Al koxyphenyl - substi t ut ed blsacylphosphlne oxi des The invention relates to
al koxyphenyl - substi tuted bi sacyl phosphi ne oxi de conpounds, to conpositions
conprising these conpounds and to the use of the conmpounds as
photoinitiators for the photopol ynmeri zatiten of ethylenically unsaturated
conpounds. Bi.sacyl phosphi ne oxi de conpounds are known as photoinitiators.
Such conpounds are described, for exanple, in GB-A 2 259 704 and in US-A 4
792 632 and US-A 4 868 091. The conpounds di'scl osed therein include, inter
alia, bis(2,6- dichlorobehzoyl) 4- et hoxy- phenyl phosphi ne oxi de and

bi s(2, 6- dlchlorOoen%o 1) dlnethoxyphenylphosphlne oxi de. EP-A 446 175
di scl.oses pHER UL JSPNOSPIHAE QX168 nponp- and bi sacyl phosphi ne
oxi des wiith [err]- hydroxy*ketones and benzophenones Inter alia,

bi s(2, 4, 6- hos d di scl d |
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havi ng good surface cgrln rties S NoW baan oun that t hese
properties are present-in the conpounds of the fornmula | [err] [err] and

[err] are ipqByiphddphitic dii&cf&h%hn@ﬂe%ﬁ@wﬁlai tSiitiatdrs [d1Rh oM xﬂis'a{'c [err]
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hal ogen,  The c@mpotiisidiscioséd thefein ineludeimter lignbis2 6l dicHlefobenzoyl)-4-ethoxy-
phenylphosphine oxide and bis(2,6-dichlorobenzoyl)-2,4-dimethoxyphenylphosphine
oxide. EP-A 446 175 discloses photoinitiator mixtures comprising mono- and
~ bisacylphosphine oxides with a-hydroxy ketones and benzophenones. Inter alia,
bis(2,4,6-trimethylbenzoyl)-4-methoxyphenylphosphine oxide is disclosed as a possible
acylphosphine oxide component in such a mixture.

In industry, for the extensive range of applications of photoinitiators, there continues to be
a need for reactive storage— and hydrolysis-stable photoinitiators having good surface
curing properties.

It has now been found that these properties are present in the compounds of the formula I

00O

u i u
Ry =C-P-C-R,  (I),in which
. R3

R, and R, are identical or different and are a radical of the formula II

in which
R, and Rs independently of one another are C,-C,,alkyl or C,-C;zalkoxy, and
" Rg, Ry and Rg independently of one another are hydrogen, C;-C,,alkyl, C,-C;,alkoxy or
halogen,



in which [err] is [err] which is interrupted by 0, [err] [err]
hal ogen-substituted [err] cycloal kyl, phenyl which is unsubstituted or is
substituted with 1-4 [err] and/or [err] groups, naphthyl which is
unsubstituted or is substituted with 1-49[.err] and/or [err] groups, [err]
which is unsubstituted or is substituted on the phenyl ring with 1-4 [err]
groups, or is [err] O or [err] Is aradical of the formula IV or V O:
[err] O in which [err] and [err] are as defined above, X is unsubstituted.
or -[err]- :j%ifidigaﬁgft[hgrf&lﬁhﬂﬁe”e [err]al kyl ene which is interrupted by
0, or is [err]alkenylene or Xxylylene, [err] is hydrogen, [err]alkyl,
[err]al kyl mhlch is interrupted by 0, or is [err]alkenyl, cyclopentyl,
cycl ohexyl, phenyl which is unsubstitug d or is substituted with 1 or 2
[err] and/or [err] groups, or .is [err g{% i s hydrogen, [err] which is
interrupted by 0, or is [err] cyclo yclﬁgexyl phenyl which is
unsubstituted or is substituted with ( [err] and/or [err]

groups, or is -OR9, or is a radical of thBﬁformJIa VI O [err] or
' 12

in which _

Ry is C;-Cypalkyl, C,-Cypalkyl which is interrupted by O, C,-C,alkenoxy-substituted
C,-C,alkyl, halogen-substituted C,-Cygalkyl, Cs-Cycycloalkyl, phenyl which is
unsubstituted or is substituted with 1-4 C,-C,alkyl and/or C,-C4alkoxy groups,

- naphthyl which is unsubstituted or is substituted with 1-4 C;-C,alkyl and/or
C,-C,alkoxy groups, phenyl-C,-Csalkyl which is unsubstituted or is substituted on the
phenyl ring with 1-4 C,-C,alkyl and/or C,-C,alkoxy groups, or is C,-Cjsalkenyl, -CF;

IO\
or “CHCH-CH; orRy is a radical of the formula IV or V
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in which
R; and R, are as defined above,

X is unsubstituted or -OR3-substituted Cl-Cmalkylene, C,-Cypalkylene which is
interrupted by O, or is C4-C,,alkenylene or xylylene,

Ryq is hydrogen, C,-Cyqalkyl, C,-C,galkyl which is interrupted by O, or is C,-C,alkenyl,
cyclopentyl, cyclohexyl, phenyl which is unsubstituted or is substituted with 1 or 2
C,-Cyalkyl and/or C;-C,alkoxy groups, or is -ORy,

Ry, is hydrogen, C;-Cyqalkyl, C,-C,qalkyl which is interrupted by O, or is C,-C,alkenyl,
cyclopentyl, cyclohexyl, phenyl which is unsubstituted or is substituted with 1 or 2



[err] and [err] in the formula IIl together are [err] or [err] or [err]
and [err] together with the atons to which they are attached, forma
benzene ring which is unsubstituted or substituted with 1 or 2 [err] and/or
[err] groups, R12 is hydrogen or -OR9, [grr] is [err]. [err] and [err]

I ndependently of one another are hydrogen, [err] phenyl or [err] or [err]
and [err] together with the carbon atomto which they attached, forma
[err] ring, Yis a single bond, [err] or [err] R16 is hydrogen nethyl or.

ethyl, R17 i ggﬁ and m
I S a nunber ?‘rQ% %gwopbflr?‘é%hx%g&%’so&t g?%he raél] ?’err%\rnn t he
formula Il is in the p-position of the phenyl ring and[err] Is nmethyl, at

| east one of the radicals [err] and Berr] i not hydrogen. [err] and
[err] as [err] are linear or branched Radia Is and are for exanple mnethyl,

ethyl, propyl, isopropyl, n-butyt) utl BObHVé tert-butyl, pentyl_
hexyl , heptyl, 2,4,4-trinmethyl pentyl Ih xyl ctyl, nonyl, decyl or

dodecyl. Exanples are [err] and [err aﬁu{é ? espeC|aIIy [err]. [err] as

[err] are linear or branched radical s'iand ale for exanpl e nethoxy, ethoxy,

propoxy, isopropoxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert-butyloxy,

pentyl oxy, ‘hexyl oxy, heptyloxy, 2,4, 4-trinethyl pentyl oxy, 2-ethyl hexyl oxy,

octyl oxy, ®fonyl oxy, decyl oxy or dodecyloxy, especi al |l y met hoxy, et hoxy,

pr g Pgﬁg ¥ . ﬁgﬂmﬂw the/ FoRtHIX IV gt ar R CRYR  J- B RAOHOR=CHY, or DUt 1 Oxy,
P y ang%u, together with the atoms to which they are attached, form a benzene ring
which is unsubstituted or substituted with 1 or 2 C,;-C,alkyl and/or CI-C4a1koxy
groups,
R,5 is hydrogen or -OR,
R;3 is C;-Cgalkyl,
R4 and R;5 independently of one another are hydrogen, Cl-Csalkyl phenyl or -CHy0R 3,
or R4 and Ry, together with the carbon atom to which they attached, form a
Cs-Cgeycloalkyl ring, '
Y is a single bond, -CR4R7-, -NRg-, -S-, -SO,-, -(CH7)m or -CH=CH-,
R4 is hydrogen, methyl or ethyl,
R;7 is hydrogen or C;-C,alkyl,
Rz is hydrogen, C,-C,,alkyl or phenyl, and
m is a number from 2-12,
with the proviso that if the radical -ORy in the formula [l is in the p-position of the phenyl
ring and Ry is methyl, at least one of the radicals R;, Ry; and Ry, is not hydrogen.

R4, Rs, Rg, Ry and Ry as C;-C,salkyl are linear or branched radicals and are for example
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl,
heptyl, 2,4,4-trimethylpentyl, 2-ethylhexyl, octyl, nonyl, decyl or dodecyl. Examples are
R4, Rs, Rg, R7 and Ry as C,-Cgalkyl, especially C,-C,alkyl.

Ry, R, Rg, Ry, Rg as C;-Cy,alkoxy are linear or branched radicals and are for example
methoxy, ethoxy, propoxy, isopropoxy, n-butyloxy, sec-butyloxy, isobutyloxy,
tert-butyloxy, pentyloxy, hexyloxy, heptyloxy, 2,4,4-trimethylpentyloxy, 2-ethylhexyloxy,
octyloxy, nonyloxy, decyloxy or dodecyloxy, especially methoxy, ethoxy, propoxy,
isopropoxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert-butyloxy, preferably methoxy.



Hal ogen is fluorine, chlorine, bromne and iodine, especially chlorine and
brom ne, preferably chlorine. Exanples of [err] substituents are nethoxy,
et hokxy, propoxy or butoxy, especially nethoxy. [err] and [err] as [err]
are linear or branched and are for examlge nethyl, ethyl, propyl,

| sopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl,
2,4,4-trimethyl pentyl, 2-ethyl hexyl, octyl, nonyl, decyl, dodecyl,
tetradecyl, heptadecyl, octadecyl, nonadecyl or eicosyl. RO for exanple is

[err] espe PLy r.exa [. ferably

met hyl or ﬁggdék Xdﬁ&&iﬁ? &E&F%?H&mkg %%qd? euFSé’ﬁcn%ll’ﬁl[‘lgﬂgé g}d%&é “hal ogens,
t hen therepmf@ablaﬁhMQpl e 1-3 or 1 or 2 halogen substituents on the alkyl
radical. RO as C2-C20al kyl which is interrupted one or nore tines by Ois

for exarrpl I nterryupt 1-7 or 1 or 2 tinmes, by Q. Exanples of
such radic §mB]r°§°F 8 -ﬁﬁﬂiw ﬂ%&%@ﬁ@a a{eemst]homretl&wnwpeommwy, espagially
propoxy, i aRgoxpoxy, n-butyl oxy, sec-butyloxy, isobutyloxy, tert-butyl oxy,
pentyl oxy, hexyl oxy, heptyl oxy, 2,4,4-trinmethyl pentyloxy, 2-ethyl hexyl oxy,

octyloxy, or [err] [err] wherey = 1-9, [err] or [err] [err] substituents
on [err] aﬁg{ Riprand R ¢ a$ ©-Capadkyllace hndae oy bmarghed2ing acepfengxample methyl, ethyl,

2- et hyl

2- gﬁ% e%ylo p?Q?%k@éﬁl ﬂmyllg%g&gm%‘)ba?’?r@? ﬂ’%ﬁg}(%&gmgwoxy or
11- dodecen?lwm@bﬂmﬁ% ﬂycmlmwlmguyl [deeyl] dstcfleiCﬂ‘]l@ﬁ&l beptadacyl, s
cycl opent %ctﬁ&ed}l’%ﬁﬁ&%y! ore‘i&i%?e gglfbﬁ’ex‘iﬁﬁlé’ig@iyd: alkftr EJpeéiansi et digied

phenyl or sybstitu f eto | mes,  for exanpl e one,
two or thr BE"' %&3 é@ﬁ&é’fzﬁ"l Sxample ér anz#l% Ry isweeferably reetaylar isoprany phenyl
or napht hyI i's substituted for exarrpl e wth | | near or  branched [err] such
as net hyl, R n- bu 0 b
S outyl . o e oal A poushRRL R pas 0 e ﬁSWhvc%&%% fypoie
n- pr opoxy, li%orplr opdRalogen substituents o dtcuilkydyadlealbut oxy or t-butoxy. Preferred
substituents for [err] as phenyl or _
Rg as C,-Cygalkyl which is interrupted one or more times by O is for example interrupted
1-9, e.g. 1-7 or 1 or 2 times, by O. Examples of such radicals are linear or branched
C,-Csalkoxy, for example methoxy, ethoxy, propoxy, isopropoxy, n-butyloxy,
sec-butyloxy, isobutyloxy, tert-butyloxy, pentyloxy, hexyloxy, heptyloxy,
2,4,4-wrimethylpentyloxy, 2-ethylhexyloxy, octyloxy, or -CH,CH,-O-CHj,
-CH2CH_2-O'CI12CH3, '[CH'zCH?_O]y-CHg, where y= 1-9, -(CH2CH20)7CH2CH3 or
-CH,-CH(CHj;)-O-CH,-CH,CH,.

C,-C,2Alkenoxy substituents on Rg as C,;-C,alkyl are for example ethenyloxy,
2-propenyldxy, 2-methyl-2-propenyloxy, 1,1-dimethyl-2-propenyloxy, 1-butenyloxy,
2-butenyloxy, 3-butenyloxy, S-hexenyloxy, 7-octenyloxy, 9-decenyloxy or

1 l-dodecenyloxy, especially 2-propenyloxy.

Ry as C5-Cycycloalkyl is cyclopentyl or cyclohexyl, especially cyclohexyl.

Ry as substituted phenyl or naphthyl is substituted from one to four times, for example
one, two or three times, especially two or three times. |

Ry as substituted phenyl or naphthyl is substituted for example with linear or branched
C,-Caalkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl or t-butyl,
or with linear or branched C;-C,alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, s-butoxy or t-butoxy. Preferred substituents for Rg as phenyl or



-5 - naphthyl are, in particular, nethyl and nethoxy. [err] as

phenyl -[err]al kyl is for exanple benzyl, phenylethyl, a-nethylbenzyl,
phenyl pentyl or [err]-dinethyl benzyl, especially benzyl. Substituted
phenyl -[err]al kyl is substituted fromong-to four times, for exanple one,
two or three tines, especially two or three tines, on the phenyl ring.
Appropriate [err]alkyl or [err]al koxy substituents are |inear or branched
and exanples are nethyl, ethyl, propyl, n-butyl, t-butyl, especially

net hyl ,- wmabwrmet.h@amcum&qaeaaylmd@ahw especial Iy methoxy. [err] and
[err] as [err] .al kenyl be nbno- or pol yunsaturated and are for exanple
allyl, nmethallyl, 1,1- dlnethylallyl 1- butenyl, 3-butenyl, 2-butenyl,

1, 3- pent afﬁwyﬂhpnﬂ-ﬁpﬁgalkﬂ s For(mampysl beﬁilepmmeﬂwﬂ,,a-&&ﬂ@ﬁﬁeak&ly allyl. X as

bt hyl eng, B i oﬁ‘ér""%‘ & GOl ol EopSUET, Byl ShoRIRE phiony PR affs

1- et hy| prispsttaed meptrmpqs Eoresxampie gricctye omlmplnmee, espegiallyl wvoeor

octyl ene, tﬁﬁ@ﬂrﬁ‘é%e n SRGHESA %ngdﬂﬂgfoghﬁfée 1-CF %ﬁlf@%?@{ ﬁ&f)ﬁ?}%&?ﬁ?ergﬁ% neX X
ne,

isin partlcular [err] err ene

[err] may lsangryanched .a 9{%&@@%@ Yireihyls BropH, &b ! iebuyl
3- but eny!| efiethyR niddicxpyetheey, plopdxp of bawdk g esp&idlly dediéxeny! ene, 7-octenyl ene,

10- decenyl ene or 12-dodecenyl ene. Where [err] or [err] are [err]
interrupted by 0, exanples of the resulting structural units are [err]
where y = Rg, ;9 pmd R]; a3rC4 €fsalkenyl may be mono- or polyunsaturated and are for example

allyl, methallyl, 1,1-dimethylallyl, 1-butenyl, 3-butenyl, 2-butenyl, 1,3-pentadienyl,
5-hexenyl, 7-octenyl or 8-nonenyl, especially allyl. '

X as C;-Cyg4alkylene is linear or branched alkylene such as, for example, methylene,
ethylene, propylene, 1-methylethylene, 1,1-dimethylethylene, butylene,
1-methylpropylene, 2-methylpropylene, pentylene, hexylene, heptylene, octylene,

nonylene, decylene, dodecylene, tetradec-ylerie or hexadecylene. X is in particular
—CH— -CH- CH, —CH— (CHg)o-

C,-Cysalkylene, for example ethylene, decylene, é" Hya® CH3 ) CH3 ,

CH
—CH- (CHy)g- | i o
. > 'C(CI'I3)2‘CH2" or -H2C -C- CHz' .
CHg :
CaHs
. . —CH—
OR3-substituted C;-C,¢alkylene is for example AcH
3

Where X is-.Cz-Czoalkylene interrupted by -O-, examples of the resulting structural units
are -CHQ_-O-CHT, -CI‘Iz_CHz-O.-CI{zCHT, -[CH-zCHQ_O]y', where y= 1-9,
-(CH,CH,0);CH,CH,- or -CH,-CH(CHj3)-O-CH,-CH(CHj)-.

X as C4-Cyjalkenylene may be mono- or polyunsaturated and is for example 1-butenylene,
3-butenylene, 2-butenylene, 1,3-pentadienylene, 5-hexenylene, 7-octenylene,
10-decenylene or ¥2-dodecenylene.

Where R,q or Ry, are C,-C,galkyl interrupted by O, examples of the resulting structural
units are -_CH2CH2-O'CE{3, -CHchz-O-CH2CH3, -[CHzCHzO]yCH3, where y= 1-8,
-(CH,CH,0)7CH,CHj; or -CH,-CH(CH;)-0-CH,-CH,CH,.



- 6- Inradicals [err] and [err] as phenyl substituted with 1 or 2 [err]
and/or [err]al koxy groups, the substituents are preferably in the 2-, 4- or
2,4-position of the phenyl ring. The substituents are |inear or br anched
and are for exanple nethyl, ethyl, n-propgl-, isopropyl, n-butyl, isobutyl,
s-butyl, t-butyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

| sobut oxy, s-butoxy, t-butoxy. Preferred substituents are nethyl and

met hoxy. Wiere [err] and [err] in the formula Il are ethylene, [err] or

[err] [err] mpsasnl t r re
or CH3 CH3 Were sgﬁoﬁz‘k eﬂr?lr% lsthgglé e'r‘w{/h\n %l%ﬁ é@‘gﬁsm%)r\ﬁﬁ %‘ﬁl'kpﬁ%y are
at t ached, f%‘ioﬁP%ﬂE?eW;’ e'ﬂ?%@?f@&@#ﬂl@@@z ner 2.4-pobition of therpbenylrinkg. T t S
are subsfimenty ateHinchriocstaished Qﬁl@aﬂél t

substituted, \%{)Jp ? gﬁ :é\'@ &i %al K afﬁge mﬂgtrdré F%gfy‘éa#&%ﬂ%lhfmpmpyl
substituents at s R XYt PRORSRD LSOPFRACKYH 1-DOKYs| |

n- propyl , |1§@1?#t@pyls-bum1¢yut-bdltpxy sRnd:fatrg:dl sutsahnhgslare inethyt yd mewbbRxy, et hoxy

n- propoxy, i sopropoxy, n-butoxy,. isobutoxy, s-butoxy, t-butoxy. Preferred
substituen;}g4 are nethyl .and nenoxy. R13 as [err] is |linear or branched and

is for exa 110 Hi formulp A8 age ¢thylsmqar-6HyCR14R1§)mryC(CH§)QCHuCH-
s-butyl, t-butyl, pentyl hexyl , heptyl or octa [err] i |n particul ar
[err]. [err] and [err] as [err] are |inear r\?{’m hed s and are for
exanpl e nethyl, ethyl, propyl |sopropyl n-but yt, 2sec tyI 14sb'butyl
tert-butyl, hept yl -tri | pentyl et hyl hexyl or
octyl . For exgﬁp edde m%ﬁ%‘f'ﬁ uqus"af%rr _ ’ ‘@ or
Hy
CH,
g N

Where Ry, and Ry, together with the atoms to which they are attached, form a benzene

ring, examples of the resulting structural units are —x

Ri2

the fused benzene ring being unsubstituted or substituted with one or two C;-C,alkyl
and/or C,-C,alkoxy radicals. The substituents are linear or branched and are for example
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, s-butoxy, t-butoxy. Preferred substituents are
methyl and mewoxy. '

R,3 as C,-Cgalkyl is linear or branched and is for example methyl, ethyl, n-propyl,
isopropyl, n-butyl, iso-butyl, s-butyl, t-butyl, pentyl, hexyl, heptyl or octyl. Ry3 is m
particular C;-C,alkyl.

R,4 and R as C,-Cgalkyl are linear or branched radicals and are for example methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl,
2,4,4-trimethylpentyl, 2-ethylhexyl or octyl. For example, R;4 and R;5 is C;-Cgalkyl,



-7 - especially [err]. Were e[rr] is [err] the radicals are |inear or
branched and are for exanple nethyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl,

2,4,4-trinmethyl pentyl, 2-ethyl hexyl, octyt, nonyl, decyl or dodecyl. For
exanple, [err] is [err] especially [err] Were [err] and [err] together
with the carbon atomto which they are attached, forma C5-C6cycl oal kyl
ring, then this is a cyclohexyl or cyclopentyl ring. Exanples of conpounds
accordi ng Y, LN are:
bis(2,4,6-%%?%ﬁgaﬁfﬁﬁgﬁgky1)-2,4-diisobutoxyphenylphosphine oxi de,

bi s(2, 4, 6-trinethyl benzoyl) -2, 4-di oct yl oxyphenyl phosphi ne oxi de,

bi s( 2, 4, 6- tWhere Ryy Ist@PC ki, Zacfrallich SARE GRAX BPHAAMNANAI RAI fF e HislE methyl,

R L T I AT AU N

bi s( 2, 4, 6- 24, drgitethpipautyl; 2yetRylhetyilydctyl; nmtyhatey i dpdedyh Hob bmnm&,ilgﬁ,is

bi s(2, 4, 6-@L@gﬁﬁyl%@m&%-_é-@k@poxy-& met hyl phenyl phosphi ne oxi de,

bi s(2, 4, 6- t T ret yl'benzoyl YL Z44-4i i sopent yl oxyphenyl phosphi ne oxi de,

bis(2,4,6-trinmethyl benzoyl) -2, 6-di net hyl - 4- but oxyphenyl phosphi ne oxi de,
2,6-d

bi s(2, 6- di WRhGORYPERFZRY logdehids &} 2EHPAL SR '

bi s(2, 6-di Et&é&‘géﬂzo}éf )O-gg, 41: glitﬁs‘ﬁ](i%%t oxXy ﬁ@ﬁémosgﬁﬁgqﬁﬁggﬂ form a

bi s( 2, 6- di et X%‘B yin8 then thistis 2 cyclokexibesgyslopgriyhdashi ne  oxi de or

bi s(2, 6-di met hoxybenzoyl ) - 2- pr opoxy- 4- et hyl phenyl phosphi ne oxi de.

Preferred of the formiua | are those which in forrmula Il at

| east one g"?ﬁ'ﬁﬁgﬁfﬁ?ﬂ“{%“’@ﬁ aGRLdige L the IRYRYOR ares ot occupi ed by hydr agen.

