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1. Compo.minds of the general formula I

1 O R ]
R™ 3 é'-c':-oa3 (1)
| oo
R

in whieh

R and R2' are each H or Cl-CG-alky1 _

R3 is H, cl-c.é-‘alkyl, Cl-cs-alkanoyl or the

' group Z, '

r* is H, halogen, cl-clz;alkyl; cl C,,-alkoxy,
C1-Cy9 —alkylt hio
or the group =~ X[(CH ~CH —0) m

and
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X is 0, S, N or NH,

n is the numbers 0 to 4,

m is the number 1 when 3 = 0, S and NH or the number

2 when X = N
Z is the group -~CO-CR=CR'R"
with R, R', R" each being H or CH3,
always at least one éf the radicals R3 or R4 containing the
group Z.
2. Compounds of the general formula I according to

claim 1 when used as copolymerizable photoinitiators for the

photopolymerization of ethylenically unsaturated compounds.
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mit beschrinkter Haftung
6100 D arms tadt

Copolymerizable photoinitiators in Ehe nelure
of acrgWe Weboneg,

The invention relates to copolymerizable photo-

initiators for the photopolymerization of ethylenically
unsaturated compounds or of systems containing such com-
pounds. .

Photochemically induced polymerization reactions
have attained great importance in industry, in particular
in the rapid hardening of thin films, as for example in
the hardening of paint or resin c¢oatings on paper, metal
and plastics or in the drying of arinting inks, since
these processes are distinguished from conventional
methods for printing and coating .articies by raw material
and energy savings and lcwer environmental pollution.

But even the preparation of polymer materials as such by
polymerizing appropriate unsdaturated monomeric starting
materials is frequently effected photochemically, for
which customary processes such as solution and emulsion
polymerizations can be used.

Since with the reactions mentioned it is gener-
ally the case that none of the reactants is capable of
absorbing photochemically active radiation to an adequsite
degree, it is necessary to add so-called photoihitiators
which are either capable of absorbing incident high-
energy radiation, usually LV Light, and of forming active
starter radicals which in turn initiate photopolymeriza-
tion, or are capable of transferring the absorbed energy
for free radical formation to one of the polymerizable
reactants. The initiators do not normally participate in
the actual polymerization reaction.

The initiators used hitherto for photopolymeriz=~
ing unsaturated compounds have been in the main benzo-
phenone derivatives, benzoin ethers, benzil ketals, di-
benzosuberone derivatives, anthraquinones, xanthenones,
thioxanthones, a-halogenoactophenone derivatives, dial-
koxyacetophenones and hydroxyalkyl phenones.
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Essential criteria for the selection of such
initiators are, inter alia, the nature o7 the reactions
to be carried out, the ratio of the absorption spectrunm
of the initiator to the spectral energy distribution of
the available source of irradiation, the activity of the
initiator, the solubility of the initiator in the reac-
tion mixture, the dark storage life of the reaction sys-
tem to which the initiator has been added, and the action
on the end products by residues remaining therein of the
initiator and/or of the products formed therefrom in the
course of the photochemical reaction.

As is known, however, the technical feasibility
of many of the substances mentioned is restricted, in
some¢ instances severely, by a number of disadvantages.
These include in particular the frequently too lLow reac-
tivity in the ability to initiate the photopolymeriza-
tion of ethylenically unsaturated compounds. In addition
to mclecule-specific reactivity, the crucial factor is
here in many cases the solubility or the ideally uniform
incorporabil ity of the photoinitiators in the photopoly-
merizable systems.

However, owing to their favourable p.operties,
the hydroxyalkylphenones of German Offenlegungsschrift
2,722,264 have proved to be particularly advantageous.
This specific class of substances is present at the typi-
cal application temperature range in the Liquid state;
this results in an excellent solubility or homogeneous
incorporability in customary photopolymerizable systems.
Furthermore, these photoinitiators are of an above-
average activity and at the same time the systems to
which they are added have a remarkably favourable dark
storage Life. Nonetheless, hydroxyalkylphenone photo-
initiators are still improvable.

Since these, Like the other customary photo-
initiators, do not participate in the actual photopoly-
merization, their excess, unreacted residues and their
degradation products formed during the photochemical re-
action remain in the finished product. Depending on the
nature and amount, this can lead to more or less pronounced



5
10
15
3
tacés
¢
¢ 20
cee
¢ re
¢
e ¢
[
] (X3
1
o
[ SN
25
'
t
. 3
¢ v
e ¢
4
¢ ¢
g ¢
6
30
Cavo
0
CX-N )
35

s
- 3 -

effects on the properties of the product. In the case

of photopolymerized paint coatings, the main field of use
for photoinitiators, such residues can, for example, af-
fect the obtainable final hardness of the layer; further-
more, it is possible for undesirabie colour changes, for
example yellowing, to occur, frequently only after a pro-
Llonged period. Initiator residues or'their degradation
products, owing to their more or Lless pronounced vola-
titity, can become noticeable through unpleasant odour;
their diffusion out of the coating and into surrounding
media can create problems, for example where packaging
materials with photopolymerized coatings, such as, for
example, tins and tubes, are provided for foodstuffs.
Especially in this area of use the question of utility is
crucially determined by the possible or proven toxicity
of the photoiniators and their degradatici1 products.

The prior art discloses certain photoinitiators
which have unsaturated substituents besides other types
of substituent.  They are predominantly benzoin and ben-
zil derivatives. Hoewever, apart from the compound a-
allylbenzoin, which in its initiator action comes close
to the hydroxyalkylphenones, such unsaturated photo-
jnitiators have not become established, since they do
not offer any significant advantages with respect to con-=
tent of unreacted residues and degradation products in
the polymer product and otherwise are inferior to the
hydroxyalkylphenones.

