The m xture is poured into 300
mM of water and the resulting suspension is filtered. The product is
purified by chromatography (Siderr], hef@ne), to give 1.43 g (i.e. 39% of
theory) of the borane as a white solid with a nelting point of
208-209[err]C. The [err]HHNWR shifts [err] nmeasured in CDCl[err] are: 7.72
ppm (d, 4,3=8.3 Hz), 7.53 ppm(d,2,J=8.6 Hz), 7.40- 7.35 ppm (m 3),

7.25-7. 15 ppm (m 6), [7. 03 ppm@H, P, J= 7 Hz) and 2 16 ppm (s, 6). Exanpl es

g i n anal ogy to the
=X~ ng starting materials.
omn+|n ..ale 2. Tabl e 2:

met hods A or B descri -s 3 A
The conpoBExdmpiEnt?:t hei P st

Mel ting "H NMR Ex. Rl er R = err Met hod

point. [C] 300 MHz; [err] ;éHa 67 b Rerr]

Eerrz% ppm 15 9- Ant hracyl 9- Anthracyl Phenyl B < 230 8. 49
S
91 (t,8 Alao)utgq_?zf 1.09 g (0.0025 mol) of (phenylthio)phenyldimesitylborane and0.45¢g

7. 42-7.25 (000275 mol) of trifluoromethylsulphonate in 5 ml of CH.Cl; is prepared and is left to stand

7.17 (t, 2,

7 12-6. 98 f?rrﬁ14§‘2% T"k?er&a?‘ﬁ“ mlxturﬁ/bs sv.{bquuentIy 2°Bﬁe""ﬁte‘11, r:)d the resultmg SOIIg is £5

;- 42-7. 37 ttemdn) with hexane. Filtration of the wh|te suspension gpne @84 g (ie. 63% of theory) of a
.06-7.03

6.72 (s, 4)vsme Qolld The 'H-NMR shifts § measured in CDsCOCD; are 8.20-8.15 ppm (m.4),

2

531_ (s, 6)7 .877. 64%5’?@ msm(ﬁ 683 ppmI184), dROEHE 16,8), 2.26 ppm (s,6) and 1.94 ppm (s,12).
Example 18: (1-dimethylaminonaphthyl)(dimesityl)borane
The.compound is prepared by method A described in Example 1 using the corresponding
starting materials. The meiting point is 160-162°C. The signals in the 'H-NMR spectrum,
measured in CDCls, appear at 6.09 ppm (d,1,J=8 Hz); 7.78 ppm (d,1,J=8 Hz); 7.37-7.28
ppm (m,2); 7.11 ppm (dt,1,J=7 Hz); 6.81 (d,1,J=8 Hz); 6.69 ppm (s,4); 2.28 ppm (s,6); 2.21
ppm (s,6) and 1.88 ppm (pbr s,12).

Il. Preparation of the borates

- Example 1a; (Method C) General procedure for preparing borates from triorganylboranes
Preparation of tetramethylammonium dimesityl butyl biphenyl borate

1 equivalent of butyilithium (0.005 mol) in hexane is added at 0°C to a suspension of 2.0 g
(0.005 mol) of dimesitylbiphenylborane in 10 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 two-phase mixture is poured into a
vigorously stirred solution of 1.1 g (0.01 mol) of tetramethylammonium chloride in 50 ml of
water and 40 ml of hexane. The precipitated solid is filtered off, washed with hexane and
water and dried in vacuo to give 2.2 g (82% of theory) of the product as a white solid with a
melting range of 141-144°C. In ''B-NMR (measured in CDsOCDs), the shift signal 3 appears
at -8.45 ppm.



A solution of 1.09 g (0.0025 nol) of (phenylthio)phenyldinesityl borane and
0.45 g (0.00275 nol) of trifluoronethylsul phonate in 5 M of CH2ClI2 is
prepared and is left to stand for 21 hours. The reaction mxture is
subsequent|ly concentrated and the resulting solid is treated with hexane.
Filtration of the white suspension givess5a.-94 g (i.e. 63%of theory) of a
white solid. The [err]H-NVR shifts [err] nmeasured in CDlerr]COCD{err] are
8.20-8.15 ppm(m4), 7.87-7.64 ppm(m5), 6.85 ppm(s,4), 4.00 ppm (s, 3),
2.26 ppm(s,6) and 1.94 ppm (s, 12). Exanpl e 18:

(1-di net hyl am nonapht hyl ) (di nesi tyl ) borane The conpound is prepared by

met hod A deemipleetia-18a.B&pl e 1 using the corresponding starting materials.

measured | TPCBIAeS EXSRBRA e gt 26 B - Ta-th opy b 75 by S TP 354 ™

Hz); 7. 37-dhdS5anmenprepstid inaccbrdamoe (with methed CHindicatéd abovel usingtBe Hz) ;. 6. 69

IF;P? pgf afl) o‘f?rfﬂs"?'ﬁg"%é?@f‘é% &r@gﬁ%lpééqargt}o andﬁg%%gwgé% daya %'r%g'(s:te u'Jr"le f or

prepari ng tsgi@Bes fromtriorganyl boranes Preparation of tetranethyl amoni um
di nesityl butyl biphenyl borate 1 equivalent of butyllithium (0.005 nol) in
hexane is added at OC to a suspension of 2.0 g (0.005 nol) of

di nesi tyl bygheny! borane in 10 ml of diethyl ether at a rate such that the

t enper at ure does not exceed 5[err]C. The reaction mixture is allowed to
warmto roomtenperature and is stirred for 2 h. The resulting two-phase

m xture is poured into a vigorously stirred solution of 1.1 g (0.01 nol) of
t et ranmet hyl ammoni um chl ori de in 50 ofR1vvater and 40 m of hexane. The
precipitated solid is filtered off, s hyed ta+hexane and water and dried
in vacuo to give 2.2 g (82% of theo W F e product as a white solid with
a nelting range of 141-144C. In [eri] B-MyR (jmeasured in CDlerr]OCD[err]),
the shift signal [err] appears at -8745 ppm

-54 - Exarrpl es | a-15a, 25a The borates of Exanples 1 a, 2a-2d, 3a-3d,
4a, 4b, 5a, -5b, Ra—-abj, —fear—8ar—Qa—til—-a—ida—154 d—25arare “r“M”"4 ‘
accor dance [Ph |Rs hod ¢Rendi cat|/d® above, USIF‘hg tl‘é?(r:‘orres M?Et";é% BSN&@
Structures,| predarationlmethod dnd physicall data dre | st ediPeipt [*C]
1ia | Mesityl | Mesityl | Biphenyl Butyl N(CHjz), | 141-144 | -8.45

2a | Mesityl | Mesityl . | 1-Naphthyl. | Methyl | N(CHs): | 226-227
[2b | Mesityl |Mesityl | 1-Naphthyl Butyl | N(CHs), |200-201 |-7.43

2c Mesityl Mesityl 1-Naphthyl Bbtyl QrTx* 139-148 | -7.52

2d | Mesityl | Mesityl = | 1-Naphthyl Butyl | Cyanine** | 95-102 |-7.18

2¢° | Mesityl | Mesityl | 1-Naphthyl Methyl | Safranin | >230 -4.65
O cation

2f° | Mesityl Mesityl |.1-Naphthyl Methyl | N(CioH21)s | 104-105 | -9.79

3a |[Chloro- | Chloro- | 1-Naphthyl - | Methyl | N(CHs), 228-233 | -8.08
| mesityl | mesityl
3b Chiloro- . | Chiloro- 1-Naphthyl Butyl N(CHs)4 108-113 | -6.11

mesityl mesity! -
3c Chloro- | Chloro- 1-Naphthyl Butyl QTXx* 139-145 | -6.47
_mesityl mesityl _
3d Chloro- | Chioro- 1-Naphthyl Butyl Cyanine** | 88-100 -6.81
mesityl mesityl
4a | Mesityl Mesityl 2-Naphthyl Methyl | N(CHs), 235-238 | -9.77

4b | Mesityl | Mesityl | 2-Naphthyl | Butyl | N(CHs): | 208-210 | -8.55
5a | o-Tolyl o-Tolyl 9-Anthracyl Methyl | N(CHs), | 220-222 |-8.20
5b | o-Tolyl o-Tolyl 9-Anthracyl Butyl N(CH3)4 170-190 | -7.52




Tabl e 3.

Table 3 [err] Ex. Rerr] Rler]r R err]
Rl err] G+ Mel ting [ err] B- NMR
point. [[err](] la Mesi tyl Mesi tyl Bi phenyl But yl
N(CH err])[err] 141- 144 -8.45 2a Mesi tyl Mesi tyl 1 - Napht hyl
Met hyl  N(CH3) 4 226- 227 2b Mesi tyt55-Mesityl 1 - Napht hyl But yl
N(CH err])[err] 200- 201 -7.43 2C Mesityl Mesityl 1 - Napht hyl
But y: QrX* 139-148 -7. 52 2d Mesi tyI Mesi tyl 1 - Napht hyl
Buty Cy gartref-—95=102 18 2efer Fyt VoRdLF g
- Napht hyl 1\/Etﬁ§/l SaF rani n '5230 L bthés e W?ﬁ:f'f{%oc] B-NMR
O cati on Rf | %; .l Mot ] 1 A Rt Mottt -
N(C[ err] H £b2]) [Eﬁ'}w 10Mesits | 9Fhen- 34 | Beif or BN(CH| ([139-140; | Napht hy(l
Methyl  N(CHLery1)[err] 228 opanthryl g g - resityl 3h
Chloro-  ChborpMesityl - Ndesityhy| | 9-Rbenyl  NPbepdr [ N{GHay ] | 108-1155-036. 11
nesityl mgsity 3c | Chloro- anﬂmﬂloro- 1 -Nabhthyl — |Rutyl QX
139- 145  {@a47| Chloro- p©blotorl | iheny| pButyl ChN(GHb)s (hlSO-156 | 6.96
- Napht hyl But ymesityly apmesityl B8rthed -6.81 nmesitwl pesityl 4a
Mesi tyl VBai t |/ Dichlote-\bplthioyd- | 9-P¥ienhyl  INBGHB) 4| N(CI39, 238165-170 7(7-4.791b
Mesityl  Mesity| mesityl Napinebiwi | abtty | N{CH err])[err] 208-210| -8.55
5a o-Tol Yba pMEsiyl | MBsifyit N aPyrenyl Vet thutyl N( PN(eHg)d ) [|e214-215 2741}'2622
-8.20 5b o-Tol vl n- Tol v| Q.. Ant hr it RV NCGHRY-4 170190
-7.52 10a | Chioro- | Chioro- | 1-Pyrenyl Butyl N(CHa)g 55 | 146- 1@( ""R[ err]
Rl err] R mesityl | mesityl |prorr] Gt Mellt i ng
[err] B-NVR| 11a Dichloro- | Dichloro- | Biphenyl ‘Methyl | N(CH3)s | 203-205 | -7.96
mesityl | mesityl
13a | Dichloro- | Dichloro- | 4’-Bromo- Methyl | N(CHa)s | ++ ++
_ mesityl mesityl biphenyl
14a | 2-Methyl- | 2-Methyl- | Phenyi Butyl N(CH3), | 200-202 |-7.97
naphth- | naphth-
vl {1yl _
15a | 9-Anthra- | 9-Anthra- | Phenyl Butyl | N(CHs). [ 165-168 |-6.89
cyl cyl _
16a | Mesityl Mesityl (4-Phenyl- Methyl | N(CHs)4 185-186 | -5.356
thio)phenyl
18a | Mesityl | Mesityl 1-Dimethyl- Methyl | N(CHs)s 145-148 | -4.74
amino-
naphthyl
25a | Chloro- | Chlorom | p-(thiophen- | methyl | triphenyl- | 110-111 | -4.46
*4 mesityl esityl yb)-phenyl _sulfonium
* QTXis
o OH +
LCH__ ~N(CHy),



poi\nt . [[err]C 6alerr] Mesi tyl Mesi tyl 9- Phen- But yl

N(CH err])[err] 139- 140 anthryl 6b

Mesi tyl Mesi tyl 9- Phen- Phenyl N(CH err])[err] -5.03
anthryl 7a Chl or o- Chl or o- 9- Phen- But yl N(CH err])[err]
150-156 -5.96 mesi tyl mesityP6- anthryl 8a Dichloro-

Di chl oro- 9-Phen- But ylI N(CH err])[err] 165-170 -4.79

mesityl mesityl anthyl 9a Mesi tyl Mesi tyl 1- Pyrenyl But yl
N(CH err] )kerr]oyapitidls -6.76 10a Chloro- Chl or 0- 1- Pyr enyl

But yl N(CH er r‘j )lerr] 146-148 ++ rre5| dﬂam ty 11 a

Di chl oro- Dichloro- Biphenyl 2\ fHs N( CH[ err]) 3 205 -7.96
mesityl mesityl 13a Dichl D hlng: t hyl