Furt her i ntbés(24:6rmignethyipenzapld-2af-diisobuloryphengiphosphinetdxddee i n which [err] is

[err] [err ki @b ) . ' L ubstituted with

[err] or i Slﬁcﬁ%g%{ﬂﬁﬁ&%ﬁ’tgﬁggl(l??typuméﬁér{ﬂ%@ﬁ& é’agﬁsubst Ituted or

subst i t ut edisi.¢§-uimetlydbenzoyhid/doditsoprappxypheapiphospbineydxidehi ch i s

unsubst i t Ut Al6-tritnetyMenzbyl)-24-Giflek 16xyPREAYbhdspRe WkidB, 1-4 [err] and/or
err roups,. or. i.s )

Lerr] g uans(2,2,6—l:ll'xmetl_xylbenzoyl)-2,4-d1-sec-butoxyphenylphosphine oxide,
bis(2,4,6-trimethylbenzoyl)-2_-methyl-4-methoxyphenylphosphinc oxide,
bis(2,4,6-trimethylbenzoyl)-2-propoxy-4-methylphenylphosphine oxide,
bis(2,4,6-trimethylbenzoyl)-2,4-diisopentyloxyphenylphosphine oxide,
bis(2,4,6-trimethylbenzoyl)-2,6-dimethyl-4-butoxyphenylphosphine oxide,

. bis(2,6-dimethoxybenzoyl)-2,4-dioctyloxyphenylphosphine oxide,
bis(2,6-dimethoxybenzoyl)-2,4-diisobutoxyphenylphosphine oxide,
bis(2,6-dimethoxybenzoyl)-2-methyl-4-methoxyphenylphosphine oxide or

bis(2,6-dimethoxybenzoyl)-2-propoxy-4-methylphenylphosphine oxide.

Preferred compounds of the formula I are those which in formula III at least one ortho
position of the phenyl ring is not occupied by hydrogen.

Further interesting compounds of the formula I are those in which Ry is C;-C;qalkyl,
C,-Cypalkyl which is interrupted by O, C,-C,alkyl which is substituted with
C;-Cgalkenoxy, or is cyclopentyl, cyclohexyl, phenyl which is unsubstituted or substituted
with 1-4 C;-C,alkyl and/or C;-C,alkoxy groups, benzyl which is unsubstituted or is
substituted on the phenyl ring with 1-4 C,-C,alkyl and/or C;-C,alkoxy groups, or is
C;-Cgalkenyl, or Ry is a radical of the formula IV or V,

X is unsubstituted or -OR3-substituted C,-C,,alkylene, C3-C,gilkylene which is
interrupted by O, or is C4-Cgalkenylene or xylylene,

R,¢ is hydrogen, C,-Cyjalkyl, C;-C,qalkyl which is interrupted by O, or is C3-Cgalkenyl,



[err] or [err] is aradical of the formula IV or V, X is unsubstituted or
[err] which is interrupted by 0, or is [err] or xylylene, [err] is
hydrogen, [err] which is interrupted by 0, or is [err] -8 - :

cycl opentyl, cyclohexyl, phenyl or [err].gr [err] and [err] in the formula
1l are together [err] [err] is hydrogen, [err] -which is interrupted by O,
or is [err] cyclopentyl, cyclohexyl, phenyl or [err] or is a radical of the
formula Vla [err] Y is a single bond, [err] or -S-, [err] is [err] and
[err] and [er h . npounds of the formula | which
are worthy OE&Q%E%§§¥gﬂ%@§§9h§éggﬁhp§ﬁ$€%pR3 is a radical of the fornmula
l11a [err] BeeandiRaolimthe fomnda 8 gze togethen-EH,CE,t.hose conpounds of the formul a
| in which §end AydrégehoCod, ki @?-gﬁgaﬁ]@l Wlhidh 18 L& by 02651 ClLCGIkeh{,

[ IS 1 n_the aortho-position of the

conmpounds of the forpula I"ip- rr
phenyl ring &% °P%“‘¥'g$¥ﬁq9heﬁwgcp%nyli ort-DRger iy p sadieptb thedermsla i f or nul a |

in which R3is a radical of the formula Ille [err] -9 -
—_Y o ﬁ '
It ,C—AR
. (VIa)
R12 C_Rz
Ri0ORy O

Y is a single bond, -CR16R17- or-S-,
Ry is C;-Cyalkyl, and
R,¢ and R;7 are hydrogen or methyl.

Compounds of the formula I which are worthy of emphasis are those in which Ry is a
radical of the formula IIla

Particular preference is given to those compounds of the formula I in which Rq in
formula Ila is -ORy.

Preference is also given to compounds of the formula I in which Ryg is in the
ortho-position of the phenyl ring and is -OR,. '

Also of interest are compounds of the formula I in which Rj is a radical of the formula Ile

OR,
R 10 (HIC) .

Rya Ryy



Compounds of the fornmula I which are of interest are those in which R3 is a
group of the formula I1lb [err] [err] is [err] which is interrupted by O,
or is [err] cyclopentyl, cyclohexyl or phenyl, or [err]. and [err] in the
formula Illb are together [err] and [ers$-is hydrogen, [err] which is
interrupted by 0, or is [err] cyclopentyl, cyclohexyl, phenyl or -OR9.
Preference is additionally given to the conpounds of the fornmula I in which
R3 is a radical of the formula Illc [err] Likew se preferred are conpounds
of the for L i [ } f ol [ 4 err]
is [err] @\Aﬁgﬂdr}dg Bif Yril4ta=efr&?rlﬂdp:)f?éI(‘ﬁ‘ﬁl 6‘?1%%@%5 é(r%? o@sfefsﬁe{/%#gﬁg(syﬁdg,rbg%gn?&,
benzyl aI&W@“BﬂnH radi cal of the fornmula IVb or Vb - 10- - 10 - [err] X
is [err] which is interrupted by [err] or is xylylene, [err] is hydrogen,
[err]which is interrupted by 0, _or is Jerr] cyclopentyl, cyclohexyl or
phenyl, and [err] is hydrogen o?w‘err] Further preferred conpounds of the
formula | are those in which [err Rfer [err] which is interrupted by
Rz

[err] or is benzyl, allyl or a +& of t BI)anmwHtich | Vb or Vb, X is [err]
is [err] is hydrogen or nethyl amg={®eRy,] is hydrogen.

Ryq is C;-Cqalkyl, C3-C,galkyl which is interrupted by O, or is C3-Cgalkenyl,
cyclopentyl, cyclohexyl or phenyl, or '

Rg and Rq in the formula IIb are together -CH,CH;-, and

R, is hydrogen, C,-C;,alkyl, C3-C;galkyl which is interrupted by O, or is C3-Cgalkenyl,
cyclopentyl, cyclohexyl, phenyl or -ORq.

Preference is additionally given to the compounds of the formula I in which R; is a radical
of the formula [Ilc

Likewise preferred are compounds of the formula I in which R is a radical of the
formula ITId

Ry is C,-Cgalkyl, C;3-C,qalkyl which is interrupted once by -O-, or is cyclohexyl, phenyl,
benzyl, allyl or a radical of the formula IVb or Vb ' '



Al so of interest are conpounds of the fornmula | in which RO is [err]
especially [err] Preference is additionally given to conpounds of the
formula | in which R4 and R5 i ndependently of one another are [err] or
[err] is hydrogen, [err] or [err] is hytBegen or [err] and [err] is
hydrogen. O her conpounds of the formula | which are of interest are those
in which R4 and R5 independently of one another are nethyl or methoxy, R6
is hydrogen or nmethyl, and [err] and [err] are hydrogen. O particular
interest are conpounds of the formula I ig w ch [err] and [err] are
identical. Preference is given to conpo d e formula | in which [err]
and [err] are identical, R4 anc R%)ar“ de Jcal’ang ﬁfe met hyl or met hoxy,
R6 is hydrogen or nmethyl, [err]” and e *ﬁ B Ro is [err] _
nmet hoxyet hyl, ethoxyethyl, phenyl or Aei is hydr ogen, [err]
especially methyl, or is [err] is hyaro (Ierr] especially nmethyl, or is
[err] and [err] is hydrogen. O her preferred conpounds of the fornmula I are
those in which [err] and [err] independently of one another are [err] or
[err] is hydrogen, [err] or [err] is hydrogen or nethyl and [err] i

hydr ogen. The conpounds of the fornula41 acegording to the |nvent|on can be
prepared, for exanple, by double acyl i f @ primary phosphine (X) with
at | east 2 equivalents of an acid |d le int presence of at |east
two equival ents of a base and subs dq%b n &% he resul ting

di acyl phosphine (XII), in accordanc 'th the heme: [err] [err] and [err

are as defined in claim 1. Corrpounﬁ& ofRfiohedfornula | in which [err] and
[err] are different are obtai ned by enpl oyi ng one equival ent each of an
aci d chlorrde err and err] Conpounds of the fornmula | in which [err] is

a radical &% istheCsaderienca u*@selkylsmar‘elthlé ersepted by -O-, or is xylylene, Ry, is
hydrogen, C,;-C,jalkyl, C3-C,galky! which is interrupted by O, or is C;-Cgalkenyl,
cyclopentyl, cyclohexyl or phenyl, and R, is hydrogen or -OR.

Further preferred compounds of the formula I are those in which Rg is Cy-Cgalkyl,
C3-Cgalkyl which is interrupted by -O-, or is benzyl, allyl or a radical of the formula IVb
or Vb, X is C;-C,alkylene, Ryq is C1-C17_a1kyl R, is hydrogen or methyl and R, is
hydrogen.

Also of interest are compounds of the formula I in which Ry is C3-C12alkyl especially
C4-C12alkyl

Preference ds additionally given to compounds of the formula I in which R4 and Rs
independently of one another are C,-C,jalkyl or Cl-Clzalkoxjr, Rg is hydrogen,
C,-C,,alkyl or C,-Csalkoxy, R; is hydrogen or C,-C,alkyl and Rg is hydrogen.

Other compounds of the formula I which are of interest are those in which R4 and Rs
independently of one another are methyl or methoxy, Ry is hydrogen or methyl, and Ry
and Rg are hydrogen.

Of particular interest are compounds of the formula I in which R; and R, are identical.
Preference is given to compounds of the formula I in which R and R; are identical, Ry

and Ry are identical and are methyl or methoxy, R¢ is hydrogen or methyl, Ry and Rg are
hydrogen, Ry is C,-Cgalkyl, methoxyethyl, ethoxyethyl, phenyl or benzyl, Ryq is



as descri bed above but replacing the primary phosphine (X) by "dineric"
phosphines (X [err] Exanples of suitable bases are tertiary am nes,
pyridine, alkali nmetals, |lithiumdiisopropylamde, butyllithium alkaline
earth netal carbonates, alkali netal al edbel ates or alkali netal hydrides.
The first step-of the reaction is preferably carried out in solution.
Particularly suitable solvents are hydrocarbons, for exanple al kanes and
al kane m xtures, cycl ohexane, benzene, toluene or Xxylene. EEpending on the

sol vent andya gEHQZPC?dlﬁjl”&pé@&lWﬂn@!th lb%%d-or{;hkﬂf Hfo%@n'@ fyred out at
vari ous terrperaaﬁd.lres I n bl%j S such ] um dii sop yI am de or
butyl |ithi (PR yl‘getaﬂkv%‘ﬁaégmﬁ' d; ydragent o ] . The - 12 - reactions
with tert-amnes, alkali metals or alkali rret al hydrides as bases are

advant a0e0uSh AR Rk B o RUR B R ol B BAER) ok lgbsa® 0
i sol at ed byofonapmth@namcwa@kmmraﬁﬂ-ﬁmlkmye%nsMeimgmcCt-@aalbymtuct can be
used furthes t ﬁrﬂ ﬁ'o?ﬂme?{ylﬁlééﬁ g, for exanple, by

crystalli zatll o‘h ec n réact Iorf, however, can also be
carried out wthout |sol ation of (XI'l'), using the solution of the crude

ﬂ] gdg glt degumeaie@ omﬁflmé@?;;?mrtéa%cé@mgt tBQl(l)ii:ﬁ%Hmm?&g Pe piﬁi)gfbﬂ,d% ;kﬁnlﬂeepar e
conpounds, bfydfﬂuéiﬁaiﬁg agona %E’é’t“?‘é’ %mg&‘ Bgaré) ?’“ﬂ?h@aﬁt&feﬁ l? pog @fg‘g can be
pur i 1;] i ed :)échgmﬂer(mmtmpmme ofad lease two equivlents eﬂabzﬂeanbyxéhseqtmaglnh Iz;';]tt : on
Chose of t RGN of 4R TcRMRERL AT by Fxirh i rtable bR tnd @hbEE T 1LY

hydr ogenati ng the correspondi ng dichlorides (XI) or phosphonic esters
(XIV): [err] R is for exanpl.e nmethyl or ethyl

2 RI-CO-CI + R3-PH2 _base > R3'P(CO- 0x1dat10n
XD) x) _ (XID)
Ry-PO(CO-R,),
(D

R, R, and Ry are as defined in claim 1.

Compounds of the formula I in which R, and R, are different are obtained by employing
one equivalent each of an acid chloride R;-CO-Cl and R,-CO-CL

Compound; of the formula I in which Ry is a radical of the formula IV or V are prepared
as described above but replacing the primary phosphine (X) by "dimeric" phosphines (X’

orX’?) Hz‘ﬁ_g O\®-PH2 X, HyP _@0 -X-0 @_PHZ o,

Examples of suitable bases are tertiary amines, pyridine, alkali metals, lithium
diisopropylamide, butyllithium, alkaline earth metal carbonates, alkali metal alcoholates
or alkali metal hydrides. The first step of the reaction is preferably carried out in solution.
Particularly suitable solvents are hydrocarbons, for example alkanes and alkane mixtures,
cyclohexane, benzene, toluene or xylene. Depending on the solvent and on the starting
materials used, the reaction is carried out at various temperatures. When using bases such
as lithium diisopropylamide or butyllithium, it is advantageous to work at -40-0°C. The



The reactions are carried out under conditions which are generally known to
those skilled in the art. The hydrogenation with [err] can al so be found,
for exanple, fromHelv. Chim Acta 96 (1966), 842. The dichlorides (X I1)
can be obtained, for exanple, by Gignar@ reaction of the correspondi ng
brom nated aromatic conpounds (XV) with [err] (cf. e.g. Helv. Chim Acta 35
(1952), 1412): - 13 - [err] [err]. and [err] are as defined in claiml.
For the preparation of the "di rreri c" phosphi nes (X or X'), corresponding

di brom des_are used.. The .diesters of fo repared, for
exanpl . biFAFERRS SR, AR Pl PERIERS Befilhysrideaas Bised 56 a
phosphor us advanagemrsls( fiflomertted, Ifo:rmmplco as mmm%b praférbelg 2080°ExAfted thei n
DE-CG 1 810 I d
aromatic conpoulﬁ]?de{m ahag b%"b“t %d ot the nlnmﬁé*ﬁ oghrne%?thlgons %Bﬁ

known in t AEAPEFAtiNE caRentratgn. aﬁpldewuoreammgpaalbmxgd farther withovat i ¢
conpounds ﬁtaﬁob bpeRS Pﬁ‘iﬁé&, m&&aﬁbleb Bys@diBagba. cme%ébnd{tea dgrigpar ation

of the aC|d es o r myl IS carrleE ene@llly known

fo
met hods. 1 BAFHSS REFFRR caal b r’fﬁ o iaon.of (st e abaon A ound
of the for ¢e¢lcrude preamdneSmblé oxidizihgagénts wr&iawoﬁcmteﬁ Iikeondbﬂtocmepaym&rel zation

of ethyl enigc unsa ound or.of mxtures which such
conpounds. 5ar Sl PRl B pReR Bebide Bhe Breefic s otboliisn RARGHR
phot oi ni t i peracetiwragidoor aiwi.t h ot her additives. The invention therefore al so

rel ates t OTRORLEAM YEahdE BB b SRHFRATY deRBaIG CoVenbAH methods, for example by

crystallization or chromatography.

The phosphines of the formula (X) (and correspondingly, those of the formulae X’ and X’
as well) can be prepared, for example, by hydrogenating the corresponding dichlorides
(XII) or phosphonic esters (XIV):

R4-PCl,

(XIII) _—F[H] R3'P H2

R;-PO(OR’), ®
(XIV)

R’ is for example methyl or ethyl.

The reactions are carried out under conditions which are génerally known to those skilled
‘in the art. T.he hydrogenation with LiAlH, can also be found, for example, from Helv.
Chim. Acta 96 (1966), 842.

The dichlorides (XIII) can be obtained, for example, by Grignard reaction of the
corresponding brominated aromatic compounds (XV) with PCl; (cf. e.g. Helv. Chim. Acta
35 (1952), 1412):



- 14- (a) at least one ethylenically unsaturated photopol ynerizabl e
conpound, and (b) as photoinitiator, at |east one conpound of the formula
. In this context, the conposition nay contain other additives in addition
to conponent (b), and conponent (b) may-b®-a m xture of photoinitiators of
the formula | and other photoinitiators. .The unsaturated conpounds may
contain one or nore ol efinic double bonds. They may be of | ow nol ecul ar

wei ght (nonomeric) or of relatively high nol ecular weight (oligoneric).
Exanpl es of nononers containing a double bond are alﬁyl_or hydr oxyal kyl
acrylates or nethacryl ates, fof exanpl e nethyl, ethyl‘“butyl, 2- et hyl hexyl
or 2-hydroxyethyl acrylate, i ornyl acrydmte, met net hacryl ate or
ethyl methacrylate. Silichna 8§ eMgr-e—at-s0 Bf2 1 QBst . Furt her
exanples are acrylonitrile, ramm de, methacryl anga€ Ay substituted

(et h) acryl am des, vinyl estébs sith as vinyl acetat¥ vinyl ethers such as
i sobutyl vinyl ether, styrene, alkylstyrenes and h %§ﬁ$yrenes,

N-vi nyl pyrrolidone, vinyl chk&V¥de or vinylidene c% de. Exanpl es of
nmonomers containing two or nore doubl e bonds are the diacryl ates of

et hyl ene gl ycol, propyl ene glycol, neopentylglycol, hexamethylene glycol or
bi sphenol A RR;Q'R?{ mﬁuﬁgﬁ&e@ﬁ{&ﬁﬂyhoxyet hoxy) di phenyl propane,
trimethyl ol ptopane triacrylate, pentaerythritol triacrylate or
pentaerythritol tetraacrylate, vinyl acrylate, divinylbenzene, divinyl

succi nat e, Fér te prepariidnedfahe’ dimetiét! phospihesE1r &) Eorfdspondingdibioniidésdre Or
tris(2-acryloylethyl) isocyanurate. Exanples of relatively high nolecul ar
wei ght (olfﬁ ric) polyunsaturated conpounds are acrylicized epoxy resins,
and pol yesters, polyurethanes and pol yethers which are acrylicized or

comLain v1 e e PO O S AR SR B9 Sl bt

ol i goners are unsaturate Gg yester ) nost 'y prepared
mal ei ¢ aci GTOPMITRAMROuads Gk Yihwith A @hesphapisdriester (X VIhSush macensaet deseribasd ght s

of from abqut exa@iplé i DE-C-1 810 431. -

Br , ﬁ '
RO-P-OR
Ry ORg +PORY); ——» o _@ o,
Ry o Ry Mo
XV) (XIV)

The brominated aromatic compounds (XV) are obtained by bromination reactions which
are known th the prior art, for example by reacting alkoxylated aromatic compounds with
N-bromosuccinimide or bromine/acetic acid.

The preparéﬁon of the acid chlorides of the formula (XI) is carried out by generally known
methods from the prior art.

In accordance with the invention, the compounds of the formula I can be used as
photoinitiators for the photopolymerization of ethylenically unsaturated compounds or of
mixtures which comprise such compounds. '

This use may also be practised in combination with another photoinitiator and/or with
other additives.

The invention therefore also relates to photopolymerizable comppsitions comprising



3000. In addition it is also possible to enmploy vinyl ether nononers and
vinyl ether oligoners, and also nal eate-term nated ol i goners havi ng

pol yest er, pol yurethane, polyether, polyvinyl ether and epoxy nain chains.
Conbi nations of vinyl ether group-contaiying oligoners and polyners as are
described in WO 90/01512 are particularly highly suitable. However,

copol yners of vinyl ether and nal ei c acid-functionalized nononers are al so
appropriate. Such unsaturated oligomers can also be referred to as

prepol yner ridcul arl tabl.e co unds_ar ters of -

et hyl eni ca yE&t}ﬁg%k §'?ea§m%‘g%c£ﬁf‘f§g{ur%§m ql%mﬁ%%ge cé’ﬁl?%B&f&ﬁs or

pol yepoxi dé3, mmnmﬁtthemon@oendwﬂ@mfmmulgll unsaturated groups in
the chain gy thisQ:oﬁieQ@ S QRBositfoR 'md R oﬁigxs?&dgﬁ acﬂﬁﬁ&? naﬁl(y)am des

and pol yure nes and, copol yners thereo | ene an bu adl ene’

copol ymer sa“‘;;ﬁﬂ"%ﬂ%ﬁ'ﬁfr@h@a& Bal%ﬁﬁﬂ’eﬂ@m&“ﬂ%ﬁ‘ th 6 forprda Land pthefopol yer s
cont ai ni ngpiowiniatats.yl i ¢ groups in side chains, and m xtures of one or nore
such pol ymers. Exanpl es of unsaturated carboxyl ic acids are acrylic acid,
met hacrylic acid, crotonic acid, itaconic acid, cinnamc acid, and

unsat ur at €@hd ensqturated dempaunids amylcbmairemiecorambrd otefinid doublenlmonds. They ydaydbeaci d

and net hac I n
part i cul ar of oy ek laPlBgh! (holhc) o herelalford sk Bl IRl foritty

pol yol s ar Exam p%)qimmmers 4omammgﬁ/@mb)qmmwkyl or hydroxyalkyl acrylates or

pol yepox! dea. ot e Bl o o e B atol
and epi chl §PBOMHracRY at& WE&‘YE@F&’&WE%&I lmethacrylate. SHic g § afﬁa yIMer s
whi ch cont amtdﬂmrmmbr @tammes drfa l%nttﬁley lagiiée, nddhia amidéeNgwbsm&edf or
Dol yiet hac S ARt Briaet, i ferS BRLIHR ”‘e ks Vi gy %}aﬁ Ay

ol i goest er sthem styeenej algylstydines gnd MdstgnmspN.—wExlwpbh@ormf viayi ¢hileridecorand

cycl oal i ph%&ﬁd&l@'c}ﬂﬁirﬁe?re al kyl enedi ol s, preferably having 2 to.

Examples of monomers containing two or more double bonds are the diacrylates of
ethylene glycol, propylene glycol, neopentylglycol, hexamethylene glycol or bisphenol A,
and also 4,4’-bis(2-acryloyloxyethoxy)diphenylpropane, trimethylolpropane triacrylate,
pentaerythritol triacrylate or pentaerythritol tetraacrylate, vinyl acrylate, divinylbenzene,
divinyl succinate, diallyl phthalate, triallyl phosphate, triallyl isocyanurate or
tris(2-acryloylethyl) isocyanurate.