It is thus an object of the invention to provide
photoiniators which, ideally, should be structured in such
a way, for example through copolymerizable ethylenically
unsaturated substituents, that they participate directly
in the photopolymerization reaction and their recidues
or degradation products are ideally all incorporated in
the polymer structure. At the same time, their other
properties such as initiator action and compatibility
with customary radiation-hardenable systems should at
least correspond to the best of the known photoinitiators.

It has now been found, surprisingly, that these

requirements are met supremely well by the new compounds



of the general formula I

) Rl
R/ NAL_ g3 (1)
— &2
in which
R1 and R2 are each H or Cl-Cs-alkyl
R3 is H, Cl-C6—alkyl, Cl-CG-alkanoyl or the
group 2,
R4 is H, halogen, Cl-Clz-alkyl, Cl-Clz-alkoxy,
Cl-Cl2-alkylthio
or the group -~ X[(CHZ-CHZ-O)n-Z]m
and
X is 0, S, N or NH,
n is the numbers 0 to 4,
m is the number 1 when X = O, 'S and NH or the number
2 when X = N
2 is the group -CO-CR=CR'R"

with R, R', R" each being H or CH3,

4

always at least one of the radicals R3 or R® containing the

group Z.
The invention thus provides the new compounds of
the general formula I.

The invention also provides the wuse of the

compounds of the formula I as copolymerizable photoinitiators
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for photopolymerizing ethylenically unsaturated compounds or
systems containing such compounds.

The invention further provides a process for
photopolymerizing ethylenically unsaturated compounds or
systems containing such compounds, in which the mixture to be
polymerized has added to it, before the initiation of the
photopolymerization, at least one compound of the formula I as
copolymerizable photoinitiator.

The invention additionally provides
photopolymerizable systems containing at least one

ethylenically unsaturated phatopolymerizable compound and, where

I et i Wi P 8
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appropriate, further known and customary additives, these
systems containing at least one compound of the formula I
as a copolymerizable photoinitiator.

The novel compounds of the formula I are struc-
turally derived from hydroxyalkylphenone photoinitiators,
but, unlike the latter, contain ethylenically unsaturated
groups of the acryloyl type.

In accordance with the definitions given above

3 4

for the formula I, at least one of the radicals R~ or R
always is or contains the group Z of the structure
-CO-CR=CR'R". Therein R, R' and R" can each be hydrogen
or methyl, and the group Z is preferably acryloyl or
methacryloyl.

When in the formula I only the radical R3 is
the group Z, the corresponding compounds are esterifica-
tion products of hvdroxylalkylphenones with acrylic acid

' and RZ
4

or acrylic acid derivatives. R can then each be

hydrogen, Cq-4-alkyl or phenyl, and R’ can be hydrogen,

halogen, Cq_q2-alkyl, -alkoxy or -alkylthio.

1 2

Preferred compounds are those in which R' and R
are methyl.

Corresponding photoinitiators are for example:
phenyl 2-acryloyloxy—-2-propyl kentone
phenyl 2-methacryloyloxy-2-propyl ketone
4-isopropylphenyl 2-acryloyloxy-2=propyl ketore
4-chlorophenyl 2-acryloyloxy-2-propyl ketone
4-dodecylphenyl 2-acryloyloxy-2-propyl ketone
4-methoxyphenyl 2-acryloyloxy-2-propyl ketone.

When 'in the formula I the radical R4 contains
the group 2, the result is hydroxyalkylphenone derivatives
which, in the para-position of the phenyl ring, carry
unsaturated radicals of the acryloyl type. These radi-
cals can be bonded to the phenyl ring via an oxygen, sul-
phur or nitrogen atom and/or via one or more oxyethylene
bridges. The bonding via an oxyethylene bridge is pre-
ferred.

The other substituents can be freely chosen in
accordance with the definitions given. Preferred photo-

2

initiators are those 1in which R1 and R™ are methyl and
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3 is hydrogen.

The corresponding compounds are for example:
b-acryloyloxyphenyl 2-hydroxy-2-propyl ketone
b-methacryloyloxyphenyl 2-hydroxy-2-propyl ketone

5 4-(2-acryloyloxyethoxy)-phenyl 2-hydroxy-2-propyl ketone

4-(2-acryloyloxydiethoxy)-phenyl 2-hydroxy-2-propyl

R

ketone

4-(2-acryloyloxyethoxy)-benzoin

4-(2-acryloyloxyethylthio)-phenyl 2-hydroxy-2-propyl

i0 ketone

4=-N,N'-bis-(2-acryloyloxyethyl)—-aminophenyl 2~hydroxy-

i 2-propyl ketone.
However,

formuta I, not only the substituent R3 but also the sub-

b contains unsaturated radicals of tlie acryloyl

it is also advantageous when, in the

15 stituent R
type. The result is then hydroxyalkylphenone derijvatives

whose hydroxyl groups are on the one hand esterified with
a¢rylic acid or acrylijc acid derivatives, but which cn

Qf:? the other, in para-position, carry acryloyl radicals on

f'.". 20 the phenyl ring via oxygen, sulphur, nitrogen and/or one
tise or more oxyethylene bridges.

e Here too preference is given to those compounds

of which the other substituents R1 and R2 are methyl.

