PF 56985 1 Enzymatic production of (neth)acrylic acid esters Description 5
The presenprisaggmtion relates to a process for preparing (neth)acrylic
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25 whichis costly and inconvenient.

In EP 508491 (Wacker Chemie, 1992) 2-propynoxyethanol was azeotropically esteri-
fied with acryiic acid in toluene as azeotrope former, with catalysis by sulfuric acid. Af-
ter 4 h at 120°C the excess acrylic acid was neutralized with NaHCO; and washed out

30  with water. Toluene was then distilled off and 2-propargyloxyethyl acrylate was purified
by distillation. This gave a pale yellowish product, with an 85% yield.

in the case of base-catalyzed transesterification or other syntheses, as with metal
complexes, for example, for the same reason, the products are mixtures which are

35 likewise complex and colored. In order to remove coloration and unconverted reactants
it is necessary to work up the product mixtures, by means of costly and inconvenient
alkaline washes.

The preparation of acryloyl chioride in the presence of bases is likewise known:

40
US 3,254,115 (Thiokol Chemical Corp., 1966) describes the preparation of propargy!
acrylate from propargyl alcohol and acryloy! chioride. The catalyst is triethylamine, and
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PF 56985 2 the solvent used is benzene. The product was distilled under
reduced prgp ggs With a 60%yield. Harvey et al. (J. Am Chem Soc., 1992,
114, 8424- 3%) prepare propargyl acrylate 5 again from propargyl alcohol
and acryloyl chloride. The catalyst is £riet hyl am ne and the solvent used

i s dichloronmethane. The product is extracted a nunber of times in suc-
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presence of lipases. Disadvantages of this process are that it is restricted to glucosides
and glycosidic bonds and reacts sensitively to steric influences in the glucoside. More-
over, products with relatively high degrees of acrylation are obtained, owing to unselec-
tive side reactions.
25
EP-A1 999 229 describes the enzymatic esterification and transesterification of poly-

oxyalkylenes with (meth)acrylic acid and (meth)acrylic esters.

WO 03/042227 discloses the lipase-catalyzed transesterification of alkyl acrylates with
30 sugars.

US 5,240,835 describes the transesterification of alkyl acrylates with alcohols under

catalysis by a biocatalyst from Corynebacierium oxydans. Exemplified therein is the

reaction of a 96-fold molar excess of ethyl acrylate with 2,2-dimethyl-1,3-propanediol.
35 The yieid, afier 3 days at 30°C, was only 21%.

Athawale and Manjrekar (Tetrahedron Lett. 2001, 42 4541-4543) describe the lipase-
catalyzed acrylation of alkaloids using 2,3-butanedione monooxime acrylate. The
monomer was polymerized and used for inducing enantioselective Michae! addition.

40
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1C}/ acﬁy ation of various alcohols, including 2-ethylhexane-1,3-diol, with an activated 2,3-
butanedione monooxime acrylate.

A frequent disadvantage of these reactions is the need to use activated acrylates, such
as the oximes or vinyl esters, which are expensive and difficult to acquire industrially.
15
It was an object of the present invention to provide a process with which (meth)acrylic
esters of alcohols having C-C triple bonds can be prepared in good yield and with low
color numbers from simple reactants. The synthesis ought to proceed under mild condi-
tions, giving products having a low color number and high purity. The use of acidic or
20  basic catalysts ought specifically to be avoided, in order to prevent by-products arising.
As a result of that it is possible to forego costly and inconvenient distillative or extrac-
tive product purification. Moreover, it should be unnecessary to use expensive, acti-
vated (meth)acrylic acid derivatives, such as monooximes or vinyl (meth)acrylate, for
example.
25
This object has been achieved by a process for preparing {meth)acrylic esters (F) of
alcohols having at least one C-C triple bond, by subjecting at least one alcohol having
at least one C-C triple bond to esterification with (meth)acryiic acid or to transesterifica-
tion with at least one {(meth)acrylic ester (D) in the presence of af least one enzyme (E).
30
With the aid of the process of the invention it is possible to prepare such (meth)acrylic
esters (F) in higher chemical and space-time vield under mild conditions with good
color numbers, with no need for protective-group operations, and using simple starting
materials.
35
(Meth)acrylic acid stands in this text for methacrylic acid and acrylic acid, preferably for
acrylic acid.



30 Wth the aid of the process of the invention it is possible to prepare
such (neth)acrylic esters (F) in higher chem cal and space-tine yield under
-nild condi FF@R%8%i t h good color nunbers, with no need for protective-group
operations, and using sinple starting d#dmterials. 35 (Meth)acrylic acid
stands in this text for nmethacrylic acid and acrylic acid, preferably for
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20  The hydroxy! groups of the aicohols (C) useful in accordance with the invention may be
primary, secondary or tertiary, preference being given to those having primary or sec-
ondary hydroxyl groups and particular preference to those having primary hydroxyl
groups. In addition, different hydroxyl groups, primary and secondary for example, may
be present simultaneously in the alcohol.

25
Primary hydroxyl groups are hydroxy! groups attached to precisely one carbon atom
which is connected to precisely one other carbon atom. Similarly, for secondary hy-
droxyl groups, the carbon atom attached to them is joined, correspondingly, to two car-
bon atoms, and in the case of tertiary hydroxyl groups to three carbon atoms.

30
Preferred alcohols (C) are of the formula (1)

1

— 2
R—— R\O,{,Xi—}n—H

35 in which

R' is hydrogen, C1 - Css alkyl, C2 — Cyg alkyl uninterrupted or interrupted by one or
more oxygen and/or suffur atoms and/or by one or more substituted or unsubsti-
tuted imino groups, or is Cs — C+z aryl, Cs — Cq2 cycloalky! or a five- to six-

40 membered heterocycle containing oxygen, nitrogen and/or sulfur atoms, it being



RROtXiH 35 in which RL is hydrogen, C, - GCs alkyl, C - C18 al kyl

uni nterrupbg%s%si nterrupted by one or nore oxygen and/or sul fur atons
-and/ or by one Or nore substituted or unsubsti- tuted imno groups, or is C6
- Cl2 aryl, C5 - Cl12 cycloal kyl or a five- to six 40 nenbered het erocycl e
cont ai ni ng oxygen, nitrogen and/or sulfur atons, it being PF 56985 5

"possible for each.of ,the stated. radicals,t ) LL d,.b ryl | kyl ,
ey oxy. al - gﬁ@’% 1o, 35t} bAE St @hlaB ek Be ST HRELLY HhE S e ot
al kyl ene, C5- %y betgeakgme prd/er hatgocnsesapdt ene or C2- C20 al kyl ene

i nt errupt ez byis@NE-0f, Aiche0BY.Geivyandkolens at CLCi2droeRe anGi-Ob, dWyierize or nore

5 substi tuted R e Shork Suf} 4BPBy Bhe PPHGre

cycl oal kyl, - (&5 ?’&%}Cﬁeuoér,_ %Wﬁw @ REJ 8@ ?P or -(COo0
groups,®it be-Sybstupresdiwsdbstigedistne glouphand/pabeens adne® @coglkyle

ﬁubsti t ut Ied by-(GOW, ;O(ﬁj_ogy)l-,,-(MHXGOD@;yO(CE(D)WH—!px—lyD(CW@r—mmrgroapst/ibme— f o
eterocycles, n,i [ r t : : re.preferably
1to 2, and 101'39(;p§?%l?\eé&10%%ﬁ OLQ, S?%é%r%%ﬁ%%%%e ggttlﬂé%,d %i'ynagyg’paelﬁﬂ’eﬁ?(l y of one
anot her, from iPKé aéwmﬁ-%et@ﬂa@m@-@-d!m-h@@é@m@m) -0-, - CH(CHB)- CHz2-0-,

- CH2- C( CH3in 2- Ois ,an intEQ&HBNZ3, Préder@bly -6 adiHvione ReferaldyVito 2ChiRd O- ,

- CH2- OPh- Q- 3o eGP HESY pe REBERE ARGSpeha td?%ng%gb'tﬁer EHRr 2 Qip

- CHr CH( CH3) - O - - CHp- Q- ef erably. - CHo- CH3-0-," 15 in
whi chc}:: i§ ph@ﬁ@?c%g@'%gﬁg@ﬁgﬁ %&'@I@ﬂ'y’ E2) @13ggghl cohols (C) are
of the forml aQ{Hs)RHR, ICHRCREIN@X*EHVROCHsOF, rCirCEHPha0- a6d and R1 can be
as defined aboxgympdH,-2R ;ﬁ@re?éblﬁ@orh@?@@%OS%H-EH%-P@&WL—O&%%hydrOgen,
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Particularly preferred aicohols (C) are of the formuia (2)
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R
-
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st—o{-xﬂn—H
RG

20
in which

n, X; and R! can be as defined above and
25
R3 to R® independently of one another are hydrogen, C1 — Csg alkyl, C2 — Cyg alky! unin-
terrupted or interrupted by one or more oxygen and/or sulfur atoms and/or by one or
more substituted or unsubstituted imino groups, or are Cs — C2 aryl, Cs — C+2 cycloalkyl
or a five- to six-membered heterocycle having oxygen, nitrogen and/or sulfur atoms, it
30 being possible for each of the stated radicals to be substituted by aryl, atkyl, aryloxy,
alkyloxy, heteroatoms and/or heterocycles.