Examples of relatively high molecular weight (oligomeric) polyunsaturated compounds
are acryliciZed epoxy resins, and polyesters, polyurethanes and polyethers which are
acrylicized or contain vinyl ether or epoxy groups. Further examples of unsaturated
oligomers are unsaturated polyester resins which are mostly prepared from maleic acid,
phthalic acid and one or more diols and have molecular weights of from about 500 to
3000. In addition it is also possible to employ vinyl ether monomers and vinyl ether
oligomers, and also maleate-terminated oligomers having polyester, polyurethane,
polyether, polyvinyl ether and epoxy main chains. Combinations of vinyl ether
group-containing oligomers and polymers as are described in WO 90/01512 are
particularly highly suitable. However, copolymers of vinyl ether and maleic
acid-functionalized monomers are also appropriate. Such unsaturated oligomers can also
be referred to as prepolymers. ‘

Examples of particularly suitable compounds are esters of ethylenically unsaturated



12 carbon atons, such as ethylene glycol, 1,2- or 1, 3-propanediol, 1,2-,
1,3- or 1,4-butanediol, pentanediol, hexanediol, octanediol, dodecanedi ol,
di et hyl ene glycol, triethylene glycol, polyethylene glycol having nol ecul ar
wei ghts of preferably from 200 to 1500, -153-cycl opentanediol, 1,2-, 1,3- or
1, 4- cycl ohexanedi ol , 1, 4-di hydroxynet hyl - cycl ohexane, glycerol,
tris-([err]-hydroxyethyl)am ne, trinethyl ol ethane, trinmethyl ol propane,
pentaerythritol, dipentaerythritol and sorbitol. The polyols may be

Bar boxy Y casiouyioacied aid ol e h ORide), A ofincERuRRg Ry
rodi fied, fugigtg%mu%gtﬂ l'\alé’do"d t%‘?quq f@ae’mme B@W‘E‘&P%ﬁ?ﬂﬁc aci ds.
Exanpl els ofpolyamidas md@ol}tmcthmtehy.i\d)bcmcﬂmﬂ&e tHerd o Cp d}va&@%deranmtﬁm@b et hane

triacrylat tri et hane
trinet Kacr 3 Pg&g ep&gg b?{?R?%mB 'lfg%{:gp%?ﬁé?rgap@ by 3"& f%ﬂoﬁfw &prRaiging . o)
di met hacr yl(geth aqué‘%“rﬂ'@tll?ﬁ/!ﬂéﬁb oAnddhixenred oftane op exoresuchtpiolyniers.

di acryl ate, pentaerythrltol triacrylate, pentaerythritol tetraacryl ate,

di pentaerythri [ acr | at.e, .di pentaerythritol triacrylate,
di pent aer yh’ﬂ‘ﬂ'\"?ﬂ 0? WF&@QW'&H 3sads xR ATy He aeid) methacrylic agideretamie yrids e,

di pent aer yuﬂacmmo beill soindatiiiy |a6iﬂ$and urisR@RQEFaVty RETAS buch s Am6lericaicRi or oleic

G pent aor yebs ASPHC RS R RASERPRHERHE (ol 1ot ramet hacr vl ate.
tripentaeryt hr| tol octanet hacryl ate, pent aerythritol diitaconate,

di pent aer ytghtsl ETer; fak Y

di pent aer yéhmgt?%le:poﬁgb&%r% Dg%%&a%g Zk‘ﬁiﬁfc i%%%# q&d%gagiﬁiéhj%?g@&[gm anedi ol
di acryl ate ATPERALS ql\%ﬂl'ﬁ yerpjwmnene, &, ﬂﬂ!udel nyl i t aconat e,

i acryl at Z‘m“’”“. TRy DpOpad M RSS HoRils AR VR FRiliplpOt SitfUrokREs

o) Ei bE[ t ol heti% A ;E#SB:E%B@PE ;ﬁl&k;y@%&wwebw&i@‘cgpﬁwgpﬁ@%l di -
an riacry y wdecpoiyrfie & rAers whidhCdontain Rfdraiyl groups in the

bi smet hacr %Bm cRLnQJQ e 8&@&0‘3 ? fgr ek %.Omlple 5oty gylrﬂco‘:fxlofJ anac{copo ygn trsS thglfeo grom

200 to
hydroxyalkyl polymethacrylates or copolymers thereof. Other suitable polyols are
oligoesters containing hydroxy! end groups.

Examples of aliphatic and cycloaliphatic polyols are alkylenediols, preferably having 210
12 carbon atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or
1,4-butanediol, pentanediol, hexanediol, octanediol, dodecanediol, diethylene glycol,
triethylene glycol, polyethylene glycol having molecular weights of preferably from 200
to 1500, 1,3-cyclopentanediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-dihydroxymethyl-
cyclohexang, glycerol, tris-(B-hydroxyethyl)amine, trimethylolethane, trimethylolpropane,
pentaerythritol, dipentaerythritol and sorbitol.

The polyols may be partially or fully esterified by means of one or more unsaturated
carboxylic acids, where the free hydroxyl groups in partial esters 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



1500, or m xtures thereof. Further suitable conponents (a) are the am des
of identical or different unsaturated carboxylic acids of aromatic,

cycl oal i phatic and aliphatic polyam nes, preferably having 2 to 6, in
particular 2 to 4, ami no groups. Exanpl eggaf pol yam nes of this type are
et hyl enedi am ne, 1,2- or 1, 3-propyl enediamne, 1,2-, 1,3- or

1, 4- butyl enedi am ne, 1, 5-pentyl enedi am ne, 1, 6-hexyl enedi am ne,

octyl enedi am ne, dodecyl enedi am ne, 1, 4-di am nocycl ohexane,
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are those built up fromsaturated or unsaturated dii socyanates and from
unsat U a o ies b ol ) S8 DU SE SRR AL FRRRE o
such as et Ifaroxslic pridpefaromatic, sydpaliphatio end dliphatiy polyginiries, preferablylfaving 2
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(meth) acr yle?lgy‘iengerd?ayxﬁxsle,llr,]2-to??,3-propylenediamine, 1,2-, 1,3- or 1,4-butylenediamine,
1,5-pentylenediamine, 1,6-hexylenediamine, octylenediamine, dodecylenediamine,
1,4-diaminocyclohexane, isophoronediamine, phenylenediamine, bisphenylenediamine,
di-B-aminoethyl ether, diethylenetriamine, triethylenetetramine, di(B-aminoethoxy) or
di(B-aminopropoxy)ethane. Other suitable polyamines are polymers and copolymers
which may contain additional amino groups in the side chain, and oligoamides containing
amino end groups. Examples of unsaturated amides of this type are: methylenebis-
acrylamide, 1,6-hexamethylenebisacrylamide, diethylenetriaminetrismethacrylamide,
bis(methacrylamidopropoxy)ethane, B-methacrylamidoethyl methacrylate, and
N-[(B-hydrdxyethoxy)ethyl]acrylamide.

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid
and diols or diamines. Some of the maleic acid may be replaced by other dicarboxylic
acids. They can be employed together with ethylenically unsaturated comonomers, for
example styrene. The polyesters and polyamides may also be derived from dicarboxylic
acids an_d ethylenically unsaturated diols or diamines, in particular from relatively long
chain compounds containing, for example, 6 to 20 carbon atoms. Examj:les of
polyurethanes are those built up from saturated or unsaturated diisocyanates and from
unsaturated or saturated diols. '

Polybutadiene and polyisop:;ene and copolymers thereof are known. Examples of suitable
comonomers are olefins such as ethylene, propene, butene, hexene, (meth)acrylate,



side chain are also known. These may be, for exanple, products of the
reacti on of novol ak- based epoxy resins with*(neth)acrylic acid,

honopol ynmers or copol yners of vinyl al cohol or hydroxyal kyl derivatives

t hereof which have been esterified usingifoeth)acrylic acid, or

honmopol ymers and copol yners of (neth)acryl ates which have been esterified
usi ng hydroxyal kyl (nmeth)acryl ates. The phot opol yneri zabl e conpounds may be
enpl oyed al one or in any desired m xtures. Preference is given to m xtures
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filmform ng conponents. These may be, for exanple, physically drying

pol ymers or solutions thereof in organic solvents, for exanple
ni t rocel | ulExamples of stikableobiaders ateqiplyerahaving a molecular weight of about

5000-2,000,000, preferably 10,000-1,000,000. Examples are homo- and copolymeric
acrylates and methacrylates, for example copolymers of methyl methacrylate/ethyl
acrylate/methacrylic acid, poly(alkyl methacrylates), poly(alkyl acrylates); cellulose esters
and cellulose ethers, such as cellulose acetate, cellulose acetate butyrate, methylcellulose
and ethylcellulose; polyvinylbutyral, polyvinylformal, cyclized rubber, polyethers, such as
polyethyleile oxide, polypropylene oxide and polytetrahydrofuran; polystyrene,
polycarbonate, polyurethane, chlorinated polyolefins, polyvinyl chloride, copolymers of
vinyl chloride/vinylidene chloride, copolymers of vinylidene chloride with acrylonitrile,
- thyl meifxacrylate 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 may also be used in mixtures with non-photopolymerizable
film-forming components. These may be, for example, physically drying polymers or
solutions thereof in organic solvents, for example nitrocellulose or cellulose acetobutyrate.
However, they may also be chemically curable or heat-curable resins such as, for example,
polyisocyanates, polyepoxides or melamine resins. The additional use of heat-curable
resins is important for use in so-called hybrid systems, which are photopolymerized in a



However, they may al so be chem cally curable or heat-curable resins such
as, for exanple, polyisocyanates, polyepoxides or nelam ne resins. The
addi tional use of heat-curable resins is inportant for use in so-called
hybrid systenms, which are photopol ynerizgg.in a - 18 - first step and
crosslinked by thernmal aftertreatnent in a second step. The
phot opol yneri zabl e m xtures may contain various additives in addition to
the photoinitiator. Exanples thereof are thermal inhibitors, which are
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prevents e ingress of a1r ight stabilizers which can be added in small quantities are UV
absorbers, for example those of the benzouiazole, benzophenone, oxalanilide or
hydroxyphenyl-s-triazine type. These compounds can be employed individually or as’
mixtures, with or without the use of sterically hindered amines (HALS).

Examples of such UV absorbers and light stabilizers are:

1. 2-(2’-Hydroxyphenyl)benzotriazoles, for example 2-(2’-hydroxy-5'-
methylphenyl)benzotriazole, 2-(3’,5 ’-di-tert-butyl-2’-hydroxyphenyl)benzotriazole,
2-(5 ’-tert¥butyl-2’-hydroxy'phenyl)benzouiazole, 2-(2’-hydroxy-5’-
(1,1,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3°,5’-di-tert-
butyl-2’-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3’-tert-butyl- 2’-hydroxy-5’-
methylphenyl)-5-chlorobenzotriazole, 2-(3’-sec-butyl-5’-tert-butyl-2’-hydroxy-
phenyl)bcn;c- iriazole, 2-(2’-hydroxy-4’-octoxyphenyl)benzotriazole, 2-(3°,5°-di-tert-
amyl-2’-hydroxyphenyl)benzotriazole, 2-(3°,5°-bis(c,a-dimethylbenzyl)-2'-
hydroxyphenyl)benzotriazole, mixture of 2-(3'-tert-butyl-2’-hydroxy-5'-
(2-6ctyloxycarbonylethyl)phenyl)-S-chlorobenzotriazol‘e, 2-(3'-tert-butyl-5'-
[2-(2-ethylhexyloxy)carbonylethyl]-2’-hydroxyphenyl)-5-chlorobenzotriazole,
2~(3'-tert-butyl-2’-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)-5-chlorobenzotriazole,
2-(3'-tert-butyl-2’-hydroxy-S'-(2-methoxycarbonylcmyl)phenyl)benzou'iazole;
2-(3'-tert-butyl-2’-hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)benzotriazole,
2-(3'-tert-butyl-S'-[2-(2~ethylhexyloxy)carbonylethyl]-2’-hydroxyphenyl)benzou'iazole,
2-(3'-dodecyl-2’-hydroxy-5'-methylphenyl)benzotriazole, and 2-(3'-tert-butyl-2'-hydroxy-



(1,1, 3 3 tetranet hyl butyl ) phenyl ) benzoti azole, 2-(3',5 -di-tert-
butyl 2' - hydr oxyphenyl ) -5-chl orobenzotri azole, 2-(3' -tert-butyl-
2' - hydr oxy-5' - nethylphenyl) 5- chlorobenzotrlazole,
2-(3'-sec-butyl-5"-tert-butyl-2'-hydroxy-jgphenyl)benzcti azol e,
2-(2 -hydroxy 4' -octoxyphenyl)benzotrlazole 2-(3",5 -di-tert- :
anyl - 2' - hydr oxyphenyl ) benzotri azole, 2-(3',5' bls([err] dlnethylbenzyl) 2' -
hydr oxyphenyl ) benzotri azol e, m xture of 2- (3 -tert- butyI 2' - hydroxy-5

( 2 OCt {L?i‘yﬁgﬁ @%&%@X%R%@%%pény@enzo RRE e ZI-mc(L)hy?éneblsM (1,1,3,3-

[ 2 ( 2- et hyl tﬁmﬁtbxgbyaé}-@@nmml 2-y? phenptl; uansebterification-pedduot ol f8radrt-i azol e,
2- (3" -t er t -Buiyly3'(Z mdiiKyesbonylethgh TR h BN He RPTNEnZb B4 LA Wil ol yetiytdak O 0benz

|
(Z)t E |3a_z;) erGt 8591 30G IRk SOQ(EHnstoxkara Roo Ayttt ydrhedpry-SetHot 1 i azol e

, 2-(3' -t erbenbattigzol2-yl phenyl.

- hydr oxy- 5' nyl gt h h enzotria

Y oKL, A SRR B A SRR bRRRN 1 oty

- hydroxyphéﬁmzmdm:m 4-benzyloxy, 4,2’,4'-trihydroxy and

2- (3 dodecylhyam,ggygaq %H%@)@gnyl ) benzotri azol e, and
y

2 (3" -tert- )
ahsl " 01 Sugsiitnied (benzaic adids: forexample 4-tert-butyl-phenyl
Sh inol”f‘t htylrsgn@ggttal phehdi shhsylaze bﬁylbﬁcgﬂill Emicmaw Mbeﬁz&@ﬁ;&unbﬁzol 2-yl

t ?
but yl - il 50 ?@f‘ﬁ?ﬁ?uﬁenm¥ﬂ?$@%%ﬂmbw}ﬂh§%| e with
pol yet hyI erﬂe5-§i°mbut990-hyﬂrux ﬂ:etmbaé GheRadécﬁl 35@1&-‘&1@5& |-4-hydioxbepsyas, - 2H

A< hydr L'xi‘z‘ﬂftﬁ%ky ey S mYoidetri 3 @xﬁ%@ﬂx&% bﬁé%ggpﬁyf .
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bi s(4-tert %E?@P%‘é thexysinnamate, cnetbyl amé SnE 9trqyemrﬁrm¢tby -p-methoxycmnamate
2,4-di-ter tm&hib&@h@ﬁﬂcﬁﬁxﬁ%&éiﬁmm&ﬁfdﬁydr oxybenzoat e, hexadecyl
3,5-di-tertgl tefil-chbomtr.mé)xyﬂi>E bamr)]\%mysa -methylindoline.
5. Sterically hindered amines, for example bis(2,2,6,6-tetramethylpiperidyl) sebacate,
bis(2,2,6,6-tetramethylpiperidyl) succinate, bis(1,2,2,6,6-pentamethylpiperidyl) sebacate,
bis(1,2,2,6,6-pentamethylpiperidyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate,
the product of the condensation of _
1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the product of
the condensation of N,N’-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and
4-tert-octyl'ﬁmino—2,6-dichloro—1,3,5-S-uiazine, tris(2,2,6,6- tetramethyl-4-piperidyl)
nitrilotriacetate, tetrakis(2,2,6,6-tetramethyl-4-piperidyl) 1,2,3,4-butanetetraoate,
1,1°<( 1,2-etl:anediyl)bis—(3,3,5 ,J-tetramethylpiperazinone), 4-benzoyl-
2,2,6,6-tetramethylpipericine, 4-stearyloxy-2,2,6,6-tetramethylpiperidine, bis(1,2,2,6,6-
pentamethylpiperidyl) 2-n-butyl-2-(2-hydroxy-3,5-di-tert-butylbenzyl)malonate,
3-n-octyl-7,7,9,9-tetrzimethyl-1,3,8-uiazaspiro[4.5]decane-2,4~dione, bis(1-octyloxy-
2,2,6,6-tetramethylpiperidyl) sebacate, bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl)
succinate, the product of the condensation of N,N'-bis(2,2,6,6-tetramethyl-
4-piperidyl)hexamethylene diamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, the
product of the condensation of 2-chloro-4,6-di(4-n-butylamino-2,2,6,6-tetramethyl-
piperidyl)1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, the product of the
condensation of 2-chloro-4,6-di(4-n-butylamino-1,2,2,6,6-pentamethylpiperidyl)-
1,3,5-triazine and 1,2-bis(3-a:_riinopropylamino)ethane, 8-acetyl-3-dodecyl-7,7,9,9-tetra-
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octadecyl 3,5-di-tert-butyl-4-hydroxybenzoate,

2-methyl -4, 6-di -tert-butyl phenyl 3,5-di-tert-butyl-4-hydroxybenzoate. 4.
Acryl ates. for exanple ethyl and isooctyl a-cyano-[err]-diphenylacrylate,
met hyl a- car bonet hoxyci nnamate, nethyl agygl butyl

a- cyano-[ err]-net hyl - p- net hoxyci nnamat e, . et hyl

[ err]-carbonet hoxy- p- net hoxyci nnanat e and

N-([err]-carbomet hoxy-[err]-cyanovinyl)-2-nmethylindoline. 5. Sterically
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condensat i oty hi Bétgroﬁ@ﬁ&ﬁgﬂr f %l )4, P5fridAdel amet hyl -

pi peridyl)1l,3, a2| n | &M no) et hane, the product
of the Conagggxg qm—%flodccyloxyphenyl)A b1s(2 4-d.1methy1phenyl)1 ,5 -triazine,

2-chl or o- 42q2myﬁfbx9;bgﬁrwcﬂaxy19-bhtﬁe@pﬁo;@m@%m?qlwé-sispzzmﬁnéthylphenyn -1,3

1,3,5-triazine and bi s(3-am nopropyl am no han
8- acetyl - 3:05WHRR- 7,7, 9,9-tetra- -20 -
2-[2-hydroxy-4-(2-hydroxy-3-octyloxy- propyloxy)phenyl]—4 ,6-bis(2,4-dimethylphenyl)-

1,3,5-triazine and
2-[4-dodecyl/tridecyloxy(2-hydroxypropyl)oxy-2-hydroxyphenyl]-4,6-bis(2, 4—d1methyl-
phenyl)-1,3,5-triazine.

8. Phosphites and phosphonites, for example triphenyl phosphite, diphenyl alkyl
phosphites, phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite,
trioctadecy! phosphite, distearyl pentaerythrityl diphosphite, tris(2,4-di-tert-butylphenyl)
phosphite, diisodecylpentaerythrityl diphosphite, bis(2,4-di-tert-butylphenyl)
pentaerythrityl diphosphite, bis(2,6-di-tert-butyl-4-methylphenyl) pentaerythrityl
diphosphité: bisisodecyloxy-pentaeryt: :ityl diphosphite, bis(2,4-di-tert-butyl-6-methyl-
phenyl) pentaerythrityl diphosphite, bis(2,4,6-tri-tert-butylphenyl) pentaerythrityl
diphosphite, tristearyl sorbityl triphosphite, tetrakis(2,4-di-tert-butylphenyl)-4,4’-
biphenylenediphosphonite, 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenz{d,g}-1,3,2-
dioxaphosphocine, 6-ﬂu0ro-2,4,8,10-tetra-ten-butyl—12-methyl-dibenz[d,g]-1,3.2-
dioxaphosphocine, bis(2,4-di-tert-butyl-6-methylphenyl)methyl phosphite, and bis(2,4-di-
tert-butyl-6-methylphenyl) ethyl phosphite.

To accelerate the photopolymerization it is possible to add amines such as, for example,
triethanolamine, N-methyldiethanolamine, ethyl p-dimethylaminobenzoate or Michler’s



met hyl -1, 3, 8-triazaspi rop[ 4. 5] decane- 2, 4-di one, 3-dodecyl -
1-(2,2,6,6-tetranet hyl -4- piperidyl)pyrrolidine-2,5-dione, '
3-dodecyl -1-(1, 2, 2, 6, 6-pentanet hyl - 4-piperidyl)pyrrolidine-2,5-dione. 6.
Oxal am des. for exanple 4,4'-dioctyl oxyoxgni|lide, 2,2 -diethoxyoxanili de,
2,2 -dioctyl oxy-5,5" -di-tert-butyl oxanilide,
2,2' -di dodecyl oxy-5,5"-di -tert-butyl oxanilide, 2-ethoxy-2'-ethyl-oxanilide,
N, N - bi s( 3-di net hyl am nopr opyl ) oxal am de,
2- et hoxy- 5- k&bde. TH
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exanpl e triphenyl phosphite, di phenyl alkyl phosphites, phenyl dial kyl
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Other conventional additives are - depending on the application - optical brighteners,
fillers, pigments, dyes, wetting agents or levelling assistants.
Thick and pigmented coatings can suitably be cured by the addition of glass microbeads or
powdered glass fibres, as described in US-A-5 013 768, for example.
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The invention also relates to compositions comprising as component (a) at least one

ethylenically unsaturated, photopolymerizable compound which is emulsified or dissolved
in water.

Radiation-curable, aqueous prepolymer dispersions of this type are commercially
available in many variations. This term is taken to mean a dispersion of water and at least
one prepolymer dispersed therein. The concentration of the water in these systems is, for
example, from 5 to 80 % by weight, in particular from 30 to 60 % by weight. The

" radiation-curable prepolymer or prepolymer mixture is present, for example, in
concentrations of from 95 to 20 % by weight, in particular from 70 to 40 % by weight. The
total of the percentages indicated for water and prepolymer in these compositions is in
each case 100, to which are added the assistants and additives in various amounts
depending on the application.



di phosphite, tristearyl sorbityl triphosphite,
tetrakis(2,4-di-tert-butyl phenyl)-4,4"- biphenyl enedi phosphonite,

6-i sooctyl oxy-2, 4,8, 10-tetra-tert-butyl -12H di benz[d, g] -1, 3, 2-

di oxaphosphoci ne, 6-fluoro-2, 4,8, -22-
10-tetra-tert-butyl-12-net hyl -di benz[d, g] -1, 3, 2- di oxaphosphoci ne,

bi s(2,4-di-tert-butyl -6-methyl phenyl ) net hyl phosphite, and bis(2,4-di-
tert-butyl-6-nethyl phenyl) ethyl phosphite. To accelerate the

phot opol yneri zation it is possible to add am nes such as, for exanple,

triethanol amer}g . tIl\l- nmet hyl di et hainol anm ne, ethyl p-dinethyl am nobenzoate or
M chler's Tadjgtion-gurable. waterdispersed, flprformiag arapglysners which ara freguemiyed by
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can al so bef free &dieals and gpptainifor ¢xampié, froimw0.04 em 3 Otrhalef polyinerizalibidbubler
broaden t heyoadesdr180 L Ao oH i ol ' i
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der i vat i vesSashith i BarrRwALTem 00 40 10.880.>epeading pn sha inteniled applicatian, ves and
3- (ar oyl metoykestepicpolyaters Ming MpRerahdleclSidights HAJANONR spligbierper hr osi ne
dyes. The c%lhng %rgoc Ss may. be a?S| St%g oé arEF: cul ar, by conmposjtions
pi gnent ed Wi ERPT BPYCST contdinpigpolyperizaple, '&/&A@ hongsagg hayiRgamaR@mm whi ch
for hms f r ee aciddiumbies ofi lﬁiq:ol)tetmmedntaimﬂngipﬁlmml .I able C-emlﬁmb(hoﬁdk, azo conpound
such as 2, 2, ' et - | Tet valeronitrile). or a, perox
conmpound s égﬁg%&ﬁéa{rﬁgﬁer 0oX Fﬁpe.ﬁ%éj}egg?o ?fcaaﬁug\')eﬁgf“g? cpRAn arh#)aét -‘%ut yl
hydr oper oxicB@xide, grayps per relgcyle with-30 leastong 39B-ethylenécaliymhsaturited carbogylid t i ons
accordi ng tagidt trRMRAE (RSthiRYy1 t ﬁ{ A f[}QI ' .
exanpl e a xant e?]'e, beng xant heﬁ%?%ﬁ%@ot | %@%‘ﬁ he%glet,ﬁg‘tlt{dl %ﬁﬁg@‘ﬁl Fom ne,
por phyri n 89“%‘?‘?5_1’1‘%1%?&5, Sefffeseribedin ERAdRet3fyare usarh Mintregaf shésean be
cl eaved by prepilyaters maySilssi beassed. Q5IRG SiitabR e BleSoliRfidtizabR Grépdlyrhérs dSstabEd e
EP- A- 445 6%&1@%_??% ﬁonge ti Otﬁal addi t i vesf a[ e -. dependi Py%’ on the
appl i cati ot =°d cg > i liCB AFeS Qegi,era ucts of polymerizable prepolymers having an
average molecular weight of at least 600, a carboxyl group content of from 0.2 to 15 %
and a content of from 0.01 to 0.8 mol of polymerizable C-C double bonds per 100 g of
prepolymer. Other suitable aqueous dispersions based on specific alkyl (meth)acrylate
polymers are described in EP-A-41 125, and suitable water-dispersible, radiation-curable

prepolymers made from urethane acrylates are disclosed in DE-A-2 936 039.

