PF 56985 1 Enzymatic production of (nmeth)acrylic acid esters
Description 5 The present invention relates to a process for
preparing (nmeth)acrylic esters of alcohols having GC triple bonds,
to processes Pob6385ei r preparation, and to their use. (Meth)acrylic
esters are generally prepared by acid- or base-catal yzed
esterification of (neth)acrylic acid or fransesteri fication of other
(meth)acrylic_esters with al cohols, or by 10reaction of alcohols wth
(et h) acr y| oyF2metsRraduction 9f aetplaediisrcld eterbases, (Meth)acrylic
esters of alcohols having CGC triple bonds are known in principle. In
t he conventi obederigwherificati on of such alcohols with acids, for
exanpl e, acid-induced side reactions, especially isonerizations of
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In EP 508491 (Wacker Chemie, 1992) 2-propynoxyethanol was azeotropically esteri-
fied with acrylic 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 distiifation. 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 unconveried reactants
it is necessary to wark up the product mixtures, by means of costly and inconvenient
alkaline washes.

The preparation of acryloy! chlaride in the presence of bases is likewise known:

40
US 3,254,116 (Thiokol Chemical Corp., 1966) describes the preparation of propargyl
acrylate from propargyl alcohol and acryloyt chioride. The catalyst is triethylamine, and



2 the solvent used is benzene. The product was distilled under
reduced pressure, with a 60%yield. Harvey at al. (J. Am Chem Soc.,
1992, 114, 8424-8434) prepare propargyl acrylate 5Sagain from

propar gyl al cppgé g@nd acryloyl chloride. The catalyst is

triethylam ne and the sol vent used is dichloronmethane. The product is
extracted a nunber of times in successioft with HO, NaHCO3, and water
with a 90%yield. The preparation of (meth)acrylic esters by an
enzynmatic est geisbiveraub&iis B6ndeh@ Mhe iottidt vas aidflied LRHRr FeBukRAPMLUAKURT 2
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25

EP-A1 899 229 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 Corynebacterium oxydans. Exemplified therein is the

reaction of a 96-fold molar excess of ethyl acrylate with 2,2-dimethyl-1,3-propanediol.
35 The vield, after 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



At hawal e and Gaonkar (Macronol ecul es 1999, 32, 6065-6068) descri be
the |ipase-catal yzed acryl ation of 2-phenyl et hanol s using

2, 3- but anedi one nonooxi ne acrylate. 5 The nononer was subsequently
pol yrmeri zed. pFsgggsGhogare and Kumar (J. Chem Soc. 1989, 1533-1535)
destcribe the |ipase-catal yzed 10acryl atigon of various al cohol s,

i ncludi ng 2-ethyl hexane-1,3-diol, with an activated 2, 3- butanedi one
nonooxi me acrylate. A frequent d| sadvant age of these reactl ons is the
need to use activaied aqgryt nas the g \ﬁ%nes or_vinyl esters,
whi ch are expensiyvel ard diffic qubsreg | Bstf il 15 Tt .was
an obj ect of mdtesent i nventi ono,,,t rovi de a process c How?
(meth)acrylic eSters of al cohols havi ﬁ’ -C triple bonds catf
prepared in good yield and with | ow color nunbers fromsinple ome
reactants. The synthesis ought to proceed under mld conditions,

gi vi ng pr oducAtsaey bmdGaonkaviveolomicleBulEs D99 28206085 B06H Webdripe thEhigasese of
acidic or ZOb@a%lﬁeQ%r?thﬁ(o‘hto? Z%Qmetﬁarngﬁ'ufsnhéjgblbﬁtahé’dn%% %bﬂﬁgaf@&e.
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possi ble to forego ¢os distillative or extractive
product purification. I\/breover |t shoul d be unnecessary to use
expensi ve, activated (neth) erl ic acid der| vatives, such as

nmonooxi nes or vinyl {reth)adrylat@esefor e an%jl e. 25 Qs object has
been achi eved Nproc YWacty.id _esters (F) of
al cohol s havingcat |east~8nhe C-C trip bond Oby subTectl ng at | east

one al cohol having at |east one GCtriple bond to esterification
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materials. Rk tR58&ReSorAnGidleks which aﬁeuéxb@rglv@ ahd‘dlﬁiﬁ@l%@éﬂﬁr@ intutifalyhe

i nventi on, ﬁre al cohol s corrprl sing at least one GCtriple bond and at
| east one "hydr oxyl Og 5 Such al cohols may for exanple conprl se
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in particul akjoRy, §fing Blo4us RaliY BRELIBRAMWRr 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 o forego costly and inconvenient distillative or extrac-
tive product purification, Moreaver, it should be unnecessary to use expensive, acti-
vated (meth)acrylic acid derivatives, such as monooximes or vinyt (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)acrylic acid or to transesterifica-
tion with at least one (meth)acrylic ester (D) in the presence of at least one enzyme (E).

30
With the aid of the process of the invention it is possible to prepare such (meth)acrylic
eslers (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.



10 The al cohols (C) useful in accordance with the invention may
further conprise other heteroatons, exanples being nitrogen and/or
sul fur atons, but are preferably constructed only of carbon, hydrogen
and oxygen atons. 15 The al cohols (C) useful in accordance with the

i nvention may"f 8f¥%er conprise other functional groups, exanples

bei ng G C doubl e bonds or am no, carboxy4, ether or carboxylic ester
groups. Apart fromthe CCtriple bond and the hydroxyl group they
preferably conprise no other functional groups. 20 The hydroxyl
groups of the, alc s (Q) .useful in_accaordance with the invention
may be pri mr@lfngggLﬂﬁé?%&acf’%ﬁd?’?CﬁW?”}?r”é‘feéw‘r?é%alﬁfgloﬁgm@?v%w Jideast

t hose havi ng PeiGraiiplobonseand ahigas) omg/idoryllorappoups and parti cul ar
preference to those having primary hydroxyl groups. In addition,

di fferent hydsek¥lcoBslOMBS for eRinpPEpRELl RRL ReDly 1 82, BXPRBeDreriRYly be

present simul I f al cohol . 25 Primary hydroxyl groups are
hydr oxyl grou%gagﬁﬂgé%%gweo%g?éci sely one carbon atomwhich is

connected to _Ereci sely one other carbon atom Simlarly, for
secondary hydf@adehejs eray comerisssans dmsiatesierally ershiedour.onare prefarably one

j oi ned, cor r esioesl verglpyeferbinly baeortes, ot ingtadizslar @acksdyonk h@dreas groap.
tertiary klgydroxyl groups to three carbon atons. 30 Preferred al cohol s

(0) areof U LGr L &l hacdah R AP Byl L RLED FAL S
hvd . Cl- 1 e f 'f 1} venti a¥ 1 rcomH;[se ath t ed
wvarogen. a1 TEEEM M e R ol

substituted ciruelademy efcathoadydroevansramgey ateps.is C8 - C 2 aryl, Cs -
Cl2 cycloal kyl or a five- to six- 40nenbered heterocycl e cont ai ni ng

oxygen, nigrogericaRskd @) usstlifitbccdtdaR®e wihithdBldMon REy RARS2.RrRRTHS! €
for each of t tiéﬁa@?]rggpsr @)gdngﬁéssoe}na e dEWeSEdnEQBPgn:EH 0%3% eﬁﬂlsekéxl car-

| oxy, alkyloxy, heter / [
G 720" b eyl GBI PSS A8 MCTSR) V8 e B chondoi G Dy @pu thy pre

C2- C20al kyl erféabiyniosirrisgpteeihenfunstienabgrowasr e oxygen and/ or sul fur atons

and/ or by one or nore 5substituted or unsubstituted imno groups

and/ or by2mnerhe kydrBkyegroMss @ @ekaidohols (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 hydroxy! 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)
R—~R®
N
o+
35  inwhich

R1 s hydrogen, Cs = Css alkyl, Cz — Cys alkyl uninterrupted or interrupted by one or
more oxygen and/or sulfur atoms andfor by one or more substituted or unsubsti-
tuted imino groups, or is Cg — Cyz aryl, Cs — C+2 cycloalkyl or a five- to six-

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



-(CO-, -0(C0)0-, -(NH(C0)0-, -0(CO0)(NH)-, -0(C0)- or -(CO)O groups,
It being possible for each of the stated radicals to be substituted
by aryl, al kyl, aryloxy, alkyloxy, heteroatons and/ or heterocycles,
nis an integepg E 3, preferably 0 to 2, and nore preferably 1 to 2,
and 10 Xfor eac = 0 to n can be selected, independently of one
anot her, fromthe group - CH2- CH2-0-, - -CH(Cd -13)-0-,

-CH(CA -13)-CH2-0-, -CH2-C(CH3)2-0-, -C(C-13)2-CH2-0-, -CH2-CHVI n-0-,
- CHVi n- Cl - 12- 0-, po$difile GHBiChQf thenthiedCGhdibis ot sObstitupiaelyehabiiky, biyRy, tahe
group - CH2- CHz 0 ,ﬁh@e%ma%d@memz oty - 13) - G2 0, and more
preferably - %Xg phen nyl .
Particularly pre rbgé"g{@eh @CIQQQI&F o ﬁ‘é%fz rlﬁjeor F”% ]ﬁf{e

+XI +i H 20R6 in WHEERIS Py cﬁamormox@&ﬁ apeorsgl H@M"ﬁe%’ OhBY AP R3
to IR6 md@pendeﬁt@S}ItUtﬂd @ mesupaiitthd imine grolpgdnd/gely, ongior mo@IGcladlkyl , C2-
C al kyl uni nt er r u@ad-@CO)DL, ENHYPOEDH, {(CORRHPT-MOOR oOXGUENgralsd, Bbe-
sul fur atons and/n@po?éfbl@fb? e8¢h We%ta‘ié&%&:b&lé’io%@ sQBstMl?éHRﬁatn}itéHEy?‘éry m no
groups, or are gg@lo’ilyﬁletero%o s 4n rﬁé{grlo Ilé yl "or a five-

si x- nenber ed heter nIre'rogen. and/ or sulfur at ons,

it 30bei ng pdssi Eﬁaé‘ tgger Ode f: Qfgfefaﬁé%é? 31384 ”ioé‘?jﬁ’rE‘?Fa?'YtUol?ea%dubst i tut ed

by aryl, & kyk, Z&reedxy 0 elrkaghdrpeletied, indepandenlyahericomotinet, Epodiyegresn

Very particul ar pClefEH:eDs eCH:SCHICHEHD-| CHICBHDBL-©-,(-CH.-C{CHheof or mul a

(3) R7 0-FX--KkH _G(CHs)e-CHz-0O-, -CHo-CHVIN-0-, -CHVin-CHz-O-, -CHy-CHPh-0- and
-CHPh-CH2-O-~, preferably from the group -CHz-CHz-0O-, -CH2-CH(CHa)-O- and
~CH({CH3}-CH2-O-~, and more praferably -CHz-CH2-0-,

15
in which Ph is phenyl and Vin is vinyl.
Particularly preferred alcohols (C) are of the formula (2)
3
R 4
R‘l‘ﬂ
R O JH
20 R
in which
n, X; and R' can be as defined above and
25

R? to R independently of one another are hydrogen, Cs — Cqg alkyl, C2 — Cyg alky! unin-
terrupted or interrupted by one or more oxygen andfor sulfur atoms and/or by one or
more substituted or unsubstituted imino groups, or are Cs - Cyz aryl, Cs — Cyz cycloalky!
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, alkyl, aryloxy,
alkyloxy, heteroatorns and/or heterocycles,

Very particular preference is given to alcohols (C) of the formula (3)

RT

R‘I [—

I [ ]
[ O
35 R



PF 56985 6 in which n, Xi and R can be as defined above and 5 R7 and
RB i ndependently of one another are hydrogen, C - C18 al kyl, C2- Ci8
al kyl uninterrupted or interrupted by one or nore oxygen and/or

sul fur atons pmgHdgas by one or nore substituted or unsubstituted imno
groups, or are C6 - Cl2 awl, Cs - Ci12 cxploalkyl or a five- to

si x- menber ed heterocycl e having oxygen, nitrogen and/or sulfur atons,
it being possible for each of the stated radicals to be substituted
by aryl, al kyhwhig® aryl oxy, al kyl oxy, heteroatons and/ or

het erocycles, in which R7 and R8 may al so together forma ring. In

the above defj ggddq-@%a,;l,gea efindd kotv€96y unsubstituted or substituted
by aryl, alkyl, aryl oxy ?ﬂ Poxy het er oat ons and/or heterocycles IS

for exarrpl e net hyl ene, 1-ethyl enel 1, 2-ethyl ene, grogyl ene,

1, 2- pr opyl&ndY and @amdswrﬂ@m of qnelanst?ﬁsﬁféﬁwrogfnz%u@w He is alky!