Very particular preference is given to alcohols (C) of the formula (3)
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2-met hyl - 1, 3- propyl ene, 2-ethyl-1, 3-propyl ene, 2,2 20 dinethyl-1, 3-propyl ene

or 2,2-dinethyl-1,4-butylene, C5-Cl2 cycl oal kyl ene unsubstituted or

subst i t ut deiWhighd¥' yand B rray alsqfagethey formiadnoxy, het- eroat ons and/ or

het erocycles is for exanple cycl opropyl ene, cycl opentyl ene, cycl o- hexyl ene,

cycl ooct yl ecyl ene, 25 C2-C20 al kyl ene unsubstituted or
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1.4-butylene, 1,6-hexylene, 2-methyi-1,3-propylene, 2-ethyl-1,3-propylens, 2,2-
20  dimethyl-1,3-propylene or 2,2-dimethyl-1,4-butylene,

Cs-Cy2 cycloalkylene unsubstituted or substituted by aryl, alkyl, aryloxy, alkyloxy, het-
eroatoms and/or heterocycles is for example cyclopropylene, cyclopentylene, cyclo-
hexylene, cyclooctylene or cyclododecylene,

25
C2-Co alkylene unsubstituted or substituted by aryl, alkyl, aryloxy, alkyloxy, heteroa-
toms and/or heterocycles and uninterrupted or interrupted by one or more oxygen
and/or sulfur atoms and/or by one or more substituted or unsubstituted imino groups
and/or by ane or more cycloalkyl, —-(CQO}-, -O(CO)O-, {(NH){(CO)O-, -O(CO){NH}-,

30 -O(CO)- or -(CO)O groups is for example 1-oxa-1,3-propylene, 1,4-dioxa-1,6-hexylene,
1,4, 7-trioxa-1,9-nonylene, 1-oxa-1,4-butylene, 1,5-dioxa-1,8-octylene, 1-oxa-1,5-
pentylene, 1-oxa-1,7-heptylene, 1,6-dioxa-1,10-decylene, 1-oxa-3-methyl-1,3-
propylene, 1-oxa-3-methyl-1,4-butylene, 1-oxa-3,3-dimethyl-1,4-butylene, 1-oxa-3,3-
dimethyl-1,5-pentylene, 1,4-dioxa-3,6-dimethyl-1,6-hexylene, 1-oxa-2-methyl-1,3-

35 propylene, 1,4-dioxa-2,5-dimethyl-1,6-hexyiene, 1-oxa-1,5-pent-3-enylene, 1-oxa-1,5-
pent-3-ynylene, 1,1-, 1,2-, 1,3- or 1,4-cyclohexylene, 1,2- or 1,3-cyclopentylene, 1,2-,
1,3- or 1,4-phenylene, 4,4’-biphenylene, 1,4-diaza-1,4-butylene, 1-aza-1,3-propylene,
1,4,7-triaza-1,7-heptylene, 1,4-diaza-1,6-hexylene, 1,4-diaza-7-oxa-1,7-heptylene, 4,7-
diaza-1-oxa-1,7-heptylene, 4-aza-1-oxa-1,6-hexylene, 1-aza-4-oxa-1,4-butylene, 1-

40  aza-1,3-propylene, 4-aza-1-oxa-1,4-butylene, 4-aza-1,7-dioxa-1,7-heptylene, 4-aza-1-
oxa-4-methyl-1,6-hexylene, 4-aza-1,7-dioxa-4-methyl-1,7-heptylene, 4-aza-1,7-dioxa-4-



1,4,7-trioxa-1, 9 nonyl ene, 1-oxa-1, 4-butylene, 1,5-dioxa-1, 8-octyl ene,
1-oxa- 1, 5- E tene, 1l-oxa-1,7-heptylene, 1,6-dioxa-1,10-decyl ene,

- 1- oxa- 3- net hyl - 1 3- propyl ene, 1-oxa-3- gethyl 1, 4- butylene,
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Cs — C+2 aryl uninterrupted or interrupted by one or more oxygen and/or sulfur atoms
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35  tolyl, xylyl, a-naphthyl, B-naphthyl, 4-biphenylyl, chiorophenyl, dichlorophenyl, trichloro-
phenyl, difluorophenyl, methylphenyl, dimethylphenyl, trimethylphenyl, ethylpheny!,
diethylphenyl, isopropylphenyl, tert-butylphenyl, dodecyiphenyl, methoxyphenyl, di-
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dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylpheny! or ethoxy-
methylphenyl, and preferably phenyl, tolyl, xylyl, a-naphthyl, 8-naphthyl, 4-biphenylyl,
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Examples of R? are methylene, 1,1-ethyiene, 1,2-ethylene, 1,1-propylene, 2,2-

propylene, 1,2-propylene, 1,3-propylene, 1,1-dimethyl-1,2-ethylene, 1,4-butylene, 1,6-
30  hexylene, 2-methyl-1,3-propylene, 2-ethyl-1,3-propylene, 2,2-dimethyl-1,3-propylene

and 2,2-dimethyl-1,4-butylene, 3-methyl-1,5-pentylene, 3,5-heptylene, 1,2-

cyclopentylene, 1,3-cyclopentylene, 1,2-cyclohexylene, 1,3-cyclohexylene and or-

thophenylene,

preferably methylene, 1,1-ethylene, 1,2-ethylene, 1,1-propylene and 2,2-propylene,
35 more preferably methylene, 1,1-ethylene, 1,2-ethylene and 2,2-propylene, and

very preferably methylene.

Preferred examples of R* and R? to R7 are, independently of one another, hydrogen,
C1-Cs alkyl, n-hexyl, n-heptyl, n-octyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-

40  octadecyl, n-eicosyl, 2-ethylhexyl, cyclopentyl, cyclohexyl, cyclooctyl, cyclododecyl,
phenyl, naphthyl or benzyl. R' and R?®{o R” independently of one another are prefera-
bly hydrogen and methyl, more preferably hydrogen.



five- to six-nmenbered heterocycle having oxygen, nitrogen and/or sul fur
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et hyl propyl, and n- buty nore preferably nethyl, ethyl, and n- butyI
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esterification with (neth)acrylic acid or, preferably, the trans-

25  Saturated for the purposes of this text means compounds without multipie C-C bonds

(except of course for the C=C double bond in the (meth)acrylic units).

Examples of compounds (D) are methyl, ethyl, n-butyl, isobutyl, n-octyl, and 2-
ethylhexyl (meth)acrylate, 1,2-ethylene giycol di- and mono(meth)acrylate, 1,4-

30  butanediol di- and mono{meth)acrylate, 1,6-hexanediol di- and mono(meth)acrylate,
trimethylolpropane triimeth)acrylate, and pentaerythritol tetra{meth)acrylate.

Particular preference is given to methyl, ethyl, n-butyl, and 2-ethylhexyl (meth)acrylate,
and very particular preference to methyl, ethyl, and n-butyl (meth)acrylate.

35
Where the stated alcohols are optically active, they are used preferably in racemic form
or as diastereomer mixtures; it is, however, also possible to use them as pure enanti-
omers or diastereomers, or as enantiomer mixtures.

40  The enzymatic esterification or transesterification with a {meth)acrylate takes place in
general at 0 to 100°C, preferably 20 to 80°C, more preferably 20 to 70°C, very prefera-
bly 20 to 60°C.
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25 The molar ratio of {meth)acrylic acid compound (D) (based on the (meth)acrylic units)
to alcohol (C) (based on hydroxyl groups) can be set within a wide range, such as in a
ratio, for example, of from 100:1 to 1:1, preferably from 50:1 to 1:1, more preferably
from 20:1 to 1:1, and very preferably from 10:1 to 1:1.

30  The reaction can proceed in organic solvents or mixtures thereof or without the addition
of solvents. It is preferred not to add solvent. The batches are generally substantially
free of water (i.e., less than 10%, preferably less than 5%, more preferably less than
1%, and very preferably less than 0.5% by volume of water added).

35  Suitable organic solvents are those known for these purposes, examples being tertiary
monools, such as Cs-Cg alcohols, preferably tert-butanol, tert-amyi alcohol, pyridine,
poly-C4-C4 alkylene glycol di-C+-Cs alkyl ethers, preferably polyethylene glycol di-C+-Cs4
alkyl ethers, such as 1,2-dimethoxyethane, diethylene glycol dimethyl ether, polyethyl-
ene glycol dimethyl ether 500, methyl tert-butyl ether, ethyl tert-buty! ether, C4-C; al-

40  kylene carbonates, especially propylene carbonate, Cs-Cs alkyl acetates, especially
tert-butyl acetate, THF, toluene, 1,3-dioxolane, acetone, isobutyl methyl ketone, ethyl
methyl ketone, 1,4-dioxane, tert-butyl methyl ether, cyclohexane, methyicyclohexane,
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si ngl e- phag® rebctirn danRasrdi@ed in AMreabistduRaisie feHSDEM tiargord Rebigtofy gani ¢ 10

0l Vens, o HMcEe RhoRHFRH LK HEREP. THetelBbR ordBhol GRSy dilute
9 stirred tank reactor or fixed bed reactor.

