PF 56985 1 Enzymatic production of (meth)acrylic acid esters

Descri pti onPE%?& present invention relates to a process for
preparing (nmeth)acrylic esters of alcohols having CGC triple bonds,
to processes for their preparation, and to their use. (Meth)acrylic
esters are generally prepared by acid- ®r base-catal yzed

esterificat geinphic pgdag&t]&)j%(pwéth)%c@@g gipLidcansesterification of other
(meth)acrylic esters wth alcohols, or by 10 reaction of al cohols
with (nmeth)acryloyl chloride in the presence of bases, (Meth)acrylic
esters of aPe¥ieli® having C-C triple bonds are known in principle. In
the conventional esterification of such alcohols with acids, for
exanpl €, 5 acyils b BEUH fileitlof oialeE AL hiRBSs BIRERI-AL [ ethRRARE @kicPBRofs

the triple bond, ad neverthel ess t roduct ~15 m,xtures which are
usual 1y"i noRBGEnEa00e BEIRLI0 retres PLRer PR g e F S| ar v o
what is the case with the mgration of C C double bonds as a result
of allyl resstinacgenedrs atehyenérally pleparee bpacid- dribasd-sytalgsed sstaaiitation of
m gr a]E e (al &ﬁ&’éaﬁjaé}{/lﬁcf‘&% 5r8BhsestMOATRBE dther! (%%EFﬁédré@te's%%Swﬂf aIEJHo%f ki Rd
are often equi, |br|f.|rr|1wre\’z?}l t{o ﬁ%) Reqrc n em%gt rZS t% ace, for
exanpl e, by ﬁ?tﬂngﬁgﬂ cﬁ HhieHY Y {'Fol "aRESFEes, %\eﬁzed by
acids or bases (Houben-Wyl, Methoden der organi schen Chem e vol.

V/ 2a, Thi eniMevdntraly esid & alqmgz haging O-C fiplesbanes atetknofvn tirhprihciple. In the

aci dic or bamyeMORaRaIERton BFeuch RoRID ARG s, f BRmolb S NI e
heir dey i Az bt aapecsfineg Bl e HRiioh oo nernderchefodit

mi xt ur e!5 byMeffuses Whigh areriserlly dxormpgenasys. or ableggisgnstionalysetorad. and

i nconvenient. In EP 508491 (Wacker Chemie, 1992) 2-propynoxyethanol
was ?Z eotr ?@ihﬂé‘ﬂlﬂ 1% vt Blthe celsk Qbth\d RigRtibly bi @»Oa&i:ugleii:l}&n&@é@@ Ft%uﬁéf F:[liiyl
azeot r ope . ) i c - r

1200 t ho. exaiaiusnitht heCLUpE Lindh o ts o &7 b (kB e
out 30 vi t HANRAEsD. RETEFEoTRS thAERO dressionieauiipim reaglions. Rearrangement
2- pr opazyy | tekepatidngl foaexaphme, ey wwegratiur effanedionloy catiost ard iatatelyzedlthy acidgave
a pal e yel | §wasés PrLOSBHIVeyWEihodsh &2 YUrddnRbibn EHEMIE QoICRS8, Tieme Verlag
base- cat al yzad LIAnR6% Sl Jeeat 4i90s DBl Y BLNSI6S oAb ol i EL 2!
conpl exes, for' 'exanple; for €. sane I eason, & produtts are. > e

mi xt ur es MP%U%%Q@%'CM RasiG cpdifigpsdle darmapyPredic 6@ Alpnasrang thairgeriva-
renove col divas)i whiclahaveindenereotegdromethe reastion mixture, by nistibisa oy extactiar, k

up the my oduGdn Beadth=R8 incBivaiRanNs of costly and inconvenient
al kal i ne washes. Thé preparation of acryloyl chloride in the presence

of bases is |likew se known: 40 US 3, 254,115 (Thi okol Chem cal Corp.,
1966) descrin BESIBAR! BYagkar Glandn. §P2p¢-oipaynpryethanst yauezeotrppinallyesissr gyl
al cohol andiedavityilaoplic adid Bribidene ddwzeomdpl fydier, itht datzdisitytyeatilfivs aoid) Ghi-
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-propargyloxyethy! 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 wark up the product mixtures, by means of costly and inconvenient
alkaline washes.