Corresponding photoinitiators are for example:
25 4-acryloyloxyphenyl 2-acryloyloxy=-2-propyl ketone
b-methacryloyloxyphenyl 2-methacryloyloxy-2-propyl ketone

:f:‘ 4-(2-acryloyloxyethoxy)-phenyl 2-acryloyloxy=-2-propyl keétone
s 4-(2-acryloyloxydiethoxy)=phenyl 2-acryloyloxy-2-propyl
teo ketone.
B 1 Particularly preferred photoinitiators according
to the invention are the compounds:
cose phenyl 2-acryloyloxy-2-propyl ketone
e b-acryloyloxyphenyl 2-hydroxy-2-propyl ketone

4-acryloyloxyphenyl 2-acryloyloxy-2-propyl ketone
35 4-(2-acryloyloxy’-phenyl 2-hydroxy-2-propyl ketone
4-(2-acryloyloxyethoxy)-phenyl 2-acryloyloxy-2-propyl
ketone.
The compounds of the general formula I can be
prepar=i by stancdard processes of organic chemistry.



) -7 -
The reaction conditions therein can be taken from the
standard works of preparative organic chemistry, for
example HOUBEN-WEYL. Methoden der organischen Chemie
CMethods of organic chemistryl, Georg-Thieme Verlag,
5. Stuttgart, or ORGANIC SYNTHESIS, J. Wiley, New York
London Sydney.

In general, it is advantageous to prepare the
photoinitiators according to the invention, or their pre-
cursors, by the proven methods of synthesis which are

10 customary for the known hydroxyatkytphenone'photoinitia—
tors.  These methods are described in detail in German
Offenlegungsschrift 2,722,264. Compounds of the formula
I in which the radical R3 is the unsaturated group Z can
be obtained in a simple manner from commercially avail-

15 able or conventionally prepared hydroxyalkylphenones by
esterification, . for example with acryloyl halide and a
customary esterification catalyst, preferably a tertiary
amine. For instance, the novel initiator phenyl 2-acryl-

vee, oyloxy-2-propyl ketone can be prepared from phenyl 2-
" 20 hydroxy-2-propyl ketone (phenyl-2-hydroxy-2-methylpropan-
T 1-one; Daracu 1173, E. Merck) by esterification with

732“ acryloyl chloride/triethylamine.

s ' Compounds of tfie formula I in which R* contains

(ﬂ:c the unsaturated group Z can be obtained for example by

25 subjecting suitable phenyl derivatives which contain 2
or a grouping into which Z is easily introducible to a

%2:} Friedel-Crafts acylation with an appropriate carbonyl

L halide to introduce the photoinitiator active structure
or a precursor thereof.

*:“. 30 Examples of phenyl derivatives which are suitable
for use as starting materials are phenol, 4~thiophenal,
4-aminophenol and monoethoxylated or polyethoxylated

::?: phenol such as 2-hydroxyethyl phenyl ether.

For the FriedelL-Crafts acylation it is advisable
35 to protect the terminal functional groups by means of
suitable, subsequently redetachable protective groups,
for example by acylation in the case of the OH group.
After introduction of the photoinitiator active structure
the terminal OH group c¢an then be esterified in

\:\\ ”. ,/
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conventiional manner, for example with acrylic acid.

Phenyl derivatives which already contain the un-
saturated group Z, however, can also be phenyl acrylate,
phenyl methacrylate or terminally acrylated, monoethoxy-
Lated or polyethoxylated phenol such as acryloyloxyethyl
phenyl ether. With these starting materials, however,
there does exist a danger of a premature polymerization
during the subsequent reactions.

To produce the photoinitiator active structure
of the hydroxyalkylphenone type, it is possible to acyl-
ate for example with isobutyroyl halide or a-chloroiso-
butyroyl halide and subsquently to introduce the hydroxyl,
alkoxy or allanoyloxy grouping.
For instance, the Friedel-Crafts acylation of acylated
2-hydroxyethyl phenyl ether with isobutyroyl chloride and
a subsequent bromination and hydrolysis on the tertidry
C atom leads to the compound 4-(2-hydroxyethoxy)phenyl
2-hydroxy=-2-propyl ketone. From this compound it is pos~-
sible to obtain, for example by selective esterification
with acryloyl chloride/tertiary amines, the novel initi=
ator 4-(2-acryloyloxyethoxy)-phenyl 2-hydroxy=2-propyl
ketone and, by esterification of both OH groups, the
novel initiator 4-(2-acryloyloxyethoxy)-phenyl 2~
acryloyloxy-2-propyl ketone.

When the bonding of the unsaturated radical R4
to the aromatic is effected by sulphur (X = S), substi-
tution of appropriate 4=halogenoaryl ketones with thiols
such as 2-mercaptoethanol under basic conditions is pos~-
sible. N, ,N=-disubstituted anilines (X = N) can be acyl-~-
ated under Vilsmeier conditions for example with N, N-di=
methylisobutyramide and phosphorus oxychloride. Esteri-
fication of the OH groups with unsaturated acid chlorides
gives the corresponding copolymerizabke photoinitiators.

The compounds of tie general formula I are highly
active photoinitiators and can in general be used in
photopolymerizable systems, provided the Latter contain
ethylenically unsaturated, photopolymerizable compounds.

The photoinitiators according to the invention,
owing to the specific, unsaturated substituent(s) Z,
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have the property that they or théir degradation products
formed in the photoinitiator reaction can function ‘as
copolymerizable comonomers in the photopolymerization
reaction. This, as the experiment reproduced within the
framework of the examples below, surprisingly leads to

an unexpectedly high degree of incorporation of unreacted
photoinitiators and of photoinitiator degradation pro-

ducts in the polymer product eventually obtained. This

is consequently a very effective way of reducing or wholly

eliminating undesirable influences on the properties of
the end product. It has further been found that practic-

ally no Loss of activity occurs on introducing the unsatu-

rated substituents Z in the hydroxyalkylphenone photo-
initiator structure.