The reaction mixture can be mixed using any desired methods. There is no need for

special stirring apparatus. The reaction medium can be a single phase or a plurality of
30 phases and the reactants are dissolved, suspended or emulsified therein, charged to

the reaction vessel together if appropriate with molecular sieve, and admixed with the

enzyme preparation at the start of the reaction and also, if appropriate, one or more

times during the course of the reaction. The temperature during the reaction is adjusted

to the desired level and can, if desired, be raised or lowered during the course of the
35 reaction.

Where the reaction is carried out in a fixed bed reactor, said reactor is preferably
packed with immobilized enzymes, the reaction mixture being pumped through a col-
umn packed with the enzyme. It is also possible to carry out the reaction in a fluidized
40  bed, in which case the enzyme is used in a form in which it is immobilized on a carrier.
The reaction mixture can be pumped continuously through the column, with the resi-
dence time and hence the desired conversion being controllable by means of the flow



100 M) buffers, with a pH for exanple in the range fromabout 6 to 8, such
as potas- pruegpghosphate buffer or TRIS-HCl buffer, for exanple. The water
“fraction in the reaction mxture is ge ally 0-10% by volunme. The reactants
15 are preferably used w thout pretreatmment (drying, water doping). The
.Substrates are either in solution, in suspension as solids, or in emulsion
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time and hence the desired conversion being controllable by nmeans of the
flow PF 56985,12 i s, al so possible { nnixture in
circul ati dNS AFD ﬂ%&é 6136%‘ themﬁ%‘B HHHHE?S%QE%F%L{{:’TPOWHE gtieﬁﬁﬁag?? Mfative

r enova0 oftransestatificstion carhbe uses! furtherrvithed!t fuptherr @@ﬁﬁ@n ori iequitethi €an beduced
pressure. durifie@inrE£hdnal stgs. water in the case of an esterification, or of
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25
The enzyme is separated off generally by filtration, absorption, centrifugation or decant-
ing. The enzyme separated off can subsequently be used for further reactions.

Removal of the organic solvent takes place generally by distillation, rectification or, in
30 the case of solid reaction products, by filtration.

For the further purification of the reaction product it is also possible to carry out a
chromatography.

35 Preferably in the purification step, however, just the enzyme used and any solvent
used, or the excess (meth)acrylic acid or (meth)acrylate, are separated off.

The reaction conditions in the enzymatic esterification or transesterification are mild.
The low temperatures and other mild conditions prevent the formation of by-products

40  during the reaction, which might otherwise originate, for exampie, from chemical cata-
lysts or as a result of unwanted free-radical polymerization of the (meth)acrylate used,
which can otherwise be prevented only by adding stabilizers.



10 Suitable for this purpose are, preferably, nolecular sieves or zeolites
(with a popps5spg®, for exanple, in the range of about 3-10 angstromns),
“distillative separation or separation H§|ng appropri ate seni perneabl e
menbranes. Yet another possibility is to pass the isolated m xture of alkyl
.(meth)acrylate and its 15 parent al cohol, said mxture frequently form ng
an azeotrope, directly to a plant for the preparation of the alkyl
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stabilizerigho the (nmeth)acrylic compound (D) over and above the storage
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25 catalyzed side reactions.

The advantage of the {(meth)acrylic esters obtained in this way in accordance with the
process of the invention is that on account of their iow color number they can be used
with advantage in coatings applications and particularly in clearcoat materials, since,

30 on account of their low inherent coloration, they result in reduced coloration of the coat-
ings as compared with alcohols prepared by conventional methods.

Furthermore, coatings with the esters prepared in accordance with the invention are
able to exhibit very high scratch resistance, hardness, chemical resistance, elasticity,
35 and adhesion, on both hydrophilic and hydrophobic substrates.

The (meth)acrylic esters (F) obtainable inventively can be used with advantage as
monomers or comonomers in poly(meth)acrylates or as reactive diluents in thermally
curable, radiation-curable and/or dual-cure poly{meth)acrylates. Poly(meth)acrylates of

40 this kind are suitable, for example, as binders in thermally curable, radiation-curable or
dual-cure coating compositions and also in adhesives, e.g., acrylate adhesives, and
also in sealants.



10 m xtures. Additionally the enzyne catal yst can be renoved w t hout

probl ens f PBrb6B&® end prod- uct. 15 If appropriate the reaction m xture can
"be purified if desired, purification tagjng place for exanple by
filtration, distillation, rectification, chromatography, treatnent with ion
.ex- changers, adsorbents, neutral, acidic and/or al kaline washing, stripping
or crystalliza- tion. 20 The present invention further provides the
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curable radiation-curable and/or dual -cure poly(neth)acryl ates.
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together if @E opLl B ot her pol yneri zabl e nononers, such as
(et h) acr)ﬁ“ir% gas wg%rg rylic esters, styrene, butadiene,

acrylonitrile, vinyl acetate, N vinyl pyrrol i done,
25 Besides the {(meth)acrylic esters (F) obtainable by the process of the invention a radia-

tion-curable compasition of the invention may also comprise the following components:

(G) at least one polymerizable compound having two or more copolymerizable, eth-
ylenically unsaturated groups,

30
(H) if appropriate, reactive diluents,

(I} if appropriate, photoinitiator, and

35 (J) if appropriate, further, typical coatings additives.
Suitable compounds (G) include radiation-curable, free-radically polymerizable com-
pounds having a plurality of, i.e., at least two, copolymerizable, ethylenically unsatu-

rated groups.
40



4- hydr oxybutyl vinyl ether or N-vinylformam de, for exanple. 10 "Dual cure”
means that ptigggggating materials are curable thermally and with actinic
“radiation. Actinic radiation for the pu,{agoses of the present invention neans
el ectro- magnetic radiation such as visi™le light, UV radiation or X-rays,
_especially U/ radiation, and particulate radiation such as el ectron beans.
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pounds having a plurality of, i.e., at |least two, copolynerizable,
ethylenically unsatu- rated groups. 40 PF 56985 15 Conpounds (G are
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bonds. Particul ar preference is given to such conmpounds (G having an
et hyl eni cahd ymaiRRakikte s8mpairRE MHBh B ne@bERetDbcidesterd-ahdB2bE100 g,
very pref erlaalgn%ryhc esters and also of vinyl ethers of polyfunctional alcchols, especially those
20  which other than the hydroxyl groups comprise no functional groups or, if any at all,
comprise ether groups. Examples of such alcohols include bifunctional alcohols, such
as ethylene glycol, propylene glycol and their counterparts with higher degrees of con-
densation, such as diethylene glycol, triethylene glycol, dipropylene glycol, tripropylene
glycol etc., 1,2-, 1,3- or 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 3-methyl-1,5-
25  pentanediol, neopentyl glycol, alkoxylated phenolic compounds, such as ethoxylated
and/or propoxylated bisphenols, 1,2-, 1,3- or 1,4-cyclohexanedimethanol, alcohols with
a functionality of three or more, such as glycerol, trimethyloipropane, butanetriol, tri-
methylolethane, pentaerythritol, ditrimethylolpropane, dipentaerythritol, sorbitol, manni-
tol, and the corresponding alkoxylated alcohols, especially ethoxylated and/or propoxy-
30 lated alcohols.

The alkoxylation products are obtainable conventionally by reacting the above alcohols
with alkylene oxides, especially ethylene oxide or propylene oxide. The degree of alk-
oxylation per hydroxyl group is preferably from 0 to 10, i.e., 1 mol of hydroxyl group

35 may have been alkoxylated with up to 10 mol of alkylene oxides.

As (meth)acrylate compounds mention may further be made of polyester
{meth)acrylates, which are the (meth)acrylic esters or vinyl ethers of polyesterols, and
also of urethane, epoxy or melamine (meth)acrylates.

40
Urethane (meth)acryiates, for example, are obtainable by reacting polyisocyanates with
hydroxyalkyl {meth)acrylates and, if appropriate, chain extenders such as diols, polyols,



0.2 - 0.6 nol/100 g. The nunber-average nol ecul ar wei ght M of the conpounds
(G, unleserocbgsw se specified, is preferably below 15 000, nore
“preferably 300 - 12 000, very preferably 15 from 400 to 5000, and in
particular 500 - 3000 g/ nmol (as determ ned by gel perneation chronmatography
.using polystyrene standards and tetrahydrofuran as eluent). As
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for exanpl [ | ' L r.oxyal kyl
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25
Also suitable are carbonate (meth)acrylates, comprising on average preferably from 1
to 5, in particular from 2 to 4, more preferably 2 or 3 (meth)acrylic groups and, with very

particuiar preference, 2 (meth)acrylic groups.