1, 3- but yl ene,uninteriyptes loenterrugied bheneydr erees oxggerearntayor smtueatpmapyd/eﬁ:ef one

2- et hyl -1, 3- i ey ebsttutad arunamﬁﬁtamhy;ﬂao Jrodpf) bORY 08 PE Lryl, Cs - Cqa

2, 2- di met hy 1-lydaiRpbyd SR sg(ﬁ'n ﬁé i¥h‘|§ﬂﬁ%&?ééfpﬁﬁrb§éﬁta%g ﬁfgulfur
e Be

sub Z?LESEF&%%%PW%%&%W@ ‘;/%I%Cg *’faﬁ eaicks 6 o S es gl By SVE alk,

cycl ohexyl®néviey gy Jesieteps RI&gexAfSene, 25 C2- C20 al kyl ene
unsubstituted or substituted by aryl, al kyl , aryl oxy, al kyl oxy,

het er oa- t omsn &nich AT arferkeenfyRl iegeimatraimger rupted or interrupted by
one or nore oxygen and/or sul fur atons and/or by one or nore
substituted ng&t%sote Nﬂ% d imno groups and/or by one or m)re

cycl oal kyI %CI)) 0-, -0(CO)(NH)-, 30 -0(CQ0)- -(C0)0
gr oups |s5’for exarrpl e 1-oxa-1, 3- propyl ene, 1, 4 di oxa-1, 6- hexyl ene,
1,4, 7-tri oxa-Cl-Ogoailmw\p@n@lbstﬁut@ﬁoasunstweq/bm, ally], BryiixxakyDXB- -hetergd-ene,
1- oxa- 1, 5- pembyireite hetbroayseslis for Beptpd r&ét&ylenb 61 @tgkas 1, 8hdeeyl ane,

% gig g ge; Ihxslr leRe, 1@;99;3(91&1@61 3$n %an 31 TBuli¥ehe 1+ AnlUENd, €RGuty ylene, o

1, 4-di OXZQ 3, O r%ﬂrg [ %@% ?h %gﬁe”f &W&'R&)&)ﬁer%sg%y

propyl ene?? ﬁ”eéﬁ Pf%ea? ’i”e Ie%‘:he

1-oxa-1, 5- pent 3-enyl ene, 1-oxa-1, 5- pent 3-ynylene, 1,1-, 1,2-, 1, 3-
or 1, 4-cycl oltexyd @dealkymn%-unmbsﬂiu@deymbsﬂlatadi by anlealky, a2yloxy laliBAox@r het-

1, 4- pheny! engrafbad anRioPRAE%ERRS is 1dr dka E IélprébyQHé Yy@Bsentylene, cyclo-
1-aza-1, 3- prg%leﬂg,f%cléo&yﬂ tormgﬁo%o eep y ene,

1,4-diaza-1 7- heptyl ene, 4,7-

di aza- 1- #Ra- 1,7- hept yl ene, 4-aza-1- oxa 1 6 hnryl ene,

1- aza- 4- oxa- Erfedalitylene nee;ubgtituted or substituted by aryl, alkyl, aryloxy, alkyloxy, heteroa-
toms and/or heterocycles and uninterrupted or interrupted by one or more oxygen
and/or suliur atoms and/or by cne or more substituted or unsubstituted imino groups
and/or by cne or more cycloalkyl, -(CQ)-, -O{CO)0-~, «(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-hexylene, 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-cyciopentylene, 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-heplylene, 4-aza-1-oxa-1,6-hexylene, 1-aza-4-oxa-1,4-butylene, 1i-

40  aza-1,3-propylene, 4-aza-1-oxa-1,4-butylene, 4-aza-1,7-dioxa-1,7-heptylene, 4-aza-1-
axa-4-methyl-1,8-hexylene, 4-aza-1,7-dioxa-4-methyl-1,7-heptylene, 4-aza-1,7-dioxa-4-



40am 1, 3- propyl ene, 4-aza-1-oxa-1, 4-butyl ene,
4-aza-1, 7-di oxa-1, 7- heptyl ene, 4-am 1- oxa-4-nethyl-1, 6- hexyl ene,
4-aza-1, 7-di oxa-4-net hyl -1, 7- hept yl ene, 4-aza-1 7-dioxa-4- PF 56985

7 (21- hydroxygpgﬁ%- 1, 7- hept yl ene,
4- aza- 1- oxa- (2' roxyet hyl)-1, 6- hexyl epne or 1, 4- piperazinylene,

C6- C12 aryl ene unsubstltut ed or substituted by aryl, alkyl, aryloxy,
al kyl oxy, heteroatons 5and/or heterocycles is for exanple 1,2-, 1, 3-

or 1, 4- pheny| @neydrakyéthylpi, pihetylbies) @,azd-Gloyd-@naydadxysyyiyA 8 hexylenblor €40
al kyl, or C2-pid2-iddrsl uninterrupted or interrupted by one or nore
oxygen and/or sulfur atons and/or by one or nore substituted or
unsubsti tuted |mnoegrou ps, .is for 10exanple nethyl, eth}/ , prop¥l,
i sopropyl , n- Bty PYebadnghsiiited prsupstiied sy a’ﬁeﬁ’l‘fyillary'oﬁfé-@}‘iy lox bpiegaioms
octyl, 2-e$ hyandéxpetercpydesds tor expatpteyl. HehBydr 1 deentignedddeigHenylene,
tetradecyl, helrdeoytylyledst adecyl, 1, 1-di net hyl propyl,

1, 1-dinethyl butyl, 1,1,3, 3 tetranethylbutyl benzyl, 1- phenyl et hyl,

FZJ Fgf’;%’lngt Eg;ll& & g%ﬂt Eﬁjf %’rﬁnt?rrupped %fn('f%rrggtgﬁ b Pne or more oxygen and/or
2, 4-di chl or o &f tom fﬁgqf bﬁ%@rﬁw Suwﬁutfé%tfrﬁaw ipino groups, is for

2. cyanoet h§/| ,exzmegeamlmﬂ @yl propyiniserenyly odutyb agd-mtihytbri-bdyl, pentyl, hexyl,

et hoxycar bonyteptyh pbtyl, 2-ethwihexyy eademglhpipenyl] decyl, dodecyl, tetradecyl, hetadecyl,
1, 2-di (et hoxy&RE80N- arﬁ'ﬂ% l'pvop% ‘1 ﬂ@H@%%Qﬁ(hYH 3 ﬁfeﬁérh&ﬁy)fﬁm enzyl 1

i gué?éigahglphﬁﬁu %ﬁﬁg % %.a-dl %@M@Q h)ﬁehzhydryi pgolﬁmgthyﬁq {p~

4- et hyl - chb@beng oidsER F’PF)Vi PR RSRTH By | |

2-oct yl oxVet rgﬂnoxvlaewmr%mhgmf %cyemwbamhoxrqarbonmbm%r omet hyI
trifluoronet mtﬂqudarﬁbngletmat hyiltoRcabbfposiyh ¥ [2;dijghetrekyraphsiemyiopy | | 2-
et hoxyet hyl , &Eéthylozr&h&wlethyﬁzﬂ&l%@bﬁ t BL@SkMetny], BueﬁB@&\HyI hisoet hy! ,

2,2, 2-triflugy LA &MEBR%}P‘&R& h1,3-dioxolan-2-yl, 2-
3- phenoxypr op g ’( ’”1 y
- et hoxy P*Opﬁxgﬂ}v W  BE NN BOIVge Tl Fet SR Moy |

2- et hoxyefchwC Ozon@é%irﬁwwgnethy i.étdmﬁtmfb?@biyncethw Sirebwyeridpylo?-

6- et hoxyhexyle,thoamﬂhyzﬁxptyﬁrﬂlanetbjflﬂ dresetythicetayl fasbhenpithirgytyl, 2i2ariivemythyl,
n-butyl, sec-2nHelbryethl b-pRaHoXprodde BlpMénoxiiearyl, 4-oReRIxYbu I@ﬂﬁéhmxyhexyl

2- et hyl hexyl ,2 r% dtﬁoxygﬁ;f'l' te l( ? ;?’ hmeqw%ﬁydrapyggqﬁeqpfc{xhb\ftﬁtg r%%ﬁ&(x éxyl,

het adecyl , o

1,1, 3, 3- tetr O’%’BFHQ YJy S-ethoxy ﬁBlﬂ’y‘i% %}/LU ?f%ﬁ@ﬁﬁh@%ﬁ"d

a, a- di metdvyl tpéﬁﬁ% ly m@whﬁwrvppw psoptopyl] mrbitylysec-buty|, tert-butyl, pentyl, hexyl,
but yl phenyl )ehbbtyil, ooty Béthpnadpe 22 yhiim@hylpahiy ko, doesy tetradecply Rétagichiy | |
2- cyanopr opy loctad hhqfd?rﬁﬁ]%%yr{)pyl% ﬁ&h@{n%&tﬂw 1,3 Ub M R TRA, R¥hzyi, 1-

t2r |2f |2u;): ?PFL ! 0 ey 2 pheny}l P{y:]' o) a—glme%ygenzyy‘oénzﬁyéjryl p-tolylmethyl, 1-{p-

butylphenyljethyl, p-chiorobenzyl, 2,4-dichlorobenzyl, 2-cyanoethyl, 2-cyanopropyl,
30 chloromethyl, 2-chloroethyl, trichloromethyl, trifftuoromethyl, 1,1-dimethyl-2-chlioroethyi,
and 2,2, 2-trifluorosthy),

Cs— C12 aryl uninterrupted or interrupted by one or more oxygen and/or sulfur atoms
and/or by one or more substituted or unsubstituted imino groups is for example phenyl,

35  tolyl, xylyl, a-naphthyl, B-naphthyl, 4-biphenyly], chlorophenyl, dichlorophenyl, trichforo-
phenyl, difluorophenyl, methylphenyi, dimethylphenyl, trimethylphenyl, ethylphenyl,
diethylphenyl, isopropylphenyl, tert-butylphenyl, dodecyiphenyl, methoxyphenyl, di-
methoxyphenyl, ethoxyphenyl, hexyloxyphenyl, methylinaphthyl, isopropylnaphthyl,
chloronaphthyl, ethoxynaphthyl, 2,6-dimethylphenyl, 2,4,8-trimethylphenyl, 2,6-

40  dimethoxyphenyl, 2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyl, 2,4- or 2,6-
dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylphenyt or ethoxy-
methylphenyl, and preferably phenyl, tolyl, xylyl, a-naphthyl, B-naphthyl, 4-biphenyiyl,



CE3 - Cl2 aryl uninterrupted or interrupted by one or nore oxygen
and/or sulfur atonms and/or by one or nore substituted or
unsubstituted imno groups is for exanple phenyl, 35idyl, xylyl,

a- napht hyl , pppagbgdyl , 4-bi phenylyl, chlorophenyl, dichlorophenyl,
trichloro- phenyl, difluorophenyl, nethy|phenyl, dinethylphenyl,
tri nmet hyl phenyl, ethyl phenyl, diethyl phehyl, isopropyl phenyl,
tert-butyl phenyl, dodecyl phenyl, nethoxyphenyl, di- nethoxyphenyl,
e}] Ihoxyloheﬂylh ;ﬂﬂmyﬂhanxly@he&vﬁhepmpghgramhﬂﬂuoﬁbmr aRshypagiyt, dynsthy-
chl or onapht hybherf, MeneHyRREN ethyipRebs, ety 8;5})5 iphenyl, tert—butylphen
3, L1 Tt by, Grdone FOURDR s G0l EREReRY

4- bronDphenyI
4- di met hyl ami Hg}?ﬁ)@ JI! 2a ; [é)g?rﬁﬁ'@ﬁ%‘d brﬁ@f"?ﬂ?ﬁ et H‘{/ﬁ;ﬁ'ﬁ"é’ﬁﬁ‘yb? 4- or 2,6-
et hoxynet hyl pH'@W?PhE”élnd preferably phenyl, toI yl, xylyl, a-naphthyl,
p- napht hyl, 4-bi phenylyl, PF 56985 8 chlorophenyl dichlorophenyl
trichlor OphenEl-rcﬁlc é]@lﬁﬂ(yptﬂm&ﬁged@'irﬁéﬁuﬁﬁéeﬁy%e &'nﬁ'@é B)Wg@rhﬁﬁh%r sulfur
trimet hyl phenyl, g %’{H@Q‘?}Q)ﬂmo | &b %’thﬂx tlt 8@@9@%&%% xam
tert-butyl phe 4} I }ﬁ? rﬁ’yﬁ
2,4,6-trimet h?( zcyd %}’ o %Cyﬂpe?ﬂ%r %\fﬁ)’l"l"per"
4° br omophdfy | ¥, methyleycahgiy! ,r%ﬁbﬁwcioh%mdletbvlcsaclo(sexy'o'@pmovcrl@mérwetho%-
012 cycl oal kytycmﬁhexyt dimettpixpayclonexyin tiethoxypiotieyy botyithiadycinmeExgl, e esBlo-
and/ or sul f ur heipBiBhIGHOE/cRReXYY dQHI@ro@icldﬁS@rﬁtﬂ &Hté%b'atééhﬁ&ie@ﬁr unsaturated bi-
unsubst i t ut edgig ers‘ﬁlf’fp§s hoﬁ?] m%@tm%e% 1%% PREIEY oyciéfid,© f&%g ]
el (R

cycl ooctyl, c dec c EL%

o L L

butyl cycl ohexymet W@fﬁ#ﬁ’aﬁ%ﬂﬂt Qgexyldh Y%*xe}&'ym'%ﬁéfﬁwexvi dichlorocycio-

di et hoxycycl offxxilytlichigsatyglopéritd.andlatshenepiurateridr onsatyated hisyolit system such as

di chl or ocycl| ofebarhyl ochiceidreengicycl opentyl, and al so a saturated or

unsat urated bicyclic systemsuch as norbornyl or norbornenyl, and

preferably cyéﬁldopentyl , cycl ohexyl, cyclooctyl, cycl ododecyl,

met hyl cycl opentyl, dinmethyl cycl opentyl, nethylcyclohexyl, 15

dinethylc?%lohexyl, di et hyl cycl ohexyl, butyl cycl ohexyl,

chl or ocycl ohek§i to sgingmbgrasidietaredyels ybvingidxygenonitvegenl apglensuir, atemslad so

saturated or unmatuptedieitdaiupted by onsyrsheav:syaharaifor BAITUD alt)s =6d/or by one

nor bor neny| a@%o?@stgM@ted bpun%uefsmtméﬁ%rnsgrdasé BrRN&hGe RAK] B

nltrogen and/ r%ﬁg [H(Jjo b%nzoxg?gv olnlt,ecrjg ed. ar |ph§rru l o
nore ox ulTura rlrs Zndr oF er&g{@ BPY 8‘?

or unsubst td’c’%w‘?yﬁﬁﬂd"‘ﬂ?%ﬁ?yf SHimeshy Ry et Wﬂ&!«ld‘m?tmydb‘ﬁ@ﬁyq'ﬂuom-

pyrryl, pyri dyfigyviinmedfoltyivohehdnisencapybhigghendootesibylyithiatiresyt!