N(CH err])[err] ++ - ++ 4 SI phenyl 14a
2- Met hyl - 2- Met hyl - Phenyl Bufyt N( CH[ err])[ 200-202 -7.97
napht h- napht h- 1- vyl 1czry9| 15a 9- Ant HB,,hlg 9- Ant hra- Phenyl
But yl NGLCH err])[err] —165-168 - 6. { cyl 16a

Vest tyl | Wes (h prepeietiond fna comesperdigs bornedt desippdin GAANIZOEG 5. 35
thi o) pheny# |Saf M?ﬁo SHioride} - Di nethyl - Methyl
N(CH err] ).L err]lﬁap145 1% ara (eflor o - am no-
napht hyl 25a prepared dising t@’ﬂdﬂ%‘ﬁmm%“l("ﬂ BrapAen-  nethyl triphenyl -
; alo ; éﬁilu " 4. 4Gne cé&%ﬂondmg’ Borare/ bduct Esdrhk{érefi a%?rdi?ia‘i@}ﬂethod A

-56 - **4+ (harlHNMRshifts are givenin Table 3a [ err]

Table 3a

Example | 'H-NMR shifts & [ppm],
coupling constant J [Hz]

10a - 8.45 (br m,1); 8.01-7.71 (m,8); 6.80-6.59 (m,2); 3.01 (s,12_); 2.25 (s,6); 1.90-1.60
(br m,12); 1.27 (br m,4); 1.06 (br m,2); 0.77 (br t,3), measured in CD;CN
13a 7.66 (s,4); 7.66 (br m,4); 3.17 (s,12); 2.54 (s,6); 2.06 (s,12); 0.50 (brs,3),

measured in CD;COCDg4

Example 17a: Methyl 4-[(phenyl)(methyl)sulfonio]phenyl dimesityl borate
Compound of the formula I, in which R, = mesityl, Rz = mesityl., R4 = methyl,

LCH
Ria = phenylene and E = ""S‘CHS
The compound is prepared by method C starting from compound 17, but is worked up by
concentration, subsequent dissolution in ethyl acetate, washing with water, drying over
-magnesium sulphate, filtration and renewed concentration. A white solid with a melting point
of 195-200°C is obtained. The shift in the ''B-NMR spectrum is at -5.75 ppm, measured in
DMSO-ds.

Example 19a: Methyl 1-trimethylammonionaphthyl dimesityl borate
Compound of the formula I, in which R, = mesityl, Rz = mesityl , R4 = methyl,
Ria = naphthylene and E = N(CH3)s



1 the preparation of the correspondi ng borane is described in CA-A-912019
2 prepared using Safranin O (chloride) 3 prepared using

tetradecyl amoni um bromi de 4 the correspondi ng borane educt is prepared
according to nethod A ++ the [err]H NWR shifts are given in Table 3a

Tabl e 3a Exanple [err]HNVR shifts [erep7Fppni, coupl i ng
constant J [Hz] 10a 8.45 (br m1l); 8.01-7.71 (m8); 6.80-6.59 (m2);
3.01 (s,12); 2.25 (s,6); 1.90-1.60 (br m1 2); 1.27 (br m4);

1.06 (b ,

(br m( 4; Fﬁg@ c})nﬁbomld @Bbtfam%)i sﬁ%@?ﬁéﬁ%oh{bo@%?ﬁb hgﬁ\g trie m’étlﬁ%de%cﬂbed fér 66

measur ed icom@diad AT gu,t;;g[lgt ¢qncen@@mféhelnn§ct|%mq§qxre dissolving the residue in ethyl

4 [ ( phenyl t |
M V\h|a)8ég% o ?vﬁé“n&%ﬁ Wﬁ]‘lgﬂﬁﬂ%’ 'Tré%tl‘ﬁgﬁﬂ rr»glgﬂl MBSD? fﬁtréeilrb?ﬁ}ﬁ?@ftﬁ)gﬁéntfdﬁan Eﬁfg?f‘] a
= phenyl ewmnarmbhdf. ‘[marsiifts mndhe&rhwdﬁﬁpe@rqm @&C&c appear&l 8@%@9!“ ing from

2?%?”2&3(&{ =Sliak AP o Wb 6T Prg o B 7R et e ez b 11
filtrationmasdebeppie@, 4)(3@03 mha$,0n 2. 27Pppmi(§,e);sl(83 pprv(g, 12)p0. BSIppmq@p Bpi nt of
195-200[err]Cis obtalned. The shift in the [err]B-NVR spectrumis at -5.75

ppm mneasured in DVBO-d[err]. Exanpl e 19a: Met hyl
1-trimet hﬁ@@&@é‘%ﬁh&‘l'—bﬁ émylahmi@iicmaﬁﬁ Ddimésmﬁ boteformula 1', in
= nmesit

whi ch

nalp(r:\t h?l[ gr@owqg of f Rgrm qgrlﬁq—mesuyl sltyl E %ethyﬂ:im-l\aphthylene
-57 - Q ai ned starting from conpound 18a using the
met hod descrl% ?{?W"ﬂ(dl-ﬁzcgkié) g

or conpound 17 but, after concentrati on of thde reacti

m xture, dr fﬂ%mmpwﬁlﬁ@b drtarting fremmmmeﬂ@@ aé\ﬁ’d‘%ﬂ??ﬁbeﬂi‘? dpsoH 9\%?0&
Treat ment H&Jrrﬁl 1 t t Eadryi ﬁ%@)hﬂﬂe?&%ﬂ@ﬁ%ﬁ% %E LRBleBts\Gt banwnb’f&maelmd The

shifts [err err spectrum appear at 8.63
(d 1, J=9Hzacetanitile qm!rmtt@r cpnsemlrat@p -of ﬂwea"sagtppn mnm dissolving,the, residye Mhﬂz)

.32 ppm acetate and washing it with water. Treatment with MgSO,, filtration and concentration give a
. white solid having a melting point of 125-128°C. The shifts & [ppm] in the 'H-NMR spectrum
(CDCN) appear at 8.62 (d,1,J=9 Hz); 8.42 (d,1,J=9 Hz); 7.64 (t,1,J=7 Hz); 7.47-7.00 (m,6);
6.83 (d,2,J=7 Hz); 6.61 (s,4); 5.44 (s,2); 3.83 (s,6); 2.26 (s,6), 1.84 (s,12); 0.69 (M,3).

Example 21a: Tetramethylammonium 2,2’-biphenylyl dimesityl borate

cH CH,

o+
B N(CH,),

LHSC CH, HC CH,

60.5 ml of a 1.5 M solution of t-butyllithium in pentane (0.091 mol) are added over the
course of 2.5 hours at -78°C to a stirred solution of 7.06 g (0.023 mol) of
2,2-dibromobiphenyl in 80 mi of tetrahydrofuran (THF). The reaction mixture is
subsequently stirred at -78°C for one hour more, ahd then 6.06 g (0.0226 mol) of solid
dimesitylfluoroborane are added. The reaction mixture is allowed to warm slowly to room
temperature and is stirred at this temperature for 15 hours more. The solvent is removed
and the resulting solid is dissolved in 100 ml of 4:1 methanol:H;O. The suspension is
filtered and the filtrate is treated with 2.97 g (0.027-mol) of tetramethylammonium chloride.



(m2); 6.62 ppm(s,4) 3.90 ppm (s,9); 2.27 ppm(s,6); 1.83 ppm(s,12); 0.66
ppm (m 3). Exanpl e 20a: Met hyl 1-benzyl di net hyl ammoni onapht hyl di nesityl
borate Conpound of formula 1', in which Rerr] = nesityl, Rerr] = nesityl

, Rlerr] = nmethyl, R err] = naphthylene and E =

N(CH err])[err](CH err]Cerr]H err]) Thi88econpound is obtained starting
from conpound 18a and using the nethod described for conmpound 17 but
carrying out the reaction with two equivalents of benzyl bronmide in

acetoni trid, t wa¥heaiwiih @hyieetate anditvidd hazacod esgweu ng
t he resi dueglp?\é%'ﬁ?%&&{hdqgwga ok hi M y

acetate and washing it wth water, gﬁ%;%}]efﬂ |
MySQ err] 6.31ig (598&)|Qi|$ wihite salid whese mqlum Retintds mofihihag 2307 glgga r’r’émei ng
t of 1 H NVR t
Pon e o] W%Ba%ﬂﬁﬁ Spectlin, Ftldsd ih BTLEN, BRTLLORGORE | o1 L1 R P (i, 327
Hz); 7.47-7 00(m6)683(d2J7Hz)661(54)544(52)383

6
() b o Gy il 1 o RS B e Smcts

of a 1.5 Nndaata arerpresentedintTdble 3 um i n pent ane (0.091 m)l) are added over
t he cour se. .5 hours at -78C to a stirred solution of 7.06 g (0.023 nol)
of 2,2 d| i phenyl in 80 m of tetrahydrofuran (THF). The reaction

m xture i s subsequently stirred at -78[err]C f pne hour nore, and then
6.06 g (0.0226 nol) of solid dimgsitylfl e ' are added. The reaction
m xture is allowed to wvarmslowy to eq B ur e and is stirred at
this tenperature for 15 hours nofHC renoved and the
resulting solid is dissolved in 00 : anol : H[err]O The
suspension is filtered and the flltrate mlstreated with 2.97 g (0.027. nol)
of tetranethyl amoni um chl ori de.

- 58 - [Hampéefcatibmt ed solid is filfmeidgoff, TEMMR] with ethyl acetate
and dried in vacltio to give 6.31 g (59% peint [pCwi|tsgpsml i d whose [rel ti ng
point is et . ~TE SN g,anal 1|1zg8€ [ err] B- NVR spectrum
recor ded 9 oo “N@-Y%{Yﬁ p&“@ ppm | (Acetone-dg)
2h ++ -8.83
CN+ -CygHgs (CDCly)
2 o | 135-138 | -4.65
$ (Acetone-dg)
7 Neon,
2 *N(CHz)s(CHzOH) T161-163 | -4.66
_ (Acetone-ds)
2k (CHg)sN*(CH2)eN*(CHz)s 207229 | -4.67
_ (Acstone-de)
21 *N(C2Hs)a(ICH2]:Br) 120-121 -4.66
| (Acetone-dg)
2m o 130-138 | -4.66
+ 2N
(CH,);—N—CH;CH—CH, (Acetone-de)
2n Gabs 160-152 -4.65
*N___CH (Acetone-ds)
(T
s
20 (Phenyl)sP=N*=P(Phenyl); | 181-185 -4.65
(Acetone-ds)




Exanpl es
Cation

2g-2t: The compounds of Exanple 2g-2t are prepared by nethod C.

Structures and data are presented in Table 3b. Table 3b [err] Exanpl e
Mel ti ng [err] B-NWR
[err] [ppm 29

poi nt [[err]C]

70-72

(Acet one- d[err]) 2h

[err]
135-138
(Acet one
-4.66

2k

-4.67

21

(Acet one

[err]
150- 152

(Acet oneH

-4.65

+N5(QCH[err])[err](n-C[err]H[err])

++ -8.83
. (Cdferr]) 2i cl
mplet| Catipn e “B NMR:
EE(%TPIF') tﬂ +N(CH er r 1) ] &l g "ﬁl-lj 161- 163
L ] ﬁ{ —(AcetT
ne-d[err])
eeH errf )| NN gl ) [err]'R38Y er | &j@j‘? p 227- 229
G)(Acet dne-d[err])
+N(C[erf]H )TFI/r]C(HfCI-l[err]][err]Br 120-121 -4.66
dlerr) 2m +36-438 -4.66
29 (Acetone-Q[err]) 1395131 -4.65
- 4. 65| (Phenyl);— P-—CH-[(Bmc]:H (Acetone-ds)
dierr]) 2¢ (Phenyl) [ drr] P=N+=P{Phenyl)[err] _ |181-185
2r + 98-110 -9.81 (Acetone-d[err])
(Phenyl);—P—CH;CH=CH, (CDClg) '
2s 0 103-108 -4.65
(Phenyl):;—-l;—(CH2)2—< :> (Acetone-dg)
o
2t (Phenyl)sS* 127135 | -4.66
(Acetone-dg)

++ not determined

Examples 22a, 22b, 23a, 23b and 24a: .

The compounds are obtained in accordance with method C described above using the
corresponding starting materials.

The compounds are indicated in Table 4.