30  The number-average molecular weight M, of the carbonate (meth)acrylates is
preferably less than 3000 g/mol, more preferably less than 1500 g/mol, very preferably
less than 800 g/mol (as determined by gel permeation chromatography using
polystyrene standards and tetrahydrofuran as solvent).

35 The carbonate (meth)acrylates are readily obtainable by transesterification of carbonic
esters with polyhydric, preferably dihydric, alcohols (diols, e.g., hexanediol) and subse-
quent esterification of the free OH groups with (meth)acrylic acid or else transesterifica-
tion with (meth)acrylic esters, as described for example in EP-A 92 269. They are also
obtainable by reacting phosgene, urea derivatives with polyhydric alcohols, e.g., dihy-

40  dric aicohols.



4, mol of (nmeth)acrylic groups per 1000 g of urethane (neth)acrylate. 10
Epoxy (netRF#%68§% ates are obtai nable by reacting epoxides with (neth)acrylic
“acid. Exanples of suitable epoxides inglude epoxidized ol efins or glycidyl
ethers, e.g., bisphenol A diglycidyl ether or aliphatic glycidyl ethers,

. such as butanediol diglycidyl ether. 15 Melam ne (neth)acrylates are
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transest er'® cation of carbonic esters with pol yhydric, preferably

di hydric, alcohols (diols, e.g., hexanediol) and subse- quent esterification

of thers r ag pahicfaf Histuvdst &f tha Bk ) AeiyadrilaRSiafe 8o eligdid.r ansesterifica- tion
with (nmeth)acrylic esters, as described for exanple in EP-A 92 269. They are

al so obtainable by reacting phosgene, urea derivatives with polyhydric
al cohol s, Exagpleofrynyl agergral sarpydissick!s hapingddg 20 rarbog gterap pee YiRddau-ve
di l uent s (ratpipyrgdearatd) yiny pedpisteats, antidairybacstateabl e, free-radically or
cationically pol ynerizabl e conpounds having only one ethylenically
unsaturated co- palynerizable group., 5 Exanples that m e nentioned
i ncl udd CIPEIVies CP{%B'(-‘ﬂﬁt'i‘f?Ef@r%gﬁf%ﬁ"Q%C, aww&mﬁ'ﬁﬁp?%'de%%ﬁﬁﬁﬁ aGRy'i€ 8690 car bon
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hydride, preferably acrylic acid.

Examples of suitable vinylaromatic compounds include vinyltoluene, a-butylstyrene,
25  4-n-butylstyrene, 4-n-decylstyrene, and, preferably, styrene.

Examples of nitriles are acrylonitrile and methacrylonitrile.

Examples of suitable vinyl ethers include vinyl methyl ether, vinyl isobuty! ether, vinyl
30  hexyl ether, and vinyl octyl ether.

As nonaromatic hydrocarbons having 2 to 8 carbon atoms and one or two olefinic dou-
ble bonds mention may be made of butadiene, isoprene, and of ethylene, propylene,
and isobutylene.

35
It is further possible to employ N-vinylformamide, N-vinylpyrrolidone, and
N-vinylcaprolactam.

As photoinitiators (1) it is possible to use photoinitiators known to the skilled worker,

40  examples being UV photoinitiators, e.g., those in "Advances in Polymer Science”,
Volume 14, Springer Berlin 1974 or in K. K. Dietliker, Chemistry and Technology of UV-
and EB-Formulation for Coatings, Inks and Paints, Volume 3; Photoinitiators for Free



bon atons, ethylenically unsaturated nitriles, vinyl ethers of alcohols
conpri si ngPE 560830 carbon atons, a, (3-unsaturated carboxylic acids and
“their anhydrides, and aliphatic hydrocgybons having from2 to 8 carbon
atons and 1 or 2 double bonds. 10 Preferred al kyl (meth)acrylates are those
.wWth a G-Co alkyl radical, such as nethyl nethacrylate, nethyl acrylate,
n- but yl aCIRycﬂ|aél€andfﬂdm§bh=c&1bIMrhéilzatlorar}?d K2T eDlayihdn edy)l, SHGY Yechnalogy Lidh | n
particul ar, oyt ures of the alkyl (meth)acrylates are also suitable.

Exanpl es o% Vi nyI esters of carboxylic acids having 1 to 20 carbon atons are
vinyl lau- rate, vinyl stearate, vinyl propionate, and vinyl acetate. 20
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phot oi ni t |4atrmtb<?xyecqoph€tﬂmosd3 methyfttaaguigorien (PobyinenthGeiuewoe”, Vol une 14,
Spri nggy B@mhﬂaaulih&?écaﬂfowa dSterk: béaizslfdlehmrat&P@aﬁétgtaeewwneﬁgﬁthrweogy of UV-

d EB-F t tiat
o £ o B S0 Vg agio Lt
(ed.), SI TAgrenens ddydanere. 1.8.4ridenaetylssnzens (teoxsnihgn-Eone.n@nthge- Q‘rﬁ’fﬁ) or
bi sacyl phagphiimethgitickanthsne 2, adiettiytaiomanthdik) 2,45diisopropylthioxanthone,

o “tpLa 7GR REIRGY) LBRERY 5%5@ gw&e%eg e sl T
exanpl¥s L&Yy doRyrEV ¢thekPREATMEEY 8D Bh 8RAIHBE R B‘?('?ZSE-‘ R‘Lﬂcﬁ o TPO),
et hyl benzoin isopropyl ether, 7H-benzoin methyl ether, benz[delanthracen-7-one,
1-naphthaldehyde, 4,4'-bis(dimethylamino)benzophenone, 4-phenylbenzophenone,
4-chlorobenzophenone, Michler's ketone, 1-acetonaphthone, 2-acetonaphthone,
1-benzoylcyclohexan-1-ol, 2-hydroxy-2,2-dimethylacetophenone, 2,2-dimethoxy-
25  2-phenylacetophenone, 2,2-diethoxy-2-phenylacetophenone, 1,1-dichloroaceto-
phenone, 1-hydroxyacetophenone, acetophenone dimethyl ketal, o-methoxybenzo-
phenone, triphenylphosphine, tri-o-tolylphosphine, benz[alanthracene-7,12-dione,
2,2-diethoxyacetophenone, benzil ketals, such as benzil dimethyl ketal, 2-methyl-
1-[4-(methylthio)phenyl]-2-morpholinopropan-1-one, anthraguinones such as
30  2-methylanthraquinone, 2-ethylanthraquinone, 2-fert-butylanthraquinone,
1-chloroanthraguinone, 2-amylanthraquinone, and 2,3-butanedione.

Also suitable are nonyellowing or low-yellowing photoinitiators of the phenylglyoxalic
ester type, as described in DE-A 198 26 712, DE-A 199 13 353 or WO 98/33761.

35
Among said photoinitiators phosphine oxides, a-hydroxy ketones, and benzophenones

are preferred.

In particular it is also possible to use mixtures of different photoinitiators.

40
The photoinitiators can be used alone or in combination with a photopolymerization
promoter, of the benzoic acid, amine or similar type, for example.



2,4,6-trinmethyl benzoyl phenyl phosphi nat e, benzophenones,

hydr oxyaceppphegpnes, phenyl glyoxylic acid and derivatives thereof, or
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25 2-phenyl-a enone no
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30 2- net hytt mmiderpgsibiedn @dd 2ne ohyriocanphotechenrically an@lor rermaliyt adtieatabledojui none,
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photoi nitiato
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25  2,2,.6,6-tetramethylpiperidine-N-oxyl, 4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl
etc.

Further examples of suitable thermally activatable initiators are described in "Polymer
Handbook", 2nd ed., Wiley & Sons, New York.

30
Suitable thickeners besides free-radically (co)polymerized (co)polymers include cus-
tomary organic and inorganic thickeners such as hydroxymethylcelluiose or bentonites.

Examples of chelating agents which can be used include ethylenediamineacetic acid
35  and saits thereof and also B-diketones.

Suitable fillers comprise silicates, examples being silicates obtainable by hydrolysis of
silicon tetrachloride such as Aerosil® from Degussa, silicious earth, talc, aluminum sili-
cates, magnesium silicates, calcium carbonates, etc.