The compounds of the general formula I can be
used according to the invention as photoinitiators for
photopolymerizing ethylenically unsaturated compounds
and/or for hardening photopolymerizable systems which
contain such compounds, and in particular also as UV har-
deners for printing inks and in the irradiation harden=-
ing of aqueous prepolymer dispersions. This use is ef-
fected in conventional manner. The compounds to be used
according to the invention are added the systems to be
polymerized in general in amounts of 0.1 to 20% by
weight, preferably .0.5 to 12% by weight.

This addition generally takes the form of simp.e
dissolving and stirring, since most of the photoiniti=-
ators to be used according to the invention are Lliquid
or at least readily soluble in the systems to be poly=
merized. A system to be polymerized is to be understood
ds meaning a mixture of monofunctional or polyfunctional
ethylenically unsaturated monomers, oligomers, prepoly-
mers, polymers or mixtures of these oligomers, prepoly-
mers and polymers with unsaturated monomers, which is
initiatable by free radicals and which, if nezessary or
desired, can contain further additives such as, for
example, antioxidants, light stabilizers, dyes, pigments,
but also further known photoinitiators and also reaction

accelerarits. Suitable unsaturated compounds are all those
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whose C=C double bonds are activated by, for example,
halogen atoms, carbonyl, cyano, carboxyl, ester, amide,
ether or aryl groups or by conjugated further double or
triple bonds. Examples of such compounds are vinyl chlor-
ide, vinylidene chloride, acrylonitrile, methacrylo-
nitrile, acrylamide, methacrylamide, methyl, ethyl, n- or
tert.-butyl, cyclohexyl, 2-ethylhexyl, benzyl, phenyloxy~-
ethyl, hydroxyethyl, hydroxypropyl, Lower alkoxyethyl,
tetrahydrofurfuryl acrylate or methacrylate, vinyl ace-
tate, propionate, acrylate, succinate, N-vinylpyrrolidqne,
N-vinylcarbazol, styrene, divinylbenzene, substituted
styrenes, and also mixtures of such unsaturated compounds.
Even polyunsaturated compounds such as, for example,
ethylene diacrylate, 1,6-hexanediol diacrylate, propoxyl-
ated disphenol A diacrylate and dimethacrylate, tri-
methylolpropane diacrylate and pentaerythritol triacryl=
ate can be polymerized with the photoinitiators used
according to the invention. Further photopolymerizable
compounds are unsaturated oligomers, prepolymers or poly-
mers and their mixtures with unsaturated monomers. These
include for example upnsaturated polyesters, unsaturated
acrylic materials, epoxy materials, urethanes, silicones,
aminopolyamide resins and in particular acrylated resins
such as acrylated silicone oil, acrylated polyesters,
acrylated urethanes, acrylatad polyamides, acrylated soya
bean oil, acrylated epoxy résin, acrylated acrylic resin,
preferably in mixture with one or more acrylates of a
mono-, di= or polyalcohol.

The photopolymerfzable compounds or systems can
be stabilized by adding known thermal inhilitors and
antijoxidants, such as, for example, hydrogquinone or
hydroquinone derivatives, pyrogallol, thiophenols, nitro
compounds, B-naphthylamines or B-naphthols, in the custom-
ary amounts without significantly impairing the Initiator
action of the photoinitiators accordir - to the invention.
The main purpose of such additions is " pravent pruma=

ture polymerization during the preparatiz % ' . ‘ystems
by mixing of the components.
it 18 also possible to add - vight

b
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stabilizers, such.as, for example, benzophenone deriva-
t'ves, benzotriazole derivatives, tetraalkylpiperidines
or phenyl saiicylates.

To extclude the inhibiting action of air oxygen,
photopolymerizable systems frequently also have added to
them paraffin or similar waxy substances. As a conse-
quence of insufficient solubility in the polymer, they
float out at the start of the polymerization and form a
transparent surface layer which prevents the access of
air. Air oxygen can also be deactivated, for example by
introducing autoxidizable groubs, such as, for example,
allyl groups, in the system to be hardened.

~The photoinitiators according to the invention can
also be used in combinatio: with known free radical initi-
ators, such as, for eXamble, peroxides, hydrbpefoxides,
ketOne'pefoxides or percarboxylic acid esters. Further-
more, they can contain pigments or dyes of the type cus-
tomary, for example,_in.photochemicatty hardening print-
ing inks. In thi$ case, the amount of photoinitiator is

chosen to be higher, for example 6 to 12% by weight, while

0.1 to 5% by weight is in most cases fully sufficient for

'co[oufless photopolymerizable products. Depending on the

intended use, it is possible to add fillers, such as

~talcum, gypsum or silica, fibres, organic additives such
'as_thixqtropihg agents,. flow control agents, binders,

lubricants, matting agents, plasticizers, wetting agents,
silicones for improving the constitution of the surface,
antiflotation agents or minor amounts of solvents.
ExémpLes of known photoinitiators which, where
appropriate, are usable together with the initiators
according to the invention are benzophenones such as, for
example, Michler's ketone (4,4'-bis(dimethylamino)~-
benzophenonel, 4,4'-bis(diethylamino)benzophenone, p-di-
methylaminaobenzophenone, p=chlorobenzophenone, benzophe-
none; anthraquinones such as, for example, anthraduihone,
2-chloroanthraquinone, 2-alkylanthraquinones; xanthones,
such as, for example, 2-halogenoxanthones or 2-alkylxan-
thones; thioxanthones such as 2-chlorothioxanthones, 2-

alkylthioxanthanes; acridanones such as, for ekampte,

-
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2-atkytacfidanones‘or N-substituted acridanones; benzoins
such as, for‘exﬁmple; p-dimethytaminobenzoin and ékaL
ethers of benzoin; benzil ketals, a-hatogenoketones, di-
aLkoxyacetophencnésJ a-hydroxyatkprhenones and a-amino-
akaLphenones as detcribed, for example in German Offen-
Legungsschrift 2,722,264 and European Offenlegungsschrift
3,002, and also for example fluorenones, dibenzosuberanes,
phenanthrenquinones, benzoic acid esters such as, for
example, hydroxypropyl benzoate, benzoylL benzoate acrylate.