Table 4
Tl
Ry
Ex. |Ry Ro Rs Rs x* Melting | "'B-NMR
. point [°C]
22a | Mesityl Mesityl p-Fluoro- -| Methyl | N(CHs)s 258-260 | -9.86
phenyl
22b | Mesityl Mesityl p-Fluoro- | Butyl N(CHs)4 221-225 | -8.63
phenyl _
23a | Mesityl Mesityl p-Chioro- | Methyl N(CHs)a 255-256 | -9.96
phenyl .
23b | Mesityl Mesityl p-Chioro- | Buty! N(CHa)4 247-249 | -8.73
phenyl _
24a | Mesityl Mesityl o-Tolyl Methyl | N(CH3)4 >230 ++




-59 - Exanpl e Cation Mel ting [err] B- NWVR

point [(C] [err] [ppn] 2p 183-186 -4.65
[err] (Acetone-d[err]) 2q

130-131 -4.65 [err] (Phenyl)[err]

P-CH err]-C OCH err] (Acet of@-d[err]) 2r

98- 110 -9.81 (Phenyl)[err]-P-CH err]-CH=CH err]

(CDd[err]) 2s 103-108 -4.65

[err] ++ not defef@pleane-dferr]) 2t (Phenyl)[err] S+

127-135 -4.66

(Acetone-d[err]) ++ not determn ned Exanpl es 22a, 22b, 23a, 23b and 24a:

The conpoyn@dampid £6:0RbadtRMY tdshinEleadaace W t h met hod C descri bed above
using the corresponding starting materials. f naounds are | ndi cated in
Tabl e 4. AMp@JrabIF@pmposmon is prepared bypquélpg]the fo lowi g,QPg]pp Rl err]

?E)?H] [ 10.0g,,  of diper tﬁyﬂ)tﬁﬁt&g\nonz{tﬁﬂfd@%%crylate °SR3§|)9 Sartomer (Craynor,

Mesity | uor o= t hy N(CH err )[err]
258-260 -9.86 France phenyl 22b  Mesityl
Mesi tyl Iuoro Y[err] 221 -225 -8.63
phenyl nxeﬁ”&ﬁ’°£’9iﬁ}é%9‘¥€4'%§" loro- Methyl N(CHerr])[err]
255-256 -1%. @Q of N-vinylpyrrolidone, Fluka
10.0g of trismethylolpropane triacrylate, Degussa

50.09g of urethane acrylate ®Actilan AJ20, Société Nationale des Poudres et Explosifs
03g of levelling assistant *Byk 300, Byk-Mallinckrodt.

Portions of this composition are heated to 40°C, and 1.6% of the borate photoinitiator to be
tested, based on the total quantity of the formulation, are dissolved in the formulation at this
temperature. All operations are carried out under red light. The samples to which initiator
.has been added are applied to a 300 pm aluminium foil. 'I_'_he thickness of the dry film is
about 60-70 um. A 76 um polyester film is applied to thé film and a standardized test
negative with 21 steps of different optical density (Stouffer wedge) is placed thereon. The
sample is covered with a second UV-transparent film and is compressed on a metal piate by
means of reduced pressure. Exposure is carried out for 20 seconds using-a 5 kW MO61
lamp at a distance of 30 cm. Following exposure, the cover films and the mask are removed
and the exposed film is developed in ethano! at 23°C in an ultrasound bath for 10 seconds.
Itis dried at 40°C in a convection oven for 5 minutes. The sensitivity of the initiator system
used is characterized by indicating 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 to 4g.

Table 4a
Compound Number of steps cured
1a 11

6a 12




“phenyl 23b
247-249 -8.7
>230 ++

not determ ne

di pent aer yt hr
France 15.0 ¢

Mesi tyl Mesi tyl p- Chl oro- Butyl N(CH err])[err]
3 24a Mesityl Mesi tyl o- Tol yl Met hyl N( CH3) 4
- 60 - ++
d Exanpl e 26: Reactivity test in a clearcoat A photocurable
conposition is prepared by mxing the foflow ng conponents: 10.0 g of
i tol Monohydroxypentaacryl ate, [err] SR399, Sartonmer (Craynor,
of tripropylene glycol diacrylate 15.0 g of
i done, Fluka 10.0 g of trismethylol propane triacrylate,

N-vi nyl pyrrol

Degussa 50.0 ¢

300, Byk- Mall
and 1.6% of t
quantity of t
t enperature

which initiat
The thi ckness
filmis appl

of different

is covered w
pl ate by nean
using a 5 kW
cover filnms a
et hanol at 23
40[err]Cin a
initiator sys

of

onor-at

heafornulay an,

PBAtofSteps Lured 0TPOS

olnitiator to be t

of urethane acrylate [err]Actilan AJ20, Soci[err]t[err]
National e des Pablgrdbs et Explosifs 0.3 g

.hebﬁ'g?g%de ho

| evel Ii ng assistant [err]Byk
ition are heated to 40[err]C,
sted, based on the total

are dissolved in

the formul ation at this

1
\J'.lbl L= 9 " |

|
aﬂbhas been

o X .o . oo ey PN P N ) -
o ol o vAarrtTiT cu uUuUl ul

%dded are applied to

der red light. The sanples to
a 300 [err]malum niumfoil.

Q& the dry
bd to the f

errlm A 76 [err]m pol yester

61l mis about 60-70 [
| m and a - standardized

optical den
t Fraf
8? reduce

sity (Stouffer wedge)

pressure.  Exposure |

test negative with 21 steps
is placed thereon. The sanple

esheond W-transparent filmand is conpressed on a netal

s carried out for 20 seconds

\Osmpoung a

el L

| Nombpesof:ateps eifred0 cm

IgPLHC rersk

rlCin a

ngultrasound bath for

Fol | owi ng exposure, the

re—renoved—ard—tte—exposed filmis devel oped in

10 seconds. It is dried at

gpnvecti on

pven for 5 ninutes. Ti

- characterized-By—+ndH
Tﬂe hi gher the nunber

he sensitivity of the

Hcating the | ast wedge step

of steps, the nore sensitive

Tabl es 4a to 4g. Table 4a
11 6a

reproduced wi {K48ut tack.
the systemtefged. The TESEITS are conpiTed 1 n
Conpound Nunber of steps cured __1a
12 9a 13
Table 4d
Compound Number of steps cured
14a 9
Table 4e
Compound Number of steps cured
1a 6 '
Table 4f
Compound Number of steps cured
13a 8
16a 6
19a 7
20a 10




-61- Tabl e 4b Conpound Nunber of steps cured 2a 3 4b

5 4a 6 Tabl e 4c Conpound Number of steps cured 2b 8
3b 7 7a 10 8a 10 9a 13 Table 4d
Compound Nunber of steps cured l4a 9 Tabl e 4e Conpound
Nunber of steps cured lla 6 TaB2 e 4f Conpound Nunber of steps
cured 13a 8 l1l6a 6 19a 7 20a 10

Tabelle 4g

Compound Number of steps cured

22b 6 '

Example 27

0.4% of the borate photoinitiator to be tested and 0.3% of
(N,N’-dibutyl)dimethylindocarbocyanine chioride are incbrporated into a formulation as
described in Example 25. Film preparation, curing and the determination of the reactivity are
carried out likewise as described in Example 26. The results are reproduced in Tables 5 to

51.
Table 5
Compound Number of steps cured Bleaching behaviour*
1a 19 . b
6a 18 B b

* b = formulation bleaches out (visual examination)

Table 5a

Compound | Number of steps cured ' Bleaching behaviour*

2a 18 b
4b .20 b

da 17 -

* b = formulation bleaches out (visual examination)
- = visually, no bleaching out is found

Table 5b

Compound Number of steps chred Bleaching behaviour*
2b 18 b
3b 20 b
7a 17 =




-62 - Tabel | e 4g Conmpound Nunber of steps cured 22b
6 Exanpl e 27 0.4% of the borate photoinitiator to be tested and 0. 3% of
(N, N -di butyl)di net hyl i ndocar bocyani ne chloride are incorporated into a
formul ati on as described in Exanple 25. Film preparation, curing and the
determination of.the reactivity are cart63d out |ikew se as described in

Exanpl e 26. The results are reproduced in Tables 5 to 5f. Table 5
Conmpound Nunber of steps cured Bl eachi ng behavi our* la
19 red [ Bleaching behaviot?
b *b :'forrru?m';txlmc'?r(\;1 bl eac '°ees’°53%° visuall exam ngat Lon) Tabl e 5a
Conmpound Nuntber @a steps cured 18l eachi nd behavi our* 2a
18 b 3 45 b 20
b 4a 9a 171% b = for|mul ati on®bl eached out (vi sual
exan nat i ©g) formulticisibadhesitut [UistRE 8xdiginatign)i s f ound Tabl e 5b
Conmpound Nunber of steps cure? 5' eachi ng behavi our* 2b
18 - = visually, no bIe%chmg out is foun 20
b . Ta

Table 5¢

Compound Number of steps cured | Bleaching behaviour*

14a - 16 b

* b = formulation bleaches out (visual examination)

Table 5d

Compound Number of steps cured
11a 14

Table 5e

Compound Number of steps cured

2f 15

Table 5f

Compound Number of steps cured | Bleaching behaviour*
13a 11 -
16a 1 -
19a 9 -
20a 12 b

* b = formulation bleaches out (visual examination)
= visually, no bleaching out is found

Example 28: Photocuring of a monomer-polymer mixture
A photocurable composition is prepared by mixing
37.64g of ®*Sartomer SR 444, pentaerythritol triacrylate, (Sartomer Company,
Westchester, USA)



-63 - | Conpound Nunber of steps cured Bl eaching behaviour*

8a 15 Oa 18

b * b = formul ati on bl eaches out (visual exam nation) - = visually, no

bl eachi ng out is found Tabl e 5¢ Conmpound Nunber of steps
cured Bl eachi ng behavi our* 14a -64- 16

b * b = fornmulation bleaches out (visual exam nation) Tabl e 5d
Conmpound Nunber of steps cured lla 14

Tabl e 5e GgIyo i ; i

10. YR eCymel™OTDRExMetRGRTtIIhERMIne (American (?%namld, USA)
15 _ Ta%l er%f y Conmpound Nunber of steps cure Bl eachi ng
behavi our * 47.30g of IGarboset 525, thermoplastitipolyacrylate containing carboxyl groups

14 19a ) 9 20a 12
b * b = formulation KPEERRYICt (visual examination) - = visually, no
bl eachi ng out 4i39 § ourl polyvinfispidlidend PVPRIGARUSA)Ng of a mononer - pol yner

m xture A phot ocurabl e conposition is prepared by m xing 37.64 ¢
of [err] Sartoft9-08g ol metindene@Hoidaand,) triacrylate, (Sartonmer Conpany,

Westchester, Y§8bg of methanol.

Portions of this composition are mixed with in each case 1.6% of a novel borate, based on
the solids content, by stirring at room temperature for one hour. All operations are carried
out under red light. The samples to which initiator has been added are applied to a 300 um
aluminium foil (10 x 15 cm). The solvent is removed first of all by drying at room
temperature for 5 minutes followed by heating at 60°C in a convection oven for 15 minutes.
A 76 pm thick polyester film is placed on the approximately 30-35 um film thus prepared,
and a standardized test negative with 21 steps of different optical density (Stouffer wedge)
is applied thereto. The sample is covered with a second UV-transparent filmand is
cpmpressed on a metal plate by means of reduced pressure. The sample is then exposed
for 40 seconds using a 4 kW xenon lamp at a distance of 30 cm. Following exposure, the
films and the mask are removed and the coated film is developed with a 0.85% strength
solution of sodium carbonate in water in an ultrasound bath for 240 seconds. It is then dried
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. In this scale, an increase by two steps
denotes approximately a doubling of the curing rate. The results are indicated in Tables 6

and 6a.
Table 6
Compound | Number of steps cured
2a 6
4a 5

4b 7
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Example 29:

0.3% of a borate photoinitiator with dye cation is incorporated into a formulation as
described in Example 28. Film preparation, curing and the determination of the reactivity are
likewise carried out as described in Example 28. The results are set out in Tables 7 and 7a.

Table 7
Compound Number of steps cured
2c 19
2d 10
Table 7a
Compound Number of steps cured Ble.aching behaviour*
3c 10 -
3d 18 b
2e 16 -

* b = formulation bleaches out (visual examination)

- = visually, no bleaching out is found



Tabl e 6a Conmpound Nurmber of st eps cured 7a

10 8a 8 3b ' 5

2b 9 . l4a 6 13a

5 19a 5 20a . 6

16a 6 Exanpl e 29: 0.3%-®b-a borate photoinitiator with dye

cation is incorporated into a fornulation as described in Exanple 28. Film
preparation, curing and the determ nation of the reactivity are |ikew se
carried out as described in Exanple 28. The results are set out in Tables 7

and 7a. Table 7 Corrpound Nunber of steps cured

2¢C - Example 30:19 10 Tabl e 7a
beh * 3

Compound h&gglﬁab@fcoﬁ{p%gﬁoﬁwaggaéh%mmg ehaviour® e

16 * b = formg7é4 gn of “Sactoarer SW 444y pentakrythritolitiadrylate) (Sartomer Qompany, no
bl eaching out is found . -
66 - Exanpl e 30: Weslhesen¥$Me conposition is prepared by nixing

10.76 g of *Cymel 301, hexamethoxymethylmelamine (American Cyanamid, USA)
47.30g of °Carboset 525, thermoplastic polyacrylate containing carboxyl groups
(B.F.Goodrich)

430g  of polyvinyipyrrolidone PVP (GAF, USA)

319.00 g of methylene chloride and

30.00g of methanol.
Portions of this composition are mixed with in each case 0.4% of the borate from Example
2a, 0.4% of isopropylthioxanthone and 0.4% of (4-methylthiobenzoyl)methyl--
1-morpholinocethane, based on the solids content, by stirring at room temperature for one
hour. All operations are carried out under red light. The samples to which initiator has been
added are applied to a 200 um aluminium foil (10 x 15 cm). The solvent is removed first of

all by drying at room temperature for 5 minutes followed by heating at 60°C in a convection
oven for 15 minutes. A 76 um thick polyester film is placed on the approximately 30-35 um
film thus prepared, and a standardized test negative with 21 steps of different optical
density (Stouffer wedge) is applied thereto. The sample is covered with a second
UV-transparent film and is compressed on a metal plate by means of reduced pressure.
The sample is then exposed for 40 seconds using an SMX-3000 metal halide-doped high-
pressure mercury lamp at a distance of 30 cm. Following exposure, the cover films and the
mask are removed and the coated film is developed with a 1% strength solution of sodium
carbonate in water in an ultrasound bath for 180 seconds. It is then dried 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. In this scale, an increase by two steps denotes approximately a
doubling of the curing rate. The results are indicated in Table 8.