40
Suitable stabilizers comprise typical UV absorbers such as oxanilides, triazines, and
benzotriazole (the latter obtainable as Tinuvin® grades from Ciba-Spezialitatenchemie),



| R photoinitiators conprise a sensitizer/coinitiator m xture. As sensitizer
dye it is ePBE9s®PN to use dyes, nore particularly cyanine, xanthyl!um or
~thiazine dyes, and as coini- 5 tiators,for exanple, boranate salts,

sul foniumsalts, iodoniumsalts, sulfones, perox- ides, pyridine N oxides or
. halonethyltriazines. As further, typical coatings additives (J) it is
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Suitable stabilizers.c rise typical. UV absorbers such as oxanilides,
triazines, Xﬁﬁ@\est?zm%wsém@gﬁ@r?%ﬂ??%}‘c%ﬁ?lﬁi”ﬁ%ﬁ' 4§ Ti nuvin(r) grades
from Ci ba- Spezi alitatencheme), PF 56985 20

25 (F) 20-100%, preferably 40 — 90%, more preferably 50 — 90%, and in particular 60 —

80% by weight,
(G) 0-60%, preferably 5 — 50%, more preferably 10 — 40%, and in particular 10 —
30% by weight,
(H)y 0-50%, preferably 5 — 40%, more preferably 6 — 30%, and in particular 10 -
30 30% by weight,
() 0-20%, preferably 0.5 - 15%, more preferably 1 - 10%, and in particular 2 - 5%
by weight, and
(J) 0-50%, preferably 2 — 40%, more preferably 3 — 30%, and in particular 5 - 20%
by weight,
35
with the proviso that (F), (G), (H}, (I}, and (J) together make 100% by weight.



and benzophenones. They can be used al one or together with suitable
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weight, 35 wth the proviso that (F), (@, (H, (lI), and (J) together make

100% by wei ght. PF 56985 21 The substrates are coated in accordance with
nmet hods wHix@mpdgseof soitabda tadintiah saurges fas radiation curing include Iow-press_ure, me-

25 dium-pressure, and high-pressure mercury lamps, fluorescent tubes, pulsed lamps,
metal halide lamps, electronic flash installations, which allow radiation curing without
photoinitiator, or excimer sources. Radiation curing is accomplished by exposure to
high-energy radiation, i.e., UV radiation or daylight, preferably light in the wavelength
(») range of from 200 to 700 nm, more preferably from 200 to 500 nm, and very pref-

30  erably from 250 to 400 nm, or by bombardment with high-energy electrons (electron
beams; 150 to 300 keV). Examples of radiation sources used include high-pressure
mercury vapor lamps, lasers, pulsed lamps (flash light), halogen lamps, or excimer
sources. The radiation dose normally sufficient for crosslinking in the case of UV curing
is in the range from 80 to 3000 mJ/ecm2.

35
It is of course also possible to use two or more radiation sources for curing, e.g., from
two to four.

These sources may also each emit in different wavelength regions.

40 Irradiation can be carried out if appropriate in the absence of ocxygen as well, such as
under an inert gas atmosphere, for example. Suitable inert gases include, preferably,
nitfrogen, noble gases, carbon dioxide or combustion gases. Irradiation may also take



known to the skilled worker, applying at |east one coating material to the
target subPrgeoate in the desired thickness and renoving any volatile
~constituents conprised in the 5 coatinggmterial, with heating if
appropriate. This operation can be repea ed one or nore times as desired.
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nore fil nsrrérg gﬁhg re%%? 6’ rémﬁ) ﬁ%%@ote‘i”ﬁhm (ol rg{nref%%pﬁ ats(jz)t;g)qg%@ n}i'n %’f@g{

possi bl@ feRbldem tie 340y e R iPaRicHer Eﬁ@nf’l@ltf’@@}@cﬂlﬁby t hermal and/ or NI R
drying and radiation curing, if appropriate. Exanples of suitable radiation

sources fof, J&Qbﬁhéu?Fbi{tHl’el W&ufpuorg%é ﬁ%‘étﬂ[ja'ggz% eSte ﬂ?fgp%réd% HBPigrRgur e, and

hi gh- pressur.e ner sce metal hal i de
| anps, el e¥ih %l'%"efnpé%ﬁari #sP P Used WHE adyanitage gt 9\'/'”? éil”'é?PF 'Ef’lﬁ’rr@ﬁtfrao\n t hout
phot oi ni t i @bypolyn@rizatiosi. mer sources. Radiation curing is acconplished by
exposws to high-energy radiati on i.e., U/ radiation or dayl i ght,

preferably t he wav n range of. . fro 00 n

D oA e Al W BSeas2UE 80 e (205005 S O ARD AR, 1001 or @
or by bonb@afacﬂrﬁmccmdancmwglhthvwoe|lrecmd|edﬁrsex(ampéet@r§m afhéams 150 to 300
keV) . aam&%aa&latésdv&flbﬂjﬁnéﬁ@bﬂhéﬂﬁg up &6120 BabuA atdmyy Iomplrmubecarﬁemur y

vapor | a”p§~-d s StrSingllip &8% cla?dmsa]tér% aéiwiﬁu%?lh)un?&ﬁ a?&aeﬁ\tr{!c% ﬁ%l c%nr‘éxc' Ter

sour ces. ose t he case
of UV &r ﬁfgfilcqhglsmﬁrr{pﬁ@ng éﬁ@éopﬁﬁ}ﬁ’ﬂ@@r{‘% ang@iPhajicdgrocamons hP‘é”Q)? t‘éour se

al so possibtabooatesas draol ar2 dmubde bardisat i on sources for curing, e.g., from
two to four These sources may also each emt in different wavel ength

regi ons. iation can ied qut if a n the absence of
oxvgen as NEIFTeadmeISRyIc A slererie 1o Wi b e RV F ol Rl
Sui t abl e imethyl rgetbasylates methey| awb\tegmabtlltyl,acrylate ethyl ac;ryiate and branched

25 alkyl derivatives such as 2—ethylhexyl acrylate.

In particular, mixtures of the (meth)acrylic acid alkyl esters as well are suitable.

Vinyl esters of carboxylic acids having 1 to 20 carbon atoms are for example vinyl [au-
30 rate, vinyl stearate, vinyl propionate and vinyl acetate.

Examples of suitable vinylaromatic compounds include vinyltoluene, a-butylstyrene,
4-n-butylstyrene, 4-n-decylstyrene, and, preferably, styrene.

35 Examples of nitriles are acrylonitrile and methacrylonitrile,

Examples of suitable vinyl ethers are vinyl methyl ether, vinyl isobutyl ether, vinyl hexyl
ether and vinyl octyl ether.

40  As nonaromatic hydrocarbons having 2 to 8 carbon atoms and one or two olefinic dou-
ble bonds mention may be made of butadiene, isoprene, and also ethylene, propylene
and isobutylene.



ni trogen, nobl e gases, carbon dioxide or conbustion gases. Irradiation may
al so take PF566885 22 place with the coating material covered with
transparent nedia. Exanples of transpasgent nedia include polyneric filns,
glass or liquids, such as water. Particular preference is given to
irradiation in the manner described in DE-A 199 57 900. 5 The present

I nvention further provides substrates coated with a nulticoat paint system

of the | gt nilifod Mdises 1 o ggne F;srbparﬁr%ézr%hg&ggg@érsqsm'obed can

befromofl nor e

oref or abl yTed e 0Joms va@%ﬁﬂgwasa e o8 B4 o 10 Lo 500 M and i

particular from10 to 250 m In view of their relatively I ow coloring, the
(et h) agr yThEirastRicl %Wﬂ‘i‘&:zbfbrﬁ@foé%ﬁ'm%mew feked b@cé fb\f%ﬂéﬂnﬁle igan al so be

d h ad
(20) pol ymed iRt BfGiicrindns AR B of opl T e R EERF B bleels SBMp P zed wi t

t he (et h)fes jadicelsasder solwn@nquam eonditipracemnuderciesing peroxedisyiatesntken i ncl ude
for exanpl @d&s@&nﬁbkmroww@ﬁ ylieH &Stertiut) hadroparokias ohawmege Hp to 20

car bon at QfBoc KLY 1oPSical e OfacTRD RO SarcATh&e SQIREIBH Yttt be?0 car bon

atons, ethy O 8%€ohol s
conpriq ngtempﬁEﬁflif@ re%ae@ef@paw@ﬁ@te uAar WPM@&S%@&F @'é%ﬂb@?@'?véﬁqﬁ@e% to 8
car bon at cse agetiedallp at 2nperdiles wpnel 3000, Fhe pHesf tierabli@cmixture issedrd- al kyl

esters ar e bhoss Wik raAaSaid LMKyl radical, such as nethyl nethacrylate,
met hyl acryP ?e In burayP a{gry :Ste et hyl acryl ate and branched 25 al kyl

derivatives such as 2-ethyl hexyl acrylate. In particular, mxtures of the
(et h) acr yAleenatiyel tisd loplpabsterizetierscavehd carried suliin abdtber WWWOVGBW&}'@ tof

car boxpq i ahackiflsd Waken GotifBudl of aétemlsat.ﬁmse RFA f&r@xa%@mlaesovutwl | au- 30
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4-n- but yl s‘%'%@@iﬁ“ewﬂﬂlecyl styrene, and, preferably, styrene. 35 Exanpl es of
nitriles are acrylonitrile and net hacryl onitrile. Exanples of suitable vinyl

ethers arq PYﬁ{ﬁlo}dW’ af?&rhtﬁé’mdﬂo%rlntﬁgpnléﬁ’llsfa% Q%FF ﬁ&&%d*&@?ﬁé'fre get her and

Vi nyl oct nonar omat | rocar bon car bon atons

e
and o orrafi'ﬁﬂ RoNESTIRAtoRpHatoRs SXRBRIES ﬁ‘é‘ﬁﬁZBﬁOWB?U'Pf@ Efé &eK9OYAdi ene,
| sopr ene, ialndreelradicas rsrick me 2. Papplyis(eobutyeomitriie s GtitHagbleisi@-anREinbp@ane)

hydrochioride or 4,4'-azobis(4'-cyanopentanoic acid) or dialkyl peroxides, such as

di-tert-amy! peroxide, aryl alkyl peroxides, such as tert-butyl cumyl peroxide, alky! acyl

peroxides, such as tert-butyl peroxy-2-ethythexanoate, peroxydicarbonates, such as
25  di(4-tert-butylcyclohexyl) peroxydicarbonate, or hydroperoxides.