These radiation-curable, aqueous prepolymer dispersions may contain, as further
additives, dis_persion assistants, emulsifiers, antioxidants, light stabilizers, dyes, pigments,
fillers, for €xample talc, gypsum, silica, rutile, carbon black, zinc oxide and iron oxides,
reaction accelerators, levelling agents, lubricants, wetting agents, thickeners, matting
agents, antifoams and other assistants which are conventional in surface-coating
technology. Suitable dispersion assistants are water-soluble, h’ zh molecular weight
organic compounds containing polar groups, for example polyvinyl alcohols,
polyvinylpyrrolidone and cellulose ethers. Emulsifiers which can be used are nonionic
emulsifiers and possibly also ionic emulsifiers. -

In certain cases it may be of advantage to use mixtures of two or more of the _
photoinitiators according to the invention. It is of course also possible to use mixtures with
known photoinitiators, for example mixtures with benzophenone, acetophenone
derivatives, for example a—hydroxycycloa_llephenyl ketones, dialkoxyacetophenones,
a-hydroxy- or a-aminoaéetophenoncs, 4-aroyl-1,3-dioxolanes, benzoin alkyl ethers and



fillers, pignments, dyes, wetting agents or |evelling assistants. Thick and
pi gnent ed coatings can suitably be cured by the addition of glass

m crobeads or powdered gl ass fibres, as described in US-A-5 013 768, for
exanple. The invention also relates to e@®¥posi.tions conprising as conmponent
(a) at |east one ethylenically unsaturated, photopol ynerizable conpound
which is emulsified or dissolved in water. Radiation-curable, aqueous
prepol yner dispersions of this type are commercially available in many
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i ndi cat ed fgentha¢cOrdiag & hedenydLr in t hese conpositions is in each case
100, to which are added the assistants and additives in various anmounts
depending qQn the applicatijon. .- 22- The radiatign-curable, . . .-
wat er - di s perhsPRotopplymerizale FempeLiienseRtaln thephewinifiaon ‘PféEﬂB’?R‘P‘yméF%ro

di ssol ved, niixture {)radesntggeosslpied qhaniiy ofire@®@.05 ©13.% @W%ﬂpﬁr&féﬁfﬁly from

pol yfuncti (wﬂ} fg‘t I%nj ﬁﬁélﬁ% unstﬁ\turat ec{.bqorepol ynmers whi ch are known per

se, can be Thi% 0 VB\ d08hg ¢omPISiff a's and contain, for exanpl e,
fromO0.01 to 1.0 nol of polynerizable double bonds per 100 g of prepolyner,
and have a “!@ﬂﬁ . of : t&ﬂﬁ in
parti cul ar ﬁ@éﬁ%@gn{ﬁébﬁlﬂ{gg@ pe%ﬂ?ﬁ%bﬂ %E{C'Phe I'n tgor?g'géfldapp :a‘c°§§ia‘8n,
however, propwoyndsof thaformygla{Vdher nol ecul ar weights may al so be suitabl e.
For exanpl e, polyesters containing polynerizable C C doubl e bonds and

havi ng a mexi mum acid nunber of 10, pol yet thers contai ning polynerizable CGC

doubl e bonds, hydroxyl - contai ni ng odugts (8 the reaction of a pol yepoxi de
containing at |east two Rzz—é—c—?—ﬂiw (VID)

Ry
or (VIII)

R40O

I
Rag c ——Q (VIID)

Rzs

or mixtures of compounds of the formulae (VII) and (VIII), in which

R;¢ and Rz:, independently of one another are hydrogen, C;-Cgalkyl, phenyl, C;-C,salkoxy
or -O(CH,CH,0),-Cy-Cygalkyl, in which q is a number from 1-20, or R;9 and Ry,
together with the carbon atom to which they are attached, form a cyclohexyl ring,

Ry, is hydroxyl, C,-C,calkoxy or -O(CH,CH,0),-C;-C;¢alkyl, where Ryg, Ry; and Ry, are
not all simultaneously C;-C,galkoxy or -O(CH;CH;0)4-C;-C)galkyl,

CH,
1

Ry, is hydrogen, C;-Cgalkyl, C;-Cygalkoxy, -OCH,CH,-ORy3, a group CHp = IC ora

_ ?Hs -
group %Hz —IC%— , in which 1 has a value from 2 to 10 and A is the radical
|
A .



epoxi de groups per nolecule with at |east one [err]-ethylenically

unsat urated carboxylic acid, polyurethane (neth)acryl ates and
[err]-ethylenically unsaturated acrylic copolyners containing acrylic
radi cal s, as described in EP-A-12 339, apge-used. M xtures of these
prepol ymers may al so be used. Al so suitable are the pol ynerizable

prepol yners described in EP-A-33 896, which are thioether adducts of

pol yneri zabl e prepol ynmers having an average nol ecul ar wei ght of at | east
600, a carboxyl group CQ)ntlEﬂt of from0.2 to 15 % and a content of from

0.01 to 0.8 nol ol yhrer | zahl e G- C doubl e bonds per 100 g of prepol ymer.:
QO her suitable a Us T sper Sekonsahsed on specific alkyl (nmeth)acrylate

pol ymers are described in -A-41 125, and suitabl e water-dispersible,

radi ati on-curabl e prepol yners made from urethane acrylates are disclosed in
DE- A-2 936 039. These radiation-curabl €@ adttous prepol yner di spersions may
contain, as further additlives, dispersi B)n alssi stants, enulsifiers,

ant i oxi danRas isltiygragent 5.'5'I "‘fé"-sc dyres— GrgreFESHatahders, for exanple tal c,
gypsum  si 'R CR 51*”{ ytq 5”‘&*‘%‘9@ é’rmr&lérﬂi?l oxi des, reaction
7‘@ ent S S,

accel erat or & ricants, ng agen thlckeners,
matting agents antlfoans and ot her assistants mhlch are conventional I n

sur f ace- co®,), BOC @M@l@ﬂ&als&ﬂzﬁﬁm R {jhsS@FC%élEil Aa§ haveht SarBé theanings as

wat er - sol ultLJh hi Iar ht or C Cﬁ ounds cont ai ni ng pol ar
groups, Qgﬁif%g%% HB/FO RB‘T‘%VC%H '1‘79? ‘i?‘ﬂﬂprart%’? ‘done and cel | ul ose
et hers. Errul sifiers which can be used are nonionic emulsifiers and possibly
also ionic d0 use

m xtures o 2¥m£ ébr ‘?f%l?oex Y 1?&{9%51%@96%%%%1 g{ %@Xfégg%% ﬁg\f&né’%%@ i nvention.
It is of cmtmlow.sdxy]kmreysnipr@yﬁmcyusepmpxlouyaz-bmymxykxsobmylphmsm:-huwlwor s,
for exanpl s C _ 1 r
exanpl o &- E@fé%?%ﬁ #‘Eﬁﬁ%ﬂe?f g 5*&?‘“?&2’;‘330%?%%%@‘1#@°"‘9°
[err] - hydr &s&Hy1Bexy; W ABAELBth ¢ %ggdccxlogy@pc c¥laYoxol anes, benzoin
al kyl ethers and - 23 - benzil ketals, nDnoacyIphosphlne OX|des

bi sacyl pho%‘i{,‘,‘ 192% ékdl as Er-cﬂg %ry]c?t(fx?ar;r ave the same meanings as those described for Rys,
up to the appropriate number of carbon atoms, and are preferably decyloxy, methoxy and
ethoxy, especially methoxy and ethoxy.

The rachcal -O(CH,CH0)-C,-Cgalkyl represents 1 to 20 successive ethylene oxide units
whose _cham ends in C,-C,calkyl. q is preferably 1 to 10, for example 1 to 8, especially 1
to 6. The chain of ethylene oxide units is preferably terminated with a C,-C,galkyl, for
example C,;-Cgalkyl, especially C,-C,alkyl.
Preferred compositions are those in which, in the formula (VII), Ryg and Ry
independently of one another are C,-Cqalkyl, or together with the carbon atom to which

' they are attached form a cyclohexyl ring, and Ry is hydroxyl.

Further preferred compositions are those in which the proportion of compounds of the
formula (I) in 2 mixture with compounds of the formulae (VII) and/or (VIII) is from 5 to

95 %, preferably from 5 to 50 %.

Also important are compositions in which, in the compounds of the formula (VII), Ry and
R,; are identical and are methyl, and R ;g is hydroxyl or isopropoxy.

Preference is likewise given to compositions comprising compounds of the formula (I) and



When the photoinitiators according to the invention are enployed in hybrid
systens, cationic photoinitiators such as aromatic sul fonium or iodoni um
salts or cycl opentadi enylareneiron(ll) conplex salts are used in addition
to the free-radical curing agents accofr2§ng to the invention. The

phot opol yneri zabl e conpositions contain the photoinitiator or the
photoinitiator m xture (b) advantageously in a quantity of fromO0.05 to 15
% by weight, preferably from0.1 to 5 % by wei ght, based on the
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[err] i ndapdamtapmdm!s of therformula ( VIHT) wilicte Ry4 Rygand R%fer:e hll pigetyy bre drésend toor
[err] in \MEE%JECV\R %%nun‘ner from 1-20, or R19 an together with the

carbon atom hey are attached, forma cyclohexyl ring, [err] is
hydroxyl, [err] or [err] where [err] and [err] are not all simultaneously

[err] or W}Hp&ﬁﬂ {ﬂ\kﬁ’eﬁ aI&XQ'L 9 Eom (ﬁfnﬂ%asdégﬂﬁ%%ob@%ch%g@n&@r rl gr oup

[err] as ava rom radi cal A
=24 - [er .Prommf}ww mipygs g g formaag (I (VID andfer (VIED.andayhigh arg liquidety |
I ndependenédri tédhpepsr@reanot her are hydrogen or nmethyl. [err] as [err] and
also [err] and [err] as [err] may have the sane neani ngs as those descri bed
for [err] up to the respective nunber of carbon atons.

The preparation of the compounds of the formulae (VII) and (VII) is generally known,

and some of the compounds are commercially available. The preparation of oligomeric
compounds of the formula (VII) is described, for example, in EP-A-161 463. A
description of the preparation of compounds of the formula (VIII) can be found, for
example, in EP-A-209 831.

- The photopolymerizable compositions can be used for various purposes, for example as
printing inks, as varnishes or clearcoats, as white paints, for example for wood or metal, as
coating subtances, inter alia, for paper, wood, metal or plastic, as daylight-curable coatings
for buildings and roadmarking, for photographic reproduction processes, for holographic
recording materials, for image recording processes or for the production of printing plates
which can be developed using organic solvents or aqueous-alkaline media, for the
production of masks for screen printing, as dental filling materials, as adhesives, as
pressure-sensitive adhesives, as laminating resins, as etch resists or permanent resists and
as solder masks for electronic circuits, for the production of three-dimensional articles by
bulk curing"(UV curing in transparent moulds) or by the stereolithography process, as
described, for example, in US Patent No. 4 575 330, for the preparation of composite
materials (for example styrenic polyesters, which may contain glass fibres and other
assistants) and other thick-layer compositions, for the coating or encapsulation of
electronic components or as coatings for optical fibres.

The compounds according to the invention may also be used as initiators for emulsion
polymerizations, as initiators of a polymerization for the fixing of ordered states of
liquid-crystalline mono- and oligomers, as initiators for the fixing of dyes to organic
materials, and for curing powder coatings.

In coating materials, mixtures of a prepolymer with polyunsaturated monomers are often
used which also contain a monounsaturated monomer. The prepolymer here is primarily
responsible for the properties of the coating film, and variation thereof allows the person



[err] as [err] is for exanple branched or unbranched al koxy, for exanple
nmet hyl oxy, ethyl oxy, n-propyloxy, isopropyloxy, n-butyloxy, isobutyloxy,
sec- butyl oxy, tert-butyloxy, pentyloxy, hexyl oxy, heptyl oxy, octyl oxy,
2,4,4-trinmethyl - 1-pentyl oxy, 2-ethyl hexgbexy, nonyl oxy, decyl oxy,
dodecyl oxy or octadecyloxy. [err]and [err] as [err] may have the sane
meani ngs as those described for [err] up to the appropriate nunber of
carbon atons, and are preferably decyl oxy, methoxy and ethoxy, especially
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[err] indepe one ano are |'err] or together with the carbon
atomto which they are attached forma cyclohexyl ring, and [err] is
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eopr opoxy PoBiErE Rk Pl s Cipd Sé@&? % ons’ conpt 1 51 ng
conpounds of the formula (1) and -25 - a mixture of conpounds of the
012, (o ol ok 0 Sl LAt by BT 20,
% and conpsgnadicak pmnmmorapf\mmmytmmwsms@r Tadiatignicarable powedes| | net hyl
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compounds argac%%g (c:loubble %ongso}lor examp e malgBes, vinyl ethers, acrylates, acrylamides and

mixtures thereof. A free-radically UV-curable powder coating can be formulated by

mixing unsaturated polyester resins with solid acrylamides (e.g. methyl

methacrylamidoglycolate) and with a free-radical photoinitiator according to the

invention, as described, for example, in the paper "Radiation Curing of Powder Coating”,

Conference Proceedings, Radtech Europe 1993 by M. Wittig and Th. Gohmann. Similarly,

free-radically UV-curable powder coatings can be formulated by mixing unsaturated

polyester resins with solid acrylates, methacrylates or vinyl ethers and with a

photoinitiator (or mixture of photoinitiators) according to the invention. The powder

coatings may also contain binders as described for example in DE-A-42 28 514 or

EP-A-636 669. The UV-curable powder coatings may also comprise white or coloured

pigments. Thus, for example, preferably rutile titanium dioxide can be employed in
concentrations of up to 50 % by weight in order to give a cured powder coating having
good covering power. The process normally comprises electrostatic or tribostatic spraying
of the powder onto the substrate, for example of metal or wood, melting the powder by
heating and, after a smooth film has been formed, radiation-curing of the coating using
ultraviolet and/or visible light, for example with medium-pressure mercury lamps, metal
halide lamps or xenon lamps. A particular advantage of the radiation-curable powder
coatings over their heat-curable counterparts is that the flow time after the melting of the
powder particles can be selectively extended in order to ensure the formation of a smooth,
high-gloss coating. In contrast to heat-curable systems, radiation-curable powder coatings
can be formulated without the unwanted effects of a reduction in their lifetime so that they
melt at relatively low temperatures. For this reason, they are also suitable as coatings for
heat-sensitive substrates such as wood or plastics.



photoinitiator mxtures of the formulae (1), (VIl) and/or (VII1), and which
are liquid at roomtenperature. The preparation of the conpounds of the
formulae (VIl) and (VII1) is generally known, and sone of the conpounds. are
comercially available. The preparation gf_oligonmeric conpounds of the
formula (V1) is described, for exanple, in EP-A-161 463. A description of
the preparation of corrpounds of the formula (VI11) can be found, for

exanpl e, in EP-A-209 831. The phot opol yrrerl zabl e conpositions can be used
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materi al s (tﬁagéwﬁ&aﬂpd)ﬁr@tawiﬁag& pol yesters, which may contain glass fibres
and ot her assistants) and other thick-layer conpositions, for the coating
or encapsul ation of electronic conponents or as coatings for optical
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isobutyl methyl ketone, cyclopentanone, cyclohexanone, N-methylpyrrolidone, dioxane,
tetrahydrofuran, 2-methoxyethanol, 2-ethoxyethanol, 1-methoxy—2—pi'opanol,
1,2-dimethoxyethane, ethyl acetate, n-butyl acetate and ethyl 3-ethoxypropionate.

Using known coating processes, the solution is applied evenly to a substrate, for example
by spincoating, dip coating, knife coating, curtain coating, brushing, spraying, especially
electrostatic spraying, and reverse roll coating. It is also possible to apply the
photosensitive layer to a temporary, flexible support and then to coat the final substrate,
for examplera copper-laminated circuit board, by means of layer transfer via lamination.

The quannty applied (layer thickness) and the nature of the substrate (layer support) are
functions of the desired appllcatlon The range of coat thicknesses generally comprises
values from about 0.1 pm to more than 10 pm.

The radiation-sensitive compositions according to the invention find application as
negative resists which have a very high p'hotosensitivity and can be developed in an
aqueous-alkaline medium without swelling. They are suitable as photoresists for
electronics (galvanoresists, etch resists and solder resists), the production of printing plates
such as offset printing plates or screen printing formes, and can be used for chemical
milling or as microresists in the production of integrated circuits. There is a
correspondingly wide range of variation in the possible layer supports and the processing



- 26- skilled in the art to influence the properties of the cured film The
pol yunsat urat ed nononer functions as a crosslinking agent which renders the
coating filminsoluble. The nonounsaturated nmononmer functions as a reactive
di l uent by means of which the viscosity.?2g-reduced without the need to use
a solvent. Unsaturated polyester resins are nostly used in two-conponent
systens in conjunction with a nonounsaturated nononer, preferably styrene.
For photoresists, specific one-conponent systens are frequently enpl oyed,
for exanpl -,¥q5 g al cones or polyimdes, as described in
DE- A- 23 08@@@%#8 hePg%Eggﬁ%ﬁgggﬁggrding to the invention and m xtures
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Following the imagewise exposure of the material and prior to developing, it may be
advantageous to carry out a brief thermal treatment, in which only the exposed parts are
thermally cured. The temperatures employed are generally 50-150°C and preferably
80-130°C; the duration of the thermal treatment is generally between 0.25 and 10 minutes.

The photocurable composition can also be used in a process for the production of printing
plates or photoresists as described, for example, in DE-A-40 13 358. In this process the
compositiorf is exposed before, simultaneously with or after the imagewise irradiation,
exposui'e being carried out for a short period with visible light at a wavelength of at least
400 nm without a mask.

Following the exposure and the optional thermal treatment, the unexposed areas of the
photoresist are removed using a developer in a manner known per se.

As already mentioned, the compositions according to the invention can be developed by
aqueous-alkaline media. Suitable aqueous-alkaline developer solutions are, in particular,
aqueous solutions of tetraalkylammonium hydroxides or of alkali metal silicates,
phosphates, hydroxides and carbonates. Relatively small quantities of wetting agents

~ and/or organic solveats may also be added, if desired, to these solutions. Examples of
typical organic solvents which may be added in small quantities to the developing liquids



heating and, after a smooth filmhas been formed, radiation-curing of the
coating using ultraviolet and/or visible light, for exanple with

medi um pressure nercury |anps, netal halide | anps or xenon |anps. A
particul ar advantage of the radiation-c®abl e powder coatings over their
heat - curabl e counterparts is that the flowtime after the nelting of the
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unmanted effects of a reduction int etlne SO at t hey ne t at
relatively low tenperatures. For thrs reason t hey are al so suitable as

Icoat Idggs thotdStﬁﬁngSiﬁﬂ&dnbidEraﬁlthﬁipbﬁm f§d tﬁig M@sﬁ@in@é theldaghg Gifne r?f the \/\57 -

n addition ol ni accordi t he .invention . the powder

coating fo H‘Z‘Tfﬁ af“glftg‘b'% mdé‘FWW‘%@‘g%PﬂB?Bmd Ao shogld.betathe,| o s

have been ¢rdet ddr@bomﬁmdmdsr U¥raurdbl8inkSlare Mp@mmunqmrmmm SCreemns

accordi ng % {r&e invention are suitable, for exanple, as coating substances
te

for substr s of all kinds, for exanple wood, textiles, paper, ceramc,
gl ass, plastics such as polyesters polyethylene terephthalate pol yol ef i ns

g; 2?' ! & OA§ aﬁé‘ﬁ"y&ﬁ&noﬁ&d) ehe Aldrres accfoPcﬁng & Rk HvehtiodTEre a&adug'}h% gnraareaéoﬁ such

desired t oNgH °§°’b?€)?"g/"gl'ﬁgxpéat%éﬁq?ﬁg qrﬁxmnyepwa&emﬁ%s‘ﬁ&%slmeér an i mage.
The subst r pélgamiziesobstyreacibarddisye opstyieneioprene aubiber, (patyaatyldtem,pommuiylt i on

Concent  at PR BATR TG B Bonsl Fore i e ateofon i Silan Aol .

coat i ng pr ussddithephordpelynérizable sormmers, fer ¢éxample aarylamldes,rmmhamlanﬁd@hou l.d

not under Oferitis SPEMIEE?#&@@Q&%S?BM% mtx‘ua{t&e ﬁme% ﬁ%gme QRiepRPab! e
of being re agar e coa operati o I'n the drylng ocess.
Exanpl es o W%@r exposshiheough éhq@ga%&(or 8PFiEYe) Of the Rrint gFiginals aad, 515

net hyl et highcuked d;me,m Subbetjuchtlywashed deehfiiga sevblesevenanone, cycl ohexanone,
N- net hyl pyrrol i done, di oxane,

A further area of application for photocuring is the coating of metals, for example in the

coating of metal sheets and tubes, cans or bottle caps, and the photocuring of plastic

coatings, for example PVC-based wall or floor coverings.

Examples of the photocuring of paper coatings are the colourless coating of labels, record
sleeves or book covers.