37.64 g of [err]Sartonmer SR 444, pentaerythritol triacrylate, (Sartoner
Conpany, West chest er, USA) 10.76 g of [err]Cynel 301,
hexanet hoxynet hyl mel am ne (Ameri can Cyanam d, USA) 47.30 g of

[err] Carboset 525, thernoplastic polyacrylate containing carboxyl groups
(B. F. Goodri ch) 4.30 g of pol yvi nyl6@yrrol i done PVP ( GAF, USA)

319.00 g of nethylene chloride and 30.00 g of nethanol. Portions of
this conposition are mxed with in each case 0.4% of the borate from
Exanpl e 2a, 0.4% of isopropylthioxanthone and 0. 4% of

(4-net hyl t hi obenzoyl ) methyl -1 - norphol i noet hane, based on the solids
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60[err]C | n a convectl on oven fBhemis . e seff¥Mivity of the
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the system g g pl, | &4 80%AstingiH/EbItIoRNA p Tafftiraf bEBdFOY a
doubl ing of ur tohenyl | N€ resul ts are indi cate in Table 8.
Table 8 Nunber of steps

r epr OdUCGQhéEinHs content, e mcorporated mto a con’%ﬂ)%mon as deséibed in Exampé27. The
10 % of the borate from Exanpl e 2a,

| e 31:
0. 4% of i s'B\EP"éEﬁﬂt%t!ﬂ"@m’rﬁW%ﬁﬁthf tesis gre earried vidikewisp as described in Example
27. The results are given in Table 9.

Table 9
Number of steps -reprdduced after
10s 20s. 40 s
9 12 14

Example 32:
0.4% of the borate from Example 2a, 0.4% of isopropylthioxanthone and 0.8% of Cyracure®

SbF,; SbFg
UVI-6974 (Union Carbide) = Phenyl_s_O_ _@_ $—phenyt *
Phenyl Phenyt
SbF;

Q_S—Q—§;-pheny, as a 50% strength solution in propylene carbonate and 0.4%
Phenyl

of (4-methylthiobenzoyl)methyl-1-morpholinoethane, based on the solids content, are
incorporated into a composition as described in Example 30. The implementation and



UVI - 6974 (Union Carbide) = [err] [err] as a 50%
strength solution in propyl ene carbonate, based on [err] Phenyl the
solids content, are incorporated into a conmposition as described in Exanple
27. The inplenentation and evaluation of the tests are carried out |ikew se
as described in Exanple 27. The results-gge given in Table 9.

~Table 9 Nunmber of steps reproduced after
10s 20 s 40s 9 12 14
Exanpl e 32; % Qf . . | . 0
sopr opyl ehpdafel ine Warels aliied AAARE o deBidpiiRmple 0. The poeylt are
[err] giveninTable 10. SbF; [err] as a 50% strength solution in propyl ene
carbonate and 0. 4% Phenyl of
(4- et hyl t hi obenzoyl ) et hyl :rﬁbl-""rgl?r phol i noet hane, based on the solids
content, are incorporated i hNambecoigieps tepfotusedaftecr i Bed i n Exanpl e 30.
The i npl enentati on and -68
- eval uation of the tests|ard8arrfied 8 1ikewf@& ad described in
Exanpl e 30. The results are[grven 11| labqg 10. 15 Tabl e
10

Examglé33:

0.4% of a borate photoinitiator and 0.3% of the dye safranin O are incorporated into a
formulation as described in Example 28. Film preparation, curing and the determination of
the reactivity are carried out likewise as described in Example 28. The results are presented

in Table 11.
Table 11:
Compound Number of steps cured

29 16
2h 16
i | 3
2j 17
2K | 18
2m 17
20 13
2p 15
2q 15
2r 15
2s 15

Example 34:

0.4% of the compound 2a and 0.3% of a dye are incorporated into a formulation as
described in Example 28. In addition, instead of.the xenon lamp, a frequency-doubled
Nd/YAG laser (COHERENT DPSS 532-50, beam diameter 0.7 mm, divergence <1.3 mrad)
is used with monochromatic light of wavelength 532 nm and an output of 50 mW. The laser
beam with a diameter of about 3.3 mm is moved at a rate of 6 mm/s over a 21-step Stouffer



Nunber of steps reproduced after 10s 20s
40s 11 13 15 Exanpl e 33:
0.4% of a borate photoinitiator and 0.3% of the dye safranin O are
incorporated into a formul ati on as described in Exanple 28. Film
preparation, curing and the determ nati ee9ef the reactivity are carried out
| i kewi se as described in Exanple 28. The results are presented in Table 11.
Table 1 1: Conmpound Nunber of steps cured 29

16 P _ 2i N 3
2i wedge Which is fl{%d on the sample. ly&eq development, a lihb varymgllg width and length om
17 - remaingdror evaluation, a statement isigade of the numbepgf steps at which a cured line 15

2q . . - .o - . 1 2S
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about 3.3 mMm|s noved at a rate of .@Emﬁu&e@ver bdhavid@p St oufif er

-69 - wedgefwhich 1S € sanple. At ¢r developnent,| a line
varying in wifdth and | € remai ns. For eval uaffion, a statenmgnt is nmade of
t he nunber of Nag"Wor'ch a curle® 1ine can s{® | be seen. HIm
preparation, g‘ g deternfi nation of the reactivity arle Ii kew se as
described in Exanpl € 28 e GO |ts are presenfed in Table 12 Tabl e
12:
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Dye Nunber of steps Bl eaching

r epr oduced behavi our * 12 b [err] Met hyl ene
[err] Pyronine GY [err] Crystal 'violet
b -71-
Nunber of stdps Bl eaching
r epr oduced behavi our *
Dye Number of steps | Bleaching

reproduced behaviour*
13 -

Ethidium bromide

AT I
(IMI)

* b = formulation bleaches out (visual examination)

= visually, no bleaching out is found

Example 35:
The same formulations as in Example 28 are used, and portions of this composition are
mixed with 0.4%, based on the total quantity of the formulation, of the compound 5 and
0.3% of a dye. All operations are carried out under red light. The samples are placed in pill
bottles with a diameter of about 3 cm. These formulations are subjected in the bottles to
exposure with a frequency-doubled Nd/YAG laser (COHERENT DPSS 532-50, beam _
diameter 0.7 mm, divergence <1.3 mrad) with monochromatic light of wavelength 532 nm at
“an output of 50 mW for 10 seconds at a distance of 30 cm. Following eprsure, the
uncured formulation is poured out and the cured layer which remains is developed in
ethanol at 23°C in an ultrasound bath for 10 seconds. Drying takes place at 40°C in a
convection oven for 5 minutes. After development, a needlelike figure varying in length is
left standing. Evaluation is made by stating the length of the figure, which is a measure of
the capacity for through-curing. The dyes used and the results are reproduced in Table 13:
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Example 36
The procedure of Example 28 is repeated but using 0.4% of the dye-borate salts. In

addition, instead of the xenon lamp, a frequency-doubled Nd/YAG laser (COHERENT
DPSS 532-50, beam diameter 0.7 mm, divergence <1.3 mrad) is used with monochromatic
light of wavelength 532 nm and an output of 100 mW. The laser beam with a diameter of
about 3.3 mm is moved at a rate of 6 mm/s over a 21-step Stouffer wedge which is fixed on
the sample. After development, a line varying in width and length remains. For evaluation, a
statement is made of the number of steps at which a cured line can still be seen. The dyes
used and results are presented in Table 14.



Tabl e 13: Dye Length of the figure fornmed, in

nmm Safranin O 3 Rhodam ne B
1 Met hyl ene bl ue 12 [err]
5 10 [err] Pat ent Bl ue

Exanpl e 36 The procedure of Exanple 28 ig3repeated but using 0.4% of the
dye-borate salts. In addition, instead of the xenon | anp, a

frequency-doubl ed Nd/ YAG | aser ( COHERENT DPSS 532-50, beam di anmeter 0.7 nmm
di ver gence <1. . s used with nmonochromatic |ight of wavel ength 532 nm
and an out put *mMN_The | aser beamwith a dianeter of about 3.3 mMmis
nmoved at a raf Goftipoindm s over a Z2{INaimber dtsteps reprogadge vihich is fixed on

t he sanpl e. Al-er—developreit——a—lli-Re—vaiy--hg—-R—w-ad-i—add | engt h renmai ns.
For evaluatioh, a statefnt is rrad[e of the nuldber of steds at which a cured

line can stil —be seen.  The dyes used and results are presented in Table
14.

Example 37:
The procedure of Example 35 is repeated but using dye-borate salts in concentrations such

that the optical density of a 2 mm film is 0.5 for the wavelength of 532 nm, and additional
compound 2a is employed. In contrast to Example 34, use is made of a frequency-doubled
Nd/YAG laser (COHERENT DPSS 532-100, beam diameter 0.7 mm, divergence <1.3 mrad)
with monochromatic light of wavelength 532 nm and an output of 100 mW, and exposure is
carried out for 5 seconds at a distance of 30 cm. The results are presented in Table 15.

Table 15:
Compound Concentration Length of the Bleaching
of compound 2a | figure formed, in | behaviour*
mm
0.03% 2e 0 5 -
0.03% 2e - 0.3% 14
0.03% 2e  0.6% 17

* b = formulation bleaches out (visual examination)
- = visually, no bleaching out is found

Example 38:
The same formulations as in Example 26 are used, and portions of this composition are

mixed with 0.4%, based on the total quantity of the formulation, of the compound 2a and
0.3% of a dye. All operations'are carried out under red light. The sémples are placed in
black plastic lids with a diameter of about 1.5 cm and a height of about 12 mm and are
covered with a Mylar film. These sémples are exposed to daylight and a dose of

1200 mJ/cm?. After exposure, the uncured formulation is poured out and the cured layer
which remains is developed in ethanol at 23°C in an ultrasound bath for 1 minute. Drying
takes place at 40°C in a convection oven for 5 minutes. For evaluation, the thickness of the
cured layer is measured, and this is a measure of the capacity for through-curing. The dyes
used and the results are reproduced in Table 16:



-73 -

r epr oduced
The procedure of Exanple 35 is repeated but using dye-borate salts in
density of a 2 mmfilmis 0.5 for the
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Example 40:
The procedure of Example 26 is repeated but adding in each case 0.4% of a cationic

photoinitiator together with 0.4% of the compound 2a. The results are described in Table

18.

Table 18:
Cationic photoiniator Number of steps
cured
Q /©/ o
I | 4
F
1
¥\
F




Tabl e 16: Dye Thi ckness of the cured |ayer.

I n mm : Safranin 1 1.45

Met hyl ene bl ue 2.94 Exanpl e 39:. The procedure of Exanple 38
is repeated but using, instead of m xtures of borates and dyes, 0.4% of the
novel dye-borate salts and, in addition;78enpound 2a. The results are

reproduced in Table 17: Tabl e 17: Conpound
Concentration of Thi ckness of the cured
conpound 2a — T eT T 2e 0
1146 Cattod@kfﬁétomlagoeﬂ E:I g%rogf steps 1440
2e 069 o) +5606 Exampte{40: The procedure of
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Example 41:
The procedure of Example 26 is repeated but adding in each case 0.4% of a cationic

photoinitiator together with 0.4% of the compound 2a and 0.3% of a dye. The results are
described in Table 19.
Table 19:

Cationic photoinitiator Dye Number of steps
cured

Triphenylsulfonium Methylene blue 10

hexafluorophosphate

©\ /@/0 _ Safranin O
I - 14




cured 4 [err] vl 6990
Exanpl e 41: The procedure of Exanple 26 is repeated but adding in each case
0.4% of a cationic photoinitiator together with 0.4% of the conpound 2a and

0.3% of a dye. The results are described in Table 19. Tabl e 19:

Cationic photoinitiator Dye -76 - Nunber of steps

cured Tri phenyl sul foni um Met hyl ene bl ue 10

hexaf | uor ophosphat e Safranin O

[err] Cationic photoinitiator | Dye : Number of steps
cured

15

17

UV1 6990

Example 42: _
The procedure of Example 26 is repeated but adding in each case 0.4% of the compound
2a and 0.3% of a dye or-electron acceptor. The results are desctibed in Table 20.