benzi n1 dazol yl, benzothi azolyl, di- 25nethyl pyr| dyI met hyI qui nol yl,

di met hyl pyrryéxamasgwyafré%ln ieﬁéqeitQ yﬂébéhy ber¥s dyl,
TRt b o g G A
1, 1- pr opy? ené‘exﬁe'@ 21 3‘5&71 %‘ﬁ@nyE”ezzpﬁ“UbW'@W@nyfle §-2 ra@tyylé;fepropylene
1, 1- di met hy 1-ahg 22etmsther eh-butylehebBmethght5-pdntBene3B fideptyiena 1,2-

2- met hyl - 1, 3cpdapyiyrne, 1 Qcy&tobymtyiéns}%‘lprd?@&ﬂeﬁfl@m 1,3-cyclohexylene and or-
2, 2-di net hyI tHo ﬁer@{ ARyl ene and 2, 2-di net hyl 1, butyI ene,

3-methyl -1, 5, ppqugyly %@ﬁlylené q 1 &Rylé/ e]? ,S»ethyl’ene, 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,
C4-C4 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? to R? independently of one anacther are prefera-
bly hydrogen and methyl, more preferably hydrogen.



cycl opentyl ene, 1, 3-cyclopentylene, 1,2-cycl ohexyl ene,

1, 3-cycl ohexyl ene and ort hophenyl ene, pref erably nethyl ene,

1, 1- et hyl ene, 1 2-ethylene, 1,1-propylene and 2, 2-propyl ene, 35nore
preferably nmep Eﬁﬂp 1, 1-ethylene, 1,2-ethylene and 2, 2-propyl ene,
and- very prefera nmet hyl ene. Preferred_exanples of Rl and R3 to R7
are, independently of one another, hydro%en, G as al kyl, n-hexyl,

n- heptyl, n-octyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-
400ct adecyl, n-eicosyl, 2-ethyl hexyl, cyclopentyl, cycl ohexyl,

f%ggogﬁg y Int | crzr:bpaeql%@we,pumaeé%mmamehwes mahpeaﬁwhsopfn%pysaﬁg ;fgm rRZ
prefgrabl y hi%‘ﬂy[ rQ&b%tﬁggé % 5{93 %&’?&%& I m%gf&%ﬁ’h &Ogyl oses ofyl this
t ext denotes (FJR/‘F eragly ey sy putyly %ﬁ?’iabyﬁ"eﬁli’f)ﬁﬂ  etiiyl 3pd esAe:

sec-butyl ®8r @’@th%ﬁ!bﬂyl pref erably nethyl, ethyl, n-propyl, and
n-butyl, nore pref erany met hyl , ethyl, and n- butyI very pref erably

methyl and et Brdterred BRbn@SiERST ke (t) H@tm&hylmp%ﬁ@ﬁ-@fbﬂ 26rgiRlies of
al cono > (S (9 gfo%a I ofrx] %@ﬁ%@g&% @ i3 %n@[zoaw i rg?h bpi-opar gy

et hynyl cycl oh l‘}f’c' <P 5%” girol Hb W20 Srociytv ok aBE!WH"E"”S‘I or ding
t hei r nond® o?th@fylateﬂamq%fﬁy?%@%@f pfrefﬁﬂ?m?@i#? giveata 3- erepm*i-plr(erroeareyf@@m S

gi ven to 2- priogy2-bityolt-of, Srbufyardgel) andl2eroethyidibhtyn-2-dy wk thel-nalnp- or di-

3-but yn- 2- ol , etAd¥gHatdPrdduys - \%nbpbt-ﬁbﬂfar?pr@feren@é‘@ A hr8pyin- 1@'&90;3&%31] alcohol)

?:O et Bg%ﬁt edarmneciﬁ%so o BB dr Gl eI SIFHER déngr € Jﬁ%rppx gl 0
especi al pref 35% BOPﬁE?HFBECO Pl @f?cgaflf?d?% %?tsgﬁ???opar gyl al cohol, and

al so nmixtiPes thereof. 15 In the reaction step the esterification
wi t h (et h) acinyie reaciion dtep the gsiegfictierivijh (meligacnyliapsd s, prefdrathathedransf
the al cohol (ds)erikdtibn artthéaaarorm)artnarreésebraéabnéfmor(err@fdﬂ) aayeade (D)

t akes pl ace i r
(E) which cat@ﬁ%ﬁg@‘fﬁffffﬁfﬁégﬁffff@a PR e shanune 1) AaVE,
or es

(et h) acr Irc ac ers of (nmeth)acrylic acrd with a saturated
al cohol , %‘feferabl saturated C1 - Cdo al kyl esters or C3- Cl2

cycl oal kyl es@cer@umfs (Poreen b trasineeryiieccid, or atere opimethaacayiccid aiitti e setwe
C4- 4 al kyl retsti atcshayfpréferabl satanayddi & -8k slky! @8erSat O aCedydiaikyt d¥fers of
purposes of thef)dcRit aéT@fi‘ﬁb'?e RPN BPUE, k) BétQJs %f frickh) erﬂ%md.

(except of course for the C=C double bond in the h)acrylitc

units
) 25  Saturated for the purposes of this text means compotinds without multiple C-C bonds

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

Examples of compaunds (D) are methyl, ethyl, n-butyl, isobutyl, n-octyl, and 2-
ethylhexyl (meth)acrylate, 1,2-ethylene glycal 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 alcohals 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.



Exanpl es of conpounds (D) are nethyl, ethyl, n-butyl, isobutyl,
n-octyl, and 2- ethyl hexyl (meth)acrylate, 1,2-ethylene glycol di-
and mano(neth)acrylate, 1,4- 30butanediol di- and nono(neth)acryl ate,
1, 6- hexanedi olprdisggsand nono( et h) acryl ate, trinethyl ol propane
tri(meth)acrylate, and pentaerythritol t%tra( met h) acryl at e.

Particul ar preference is given to nethyl,; ethyl, n-butyl, and

2-et hyl hexyl (nmeth)acrylate, and very particul ar preference to

met hyl, ethyl, and n-butyl (meth)acrylate. 35 Were the stated

al cohol s are @pdrmgied df gnaaies E), ustliBy atdorlanSORhIREhed B Freitibst 86860%C
formor as di &5&%&@@:&&% (EIOXBUL B Sandidnoh the ONBUSAI fRInRe BOSHid! € O
use them as p%& £han @9&5@@0"51%@ aqﬁy%sﬁ%@sr c. 322 agé]argéel SdLer
m xt ures. rifi I O Fangese 81 P Fon with
2 (meth) acPyl € oy " [§P/0En P BV INgh they 5 Sherpiesl g eivEralli pmoo
to 80C, nore @ﬂeﬁéwﬁvfeaGrqf%rahm@aswﬁsierpreéfoep@tﬁayeszenct oeOEieralphF
56985 10 Exanpéterssssi(E€ndyresVérpatisgdrpteférancadcavatan Nevcwﬂhla 48%gipase

i nvention ar efréhQaRdi&eARstrd B) 6&%&%&%@&@&&%{; A Mﬁ&ﬂ spong
these especi abém%srnggat@ Hica D 7, bLBRIERRS ?% i, Py

glycosyla S§S %

formor in“a fOPm "4 %Or‘ErILF’e?ﬁ“EFEPﬁ ”%?SPSH?'ﬁrgﬁrFFS? to lipase

i mobi | i zed oﬁ'io”&cé%ﬁ'frq %Fafcti(}?@ftéffafblﬁyrmplﬁ%[@eﬁ@ esterases or proteases,
and nore preferably esterases (E.C. 3.1.-.-). Very particular

pref erence i sTigereyind Eorkipy OANGTRa4BA n{ehruﬁ%ierierénmn%ﬁéhg’@frﬁﬁlh@d&b hG@

) Or 1 pase {u05y bl kAEREH S REond TSRS SP. . Micor sp

Penicilli sp., I cum sp., Bur khol deri a sp.,

Candi da sp-., Pseudo- 10 nonas sp., Thernonyces sp., or porcine
pancreas, and r@gﬁ%@P%ﬁ'm%P%ﬁe@F%ﬁi{E@gﬂ?qﬂ\ﬂg%n fhedwwﬁared%ﬂ thaempentiota B

or from Bur khbt geayma celslystused enditsrastidtprand ot irefrequired cerwvetsioo randedtiowm i s
general |y in thhelcsimh ke faaosonalieus plfelablyaiddftéd By thueahgbdnverbios scth®Ry-t he
al cohol (O edmlyommonslc%mmeecrrﬁ@fretmnortrcrrﬁat%&e%@%&gan& AWeiEhet Ni NgS

on the t e@egﬁw&@?&d %ro&gl%r?c N \?glear}t I?S%,e&%fé%lly G egst%ﬁ ﬁerlﬁgr%?%%gr%bll ts

activity
The reaction & eﬁﬁt% § ‘?rgf)@feé X/até?féb?%ﬂ irpArio iaF a*t]‘i’f"ét BOMPBH §FRSRIABY att he

hydr oxyl f undegshpae. CT@ﬁrtjfni%é@C'Pfﬁ feriilais igloentialy fom)1 oA thours eoreferablg from 3
react ed, i. e.tp36heur$ enemore2fleferdbiytiiotnd ted4 hywts.oxyl functions, is at
| east 70% pr ef erabI y at | east 80% nore preferabl y at | east 90%

f
bopchal 2 acnE ot % 3} (lach o A o Pl nd (@ i
RN F-- i (M S AT i e N
preferably fréla Br exsplp, hﬁmﬂs‘iOOZ’StO'ﬂtﬂepw&@iy froen $1 tof 1: 1, merdrateraphyi c

aci d conpoundrofDB0:1(thasledndvery brefetamBtfidamiytoiier, units) to al cohol (O
(based on hydr oxyl groups) can be set within a wide range, such as in

aratio, r referab f.rom 50:

1:1, rmresfogre}? r?é’%{'o‘?' Al mc %Phjo?g%mf S&“’e"%s dnvﬁ ’%?Sgrﬁ tga mr“r ?ﬂ]af'ﬁn
to 1:1. 30 TR S?‘@&Et%ﬁﬁf@%{@dﬂr%@@éa splkenb T§a Rrte %S@rr%?ﬁesa"bﬁutmasateilres
t her eof or wifiep8livater{ie. dewsi tharo) %o frrederbielassthan §% moppedfaablpldsaitbant o
add sol vent . 1¥henbanchreferablydesgenar Bb% py sallond emvidtatlabyed)r ee of wat er

(i.e., less than 10% preferably | ess than 5% nore preferably | ess

than 1% ﬁnd SYifedbYe c%aﬁr cegoﬂm\t}é a ee‘t’ﬁgs IJA%Wn %i‘ &14% yurr})/oqsc-zéJ re?(an(")rples\/\@emg tertiary

added) . monools, such as C;-Cs alcohols, preferably tert-butanol, tert-amyl alcohol, pyridine,
poly-C4-Cs alkylene glycol di-C+-Cs alkyl ethers, preferably polyethylene glycol di-C+-Cy
alkyl ethers, such as 1,2-dimethoxyethane, diethylene glycal dimethyl ether, polysthyi-
ene glycol dimethyl ether 500, methyi tert-butyl ether, ethyl tert-butyl ether, C.-Cs al-
40 kylene carbonates, especially propylene carbonate, Ca-Cs alkyl acetates, especialily
tert-butyl acetate, THF, toluene, 1,3-dioxolane, acetone, isobutyl methyl ketone, ethyl
methyl ketone, 1,4-dloxane, tert-butyl methyl ether, cyciohexane, methylcyclohexane,



35 Suitabl e organic solvents are those known for these purposes,
exanpl es being tertiary nonools, such as CrC6 al cohols, preferably
tert-butanol, tert-anyl alcohol, pyridine, poly-Cl-C4 al kyl ene gl ycol
di -C1-C4 al kypretdwers, preferably polyethylene glycol di-Cl-C4 alkyl
et hers, such as 1, 2-di net hoxyet hane, dlqghylene gl ycol di net hyl

et her, polyethylene glycol dinmethyl ether 500, nethyl tert-butyl
ether, ethyl tert-butyl ether, Gar al- 40kyl ene carbonates,
especially prtmprjehermexmrd!imambxyme@ané:si.‘adiimylhoaae%a&,(asetorﬁisireearicmidgye—
tert-butyl acgaekermditifhasé alitteeetherdordit BhroBedRNRaged G @BRarate SRBLY! ¥}
met hyl ket oney,@f iylis B8 é/cl éé?@%fal%na‘]‘yg} LrtaRSetel Eot% icHBLiL¥s

et her, cycl ohexane, ane

di et hoxyrret. h(gcr’lsee as. Oggta?}rgr)etﬁ 853 5‘?1%dt ngce?fi}?etntzwe 458N esqlcr?é‘f?'éephase
or multiph 8 s eMAysen flsevansep s emmfeyaﬁbb@haaa%wa&a@ewewa%ﬁgpate

al cohol or wateperafipiat is |i ber at ed by neans of a binary or ternary
het er oazeot rope which boils as close as possible to the tenperature

optimum of thgg 53{‘5%8@ it mblyﬂ:ﬁadﬁla BARE sbi ntéo%vcﬁﬁlaﬁcnsotvgh@ tH@'¥b)Pan

t hen be renov

an option. Lt ?f?d“b%g SPar RS Qe et RO Rt VP SR e
sol vent s, 9he?‘l§‘i§9 FHERIRS H GIgoHy PAvaRIsAER WaIEr #1d| Alseaurayis r iy e 8n 10 to
sol utions, det¥moithyifers, wittea pil fnaakamploin el narge fronEsaet? oS, efchaqueioss
sol vent s ar e siah ehosahate alifted oaTRIGHE bufthr [foteahpleg. , 10 to 100 mV)
buffers, with a pH for exanple in the range fromabout 6 to 8, such