“ The use of the compounds according to the invention for curing shaped articles made from
composite Compositions is likewise of interest. The composite composition is made up of
a self-supporting matrix material, for example a glass-fibre fabric, or else, for example,
plant fibres [cf. K.-P. Mieck and T. Reussmann in Kunststoffe 85 (1995), 366-370}, which
i~ impregnated with the photocuring formulation. Shaped articles which are produced from
composite compositions, using the compounds according to the invention, are of high
mechanical stability and resistance. The compounds according to the invention can also be
employed as photocuring agents in moulding, impregnating and coating compositions, as
described, for example, in EP-A-7086. Examples of such compositions are fine coating
resins on which stringent requirements are placed with respect to their curing activity and
yellowing resisr.ance, or fibre-reinforced mouldings such as planar or longitudinally or
transversely corrugated light diffusing panels. Processes for the production of such

~ mouldings, for example hand lay-up, spray lay-up, centrifugal or filament winding
processes, are described by, for example P.H. Selden in "Glasfaserverstirkte Kunststoffe"
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1, 2-di net hoxyet hane, ethyl acetate, n-butyl acetate and et hyl

3- et hoxypropi onate. Usi ng known coating processes, the solution is applied
evenly to a substrate, for exanple by spagcoating, dip coating, knife
coating, curtain coating, brushing, spraying, especially electrostatic
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Also important is the use of photocurable compositions for imaging processes and for the
optical production of information carriers. In these applications, the coat (wet or dry)
applied to the support is irradiated - as already described above - with UV or visible light
through a photomask and the unexposed areas of the coat are removed by treatment with a
solvent (= developer). The photocﬁmble layer can also be applied by electrodeposition to
metal. The exposed areas are crosslinked/polymeric and thus insoluble and remain on the
support. If appropriate colouration is carried out, visible images are formed. If the support
is a metalliZed layer, then the metal can be removed from the unexposed areas by etching
after exposure and development or can be increased in thickness by electroplating. In this
way, printed electronic circuits and photoresists can be produced.

The photosensitivity of the compdsitions according to the invention generally ranges from
the UV region (about 200 nm) up to about 600 nm, and therefore spans a very wide range.
Suitable radiation comprises, for example, sunlight or light from artificial sources.
Therefore, a large number of very different types of light source can be used. Both point
sources and flat radiators (lamp carpets) are appropriate. Examples are: carbon arc lamps,
xenon arc lamps, medium-pressure, high-pressure and low-pressure mercury lamps, doped
with metal halides if desired (metal halogen lamps), microwave-stimulated metal vapour
lamps, excimer lamps, superactinic fluorescent tubes, fluorescent lamps, incandescent
argon lamps, electronic flashlights, photographic flood lamps, electron beams and X-rays,
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exposure" relates both to exposure through a photomask containing a
predeterm ned pattern, for exanple a slide, exposure by a | aser beam which
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t he coated substrate, thereby generating an inmage, -and irradiation with
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sources which are usual and customary in UV curing in respect of its spectral composition

and intensity. The absorption characteristics and the radical-forming properties of the

bisacylphosphine oxides employed in the process according to the invention are

particularly suitable for utilizing sunlight as natural radiation source for the curing.

The dimeric bisacylpho_s;ihine oxides employed in the process according to the invention
give tack-free surfaces within 1-30, in particular 1-15 minutes on irradiation with daylight
or with daylight-equivalent light sources. The radiation intensities of the radiation which
can be utilized for curing are in the range of 25-35 W/cm?. The term daylight-equivalent
artificial light sources, as may be used to cure compounds according to the invention,
refers to low-intensity radiators such as, for instance, certain fluorescent lamps, ¢.g. the
TLO3, TLO5 or TL09 Ph*’ips special fluorescent lamps.

The invention therefore also relates to the use of compounds of the formula I in which R,
is a group of the formula IIIb o

Rio
ORq
(IIIb), in which
Ry
Riy2



order of fractions of seconds. UV-curable inks are inportant, in
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The invention likewise relates to the use of compounds of the formula I for the curing of
shaped articles made from composite compositions, and to a process of curing shaped

articles made from composite compositions using the above-defined compounds of the
formula L | ' '

The inventibn also relates to the use of the composition according to the invention for the
production of coating substances, in particular white paints for wood coatings and metal
coatings, or clearcoats, for the production of coating materials pigmented with coloured
pigments, for the production of cle:. or pigmented aqueous dispersions, for the production
of powder coatings, for the production of printing inks, for the production of
three-dimensional articles by bulk curing or stereolithography, for the production of dental
filling compositions, for the production of composite materials, for the production of
printing plates, for the production of masks for screen printing, for the production of
photoresists for printed electronic circuits, for the production of adhesives, as a coating for -
optical fibres or as a coating or encapsulation of electronic components.

The invention additionally relates to a process for the photopolymerization of compounds
containing ethylenically unsaturated double bonds, which comprises irradiating a



- 30 - [Gass fibre-reinforced plastics], page 610, Springer Verlag

Ber | i n- Hei del ber g- New York 1967. Exanples of articles for use which can be
produced by this process are boats, chipboard or plywod panels coated on
both sides with glass fibre-reinforced phgstic, pipes, containers and the
i ke. Other exanples of noulding, inpregnating and coating conpositions are
UP resin fine coatings for noul dings containing glass fibres (GRP), e.g.
corrugat ed sheets and paper |lam nates. Paper |am nates may al so be based on

t (f
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conpositions according to the invention can also be used for casting resins

ng for enc?ﬂaué@amm vathlthe irRenSotCihi s@fstaﬂmis&i ?&rm@p@aaéuoarut cbéftf‘ng' i ke.
ring enplo

SsSure nercur rrps as re Conventl on
i ng e ltles, st SRl R%iﬂ oo 0By ang hocsl SOMGTES: PR AbAE EPatinge
exanpl e t hassemdls,foethe ppodudticOol fidvder cEdtﬂ@WfBBthe"ﬁﬁ@iﬂcﬂbteomdanngfnatdnﬁBe _

i 56 be_usalt ARRAEARRGR HRSeY o obdiles oo S ctplnes, THLBE brodlibhgrlllt 2"
conposi t i orcommsmmnrsmkse@r theqprodyosioh jofy pnnsngjplatss,l for the peaduction §f roasks for
plastic st arerPrinkAg fOSthE Bida ol(ﬂﬂ'o'tc?'gs f]t? PR ?é&%o&c%ﬁx’tse@or%'é to

corrpl etion.” Al'sQ inportant is teit;‘g‘ use corrp05| t1ons

i magi ng pr reducgion of adhesives, fer the Praduction PFWOBPPQW Bbredf P’bﬁli‘ecar r| er s.
In these anibdtfbﬁbh @ﬂ%anh‘gﬁom&pﬁﬂﬁon@ bf éledttonidEdchisheh, drddin ShepBethod b

i rradi at ed al r ea C”Pi"?d above - with UV or visible light through
a photonaslé’%u &L § Yeas of the coat are renoved by treat nment
with a solvent (= devel oper). The photocurable |ayer can also be applied by
e} oot odenofidihdlhioR LEELRk o dBE L BOREE s BLEHE i 1 EORK bEKABPORGIERLE and
carried outwnlwsmsﬂ@ommgw m®s¢mm°v¢,fandma Pmpﬁrfpr the paomtaahuc. zed
layer, the fbrb&ﬂ:u@ﬁbﬁelﬁ?ﬁn&%s IEWRERS cfoaemshss%awmmé&dd ) iffAgewike S4rodhRY

after exposure devel o nt or can be increased i'n thickness by
el ect ropl atqnﬁd eq e upexposed areas are removed with a solvent.

|L1
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The compounds according to the invention exhibit good stability to hydrolysis. A further
advantage is that they can be dissolved very readily in the mixtures to be polymerized, and
are of only very low volatility. The yellowing values of the compositions cured using the
compounds according to the invention are low, and surfaces having good gloss values are
obtained. The compounds according to the invention are also highly suitable for the curing
of relatively thick pigmented layers. Using the compounds according to the invention is it
possible, for example, to cure layers up to 300 pm. The maximum curable layer
thicknesses"are dependent on the concentration of TiO,. For example, TiO, contents of up
to 50 % are possible.

The compd;mds according to the invention are r.ut very yellow themselves, and are
therefore particularly suitable for use as initiators. Moreover, when irradiated the
compounds according to the invention fade with particular rapidity, which is a factor in
favour of their use as initiators, especially in polymerizable compositions which must not
show any yellow coloration. '

The examples which follow illustrate the invention in more detail. As in the remainder of
the description and the patent claims, parts and percentages are by weight unless stated
otherwise.



way, printed electronic circuits and photoresists can be produced. The
phot osensitivity of the conpositions according to the invention generally
ranges fromthe UV region (about 200 nm up to about 600 nm and therefore
spans a very wi de range. Suitable radiat-i3dr conprises, for exanple,
sunlight or light fromartificial sources. Therefore, a |arge nunber of
very. different types of |ight source can be used. Both point sources and -
flat radiators (lanp carpets) are approprlate Exanpl es are: carbon arc

| anps, XeNoWhgieln iR d3igndBeHs ol hariE inGre QLS arBatb@¥/nBs
mercury | agg doped wi t taI I i des | f desired rret al hal ogen” | arrps)
m cr owave- stYHER Af%igdizate 1 F&Wd§°3‘§k £ Relsomedns, superactinic

fluorescent tubes, quorescent | anps, incandescent argon | anps, el ectronic
- flashli ght s; o187l %lee [Jrh Q-Aa s, electron beans and X-rays, - 31 -
- produced bylrl;g’&rrs—trﬁ—wntﬁ-roﬁgcmﬁg& | aser plasma. The di stance between

t he | anp andl bropunagon of Aramaticcompongdst o t he i nvention which is to be
exposed can vary depending on the application and on the type and/or power
of the Iarrp for exgg)le frombetween 2 cmand 150 cm O particul ar
sui t abi | i t yExanple 1a:80 g pfyh3-dityiexybenzens (0 &M@w&lmatrmmmlas
k Ir ypt gn F lHE)&hBoff mmamn&&% ?}tﬁ%ﬁ g %EN %&%&&dﬂddf(O?ﬁ%&b grefini@incedy

al so be enpl o se ) SEensi o) e.mat eri

accordi ng t'8 pgvﬁxéoqs ﬁ @‘aéﬂ’@ TR AT ané% 'm“é‘mﬁ% ?bo%s
possi bl e t candr3¥3CGcWhenitiret ahﬂwmms complete; thehmixaire is sumedcasmondmmpm;amre for

| i thographi ¢y, aff '?'ﬁ"é reEdi dﬁ!ﬂ&urgl fﬁ ? BVér%ésgiggﬂf é.rgit th? 9019%&&531%11;0@@&]

phot ogr aphi ¢ I'nage recor

dayl i ght - eqmmractembsr ¢Q§lﬁ@ﬂ@@9ﬂc'5§ ¢redeepr9duqs (FHNg)ds &mmte@m@rl&rgmh 300- 500
nm In thi syge&ixeeciumh adict ¢ tn% B eV ey, FBY &F HE¥OntbaE)4 HButdyblRdche Kitha .

nmust be preset far rast Lo the conventiq ring wth
hi gh-i nt ens‘?qlﬁnﬁ Bﬂf‘h‘?éj{)lﬁgelah“ﬁayﬁﬁab qﬁlgastaweﬁems QY lggbgwwﬁﬁ achi eved

by the action of |lower-intéensity radi atl on over a longer period. Exanples

Db St Ll 8, A5 R LoRbon R S nesn BEHRRpaLR e R o
as described in Example 1a.
The compounds and their boiling points are listed in Table 1.
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sources which are usual

spectral
radi cal

and customary in UV curing in respect of
conposition and intensity. The absorption characteristics and the
-form ng properties of the bisacyl phosphi ne oxi des enployed in the

its

process according to the invention are qgs&ticularly suitable for utilizing

sunlight as natural

radi ation source for the curing. The dineric

bi sacyl phosphi ne oxi des enpl oyed in the process according to the invention

give tack-free surfaces wthin 1-30,

in particular 1-

15 m nutes on

irradiation whbj daylight or with daylight-equivalent Iight sources.
radi ati on i nt-ensi

in the rangg
sources, as

The

refers to |
fl uorescent

| anps. The i
formula | in
is [err] wh

[err] or isjc

substituted
unsubsti t ut €
[err] groupdg,
IS unsubsti tju
[ err]al kenyl{e
is [err] cyd
formula 111N
i nterrupted

kng are
BQf 35R35 WcecnR. The f dayl i ght - equi v tificial {light
JQJ?}L R}?_rcgrlJ a.cure cd %lglmzjgfmdﬁnﬂ AS{Q&{R nvention, g
w2ant eiGELy radi ators|sugh as, for instafce36°CH0iaibar
| anpg, e.g. the TLO3, {TLO5 or TLO9 Philips special fluoreéscent
nGentrdhEbherefore al $o-Hel ates to the u<e ﬁfctﬁhbmunds of t he
whidh R3 is a group o¢f the formula Il11b ]% llerr] .
i éa ils- 4ngrrupted by [0:Hor is [err] whic 5%" ﬂba!'utec with
cl gpent cyclohex; phenyl whi ch is{un stituted orf is
gh 143ﬂ%31 HBand/ or [ r] groups, benzyl %ﬁ%% 1€$
d or | su stltuted on e phenyl ring wijth_1- er.r] and/or
%8r |i r] or [err]| i ‘g a radical of tre?%, ém’f"%/ V, X
edlo err] whi chlis errupted by Q, i
k Aylene, [err] ?t?é}rr] whi ch i 4 i%og! eaa by 10, - or
er rr cycl ohexyl qr or [err] ?54%$ t he
arRe g%&sher [err] [4r r‘?a? ;/hydr ogen, [er I hﬁa‘?
by, QFH,s C3- CBal kenlyloc,H, 96°C/10" mbar
10a "CH(CI'I3)2 ‘OCH(CI‘I3)2 72°C/10'1mbar
1la -CH,CH(CHj3), -OCH,CH(CHj3), 11 ZOC/ 10! mbar
12a -C3H17 . -OC8H17 Qil
13a | -CH,CH,OCH, -OCH,CH,0CH,; 135°C/10-?mbar
14a -CSHI 1 -OCSHI 1 1 39°C/10-1mbar
15a -C6H13 'OC5H13 155°C/10‘1mbar
' m.p. < 20°C
16a | -CH,-Phenyl -OCH,-Phenyl
17a | -CH(CH;)C,H; -OCH(CH,)C,H; 105°C/0.04mbar
18a |=-C,H,s -CH; 89°C/10-'mbar
Examples 20a-25a:
Br Bf.
OCHa OCH3
CH,Z0
20a 21a



cycl opentyl, cycl ohexyl, phenyl or [err] and [err] is [err] for the curing
of ethylenically unsaturated conpounds wth daylight or daylight-equival ent
| i ght sources, and to.a nethod of curing ethylenically unsaturated

pol yneri zabl e conpounds, which conprises 3lding to these conmpounds at | east
one photoinitiator of the fornmula I as defined above and carryi ng out
irradiation with daylight or daylight-equivalent |ight sources. The
invention likew se relates to the use of conpounds of the formula | for the
curing of shaped amBricles made fromgonposite conpositions, and to a
process of cyring *hapeg artic&&s mafe from conposite conpositions using

t he above-def? o Has §8CPre 50 m QCHa The invention also relates to
the use of the ¢ tion accordi ) the invention for the production of
coati ng subst ance particul ar whi t2 paints for wood coatings and net al
coatings, or cleardoats, for the profuction of coating materials pignmented
with coloured pigmeai,s, for the prodygjd,on of clea: or pignmented aqueous

di spersions, for the production of poWbér coatings, for the production of
printing inks, forzﬁpe producti on 053£hree-dinensional articles by bul k
curing or stereolithography, for thé production of dental filling

conposi tions, foBrthe production of conpositegmaterials, for the production

of printing f t uction of masks for screen printing, for
t he product Mg @é”r‘éﬁ'ﬁggg&gbr print Bg rdGHy circuits, for the
producti on of #{i ves,” as a coating for Al fi'bres or as a coating or
encapsul ati on ectroni ¢ conponents. Th intion additionally rel ates
to a process for[the kot opol yneri ZCHIRCOT TRMPOWCHISHEORLGHNI NQ
et hyl eni cal | y unggfy cegculpubl e bonds, whichlconprises irradiating a -
33 - conposition asé%%scri%%d above with Iig%"i n the range from 200 to 600
nm In accordancgt%vm'th the invention this pryagess is also used for the

a

production of co 3

I ng substances, especially Wwhite paints for wood coati ngs
and netal coatings, or clear coating

The compounds are obtained in analogy to the method described in Example 1a. The
boiling point of compound 20a is 223°C, that of compound 21a is 131°C/10 mmHg.
Specific 'H NMR shift values § for the compound 22a are: OCH, (triplet) 3.90 ppm, H,
6.36 ppm. Compound 23a is commercially available (melting point 99°C). Specific

H NMR shift values § for the compound 24a are: H, (doublet) 3.75 ppm, H,, (fine
doublet) 6.47 ppm. Specific TH NMR shift values 3 for the compound 25a are: OCHs
3.80 ppm, H, 7.36 ppm, H, 7.13 ppm.

b) Synthesis of the corresponding diethoxyphosphine oxides

Example 1b: Under a stream of nitrogen, 61 g of 1-bromo-2,4-dibutoxybenzene (0.20 mol)
are heated together with 2.50 g of nickel(II) chloride (0.019 mol) to 160°C, and 46.3 gof .
triethyl phosphite (0.278 mol) are added dropwise over the course of 1!/, hours. The ethyl
bromide formed in this process is distilled off from the reaction mixture continuously.

After addition is complete, the mixture is stirred at 160°C for 1 hour. The reaction mixture
is then cooled to room temperature, 50 ml of diethyl ether are added, the mixture is

filtered through kiéselguhr and the solvent is removed completely by concentration. The
crude product (82 g) is fractionated on a 10 cm Vigreux column at 10! mbar. In this way,
42 g of diethyl (2,4-dibutoxyphenyl)phosphonate having a boiling point of 170°C at

10-! mbar are obtained as a colourless oil in 60 % yield.



materials, for the production of powder coatings, for the production of
coating materials for daylight-curable constructional coatings and road
mar ki ngs, for the production of conposite materials, for the production of
printing plates, for the production of nggks for screen printing, for the
production of photoresists for printed electronic circuits, for the
producti on of adhesives, for the production of coatings for optical fibres,
for the production of coatings or encapsulatlons of el ectronic conponents,
and in the u i er raphy. T e nventlo

M cew e r ERap 2818, Eothadial be Bxaitgies of- 189 4G e R
surface w ehdescobedin Examplsib.iThe e&mpdamtsranﬂehbxabmheg paints arpcempileddess f or
the phot ogrgpfei production of relief images in which a coated substrate is
subj ected to | nagewi se exposure and then the unexposed areas are renoved
with a solvent. The conpounds according to the invention exhibit good
stability to hydrolysis. A further agvant is that they can be dissol ved
very readily in the mxtures to be p Lpﬁé EQQP and are of only very |ow
volatility. The yellow ng val ues of thg
conpounds according to the invention g

gl oss val ues are obtai ned. The corrpo
al so highly suitable for the curing O :
Usi ng the conpounds according to the i
to cure layers up to 300 [err].

dependent on e
to 50 % are a'tﬁg'gl

conpositions cured using the

s B and surfaces havi ng good

according to the invention are

| atively thick pignented | ayers.

._ention is it possible, for exanple,

The maXi'fum curable | ayer thicknesse are’

concentration of [err] For exanple, [err] contents of up
The conpounds according to the invention are not very

yel | ow t hengel ves and are theref particularly suljtable for use as
initiators. re¢V® ., when irradi 9 the conpounds alPRTdMRY to the
et on { Jggu e T oI rafff'y- Lol yrer i zab e | coel T i ¢
The' i hvent 1 qn P meetlraet arl s [nTtne.renal nder of | W8 qHooHhest] (ot 18
the patent clabnfh{gggts and perce¢niggges are by wei ght 145eCAPS nibapt €d
ot herw se. _ _

5b | -CH(CH3;)C,Hs -H 130°C/10" mbar

6b | -Phenyl -H 155°C/10-\mbar

7b | -CHj -OCH, 155°C/10 ' mbar

8 | -GH;s -OC,H; 112°C/10"'mbar

9% | -GHy -0OC;H, 153°C/10 ! mbar

10b | -CH(CHa), -OCH(CHy), 149°C/10 ' mbar

11b | -CH,CH(CHj3), -OCH,CH(CHj3), 155°C/10" mbar

12b | -GgHy; .-OCSHI—, Oil

13 | -CH,CH,0CH, -OCH,CH,OCH, 180°C/10-2mbar

14b | -CsHy, -OCsH,, 179°C

15b | -CgHys . -OCgH;;5 189°C

16b -CH,-Phenyl -OCH,-Phenyl 86°C (m.p.)

17b | -CH(CH;)C,H; -OCH(CH3)C,H; 160°C/10-2mbar

18b | -CyH, CH, 160°C




-34- Were in the designations of alkyl radicals having nore than 3 carbon
atons no specific isoners are indicated, these radicals are in each the
n-isoners. |) Preparation of the starting materials a) Brom nation of
aromatic conpounds Exanple la: 80 g of 1,3} dibutoxybenzene (0.36 nol) are
di ssol ved at roomtenperature in 100 m of carbon-tetrachloride. 64.25 g of
N- br onosucci nimde (0.36 nol) are introduced in portions over 30 m nutes
such that the tenperature can be mai ntained between [err] and [err]. Wen
the additio # the mxture is stirred at roomtenperature for 1
hour. The rExgﬂﬁ 8000936 re is filtered over kieselguhr and the solvent is
renoved conpl etely by concentration. The crude product (110 g) is
fractionated on a 10 cmVigreux colum at [err] nbar. In th(# 65 g of
1- brono- 2, 4- @ put oroderlzene with a b Iln%b‘%%ént of P {"éﬁr] nbar are
obt ai ned as a?él/ovm sh oil in.60 %3:} Ies 2 a The conpounds
of Exanpl es 2a-18a are prepared by the jgane net hog| és d scribed in Exanple

| a. The conpoypges. anf@Cheir boiling po Pl 1S e 1. Br [err]
- 35 - Table [err]
b.p. or mp. CH.O 36DC/ | A nmbar
3a ' -H 3 43C10-l nbar 4a
-H 20b 5200 10- mbay; OCqHy
22b
(Ocsz)a (002H5)2
p
HSCO@OCHS OCH,CH,CH(CHg)s
OC,Hg OCH,CH,CH(CHj),
23b : 24b
0 (OCaHs),
N\,
OCH,q
(CHg)sC CH(CH3)CH,CHj
. 25b

The compounds are obtained in analogy to the method described in Example 1b. The
boiling points of the compounds are: 20b = 138°C/10-! mbar, 21b = 155°C/10"! mbar,
22b = 100°C/10°! mbar, 23b =160°C/10"! mbar, 24b = 180°C/10"! mbar,

25b = 130°C/10°! mbar. The melting point of compound 23a is 60°C.