The stated compounds are generally used in the form of agueous solutions or aqueous

emulsions, the lower concentration being determined by the amount of water that is

acceptable in the (co)polymerization and the upper concentration by the solubility of the
30  respective compound in water.

Examples of compounds which can be used as solvents or diluents include water, al-
cohols, such as methanol, ethanol, n- or isopropanol, n- or isobutanol, or ketones, such
as acetone, ethyl methyl ketone, diethyl ketone or isobutyl methyi ketone. Particular

35 preference is given to nonpolar solvents such as, for example, xylene and its isomer
mixtures, Sheilsol® A, and solvent naphtha.

In one preferred embodiment the monomers are premixed and initiator together if ap-
propriate with further additions is added as a solvent solution. One particularly pre-

40 ferred embodiment is described in WO 01/23484, particularly therein on page 10, line 3
to line 24.



23 A frequent nethod, though not the only one, for preparing such

(co) pol ynepp 55884 hat of free-radical or ionic (co) polynerization in a

" solvent or diluent. 5 The free-radical {,co0)pol ynerization of such nonomers
takes place for exanple in aqueous solUtion in the presence of

. polymerization initiators which break down into free radicals under

pol %/mer | zaff h@%‘roﬁu%lé ite @Bﬁoly@ﬁ@ﬁﬁﬂlcﬁﬁcé@ﬁieﬂ&nﬂﬁét@d Qfling Wrés2hes of ﬂg@@aeniaedox ]
ssemsor I C as er [ | ae r,..cunene

i oper ox di8 fﬁaﬁaéx%g%és R e R e S
wi de 10 te@ﬁﬁ'@%%é Ag éert-Dty, wsma?&natf@m@aql@ahhd@mb@ esiglH ee5earel se
under el eviatigingll ®ercaplobmpyemethakysiiad, doesgyematasbes, tent-daiet@0karcatan pH of
the react '&%l@i:&ﬁé{%ﬁmﬁﬁpﬁ%até@%%x% le) l'}bﬁnggcc{)@&g@eﬁ{a‘ﬂ%ﬁmefsi% lators

Alternatively the rrzation anot’her ‘way known

per se to Caféjet‘ﬁ@d Pl‘%‘ﬂ MPI@&O“”ESOQTUOHTJ%E%@ P8It bdéffeégﬂh hasedioR the form for
exanpl e of 108 mavisittyi vozight optrmcnpmdraersdmbe vmi);miymenzedl arehtbky lower thenwelas e

enul si on, SHSPSRE %u%ntl((gmsé@ﬁe,suspen- sion polynerization. In the
(co) pol yneri zati on the nononer/nonomers is/are (co)polymnerized using free-

20 radical polynerization initiators, exanples being azo conpounds which
br eak WowrForiemusidn pelymariiatiah 4 is pessiblaty Bedisperssnts (Griptd/grmenianid | e)

2, 2' - azobi g dsifiers GnBRP RIS collidl, aalbPEthBiRz&M%, as surface-active compounds.
4, 4 azobls(4 - cyanopent anoi ¢ aC|d) or dial kyl perOX|des such as

di-tert-a _peroxide, aryl alk per oxi des, such as tert-butyl cunyl

per oxi de, Iﬂagle saely Icompayristsi ioklyd 9 ael©nlyAbe prtective colioidsethakare POBPEM hexanoat e,
per oxydi carsedtfatieplensmnting amu%ancﬂﬂnérﬁbtlariwbyﬂ ascembeiigls) per oxydi car bonat e,
or hydyoper oxi des. The stat ed corrpounds are gener ally used in the form of
agueous sol ut |F§ns or ~aqueous .. emul si on |.ower concentration being

det er mi ned ? Pofechve 8?"0('4?3190'}“%6 p?ﬁf‘ﬁ'é\ﬂlaéﬁ’ﬂh%'s i §pllylgge deriva-
(co) pol yndives, eﬁndomnyépydotldtmwemmrsmgmadymata én epadshiee dedanbiion ofyfudhert he 30

respecti Vesuﬁé’cﬂ@%k&iéctiv@ cWPcIlc?sr carfERhE Péutfeﬂfwe}«! “Qéth%é&ﬂe%@arh@cﬁé’ﬁed as
sol vents di.l ue et hanol ,

n- or isop rb‘[S'?;ﬂ"i*()“[O!' "ﬂ" kg& L@%cgapgﬁwlar 8?“%%‘(’@%%90’93@‘#"““'??3 %8%29 et hyl
met hy |20k et'§f8, Prii4ét g/ # 20wl be @ppﬁeg@mttnat mixtungs ofkespwisigers pagior ates- 35

pr ef er enceive solidesart @s@@@@é&oamswp\ém& iSid Phefafed flseax@mpively omlighe and
Its | Som"‘rer§ wr%%tsg eﬁ%ﬂvﬁﬂ&e&ﬁé’ \&%htA durﬁ\ﬂg' th%%la‘é?[i{e Od?&g& J&a:;r?né 8s, QA}‘& uBL eferred

enbodi nent - propriate
with furt ey bﬁ'@ﬁ’ 1tq08n'§h€iYsm%)d R @niggicecaligni¢ &R PogignigHn E‘ﬁf“recﬁé V‘fﬂh‘?@ ?Eﬁﬂearl y pre
40 ferred cadiisvenksiay, deamerusingdnixturdELUHAS 8dtivegabitantdsathay tHehediei n on

page 18, Liqg éomﬂc%eh{srbee c?oAr’npa%EIeE{fﬁ%B&e another, something which in case of doubt
can be checked by means of a few preliminary tests. Generally speaking, anionic
emulsifiers are compatible with one another and with nonionic emulsifiers.

The same also applies to cationic emulsifiers, whereas anionic and cationic emuisifiers

30 are usually incompatible with one another. Examples of customary emulsifiers include
ethoxylated mono-, di- and tri-alkylphenols (EO units: 3 to 100, alkyl: Cs4 to C12), ethoxy-
lated fatty alcohols (EO units: 3 to 100, alkyl: Cs to C+s), and also alkali metal and am-
monium salts of alkyl sulfates (alkyl: Cs to C+s) of sulfuric monoesters with ethoxylated
alkylphenols (EO units: 3 to 100, alkyl: C4 to Cy2), of alkylsulfonic acids (alkyl: Ci2 to

35 Cig) and of alkylarylsulfonic acids (alkyl: Ca to Cys). Further suitable emulisifiers, such
as sulfosuccinic esters, can be found in Houben-Weyl, Methoden der organischen
Chemie, volume XIV/1, Macromolecular compounds, Gecrg-Thieme Verlag, Stuttgart,
1961, pages 192 to 208.

40 In general the amount of dispersant used is from 0.5 to 6%, preferably from 1 to 3% by
weight, based on the monomers for free-radical polymerization.



24 |f appropriate the (co) polynerization can be conducted in the presence
of pol ymerPR56985 on regul ators, such as hydroxyl anmoni um salts, chlorinated
hydrocarbons and thio conpounds, suchas tert-butyl mercaptan, thioglycolic
acid ethylacrylic esters, nercap- toethynol, nercaptopropyltrinethoxysilane,
dodecyl nercaptan, tert-dodecyl nercaptan 5 or alkali netal hypophosphites,
f or exanpl Exangled bigmeti0hcipte tmitaiziag idapeishesars aguhwboymte/sanobieileised, for

exarrpl e, 'a?ﬁé?%ﬁ@ %vh(?éh Jr[a%g%é)%);eﬁ - %hgz:%és g qugthﬁrgw&ﬂa&Qn%QQr rts by

ght of nonome (‘co) p ymeri z ower t ar nass
of the r esYPREEFPY: co) poI ymer. 10 For emul sion polynerization it is possible
to use dispersants, ionic and/or nonionic enulsifiers and/or protective
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of sui tabl@tlphot ective colloids include polyvinyl alcohols, cellulose
deriva- tives, and vinylpyrrolidone conprising copolyners. An exhaustive

descripti of f rther tl n
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ers, whos ative no hé protective
col | oi ds, 'QFaingEesinsypp 93%'%% Of Go5a" *FH%#PM%%O&E?&%?& -cationic or

nonionic in nature. As will be appre- ciated it is necessary, when using
m xt urgs Oifhe'%Haﬁﬁ{;?ﬁ‘ra?&falchﬁtﬁéhh%rﬁ@ﬁ%?e shifdle Wlhﬁpérﬂ&nar?pl?efél'&%é'asQ)‘P'iﬁ)()”e”tS be

conpati bl e one anot SO

chocked by sSios e ise HPRARRS i crbsef 3 pSvigh BRergBO MR o ¢
emul si fi ertyildipgs eopaststaf buiddings, Intering caplinos eratBmanantings, AothEeatings enveBifi ers.
The sane ajigardiiict#s The co#tinge ars eplelysd In RirsculaMag vRRg, pape Nirplasigs cat i oni c

enul si fi erc%atu'?‘c% ?d'gvoldabllg&* Yo rﬂﬁ m% L g&grtaﬁfgne anot her. Exanpl es of

customary emnul lers1nc - and tri-al kyl phendl S
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(al kyl :  Condgrdingiety) suitBble férehis spplicabbre enul si fiers, such as sul fosuccinic
estergg can be found in Houben-Wyl, Mthoden der organi schen Chem e,
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chemical and space/time yield and under mild conditions and with good color numbers.
Despite not using activated {meth)acrylic acid compounds, the desired products are
obtained in a targeted way, with high selectivity, and are substantially free from by-

30 products.