T 0
e onrer gf"a@?. WRIHEAH b8 TecifionT it Kherlid Blrgoq %"P%g%ef%“fa“*s
o e O B niecal eof iRl breB ot (1¥Be YA CBOFS pr ot r ool ent

(drying, water doping). The substrates are either in solution, in
suspensi on asTrecubdRiesare itheeimsblsiianninisnspshgion esaslido or imedulsion inlthe re-
initial concedtisradbdim Ofhetifigal E@RekiRNESofitiSe REQHRS BBlferbly hife AGKFom
from about 0.1 ﬁB I in ﬁé?tacgéfftrérﬁﬁl‘lﬁo i Q8 O s 6,94 m gpl/ L or

fromO0.2 (9520 e reaction can t | ace conti nuous I'n a tube
react or or in a stirred reactor cascade, for exanple, or batchvm se.
The reaction CEASISEOEARdRIQ RRFEiCANBNPUSER @ tHhesreatiproa il astied reggioncas-
reacti ons. Remde.derexanpleorbhickwiké.nd are known to the skilled worker.
The reaction preferably takes place in a stirred tank reactor or

]:jle:)s( Ie?eged r ﬁal% PhactidGantR2BhARR4H ItrHé(?orQ %mapg f@sﬁ&ﬂ'ﬁé’rﬁlgﬁg R@é‘%(ﬁrg of The
reaction dﬁﬁ%kmgﬁreﬁ(go toqﬁ qﬂ,\% g<8r iBe ‘e Oﬂrpéeff?rf’g)y%f( %ﬁaﬁi%es and
t he react ant Stgpdiagf SagpiEd® Xe p’@ﬁ?é%d or errul sified therein, charged
to the reaction vessel toget her if appropriate with nol ecul ar sieve,
and adm xed Wit Redchié RRRYENDEeSRRIAING Brpdesrbemsthads. TRdre IR neBdfdri ON
and al so, if s‘ﬁ@c@ilQf%h?&ﬁara@&eTﬁgreQﬁlﬁﬁn{eHmaq%b@ M,‘sﬁas% B3frd fy &he

reacti on. The acti.on |

oot od | 8o Phaserand e bqordpisond SisoNea! benat of v Bter Boeaine g : e
course of t héh%rﬁ?@%f’?%?ﬁ’ toqles i apprerriateaith raplequiar gigye: pediadsyired »wfhaihe
fixed bed rexonwie prepdration @bttt startiofthp resictinmednid yalsp at &nedbpviste horiermotord | zed
enzynes, t he tim@aatringnhd1iodtsarod the @é=gord TRPREhpbAREALIGNING tHRabatibn Raajused

W th the enzyiBe dblirckifevdl 8 RO BR, bPrafcRl Brylo@éﬂzd hltag HRAGLIsBR 1B @
fluidize 0 |nvvh|chcaseteenzyma|s used Thn"a formin which

1on,
it is inobilTZed"on a carrier. The reaction nixture can be punped

continuously through the colum, with the residence tinme and hence
t he desired d¥meethsranatidngs payriertoot ingl fixath bed tegctore said regétor ik prefdrahly

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



PF 56985 12 rate. It is also possible to punp the reaction mxture in
circulation through a colum, with the possibility also of
distillative renoval of the alcohol that is |iberated at the sane
time, under rpgdgsyd pressure. 5 The renoval of water in the case of
an esterification, or of alcohols releasgd in a transesterification
fromthe al kyl (meth)aciylates, takes place continuously or gradually
in a manner known per se, by neans of reduced pressure, azeotropic
renoval , absomEst |tirpisommssiblp & pinirdhe reactibndiiftiing 1 emulaticn thmendivasrdsnn, f or
exanpl e. 10Suwitrethe podsibilityt osof pistilpdRaet ey oftfiediealthat,is ettt &fe same

Si eves or zeofmhd, @.ﬁde{r\fédubeoapr@g{@ size, for exanple, in the range of
about 3-10 angst roms) distillative separation or separation using

appropri at s g mFaPBZ {Tbrane Yet _anot her gosm bility is to
pass the i A PurEE ot Slcﬁiﬁ ERETAY SR Aoblgwglsirplaases inairansy
al cohol , sai deﬁ*ﬁfﬁedﬁ%%ff@fﬂé'mﬁ'ﬁﬂﬂyﬁffﬂéﬁfﬁ@tﬁg takas placeoontipeuslipraseduply ine a
pl ant for t hemgnrepenoatiipensey by tneensalf kegucddrppdsalracazgbiadpdy; resoval abs@picause

it therein i rpeaRpestiay, bid GdsidViavhéhorameRl 1) @afpld ¢ aci d. After the
end of the reaction the reaction m xture obtainabl e fromthe

esterific ransesterification can be used f urt wi t hout
Further o1 £ 80 57 tPARRRS Ble, hefeRion” Mol i oy 65 Gt (VG Hbieri
step. Gener al'PREXpRPIS. 'Bﬁﬂfﬁi‘&%ﬂfiﬁ'wt §t18ﬁ”%ﬁ’@m@n@ﬁ‘r@“\{%s@ﬂarﬁ’%o“j%§%Pafatf0”
separ at ed of fusing@ppropriate senvpdronatié embrenemad t he reacti on product is
freed fromany organic solvent used. 25 The enzyne is separated off

general |y by bﬁétﬁér'p@&bn%héﬂf ;BHsL-,EH% lSCﬂ%éHfﬁiktL%%EfkﬁQmQ{ a@mrl ng- The

Fembval ol L g B h°F%5‘dg"%?9fF§%3 P etee 9o B PP on

rectificati orfferalbnorihe Al FEagp kot ¢ 1 EREE | tyiereh B@G@F@rffosvon with
filtration. (mehjachéc aeh-t her purification of the reaction product it
is also possible to carry out a chromatography. 35 Preferably in the

purification mepe eh®aNESleactio He rbARoR RBUIBMSRShIARTH BRY.sRAKEIH or
used, or jge t:%?ﬂ&é%?eﬁf &W &)nao(\er% &ﬁJ{tﬁ‘é‘\r'\nﬂh&ft fL,E'?ﬁErt J"u}lﬁt,%lﬁé'é &t  reqfifdd, can be

separated of f. f:} ﬁﬁ@ sgn conditions 1n
esterificati GHGE 7 @t%rification are nild. The | ow t enper at ur es
and other mld conditions prevent the formati on of by-products 40

during the réxoeiadnn awhiiidation gdy the bheymeiuse s justgepatatsd difdromekarsattion

from chem calmigadeaby SeSestiomprodudt BSrebd fréth ahMadHiesbehegeg.adi cal
pol yrmeri zation of the (meth)acrylate used, which can otherw se be

prevent ed Onl’l’%e Xzy%%qs sne%arsage%bdﬂj glenera]?y by filt ﬁ'atlon 8138550rpt|0n 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 salid reaction products, by filtration.

Far the further purification of the reaction product it is also possible 1o 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 example, 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.



13 In the reaction regine of the invention it is possible to add
additional stabilizer to the (meth)acrylic conmpound (D) over and
above the storage stabilizer conprised in any case, exanples of such
addi ti onal stpbgtéssers including hydroqui none nononet hyl 5ether,
phenot hi azi ne, phenols, such as 2-tert-RQygtyl-4-nethyl phenol or
6-tert-butyl- 2,4-dinethyl phenol, for exanple, or N-oxyls, such as
4- hrydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne- N-oxyl, and

4- oxo0- 2, 2, 6, 6-tetranet hyl pi peri di ne-N-oxyl, in amounts for ex- anple
of from 50 t onZ@0eagpnregiinecitiainsmgtrei ispossitid to addaddivhelrsidbiieatto e 1 s
advant ageous| (hetauiyic c@pdund {eovBF £REBER: 1A stoRgd BHBIRROLSMERET in any
preferably aikas@lex@nblefbid P98 AN HEES| cléﬂrqg{ tydRiahbie hE% me
cat al yst can t%ﬁerr ‘?—%R\’tﬁd Wt ouﬁ Qrgl égs Er q}@ ht% ielp(g Er%q%%,” 5If
appropri ate tRe rRECT [ BA PP SERFs e Y ¥ BE Y Phehgqr Pagr-outv
purification +ARIMEYRNeed fpraramRiansINow: Suph 85 4bydsey-2R-&Bitettagmettyh,
rectificati orpipeghineiatolpagphpxo-2.2 &8 tnanetwinideridionNexghiamgeusts for ex-
adsorbents, nenffle o fromasU 1l 200CREIA. The hksabibfMRatwA DA bsterificSiohiiPgivagaor
crystal | i zat i QBus&bnbib8edih SREMLsnBY St R eﬂwst(d%)@.rpBQEIQH]?QFgr éinﬂtrogen

(met h) acryl ates, ohtai nabl e fromthe al conol s y enzymatic
esterification or transesterification. As a result of the reaction
conditions of the invention, these (neth)acrylates have a DIN | SO
6271 col or nuifldiienalltheenzoe paklyst pan e refmeyesihtitol eraplgngoronFlie endpmor e
t hey general lugt.conprise | ess than 1% of by-products from
rearrangenent reactions of the nultiple bond, fromacid- or base-
25cat al yz i i ; f. ! Y rs
ontai ned T ThE GRAEHARal 1BPSXAIN A NS It ERMpARR R I
's that on acCBTAP htEleD; Pelglenc s Eeatmr e A RPN, LR O
advant age i n CeREergIosispls eatpbaddia an/y akelineurashing sirippinp epsrydaliza-
mat eri al s, sitmee, 30 on account of their |ow inherent coloration,
they result in reduced coloration of the coatings as conpared with

N b Che s e BiesOi IG/ANKR Tl By IE 1O RRat s BB for SRUCHAE |
exhi bit ver y?ﬁf %énggrﬁ%{cc_eﬁiepgcsaﬁ%q %ggg?es},?\é\;ﬁc&ﬁ%n;és aé?‘?é‘ﬁf’@h? reragéq"scioﬁﬂbe,
elasticity, 38Rl hedResiio thesh MeshacTHs s Bansia DIt 130 82 H) eples pHBBerdslow
substrates. 1haPHAerralpedlyyelow 88s Ewthernidr thehgeriersdlh bemprise éass thas 1§ afan
be used wit hbaguainétademasarmREENERT Badliont ONBOMIEHIS bbid, from acid- or base-

pol y( et hsaciykpt&bsidd reddioheact i ve diluents in thermal Iy curable,
radi ati on-curabl'e and/ or dual -cure pol y(neth)acryl at es.

Pol y(met h) acryl ates of 40this kind are suitable, for exanple, as
bi nders in t ﬂ-é? AaYanipoe g e (reethiagpficastesnekiaiiedn disgyayduageoriane Widhe ng
conposi t i ons peselssadf e inventaiie iatesacceuny of theidoy keltrauadieebey e, beasdd
al so i n seal aith advanfge BR8fngb4pplications and particularly in clearcoat matsrials, 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
manomers 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
alsa in sealants.



The present specification accordingly further provides for the use of
the (nmeth)acrylic esters prepared by the process of the invention as
reactive diluents or binders in radiation-curable or dual-cure

coati ng mat erpPrbsggspreferably in topcoats, nore preferably in 5
transparent clearcoat materials. The (ngyh)acrylic esters prepared in
accordance wth the invention can of course also be used as nononers
in polynerizations, together if appropriate with other polynerizable
nmononers, such as (meth)acrylic acid, (meth)acrylic esters, styrene,
but adi ene, acthel rossett spkeaficativmydcoringly Atrther Provideasybrihyer wselof thei®eth)acryiic

4- hydr oxybut yésters prgbared Bethe @focbbs\dr BelifvaRtBANs dhctifeQliu e tirdiers R radlav al
cure” nmeans tfalo,lpR of A cHY BRI Ha‘?éri?ls%r@fﬁr%ﬂ ?rptjogcotag(.aﬁ'ip@r{%é/fer%&g g th
actinic ragi atFa'nQ;?'renAclt'rma ra?qf 2 Jgi)?rt %%t e urE ses’' of the present

i nvention Treaps. &l Qé??%ﬁ%éﬁré TE"r Lt (gPmiendt esiers Sreppier B) aeorrigiee Wiy
radi ation or %&{NKEREoN eANRIEPPE FIsARE Ysgd iPa MoBRMera icPopyaietizadiansatagether if
radi ati on suciPrmpriae wih piher indvneszablbniRadiess, soh-as methjaerylid aviter s ar e
those which oamthipryieesters yremapRadiénea&ryIbhiGiel Al atdtR8 NFndRHoRe,
above, in pardjyeix ut}byinﬂ%%ﬁomwi!ﬂ?{foﬁﬁgﬁi@é,'fé?:%xar{mg present

speci ficatdon further provides coating fornulations conprising the
20(met h) acryl,jc_esters obtainable by the process of the invention.
The (met h) acr 1§ CUEsmegns,at g Fogling [RateralAre cirable hiewralu endnith aaiinic

t opcoat nat erpddtion. Aginiorasiation for theiptrppsestdf ¢l peeseptrimyeaticninesans elsplesi al | y
their | ow colnmynetisbdiationtsheh #s wisstde light, ypadialicd oa Rdayshedpadiigtivordatisred

cl earcoat s i snppatildtehdiabSParh 36 sieti® et h) acrylic esters (F)
obt ai nabl g by the process of the invention a radia- tion-curable

component Sz”wi&%“%réﬂ?%bi”%%ﬁ B ufict 28T b Lo RECIG e e
mor e copol yméFiiginsP gbover Rypaiaweryineanm std\iredietien. gr oups, 30 (H) i f
appropriate, reactive diluents, (1) if appropriate,

phot oi ni ti at Ghe paseht 3pciatich f@er epvitat @atirgUsrhiRiionstosbasilg 16@at i ngs
Free radi el [ DoRFICERRoaRaldy ORIRS of REVALNER. B Felniaeryic o
bt Tenat s e B lTREY BAR i SSIRO ST oA BieRalk it B shhel il e
56985 15 ConmBGRRES ERyecaiehBF loweribnymig i twe Hapresainpog adiaton-
(et h) acr yl at&ee gapeeatels praserradi cul ar pref erence being given in each
case to the acrylate conpounds, i.e., to the derivatives of acrylic
aci d. 5Prsf egeggbs\hd\Wetifhdralc o8 (ENE AN AR By Rl &oEé%gBﬂHgﬁer(t@\ a radia-
conprise fr Omrchh'Qmez mp%giﬁ n of the invention may also comprise the following components:

(G) at ieast one polymerizable compound having two or more copolymerizable, eth-
ylenically unsaturated groups,
30

{H) if appropriate, reactive diluents,
(1) if appropriate, photoinitiator, and
35  (J) if appropriate, further, typical coatings additives.
Suitable compounds (G) include radiation-curable, free-radically polymerizahle com-
pounds having a plurality of, i.e., at least two, copolymerizable, ethylenically unsatu-

rated groups.
40



erably from2 to 10, and very preferably from2 to 6 copol yneri zabl e,
et hyl eni cal | y unsaturated doubl e bonds. Particul ar preference is
given to such conpounds (G having an ethylenically unsatu- 10rated
doupl e bond cé&nrtesds of 0.1 -0.7 nol/ 100 g, very preferably 0.2 - 0.6
mol/ 100 g. The nunber-average nol ecul ar q4ei ght M, of the conpounds
(G, unless otherw se specified, is preferably bel ow 15000, nore
preferably 300 - 12 000, ver referabl 15 from 400 to 5000, and in
particul ar 5060'“9%16%)(@/%Preééﬁ@'ywvb?tmrﬁ@apwdw (MeHv3padate epnpounds,

chr omat ogr aphyartisiilan grefrsenes tbping givers inaadrasads teethel atrgate shydowtisiian teetbe

el uent). As (naivhijvesbidcatieadenpounds nenti on nmay be nade of
(meth)acrylic esters and especially acryllc esters and al so of vinyl
et hers of pol e gse 20 whi th
than the hgdrgiﬁ?ﬁﬁ'\fﬂﬁ% he?ggé)d?rpeltr@acﬁ)gagﬁ%g oun% (ibl?com%rbsg fr8P12Ct ]28 %
all, conprise® ¥ u?)?” RfEablpiron ¢ &b ¢qpe H‘ST'%ablen%tf‘ﬂ%fécaW“”’

bi f uncti onal %ﬁt%ﬁéﬁgubl%mﬁs .as ethyl ene glycol, propylene glycol and
their counterparts with higher degrees of condensat i on, such as

di et hyl ene gl yﬁ'ﬂéuiaﬂpféf@éﬂ&?éh%n% )f@dﬁ'comgélﬂﬁé’?'h%ﬂﬁg erl¥tﬁ913mcally unsaty-

tripropyl gge glay Lbl@}j&wco cif031 bitbo %@Epen anedi ol ,

1, 5- pent anedltg% § ane

neopentyl gly F aﬂ“?é Pat ed phenol i c corrpounds such as et hoxyl at ed
and/ or propoxyl ated bi sphenols, 1,2-, 1,3- or

1, 4- cycl ohexahediunsehavecige nadlaroolaoWagiWiMnlmf the bompdundn@)i unjesebthkhviee or
nore, such asspgtifies isqrefetably BEbRYE QDD PP praRrablilB0aN @2 DO® very prefarably

E“r lpfeﬂ;: 223%ﬁ:m}gﬁ‘@%@%@@@%ﬁd’ﬁ%%ﬁ%?o@' t30b8EhRY O LEER gel permeation
al koxyl at ed %h&h igﬂhgg;%@éfwl%en %@?ﬁ%ag'é% Eﬁ@% oﬁ?% %ﬁ) 9&'/1% 30l at ed

al cohol s. The al koxyl ati on products are obtai nabl e conventional ly by
reacting the AHEED)NGIE edraParndhmeantiop mayibe maieleldmethdanndic atbry apd kgeene
oxi de or propydigasyimdsties arbresodd gingetrefs dl pdigxydtiandl aloints, edpedienyibse

group is pu efwehicddtver A hydRxd Qrotps Bomprise H@%unafonbx S WH, r @R I35
may have beerbomﬁh@é%ﬁg?o% Wéxgmﬁlgs b al?&ﬁmlsq clu%lalﬁ}f n%ﬁ apéﬁ{:oqsé sda‘ﬁ

th | at
ot ey B ETARE G Eirpéoeﬁ?@e BHER FIEP FoLEt e P Bghey RGPS

of pol yest er sleasatigmeug) %d@ﬂwlaa%ﬁlh@hénetw s glyest, dirsryfen glycol, tripropylene
(et h) acr yl atgisol ei®, 1,PF1, 5608 3-kfardiiakn Geentamalio), dri-insanedil, héthyldls or

pol ythi ol Ha6tabéddlhaBEertyTBIED, wowfa%&&ﬁqeaél@fce FeBinds Naveadethoxylated
nunber - aver agaadlgpé)r@ﬁox {ed msgﬁgn’ols rﬁqpﬂfcgggg Qéfngetgérg)é%%;)%l% W ﬁar

f 750 1
ot o1 y 3 mf&f@& %'Pfﬁecﬂﬁ '%ﬁ? 5H%n%§ Yaﬁfﬁwm W{j’ RieRapeByiag féo trl-

det er m ned b
standards). me hylolethane, pentaerythritol, ditrimethylolpropane, dipentaerythritol, sorbitol, manni-

tol, and the corresponding alkoxylated alcohols, especially ethoxylated and/or propoxy-
30 leted alcohols.

The alkoxylation products are obtainabie 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)acrylates, for example, are obtainable by reacting polyisocyanates with
hydroxyalky! (meth)acrylates and, if appropriate, chain extenders such as diols, polyols,



The urethane (nmeth)acrylates preferably contain from1 to 5, nore
preferably from2 to 4, nmol of (nmeth)acrylic groups per 1000 g of
uret hane (neth)acrylate. Epoxy (neth)acryl ates are obtainabl e by
reacting epoxpPeessssith (nmeth)acrylic acid. Exanples of suitable
epoxi des include epoxi dized ol efins or gkycldyl ethers, e.g.,

bi sphenol A diglycidyl ether or aliphatic glycidyl ethers, such as
but-anedi ol dh%IyC|d yl ether. Nblanlneyéneth acryl ates are obtai nabl e
by reacting n¥PEREHEOVATIRCY RReioEqrPPivBiokei d or the esters thereof .
The epoxy (nmeth)acrylates and nel am ne (neth)acryl ates preferably
have a nunberThedDetastar (agth)atbliass pefegbly hiWe a admbcr-avaraglnsiar vl M) of
more pref er abjapm E@Wzﬁ@@o ti ér@cu%%malra@{o TR0 VL Y P& s,fe%;cw s %750

to 3000 g/ gol 4, E ﬁerrﬂmeége%el ﬁé"rme |onf8%61ayd%rqph%ﬁ§ %po?ys%ren% {an-

1to 5, nore %r%aera rom

(et h) acryl at * el am ne (neth) acryl ate (as determ ned by gel
permeati on chromat ography usi'ng pol ystyrene standards and

t et r ahydr of urre wshaieyseth)acrylesAlréforably cbradih @omri@o 6anidre pasi@ably from 2 to

(met h) acryl atgsnol Eﬁﬁiﬁfhba%hﬂggrgﬂpsaﬁé‘?ﬁ@(ﬁfg aruﬁeftr%rnahha«mfa&,?@el to 5, in

partlculaqofromz to , nore preferably 2 or met hjacrylic groups
and, with ver R@[ 3 \Rgref rence, ‘_%met h)acrylic groups. 30 The
nunber - aver a Srgy'a tal\ﬂab'e(W AN RIPH AR (MrNaT e PYY-at es

is preferabl ’1&‘6@?3Ph%lﬁa@@emﬂx@ﬁmﬁ'mudm%e@ﬂl@ﬁrﬁm9lvti@é§th§haﬂg 1500
g/ mol , very prisphencbldighicieigistiich analigbic glynioyl efres, slet @s butasatid igiyeikiyl
per nmeati on chetiggrat ogr aphy usi ng pol ystyrene standards and

tetrahydrof uran as solvent). 35 The car bonate (nmeth)acryl ates are

readi |y obt al gst er i | on_of. carbonic. e
pol yhydri c, %’fﬁ%m{aﬁ%gﬂg °e Ob (ﬂy §866E796P‘§13mi58 g ?rhegﬁ V\féﬁ %Y
and subsequer?{ ﬁ@ﬁ%?@ﬁftl on of the free OH groups with
(meth)acrylic acid or else transesterification with (nmeth)acrylic
esters, as dabeepbedmbtiaceitssng mebnER (heldacides frbfesabiMavak Smber-
obt ai nabl g b)évérﬁ@&ﬁqbﬂgwa&ﬁm%ﬁﬁom YO@R 2090b,vAdrb %%ré(m} np%d'tbydrl C

al cohol s, e. 005'8 ;J:_S r‘yl &ng %R{'ﬁ%h‘msﬁp tg) 50 cg,l tflie alpountt O\b m& h %ﬁﬂﬁt Ive
i

di | uent s (co EOEdﬁgﬁﬁﬂg pwg% rqmpg,ow@r bqoﬂyﬂloéﬁli’@%l ly

cationicall y
unsat ur at ed é'BHb aphyiste oramiaming GuAth)a@Esata s determingd bines) peeation dhoomesd

i ncl ude Cr C2@ogmaphy lusitgrptiyshaareydtaidesis and eyaretimiain Seilsmyi ng up to 20
carbon atmns, vinyl esters of carboxylic acids conprising up to 20

car bon at ons, ‘Stsmqb?erﬁ r&@a@@%&hﬁécﬁlﬁ@s %lln;gr'isk ?i)isw aatvé ée %rg}er [yaoo)@ | c

al cohol s con‘g $ g

acids and thé&f v 'y Hr 80 2 ta Agnole prefsally.2 H’y:g ?%'ﬁgr‘h’a%?%“ﬁthﬁ?ﬁ/ 2
to 8 carbon apaargrierencs: 2 mefbiabtks eupds. 10 Preferred al kyl
(meth)acrylates are those with a Cl1-C o al kyl radical, such as nethyl

et hacr ylaat e ThéRirEr-adérayd MbiBeuldd walghdil, éf@l{eyéa?éoﬁate%gm ac@%’féél éat e, and
2- e:E Eyl hexlyl @gré(ﬂlyai'egﬁ th édbﬂ%ﬂﬁ 'r%f‘g preferégly |Eé‘s ffizh %fOO gfmo[ ven}/ preferably
(meth) acry aﬁass thah 306;‘ gl?nol (%s determlned 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., hexanadiol) 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,



Exanpl es of vinyl esters of carboxylic acids having 1 to 20 carbon
atons are vinyl laurate, vinyl stearate, vinyl propionate, and vinyl
acetate. 20Exanples of a, p-unsaturated carboxylic acids and their
anhydri des i npFeessacrylic acid, methacrylic acid, fumaric acid,
crotonic acid, itaconic acid, maleic acig, and naleic anhydride,
preferably acrylic acid. Exanpl es of suitable vinylaromatic
conpounds i ncl ude vi nk{l t ol uene, a-butyl styrene, 254-n-butylstyrene, .
4- n- decyl st yr 8¥@ble ggrgtivastiluends (epmpounds %)bﬁ@?dﬁ@ﬂ&ﬂn@m@ﬁ fieeriapicaly oar e
acryl oni tri | ecainuicate phigoenzebiaicompdugds having oy anp bibgewfallg undatisdted wa-ny |
et hers i ncl udeolymenigdbig@otyy! et her, vinyl isobutyl ether, vinyl
30hexyl ether, and vinyl octyl ether. As nonaromatic hydrocarbons

having 2 tg 8 . . ol efini ¢ .doubl e bands .
R i e
propyl ene,  anI"94B{R $A EaRen aiung. ¥ '“Y'?SLFI;’EPF FEboRyliRcds cBMPISINg Hp e 9O car-
N-vi nyl f or manfaetony, gihrenieally tasatudaenitiiasdying ethens pf deghoisicamprging e 10
phot oi ni ti at orasbofilajomst, o FunEassatdd erdoaylicseidphat beinathyaddessank RipMatic 0

the skilled waehkRrbortkthafing FBMESo BREMEN M¥mBBAY Pbi bdiRleYoRds.©- 9., those
in "Advang;s in Polynmer Sci ence"&I Vol ﬁrre 14, S]E)I’I ngerdBerI in 19|74 or
in K K etliker m stry and Techngl o -and EB- Fornmul ati on
for Coati ngs,g’rﬁél@d ﬂ%&%ﬁ’ﬁf%‘?t%@ﬁﬁ@seﬁ” @%T‘g‘f’ﬂ liradicsh Sughgs estd  pp
56985 18 Radi®aihacaiie.cagivbasiateol-PHikdcaiats. 6yl goryiate, amd 2agthitiend aged. ) |
SI TA Technol dgt¢- Lt d, London. Suitabl e exanples include nono- or

bi sacyl phosphi ne oxi des such as Irgacure 819

5(bi s(2, 446- tyRi I j I ; s described for
exanpl e i 1n‘:§5EF!-r1 RQ@ESJ(% QE%%E%%%&Q&?%%%%@%Q%Jﬁta%iédf% 751 or EP-A

615 980, exanpl es being 2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de
(Luci ri no TPEFamEien i viry ostgys P??WH&?@@@%QWQ&H@@ CAR HRMA aievinyl lau-
benzophenonegatenyjit Bgraieetion Aenionsie, ang Meypgbegigoxyl i ¢ aci d and
derivatives thereof, or mxtures of these photoinitiators.
20 Examples of o,B-unsaturated carboxylic acids and their anhydrides include acrylic acid,
methacrylic acid, fumaric acid, crotonic acid, itaconic acid, maleic acid, and maleic an-

hydride, preferably acrylic acid.