The preparation of acryloyl chloride 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 acryloyl chioride. The catalyst is triethylamine, and



PF 56985 2 the solvent used is benzene. The product was distilled
under reducgdégressure, with a 60%yield. Harvey et a]. (J. Am
Chem Soc., 85114, 8424- 8434) prepare propargyl acrylate 5 again
from propargyl al cohol and acryloyl chl®dride. The catalyst is
triethylam ne and the solvent used is dichloronmethane. The product
is extracted a unber of tines Syc- cessi. wi.th HC , NaHCCB, and
unt or v ¢ DeGOREErA bateSH SbaPRHS oS B RACHy S P OHEE PRSP RSV S an
enzymatic eﬁ@%wieﬂd cation or transesterifica- 10 tion is known. Kumar
and G oss describe in J. Am Chem Soc. 2002, 124, 1850-1851 the

|ipase- catg %Eg’f %O(UV%SC% Yol 1% |8'4g«?'82349 gpééa:gf‘\et ﬁrgpé‘gﬂﬁ:@la&w

reactionwt (5? rrg onv | qu by
means of th@gaé'b fpfcl?af%’ %F an v @0 'é%?itﬂﬁtgm‘% HE'@'”\‘?lWIt e
al cohol | i begheanédsddys dichintbmanirant; B Rrbduct issstracted eoumbdrief limes aisuc-

acet al dehy desssibn Qhith 2] NEHT®;, ahd WateSwili #08%idie that vi nyl
nmet hacrylate, as a specialty nmonomer, is expensive and is available

conmer ci al I onl uantitie

doscr! be. | n'18 GEMAISTSmet A oSy o enfismalissertirseR puocadica
ficati ofiof tien-iokemwryl gl ucosi de with ethylacrylate to formthe
6-0-acrylic ester in the presence of |ipases. Di sadvantages of this

process ar exlhlarkiorhss d&Shid GUSH! Ondh UERS) RS 12 AR al kRl g abonds

and reacts S?QSI'[IV ric. influence re-

over Cbr oA ATYEREE PUBTYORATecRg ?@aisafﬂﬁrsa%vr SRgior Sty
obt ai ned, oWFhgcyieteu RBPISE: canvergios ischehieretby BRSNS cmmeE@emﬁc g9otapR giny!
descri bes t hethatrziptmtince @syl alcohdl dbdrbien lsimd1d’fa"vaffﬁcﬁ?§ﬂ1erreédtlﬁﬁémﬂilbrﬂfn as
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@r anseste

al kyl acryl 3P%E"W P ﬁXp%'Vgﬁag ava >'83%Y ABGR SMB guqrﬁ
transesterification of alkyl acryl at es with al cohols under catal ysi s
by a bi ocatalTystWt deGoéts yinehisstrivrinBlocatyidens 90obe s i fisethetlaaseier-i s

the regetinBue ofd- @—@tfy@lt%o?'@é @d&h @t’ﬁﬁ ér?laféfto %rm{he 69 X&rﬂfceesi@r tht

9
oty 21 5 A aA PLIPRRG MRp aniaie CTdis ithess aff (it reopiee Ta giicosiast™

4541- 4543) Heghycpgdicpedy anskrsects senshivsly kosteririyiugneasdin gte aldesitei Mere-

usi ng 2, 3- hweapediuot evithoslatvelyvghadagydeatof acrfiation 410 DDEREd W Eng to unselec-
pol yrreri zed;gRfcYsfdohor inducing enantiosel ective M chael addition.