The examples which follow are intended to illustrate the qualities of the invention with-
out, however, restricting it.

35 Examples

Parts in this document, unless specified otherwise, are to be understood as referring to
parts by weight.

40  Golpanol® PME is a commercially available product of BASF AG, Ludwigshafen, Ger-
many. it comprises a mixture of mono- and di-ethoxylated propargy! alcohol.



40 I n general the anount of dispersant used is from0.5 to 6% preferably
from1l to BpsBYss wei ght, based on the nononers for free-radical

pol ymeri zati on. PF 56985 25 Exanpl es 056 (et h) acryl at e- cont ai ni ng

di spersions are n-butyl acrylate/acrylonitrile dispersions, which are

enpl oyed as adhesi ves, and n-butyl acryl ate/butadi ene/ styrene di spersions.
5 The pol yprimglegpersions in which (neth)acrylic esters prepared in
accordance with the invention are used may additionally be subjected to
chemi cal ahwhsesteiiigsiionedl Griparml® PMiavito differEntexcegetsefenethyiacaiatabl e with t he
(meth)acrylic esters prepared ¢n accordance with 10 the inyention generally
have a rel &y ve | oy col pr nulfrber, wHPER oS vantagequs | Remeordt i ngs
sector. Th%?%@@pﬁhﬂy@er )can t hen be mcmaona /ter known per
se wth amno resins, fqgr exanple, such as nelanine, to formcrosslinked
film formng resins, as described for exanple in EP 738740 or EP 675141. 15
The coati ngG ngiME s of the invention are suitable with particul ar

xposeq, |t cCopatieEME S0 1HAgLIEMaKtn Rih nichAR BagiaR, pspta pRo c. 1 A1
Xpos . , uj. S 1| di :

Chber; o CTNELEE e et e Rh At T BTP Baectrslta

aircraft. 4he feodt hagd theeoneeisiopveas daterpanad umaansee 9ae sHoMedp@APY. pl astics
coatings, for woodbteek—teertnrg—oer—Furntture for exanple. 20 The invention

further provides fofMeHBt Qfseetay! t h&opKYai9et s obtai ned in accordance with
the invention as an intemntmeli ate for k) ght el ectroplating additives. Their

col or nunber, which is{ ngd]IIuced relative to that of products obtainable
conventionally, nakee——(—ggm—«—wemv—ﬁal—w-ﬁm table for this application. 25
The process of the i nvenPfon al | ows t preparation of (neth)acrylic esters

(F) in high chenmical andOspace/tinme il d and under nild conditions and

w th good col or nunbers. 3gDespite notqdgsi ng activated (nmeth)acrylic acid
conpounds, the desired pé@)ducts are ggt ained in a targeted way, with high
selectivity, and are subStantially fr fromby 30 products. The exanpl es
whi ch follow are int2r{degnyané)l | ustrafl@ the qualities of the invention wth-
out, however, restrictinggit. 35 Exanppes Parts in this docunent, unless
speci fi ed ot herw—se; s referring to parts by weight.

Example 2
10 Preparative batch with Golpanol PME

O . 0]
n=1-2

Golpanol PME

A 4 | round-bottomed flask with top-mounted reflux condenser was charged with 1377 g
of methyl acryfate (16.0 mol), 400.5 g of Golpanol® PME (4.0 mol, Hazen color num-
15 ber: 47 (APHA)), 800 g of 5 A molecular sieve, and 50 mg of hydroquinone mono-
methyl ether and the reaction was initiated by addition of 20.0 g of Novozym® 435.
After 7 h of stirring at 40°C the solids were removed via a suction filter. The excess
methyl acrylate was removed on a rotary evaporator (40°C, 6 mbar). According to
analysis by gas chromatography the degree of esterification of the aicohol was 99.5%.
20  This gave 557 g (93% yield) of 2-propargyloxethyl acrylate as a clear, pale yeilowish
liquid having a Hazen color number of 79 (APHA, in accordance with DIN ISO 6271).



40 ol panol (r) PME is a comrercially avail abl e product of BASF AG

Ludw gshafemrse@sg - many. |t conprises a m xture of nono- and di-ethoxyl at ed
propargyl al cohol. PF 56985 26 Exanpl eyl Transesterification of Golpanol (r)
PME with different excesses of nethyl acrylate Lipase + 0 ) + MeOH ~L "
Jn OH M0 "L "~ In O- n = 1-2 Gol panol PME Gol panol (r) PME (5 mmol, 501 ng)
was shakenexdnihe et hyl acrylate, 25 ng of No 5 vozyn(r) 435 (Lipase from
Candi da a L &ibh GRorgbar Iné?co%P g of 5 A nol ecular sieve at 40C for 24 h and
t he conver by neans of gas chromat ography. Anount of

met hyl Conversion acrylate [9% [rmmol] 50 100 0 100 30 100 20 99 20 (no
enzyne) 10 10 92 Exanpbe 2 10 Preparative batgh with Gol panol PME + Lipase
=~ 0+ NEN}BHQT! Meo|” ~ Jn_mP2e Ipaaﬂ?\?’f(/E AMOH round- bot t oned
flask with top-founteda ertux condenser was“charged with 1377 g of nethyl
acrylatge (16.0 nol), 400.5 g of Col panol (r) PVME (4.0 nol, Hazen col or num
15 ber: 47 (APHA)), 800 g of 5 A nolecul ar sieve, and 50 ng of hydroqui none
nono net hyl ether and the reaction was initiated by addition of 20.0 g of
Novozyn( r Prasray! aigahet (STmmobR98 1) wasrigaken witeSe Rend of mewhesrdlaleeroved via a
suction fiMisarml), HengstRevozy e 484, afdriyamireprishs 1Egoyed mtletulacdi@ryat

evapor at or,AQL, %@h m@{%'cgﬁ\?‘?ﬁ@@%%éf?g‘?mﬁﬁl %@%é@}%yof@é chromat ogr aphy the

degree of esferification
Molecular sieve  Conversion
added [%]
none 58
added a5

10



20 This gave 557 g (93%yi el d) of 2-propargyl oxethyl acrylate as a clear,

pal e yel | N §6983 i qui d havi ng a Hazen col or nunber of 79 (APHA, in
accordance with DIN |1 SO 6271). PF 56985 27 Exanple 3 Reaction of propargyl
al cohol 0 O Lipase \/OH + MeO %\0 + OH 5 Propargyl alcohol (5 nmol, 295
pl) was shaken with 50 mmol of nethyl acrylate (4.51 m), 25 ng of
Novozyn(r)c %@ﬁ, and, if appropriate, 1.0 g of 5 A nolecular sieve at 40C
for 24 h an e conversion was determ ned by nmeans of GC. Mol ecul ar sieve
Conversion added [%4 none 58 added 95 10 PF 56985 28 Cains 1 A process
for prepari ng Aappeesshipapiephiing @ §neth)ach)ic esten(r)aff @oasohpldaving adledstarg one
C-C triple borglC tiple®dnd OMMEN S@APTB)sabjettilg Aledseand al@ﬂﬁ)mhﬁiﬁ@@{ leBgivi ng at

least g one (g dl E‘tHbVIS bBRE'?’o %é%el%fcﬁﬁ‘éd Jv?iﬁgb%tﬁﬂzc h% Qo %?EN&%? ehﬁcefc' dor to

transesterlflca tl

presence of at 'OFé‘étE'ta éﬁ?é ‘é’?ﬁ (mgfimacryiy ester ( H%thﬁrpé%%@eﬁf:% B RGEEH claim 1,
wher ei n t he hyaymex¥). groups of the alcohol are 10 primary or secondary. 3.
The process according to either of the preceding clains, wherein the al cohol