¢) Hydrogenation of the phosphine oxides from b)

Example 1c: Under a nitrogen atmosphere and with exclusion of moisture, 8.23 g of
lithium aluminium hydride (0.217 mol) are suspended in 180 ml of diethyl ether, and at
-10°C 25.80 g of diethyl (2,4-dibutoxyphenyl)phosphonate (0.072 mol) are added
dropwise over the course of 1!/, hours. The reaction mixture is then stirred overnight at



5a -H [err] 6a - Phenyl

-H [err] 7a [err] [err]

[err] - 36 - Br Br [err] boiling point of conpound 20a
is [err] that of compound 2la is [err] . Specific [err] NWR shift
values [err] for the conmpound 22a are: [err] (triplet) 3.90 ppm [err] 6.36
ppm Conpound 23a is comrercially available (nelting point [err]). Specific
[err] NMR shift values [err] for the conpound 24a are: [err] (doublet) 3.75

d bI 6. 47 eci f N hi ft I .
PO " L it Rl o BB SRR 510 MR Lt 5l
S%/nt hesifs 810 g diewater ansithemwith$.Glg of b Fyplenghi NsGH axd Aé g dFwangy| cardfblly bimdler a
stream o 1o
heat ed togetl{l?er&sv%\nB ?sné%ng%% p&}(ﬂ%?%? W@ﬁl oﬁf@?}%‘g&gﬁég fa%&?&}[lgée?] and
46.3 g of moemylrhpmsqbnm washed pl of ether astithan dpolvsntis ssmeved cour se
of [err] thkh?leteTﬁB Géﬂﬁéhtriﬁd?mrﬂﬁnéc Wwhyrag.3 %‘oii‘ﬂ»&lﬂﬁ&ﬁﬁ:ﬁénylﬁxdiblﬁhé hreed of f

fromthe re n m xt ur.e c oys er ‘addi t I's conplete, the
m xture is S'ta}“teaéﬁlaé’m‘f'@ﬂ? éf%’ {‘i‘r The reaction mixture is then cool ed
to roomtenperature, 50 m of di et hyl ether are added, the m'xture is

filtered t U L el ) '(;I,Ithhe solvecgt i S g&ég}f
concentr at Mt Eggm&)uq ap}%ﬁr 4 ?”?1 \f | gr eux
col um at pesm‘pechhelﬁxamme Lo Thepaye obraingd of oith anduged subsequently w1thout further

(2, 4-di but I gﬁm&?g having a boiling point of [err] at [err]
nbar are o tal ne 01- a col our gss oil in 60 %yield.

The compounds are depicted in Table 3




37 -

20b- 25b:

[err] nbar,
nbar,

21b = [err] nbar,
25b = [err] nbar.

[err] Table

22b

2: [err] -

Exanpl es 2b- 18b: The conpounds of Exanples 2b- 18b are prepared by
the sanme nethod as described in Exanple I'b. The conpounds and their
points are conpiled in Table 2.
[err] The conpounds are obt ai ng
described in Exanple | b. The boiling points of the.conmpounds are:
[err] nbar, -23b [err] nbar
The nelting point of conpound 23a is [err] c)

in analogy to the nethod

boi l'i ng
38 - Exanpl es
20b =

24b = [err]

Hydr ogenation of the pirggehi ne oxi des fromb) Exanple Ic: Under a nitrogen
at nosphere and with exclusion of noisture,
hydride (0.217 nol) angxsus$ ded in 180 m

[err] 25.80 g of dietind

added dropw se over t
stirred overni ght at

[err] and [err] hydro
8.0 g of 15 % strengt
stirring, to produce

under

3. 23 g of

lithiu

{

2 _4-di but oxvpheny

di et hyl et h€
Y B8hosphonat e (O

$

e2€0
-3
y3¢ s
[er
fal
5c
6¢c
Tc
8c
9¢
10c
11c
12¢
13c
l4c
15¢
16¢c
17¢

18¢c

ur-gpHef [err] hou
D - room t enper at
i-€3Harried out w
] and 24 g of wa
KyCgHgci pitate. T

-CH(CH3)C,Hs
-Phenyl

-C;Hs
GH,
-CH(CHz),
-CH,CH(CH;),
-CgHyy
-CH,CH,0CH;
-GsHyy
-CeHys
-CH,-Phenyl
-CH(CH;3)C,H;
-C4Hy

I e.

Ni-§ precipitate

s.g The reaction
At a tenper
tipy 8.0 g of wat
er, carefully 3

H
-H
-OCHj
-OC,H;
-0GH,
“OCH(CHj),
-OCH,CH(CH3),
-OGgH;7
-OCH,CH,OCH;,
-OCsHy,
-OCgH,3
-OCH,-Phenyl
-OCH(CH3)C,Hs
-CH,

m al um ni um
r, and at
.072 nol) are

m xture is then
ature of between
er and then with
nd with vigorous
is filtered off



argon over ki esel guhr and washed with 50 mMl of ether, and then the sol vent
I's renoved conpletely by concentration. In this way, 18.3 g of

2, 4- di but oxyphenyl phosphi ne are obtained as a brownish oil in 92 %yield.
Exanpl es 2c-18c and 20c-25c: The conpoundg .are prepared by the same net hod
as described in Exanple 1c. They are obtained as oils and used subsequently
w thout further purification or characterization. The conpounds are

depicted i'n Table 3 [err] ORO -40 - Table 3: Ex. [err] 2c - C2H5
-H 3c [err] -H4c  [err] -H 5c
[err] -H 6¢C - Phenyl -H 7c [err] -41 - PH2
PH2 PH2 H3C [err] Preparation of
t he conpounds Heor di ng to the ifReent i on HaC CHg
OCHj OCHy
CH,0
20c 3 21c OC,Hg
' 22c
_ PH, PH,
HyCO : OCH,8 i OCH,CH,CH(CH),
' OC,Hq - OCH,CH,CH(CHg),
23c 24c
PH,
OCHg
(CHg)aC CH(CHg)CH,CH,4
25¢

Preparation of the compounds according to the invention

Example 1: Under a nitrogen atmosphere and with exclusion of moisture, 16.20 g of
diisopropylamine (0.16 mol) are dissolved in 50 ml of tetrahydrofuran, and 100 ml of
-butyllithiurif (1.6 M in hexane (0.16 mol)) are added dropwise with stirring at between
-10°C and 10°C over the course of 20 minutes. The freshly prepared lithium
diisopropylamide (LDA) is added dropwise over the course of 90 minutes at between
-40°C and -30°C to a solution of 18.30 g of 2,4-dibutoxyphenylphosphine (0.072 mol) and
29.2 g of 2,4,6-trimethylbenzoyl chloride (0.16 mol) in 150 ml of tetrahydrofuran. When
the addition is complete, stirring is continued at -30°C for 2 hours and at room
temperature overnight. At the same temperature, 50 ml of water are added dropwise to the
solution, which is now yellow, the phases are separated, the organic phase is dried over
MgSO, and filtered, and the solvent is removed completely by concentration. 40 g of
yellowish oil in the P(III) state are obtained. This product is dissolved in 100 ml of



Exanpl e 1: Under a nitrogen atnosphere and with exclusion of noisture,
16.20 g of diisopropylamne (0.16 nol) are dissolved in 50 m of
tetrahydrofuran, and 100 m of butyllithium (1.6 Min hexane (0.16 nol))
are added dropwise with stirring at between [err] and [err] over the course
of 20 m nutes. The freshly prepared |ithiumdiisopropylamde (LDA) is added
dropwi se over the course of 90 minutes H#A2between [err] and [err] to a
solution of 18.30 g of 2, 4-di but oxyphenyl phosphine (0.072 nol) and 29.2 g
of 2,4,6-trinmethylbenzoyl chloride (0.16 nol) in 150 m of tetrahydrofuran.
When the addition is conplete, stirring is_continued at&err] for 2 hours
and at roomi@luensetnskispridisedatbetyreen SAIC andS0SG with BBl 30 9p strength hydragen wat er
are adfleg d{p@ﬁﬂd&ﬂnﬁﬁdid‘kﬁeﬁmbymm f VHBUE Wiieh tROMactioh hwa%mmmﬂﬁfﬁre
separ at ed, [ e
solvent is r@o@%@qmﬁggﬁ’c' %gﬂ%%sﬁ%g%t\'@éﬁ%%ﬁ@% n%?s J‘"Z*f"?g’w gﬁﬁloi | in
the P(111) SPawlef a«n@r-g%mﬁ qﬁéé.‘b atmns!hpp@amdwdmem@méqﬁ/mw angiohen with

;y42t- tolt lﬁehﬂﬁucrﬁﬁﬁldmuﬁ%ﬂlﬂ-é ﬁ%gmﬁicdhh@mﬁﬁc:{lfl $O, ﬁﬂ%oﬁﬁk{dr&:ﬁgﬁﬂ&ﬂ%\;‘) g ?L 30
o streng rqgcn roxi de. dr.opwi over .t he urse o our . en e
reaction haﬁ%ﬁﬁ&!?ﬁ%@ﬁﬂ?#§%@§“@ﬁofl3‘ gﬁf}t@ﬁ)erature, t he phases
are separated, and washing is carried out with 30 mMl of water, 30 m of 10

% strengt h Rallg\visgchioilia hicPuifitition aAd rchydlizison fRmipatividimy@h&{ 209t i | a

tral pH i L ned . | et | of
i A A R S
ol lowing c Rzation from petrol eum
et her, 28g Hievintd dnsdysds: t ri met hyl benzoyl ) - (2, 4- di but oxyphenyl )phothi ne

oxi de are obtained in 50(%yi eldﬁs a yellow sh solid having a nelting
poi nt of [errl] to [err]. "Elenental analysis: C H cal cul ated 72.53 %

7.70 % f oundalculated 727%53% 1. %7 %
" found 72.65 % 8.07 %

Examples 2-24: The compounnds of Examples 2-24 are prepared in analogy to the method
described in Example 1 using the corresponding starting materials of the formulae 2c to
18¢, 20c to 24c. For the preparation of example 19 the same phosphine as for the
preparation of exumple 1 is used. In oxder 1o prepare the compounds of Bxamples 19, 20
and 21 2,6-dimethoxybenzoyl chloride is used insiead of 2,4,6-trimethylbenzoyl chloride.
‘The compounds und their physical data are compiled in Table 4 below,
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Exanpl es 2-24: The conpounds of Exanples 2-24 are prepared in analogy to
the nmet hod described in Exanple |I using the corresponding starting
materials of the fornmulae 2c to 18c, 20c to 24c. For the preparation of
exanpl e 19 the sanme phosphine as for thd3preparation of exanple |I |s used.
In order to prepare the conpounds of Exanples 19, 20 and 21

2, 6-di'met hoxybenzoyl chloride is used instead of 2,4,6-trinethyl benzoyl

chl oride. The conpounds and their physical data are conpiled in Table 4

bel ow. [err[lable4 43 - Table 4 Ex. [err] m p.
El enental gnal ysis ferr] calculjated ftound T 96 7% —C 9% H962
[err] Ex. [ Rg4=Rs5 | Rg H Rg Rio H R112Q@mp. 42. FlemenGl agdysis 72. 75
7.20 3  [err] H. H |['Cl [l@guaed 73.168d 6. 98
72.95 6.934+{fert] H CH H% 190% H%J. 45
7.19 73.26 27, @B35|CHy [Chegr]  H|H H (120 | B e76llpe7s 70% |45
7.19 73.44 7118 6{ T[lerr} = Phdnyl H H 98
75.28 6.14 3 7pCH3 |GHlCsH, [errH H 101 | 73.09 698 7248 695| 177
70.28 6.53 70.00 |6.62 8 [err] H 182
71.13 6.9q 4 71CHs [GHaa%de  [erdH H 102 | 7345 719 7326 720159
71.89 7.39 71,99 |7.34 10 errL H 170 71. 89
7.35 71.874 57 Qs 1[CHy[|CHIGHIC HsHH - H 126 | 7345 5819 77342 778.|42
7.82 12 [er({] cH H 15 74.75 8.81 74./68
8.87 13 [drf]| CHs [$Ha [Phenyl H 130 |He7.898 ¢. 36128 2567523 (G144
[err] H 91 73420 8.02 73.10_ 8.15 15
[err] 7 | CHs |CHy CHy HOCHs 102 |H 73]¥F 4. 2428 #83,7008. 462

8 | CHy [CHgy|C,oHs OC,Hs H |182 | 71.13 696 7126 727

9 | CHy |[CHg|CaH, OC,H, H {159 | 7189 735 7199 7.34

10| CHy [CHy |CH(CHg),  |OCH(CHg), {H  [170 | 7189 735 7182 739

11| CHy  |CHg | CH,CH(CHg), | OCH,CH(CH,), | H 146 | 7258 770 7242 7.82

12| CHy [CH, |CgHy7 OCgH,7 H |75 | 7475 881 7468 887

13| CH |CHg [CH,CH,OCH, | OCH,CH,OCH,|H | 130 | 67.83 694 6766 7.04

14| CH; |CH, |CgH, OC;H,4 H |91 | 7320 8.02 7310 8.5

15| CHy |CHg|CgHyq OCgH,3 H |102 | 7376 831 7362 8.42

16| CHy [CHg|CH,Phenyl |OCH,Phenyl |H  |141 | 7616 624 7598 6.28

17 | CHy _ [CH; [CH(CHg)CoHs | OCH(CH,)CHg [H | 118 | 7258 770 7251 7.78

18| CHy |CH, |C4Hg CH, H |81 | 7378 739 7377 738

19| OCHg|H |CHg OC,Hq H 129 | 6421 657 64.12 6.65

20 | OCHy H  |CyHg |CHg H |128 | 6444 615 6439 6.29

21 | OCHg H |CgH,; OCgHy7 H |82 | 6759 780 67.13 7.79

22 | CHy [CH; |C4Hg CH,4 CHy [118 | 7411 758 74.14 7.70

23 | CHg [CHg |CHy OCH;  |OCHg|181 | 6849 654 6863 660

24 | CHy  [CHj |(CHp),CH- ~ |O(CH,),CH-  |H 102 | 7320 802 7322 8.05

(CH3)2 (CH3)2 :




16 [err] H 141 76.16 6.24 75.98 6.28 17

[err] H 118 72.58 7.70 72.51 7.78 18 [err]

[err] H 81 73.79 7.39 73.77 7.38 19 [J[err] H
[err] [err] H 129 64.21 6.57 64.12 6.65
20 [err] H [err] -44 - H 128  64.44 6. 15
64.39 6.29 21 J[err] H [err] : [err] H 82
67.59 7.80 67.13 7.79 22 J[err] [err] [err]
118 74.11 7.58 74.14 7.70 23 [err] [err]

181 68. £xample2S: Ryepaggiondf bis(24.6-Figetljylbenzoyl)- 2-m¢tb¢xy]phenylphosphme oxide
102 73. 2fheQitle% Pﬁ&%tlon of
bi s(2, 4, 6- trlengt hi%é/&g%nﬁ h%i%ﬁheoﬁlddcsgosgwgga% llf;ghg édtl e
conpound i £OBIROURG,E 16, 206,2% Yietng segsriab agd has E%’&%ﬁ:ﬂgé’olm %J :
conmpound ofElémentpl maBBis: as starti ng material, and has a nelting point of

[err] Elenental anal yS| S: ¢ % oun 72.33 % H:
6.52 % cg‘k% Exang e722§ %Pregg'f“éf{ﬂ onck(;f 72%37

bi s(2, 4, 6-trinethyl benzoyl) 2, 5- dilket hdx§h%enyl phosphi i oxiGlE %he title
corrpound I s obtained by the met hod descri bed in Exanple 1 using the

conpound of Exarrpl e 21c as starting material, and has a nelti n? poi nt of
[err] El endiXample26i Rrepasationof bis(2,4 %cmmemylmzwl) 2,5-gimethoxyphenylphosphine o, H
6.53 % oxide H: 6. 50 % Exanpl e 27: Preparation of

g;?gg 4, 6- t'ft{e o %Im%%arzl&) }Is clbtimed byb Ee¥r|1ethocit dets)cl:JrE eld_u% Exam; e hlcéxly&)m en%l I phosphi ne
compound of Example 21c as starting material, and has a melting point of 161°C.
. Elemental analjsis:
calc.: C. 70.28% found.: C: 7041 %
H: 6.53 % H: 6.50 %

Example 27: Preparation of
bis[2,4,6-trimethylbenzoyl}-[3-i-butyl-5-t-butyl-2-methoxyphenyl]phosphine oxide
The title compound is obtained by the method described in Example 1 using the
compound of Example 25¢ as starting material, and has a melting point < 20°C.
Elemental analysis: _
calc.: C. 7484 % found.: C: 7479%
H: 8.25% H: 8.25%

II) Use Examples

Example 28: Photoinitiator according to the invention in a clearcoat
A UV-curable clearcoat is prepared by mixing
99.5 parts of ®Roskydal 502 (= 66 % unsaturated polyester resin and 34 %
styrene; from Bayer) and

0.5 part of Byk 300 (levelling assistant; from Byk-Mallmclcrodt)
2 parts of a photoinitiator mixture comprising 95 % of 1-benzoyl-1-hydroxy-
1-methylethane and 5 % of the photoinitiator of Example 1 are incorporated into this
coating formulation. The coating material is applied to a chipboard panel using a 200 um
slotted doctor knife and then cured. Curing is carried out by conveying the sample, on a
conveyor belt which moves at a speed of 3 m/min, beneath two 80 W/cm
medium-pressure mercury lamps (Aetek, USA). The pendulum hardness (in accordance
with Koénig, DIN 53157) of the smearproof coating is determined. The results are



é
The title conpound is obtained by the nmethod described in Exanple 1 using
t he conpound of Exanple 25c as starting material, and has a nelting point <
[err]. Elenental analysis: calc.: C 74.84 % found. : C 74.79 % H
8.25 % - H 8.25 % 111) Use, Exanpl es Exanpl e 28:
Photoinitiator according to the invent idPin a clearcoat A UV-curable
clearcoat is prepared by mxing 99.5 parts of [err]Roskydal 502 (= 66 %
unsat urated pol yester resin and 34 % styrene; from Bayer) and 0.5 part
of Byk 300 (levelling assistant; from Byk-Mallinckrodt) 2 parts of a
phot oi ni t i earapilediirTable Zonpri si ng 95 % of 1- benzoyl - 1- hydr oxy-
1-nmet hyl et hane and 5 % of the photoinitiator of Exanple 1 are incorporated

into this cg iglg formul ation. The coating nmaterial is applied to a
chi pboard pat?¥2using a 200 [err] slotted doctor knife and then cured.
Curing is caumdoadoroHtPehyluﬂonveyi ng the sanple, on a conveyor belt which
noves at a |sfFeed of |Jawdemilsi, Bheneath two 80 Wcm nedi um pressure nercury
| anps (Aet dk, USA). [The 9@enduljum hardness (i n accordance with Konig, DIN
53157) of tjhe s2rear gr oof0&coatiing i s determ ned. The results are -45 -
conpiled in Tabde 5.} TalMde 5 Qonpound of Pendul um Ex. hardness [err]
1 g4 2 4 156 3 104

5 104

6 94

7 104

8 106

9 109

10 108

11 104

12 401

25 104

26 102

Example 29: Photoinitiator according to the invention in a white paint
A UV-curable white paint is prepared by mixing
67.5 parts of ®Ebecryl 830 (polyester acrylate from UCB, Belgium)
50 parts of 1,6-hexanediol diacrylate |
2.5 parts of trimethylolpropane triacrylate
25.0 parts of R-TC2 (rutile titanium dioxide; from Tioxide) and
20 parts of the compound accoi'ding to the invention.
The paint is applied to a chipboard panel using a 150 pum slotted doctor knife and then
cured. Curing is carried out by conveying the sample, on a conveyor belt which moves at a
speed of 3 m/min, beneath a 120 W/cm fusion D lamp and a 80 W/cm medium-pressure
mercury lamp'(Hanovia, USA). The panel is subsequently after-exposed using fluorescent
lamps of the Philips TLA0W/03 type for 15 minnutes. The Konig pendulum hardness (PH)
(DIN 53157) and the Yellowness Index (YI) in accordance with ASTM D 1925-70 are
determined. The higher the pendulum hardness, the more reactive the initiator. The lower
the Y1 value, the lower the yellowing. The results are reproduced in Table 6.



4 105 5 104 6 94 7 104 8 106 9

109 10 108 11 104 12 401 25 104 26 102
Exanpl e 29: Photoinitiator according to the invention in a white paint A *
W-curable white paint is prepared by mxigqg 67.5 parts - of [err]Ebecryl
830 (polyester acrylate fromUCB, Belgium 5.0 parts of 1, 6- hexanedi ol
diacrylate 2.5 parts of trinethylol propane triacrylate 25.0 parts '
of R-TC2 (rutile titanium dioxide; fromTioxide) and 2.0 parts of the
conpound acciglk g9 to the invention. The paint is applied to a chipboard
panel using @8 doctor knife and then cured. Curing is
carried out sqnpl e, on a conveyor belt which noves at a
speed of 3 Wcm fusion D lanmp and a 80 Wcm

novia, USA). The panel is subsequently

| anps of the PhI|IpS TL4OW 03 type for 15

m nut es. Th
| ndex (Yl)

pendul um harfdne8s, rle Libeqcti ve the i nitiator. The |ower the YI val ue,
t he | ower the ygl I oW 3 h%-grésults are reproduced in Table 6.

1381 13

142 | 15

144} 10

154 | 12

Example 30: Photoinitiator according to the invention in a white paint -
A UV-cumble whxte paint is prepared by mixing
76.5 parts  of ®Ebecryl 830 (polyester acrylate from UCB, Belgium)
5.7 parts of 1,6-hexanediol diacrylate
2.8 parts of trimethylolpropane tﬁacrylate
15.0 parts of R-TC2 (rutile titanium dioxide; from 'Tioxidc) and
1.6 parts of a photoinitiator mixture comprising 38 % by weight of the
compound according to the invention to be tested and 62 % by weight of
1-benzoyl-1-hydroxy-1-methylethane. The paint is applied to a chipboard panel using a
150 pm slotted doctor knife and then cured. Curing is carried out by conveying the sample
twice on a conveyor belt which moves at a speed of 10 m/min, beneath 2 120 W/cm
fusion D lamp and a 80 W/cm medium-pressure mercury lamp (Hanovia, USA). The panel
is subsequently after-exposed using fluorescent lamps of the Philips TLAOW/03 type for
15 minutes. The Konig pendulum hardness (PH) (DIN 53157) and the Yellowness Index
(YD) in accordance with ASTM D 1925-70 are determined. The higher the pendulum
hardness, the more reactive the initiator. The lower the YI value, the lower the yellowing.
The results are reproduced in Table 7.

Table 7
Compound | PH | YI
of Ex. [s]
1 | 139 |-02
11 144 | -0.1

Example 31: Curing of a white paint formulation with sunlight
A white paint formulation is prepared from



- 46 - Table 6 Conpound PH Yl of Ex. [s] 1 : 131 0.9 2

157 2.0 3 160 1.9 4 168 1.9 5 136 1.6 6 136
1.2 7 143 1.6 10 138 1.3 11 142 1.5 12 144 1.0 26
154 1.2 Exanple 30: Photoinitiator accogfing to the invention in a white
paint A UV-curable white paint is prepared by mxing 76.5 parts of

[err] Ebecryl 830 (polyester acrylate fromUCB, Belgiun) 5.7 parts of

1, 6- hexanedi ol diacrylate 2.8 parts of trinmethyl ol propane triacrylate
15.0 parts of R-TC2 Lle ti i um di oxi de;. fr Tioxi.de) and 1.6
parts of 37‘3hof’85t§1itiéffgébﬁ?‘ﬂ %:%(g&’@g'ﬁﬁtref ﬁ%‘ﬁt%f?r%%w%)%ﬁ. of the
conpound accobfdi ngatto t hef il jovhextnedioltdiachdateest ed and 62 % by wei ght of

1- benzoyl -1-h OXYad- Me O] | is applied to a chipboard
panel using ai%:'so)é?%%r-] %Fﬁﬁ?éetgﬁggjé?%?glgﬁll#ﬂ&gnd then cured. Curing is
carried out B§-OcoB@®si ngof Rel'CAfrptile titapive dioxide; ftomy dioxidehand whi ch noves at
a Zpeed of 102m Mphnts beniggm;, p%ﬁé‘&g,gﬁ%p&ugsl%@ng{?ﬁ@xmﬁglgpd a 80 WcmtI

medi um pressur.e reur, ovi a e panel is.subsequently

Tt - oo B8 TaI o i APRB N O Sy BN RIFS Eng R ADNAHO I ECKE: 15
m nut es. ThaifKant exposettiiol diftchsuntipiet frddPiton (ihlehsify3d 25 W/emé). fer Yeinueses s

| ndex the coating has cured right through and is tack-free on the surface.