40 PF 55):6985

EP-A1 999 229 describes the enzymatic esterification and transesterification of poly-
oxyalkylenes with (methjacrylic 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 biocatalysi 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 yield, 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 Michael addition.

40



3 Os +HO'~1 "T+ lipase O'~S NO C'NXHO OCH/ NN OH Ow
Ove At hawal EF%%QBannkar (Macronol ecul es 1999, 32, 6065-6068)

descri be the I""padse- catalyzed acryl ation of 2-phenyl et hanol s usi ng
2, 3- but anedi one nonooxi me acrylate. 5 ¥he nmonomer was subsequent!|y
pol ynmeri zed. + Lipase+ HO O &H OH O Ghogare and Kumar (J. Chem
Soc. 1989, 1533-1535) qu/gri be the |ipase-cataleyzed 10 acrylation of
vari ous al cohol S?lgngf“ﬁdl ng 2 ;h‘é‘kar[%-sel, F o, SWi 3 et

2, 3- but aned: yAfenooxi me acr frequent di sadvantag
reactions is tche need to use acti®at acryl ates, such as }
or vinyl esters, which are expensiveaoand difficult to acquire
industrially. 15 It was an object of the present invention to
provide a process with which (neth)acrylic esters of al cohols having
C-C tripl e phAwsieEad Grenisr éMarremnoiepulgn 6% B2 1BE6RAEMIesFribo e lpesor
nunber s fr ocatslyrql &ryieac bapphenyldieardisnising 2, Bbioarghiiont endpbogiee dotyiger
mld congli - Thd RBSom&H WHsRGbSRERGI soAAY-&9 a | ow col or number and hi gh
purity. The use of acidic or 20 basic catal ysts ought specifically to
be avoided, in order to prevent by-products arising. As a result of

Chie

that it is possibje to forggo costly and jnconvenient distillative or
extrac- tive prodwﬁ puri filcat) oupsse Vor eovier , it S+hOLﬂ be unnecessary
to use expeaﬂéwgm”a ti ted (neth) I m derixatives, such as

nonooxi nes or i nyl ( acryl ate, exarfpl e. 25 Thi s obj ect has
been achi eved by a process for preparing (neth)acrylic esters (F) of

| cohol s hayj - i i i t
A e L i L S
Wi th (et by VSt aeiioys gleope ol hineaas- el ik A 8EVFESAS one
( met h) acr yl bulanssiiose mcDpoXimeehoylad.esence of at | east one enzyne (E).
30

A freguent disadvantage of these reactions is the need to use activated acrylates, such
as the oxXimes 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. Moreaver, it should be unnecessary o 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)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
esters (F} in higher chemical and space-time yield 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.



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 Préba8inder mld conditions with good color nunbers, with
no need for protective-group operationsy and using sinple starting
materials. 35 (Meth)acrylic acid stands in this text for nethacrylic
acid and acrylic acid, preferably for acrylic acid. PF 56985 4

Al cohols (C) suitable in accordance with the invention are al cohols

conpri si ng Alkoch®@ast) sulaife ﬁaecaraarmethWma@ﬂo@brel Hahbls QORPAIEH MXNY¥Ast
group. 5 Sugh @'&HPB'b%B{FEXd Et%as‘?ﬁ ){ép%gr J.se 1to 3, preferably 1
y

or 2, and nore prefera exact triple bond. The al cohol s
(O may corrgrlse one to six, prefera_bly one to four, nore preferably
one to ?hreeh aleahpisgpayffer engimpleoreenpoiee f W3, ragfarably 1par2t arglinare preferably

preci sely osectyeteozyd rigie®apd. 10 The al cohols (C) useful in
accordance with the invention may further conprise other

het er oat ons ﬁ@gh@bel ng ni.trogen and/or sul fur atons, but are
preferably C¥alC B@Y GATGIISsronEde BérPreRipa e e foHE ks Bereratiy ree
15 The al coledhree (@)Y prefefaily one eidwamdd itceariutan ptagiselyone hiydroxyl geyp.
furtherigonprise other functional groups, exanples being C C double