Mixtures with known initiators contain the copoly=-
merizable photoinitiators to be used according to the in-
vention in general in amounts of at lLeast 10% by weight,
preferably of 50 to 95% by weight, relative to the total
amount of initiator mixture used.

It is advantageous to use in the photopolymer-
izable systems, in addition to the copoLymerizabLe‘photo-
initiators according to the invention, reaction accel-
erants. | | o |

Examples of reaction accelerants which can be
added are organic;amines, phosphines, alcohols and/or
thiols which alL have at Least one CH groups which is in
the afposition reLatfve to the Hetero atpm.‘ Suitable are

for example primary, secondary and tertiary aliphatic,

aromatic, araliphatic or heterocyclic amines as described,

for example, in US Patent 3,759,807. Examples of such
‘amines are butylamine, dibutylamine, tributylaming, cyclo-
‘hexyLam{ne, benzyldimethylamine, dicyclohexylamine, tri-

ethanoLamine, N-methyldiethanolamine, phenyldiethandlamine,

‘ piperidine, piperazine, morpholine, pyridine, quinoline,

ethyl p-dimethylaminobenzoate, butyl p-dimethylamino-
benzoate, 4,4'-bis(dimethylamifo)benzophenone (Michler's
ketone) or 4,4'-bis(diethylamino)benzophenone. Particu-
Larly preferred are tertiary amines such as, for example,
trimethylamine, triisopropylamine, tributytlamine, octyl-
dimethylamine, dodecyldimethylamine, triethanolamine,
N-methyldiethanolamine, N-butyldiethanolamine, tris~
(hydroxypropyl)amine, alkylL dimethylamino-benzoates.
Other suitable reactiun accelerants are for example tri-
alkylphosphines, secondary alcohols and thiols. The
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addition of such reaction accelerants can vary within
their customary amounts.

Photopolymerizable systems which additionally
contain a tertiary organic amine as a reaction acceler-
ant are a particularly preferred form of the present
invention.

The exprecsion "photopolymerization of ethylen-
jcally unsaturated compounds" 1is to be understood in the
widest sense. It also covers, for example, the further
polymerizing or the crosslinking of polymeric materials,
for example of prepolymers, the homopolymerization, co-
polymerization and terpolymerization of simple monomers,
and even the combination of the types of the reaction
mentioned.

By exposing the photopolymerizable systems con-
taining the copolymerizable photoinitiators according
to the invention to the action of high-energy radijation,
preferably UV Light, the photopolynerization can be
initiated. The photopolymerization is effected in ac-
tcordance with methods known per se, namely by irradiat-
ing with Light or UV radiation of the wavelength range
of_ZSD—SOO nm, preferably of 300-400 nm. The sources of
radiation used can be sunlight or artiticial radiators.
Advantageous are for example mercury vapour high-pressure,
medium-pressure or low-pressure Lamps and also xenon and
tungsten Laiips.

The photopolymerization using the photoinitiators
according to the invention can be carried out not only
batchwiss but also continuously. The irradiation time
depends on the way the photopolymerization is carried
out, on the nature and concentration of. the polymerizable
materiasls used, on the nature and amount of the photo-
initiators used and on the intensity of the Light source
and, as for example in the radiation hardening of coat-
ings, c¢an be within the range from a few seconds to min-
utes, but in the case of Large batches, as for example,
in mass po'ymerization, can also be of the order of
hours.

The compounds of the formula I are preferable
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used 3as photoinitiators in the UV hardening of thin
films such as, for example, surface coatings on all
customary materials and supports. These can be, chiefly,
paper, wocd, textil¢ base materials, plastic and metal.
An important field of use is also the drying and/or
hardening of printing inks and screen printing materials,
of which the Latter are preferably used in the surface
coating and design of, for example, tins, tubes and
metallic closure caps. - Owing to the very substantial or
complete absence of free initiator residues after photo-
polymerization from the systems containing copolymeriz-
able photoinitiators according to the invention, these
systems are particularly suitable for use in fields of
application where any diffusion of such residues into
media surrounding corresponding end products is to be
ruted out, for example when packaging materials with
photopolymerized coatings come into contact with
foodstuffs.

Examples 91-5 below describe the preparation of
copolymerizable photoinitiators according to the inven-
tion.

Example 1

Phenyl 2-acryloyloxy=-2-propyl ketone

TO 5.0 g (0.03 mol) of commercially available
phenyl 2-hydroxy-2-propyl ketone in 40 ml of dioxane are
added under inert gas protection 5.4'9 (0.06 mol) of
acryloyl chloride and then, dropwise with stirring, a
mixture of 6.1 g (0.06 mol) of triethylamine and S ml
of dioxane. This is followed by refluxing for one hour
and, after cooling down, discharge of the reaction mix-
ture into 300 mlL of ice-water. Extraction with ethyt
acetate, removal of the solvent and recrystallization
from methyl t-butyl ether gave 3.2 g of the photoiniti-
ator with a melting point of 899c.