Table 20:
Dye or electron acceptor Number of Bleaching
steps cured behaviour
14 b

10 b




-76 - Cationic photoinitiator Dye Number
st eps ' . cured

F [err] UVl 6990 Exanpl e 42: The
procedure of Exanple 26 is repeated but adding in each case 0.4% of the
conpound 2a and 0.3% of a dye or el ectrorf7acceptor. The results are
descri bed in Table 20. Tabl e 20: Dye or el ectron acceptor
Nunber of Bl eachi ng steps cured
behavi our [err]

Dye or electron acceptor Number of Bleaching
steps cured behaviour
e |
12 -
. OH -
Br Br
SO,
Br Br
Eosine
Quantacure ITX 1 -
CG 26-0753
N\, __<°C" | 12 b
< > A\ < N,

* b = formulation bleaches out (visual examination)
- = visually, no bleaching out is found

Example 43:

The procedure of Example 26 is repeated but adding in each.case 2% of the compound 2a

and 2% of an electron acceptor. The results are described in Table 21.

of



-77 - Dye or el ectron acceptor Nunber of Bl eachi ng

steps cured behavi our [err] Eosi ne Quant acure | TX
11 CG 26- 0753 [err] * b = formul ation
bl eaches out (visual exam nation) - = visually, no bleaching out is found
Table 21:
Dye or electron acceptor Number of steps cured

Al

o-Chlorohexaarylbisimidazole

Example 44:
The procedure of Example 26 is repeated but adding in each case 0.4% of the compound

2a and 0.3% of an electron acceptor and 0.3% of a dye. The results are described in Table:
22,

Table 22:

Electron acceptor Dye Number of Steps cured
Quantacure ITX Safranin O 13




Exanpl e 43: The procedure of Exanple 26 is repeated but adding in each
-case 2% of the conpound 2a and 2% of an el ectron acceptor. The results are
described in Table 21. -78 -

Tabl e 21: Dye or el ectron acceptor Nunber of steps cured [err]

0- Chl or ohexaar yl bi si m dazol e Exanpl e 44: The procedure of Exanple 26 is
repeated but adding in each case 0.4% oLgthe conpound 2a and 0. 3% of an

el ectron acceptor and 0.3% of a dye. The results are described in Table 22.

Tabl e 22: El ectron acceptor Dye Nunber of steps cured
Quantacure | TX Safranin O 13
-79 - WHAT IS CLAIMED IS:

1.A cémposition comprising
a) at least one polymerizable ethylenically unsaturated compound and
b) at least one compound of the formula | or I' as unimolecular photoinitiator

R, R,

[ + 1~ 4
R—B-R;, | @ Ri—B—RE

Ry | Ry , in which

()] "

Ri, Rz and R; independently of one another are phenyi or another aromatic
hydrocarbon, with or without any heteroatoms, which radicals are unsubstituted or-
are substituted 1-5 times by unsubstituted or ORg- or R;RgN-substituted C-Capalkyl,
C»-Capalkyl which is interrupted by one or more radicals O, -S(O), or NRs, ORg,
RsS(O)p, RsS(0)20, R7RsN, ReOC(O), R/RsNC(0), ReC(O), RgR10R11Si, RoR1oR11SN,
halogen, RgR10P(O)q, CN and/or

R14 R18a R
N R N Ris N N-N
e LT LD«
x-T Ris X R N N—N
R12 17 R
Rie ' 20

or the radicais R, and R; form bridges to produce structures of the formuta li, lla or

o S5 B

(n (lia) (Ilb)

whose aromatic rings are unsubstituted or are substituted by Ci-Cxpalkyl, by
C,-Capalkyl which is interrupted by one or more radicals O, S(O), or NRs, or by ORs,

* [ L M s *




VWHAT IS CLAI MED | S: 1. A conposition conprising a) at |east one

pol yneri zabl e ethyl enically unsaturated conpound and b) at | east one
conpound of the formula | or |I' as uninolecular photoinitiator [err]
Rlerr], Rerr] and R err] independently of one another are phenyl or

anot her aromatic hydrocarbon, with or w thout any heteroatons, which
radicals are unsubstituted or are substiggued 1-5 tinmes by unsubstituted or
OR6- or Rlerr]Rerr]N-substituted (Jerr]-Clerr]alkyl, C[err]-Clerr]alkyl
which is interrupted by one or nore radicals 0, S(Oferr] or NRerr],

LTk o FRELGh MTEH o 5 b B Pl R b . 0,

hal ogen, R q:qQR]‘Jﬁ[(qurgrﬁ(@)ﬁgquﬁ"srpl\l and/or [err] or the radi caI s R2
and R3 form bridges to produce structures of the formula LI, Ila or Ilb
[err] Wrththe ar%.teatrn%gpfa#m}wgﬁmq kagdicals Ry Raprd §a1569 !dﬁm'@él by -

?[aglr Lgl gi[ gr fdéﬁléimlgu; gh&a&%w@é?ﬁiel%m&@;fﬁ §nd R} &fd &tBinatlc Rydr8B&ben nor e
ra lcals or phenyl radicals whlch are substi uted in both ortho-positions
or at least one radical R4, Rz or Rg is a sterically bulky aryl radical and the remaining
radicals of Ry, R, and R; are aromatic hydrocarbon radicals or phenyl radicals which
are substituted in at least one ortho-position;
Ria is a divalent aromatic hydrocarbon radical which is unsubsituted or is
substituted by C-Cealkyl, ORs, S(O),Rs, OS(0)2Rs, NRsR7, C(O)ORs, C(O)NRgR;,
C(O)R,, SiRgR1oR11 or halogen, or Ria is phenyl-C+-Cealkylene;
R: is phenyl or another aromatic hydrocarbon radical, with or without any
heteroatoms, which radicals are unsubstituted or substituted 1-5 times by
unsubstituted or ORg- or R7RgN-substituted C;-Capalkyl, C-Caoalky! which is
interruptéd by one or more radicals O, S(O), or NRs, ORs, ReS(O),, RsS(0)20,
RzRsN, RsOC(0), R;RsNC(O), RsC(0O), RaR10R11Si, ReR10R11Sn, halogen,

R R18a R19
14 R
N R N 18 N A
ReR1oP(O)q, CN andior — 2 — , — N
X 13 X" Ry, N=<
Rz R
Rie 20

—<®“ Rie , or R4 is C1-Caoalkyl, C>-Caalkyl which is interrupted by one or
N—N

more radicals O, S(O), or NRs, or is Cs-Ciocycloalkyl, C,-Cgalkenyl, phenyl-C;-
Cealkyl or naphthyl-C1-Csalkyl, where the radicals C-Czqalkyl, Cs-Cyzcycloalkyl, Co-
Cgalkenyl, phenyl-C;-Cealkyl or naphthyl-C,-Czalkyl are unsubstituted or are
substituted by ORg, ReS(O);,, RsS(0):0, R;RsN, RgOC(0), RyRsNC(O), RsC(O),
RsR10R118i, RgR10R11SN, halogen, RgR10P(O)q, and/or CN;

0]

Y  is (CHg)y,, CH=CH, C(O), NRs, O, S(O), or c< >(CH2)m ;
o)

-

L



-80 - Rerr]S(Oferr], Rerr]S(Oferr]O Rerr]Rerr]N Rerr]0CCO,
Rerr]Rerr]NC(O, Rerr]C(O, Rerr]Rerr]Rerr]Si, halogen,
Rlerr]Rerr]P(Oferr] and/or Rerr]Rerr]Rerr]Sn; with the provisos that
not nore than two of the radicals Rerr], Rerr] and R err] are identical
and either at least two of the radicals Rerr], Rerr] and Rerr] are
aromati c hydrocarbon radicals or phenylgjadicals which are substituted in
both ortho-positions or at |east one radical Rerr], Rerr] or Rer]r is a
sterically bulky aryl radical and the remaining radicals of Rerr], Rerr]
and Rlerr]are aromatic hydrocarbon radicals or phenyl radicals which are
substitutednin B0 1<¥¥% one ortho-position; Rerr] is a divalent aromatic
hydr ocar bon Lc%ag, ghich is unsubsituted or is substituted by

derr]- C[er’rrial OR[err], S(O[err]Rerr], OS(O2Rerr], NRerr]Rerr],
C(O)CR[err]P C(@)CNR[@r?ry]R[err] C(ORerr], SlR[err]R[err]R[err] or

hal ogen, dhohe phenyl - C[err] C[err]al kyl ene; R err] is phenyl or
anot her aroﬁatlc ydrocarbon radical, with or w thout any heteroatons,

whi ch radi cBl s isrRx:RaBxPs RifuBeNiotRsRuist i t uted 1-5 tines by unsubst i t ut ed

_ y | QHQE | kyl
\%("II chi SO:’ nﬁ%ﬂ Ls]pri3Lj eln'\bs.l:';bi Ir"gﬂ’r' agd%c? &Iqéﬁhé%%\?gérrﬁtﬁ%fg sg tra]rr] al ky
OR[err], R pher]&@O@)Qsalkvllqr PRPBYI rRyesui@ybstituied, orRjre sufjsttused 1148 tirmgsby ] OC( O) ,
Rlerr] R[errll;'\'.?aé??ql S bk Phna Ripder IR er IS Reerr Rerr]Rperrsn.

hal ogen [err] , or_R[err] IS
d err] - C er R; ahd {Ag, are[unsubstifiited o} halbgén-shibstituted Ci-Ch atkyl) phenyHE-Galkylor

o ! B phb Sl G B o R AR
c'él[ kyl, ] \A/rét[ar eurbémltul:é@ms:mhﬁsﬁieq-gLfa|QIem{¢ahkpky arid/erhdleddner r | cycl oal kyl ,

err e e en
napht hyl - E‘F'r 73@[‘8?/48]' Pg%ﬁt!é( q? %ﬁgc{’ﬁ(?‘?[u% répbﬁftgtegl%& |q1€?t"gﬁ‘y'by
ORlerr], R[ ﬁéon) Obﬂ-ercbonai wcm&&t&@t@amc,gﬁlm réFCéycldil éﬁil-@p)

R[err]R[err -CJ/'% rréR&glkyloqgh%rg err R;agrr]Sn i

hal ogen,

A0, NR[_er_ ot areQub&tQéoef -S]tmiérs t{yﬁmtdtéaﬁiv[, ©,1d, diiexy land/or halogen, or R; and
Rs, 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;

Rs, Rip and Ry, independently of one another are C1-Cs2alkyl, C3-Cy2cycloalkyl,
phenyl-C,-Cealkyl or phenyl, where the radicals phenyl-C4-Cgalkyl or phenyl are
unsubstituted or are substituted 1-5 times by C,-Cealkyl, C+-Cs.alkoxy and/or
halogen;

Ri2, Ris, Ris and R;s independently of one another are hydrogen, unsubstituted or
C,-C2alkoxy-substituted C4-Cqzalkyl, unsubstituted or mono- to penta-C4-Cealkyl-,
-C4-Cy2alkoxy- or -halogen-substituted phenyl-Cs-Cgalkyl or are unsubstituted or
mono- to penta-C4-Cgalkyl-, -C4-Cizalkoxy- or -halogen-substituted phenyl, or the
radicals Rq2, Ris; R4 and Rys together form an aromatic ring to which further
aromatic rings may be fused;

Rie, R17, R1s;R1sa, Rie and Ry independently of one another are hydrogen,
unsubstituted or C4-Cyzalkoxy-, OH- or halogen-substituted C,-C.alkyl or are
unsubstituted or C4-Czalkyl-, C1-Cyzalkoxy-, OH- or halogen-substituted phenyl;
R21, R2: and Ry; independently of one another are C4-Cizalkyl, C>-Cyzalkenyl or
Cs-Ciocycloalkyl, where the radicals C4-Cyalkyl, C.-Coalkenyl and Cs-Cyzcycloalkyl
are unsubstituted or are substituted by RgOCO or CN, or Rai, Rz and Ry; are

* c L ] S *




- 81 - n is 0, 1or 2, m is2o0r 3;p is 0, 1or2; ¢ is 0 or
1, E is Rerr]Rerr]Rerr]P, Rerr]Rerr]JaRerr]Nor Rerr]Rerr]S;
Rlerr] is hydrogen, Cerr]-C[err]al kyl, phenyl-Clerr]-Clerr]al kyl or
phenyl, where the radicals phenyl-Clerr]-Clerr]al kyl or phenyl are
unsubstituted or are substituted 1-5 tinmes by (Jerr]-(err]al kyl,
Cerr]-Cerr]al koxy and/ or hal ogen; R[e_ré%_ and Rl err] are unsubstituted or
hal ogen-substituted CJerr]-C[err]al kyl, phenyl-Clerr]-Clerr]al kyl or
phenyl, where the radicals phenyl-Clerr]-Clerr]al kyl or phenyl are
unsubstituted or are substituted 1-5 tinmes by rr]-derr]al kyl,