ponds o a0l RIAEY Yoy 3 Aebrdhod Bl mp%xhﬁo% L Ghad BB G

f the C d
C(r)(r)rg]rl sg no %?ﬁ thFSu‘?ﬁ?mpéﬁ?gﬁe”E [ﬂgé a5 UTRIFRy era"ﬁrpéfﬁﬁ@b’éﬁmf‘he

al cohol s ( Gtrugiedfonly df perher.dydmoereamw Qﬂyg@rh@tomﬁventl on may be prinary,
secondary or tertiary, preference being given to those having primary

orVIseC 1@IndﬁYe>’a fs se%l‘?r%&of’i‘lg o\ ﬂ’tgmv@ﬁtl nﬁ)ﬁf[} %rrn |§eh9ﬁ§'
s S EACk o o o b Lo e % B

groups, pritErY .
si mul t aneOlmeflq astar igeoupb cutedl fronpthe B¢ it bangdding iy h)@rmtwomtéey pref-

hydr oxyl greufig cahpraehectie iypcesiasgbrpnne carbon atom which is
connected to preci sely one ot her carbon atom Simlarly, for

e e Bl R B R S R LB e
tertiary hymwxs|Se@-“rn§awrttefthrnr;é@‘en@a%mngaglmto tapepegng primaryr setrol s
(O are of dmen/frotmuylardubl sl pBti€diathbreference to those having primary hydroxyl
groups. [n addition, different hydroxyl groups, primary and secondary for example, may
be present simultaneously in the alcohot,
25
Primary hydroxy! groups are hydroxyl groups attached to precisely one carbon atom
which i8 connected to precisely one other carbon atom. Similarly, for secondary hy-
droxyl groups, the carbon atom attached to them is joined, corraspondingly, to two car-
bon atoms, and in the case of tertiary hydroxyf groups to three carbon atoms.
30
Preferred alcohols (C) are of the formula (1)

RL——R?

\O.{,xi{?H

35  inwhich

R'  is hydrogen, Cy— Cys alkyl, C, — C1s alkyl uninterrupted or interrupted by one or
more oxygen and/or sulfur atoms and/or by one or more substituted or unsubsti-
futed imine groups, or is Cs — Cqz aryl, Cs — Ciz cycloalkyl or a five- to six-

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



35 in which RL is hydrogen, C, - C/s alkyl, C2 - C18 al kyl

uni nt err upt g ar |nt errupted by one or nore oxygen and/or sul fur
atons and/ o She or nore substituted or unsubsti- tuted imno
groups, or is Cs - Cl2 aryl, Cs - Cl2 c§cloalkyl or a five- to six 40
menber ed het erocycl e cont ai ni ng oxygen ni trogen and/or sul fur atons,

it being PF 56985 0SS f a t he st

substituted by Y gle fgr '“’f&‘le ?86‘355 8*8‘?5 9KA %Wmaﬁggé tamaﬁfﬁfﬁ‘)’oaﬁ
het er ocycl es, aW@XR?thO%FO@iﬁGQ/QF REOEYEIPS, ands- C12 cycl oaI kyl ene or
Cs- Cl2 aryl Bhe ioe GG alkgbhey 10108, cychtieylengdrati-My aigzec or Colkllgiygen

and/or sul fur alht%FFEpt@B‘@(«@ﬁeQb’mQr@%x en%B%rs@fuﬁ%ﬁk'a%Hfo? Qr'ieormore
unsubstlgut ed im n rougg nt Fsm" one or nore cycl oal
@ heNEH GO