Prepared analogously: phenyl 2-methacryloyloxy~
2-propyl ketone.
Example 2
4-(2-Acryloyloxyethoxy)-phenyl 2-hydroxy-2-propyl ketone
a) To'880 g (6.6 mol) of anhydrous aluminium chloride
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in 480 ml of dichloromethane are added dropwise with
stirring at -5 to 0°C 336 g (3.2 mol) of isobutyrol
chloride in the course of 40 minutes. At the same
temperature 540 g (3.0 mol) of 2-phenoxyethyl acetate
are then added dropwise in the course of 2 hours.

The dropwise addition is followed by stirring at the
stated temperature for a further 2 hours and subse-
quent discharge of the reaction mixture into a mixture
of 1.8 L of concentrated hydrochloric acid and 5 kg of
ice. The organic phase is separated off, and the
aqueous lLayer is extracted with dichloromethane. The
combined organic phases are washed with water, dried
and concentrated, and the residue is distilled in
vacuo. This gives 740 g of 4-(2-acetoxywthuxy)-phenyl
2-propyl ketone having a boiling point of 145-152%¢/
0.3-0.5 torr.

250 g (1.0 mol) of 4-(2-acetoxyethyloxy)-phenyl 2-
propyl ketone are dissolved in 200 mL of glacial ace-
tic acid, and 192 g (1.2 mol) of bromine are added

at 25°C with stirring in the course of 2 hours.

This is followed by about 10 hours of stirring and
subsequent discharge in 3 L of glacial acetic acid.
The product is extracted with ethyl acetate. The
combined extracts are dried, and concentrating gives
365 g of a viscous oil. This oil is dissolved in 1 L
of ethanol, and 380 g of 32% strength sodium hydroxide
soltution are then added at 25°C with stirring in the
course of 20 minutes. This is followed by 10 minutes
of stirring and the subsequent removal of ethanol.

The oily residue is discharged into 3 L of ice-water,
and this mixture is extracted repeatedly with a total
of 1.5 L of ethyl acetate. DOrying, filtering and con-
centrating of the solution gives 250 ‘g of isolated
oily crude product. Recrystallization from acetone/
petroleum ether and/or chromatographic purification
gives 145 g of 4-(2=hydroxyethoxy)-phenyl 2-hydroxy—2-‘
propyl ketone in the form of a colourless solid sub-
stance having a melting point of 88-90°¢.

27.0 g (0.12 mol) of 4-(2-hydroxyethoxy)-phenyl

e
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2-hydroxy-2-propyl ketone are dissolved in 240 ml of
dioxane. 12.0 g (0.132 mol) of acryloyl chloride in
20 mL of dioxane are then added dropwise at room tem-
perature with stirring, followed by 16.8 g (0.132
mol) of quinoline in 20 ml of dioxane. This is fol-
lowed by stirring at SO°C for 1 h, cooling down and
discharge onto 1 L of ice-water. The mixture is ex-
tracted 3 times with 250 ml of ethyl acetate each
time. Drying and concentrating of the 6rganic phase
gives 20.8 g of the photoinitiator in the form of a
viscous oil.

TH-NMR (CDCl3): & 1.6 (s, 6 H, 2 CH3), 4.3 (m, 2 H,
CHp), 4.6 (m, 2 H CHp), 5.3 (s, 1H, OH), 5.9-6.5

(m, 3 olefinic H), 7.0 (m, 2 aromatic H), 8.1 (m, 2
aromatic H) ppm.

IR: v 1710 (CO0): 3500 (OH) cm~'.

Prepared analogously:
4-(2-Methacryloyloxyethoxy) -phenyl 2~hydroxy-2-propylketone

u-wMR (cpclg): 81,6 (s, 6 H, 2 CHy); 2,0 (s, 3 H,

cu3); 4,3 (t, 2 H, cnz); 4,5 (t, 2 H, cu‘z), 5,6
(s, 1 olet. H); 6,2 (s, 1 olef. H); 7,0 (d, 2 arom.H);
8,1 (d, 2 arom. H) ppm.

4-(2-Acryloyloxyethylthio)-phenyl 2-hydroxy-2-propyliketone

'a-NMr ((cDC1,): S 1,6 (s, 68, 2 caj); 3,3 (t, 2 K,
qnz); 4,4 (t, 2 H cnz); 5,8 bis 6,4 (m, 3 olef. H);
7,4 (d, 2 arom. H); 8,0 (d, 2 arom. H) ppm.

1 i D i, v e i £ M
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Example 3
4-(2-Acryloyloxyethoxy)-phenyl 2-acryloyloxy-2-propyt
ketone

27.0 g (0.12 mol) of the 4-(2-hydroxyethaxy)-
phenyl 2-hydroxy-2-propyl ketone obtained in Example 2a
are esterified with 24.0 g (0.264 mol) of acryloyl
chloride and 26.4 g (0.264 mot) of triethylamine. -Cor-
responding working up gives 22.8 g of the photoiniti-
ator with a melting point of 71°cC.
Example 4
4-Acryloxyphenyl 2-hydroxy-2-propyl ketone

To a solution of 2.2 g (0.012 mol) of 4-hydroxy-
phenyl 2-hydroxy-2-propyl ketone in 20 mlL of anhydrous
tetrahydrofuran are added at room temperature with stir-
ring and a Little at a time 0.4 g (0.013 mol) of sodium
hydride (80% strength in paraffin oil). 15 min Later,
1.2 g (0.013 mol) of acryloyl chloride in 5 mlL of anhyd-
rous tetrahydrofuran are added dropwise in 10 min, which
is followed by stirring for a further 1 hour. Working
up (see Example 2 c) gives 2.5 g of a viscous, colourless
oil.
TH-NMR (CDCL3): 6 1.5 (S, 6 H, 2 CH3), 6.0 to 6.6
(m, 3 olefinic H), 7.1 (m, 2 aromatic H), 8.0 (m, 2
aromatic H) ppm.