Examples of suitable vinylaromatic compounds include vinyltoluene, a-butyistyrene,
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 isobutyl 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, propyiene,
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 Technalogy of UV-
and EB-Formulation for Coatings, Inks and Paints, Volume 3; Photoinitiators for Free



10 Exanpl es that may be nentioned include benzophenone, acetophenone,
acet onapht hoqui none, nethyl ethyl ketone, val erophenone,
hexanophenone, a-phenyl butyrophenone, p-norpholi nopropi ophenone,

di benzosuber oRE s648aror phol i nobenzo- phenone,

4- mor phol i nodeoxybenzoi n, p-di acetyl benzgne, 4-am nobenzophenone,

4' - met hoxyacet ophenone, p-nethyl ant hr agui none,

terbbutylanthraqU|none 15anthraqU|nonecarboxyflc esters

benzal dehyde, RadFaheRdaioaic Pelyrieraliph e KahQidrian éed.). SITA Tec"‘”c"ogy Ltd,

2- acetylphenaHFﬁP@ne 10-t hi oxent henone, 3-acetyl phenant hr ene,
3-acetylindole, 9-fluorenone, 1-indanone, 1,3,4-triacetylbenzene,

t hi oxant hen- 9s@ele @kﬁ:ﬁﬁl@@ﬂcl@d&ﬁ&o— 8 ﬁ}saq |ﬁ&¢sﬂi{r&é$}¢d&é§ﬂétﬂ%ﬂ@acure 819
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O i e M SR G
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1- acet onapht h acel ona cyclo exa I
2- hydr oxy- 2, é) ?o’na ‘15’”8 e g'wf)ezlng ong, Eﬁ?féﬁ W %nophenone a-phenyl-

2- phenyl acet B ”929“2“0 hafinpgsopiophemman PlbapeophsFRIR ofrnorpholinobenzo-
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di met hyl ket ad-metharpdchioplydnens, G-m4qahedrtisguitoné, FEresuiaias@ione,
tri-o-tolyd pmﬁﬁﬁd’f@me&%& I@'e@t@?shﬁé’rfiﬁlﬂé}w& IRefhiones- acetilphenanthren

2, 2- di et hoxyag c!x SRLRNS 3-S5 R aRn ARG IR

ketal 2- neto $#¢93 no ropan-

ant hr aqui nones usoﬁ%ﬁ ngn E\ 5 Derigifgant en-one, xa”the”‘g“"”e-

2- et hyl ant hr gq{]plmgﬁglthl%ap@p@a@a gmlthlpw on@ﬁékdnsopropylthloxanthone

1- chl or oant hraddichiontsjoxantong! Beamzbin depozaroisehutybetter2ct BortptentieachiepinenzoiAl SO
sui tabl e 20 e tetemyebbwsyNgh@l bdnuih YrtHyPathed heRRSH ethy ietheA befirtfutyl Bfer,
phenyl gl yoxalgeg ik roﬁy}’&ﬁer At-b Qﬁﬁsfﬁrrhé? ethé‘r %z@ ﬂaﬁ ra%@n 7hpe, DE- A 109

o ﬁ?ﬁrgiyvfe?%@m A TEPSen R SR LA SLo BICRRILD oxdes.

is al so possi‘H ?Q?”E@Ee?ﬁnﬁtw@grsd@%m@e aPhYBe ot ?ﬁetq"aP'B?@e The
phot oi ni ti at driengericybehaxged-oh Rdwerowy-2,Raintthizcetapiienonasi iZhdiraethoxy-

phot opol yager i2zgehpaceppbeune)2,2-0ikthblyes-rengiatorhbidie, ﬁﬂiﬂﬂﬁlo@écé& m I ar
type, for ex H&Lcﬁe 1 E))Eir XGRBRpheh oAb SRORRNEhY ARbRyIKEt], %wy&
phOt oi ni ti at gﬁ@non n[Bw IosPIRmef irl—egqﬁ&n‘gphme benzéxfan&racene; dgome i at or

m xt ure. enal Ll zer
-d:ethoxyaceto enone, benzil ketals, such as benzil dimethyl ketal, 2-methyl-

-[4-(methyfthfo)pheny!}-2-morphohnopropan-1 -one, anthragquinones such as
30  2-methylanthraquinone, 2-ethylanthraquinone, 2-fert-butylanthraquinone,
1~chloroanthraquinone, 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 ar 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.



non to use dyes, nore particularly cyanine, xanthylium or thiazine
dyes, and as coini- 5tiators, for exanple, boranate salts, sulfonium
salts, iodoniumsalts, sulfones, perox- ides, pyridine N oxides or
hal onethyl tripzeseys. As further, typical coatings additives (J) it is
possi bl e to make use, for exanple, of antioxidants, oxidation
inhibitors, stabilizers, activators (accelerators), fillers,
pi ghrents, 10dyes, devol atilizers, luster agents, antistats, flane
retardants, thickeners, thixotropic agents, |eveling assistants,
bi nders, antiAloaamceifartegs 812028 of RphboktamesS, Vviscosity nodi- fiers,
pl asti ci zers, iR gheloinftittoROcon @RS sérishiedrcbin@Ete) mixte ha kbiEizaa0B It & -
conpati bi | i zegs, to.use F{%ﬁﬁ%k}%ﬁic&f&m@ﬁiﬁ%&Qﬁtﬂﬁiﬁmfo?fr{igzﬂgg. . r‘?c{ etgsegoﬁ\'ij-r €
t hat can b usc?odlnc eitl otogm , .zm& octoa e fu? I N
laurate and TSI EEIRpEEraso%| S 3 §ifeniumsal idpwim satss ylipess, Berayd
one or nore pA%t BeiBARIN@des cahelpoethyiiasinasl |y activatable initiators,
such as potassi um peroxodi sul fate, dibenzoyl peroxide, cycl ohexanone
peroxi de, di -AsfutthddUydidal EkiRge AitvaZORi iS F@s@l@mw FrRRé Ldd, toP example, of anti-
cyct ohexyl sul eak, Bl inRElR sBEiizoA ol LRARLARKIASY ARIPOBALRS,
fert-but ylm pey gé:tdoat]ag.!.or ?engrgl naco zimg al S0 rgr exar’%l‘ . those
t her mal | y' Bot PVROEHTRTHT 1454T BPL AT EHF I 4/8° BIdRTS: i enely UBHECRF
nore than 10PBi§rIeveling gegisiagtsgbinders @nifpare frasprres. sdpriants, viscosity modi-
hydr oper oxi délersdplestisizbrspleekifyingl ezsins (tockifigrs) phelbtingzgante pr inlpgliciizers.
pi nacol s, avail able commercially, for exanple, under the trade nane
g\ggl 5 gog ;;;E%Mﬁ@g@{acpélérafmg_ Pt’ﬁ)é#rﬁa%\‘l@r&!rﬂh&g:aﬂ% REhQXdedR SctodtdCh as
4- hydr oxyj- 2, %@@E&;F %t @gﬁg{m&%ﬁeﬁ)gﬁr&ﬁz 8’9 & %&%F}C’%ﬁ?[&eﬁ Furt her exanpl es
of suitable thermally activatable initiators are described in
"Pol ymer Handbi®aie poszible tegdd ong ¢rayor@piairesemisily avd/okthers@inGedtivaiatie ini-
t hi ckener s bdistods sudhras @otaeshinn pbloyodisutaip alinenesyi garckides O)cRbExaMeisSparox-
i ncl ude cust odR Hite@b AN HefoxRd JadobRisBEUR rEnitB] @Klgﬁ@zﬁulﬁ#!ﬁf&c&ﬁ peroxide,
hydr OXymai_ﬂhy|0‘ﬁ§dp¥dﬂ>blcb%?ca§ion9(@n;eg-@hlgﬁ%rcictoate A a%gﬁé‘a%(éﬁl: le,
agents which can %e ysea. | Pq%lgu ﬁaé t“é Fse I am .Faageésﬁl,,({cE Cl ] Bd
salts thereof SRdH1a 2BIVGIRE GRS Waigh fays ahafliq gl 8&{3??&3”
silicates, elQHsi¥shpedinduyl pareddes surnmediveraprexidsy diryay gppsife toptyl
si licon tetr ®etheordatiesiylated pirmcdleraysisble chmowrciady liosaample,| undéerduestrader t h,
talc, alum nuamsiADMBIEES froMBGALRE!, UifyBiok{1Cakt&iRing BRlneINIGRIdEaS duemad es,
etc. 40 4F %%é—te%gmethylpiperidine-N—oxyI, 4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl

efc.

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 hydroxymethylcellulose or bentonites.

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

Suitable fillers comprise silicates, examples being silicates obtainable by hydralysis of
silicon tetrachloride such as Aerosil® from Degussa, silicious earth, tale, 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-Spezialititenchemie),



and benzophenones. They can be used al one or together with suitable
free-radi cal scavengers, exanples being sterically hindered am nes
such as 2, 2,6, 6-tetranet hyl pi peridine, 2,6-di-tert-butyl pi peridine or
derivatives thResgss, e.g., bis(2,2,6,6-tetramethyl- 4-piperidyl)
sebacate. Stabilizers are normally usedshn amounts of fromO0.1 to
5.0% by 5 wei ght, based on the solid conponents present in the

formul ati on. Exanples of stabilizers which are additionally suitable
i ncl ude N- oxy"l’rgi,be ZAPHenpRes. They can be used alone or together with suitable free-radical

4- hydr oxy- 2, 2scgyegaenst g@mpteh peipd perdady mederedanyihgs such as 2,2,6,6-tetramethyl-
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4-tert-butyl Mﬁmmxy-22mﬁmram%vlpibm1qdephem l4;0%0-2,2,6,6-tetramethylpiperidine-
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t he al kyl r adtleabytylohench d-oalnhBeatbidylpltinblf (BIeebuty PREEsS) or 4-tert butyl-
i ndependent | \2 Gadiméthyiphehof; gniehes aluetids hy@fduRenSsrmadBilindhb adRo@Ethyl

br anched, 1shy®tr@x>élrcﬁﬁane%ﬁme§%& 25 N %ﬁé Ry hNﬁ'Ju%éa/dﬁ UJP iné! "hgnyl-

Vs
e et eno SH A i e it e

trlphenylpho ne

sul f ur corrpof?gﬁ:'se d?h%rkFL':Efé r@ch %Eiﬁp?’?téléf bio 4FRehopkRmS, ARRLbe Stigight-
exanpl e. ExaffiRer Benahesitnvamxaniprsssuch onal N drpthvlbxnnawlawnecmeaberefa-
mat eri al s ar gves28uchiy uR@-or Rida, phospreraddoynpdhds Xkh aspipengibRdphiab) v
50- 90% 2and triphe@plidsphiteddr trielhytphaS9htd Yor WETuE Bmpdufdls, Such a@gl&enyl suffide

preferably 5 ¢ 0% ¥RE & ably 10- 40% and 1h particular 10
30% by wei ghtOrp '8 SOOﬁ&gﬁQEerably 5-40% nore preferably 6 - 30%

and in parti cul ar 10 - 3030% béh‘ (1) 0 - 20% preferably 0.5-
15% rmore pr SXAPRIER §f typical copppsi afquﬁadﬂﬁélpﬂﬁéfﬁlﬂafﬂa@”alsg% by wei ght, and
(J) 0- 50% preferably 2- 40% nore preferably 3 - 30% and in

P ) R A ey B L B R0 80 Rk oo
80% by weight,
(G) 0-60%, preferably 5 - 50%, more preferably 10 ~ 40%, and in particular 10 -
30% by weight,
(H) 0-50%, preferably 5 — 40%, more preferably 6 — 30%, and in particular 10 —
30 30% by weight,
(I} 0-20%, preferably 0.5 ~ 15%, more preferably 1~ 10%, and in particular 2 — 5%
by weight, and
(J) 0 -30%, 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.