&0 -
CO O andir by ppgPENGIS 9& '§alk§’t b
i % pz)s& bl e for(%%a %ﬁi -, t@qgﬁ 8l I%LGI’PE@ H)Pe'e

aryl, al kyl, arigg pbssible foabdonl cxhe stahed exizcak oose autdtintedrgtaey caliyt |22, n

and 10 % for aacpono BRI S e e P epandent 1 of one

anot her, frrgm t'HeE" lntt%q? o %_@ef(éq%_yg 03 ?ﬂﬁ“ g@fﬂ 3 dy

- CH( CH3Y Q@ cHS- O-for eaeﬁz @GWQb@selecte@:('@%ylzdmof@e anpihgt, Epwithe group
- CHVi n- CH2- O, -CaHZHSGPN-0Bk-GH{(EH3)-WHRIH (CH2-CMH.-Op FefleCatH-04 om t he

g: oup abCﬁ)Z/ Cla%lr BrGH; C&:MU( Ceid)- c@v?acﬁt cm eio- 0@2{2QHP@@daAHNﬁ

Particularly pr gﬂérre’ﬁ %'I grc%%?%htr t%l %ro%q F&?ﬁr&ﬂf or mch%% ké X‘ﬁ' R

RS 0+X- -H R 28H{GHsHP- nancb@‘or&rPdefﬁfb'éfaQHbGHa@ .def i ned above and
25 R3 t®® R6 i ndependently of one another are hydrogen, C, - C18

al kyl, C2 - Clan ahkh Phudpmsnyt £dnRis&shyRr interrupted by one or nore
oxygen and/or sulfur atons and/or by one or rmre substituted or

unsubstituted imno groups, or are C5 - Cl2 |, C5 - Cl2 cycl oal kyl
Particularly preterred alcohols (C) are of the formula (2

R3

R= (-~
RE—0—-X—H
RB

20
in which

n, X; and R can be as defined above and
25
R3 to RE independently of one another are hydrogen, Cs — Cig alkyl, Gz — Cis alkyl unin-
terrupted or interrupted by one or more oxygen and/or sulfur atoms and/or by one or
maore substituted or unsubstituted imino groups, or are Cs — Cyz aryl, Cs — Cyz 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, alkyl, aryloxy,
alkyloxy, heteroatoms and/or heterocycles.

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

R1 J—

o--x-3-H

8

A =21
~1

35



or a five- to six-nmenbered heterocycle having oxygen, nitrogen and/or
sul fur at ongy é 30 being possible for each of the stated radicals to
be substitut ea aryl, alkyl, aryloxy, alkyloxy, heteroatons and/or
het erocycl es. Very particul ar preferendd is given to al cohols (C) of
the formula (3) R7 R OtXr+H R8 35 PF 56985 6 in which n, X and Rl
can be as %Wh@d above and 5 R7 and R8 independently of one anot her
are hydrogen, - C 8 alkyl, C - C18 al kyl uninterrupted or
interrupted by one or nore oxygen and/or sul fur atons and/or by one
or nore substX ang Bdcaprbelrssighaed ahpvednd m no groups, or are C6 - Cl2
aryl, Cs - Cl2 cycloalkyl or a five- to six-nenbered heterocycle

havi ng y ali it _bej Sskb or
cach of ThacarrEYRREMAN Lt b e B AR ) S PR Sl
o vy, - mET e S rueey diady G BOBPB AL At A tronsng
R8 may al scoorimsgesiistitufesianuasytisiigted imino graypasoeee Gef Cnianildis- 35 C1- C20
al kyl ene unguibsikyiont fide-as siglrisiterad RterbyycRrhaving akjgeh, nikégen@ndior sulfur

al kyl oxy, - : I 1Sy, ne,
1ot e B e 0 el L 55
1’ 3- pr offy T oy kit Drigiatoms selft PHFBREEs 3 but yi ene.