Prepared analogously: 4-methacryloyloxyphenyl
Z-hydroxy—Z—propyL ketone.

'a-NMr (cpc1,): € 1,6 (s, 6B, 2 CHy); 2,1 (s, 3 H, CHyl;

5,8 (s, 1 olef. H); 7,3 (4, 2 arom. H); 8,1 (4, 2 arom.H)
pp=.

R . e g N
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Example 5
4-acryloyloxyphenyl 2-acryloyloxy-2-propyl ketone

2.2 g (0.012 mol) of 4-hydroxyphenyl 2-hydroxy-
2-propyl ketone, 2.4 g (0.027 mol) of acrylayl chloride

5 and 2.7 g (0.027 mol) of triethylLamine are reacted in

30 mlL of dioxane, and worked up, as in Example 3. This
gives 3.6 g of a white, crystalline product having a
melting point of 90-939% (recrystallized from cyclo-
hexane).

10 Prepared analogously: 4-methacryloyloxyphenyl-2-methacryloyi-
oxy-2-propyl ketone.

TN (coc1,): 1,8 (s, 6 H, 2 CHy); 5,8 bis 6,7

(m, 6 olef. H); 7,2 (d, 2 arom. H); 8,1 (A4, 2 arom. H)
ppe. | |
15 Examples 6-9 below describe the use of the co-
polymerizable photoinitiators according to the invention
in radiation-hardenable binder systems.

Example 6

ge A UV-hardenable binder system which consists of
’ e 20 75 parts by weight of an oligomeric epoxy acrylate
(Laromer™ LR 8555 from BASF) and 25 parts by weight of
hexanediol diacrylate has added to it 5 parts by weight
of phenyl 2-acryloyloxy-2-propyl ketone (initiator ac-

( cording to Example 1).
. . 25 The ready-to-uce formulation is applied to de-
‘:Lf‘ greased glass plates (10 x 10 cm) with spiral wires in
el a thickness of 50 um. The coatings are then hardened
Cie in an irradiator ("Mini-Cure" from Primarc Ltd.) under-~
e neath a mercury medium-pressure Lamp (lLamp power 80 watt/
&713 30 cm) at a belt speed of 10 m/min. The exposure gap is
P RO about 10 cm.
as’ o

The fully hardened coatings obtained are com-
pletely odourfree and exhibit no yellowing.

An analogous method is used to obtain similar

35 results with the initiators of Example 2-5.

Example 7

A UV-hardenable binder system consisting of 60
parts by weight of an acrylated polyurethane prepolymer
(Prepolymer VPS 1748, from Degussa AG), 40 parts by
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weight of hexanediol diacrylate, 15 parts by weight of
pentaerythritol triacrylate and 5 parts by weight of 4-
(2-acryloyloxyethoxy)-phenyl 2-hydroxy-2-propyl ketone
(initiator according to Example 2) is processed into 50 um
thick coatings and hardened at a belt speed of 30 ‘min,
analogously to Example 6. The fully hardened coatings
obtained are completely odourfree and colourless.

The corresponding use of the initiators according
to Example 1 and 3-5 gives similar results. ’
Example 8
63.5 parts of an epoxy acrylate resin (Larome#§
8555 from BASF, Ludwigshafen) are ground up on a three-
roll mill together with 36.5 parts of butanediol diacry-
Late and 20 parts of Heliogen Blue. 5 parts of 4-(2-
acryloyloxyethoxy)-phenyl 2-=hydroxy-2-propyl ketone (ini=
tiator according to Example 2) are stirred into the sus-
pension within 10 minutes. The printing ink thus ob-
tained is printed onto glazed paper in a 1 um film thick-
ness and is hardened with a radiation output of 160 W/cm
at a belt speed of 50 m/min. The odourfree printed
sheets obtained are immediately stackable. According to
the colour difference meaéurement, the blue print shows
no shift in colour due to yellowing.

The method of Exaiple 8 is also suitable for using
the photointtiator mentioned in Example 1 and 3-5 as UV
hardeners faor printing inks.

Example 9

63.5 parts by weight of a urethane acrylate resin
(Uvimeé) 530 from Bayer, Leverkusen) are porcelain ball
milled together with 36.5 parts of butanediol diacrylate
and 100 parts of titanium dioxide (anatase). 5 parts by
weight of 4-acryloyloxyphenyl 2-hydroxy-2-propyl ketone
(initiator according to Example 4) and 3 parts by weight
of N-methyldiethanolamine are then stirred in. The paint
applied to glass plates in a film thickness of 10 um can
bé hardened at a belt speed of 50 m/min and with a radia-
tion output of 160 W/cm to give an odourless, yellowing-
free film.

The method of Example 9 is also suitable for
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incorporating the compounds mentioned in Examples 1 to
3 and 5 as photoinitiators in a pigmented lLacquer.

The test reproduced in Example 10 below showvs
the advantages of the copolymerizabiv photoinitiators ‘ac-
cording to the invention over known photoinitiators with
respect to residual content of initiator in the photo-
polymerized lLayer under optimal conditions for the final
hardness of the layer.

Example 10
Test

A UV-hardenable binder system was prepared to
consist of
75% by weight of a prepolymer based on an acrylated

epoxy resin (Laromer®>EA 81, BASF AG),
25% by weight of hexanedial diacrylate.