The substrates are coated in accordance wi th nethods which are
conventional and are known to the skilled worker, applying at |east
one coating material to the target substrate in the desired thickness
and renovi ng BRpesss atile constituents conprised in the 5coating
material, with heating if appropriate. This operation can be repeated
one or nore tinmes as desired. Application to the substrate may be
made in a known way, for exanple, by spraying, troweling,

kni fecoating, brushing, rolling, roller coating, flow coating,

| am nati ng, i fjesbsiortesrae keatddin Bgecondancoelit metbodsrwhichlraee coadnitioggal and are
thickness is goneraihkgkilgs vorkeipplying afeadd 6hd codtidmALN tcthe Bargd Sub-
preferably freamdf i tHhkRss 4 @HBfiﬁbeén %%Gﬂa QsRfubms @orﬁﬁfs@@ﬂ fd
coating Su?Stéo%Eiﬁgs ‘é@}iaﬁhwi%on@ﬁn' Ses 2 E%Hnéot € icoatlbnaja ma% férl al to
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beams or by UDUE{HEEF ESSRdPPFIOKp e vbeirala mashiarde iae kngyewat &5 v,
under inert ga@Mplef byaiRmYEEr rewaling tknfesnasiog.dirushing, ralfing, coliehepatirmy @dw ofat-
the drying t enpearaihating, injdSion backatthirgi o Bodx@usidn. TReEaRY Bickidae sigher-

drying, dryi ngympy raabsforh ais&_s@k@m_o%z@aam%f@ébwr&ﬁgfﬂ Rloighfe, Whi ch
refers hejg to el ectromagnetic radiation in the wave engtr? range from

760 nmto .SFLFWWE c@rg{}fﬁe#].ablc% fror]p 900 tob‘51500 nm 20 Wiere two or

nore films of FEHEEERG @ Eﬂﬁﬁﬂ:’%‘ﬁg Synstralss v igfcomRsigerRe Yine disheort-
it is possibliag Fgieridieihe cuiireiegng satngtlt iarpopride cqutnd ibwigdelgnjron heamsdr
and/ or NI R drhyiUigexpaslire acteatin oxygenous tmosplierapp peferatiy, enddrineAphed of
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me- 25 diygn pressure, and hi gh-pressure nercury |anps, fluorescent

t ubes, pul sed, | . et al lide |amps, electronic f|as
| notal 1 i onar 8RTio Bihdatad S ietal TR oo Py B e plads By meane st IR
or excimer sdafieios. wiigltfelers R RiRsHgmre el ediminn s Heqvayglergipeass Eom o
hi gh- ener gy r88inattp 8i9,nm, peeferaitli/frera @D@itoi 1600 om- dayl i ght, preferably
light in the wavelength (X) range of from200 to 700 nm nore
g(r) Sf ﬁ:n ablﬁo L NORBra 8 dr thordfms tm thé‘B&htiH@Edfnd%ﬁ&n aé%pﬁfe@laloé ohé Qlﬁgéiﬁégt ltggs _
150 to 300 KeyT Ve ekl toatlo'cpe Rl BRRIGeCH SR Al el NGRS o8
hi gh- pressur & PB&'H@P%’EWOH“Q%S, | asers, pulsed |anps (flash
l'ight), hal ogen | anps, or excinmer sources. The radiation dose
nor mal | y suf fExemnplas offsoitabie ragislianrdouregs fonratitorcasieg ntiuddMoeiprdsBge) 1Bed N
the rangesf r nBpreésdre3 AROnBRLL&BEIre Berclily 1drSpsOfiucheém Rt SRIBPRRIR! e to
use two or npte, m@e%p%“e[g&%mgsﬁ iRL aI%thrlsr\ghicheallgw’raéiét%hncﬁr\{r\n.\J’ltg four-
These spurpeshq&%.t.atl so each emt !E I fTerent wavel engg real ons.
401 rradi at i oR"TRRMBE" QRPN SHIEes: RAGFGP 694t 2FcPmpPlished Aneentuee tor
oxygen as welhigh-esefsn radiptiom dies Udradiatien pr dpalichh torades e fight inftoe wavelempthe.
Sui t abl e | ne}) rargsesirom IMLIDT 00 pmefnereadpdfyrabin frbm @Qe by 50001, an@AHe pref-
car bon dizxi @eb@rirof0I50UE 1O, IR BE BombdrdrAdtt @it ABh-ERergbisQrohdfefRetrbif
56985 22 beams; 150 to 300 keV). Examples of radiation sources used include high-pressure

mercury vaper 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/em2.

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 oxygen as well, such as
under an inert gas atmosphere, for example. Suitable Inert gases include, preferably,
nitrogen, noble gases, carbon dioxide or combustion gases, Irradiation may also take



place with the coating material covered with transparent nedi a.
Exanpl es of transparent nedia include polyneric filns, glass or

| i quids, such as water. Particular preference is given to irradiation
in the manner POe8e8S bed in DE-Al 199 57900. 5 The present invention
further provides substrates coated withga nulticoat paint system of
the invention. The thi ckness of such a fil mto be cured as

destcri bed can Fbe fro to several preferably from1l to
2000 pm norepﬁ?ee‘f"g}t t'f‘$6‘ﬁ5‘9 a'tCBVSI%‘@‘thg}Fﬁ"SRPé?@”ﬁF’@f'i’fﬁ’”k?*eéﬁfy from
10 to 500 pm UHEAER metia hdudeolmenadine. dzss 2Elusin such ay waler. Grtichlei r
rel atively | oweteodnoe isrgiventdieadiatznii the mghne desdrieedinDEpATF67 900.
accordance with the invention can also be used with advantage in a
thermally End i

N s L P
prepared in accordant@wi th the invention include for exanple Cl -C20
al kyl (meth)acrylates, vinylaromatics having up to 20 carbon atons,
vi nyl esters Bfe thighrisex ¢l such adlinds be owpd s dasgrihed cko b Goro &rienuEtoaes-

et hyl eni cal | yerainsrat prefatadi it 1 tot2e80 i) mork p%‘fdﬂﬁﬂ;ﬁfr&@ﬁ@ﬁﬂ@b%ﬁh@ér‘? ref-
conpri singp 1 ér@blﬂ-@orﬁaﬁlﬂtpgbo%p%ﬁd lnad&%c@lkllfmﬁﬁdt‘é gfnocar bons. havi ng 2

to 8 carbon atons and or doubl'e bonds. erred (nmeth)acrylic
acid al kyl esters are t ose W|t a CG-do al kyI radl cal, such as

met hyl net hacf |e§’t°2thef’ré ?fVF'VM%H'%‘P% *hEhUTl?Eh%‘Hry“aéFtﬁ'lsé’t’%’are@t‘%%mrdaﬂce
acrylate and ‘¥ éh%ﬁé@“%aﬂ%ﬁo keeysied with sdvontegrein adBermalit ihguché figk-radical)
acryl ate. |n (papdlyroerzation. M xtures of the (nmeth)acrylic acid al kyl
esters asiswel |l are suitable. Vinyl esters of carboxylic acids

having 1 to %a%fe@%ﬁméﬁéﬁﬁ@s@%& 9 @é@gglnsn%hggh it %%%é edfbilele.
£ 8

st ear at e, n S UI

vi nyl ar onat i caééedgﬁggcr%%n%‘ﬂﬁh g r\yia pfngﬁug]%{%exag\peg(g Yrene,

4- n- but y| st yriBREYD acwfﬁie%éwﬁr§wt@ﬁ@wn%uto 29rcarbep atormp, visyl oster 6f carboxylic
35Exanpl es ofacitscpinprisingaipdo 8¢ cgrbamatoms, lethyenidallyeinbaioetet oivil¢s; vihg ethers
Exanpl es zf stibketiddiscovipryihg @ty GrtivhetomsNyd A1kt hy@bdelons Vb 2 to

| sobutyl et NeJ pardnYdmd WiHl or &ldaglle 8OfsVI Nyl octyl ether. 40 As
nonar omat i ¢ hydrocarbons having 2 to 8 carbon atons and one or two

olefinic dougae bonds nention my be made of butadl ene, isoprene, and
al so et hyl ené, epreiIeinaerdigeid af lﬁsgﬂ%%thosw'ﬂs%@s@wzaﬁwa@'P%cﬁyemﬁs
met hod, thougmﬁffﬂvd)meﬂﬂh@’ylam yreidracryiabe, nprughacrylalg. eyt berflete)apd branerest i s
that of f 252 e -alkgicd ecivdtives such Bb 2—¢{i@theR@ layietel zation in a sol vent or
diluent. 5 The free-radical (co)polynerization of such m)norrers t akes

pl ace for exgump esence
pol ynmeri zati on %rﬁ:ﬂa’? rﬁ%ﬁ%gmﬁth%ﬁmgthjggwcd%v%%l ' ?%gel ar&ﬁ%‘?P& under
pol ymeri zati on conditions, exanples being peroxodi sul fates, 1-1202
redox systeny eri’ffsrﬁwf@ayb%ﬂp@ﬂld@lé@msm 20 garborestbmb atayfbr dxpaiple pyidai-de
or cumenesthy datepatyDstealate, Jird propiamgy: end vidyeadetstd.pol yneri zati on may be
performed within a w de
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, viny! 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 butadlene, isoprene, and also ethylene, propylene
and isobutylene.



10 tenperature range, if appropriate under reduced pressure or el se
under el evated pressure, generally at tenperatures up to 100C. The pH
of the reaction mxture is commonly set in the range from4 to 10.

Al ternati vel yPEBRE885c0) pol yneri zati on can be carried out in another
way known per se to 15 the skilled workes, continuously or batchw se,
in the formfor exanple of a solution, precipitation, water-in-oi
emul si on, inverse enul sion, suspension or inverse suspen- sion
polynerlzatlon In the (co)polynerlzatlon t he nononer/ nononers is/are
(co) pol yner i z&feggnhgethed drouglp nobisie ealy o Foy iapRingtstoh(colvelyingtsds tat of
exanpl es bei nijeearadica onjooia iagpometibation ¢eksalenwroridinient. f r ee radi cal s,

such as 2, 2'-azobis(isobutyronitrile), 2,2'-azobis(2- anidinopropane)

hydrochl or g dey fre%brédlcél‘ééaﬁﬂ g(-n%{[z MRBP&QJEPH@H&H F%(sﬁ%laé%rfordéxg EX' su ch

er oxi des, suc er
e Lot t- butyl SWSRA SWUPORIRES Searks p R TE AP, "%‘8&5 Whigh Hskdown intd
tert-butyl pefeppdicaleymier priwpiBatcs co ﬁ-ﬁﬁ?@ﬁ?%%\fﬁ%oxo@ﬁwﬁteésﬁoz
25di (4-t ert - ety gyglehs pekydrixy percaidys] isocrdsderabudy! hpdrofreyakidepe comertets/-
The stated cofrpsaitiise, i ex@INe Tak (do)pofR@rizaiod ey bOpdRoRheAUitMPAFde
sol utions ®r RRAPEANRE & 1°f'a8|5'r§ rlatt@&depﬁeﬁuceﬁ‘ﬁ%%é Blaéléé)umdgﬁélagted pres-

d db
et or m ned Vs GeAIAN I chloo Al &Lt 1 holc TSR EDIS el it s oo o

the 30 respec‘?‘?’i}%s"ﬂ&FB%[ﬂ‘?Qe W“\ﬁé?é@. Exanpl es of conpounds whi ch can
be used as solvents or diluents include water, alcohols, such as

met hanol , et hilealatively the (co)tyntedipatioo ban e catriedicg b ah@halway Rhowaied BE So
such as agst QR skilft MGk RbMHuCHBE S BBiIchWiEE ik fdﬁrﬁ&&@ﬁarﬁﬁue bﬁ@&ﬁmfoéh

T YL o<t oM redifalint WL indh LRI FMGE: erudhint SRLoL A MQARLAE <50 g\e“ts

such as, for exargﬁ 21 %% IS 1 SoMer M Xt ures

and sol vent néoﬁ"rﬁ Pt/ %% ne preferred enmbodi nent the nononers are
prem xed and initiator together if ap- propriate with further

addi ti ons i s Intheddh)pyraergafiondng memdngrimonomeén &/goa tco)polyhnariteg using fred0
ferred entoodirssitd pbigmeratan ibigatols exdMpRe b2idd 84, cofPbiirids Whith Ibyeak Bewei n
on page 10, n'1t8§'e§ratd9:ais'éiﬁh 242 2. ?z%béfs%ﬁﬁ Bhtrie ,Z?éa-gﬁé:b‘?sr é—grtnrdmto opane).
(CO) pOl ymeri %’Ia cfr;lo E% g%B a e { ag rﬁ f}:( | O % zatlon
fequl ators, g; SRS BE o8l S el LI LI
and thio conp$ Eﬁﬁtoaé“y B e>ﬁdea§rv! B PerGrIges. Foh @8 fRrany! FW)&@P%@? iafkylasyd
ethylacrylic perKiges Suefeasdapbulit feyoxgi2;sthihesanpeiepraspyticabomtésosycbidsane,
dodecyl nEr cajit-adti-butgdycoHaqt yloxymRiaeraRita or hpdrogdrds@del, et al
hypophosphites, for exanple. In the (co)polynerization these

regul ators Caﬁ%e E%te%sc%%poun%rs ars genBraﬁy ude i ATRIAL 35 s?queous 0 Lokor aqueo%

by wei ght,
emulswns, the fower 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 inciude water, al-
cehols, such as methanol, ethanol, n- or isopropanol, n- or isobutanol, or ketones, such
as acetone, ethyl methyl ketone, diethyl ketone or isobutyl methyl ketone. Particular

35 preference is given to nonpolar solvents such as, for exampie, xylene and its isomer -
mixtures, Shellsol® 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
1o line 24.



100 parts by weight of the nononers to be (co)polynerized, and they

| ower the nolar mass of the resultant (co)polyner. 10For emul sion

pol ynmerization it is possible to use dispersants, ionic and/or

noni oni ¢ enul BFBé#ass and/ or protective colloids, and/or stabilizers,
as surface-active conpounds. Suitable sugh conpounds include not only
the protective colloids that are normally used for inplenenting
enul si on pol yneri zations, but also enulsifiers. 15 Exanpl es of

sui tabl e prot kapRromsiatedhe ipipslymeezairecandieyigndnpied n be Rssence cbpolvnera-
derivatives, tandegdiaigrspspch a$ hdoxglacawpiuinsiitg coopeted imgdrecarifoms and thio
exhaustive deemmpiopndsomohfasfteﬂ—bthﬁ meScdptaaphRgPcdit 8cd btifaciileotefts r’r@&ﬁpbe

}‘\/ggpg mlo Pegbrg@@mmImer&@tda%%n%{ox&mwgédrmﬁfﬂnemgﬁheﬁen ﬁ@éé&{fﬁn

op. 411 tOH 42@' %Fpﬁ%}é\nﬂfpggk%%g [Hes for %%pl{: l%tljxe?}lgggfn§ menz nt%sle Srequq' ?rg‘
and/ or pr ot ectnPg et Ifﬂledgm@ " 3?‘%‘5“%‘5”8?@&0 O}@s"a&lbg ﬁ’@igE’aH?S:? i is
preferred to 1¥Padsby waihier hearamprisite e (colmnymeried] anditiay lowsr éaumelar

wei ght' s, unl i kesstditeeenitantiie)pmoicect i ve col | oi ds, are usually bel ow
1000. They may be anionic, cationic or nonionic in nature. As will be

appr eci at g4 '}Eor eﬁwuﬁ%ﬁ%ﬁ%ﬁg %E‘W? pH?é[ﬂ?@tomséhgée%g%\g ioRid F@Sﬁrru%% ve

subst ances,

one anot her %Llur% Y ‘W?f“’(t, YHhe 33% aB%"o%%lzeréa"ﬁ Sﬂgaﬁ?é:[‘,‘f@e??”ﬁ’g‘?”?@ans
of a few prel imnary tests. CGenerally speaking, anionic enulsifiers
are conpat i bl uitable Rushmemanatds dxivde dotwintyliheyontiedtive colleits st Bieemanalifhe
same al so appjsbeﬁ:rtrmalaﬁéritiﬁ@iamu:eiew‘:aylﬁérﬁéﬁonsmeam@n@mmi c and
cationic esqulsifiers 30 are usually inconpatible with one another.