: qerr] N
d err] - C er rynstkstityted 98 msanon i RajiarCrifisalkyl, -CrCealkoxyr Ry -hglagen-substitiethdent | y
of one anot j - h xyH
Cooro. or O oREET PRTES ol rbtlulo f ronbl & perfs SNl e Ok
phenyl - J er rqr-hapgen-pubstijutedpheminy| , where the radical s
phenyl - [ erry- Cig %rkd'l far phenyl are unsubstituted or are substituted
1-5 tinmes by C[erN- er’rﬁ al kyl, (err]-Cerr]al koxy and/ or hal ogen, or
Rl err] and Rger ri$ a radigaitwhich isiable fonform pasifivetionsahi ch they are attached,
forma 5- or 6-nenbered ring which may additionally contain O or S atons;
Rlerr], Rerr] and R err] independently of one another are

d err] - er r3.# éorposjorradcordirey to]algimi han which, inlhe gomEheds]of Gieciorhalaky|  or
henyl , wher he, radical s. nuwl -Cerr]-Cerr]al kyl or phenyl are _

5nsu)l:/)sti tute (Qr’%gﬁggﬁgagéf‘feg‘tﬁg%' lF[S ti ]rreg[ by ]C[er)r/] - erpr] a?/kyl ,

Cerr]-Cerr]al koxy and/or halogen; R err], Rerr], Rerr] and R err]

i ndependent |y ,of one.another.are hyvdrogen,.unsybstituted or

Terr1n Gt or -4 pampsauiheep s ol f IRpiah &S PombbEHisct the formug rono-

t ﬁ pelnt :é[- d %{,ﬁ@hdﬂa}iﬁdélﬁ,ehdentw@f@hé]agﬁm a}e’a\%ikemyor anotherakarpatic Isydos i t ut ed
phenyl -Cerr]-Clerr] a or are unsybstituted or nmono- to.

ont 2 Cl or 1 SEpah g ol esfats ogions, whldhegioals Bre Ha BBt 1P  ut ed
phenyl., or tdimpstitidrblindsty dnsubbtitited or RIFR: 61 RARN-dEbefitifed!@getdign, form an
aromatic ring to which further aromatic rings may be fused; Rerr], Rerr],
Rlerr],Rerr], Rerr] and R err] independently of org,another are hydrogen,
unsubstituted or CJerr]-(err]al koxy-, O+ or hal -gubstituted

d err] - d er rQBRE,HS(Q),, ReS{OND; IRBEM,t hetlagencandBre rrf%l kyl -,
Cerr]-Cerr]al koxy-, O+ or hal ogen-substituted yys Rlerr], Rerr] and
Rlerr] independently of one another are (err]-Cerrfal kyl,
Cerr]-Cerr]alkenyl or err]-Cerr]cycloal kyl, where the radicals

C err] - er rérah& yadical} Bs ahd B éorm ixnidges o proddeebeudtures of thedpohdallkila oar e
unsubst i tuteﬂ) or are substituted by Rerr]OCO or CN, or Rerr], Rerr] and
Rlerr] are !

R: is phenyl, Cy-Cyalkyl, Cs-Cyacycloalkyl, C.-Csalkenyl, phenyl-C; -Csalkyl or
naphthyl-C,—Csalkyl;

Ri2, Ris, R14 and Rys independently of one another are H, C,-Czalkyl or phenyl, or
the radicals Rz, Ry, Ris and Rys iogether form an aromatic ring to which further
aromatic rings may be fused; and

X isNorO.

4. A composition according to claim 1, in which, in the compound of the formula | or
I', Ry.is C1-Cyzalkyl, allyl, cyclopentyl, cyclohexyl, benzyl or naphthylmethyl.

5. A composition according to claim 1, in which, in the compound of the formula | or

I’, Rg is Ci-Cqalkyl, trifluoromethyl or is phenyl which is unsubstituted or is
substituted 1-6 times by C,-Cgalkyl, C-Czalkoxy and/or halogen.

A,




-82 - unsubstituted or nono- to penta-Clerr]-Cferr]alkyl -,
-Cerr]-Cerr]al koxy- or -hal ogen-substituted phenyl-Cerr]-Cferr]al kyl or
are unsubstituted or nono- to penta-Clerr]-C[err]alkyl -,

-Cerr]-Cerr]al koxy- or -halogen-substituted phenyl; X isN, S or Gand G

is a radical which is able for formpositive ions. 2. A conposition
according to claiml, in which, in the npounds of the fornulae | and 1',
Rlerr] and Rlerr] are identical. 3. AConposition according to claim1,

in which, in the compounds of the fornula 1, Rerr], Rerr] and R err]
i ndependently of one another are phenyl or another aromatic hydr o- carbon,
with or without any heteroatons, which radicals are unsubstituted or are

substituted H‘?ﬁ] d;
Rlerr]R err] Ascokﬁsé&ﬁ' P%?H%P &P"e?r’ ]an’ vi |ﬁﬁﬁd cé’?['ﬁ;eorurn]d olfQ[theerfroinS“(“g)l [ogr r],
% e; :] 11 S(R30) ][ g'; ﬁaﬁ? Fglace C}-@?kyl] Phenyh oophenyifal/Gealkyl gretogpther wish hqlwhlél r adi ?:?Ib s
Rerr] 15 PORP W aney o SEAG Mo bitholdi® Bigoltifo oFBpRbp, 112 O
Cerr]-Cerr]al kenyl, phenyl Clerr]-Cerr]al kyl or
T o W oot A i 4P oy U ol By
'[gd\l/vﬁal:ﬁ ]B[ eatr{]d R, ﬁbGZ’GP!(CRDﬁ_ lkﬂl)paenylm,e-;ci@fmgmxmhehw m an aromat i c r| ng

[ ur [, aromatic rings ; .
conposi tion %ﬁg’bﬁ(ﬁ'ﬂHﬂnmﬂynﬁﬁ%‘yir?%['ﬁq\eﬁﬂpg‘??ﬁﬂ! %ﬁ{kﬁtg ) I§Q§h8§yl.t he for rruI a
I or I, Rl egnle-i ,@@Moky)@hemwlm.lsyths(tralub;dmetnylmhepyamr?lat 6-trinalaphenyll , -

benzyl or napht hyl met hyl . 5. A conposition according to claim1, in
whi ch, in the conpound of the formula | or I', Rerr] is

Clerr ]-errga Kothpositidr AdéardmeRiohiaimot, in whichginythe sbripéuridsofithe tdysiulet luRed or

IS substituted 1-5 tines b err err]al kyl ,
hal ogen. and R; are mesityl. y derr]-Cerr]Jalkyl, Cerr]-(err]alkoxy and/or

9. A composition according to claim 1, in which, in the compound of the formula |, Ry
is 1-naphthyl, 2-(C-Cealkyl)naphth-1-yl, 1-anthracyl, 8-anthracyl or ferrocenyl.

- 10. A composition according to claim 9, in which, in-the compound of the formula I,
~ Rand R; are 0-(C-Cealkyl)phenyl, o-(halo)phenyl, o-(C-Cealkoxy)phenyl or
o-trifluoromethylphenyl.

11. A composition according to claim 1, in which, in the compound of the formula |,
G is a metal from group | of the Periodic Table in the first oxidation state, especially
Na*, K* or Li*, or G is MgZ;* or CaZ;* in which Z, is a halogen or C;-C,alkoxy, or G is

an ammonium salt, sulfonium salt or phosphonium salt.

12. A composition according to claim 1, in which, in the compound of the formula |,
R, and R; are identical and are mono- to penta-C4-Calkyl- and/or -halogen-
substituted phenyl, naphthyl or anthracyl, Rs is unsubstituted or halogen- or C,-
Caalkyl-substituted phenyl, biphenyl, 1-naphthyl, 2-naphthyl, 9-anthracyl, 9-
phenanthryl or 1-pyrenyl, Ry is phenyl or Ci-Caalkyl or Rz and Rs form a bridge to

produce a structure of the formula Il in which Y is a bond and G is

* C L M s *




- 83 - 6. A conposition according to claim1, in which, in the conpound

of the formula | or I', Rerr] and R err] are err]-Cerr]al kyl, phenyl,
or phenyl-Clerr]-Cferr]alkyl or, together with the N atomto which they are
attached, are pyrrolidino, piperidino or norpholino. 7. A conposition

according to claim1, in which, in the conpound of the fornula 1, R err]
and Rlerr] are 2,6-di ((err]- C[err]al kylghphenyl ,

2,6-di (CJerr]- C[err]al koxy) phenyl , 2, 6- bls(trlfluoronethyl)phenyl

2, 6-di hal ophenyl, 2,4, 6- trl(C[err] C[err]al kyl ) phenyl ,

2,4, 6-tri(C[err]-C[err]aI koxy) phenyl , 2,4, 6-tris(trif|uororrethyl)phenyl or
2,4, 6-tri hal ophenyl . 8. A conposition according to claiff1, isn which, in
t he conpound of the fornula 1, Rlerr] and | 8_%2"}9“3)3
conposi t i O”té%ﬁétﬁwaﬂlrﬁdhllﬁﬁaddﬁaﬂmdmaﬁﬁﬁ ConpBland 6F the fornula
1, Rerr] is 1-napnhthyl, 2-(Cerr]-Clerr]3 3 -'1-y|, 1- ant hracyl,
9-anthracyl or ferrocenyl. 10. A conposition acgordi®ng to claim9, in
whi ch, in the conpound of the formJIa 1, Rand Rerr] are
o-(Clerr]-Cerr]al kyl ) phenyl, al o) phenyl, o-(Cerr]-Cerr]al koxy)phenyl

_ . “ orrp05|t|on according to claiml, in
which, in thé MW ATT WS @ ‘ .| of the
Peri odi ¢ Tablle imyhe first oxi Omtiar &I-E?é’@pem ar’ ”K [err] or
Liferr], or Gis I\}g.Z[err] or CaZégrr] |n whi ch Z[err] is a haI ogen or
derr]- C[err]al koxy, or Gis an anmoni um salt, sulfoniumsalt or
phosphoni um sal t . 12. A conposition according to claim1, in which, in
t he conpound I!1e formula 1, Rlerr] and Rlerr] are identical and are
mono- to penté- Ebrq R?HJ)J\‘CHX@H) JOHLEN éehawwns)s ,SWSLHé)MlaBi‘)enyl
napht hyl or a acy i's unsubstitute hal ogen- or (Clerr]-

C4al kyl - substituted phenyl, bi phenyl, 1-naphthyl, 2-naphthyl, 9-anthracyl,
9- (0] ?sz
+ Lo +N.__CH =N*=
(CH5—N—CH;CH-CH, , ~Ns%s , (phenyl)sP=N"=P(phenyl)s,
Y

0]
/N cH + L
N N7~ , (Phenyl);—P—CH;-C—OCH, ,
Q— \_/ ‘CcH (Phenyhs 2 8

3

O
(Phenyl):;—fS—CHZ—CH=CH2 , (PhenW)é_E—(CHz)r( :> » (phenyl)sS™,
0]

o)
(Pheny])é——s—CHz—g—Q—q . (Phenyl)z—s-fCH;@—OCHs or a compound of the

formula I’ in which Ry, is naphthylene and E is trimethylammonium or
dimethylbenzylammonium.

13. A composition according to any one of claims 1-12, comprising in addition to
components a) and b) at least one coinitiator (c).

14. A compeosition according to any one of claims 1-12, in which the coinitiator (c) is

a neutral, cationic or anionic dye.