To identical portions of this binder system were
added in each case 5% by weight of the following photo-
initiators:

No. 1 4-(2-acryloyloxyethoxy)-phenyl 2-hydroxy-2-pro-
pyl ketone (initiator according to the invention

and Example 2)

No. 2 Phenyl 2-hydroxy-2-propyl ketone (Darocu#3'11?3,

E. Merck;.for comparison)

No. 3 o-allylbefitoin (for comparison)
No. 4 a-allylbezoin allyl ethef (for comparison).

Samples of the homogeneous, ready-to-use
UV coatings were applied in a known manner with a spiral
wire to glass plates (10 x 10) in a film thickness of
50 um. In preliminary tests the optimal hardening con-
ditions for these surface coatings were initially deter~
mined. To this end, the coated plates were passed in
a UV Laboratory dryer (Beltrolux, from Beltron) on a
viariable speed conveyor belt (2.5 to 40 m/min) at a dis-
tance of about 1 c¢cm and past underneath 2 mercury medium
pressuré Lamps each of 50 watt radiation output/cm. On
the day after the UV hardening the lLayer hardness ob-
tained in each case was determined by determining the
Konig pendulum hardness (DIN 53157).

The hardness determination in accordance with

ey
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this standard is based on the fact that the

damping of the swing of a pendulum which rests

on the lLayer increases with the softness of the

layer. The pendulum hardness is deemed to be

measured by the time span in seconds in which

the deflection of the swinging pendulum decreases

from 6% to 39 relative to the vertical. The

longer the damping time, the harder the layer.

The coatings produced with the present UV-harden-
able binder systems were found to have, as obtainable
final hardness, a pendulum hardness of 210 seconds, which
was obtainably in the case of initiators No. 1 (initiator
according to tiae invention) and No. 2 at a maximum belt
speed of 10 m/min (corresponds to a minimum exposure time
of 6 s/m) and in the case of initiators No. 3 and No. 4
at 5 m/min (12 s/m).

To determine the proportions of unreacted initia-
tor still present in these coatings after the UV harden-
ing, these Layers were detached from the base materials,
and comminuted, and samples thereof were weighed out ac-=
curately into extraction vessels and were each treated
for 2 hours in an ultrasonic bath with identical amounts
of acetonitrile as extractant.

The solutions obtained were then analysed by means of
high pressure Liquid chromatography for their initiator
content.

Table 1 below shows, for the coatings obtained
with the respective photoinitiators (pendulum hardness
210 s) the respectively extractable amount of initiator
(amount of initiator used in the unhardened binder sys-
tem = 100%).

L
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Table 1
Initiator
No.

UV hardening
belt speed

22 -

Extractable amount
of initiator

1 10 m/inin 6.5%
2 10 m/min 66 2%
3 S m/min 40 %
4 5 m/min 26 %
Resth

1t is found that, in the case of Uv-hardéning

under optimal conditions, the amounts of initiator ex-

tractable out of the coatings obtained with the known

initiators (Nos. 2, 3 and 4) are higher-by a factor of

4 to 10 than in the case of hardening with the copoly-

merizable

initiator according to the invention (No. 1.).

From this it is possible to infer that the init-

iator according to the invention is virtually completely

incorporated in the polymer materijal by copolymerization,
which is evidently not the case with the known initiators,
including in particular the unsaturated allylbenzoin

derivatives.

It is also found that the initiator according

to the invention
known hydroxyalkylphenone

is comparable in its activity with the
initiator.
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The claims defining the invention are as follows:

1. _ Compounds of the generai formula I
. o) Rl
R™ V&b o3 (1)
—_ &2 .
in which
Rt and R2 are each H or Clacs-alle
R3 is H, ci—CG—alkyl, Cl—c6~alkanoyl or the
group Z, |
R4 is H, halogen,_cl—clz~alkyl, Cl-clz-a;koxy,.
.clgclé—aikyithio | o
or the group - X[(CHQ-CHQ-O)“—Z_]m
and _
X is 0, §, N or NH,
n ~ is the numbers OIto 4,
m is the number 1 when * = 0, S and NH or the number
| 2 when X = N
z is the group -CO-CR=CR'R"

with R, R', R" each being H or CH3,

3 or &Y containing the

alwéys at least one bf the radicals R
group %.

2. Compounds of the general formula I according to
claim 1 when used as copolymerizable photoinitiators for the

photopolymerization ¢ ethylenically unsaturated compounds.

02060/M8
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3. Compounds of the genieral formula I according to
claim 1, where appropriate together with known photoinitiators
and/or sensitizers, when used as copolymerizable
photoinitiators Zor the photopolymerization of ethylenically
unsaturated compounds

oxr systems containing such compounds.

4, Compounds of the general formula I according to

claim 1, when used in UV-hardening printing inks.

5. Compounds of the general formula I according to

claim 1, when used in the radiation
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. hafdening of aqueous prepolymer dispersions.
6. Process for photopolymerizing etnylenically un-
saturated compounds or systems containing such compcunds,
characterized in that at lLeast one compound of the for-
mula I is added as a copolymerizable photoinitiator to
the mixture to be polymerized, before initiation of the
phctepolymerization.
7. ) Process according to Claim- &, characterized in
that 0.1 to 20% by weight of a compound of the formula I
is added to the mixture to be polymerized, before initia-
tion of the photopolymerization.
8. Photopolymerizable systams containing at least
one ethylenically unsaturated photopolymerizable compound
and, where appropriate, further known and custamzry addi-
tives, characterized in that they contain at Least one
compound of the formula I as a copolymerizable photo-
initjator.
9. Photopolymerizable system according to Claim 8,

i e o characterized in that it contains 0.1 to 20% by weight of

X a compound of the formula I.
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St DATED this 8+th day of September, 1986.

MERCK PATENT GESELLSCHAFT MIT
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!‘. ‘ By Its Patent Attorneys,
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