Example 32:

The white paint formulation of Example 31 is applied to chipboard panels in coats 1 mm
thick and curing is then carried out beneath two 80 W/cm medium-pressure mercury
lamps (Aetek, USA) at a belt speed of 10 m/min. The upper, cured coat is then separated
from the liquid substrate, washed with acetone and dried. The coat thickness of the
resulting coating film is measured. The results are compiled in Table 8.

Table 8
Compound |[Coat thickness
from Ex. [um]
ivy 142
12 143
13 145
14 140
15 140
17 143

Example 33; Curing of a laminated composite composition

A formulation is prepared from
98.0 parts of ®Roskydall 500A, unsaturated polyester/styrene (Bayer, Germany)
1.0 part ‘of the photoinitiator of Example 14 :

1.0 part of benzoyl peroxide.
A lamina, comprising 6 layers of a glass fibre mat, and the above formulation are firmly
compressed. The weight ratio of glass fibre mat to formulation is 1:1. The assembly is
then exposed for one minute under lamps of the TLAOW/03 type (Philips), in the course of
which the composition is partially cured. It is then heated in an oven at 170°C for
30 minutes, in the course of which complete curing takes place to give a highly stable
composite composition.

Example 34: Preparation of a flexographic printing plate



(Yl') in accordance with ASTM D 1925-70 are determ ned. The higher the
pendul um hardness, the nore reactive the initiator. The |ower the Yl val ue,
the lower the yellowing. The results are reproduced in Table 7. Table 7

Conpound PH Yl of Ex. [s] 1 2339 -0.2 11 144 0.1 Exanple
31: Curing of a white paint fornmulation wth sunlight A white paint
formul ation is prepared from - 47 - 67.5 parts of [err]Ebecryl 830

(pol yester acryl ate fromUCB, Belgium 5.0 parts - of 1,6-hexanedi ol

di | at f t tri | at 0 t
of R TG ?rgt 118 Bt SrBncsoaaantn bt G Biedevi Selerind, Blpgpart oty °
photoi niti a Gprcs&imkdprgmdm Budap Black &o. 36@1 §; Fiukal Switzerland)aad Pl BobrOat %

i | - coat
eposed to “ofthe PRAGHMARGS b s it s laPls oF § iR Rhlaic PR ARC
ni nut es the( PY ﬁﬂﬁmt&fpéa m‘yﬁﬁsﬂtﬁpbﬁ’g’m@mﬁgs Ct 3R3Qpass ofn t he
surface. EXBupkifiedTR m'be (WibEk lpaqbﬂéf pdlyiSdpraded &Hd poly s@&éﬁ@?lsgeﬁi@heﬁmappl i ed

2 o0 G BESED | e A B 0% o e aas G B
speed of 1CshettriAnl10PE, :h@nmpmwddﬂmmﬁuhe mmlamadee@b beforeharkis| i qui d
esul 1 ng' cEREnTiel Ty RO aHRM hicEler atclf 6 G, TRTIRF OB Phirb ot ¢ o
Tabl e 8 formulation is homogenized on the calender at 100°C for a further 15 min. After removal
from the calender, the coarse sheet is placed between two Teflon sheets and cooled ata
pressure of 100 kp/cm? in a water-cooled press. 70 g of the sheet are enclosed in a 2 mm
thick pressing frame between two 76 um polyester films and pressed to give 2 mm thick
plates, by first heating the “sandwich" for one minute without applying pressure between
the faces of a second press, preheated to 90°C, and then pressing it for 10 min at a pressure
of 200 kp/cm?. The "sandwich" is then cooled in the first watercooled press to 15°C, for
10 min at a pressing pressure of 200 kp/cm?, and then cut out of the press frame.
b) Then, in order to determine the optimum exposure time for base formation of the plate
covered on both sides with polyester film, a strip measuring 4 x 24 cm is cut out. This strip
is exposed stepwise in a BASF Nyloprint exposure unit fitted with 20 W Nyloprint 2051
tubes by moving a mask between 9 exposure steps each lasting 20 s. This produces on the
strip a curing pattern comprising ten sections, corresponding to the exposure times, 0, 20,
40, 60, 80, 100, 120, 140, 160 and 180 s. The plate is rotated and a 1.5 cm broad central
strip is covered in the lengthwise direction. The entire structure is covered with a thin
UV-transparent film, sucked against the exposure stage by means of a vacuum, and
exposed for 6 minutes. The exposed plate is developed by washing out the insufficiently
crosslinked areas in a BASF Nyloprint circular washer at 20°C using a washing solution
comprising a 4:1 mixture of tetrachloroethylene and n-butanol. The plate is dried for one
hour at 80°C in a convection oven, left for 5 minutes, dipped in a 0.4 % strength biomine
solution for fixing, and dipped for 10 s in an aqueous solution of 1.15 % sodium
thiosulfate/sodium carbonate for neutralization. The plate is then rinsed with
demineralized water for 30 s. The central strip of the plate treated in this way is evaluated.
The exposure time which results in the formation of a 1,400 um' base (=reverse side
exposure time) is determined.
c) A piece of a plate sandwich produced as under a) is exposed over its entire surface
for the exposure time determined under b) in order to form a plate base. The plate is then
rotated, the polyester film is removed and a test negative having 4 fields is applied.
Exposure of the 4 test fields of the test negative is carried out in steps using 2 movable



Conpound Coat thickness from Ex. [err] 11 142 12 143 13

145 14 140 15 140 17 143 Exanple 33: Curing of a

| am nat ed conposite conposition A fornmulation is prepared from98.0 parts
of [err] Roskydal 500A, unsaturated polyggster/styrene (Bayer, Germany) 1.0
part of the photoinitiator of Exanple 14 1.0 part of. benzoyl
peroxide. A lamna, conprising 6 |layers of a glass fibre mat, and the above
formulation are firmy conpressed. The weight ratio of glass fibre nat to

for mul at i ofngsk. ‘Fhe Yirst TioRI in Sxg0add fior 6 ik, a0 Il eRpsa® ingr of giokls 2-histmcrenseter | anps

of  the TL4QW 03 Lt i 4@51 |t|on|s
partially 8’3#’8&"”%& {'é F?#ed ‘B?%!'gf gge #)Eﬁ%&%@ﬁuﬂ{nﬂ‘fﬁb&t or l%g ut es,
t he -cour se Thi plts is thep onpnised ever itp entire surfaee omboth sidesfogp fusther §;min, st abl e
conposi t e GREMER tihdfor adhicviiy shade valtieqif 219 had> N %= froni *iac(aqabapémmoml nting
pl ate a) 1.13 parts of [err]lrganox 565 (antioxidant; G ba-Geigy,
Swi t zer | and’)’“’"ﬂm part of [err]Ceres Black (pigment, Sudan Bl ack No.
86015; FI ukléhp|mmumdepﬂwfahmﬁlﬂsmdwiuﬁnmﬂm bomsasyred usnbe Micescape and o be
tested are ﬁd:% %t bt layér (Rdkricss Béasdrif deOicaMdir€dulslae ecvehlod i ( HDDA)
With stirri mnutesS at not nore than [err] 332.30 parts of

[err]Carif I'g‘g""‘ﬂ? 1107 (bI ock pol yner of polyisoprene and pol ystyrene; Shell
Chemi e,

‘l'able 9
Compound } Con- Roverse side Front side exposure Pesforn- | Rediof-
of Ex. contrs- | caposure timo time (8] 10 shade valuo | tion depth | heigh
ton %) |8} - 2% 3% )  |inm)

11 03 80 8 [3 10 | 480-550
19 D4 80 9 6 10 600-650
14 0.3 80 8 6 - 450-800
14 04 85 7 8 20 450-550
15 03 70 8 6 10 400-420
15 0.4 65 4 6 12 500-540
17 03 |70 8 6 20 | 380-400
17 04 75 >9 7 10 600-850

Example 35: Reactivity test in a clearcoat (etch resist)
A photocurable composition is prepared by mixing the following components:
500g  of urethane acrylaie ®Actilan AJ20, Société National des Poudres et Explosify
100g  of dipentaerythritol monohydroxy-pentancrylate, ®sR 399, Sartomer Co.
1508  of ripropylene glycol diacrylate, Sariomer Co.
1508  of N-vinylpyrrolidone, JFluka
100g  of rimethylolpropane triacrylate, Degussa.

03g of levelling assistant ®Byk 300, Byk-Mallinckrod.
Portions of this composition are mixed with 0.4 % or 1 %, bascd on the overall quantity,
of the photoinitintor according to the invention by stirring at 60°C for one hourr. All
operations are carried out under red lght, The initintor-treaied sumples are applied 1o
300 pm aluminjum foil using a 100 pm doctor knife. The thickness of the dry film is
60-70 pm, A 76 pm thick polyesier film is applied 10 this film, and on top of the polyester
film is placed a standardized test negative with 21 sicps of different optical density
(Stauffer wedge). The samplo is covered with a second UV-transparent film and presscd
onto a metal plate by means of vacuum. Exposure takes place in a first tcst scrics for



Net herlands) with 2 g of excess are nelted at [err] on a calender for 10
mn to forma sheet. At [err] , the dropwi se addition of the HDDA sol ution
made up beforehand is commenced. This dropwi se addition |asts for about 15
mn. Thereafter, the entire fornul ati on.i59-honogeni zed on the cal ender at
[err] for a further 15 mn. After renoval fromthe cal ender, the coarse
sheet is placed between two Teflon sheets and cooled at a pressure of 100
kp/cn2 in a water-cooled press. 70.g of the sheet are enclosed in a 2 nm

thick press §Egorfd'sai'ﬁ9a Q@&ﬂﬂa&?eg e lé{ése&ﬁﬁg ]nﬁqgllex §r 5 1rd mr:? fo?ag ﬁgcolgh Slgléxtgo

give 2 mmthick ég I rst heat san

wi t hout ap&F‘;}‘Pﬁg‘P ¥[Yﬁé‘al§é9§yérkwmn afoaa@sf@nc'@pfsB@mmfmr@ssosummeat ed to

[err]OI aﬂd fﬂdnenncptkeaﬁaskm i'en‘f(ﬂﬁd ARd fHelexpb steﬁ fﬂﬁﬁ?ﬁ%\fe%rp@fi 1@§£dtﬁfi/f : fThelo
sandw ¢ 1 N & ercool ed press O |err or

mn at a prlggg‘lgr?lﬁgg} lﬁ' "89%260“ B(E:ré‘%’“&fa themcarmied;oup it a eAnvEERONAVER 5

frane. b) Bhée’C onscmmmesx'mwbenamqnef thé énitgbi mmmasuémwdiﬁea@y base

formation r es., Wi th film strlp
1 o0 letReThehs RIS WoPR] i bl hbitad 3 et et

Nyl opri nt eiasgwl&emﬁretsensltwwcmwmmm Nyl oprint 2051 tubes by ITDVI ng a
mask bet \/veqmegesgnpmomps&@m-rmglﬂol asting 20 s. This produces on the strip
a curing pattern conprising ten sections, corresponding to the exposure
times, 0, 20, 40, 60, 80, 100, 120, 140, 160 and 180 s. The plate is

r ot at ed andwal_dlB cm broad central strip is covered in the | engthw se
direction. [Bo&po&dl | €oncdnl UCT dwtirathin UV-transparent film
sucked agai|hshes.he é*&ure g“ﬁﬁﬁfiﬁyf Sfapgs of a vpcuum and exposed for 6
m nutes. The exposeq [p] ate ifs SQeve bp/ \Q@§hl ng out the insufficiently

crosslinke 5eas T I\l){ upl | m crreutar—wapher at [err] using a
washi ng solju gon corrf&m ng lg 13 1 achl or oet hyl ene and

n- but anol . pl at g driegd*for ) ] in a convection oven,
left for 5mqutes pred in 0. i‘om ne solution for fixing,
and di pped fqr 10 s | an ag %gus b % sodi um

t hi osul f at e+ scd, tHA—Eai-beh The plate is then rinsed
wi th dem neralized vvater for 30 s. The central strip of the plate treated
in this wa & 2% re.tinme which results in the formation
of a 1, 400#&?‘?‘?%%6% aélea%?ﬁ%tgngii'b'ﬁesure tine) is determined. ¢c) A
pi ece of aAprM@US%hMWmPDsmmdlpmwm byrmiixingethe followvippemmpaneats: i t s entire
surface

Solids

_ content

150.30g  of ®Scripset 540 (30 % solution of 45.1¢g
* polystyrene-maleic anhydride copolymer
in acetone); Monsanto :

43.30g  of rimethylolpropane triacrylate 483 ¢

- 6.60 g " of polyethylene glycol diacrylate . 6.6g

100.0 g

Portions of this composition are mixed in each case with 0.4 % and 1 %, based on the
solids content, of photoinitiator. All operations are carried out under red light or yellow
light. The initiator-treated samples are applied in a thickness of 150 um to 200 um
aluminium foil (10 x 15 cm). The solvent is removed by heating at 60°C in a convection
oven for 15 minutes. A 76 pum thick polyester film is placed on the liquid layer, and a
standardized test negative with 21 steps of different optical density (Stauffer wedge) is



for the exposure tine determ ned under b) in order to forma plate base.
The plate is then rotated, the polyester filmis renoved and a test
negative having 4 fields is applied. Exposure of the 4 test fields of the
test negative is carried out in steps usgng a novable 49 mask. The first
field is exposed for 6 mn, and the exposure |linme of fields 2-4 is

I ncreased by one mnute fromfield to field. The plate is devel oped and
fixed as described above. The plate is then exposed over its entire surface

on both si dezedigh uﬁsﬁ%t@%ﬂﬁs sembly) @ sedd Pl sfcl'ﬁgxé nggE&]'agﬂkﬂlg a shade

val ue of 2% and 3% fromside exposure ti
perforati oﬁeﬂgﬁtghla@“al‘%’é fixedog Héﬂe"b‘rﬂlﬁf’l% eels |ﬂ!>¢“rﬁ§8@§9¢é‘ﬂ%| ng the

M cr oscope MOBH/SHW mﬂ,b e dif@h@of 305dni Eord O s8yids ila iled eessseaiegszorsemddmn ce.
The results are reveal 3%

Lo ] O b Bboh S Carud RoTRE a el e esieblsusy, e flgs ag fhetas

phot ocur ab Iremovznq:)amd the erpdsed layepisrdesielopechwith a@.83% aﬁod:dmmlngomofnmnmt S:

50. 0 | o
2o udr s of EETAETAL AR A UELSAAR, A¢ hon 364 £ 60rLTh o el
nmonchydr oxpvpe fﬂralric,rmpp@seme[ sepsifivy s@@e usgmmfste@u@ igpchgractegized py pr opy| ene

gl ycol di aciﬁdihfdn% th§&§9ﬁ€dge§€ép wiicP % imagtd Nitl(bﬁ})ﬂldky 'I‘h@higﬂ&ncﬁe nabéaf10. 0 g
of trinmethyl ol propane trla | at e, ussa

. g "evel |i ngm%Fm st ant
[err] Byk 30¥PSEP&! sSnsitiv? S systegh Iy cqs*f%mng @B%Fﬁ&gutt"f’éﬁp%l?‘ %ed with
0.4 % or 1 approxiraselyarddublingincthe blrisgifues. Thy resufts ideciepiaredan Tabledtor
according to the invention by stirring at [err] for one hour. All
operations are carried out under red light. The initiator-treated sanples
are appliedTe®edd0 [err] aluminiumfoil using a 100 [err] doctor knife.

The t hi cknefsamgundt N€ COcdh- T 1 | [RulnSer of imaged steps
from Ex. tration [%] after exposure time of
10s 20s 40s
15 04 : 8 10 12
15 10 | 10 12 14
14 04 8 10 12
14 1.0 10 12 15

Example 37: Photocuring of a monomer-polymer mixture (reactivity test in a solder resist)
A photocurable composition is prepared by mixing the following components:

3764 ¢ of ®Sartomer SR 444, pentaerythritol triacrylate (Sartomer Company,
Westchester)
10.76g " of ®Cymel 301, hexamethoxymethylmelamine (Cyanamid)
47.30 g of ®Carboset 525, thermoplastlc polyacrylate containing carboxyl groups
' (B.F. Goodrich)
430g of polyvinylpyrrolidone PVP (GAF)
100.00g  of this composition are mixed with

319.00 g of methylene chloride and

30.00 g of methanol.
Portions of this composition are mixed in each case with 0.4 % and 1 %, based on the
solids content, of the photoinitiator to be tested. All operations are carried out under red
light. The initiator-treated samples are applied in at a dry film thickness of 35 pm to a
200 pm.aluminium foil (10 x 15 cm). The solvent is removed by heating at 60°C in a
convection oven for 15 minutes. A 76 um thick polyester film is placed on the liquid layer,



60-70 [err] A 76 [err] thick polyester filmis applied to this film .and on
top of the polyester filmis placed a standardi zed test negative with 21
steps of different optical density (Stauffer wedge). The sanple is covered
with a second UV-transparent filmand prggsed onto a netal plate by nmeans
or vacuum Exposure takes place in a first test series for -50 - 5
seconds, i'n a second series for 10 seconds and then in a third. series for
20 seconds, using an iron-doped Sylvania MX%1/5 kWI anp at a distance of 30
cm After edy film
i s devel opgéa?lﬁwgtﬂﬁr dﬁéﬁ {s“‘ 9@2”&%‘%5@%‘2’5@ u i{@ﬁg@%ﬁ%ﬁ&uﬂw&g@)
Drying is tihapplicdte ﬂwﬁbmﬂheﬁa@plsohoemrtd)wub\aéncmrd Y¥érrapsgasent filmiapdit es. The

D5 Lnie T8 R s TS T g it ok 1 (00
steps, the Iﬁbsgﬁ P92 gg%"%%&@ﬁ"ﬂe@f dQisecopn ‘l“é’sﬁlsi ’§s‘a?F’é°sc &rf)‘?CPB‘éF fn
Tabl e 10. Tadetendl@stGengsdnddi0 sefanas @a third ktrsefies. Affter 8RR Gres the [flmé amthx
tration af ; e% 28 R reg t&iggat J laLelrds lleve?opeg?wilha 8‘8% % aqygoys nguuon of

15 15
12 15%odiim carbonatelinGn ultrasound Bath for 2401s¢conds and hizngixiadpt €0°Can a

phot oour | nefleckn 6 k1S o Endblap P ARy SATRANKAA 1 BndeiaBi/RR 5o

by mixing t oW Nng corrponen S S content
[err] Scri pdadicafing thelnstivedge menowhigh is imaged without tack. Fihe j_ugjler the number of

steps, the more sensitive the system. In this context, an increase by two steps signifies
approximately a doubling in the curing rate. The results are indicated in Table 12.

0

Table 12
Compound | Concen- Number of imaged steps
from Ex. tration [%] after exposure time of
10s 20s 40s

15 04 7 9 11
15 1.0 9 11 13
14 0.4 8 10 12
14 1.0 10 12 15




pol ystyrene- nal ei ¢ anhydri de copol yner in acetone)—Mnsanto 48.30.g  of
trimethyl ol propane triacryl ate 48 3

pol yet hyl ene gl ycol diacrylate g‘m@ ““ﬂ“lmns of
this conposition are mxed in each case-g$8th 0.4 %a oL based on:the .
solids content, of photoinitiator. Al operations are carried out under red
light or yellow light. The initiator-treated sanples are applied in a

t hi ckness of 150 [err] to 200 [err] alum niumfoil (10 x 15 cnm). The

sol vent is waaDYeRidyd fkeating at [err] in a convection oven for 15 m nutes.
A 76 [err] Thick polyester filmis placed on the liquid |ayer, and a-
standardi zed test negative with 21 steps of different optical density
(Stauffer wedgedmpsund of theSfbrmulgliaced on this film Over this assenbly, a
second polyester filmis applied, and the resulting lamnate is fixed on a
nmetal plate. The sanple is then exposed with a M61/5 kWlanp at a distance
of 30 cmfor 10 seconds in a firsk tQas@ series, 20 seconds in a second
series and 40 seconds in a thlﬂd.ee.rp.e@- fte()eﬁ( ggﬂ the filnms and the
mask are renoved, and the exposed I er i S deve’I ope vvlth a 0.85 % aqueous
sol ution of sodium carbonate for 120°seconds in an ul trasound bath, and
then dried at [err] in a convection oven for 15 mnutes. The sensitivity of
the initi atRy R} &8ldentidalios differé@ahe areZLRdiRdl ofitHé foriouRdIt he | ast wedge
step which is imaged wi thout tack. The higher the number of steps, the nore
sensitive the system In this context, an increase by two steps signifies

approximately a doubling in the curi ratBz The results are depicted in
Tabl e 11. Table 11 Conpound Concen- umber of imged steps from Ex.
tration [err] after exposure tine o p%OS(H) 40s
Rs Rg
in which

R, and R independently of one another are C,-C;,alkyl or C,-C;,alkoxy, and

Rg, Ry and Ry indeperidently of one another are hydrogen, C;-C,,alkyl, C,-C;,alkoxy or
halogen,

Rj is a radical of the formula I

in which

Ry is C;-Cypalkyl, C,-Cyoalkyl which is interrupted by O, C,-C,jalkenoxy-substituted
C,-C,alkyl, halogen-substituted C;-Cygalkyl, Cs-Cscycloalkyl, phenyl which is
unsubstituted or is substituted with 1-4 C;-C,alkyl and/or C,-C,alkoxy groups,
naphthyl which is unsubstituted or is substituted with 1-4 C,-C,alkyl and/or
C,-Cjalkoxy groups, phenyl-C,-Csalkyl which is unsubstituted or is substituted on the
phenyl ring with 1-4 C,-C,alkyl and/or C,-Cgalkoxy groups, or is C,-Cjalkenyl, -CF;

7\ '
or “CHCH-CHy  or Ry is a radical of the formula IV or V



15 0.4 8 10 12 15 1. 0 10 12
14 14 0.4 8 10 12 14 —
12 15 Exanpl e 37: Photocuring of a nonomer - pol er'EI“’TTT'X ure

(reactivity test in a sol der resist) A phtocurable conpo “‘mﬁﬂﬂ“\d
by m xing the foll ow ng conponents: 37.64 g of [err]Sagt“\ m\& ’
pentaerythritol triacrylate (Sartomer Conpany, Westcheste .76 g of
[err] Cynel 301, hexanethoxymethyl nel am ne (Cyananid) 47.30 g of