15. A composition according to any one of claims 1-12, in which the coinitiator (c) is
a UV absorber.

A O



phenanthryl or 1 -pyrenyl, R err] is phenyl or (Jerr]-Cferr]alkyl or R err]

and Rl err] forma bridge to produce a structure of the formula Il in which
Yis a bond and Gis -84 -
tetramet hyl anmoni um safranin O cation [err] [err]

[err] or a conpound of the
-85 -

16. A composition according to claim 1, comprising in addition to components (a)
and (b) at least one compound of the formula XI

Ry ——
' zZ+ Xi)
Ry -

in which R,, Ry, Rc and Ry independently of one another are C4-Czalkyl, trimethyl-
silyimethyl, phenyl, another aromatic hydrocarbon, C, -Cealkylphenyl, aliyt, phenyl-
Ci-Cealkyl, C-Csalkenyl, Co-Cgalkynyl, Cs-Ci2Cycloalkyl or saturated or unsaturated
heterocyclic radicals, wherein the radicals phenyl, another aromatic hydrocarbon,
phenyl-C;-Cealkyl or saturated or unsaturated heterocyclic radical are unsubstituted
or are substituted 1-5 times by unsubstituted or ORe- or R;RgN-substituted C;-
Caoalkyl, C-Capalkyl which is interrupted by one or more radicals O, S(O), or NR;5,
ORg, RsS(0),, RsS(0)20, R7RsN, RsOC(0), R7RsNC(O), RsC(O), RsR10R118Si,
RsR10R11SN, halogen or RgR1cP(O)q, CN;

P is0,1o0r2;

q isOor1;

Rs is hydrogen, C+-Cizalkyl, phenyl-Cy-Cealkyl or phenyl, where the radicals
phenyl-C;-Cgalkyl or phenyl are unsubstituted or are substituted 1-5 times by
C4-Cealkyl, C4-Cy2alkoxy and/or halogen;

Rs is unsubstituted or halogen-substituted C,-C.alkyl, phenyl-C4-Cgalkyl or phenyl,
where the radicals phenyl-C;-Cgalkyl or phenyl are unsubstituted or are substituted
1-5 times by C4-Cealkyl, C+-Cy2alkoxy and/or halogen;

R; and Rs independently of one another are unsubstituted or C4-Ci.alkoxy-,
halogen-, OH-, COORg- or CN-substituted C1-Ciz2alkyl, C3-Ci2cycloalkyl, phenyl-C;-
Cealkyl or phenyl, where the radicals phenyl-C-Cealkyl or phenyl are unsubstituted
or are substituted 1-5 times by C1-Csalkyl, C+-Ci2alkoxy and/or halogen, or R; and
Rs, 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;

R, R1o and Ry independently of one another are C1-C1zalkyl, C3-C1ocycloalkyl,
phenyl-C4-Csalkyl or phenyl, where the radicals phenyl-C4-Cgalkyl or phenyl are
unsubstituted or are substituted 1-5 times by C4-Cgalkyl, C{-C1salkoxy and/or
halogen; and

* < L M S *



formula I' in which Rerr] is naphthylene and E is trinethyl amoni um or

di met hyl benzyl amoni um 13. A conposition according to any one of clains
1-12, conprising in addition to conponents a) and b) at |east one
coinitiator (c). 14. A conposition according to any one of clains 1-12,
in which the coinitiator (c) is a neutral, cationic or anionic dye. 15. A

conposi tion according to any one of claggs 1-12, in which the coinitiator
(c) is a WV absorber.

- 85 - 16. A conmposition according to claim1, conprising in addition
to conponents (a) . and st one. cqonmpound of the fornula Xl [err]

).
in which R[ &i§ 3 radigal ?"RFQ\ert? AAPIFYEI9NS- ndependent |y of one another are
Clerr]-Cerr]alkyl, trimethyl- silylmethyl, phenyl anot her aromatic

hydr ocar bon, err] -Cerr]alkyl ph [ h | kyl,
Jerr]-Jer ﬂ?g n@rnppsmqq %‘PQOId'QﬂyB)IrO TQ'E%( y %ﬁg«.ﬁﬁeané%‘? %’@Eﬁt%fé% E;/Ir] gr Y
saturated Of%h’iﬂ&aitdl‘rl’aérﬁfhth'@ég%ﬁéﬂ Wﬁlchfi,ﬂhﬁ Sor IV it ddldurduring beafter

phenyl, ano aronmati c rocarbon, phenyl-Cerr C[err%al Kk r
sat ur at ed oirragiationyit alse@emtmsglegpcfpr this- dye, ag cation: to,he grronsiitye fﬁ'fe are

substituted stituted OR6- N subst i d
Jerr]- g&"é?aﬂd@%ggorWHJlbvm: cﬁ ?s io:uerrup?(radRLy(r)]neR[ g;r]m)rzurzgz E:;Itg
0] S(O)[err] or NRlerr], OR[err], Rerr]S(Oferr], Rerr]S(OJ[err]O

Rlerr]Rerr], E[ X rﬁg&&% Qéco]rﬁ\g %u% &id N%l A R, Qﬁﬂl&lﬁh@ddmon to the

Rlerr]R err] err gen or
Rl er r] R[ er r préjritetor] (b) &b comprises & least one gther photomltlator (d) and/or other

additives.

19. A composition as claimed in claim 18, in which a readily reducible compound,

especially a halogenated hydrocarbon, is employed as a further additive.

20. A composition according to claim 18, comprising as photoinitiator (d) a titano-
cene, a ferrocene, a benzophenone, a benzoin alkyl ether, a benzil ketal, a 4-aroyl-
1,3-dioxolane, a dialkoxyacetophenone,' an o-hydroxy- or a-aminoacetophenone, an
a-hydroxycycloalkyl phenyl ketone, a xanthone, a thioxanthone, an anthraquinone
or a mono- or bisacylphosphine oxide, or mixtures thereof, as additional

photoinitiator.

21. A composition according to claim 1, comprising in addition to components (a)
and (b) at least one neutral, anionic or cationic dye or a thioxanthone and an onium
compound.

22. A composition according to claim 21, additionally comprising a free-radical

photoinitiator, especially an a-amino ketone compound.

23. A composition according to any one of claims 1-22, containing from 0.05 to 15%
by weight, in particular from 0.2 to 5% by weight, of component (b) and/or of com-
ponents (b) + (d), based on the composition.
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q is Oor 1; Rerr] is hydrogen, Cferr]-C[err]alkyl,

phenyl -Clerr]-Cferr]al kyl or phenyl, where the radicals

phenyl -Clerr]-Cerr]al kyl or phenyl are unsubstituted or are substituted
1-5 times by err]-Cerr]Jalkyl, Cerr]-Cerr]al koxy and/ or hal ogen; R err]
IS unsubstituted or hal ogen-substituted CJerr]-Cerr]alkyl,

phenyl -Cferr]-Cerr]al kyl or phenyl, whegre the radicals

phenyl -Clerr]-Cerr]al kyl or phenyl are unsubstituted or are substituted
1-5 times by err]-Cerr]Jalkyl, Cerr]-Cerr]al koxy and/ or hal ogen; R err]
and R err] independently of one another are unsubstituted or

[ er r |- d er 2pahlcompounchaf hgdermulada-or IOOR err]- or CN-substi t ut ed
Cerr]-Cferr]alkyl, Cferr]-Clerr]cycloal kyl, phenyl-Clerr]- Cferr]alkyl or
phenyl, where—t he radhcal s phenyl-Clerr]- C[err]al kyl or phenyl are
unsubstltute or Fhre ubstituted 1-5 tri‘zmes Ry Clerr]-(err]alkyl,

Clerr]- C[err]@i_k.qg@y @ dr hal ggen,RerBRRgrHE  arl@)Rlirwhjch t oget her with the
N atomto whilch t y re attached, for[!pa 5- or 6-nenbered ring which may
addi tional |y lcont i n or S atoms; Rerf], Rerr] and Rlerr] independently
of one another are C[e_rr]-C[err]aI kyl, Cerr]-(err]cycloal kyl,

phenyl - ( er rg; ﬂ@RE’Tr&iépbthftlynﬂ eny hnoWeeaKe pﬂmyhmiblm il substituted in at least

phenyl derr al k he a ted
-5 tines b)};"e[%&'f’]‘l ?/‘rt? gﬁ% J}é[“é?ﬁ é&%@ﬁ'ﬁ’g{l}”ﬁﬁ%(@# gand
- 86 - t YA '|ﬁteﬁ'ubtgdlb9&l{ne\/d?:m‘d”re ir&died ©, S(O)‘p@r NFE,QGR& IF:QS(G))aersS(OEzDZ fAt )
conposi tion accor o_cl ai a one, borate o e
formula | orRAsNgReP @)i QTQi ﬁ?&ggﬁﬁ{ @wﬂeﬁérﬂrbﬁ@rsﬂ 5‘?@9 M™'s col our
during or after irradiation, it aI bei ng possiblg for this dye, as
cation, to be a constituent of tRe ]d‘orrpound of the T‘or mul a 1. 18. A

conposi tion onegy e in addition to the
phot oi ni ti at%ﬁ%%&‘hggf&& r| se%:

Rgas RQhot0|n|t|ator (d)
and/ or other additives. osition as o anned inclaim118, in
which a readily reducible conpound Yespecially a ha]ogenated hydr ocar bon,
is enployed as a further additive.

L AT

llb

(I (lib)

where the aromatic rings in the formula Il are unsubstituted or are substituted by
C1-Caoalkyl, C2-Caoalkyl which is interrupted by one or more radicals O, S(O), or NRs,
ORsg, RsS(O)p, ReS(0)20, R7/RsN, RgOC(0), R7RsNC(0O), RoC(0O), ReR10R11Si,
halogen, RgR1,P(O), and/or RgR10R11Sn;
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20. A conposition according to claim 18, conprising as photoinitiator (d) a
titano- cene, a ferrocene, a benzophenone, a benzoin al kyl ether, a benzi
ketal, a 4-aroyl- 1, 3-dioxol ane, a dial koxyacet ophenone, an a-hydroxy- or
a- am noacet ophenone, an a- hydroxycycl oal kyl phenyl ketone, a xanthone, a

t hi oxant hone, an ant hraqui none or a nono- or bisacyl phosphi ne oxi de, or

m xtures thereof, as additional photoi niggi_ator. 21. A conposition
according to claim1l1, conprising in addition to conponents (a) and (b) at

| east one neutral, anionic or cationic dye or a thioxanthone and an oni um
conmpound. 22. A conpositiogn accor o.claim?2l, a onaIIy
conprising &4 F%%dW§@BE%’P"]§HSPM$WF?'%QFg‘?‘s'c@m 'ﬁl”f‘§”bo§ﬁ ?ﬁ'ﬁo ket one

compound.  g@Bstittled amscshlpn omcsmkmg OSRORMY, #@bﬂeﬂsg@hﬁ%ﬂw

containing fromo0.0 I n partlcu ar romoO to 5% by
wei ght, of &iQPea SRR ﬁrriéﬁlQﬁeerr Bonis RheRWrr<Cqallylene; d) | based on the

conposi tiong.: s a bulky aromatic radical, -87 - 24. A
conmpound of the fornufa la or 1a [err] err]

i ndependent IF’y ofs @T@Vhrﬁbt@m&'%r@%hﬂl'mﬁﬁ%ﬁd E!F oge@smqr %f%ﬁi‘%bﬁ@kast
one ortho-p gﬁs&?} |§\;\%|3 QQIQ it éz-bQéik %eﬁ&l@l@a\élk?{ &t rfa]phﬂyﬁb -b@élk?['

Cerr]-Cerr nterru one radi
S(O[err] owhers ﬁ\erf?dicﬁh[cér(?z};a,lkﬂ[@rgizﬁxdgqﬂeﬂ Gz CeRjkenyl] plrenyj- @Il‘ppml or
E[[ et } E[[ et }r@rmﬁ&% b(%yﬁ) tﬁ[sgpge}t Qrcfr%aggé@]stl ﬂ&‘w O ReS(0),, ReS(0)20,
R7 aN RsOC(O) R7RaNC(O) RQC(O) R9R10R11SI RngRnSn halogen
RngP(O)q, and/or CN,
O
Y s (CHz),, CH=CH, C(O), NRs, O, S(O), or C /(CHz)m ;

n is0,1o0r2;

m is2or3;

o] is0, 1or2;

q isOor1;

E is R21R22R23P, R/R7RsN or RgReaS;

Rs is hydrogen, Ci-Cy.alkyl, phenyl-C,-Cealkyl or phenyl, where the radicals
phenyl-C,-Cgalkyl or phenyl are unsubstituted or substituted 1-5 times by C;-Cgalkyl,
C4-Ci2alkoxy and/or halogen; '

Rs and Rea independently of one another are C,-C+zalkyl, phenyl-C,-Cealkyl or
phenyl, where the radicals phenyl-C,-Cgalkyl or phenyl are unsubstituted or
substituted 1-5 times by C.-Cealkyl, C1-C12alkoxy and/or halogen;

R;, R7a and Rg independently of one another are C4-Czalkyl, C3-Ci2cycloalkyl,
phenyl-C,-Cealkyl or phenyl, where the radicals phenyl-C;-Cgalkyl or phenyl are
unsubstituted or substituted 1-5 times by C4-Cgalkyl, 'C1-C12alkoxy and/or halogen, or
Rz and Rg, 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;

R, Rio and Ry independently of one another are C4-Cyzalkyl, C5-Ci2cycloalkyl,
phenyl-C-Csalkyl or phenyl, where the radicals phenyl-C,-Cealkyl or phenyl are
unsubstituted or substituted 1-5 times by C;-Cgalkyl, C-Cy,alkoxy and/or halogen;
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Rerr]Rerr]P(Oferr], CNandh/lo.r [err]

[err] or the radicals Rerr]' and R err]' formbridges to produce
structures of the fornula Il, Ila or Ilb [err] where the aronmatic
rings in the fornula Il are unsubstituted or are substituted by

Cerr]-ferr]alkyl, Cferr]-Cerr]alkyl which is interrupted by one or nore
radicals 0, S(Of[err] or NRerr], ORerrl,_ Rerr]S(Oferr],