Exanpl es of e, et hox te di - and
tri-al kyl phe?\é;%h% gun?yé Bm%‘ ﬁ Cfg% Sm‘?‘l‘(dflpoy&ﬂy % @fsz”‘%ﬂg)[sﬁg at ed
fatty al cohol®% ﬁ‘ﬂY'P%TD"@"FSDTH@'“QaH‘)R?)Yme’?:e““t% giive AeReTPHPS o Tathea |
met al and anrRviigpreigrtive colfoids| dey be fayhd nttoubéralMeyll Mettssdeme@re;msﬂwen
sul furi c nondestes, solwne KNG hecydnateedliaatdayopiden Gk g(TEHEmanNiekisg, SRutigart,
100, al kybg GCheb,bplR)to 494, iadiked wéc%dqhﬁ%tﬂ&eééﬂéﬁﬂlaﬁe%dk? el €)

and of al kyl G L:ﬂlﬁldfs Qa4 %l?dﬂgé gssed(fé &%Je{sa% it :Q pr%ﬁ d ¥J u'éé E%SIV%WGWS =

emul sifiers,

Fouben- Wyl . Kb PRGRRIA N oG MRS U PR oF f RIGHECING Gplpids, e usu-
Macr omol ecul Y Bejow AR Shevat k- anisnisneativeie pragniogicin nage tAs vilbea appeges
192 to 208. CcAkedSGO8&ce28ary vaepusisg oixtufesed b)rfeee phbibve gulostarices, thah the indi-
di spersi ofss  afdRalltoligbydntsd Ahph@i@GEYSrRMEnbihbY, SorfbtSRPVBLIPASasdbtidelinar e

enpl oyed as %gﬁl g N&ﬁ?d eaﬂm Rk %:lN pggl{rry rlla% %19 u(%&gka‘ﬁ*f eakid %ﬂ%mc

di spersi ons. esters
prepared in &EEGH 'aﬁr?é%g‘?ﬂ‘qqri ?I‘?}é Pix @T??']QBH”%‘?"@ 'i?é‘bﬂ'c 5@861 tionally
be subjected to chem cal and/or physical deodorization. The

copol yner s olfhasaadkiso applibs tolvatigrnednn) sty Wherees sradric gndeptidn@tnisifiers

accor dancg Watréwusllenytm@mpam@w%he%e%aizkéfn@@é/& c@stélﬁ‘érﬁ‘%h‘nﬁl@i‘f&’rs iffide

33'33. gggbg(r) \A{&&r@dh&é@d mdf%@s&? nls 865 525 [ ED aﬁg,%otoc pethoxy-
e 12y glogh E% LIRS I e L

with amno r
£ilmform ngMasiinhaslts afaleybeitipten (ot G ikl Feuripmpmestegs it atfoxgited

675141. 15ThelkgpbariolsgEGaniks: Bad $000EIkEINE: (0 Bvgni blkylstdforde sdidst(akyleCatd h

particul a5 prsd) anheoiyrsififoridacids (alkyl: Cs to Cis). Further suitable emulsifiers, such
as sulfosuccinic esters, can be found in Houben-Weyl, Methoden der organischen
Chemie, volume XiV/1, Macromolecufar compounds, Georg-Thieme Verlag, Stuttgart,
1961, pages 182 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.



exterior coatings, i.e., those applications which are exposed to
daylight, preferably on buildings or parts of buildings, interior
coatings, traffic markings, and coatings on vehicles and aircraft.
The coati ngs &F&688)pl oyed in particular as wood, paper or plastics
coatings, for woodbl ock flooring or furristure for exanple. 20 The
invention further provides for the use of the products obtained in

accordance w t tion as an.internediate for ht o

el ectropl ati- ns aa%‘g? f%‘g’[ﬂ’a @ fercopBInge JFRRISERS /AT ?‘éry[?ﬁg’@ﬁ'@f'é?ﬂ't”‘e
relative to tRERSTEPSpYBERRESTHIoVEd ?‘ﬁa%ﬂhés't%n@/@ﬁtf?%ﬁSFW‘?W’W@Q%‘M@W

i nordi natel y dieparsitise for this application. 25 The process of the
invention allows the preparation of (neth)acrylic esters (F) in high

chem cal agd $ rﬁér'ﬁﬁ.pé/rblsrhé*n%féh gtﬁ)rac ﬁi;ﬁte%) béréc? SicBdMEhne huit Beod

col or nunbers; | C_acl
conpounds, th'@"‘?f 'P?rgd’ S%‘? c{(ﬂgﬁ?a} 85?13? OC& C@Eﬁﬂ@tp@ SIGah 2098 h

hi gh sel ecti vi&" and are subst antially free from by- 30products. The
exanpl es which follow are intended to illustrate the qualities of the
i nvention wi t hieldopoliawe \setainabie Sith thel(ne@)actyiic S&terENRpRLe § fadrignck With hi s
?g?gm&lﬂ; b‘i@[llg't%é%v%ﬂ%ﬁ'géﬁ& ly el ma%ee;y @@%ofopmpﬁaep%ﬁ:rh% Q&Qntageou |
avail abl e pro {”ﬁm Q’§ IE édeicgae%)%cgﬁg? %Je?lre Hﬁ% reaoﬁeﬁ "ed 'M%E%CXQ
m xture of m%sea'ﬁﬂafmmé%%xfyr SEEWepPYH & avlaﬂweemfeqm crow'@éﬁﬁs
Exanpl e 1 Triamyestesing.fas dasdariber iof ex@oirlsdanbF &36WE onWEP 1678141 er ent
excesses of nethyl acrylate 0 OH + MeQLi pase + MeOH n = 1-2 Gol panol

PMVE Go' pengl (The ddMing(rBatemsll of tfe0dveRbn Me5uitDaKMAR pititllarMRlidh¥hceds oy Inat e,
25 mg of No- exterior coatings, i.e., those applications which are exposed to daylight, preferably on
buildings or parts of buildings, interior coatings, traffic markings, and coatings on vehi-
cles and aircraft. The coatings are empioyed in particuiar as wood, paper ar plastics
coatings, for woodblock flooring or furniture for example.,
20
The invention further provides for the use of the products obtained in accordance with
the invention as an Intermediate for bright electroplating additives. Their color number,
which is reduced relative to that of preducts obtainable conventionally, makes them
inordinately suitable for this application.
25
The process of the invention allows the preparation of (meth)acrylic esters {F) in high
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 llustrate 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.



5 vozym(r) 435 (Lipase from Candida antarctica B), and 1.0 g of 5 A
nol ecul ar sieve at 40C for 24 h and the conversion was determ ned by
means of gas chromat ography. Anount of nethyl aciylate [mmol]
Conver si on [ cPH5885100 40 100 30 100 20 99 20 (no enzyme) 10 10 92

10

15

20

26

Example 1

Transesterification of Golpanol® PME with different excesses of methyl acrylate

0 , 0
ésg\”{lo\v/p%?OH'FMao’ﬂ\¢’9 _EET?_h- ésk\u%’o\v/”i?ozu\¢¢9*-MEOH

n=12

Golpanol PME

Golpanol® PME {5 mmol, 501 mg) was shaken with methyl acrylate, 25 mg of No-
vozym® 435 (Lipase from Candida antarctica B), and 1.0 g of 5 A molecular sieve at
40°C for 24 h and the conversion was determined by means of gas chromatography.

Amount of methyl Conversion

acrylate [%]
[mmol]

50 100

40 100

30 100

20 g9

20 {no enzyme) 10

10 92

Example 2
Preparative batch with Golpanol PME

0 . o
\\\’PO\/\}?OH'*'MeOJv — \\PO\/ﬁ?oJ\/ ¥ MeoH

n=1-2

Golpanof PME

A 4 1 round-bottomed flask with top-mounted reflux condenser was charged with 1377 g
of methyl acrylate (16.0 mol), 400.5 g of Golpanol® PME (4.0 mel, Hazen color num-
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, 8 mbar), According to
analysis by gas chromategraphy the degree of esterification of the alcohol was 99.5%.
This gave 557 g (93% yield) of 2-propargyloxethyl acrylate as a clear, pale yeflowish
liquid having a Hazen color number of 79 (APHA, in accordance with DIN 1SO 6271).



n =1-2 Col panol PVME A 4 | round-bottoned flask wi th top-nounted
refl ux condenser was charged with 1377 g of methyl acrylate (16.0
nol ), 400.5 g of Col panol0 PME (4.0 nol, Hazen color num 15 ber: 47
(APHA)), 800 gFée6sas A nol ecul ar sieve, and 50 ng of hydroqui none
nmono- net hyl ether and the reaction was ignitiated by addition of 20.0
g of Novozym(r) 435. After 7 h of stirring at 40C the solids were
renoved via suction filter. The excess nethyl acrylate was renoved
on a rotary Z@ﬁg@ﬁ—eﬂfor (40C, 6 nbar). According to analysis by gas
chr omat ogr aph§jeacHen eiempamvkaicassk eri fi cation of the al cohol was 99. 5%
20 This gave 557 g (93%yi el d) of 2-propargyl oxethyl acrylate as a
clear, pale yellow sh |iqupd havi Pg a Hazen col § nunber of 79 (APHA,
in accordanceswith | SOl[62£1) . “P3PF 56985 3+ React i on of
propar gyl al c?\r%r/ﬂ g?megﬁhr + al cohol (g\aﬁmﬂ, 295 pl) was shaken
with 50 m®l of nethyl acrylate (4.51 m), 25 ng of Novozyne 435,
and, if appropriate, 1.0 g of 5 A nolecular sieve at 40C for 24 h and
t he conversi i a} S
the ¢ mnversﬁfg}@g\%@ég hﬁ%ﬁ rﬂn@gié W gsg. Een%ﬁ sl Y ALty acryiete.

(4.51 mi), g of Novozym® 435, and, if appropriate, 1.0 g of 5 A molecular sieve at

40°C for 24 h and the conversion was determined by means of GC.

Molecular sieve  Conversion

added [Ye]
none 58
added 95

10



28 The invention clainmed is: 1. A process for preparing a
(meth)acrylic ester (F), conprising: subjecting (C) propargyl alcohol
or a nono- or di-ethoxyl ated product thereof, or a m xture thereof,
to transesterification with (D) at |east one (neth)acrylic ester, in
the presence of (Ma |lipase B from Candi da antarctica, wherein the
(meth)acrylic ester (D) conprises a s&Burated Cl-Cmal kyl ester or
C3-C12 cycl oal est er. of ](amet hiacryl Ic acid, and the nolar ratio of
the (meth)acryli H%‘feélﬁlc(tb? - on (meth)acryllc units, to the (O

propar gyl al CO*IO'A?'roéei@ﬂﬁ' leg;aﬁlinlcghftﬁaefth%e@dm@aefm fh%lﬁof or a
m xture thereof based on h xyl "groups, "I s"from 201 to 1:1. 2.
The process &im 1, wherein (© is propargyl alcohol. 3 The

process of f' ZISC CtIfE(€) prb rg%?{)?rgoﬁspoaarmaﬁgt mfy‘é@ﬁ ?rc?d”“
propargy

conprises a diet {%ng%r ’o % th $*The
process of clai mtgrl Hpél‘ﬁl 1h afleastgmeg l‘élﬁ sYNEiestan éh of the

al cohol (O is QZHewremxcmof(EBa liﬂmerﬁcfnﬁﬂSCahdrdcaamdrch@erel n the
(neth)acrylig, g (D corrprl ses a saturat ed Cl1- C10 al kyI ester.

7. The process o cI el ac | i (D) is
conprises a C3ﬂ€1 @11%5?11 |eS£%1:[QP Héﬁ ag S¢ CIO 8. The
process of cl ai iKY \iselePh thg:lmﬂ: FSHer © 391'3( iCylic
ester (D), basedacml @met h) acrylic units, to the (C) propar gyl al cohol
or a nono- or fie ﬁicﬁllﬁi%aﬁbeélf Rh@%!ﬁét(ib@fyqflf estdr (fD)n BadecE obher eof ,
based on hydr oxygmgf%eg,hé Sudif Mot écieﬂl‘oimrg ?Ico BE gcess of
claim1, which i$s co 14 P%é‘ en %
mono- or di- et oxylated product thereol, or a "hiixture
thereof, based on hydroxyl groups, is from 20:1 to 1:1.
2. Theprocess of claim 1, wherein (C) 1s propargyl alcohol.
3. The process of claim 1, wherein (C) comprises a mono-
ethoxylated product of propargy! alcohol.
4. The process of claim 1, wherein (C) comprises a di-
ethoxylated product of propargyl alcohol.
5. The process of claim 1, wherein the degree of transes-
terification of the alcohol (C) is 92% or more.

6. The process of claim 1, wherein the (meth)acrylic ester
(D) comprises a saturated C,-C, , alkyl ester.

7. The process of claim 1, wherein the (meth)acrylic ester
(D) is comprises a C5-C,, cycloalkyl ester of (meth)acrylic
acid.

8. The process of claim 1, wherein the molar ratio of the
(meth)acrylic ester (D), based on (meth)acrylic units, to the
(C) propargyl alcohol or a mono- or di-ethoxylated product
thereof, or a mixture thereof, based on hydroxyl groups, is
from 10:1 to 1:1.

9. The process of claim 1, which is conducted in the
absence of a solvent.