[err] Carboset 525, thernoplastic polyacr yl at e gcont ai ni ng car boxyl groups
(B.F. Goodrich) 4.30 g of pol yvinyl By r @ indone PVP (GAF) 100.00 g of
this conposition are m xed w t h—38800 lb)c'nﬁt hyl ene chl ori de and 30. 00
g of nethanol. Portions of this co ifan are mMI¥d in each case with
0.4 %and 1 % based on the solids cont tRmP‘t‘ﬁe photoinitiator to be
tested. Al operations are carried out Rwder loed | ight. The
initiator-treated sanples are applied in at a dry filmthickness of 35

[err] to a 200 [err] alumniumfoil (10 x 15 cm. The solvent is renoved by

heating at [err] in a convection oveng for 1 | mnutes. A 76 [err] thick

pol yester filmis placed on the |iqui 9 ay ,_R - 52- and a standardized
test negative with 21 steps of diff tlca ity (Stauffer wedge)
is applied to this film The sanple ﬁvé pedg a second UWV-transparent

filmand pressed by neans of vacuum gnto & meta plate The sanple is then
exposed with a M)61/5 kWl anp at a di 42ance®of 30 cm for 10 seconds in a
first test series, 20 seconds in a second test series and 40 seconds in a
third test serleﬁ ﬁﬁter exposure, the films and the

- Ry and R, are as defined above,

X is unsubstituted or -OR;3-substituted C,-C,qalkylene, C,-Cqgalkylene which is
interrupted by O, or is C4-C;,alkenylene or xylylene,

R, is hydrogen, C,-Cypalkyl, C,-C,galkyl which is interrupted by O, or is C,-Cyalkenyl,
cyclopentyl, cyclohexyl, phenyl which is unsubstituted or is substituted with 1 or 2
C,-C,alky! and/or C;-Cjalkoxy groups, or is -ORy,

Ry, is hydrogen, C;-Cygalkyl, C,-Cgalkyl which is interrupted by O, or is C,-C;qalkenyl,
cyclopentyl, cyclohexyl, phenyl which is unsubstituted or is substituted with 1 or 2
C,-C,alkyl and/or C,-Cgalkoxy groups, or is -ORy, or is a radical of the formula VI

0]
ORg o II
—Y i, C—Ry
P (VD)
- R,oﬁ Ry
Ri2 o}

or

Rg and R, in the formula IIT together are -CH,CR 4R 5- or -C(CH3),CH=CH-, or

R;o and Ry, together with the atoms to which they are attached, form a benzene ring
which is unsubstituted or substituted with 1 or 2 C;-C,alkyl and/or C;-Cgalkoxy
groups,

R, is hydrogen or -ORy,

R3 is C;-Cgalkyl,

R4 and R;5 independently of one another are hydrogen, C;-Cgalkyl, phenyl or -CH,OR 3,
or Ry4 and R, s, together with the carbon atom to which they attached, form a
Cs-Cecycloalkyl ring,



mask are renoved, the coated | ayer is devel oped with qlﬂf ous
sol ution of sodiumcarbonate in an ultrasound bath for wwg’ﬁ/mthen
dried at [err] in a convection oven for 15 mn. The sensi i Vit

initiator systemused is characterized bgsindicating the | ast wedge Step
which is imaged wi thout tack. The hi gher the nunber of steps, the nore
.sensitive the system In this context, an increase by two steps signifies
approximately a doubling in the curing rate. The results are indicated in

Tabl e 12. Tablassidgle G@,ﬁtpogn R”_ Qm&ens_ -SOZ- 0 7)Ig_fmi_@{@;};@_I_steps from Ex.

tration [9 fter osu S 40s 15 0.4
7 b R is e BRRY Gr el " 9 11 13 14
0 4 R17 1581ydrogcn 01@1-C4a1kyl 12 14 1.0 10 12 _
, npound of the formula I [err] [err]
and [err] a{?e |3§ n,b} o P{faﬁ‘gd are a radical of the formula Il

[err] in wiR & quspber fromy2 '[larr] |ndependently of one another are [err] or
[err] and [wa the prsbidoahadif th@q@tﬁ&ﬂdé |uY tl'\@ffo:l‘?ﬁﬁlﬁa % She Hp6siB¥TbPRE Bhedyi' ']

or halogen R3 arali: of
ring and Ry s me at least onc of the radicals R, K;; and R, is not hydrogen.

2. A compound of the formula I according to claim 1, in which in formula II at least one
ortho position of the phenyl ring is not occupied by hydrogen.

3. A compound of the formula I according to claim 1, in which

Ry is Cy-Cpalkyl, Cy-Cjjalkyl which is interrupted by O, C,-C,alkyl which is substituted

with C3-Cgalkenoxy, or is cyclopentyl, cyclohexyl, phenyl which is unsubstituted or

substituted with 1-4 C;-C,alkyl and/or C,-Calkoxy groups, benzyl which is unsubstituted

or is substituted on the phenyl ring with 1-4 C;-C,alkyl and/or C,-C,alkoxy groups, or is

. C;-Cgalkenyl, or Ry is a radical of the formula IV or V,

X is unsubstituted or -OR;3-substituted C,-C;alkylene, C5-C;galkylene which is

interrupted by O, or is C4-Cgalkenylene or xylylene,

Rp is hydrogen, C;-Cyalkyl, C;-C,galkyl which is interrupted by O, or is C3-Cgalkenyl,
cyclopentyl, cyclohexyl, phenyl or ORy, or -

Rg and Rq in the formula III are together -CH,CH,-,

R, is hydrogen, C,-C;,alkyl, C5-C;galkyl which is interrupted by O, or is C;-Cgalkenyl,
cyclopentyl, cyclohexyl, phenyl or -ORy, or is a radical of the formula VIa

— 0
Y ol
||/C—R1
- p\ (VIa)
Ryz ﬁ—Rz
RioORy O

Y is a single bond, -CR¢R,7- or -S-,
Ry3 is Cy-Caalkyl, and
R;6 and R, are hydrogen or methyl.

4. A compound according to any one of claims 1-3, in which R; is a radical of the
formula ITIa



in which [err] is [err] which is interrupted by 0, [err] [err]

hal ogen-substituted [err] phenyl which is unsubstituted or is substituted
with 1-4 [err] and/or [err] groups, naphthyl which is unsubstituted or is
substituted with 1-4 [err] and/or [err]-g6oups, [err] i 1 TR
unsubstituted or is substituted on the phenyl ring w tmmli‘W‘r“llu“uMcu“
[err] groups, or is [err] [err] or [err] or [err] is a radi cal *of "thd *
formula IV or V [err] in which [err] and [err] are as defined above, X
is unsubstituted or [err] which is interrupted by 0, or is [err] or
xylylene, [err] is hydrogen, [err] which is interrupted by O, or is [err]
cycl opentyl, cycl ohexyl phenyl whi cRPes unsubstituted or is substituted

with 1 or 2 [err] and/or [err] group rp“%)s [err] [err] is hydrogen, [err]
which is interrupted by 0, or is | cl ope(@y)., cycl ohexyl, phenyl
which is unsubstituted or is substit ifh 1 or 2 [err] and/or [err]

groups, or is [err] or is a radical o1theformJIa VI- [err] [err] and [err]
in the formula mtogether are [err] or Z[err] or [err] and [err] together
with the atons to which they are attached, forma benzene ring which is

unSEbZt | t utsed, Wmpodhd of the! Bt I Accbr@ihg %o 4/ dre GFREMME 11491 Whidh RYR$a [err]
'Sy roger}a(%al of the formula Ille

OR,
Ry (Ile).

Ri2 Ryy

6. A compound of the formula [ according to any one of claims 1-3, in which
R, is a group of the formula IIIb

(IIIb), in which

Ryp is C;-C;qalkyl, C;3-Cgalkyl which is interrupted by O, or is C5-Cgalkenyl,
cyclopentyl, cyclohexyl'or phenyl, or

Rgand Ryp i.n the formula ITIb are together -CH,CHjy-, and

Ry, is hydrogen, C;-C;,alkyl, C3-C,galkyl which is interrupted by O, or is C3-Cgalkenyl,
cyclopentyl, cyclohexyl, phenyl or -ORg.

7. A compound of the formula I according to claim 6, in which Ry is a radical of the
formula ITlc ‘



[err] is [err] [err] and [err] independently of one—another are hydrogen,

[err] phenyl or [err] or [err] and [err] together with the carbon atomto
which they attached, forma [err] ring, - 55 - Yluﬂlﬁﬂﬂulﬂﬂﬁlt‘wm,} Jerr]
or [err] R16 is hydrogen, nethyl or ethylszlerr] islim 0 |3 [err]
is hydrogen, [err] or phenyl, and mis a nunber from 2- 2, °with the provi so

that if the radical [err] in the formula Ill is in the p-position of the
phenyl ring and RO is nmethyl, at |east one of the radicals [err] and [err]

i s not hydrggg@ozgou,ﬁgg&m%) . . in . im1, in
which in foprulr | at |eas Qoﬁeéﬁ%%%n?ifohﬁ%ﬁﬂﬁgé ‘%ﬁ%ﬁﬁ%%% IS not
occupi ed by H¥Y . 3. A conpound of the fornula | according to claiml1,
in which [err] is [err] which is interrupted by 0, [er] which is
substituted with [err] or is cyclopentyla cyclohexyl, phenyl which is
unsubstituted or substituted with [&fr], '&nd/or [err] groups, benzyl which
is unsubstituted or is substituted e phenyl ring with 1-4 [err] and/or
[err] groups, or is C3-CBal kenyl, ORs a(lmdyli cal of the fornula IV
or V, X is unsubstituted or [err] gFCch is interrupted by O, or is [err]
or xylylene, [err] is hydrogen, [erl]‘ which is interrupted by 0, or is
[err] cycl opentyl, cyclohexyl, phenyl or OR9, or [err] and [err] in the
formula I'll are together -CH2CH2-, [err] is hydrogen, [err] which is

i nterrupt edRbis Op-CgulkylsC}-€;4alkyl which is interrupted once by -O-, or is cyclohexyl, phenyl,

benzyl, allyl or a radical of the formula IVb or Vb

X is C;-Cgalkylene, C4-Cgalkylene which is interrupted by -O-, or is xylylene, Ry, is
hydrogen, C,-C,jalkyl, C3-C,zalkyl which is interrupted by O, or is C;-Cgalkenyl,
cyclopentyl, cyclohexyl or phenyl, |

and R; is hydrogen or -ORg.

9. A compound of the formula I according to any one of claims 6-8, in which

Ry is C;-Cgalkyl, C;-Cgalkyl which is interrupted by -O-, or is benzyl, allyl or a radical of
the formula IVb or Vb,

X is C;-Cjalkylene,

Ryg is C;-Cyaalkyl,

Ry, is hydrogen or methyl and

R, is hydrogen.

10. A compound of the formula [ according-to any one of claims 1-9, in which



cycl opentyl, cycl ohexyl, phenyl or [err] or is a radi caljci/trle_LaLmla VI a
[err] Yis asingle [err] or -S-, [err] is [err] andTerr and [err] are
hydrogen or nethyl. 4. A conpound according to any “ﬁ‘&“n{
which R3 is aradical of the forrmula I1II-%8 - [err] “ “ he
formula | according to any one of clains 1-4, in V\:hl ks % radi‘cal of

the formula Ille [err] 6. A conpound of the fornula | according to any one
of clainms 1-3, in which R3 is a group of the fornmula Illb [err] [err] is

[err] whi c, ikl R{linge Bélﬁ@&ﬂbn@ané‘dhex‘:?reter@l]z kYL W®EALY ’r!‘ oxg,y Cl ohexyl or
heny| d h tlo d
e hyar ogerts PV l??’c{r]zﬁg‘yfﬂ‘iérﬁomﬂ%dr S o7 ar e foother Terr) and [ere]

IS hydrogen
cycl opentyIR7mmdm1gelxptC1-|ﬂadkylarﬂr -OR9. 7. A conpound of the formul a |
according tg ?leglggn in which R3 is a radical of the fornula Illc [err]
8. Acorrpoun a I'ng to either of clains 6 and 7, in which R3 is a

radi cal of . the :

11. A compound of the formula I according to any one of claims 1-9, in which
R4 and Rs independently of one another are methyl or methoxy,

Rg'is hydrogen or methyl, and

R; and Ré are hydrogen.

12. A compound of the formula I accordirlg to any one of claims 1-11, in which
R, and R, are identical.

13. A compound of the formula I accordmg to claim 1, in which
R, and R, are identical,

R, and Ry are identical and are methyl or methoxy,

Rg is hydrogen or methyl,

R7 and Ry are hydrogen,

Ry is C;-Cgalkyl, methoxyethyl, ethoxyethyl phenyl or benzyl,
Ry is hydrogen, C,-C,alkyl, or is -ORy,

R, is hydrogen, C,-C,alkyl, or is -OR9 and

R, is hydrogen.

14. A photopolymerizable composition comprising
(a) at least One ethylenically unsaturated photopolymerizable compound and

(b) as photoinitiator, at least one compound of the formula I as defined in claim]1.

15. A composition according to claim 15, comprising in ¢ idmon to component (b) other
- photoinitiators and/or further additives.

16. A composition according to claim 15, in which the additional photoinitiators are
compounds of the formula (VII)

o
r422—<:>-—c—c|:—ra,9 (VID)



formula I'l1d [err] [err] is [err] whichis mterruptM

cycl ohexyl, phenyl, benzyl, allyl or a radical of the f
[err] X is [err] which is interrupted by [err] or Jmﬂn mmmﬁF
hydrogen, [err] which is interrupted by gb or is [err]*cy@lopen

cycl ohexyl or phenyl, and R12 is hydrogen or [err]. 9. A conpound of the
formula | according to any one of clains 6-8, in which [err] is [err]
which is interrupted by [err], or is benzyl, allyl or a radical of the
formula I'Vb ongﬁ Xis [err] [err] is [err] [err] is hydrogen or nethyl
and [err] i § ogen. 10. A conpound of the formula | according to any one
of clainms 1-9, in which [err] and [err] independently of one another are
[err] or [err] [err] is hydrogen, [err] [err] [err] is hydrogen or [err]
and [err] is hydrogen. 11. A conpound !? ﬁhe formula | according to any one
of claims 1-9, in which R4 and_RS i entl y@{ one another are nethyl

or methoxy, R6 is hydrogen or and® @ MH) hydrogen. 12. A
conmpound of the formula | according

pen

any one clainms 1-11, in which
Ros

or mixtures of compounds of the formulae (VII) and (VIII), in which :
R and Ryg independently of one another are hydrogen, C;-Cgqalkyl, phenyl, C;-C,salkoxy
or -O(CH,CH,0)4-C,-Cygalkyl, in which q is a number from 1-20, or R;g and Ry,
together with the carbon atom to which they are attached, form a cyclohexyl ring,
- Ryy is hydroxyl, C,-C,salkoxy or -O(CH,CHy0)4-C;-Cygalkyl, where Ryg, Ry; and Ry, are

not all simultaneously C,-C, salkoxy or -O(CHCH0)4-C,-Cygalkyl,

CHg
. : 1
Ry is hydrogen, C,-Cyzalkyl, C;-C,galkoxy, -OCH,CH,-ORj3, a group CHp = IC ora

_ CHa |
up ‘P Hy —C+ in which 1 has a value from 2 to 10 and A is the radical

ﬁ Ray
|
-
Ry
0 O CH3
- I o

Ry3 is hydrogen, —C —CH=CH; o ——C—C==CH, , and
Ro4, Ras and Ry¢ independently of one another are hydrogen or methyl.

17. A compbsition according to any one of claims 14-16, comprising 0.05-15 % by weight,
in particular 0.1-5 % by weight, of component (b), based on the composition.

18. The use of a compound of the formula I defined in claim 1 as a photoinitiator for the
photopolymerization of ethylenically unsaturated compounds.

19. A process for the photopolymerization of compounds containing ethylenically
unsaturated double bonds, wherein a composition according to any one of claims 14-17 is
irradiated with light in the range from 200 to 600 nm.



[err] and [err] are identical. 13. A conmpound of the fornmula | according to

claiml, in which [err] and [err] are identical, [er+t}—andferr}-are

i dentical and are nethyl or methoxy, R6 is hydrogen or nethyl, R7 and R8
are hydrogen, [err]is [err] methoxyet hylgp-et hoxyet hyl Lllﬂmmgluy,lnﬂm I,
[err] is hydrogen, [err] or is [err] [err] is hydrogeny : s" rr
and R12 is hydrogen. 14. A photopol ynerizabl e conposition conprising (a) at
| east one et hylenically unsaturated photopol yneri zabl e conpound and (b) -as
photoinitiator, at |east one conpound of the formula | as defined in :

claim. 15. A conposition according to claim115, conprising in -addition to
conponent 4G Thguseef Heampasition agcerdingda any eng of altims 14dld for theprodugtiomof

conposi ti ofbadfE Qibidtanbes, th Sdrédlrlwhitd phin férwddaCoBERE st dn@ Radial RORMMIsort | At OF S
are conpounds of the formul a (\éjclé?)ﬁeler rle .., - D59 - ‘L{e rl} or m.xtures of
conmpounds CFATEGRES. £OF the Pradugsgn § g pateripls pigmehie “E‘ & 1(’]"“’&%@?%%?0’
L\E de ﬁ endenthé praductiorcofuicdrioe bignientddyadiuoasriispetsids, fob ﬂ{bydrgdt[oﬁbn bf powdear I ] ) in
-which q is.a, r + 20 ek n er Lo er .wt- e carbon
atomto V\h‘fogﬁaﬁjig% tg% é%gpgtéoénoefc??{"flgg Félgﬁ %§ g]e[d?{gé 1op gﬁéﬁ"ﬁt&‘f“‘f@%@dr oxyl ,
[err] or [atielps hpbulk cusing pr startofithogiaphy.donthe padduciomod printingpidtss, fasthd or
[err] production of masks for screen printing, for the production of photoresists for printed

electronic circuits, for the production of adhesives, as a coating for optical fibres or as a

coating or encapsulation of electronic components.

21. A process according to claim 19 for the production of coating substances, especially
white paints for wood coatings and metal coatings, or clearcoats, fpr the production of

~ powder coatings, for the production of coating materials for daylight-curable
constructional coatings and road markings, for the production of printing plates, for the
production of masks for screen printing, for the production of photoresists for printed
electronic circuits, for the production of adhesives, for the production of coatings for
optical fibres, for the production of coatings or encapsulations of electronic components.

22. A process according to claim 19, which is carried out by the method of mass curing or
sterolithography.

23. A coated substrate which is coated on at least one cured surface with a compdsition
according to any one of claims 14-17.

24. A procéss for the photogfaphic production of relief images, in which a coated substrate
according to claim 23 is subjected to imagewise exposure and then the unexposed areas
are removed with a solvent.



[err] is hydrogen, [err] a group [err] or a [err] group [err] ,
in which 1 has a value from2 to 10 and Ais the radical 1 | [err] [err]
is hydrogen [err] or [err] and [err] and [err] independently of one
anot her are hydrogen or nethyl. 17. A coggposition according to any one of
clainms 14-16, conprising 0.05-15 % by weight, in particular 0.1-5 % by
wei ght, of conponent (b), based on the conposition. 18. The use of a
conmpound of the formula | defined in claiml as a photoinitiator for the
photopolyngﬁizaﬁion of ethylenically unsaturated conmpounds. 19. A process
for the ph %ﬁﬁ ynmeri zation of conpounds containing ethylenically
unsat ur ated doubl e bonds, wherein a conposition according to any one of

clainms 14- | SnildnGRE AL i j - . range from 200 to 600 nm -
50 20, TheAﬁ(dx ey BelilitotbdMilddyviph8hidd bilid§ any one of ol aims 14-17 for
the production of coating substances, in particular white paints for wood

coati ngs M&oﬁ?ﬁﬂnyﬁﬁﬁsﬁfmbiﬁcy?hé_é}ihﬁ%yédesfdﬂhetféﬁnﬂhquCt! on of coating
materials pignented with coloured pignments, for the production of clear or

pi gnent ed aqueous di spersions, for the production of powder coatings, for
the production of printing inks, ﬁfc@ Ohe production. of three-di nmensional
articles by bulk curing or stg{.e.@uﬁhég.rpgphy( fiﬂrwhti&e production of
printing plates, for the productionof masks IP’or scfeen printing, for the
production of photoresists for printed electronic circuits, for the
production of adhesives, as a coating for optical fibres or as a coating or

encapsul atRpandR, gredddntienl ¢ différBA MG afe a AllicaloPthe g@efulapcor ding to claim 19
for the production of coating substances, especially white paints for wood

coatings and netal coatings, or cl e%rcoats, fpr the production of
4 R7

in which _

R, and Rg independently of one another are C;-C;,alkyl or C;-C;,alkoxy, and

R¢, R7 and Ry independently of one another are hydrogen, C;-C,,alkyl, C,-C;,alkoxy or
halogen, '

Rj is a radical of the formula III

in which
Ry is C,-Cypalkyl, Co-Cypalkyl, Cs-Cecycloalkyl, phenyl, naphthyl, phenyl-C,-Csalkyl,

' N
C,-Cyqalkenyl, -CF3 or -CHCH-CH,  or Ry is a radical of the formula IV or V



powder coatings, for the production of coating materials for

dayl i ght-curabl e constructional coatings and road markings, for the
production of printing plates, for the production of nasks for screen
printing, for the production of photoresissts for printed electronic
circuits, for the production of adhesives,” for the production of coatings
for optical fibres, for the production of coatings or encapsul ati ons of

el ectroni c conponents. 22. A process according to claim19, which is
carried out by the nethod of mass curing or éterollthography 23. A coated
substrate which is coated on at |east Rpe ed surface with a conposition
according to any one of claim_ld-4. ss for the photographic
production of relief |nages in whic ed subsvat e according to claim
23 is subjected to i nagew se exposure ;heﬁdyhe unexposed areas are

renoved with a sol vent. Ry2 O
o)
Rio o1l

lI C-Ry

V)

R" ﬁ R2

Rz o)
in which

X is for example C;-C,alkylene, C,4-C,,alkenylene or is xylylene,

R is for example hydrogen, C;-Cyqalkyl, C,-C;,alkenyl, cyclopentyl, cyclohexyl, phenyl
with 1 or 2 C,-C,alkyl and/or C;-C,alkoxy groupé, oris -ORg,

Ry, is hydrogen, C;-Cygalkyl, C,-C,alkenyl, cyclopentyl, cyclohexyl, phenyl, or is -ORy,
or is a radical of the formula VI

(o]
ORg o I
—Y i ,C—Ry
P. (VD
R1° %—R2
Ry2

or

Rg and Ry, in the formula III together are ethylene, -CH,CR 4R, s- or -C(CH3),CH=CH-,
or

RjoandRy;, tbgether with the atoms to which they are attached, for example form a
benzene ring,

R, is hydrogen or -OR,y,

Ry is Ci-Caalkyl, _ :

Rj4 and R;5 independently of one another are hydrogen, C,-Cgalkyl, phenyl or -CH,OR,3,
or Ry, and Rys, together with the carbon atom to which they attached, form a
Cs-Cecycloalkyl ring,

Y is for example a single bond, -CR4R7- or -CH=CH-, R15 is hydrogen, methyl or ethyl,

- Ry7 is hydrogen or C;-C,alkyl,
R;g is hydrogen, C,-C;,alkyl or phenyl, and
m is a number from 2-12, with the proviso that if the radical -ORg in the formula III is in
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the p-position of the phenyl ring and Ry is methyl, at least one of the radicals Ry, R;; and
R, is not hydrogen, are suitable for the photopolymerization of compounds containing
ethylenically unsaturated bonds.