C [ f.. the f
CIb al kyt 2 o Theghribast ebdria 48 6PV by WorraP o, D Pl fsiop g BB B 1o o
oxygeriand/ or psimaruer sgcongandnd/ or by one or nore substituted

3. The process according to either of the preceding claims, wherein the alcohol (C)
is of the formula (1)

1 o2
R—— R\O/E’Xi‘%‘n‘H

15

in which

R* s hydrogen, Cy — Cqs alkyl, C, — C1s alkyl uninterrupted or interrupted by
20 one or more oxygen and/or sulfur atoms and/or by one or more substituted
or unsubstituted imino groups, or is Cq — Cy; aryl, Cs — C,z cycloalkyl or a
five- to six-membered heterocycle containing oxygen, nitrogen and/or sulfur
atoms, it being possible for each of the stated radicals to be substituted by
aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or heterocycles, and
25 R? is a C;-Cy alkylene, Cs-Cy, cycloalkylene or Cg-Cy; arylene or C,-Cy al-
kylene interrupted by one or more oxygen and/or sulfur atoms and/or by
one or more substituted or unsubstituted imino groups and/or by one or
more cycloalkyl, <{(CO}-, -O(CO)O-, -(NH}CO)O-, -O(CO)(NH)-, -O(CO)- or
-(CO)O groups, it being possible for each of the stated radicals to be substi-
30 tuted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or heterocycles,
n is an integer 0 to 3, preferably 0 to 2, and more preferably 1 to 2, and
X;  foreachi=0toncan be selected, independently of one another, from the
group -CH,-CH,-O-, -CH,-CH(CH3;)-O-, -CH(CH,;)-CH,-O-,
-CH3-C(CHj3);-0O-, -C(CHa3)},-CH2-O-, -CH>-CHVIin-O-, -CHVin-CH,-O-,
35 -CH,-CHPh-0- and -CHPh-CH_-O-, preferably from the group -CH,-CH,-O-,
-CH2-CH{CH;}-0O- and -CH(CH5)-CH>-O-, and more preferably
-CH,-CH2-0O-,

in which Ph is phenyl and Vin is vinyl.
40
4.  The process according to either one of claims 1 and 2, wherein the alcohol (C) is
of the formula (2}



or unsubstituted imno groups, or is C6 - Cl2 aryl, C5 - Cl2 cycloal kyl or a
five- to sPk-G88B8Bered heterocycl e containing oxygen, nitrogen and/or sul fur
atoms, it being possible for each of thggstated radicals to be substituted
by aryl, alkyl, aryloxy, alkyloxy, heteroatons and/or heterocycles, and 25
R2 is a Cl1-C20 al kyl ene, C5-C12 cycl oal kyl ene or C6-Cl2 arylene or C2-C20

al - kylene interrupted by one or nore pXygen and/or sul fur atons and/or by
one or nore substituted or unsubstitutgdgitnm no groups and/or by one or nore
cycl oal kyl, -(CO) -, -O(CO)O,R- o, - (NH-, -CO- or -(COO
groups, it being possible for each %E C;H—g%‘ﬁdi cals to be substi 30
tuted by aryl, alkyl, aryloxy, alky ﬁ het er oat"™onrs and/ or heterocycles, n
is an integer 0 to 3, preferably 0 to™, and nore preferably 1 to 2, and X;
for each i = 0 to n can be selected, independently of one another, fromthe
group - CH2- CH2- Q.. 4 CH2- CH(CH3) - O-, - CH(CHB) - CH2- O, - CH2- C( CHB) 2- 0-,
-C(CH3)2-CI—|2-d, -?942-CI—M n-o, -CHVin-CH2-O, 35 -CH2-CHPh-O and

- CHPh- CH2- O, preferably fromthe group -CH2-CHZ-O, -CH2-CH(CH3)-O and

- CH( CH3j - CH2- (r,, X;and Riwar bpmefdefimddl gbove@rd- CH2- O-, in which Ph is phenyl and
Vinis vinyl. 40 4. The process according to either one of clains 1 and 2,

wherein the algo . i f the formula PE R6985 29 R R4 R6
O-X--H R6 i%,%ec'ﬁ%’eﬁ?e%& ofioe pSloha BN alodshs Fro wAN om0 e
i ndependent | y @iintgriepiad or inderrupted byeneoefanore@xygercarsi/er sufur, atoms andiog byl ky|
unid/nt errupt ed ede bithérersubsidtelbr QRSULRTILEBY iBiQIGESS, BNEAT; SOl fatyt, at oms -
and/ or, by one~or K r t [ - are
2SIy, oo TBaNTBL A0 s MIBYIS' LB G S Bl
havi ng oxygen, 2M/eroYeratoRadl BFNS BPIh'e fr&Reh of e siatehaeisasiBIbe sHBft-each of
the stated radiutesil by argl, Bisylsarybiy.-alkyinxgdhdigroatops, aral/dnheteracyglesxy, al kyl oxy,
het eroatons and/or heterocycles. 5. The process according to either one of
claims 1 ag{d ZTheV%]r%Eees'snactc:Ql%in%l tgoetﬂfw)ular c(n%)of'cFaims 1 and 2, wherein the alcchol (C) is

15 of the formula (3)

in which
20
n, X;and R can be as defined above and

R’ and R® independently of one ancther are hydrogen, C; — Cys alkyl, C, — Cyz al-
kyl uninterrupted or interrupted by one or more oxygen and/or sulfur atoms

25 and/or by one or more substituted or unsubstituted imino groups, or are Cs — C»
aryl, Cs — C4, cycloalkyl or a five- to six-membered heterocycle having oxygen, ni-
trogen and/or sulfur atoms, it being possible for each of the stated radicals to be
substituted by aryl, alkyi, aryloxy, alkyloxy, heteroatoms and/or heterocycles,

30 in which R” and R® may also together form a ring.

6.  The process according to either one of claims 1 and 2, wherein alcohal (C) is
selected from the group consisting of 3-methyl-1-pentyn-3-ol, 2-propyn-1-ol
(propargy! alcohol), 3-butyn-2-ol, 2-methyl-3-butyn-2-ol, 4-pentyn-1-ol, 1-
35 ethynylcyclohexanol, 3-butyn-1-ol, 2-butyn-1-ol and 1-octyn-3-ol, and their mono-
or di-ethoxylated products.



15 of the formula (3) R7 R O+X,*H R$ in which 20 n, X; and Rl can be as
defi ned abewesggsd RT and R8 |ndependently of one anot her are hydrogen, Cl -
C18 al kyl, C2 - C18 al- kyl wuni nterruptsgd or interrupted by one or nore
oxygen and/or sul fur atoms 25 and/ or by "one or nore substituted or
unsubstituted imno groups, or are C6 - C12 aryl, C5 - Cl2 cycloalkyl or a
five- to X'%6@&5%%&&&@§¥85ﬁyBﬁé’bﬂge@‘éﬁg&'ﬂ canmstvUr%QéHtt?éﬁ%ﬂX gsul fur

atoms, it bei I for ~“eac o,be substituted
by aryl . al kylte) &3 fe&%? o SRS (het groaﬁ Shetes Gt Ik iBer a0 |
whi ch” R7 and RE -Gredy2-at) 90d poyeasesiEfb3m.ac)r i ng. 6. The process according to
either one of clainms 1 and wherei n al cohol (O is seI ected fromthe

2,
group gonsj sti r gyl
al cohol S% bu'ﬂtpgTI é)[é a%w%&x Ft]{ p%@%aéib roc ssoél&Bqunal/ #’B oiﬂ%
et hynyl cycl oh&Xe6s8INg %a'@atayﬁhwaga%d p&ﬁ?l CGIOVQH’EPb %@WHOQA@IHA and their
nono- or di-ethoxyl ated products. PF 56985 30 7. The process according to
any one ofg therr@f@@%%%eﬁl @drﬂﬁ,esvé?gﬁféd&oﬁd}% BHFS orldBlaitdbieslerding from

est erases (E CcOS )

5 2oy ana g atidaeel daime 118 7 & Moromeyr chmtinory 1A s Epeae,

obt ai &bl e by oaapnade@@weddmm athermalysuranie radia mcurpbl@@édﬁonguajrwm and
having a DI N IgaQ(fsifiachrbtel orisdreintdpabainie F00orfiHectopldiitg adarives. a
(meth)acrylic ester (F) according to claim@8 or obtai nabl e according to any
one of clains 1 to 7 as a nongner or conononer in a %rreth )acrylate 10
or as a redet |"\/@eﬂi‘4"\¥éﬁfaqi% radigtiBrGHaRh S OTEHBtBIE anél ¥ RLCUTRIING And/ or
dual - cure pol f(nettddrdcrepteat(€) acnordirg tarcldimtSerrmbthicabée dcnording tphany one of

el ect ygpl ati ngypdgitihyes. 10. A thermally curable, radiation-curable or
dual -cure coating material conprising a (meth)acrylic ester (F) according
to claim8 or obtainable according to any one of 15 clains 1 to 7.