Rlerr] S(O[err]O Rerr]Rerr]N, Rerr]C(O, Rerr]Rerr]NC(O, Rerr]C(O,
RlerrI][Rerr]Rerr]Si, halogen, Rerr]Rerr]P(OJ[err] and/or
R[err]R[err]R[err]Sn

-88 - R ey, Ris,Riaand Rad independentyt olonganodatase Rydragen ansylpstitged or

gygyf; 'r; léf ?rcﬁza@iyae@éﬁmﬁ[&dc D gubs{ﬁhwdraﬂ.&w to t840,1Gsalkyl-,

er I‘ er I‘
C(O NRerr] RCeCizalkogy-Or Fhalogan-sigistiuted WIFQWRE}-Q;S@N]OY are m@g@ted&f Rlerr]"

i s phenyl -
Rlerr] is [ﬂ\%’ﬁ{/ It&%téjﬁﬁ%{kg fﬁz{eﬁr"@’%{ er-g1 IogFllé %M?ﬁft@gﬁlbrﬁq‘gﬁiﬁﬁled by
one or nor e radidhls M,5 R, R &)d RigtbgetheNBfre an]arorati¢ ing to which further

ﬁ[ag[r[]hqu er(r:#r?l%I galgk%/ ?*%?Jsreh ( err]al kenyl, phenyl-Cerr]-Cerr]al kyl or

Re1, Re2 and Rzs independently of one another are Cy-Cqzalkyl, C2-Cr2alkenyl or
Cs-Crzcycloalkyl, where the radicals C-Croalkyl, C2-Crzalkenyl and Ca-Ciocycloalkyl
are unsubstituted or are substituted by RsOCO or CN, or Ry, Rz and Ros are
unsubstituted or mono- to penta-Cs-Cealkyl-, -C1-Cyalkoxy- or -halogen-substituted
phenyl-C;-Csalkyl or are unsubstituted or mono- to penta-Ci-Cealkyl-, -C-C12alkoxy-
or -halogen-substituted phenyl; and

G s a radical which is able to form positive ions.

. 25. A compound according to claim 24, in which G is a metal from group | of the
Periodic Table in the first oxidation state, especially Na*, K* or Li* or G is MgZ;" or
Caz;* in which Z; is a halogen or C-Csalkoxy, or G is an ammonium salt, suifonium
salt or phosphonium salit.

26. A compound according to claim 24, in which Ry’ is 1- or 2-naphthyl, binaphthyl,
“anthracyl, phenanthryl, pyrenyl, quinolyl, isoquinolyl, biphenyl, o-, m- or p-terphenyl
or triphenylphenyi.

27. The use of a compound defined in claim 1 or 24 as unimolecular photoinitiator
for the photopolymerization of ethylenically unsaturated compounds.

28. A process for the photopolymerization of nonvolatile monomeric, oligomeric or
polymeric compounds containing at least one ethylenically unsaturated double
bond, which comprises adding to the abovementioned compounds at least one
compound of the formula | or I’ according to claim 1 or a compound of the formula la
according to claim 24 as unimolecular photoinitiator and irradiating this mixture with
light from the infrared range through the UV range to a wavelength of 200 nm.

I
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where the radicals Cferr]-Cferr]alkyl, (err]-Cerr]cycloal kyl,
Cerr]-Cerr]al kenyl,. phenyl-Cferr]-Cerr]al kyl or

napht hyl -Clerr]-Cerr]al kyl are unsubstituted or are substituted by
OR[err], Rerr]S(Oferr], Rerr]S(Oferr]O Rerr]Rerr]N Rerr]0CCO,
Rerr]Rerr]NC(O, Rerr]C(O, Rerr]Rerr]Rerr]Si, Rerr]Rerr]Rerr]Sn,

hal ogen, Rerr]Rerr]P(Qferr], and/or G4. Y is (CHerr])[err], CH=CH,
C(O, NRerr], O S(O)[err] or [err] n is 0, 1o0or2;, m is 2or 3; p
is 0, 1or 2;q IS or - 1 E IS R[err]R[err]R[err]P

N d
G or ] er 1%%%%&%@2% Bhr ReA GG RRY P Bt AT 125 Iarerescing Mg ca s
phenyl - qe”r}\eﬁibﬁrahh%hbhghéhied)&&ﬁﬁ nﬁtﬁ'la!é]%hﬂbr EoHtiRgs, Printigp ks { pHirgilg 1- 5

times by (err]-Clerr]a Cerr[-Cerr]al koxy and/ or _hal ogen; R[err] and
Rlerr] indepdd §srﬂqf5¢st¥ﬁs~d¥ﬁ§'t%iﬁ9mﬁ’8ﬁ'“a’ﬂ% “@L"EQH"?Q%PEF'W él"’ﬂ?'?es lour
phenyl - err rb err n'fé/ | Ia%"s fﬂﬁl@%le cU4PIS, dcnder ﬁﬂitlﬁgsfénclls resist

phenyl - C[err are unsubstituted or substituted 1-5

ti mes by C[ enalerigse Facaqsulatlug elecirice} and glactranis comppnantss faroppeducingerr |
d

G or 11 - Of er rICRRERS FUAPESHRRE, 1 ki BRGICHE p g rlplaiti B B e
radi cal s phethyae-dinensipnaabjedtaibk geaps obstereplltmg@pbn.sfgbsmtograehic@lr

bstituted nd/ or
?\gl zg:anu o ré;? E{%' Qat‘ogeﬁ%%é %o?{}oﬁigﬁgﬁﬁn {’ggnﬁgdlr ﬁw‘%ﬁé@ﬁa}(eaattgched
forma 5- orreﬁerdnmbered ring which may additionally contain O or S atons;
Rlerr], Rerr] and R err] independently of one another are

Cerr]-Cerr]alkyl, (err]-Cerr]cycloal kyl, phenyl -C[err]-C[érr]aI kyl or
phenyl , wher20.tAevatedisutstratepwbich is éjaded dn 6f least| anlelspiface with aropmpmsition
unsubstltuted or .substitute | S by Jerr]-Cerr]alkyl,

Cerr]-Cer rT%ﬁoR%?& oy e %eﬁjrad'agh

-89 - Rlerr], Rerr], Rerr]lJand R err] independently of one another are

U S O R INCK A AR T R R

- ([ err] - J ergbjedting v-coated sibshgeraceoialirig follht 30t immhgéwiss ekpdsues andl kyl or
are unsubsti%gtﬁ%ag‘bng nodqé(gs e érgé%vetf@ﬁog&er[,] al IkyI ] . I
-Cerr]-Cer I - < = eny or the radicals
Rlerr], Rlerr], Rerr] and Rerr] together forman aromatic ring to which
further aronatic rings nay be fused err] and err].
i ndependent | $2-d¥ P"Gﬁésgsafﬁbi%e?"°9ﬁ“3'°@[°éﬁlﬁef @&FF‘&W@W"‘B{'@%? P& al kenyl
o or. coated substrate according to claim 30 by means of a movable laser beam (without
mask) and then removing the unexposed areas with a solvent.

33. The use of a compound of the formula | or I’ or la or 1a’ as initiator for the
thermal polymerization of compounds containing ethylenically unsaturated double
bonds.

34. A process for the thermal polymerization of compounds containing ethylenically
unsaturated double bonds, which comprises adding as polymerization initiator at
least one compound of the formula | or I’ or la or Ia’.
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Cerr]-Cerr]cycloal kyl, where the radicals (Jerr]-Cerr]alkyl,
Cerr]-Cerr]alkenyl and err]-Cerr]cycloal kyl are unsubstituted or are
substituted by Rlerr]OCO or CN, or Rerr], Rerr] and R err] are

unsubstituted or nono- to penta-Cerr]-(err]alkyl-, -Cerr]-Cerr]al koxy-
or -hal ogen-substituted phenyl-Cerr]- rrr]al kyl or are unsubstltut ed or
nono- to penta-Clerr]-Cerr]alkyl -, C[err] C[err]al =

- hal ogen-substituted phenyl; and G is a r,. = k to form
positive Agdi@mct 25. A conpound according t§ y ' ic Gis a
metal fromgroup | of the Periodic Table in} on state,

CaZ[err] in which

especially Na[err], Klerr] or L[err] or Gis V7]

Z[err] i Strg i'ﬂ%.ﬂ%f}ela{es% %hbiop@[yﬁferr&amk %Mpoﬁt‘oﬁa dain iotoiitiatot a

sul fonium salt or honi um sal t. . A compoun accor ing to claim 24,
i n whi ch iRyratergfthe " rorf napht hyl , b| napht hyl , anthracyl, phenanthryl,
pyrenyl, quinolyl, |squ| nol yl, bi phenyl, o-, m or p- terphenyl or |

tri phenyl phenyl . 27. e use of—a corrpound defined in claim1l or 24 as

uni nmol ecul ar photoiniti torRﬁor he photopolyﬁ%rlzaglon of ethylenically
unsat ur at ed conpounds. Qaa—ﬁ% rgfess for Rﬁmﬁ1ﬂmeEpolyner|zat|on of
nonvol ati | e nononeri c, bl ghnefilc or polynerlthonpounds cont ai ni ng at

| east one et hyl eni cal | yLunsat urat ed doubl e bon whi ctn i ses adding to
t he abovenenti oned conpounds at | east one co und of the formula | or I’
according to claim1l or a cémpound of the formila la according to claim 24
as uni nol ecul ar photoinitiator and jrradiatin i S nlx ure Wt 'é% from

ot g ohd

t he i nf r aRediz aRg s #iee fRfheXaiBPie\aNd, igepepden PRAGPA h(ﬁr Aok her

90 - 28ombie wan%cafboa mnbwthbmran@mrdamst Whith\tadibls @fe ahstbsttuled’sr
for producing pig- nmented and unp |arrente coat i n% mat eri al s, powder

coat i ngs, a'i?rﬁ‘-‘l‘?ﬁ'ﬂtﬁ@db pithe radicals it @nd |Redferm bridgrsdp praduce strugiuresphtbe farmylae.

wavegui deﬁ nLHipcal switches, colour proofing systens, glass fibre cable

coatings, screen printing stencils, resist materials, for encapsulating

el ectrical and el ectronic conponents, for producing ci te RROSi ti ons,
¥

for produci ng rragnetic recording materials, for produ

©;B£© /B‘i

(i (lia) (Ib)

with the provisos that not more than two of the radicals Ry, Rz and Rslare identical and
either at least two of the radicals Ry, Rz and R3 are aromatic hydrocarbon radicals or phenyl
radicals which are substituted in both ortho-positions or at least one radical Ry, Rz or Rz is a
sterically bulky ary! radical and the remaining radicals of R, Rz and R; are aromatic
hydrocarbon radicals or are phenyl radicals which are substituted in at least one ortho-
position; Ry is, for e)_(ample, phenyl or C,-Cxalkyl and G is a radical which is able to form

positive ions.
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t hr ee- di nensi onal Obj ects by nmeans of stereolithography, for photographi cal
reproductions, and as #mage recordi'ng material, especially for hol ographic
recordings. 30. A coated substrate which is coated on at | east one

surface with a conposition according to any one of clai REREA li :

process for the photographic production of relief | mages,

subj ecting a coated substrate according to claim30 to i jagew se expo

and then renoving the unexposed aredd with a sol vent. 2. %p{&gﬁ&l@ﬁo
the production of relief inmages, which conprises exposing 4 coaté
substrate according to cIa| m30 b : < $ i '

mask) and then BT kg PHAT OMITHEEQR &S Vi 54 : 33. The use

of a conmpound of the formJIa | or I' or Ia or la' as |n|t|ator for the

t hermal pol ynerizati on of conpounds containing ethylenically unsaturated
doubl e bowdtract 34. A process for the thermal polynerization of conpounds
cont ai ni ng ethyl enically unsaturated doubl e bonds, which conprises adding
as polynerization initiator at |east one conpound of the fornula | or |I' or
I a or | a'The invention relates to photopolymerizable compositions comprising as photoinitiator a

borate of the formula l or I’

R1 B RZ
| + !

R—B-R, | G Ri—8
Ry R, , in which
U (1

R:, Rz and Rj are, for example and independently of one anofher, phenyl or another
aromatic hydrocarbon, with or without any heteroatoms, which radicals are unsubstituted or
are substituted, or the radicals Ry and R, form bridges to produce structures of the formulae
I, llaorllb

o 8 TP

() (lla) (Ilb)

with the provisos that not more than two of the radicals R;, Rz and Rj are identical and
either at least two of the radicals R,, Rz and R; are aromatic hydrocarbon radicals or phenyl
radicals which are substituted in both ortho-positions or at least one radical Ry, Ry or R; is a
sterically bulky aryl radical and the remaining radicals of R;, Rz and Rj are aromatic
hydrocarbon radicals or are phenyl radicals which are substituted in at least one ortho-

position; R, is, for example phenyl or C;-Cyalkyl and G is a radical Wthh is able to form
positive ions.