1, 4-butyl ene, 1, 6-hexylene, 2-nethyl-1, 3-propyl ene,

2-et hyl - 1, 3n phigp Y’ @né R? thait a0 teljetred Ryin-alring- pr opyl ene or

2, 2-di methyl -1, 4-butyl ene, Cs-Cl2 cycl oal kyl ene unsubstituted or

et or ocyct da el sl & 41 opt opyl one, Lycl pent vl ene. cycl o

hexyl ene, cycl ooctyl ene or cycl ododecyl ene, 25 Cr C20 al kyl ene

unsubst i t ut@eCpalkgerrstnsubstitdedyr subytitute@ablcptyl, atkkyly highoyy, atkyloyy,dxlsroa-

Dot oy R ARSI Bl UM e SRt by

ubsti tut eSﬂ%?v’/%ﬁsh%@ﬁp#ﬁp%d*%-ﬁﬁoms’e%ﬁr Jipieys atoFnsnt e

cycl oal kyl ! 4-perpoe. Loggpee, 2-meki fEopoyionc SUOHINHropYaw: 2& CO) - or

- ( CO) O &r ouipsethy-1fBproplempbre?, 2dimethylt 1,3-botypy] ene,

1, 4-di oxa-1, 6-hexyl ene, 1,4,7-trioxa-1,9-nonylene,

1-oxa-1, 4- butyl engoideRs BhQ¥ el oPSlnghiGRE by S XAt ulioxy, alkyloxy, het-
eroatoms and/or heterocycles is for example cyclopropylene, cyclopentylene, cyclo-
hexylene, cyclooctylene or cyclododecylene,

25
C2-Cyp alkylene unsubstituted or substituted by aryl, alkyl, aryloxy, alkyioxy, 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 imine groups
and/or by ane or more cycloalkyl, <(CO)-, -O{CQO)O-, -(NH}{CO)O-, -O{CO)(NH)-,

30 -O(CO)- or (COYO 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-dimethyi-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-cyciohexylene, 1,2- or 1,3-cyclopentylene, 1,2-,
1,3- or 1,4-phenylene, 4, 4-hiphenylens, 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-



pentyl ene, 1l-oxa-1,7-heptyl ene, 1,6-dioxa-1, 10-decyl ene,
1-0xa-3-netpﬁg%§$$ propyl ene, 1-oxa-3-nethyl-1, 4-butyl ene,
1l- oxa- 3, 3-d 1, 4-butyl ene, 1-oxa-3,3- dinethyl-1,5-pentyl ene,
1, 4-di oxa- 3, 6-di net hyl - 1, 6- hexyl ene, 1-6xa-2-nethyl-1,3 35 propyl ene,
1, 4- di oxa- 2, 5 di met hyl - 1, 6- hexylene 1- oxa-1, 5- pent - 3- enyl ene,
1- oxa-1, 5- C €
oL & N Frerbyds, he8 oy Bpoda Y EREORIL 90
4,4 - blphenwp@ﬁ@”WQ”% di aza- 1, 4- butyl ene, 1-aza-1, 3- propylene,
1,4,7-triaza-1, 7- heptyl ene, 1, 4-diaza-1, 6-hexyl ene,

, 4-di aza- 7096)@2 ahlgneh@{%hb!étﬁﬂ@d of‘au@sﬂtﬂé@%@ar‘yr QP&?‘{ ﬁwl&@%ﬂ%ﬁkﬁ Meteroatoms
aza- 1- Qxaa& /or he‘taerécyclrf] is1 f%r exarri)le ‘P% g &, P&’ pp{enypené 414 %lphenylene
za-1, 3- proF ER B¢ U yT

aza- 1, 7- di9 é%@ﬁPr?WHéﬁiylene 4- aza- 1- oxa 4- et hyl - 1, 6- hexyl ene,
4-aza-1, 7-di oxa-4-nethyl -1, 7- hept yl ene, 4-aza-1, 7-di oxa-4 PF 56985 7

S, 2a-z gyg r gigéﬁ-b}é'a)kyﬂ ro(?)Cbﬁ@ﬁa\Qll@nﬁmterrupted or mterrupted one.or more oxygen an and/or

Go- iz ayy 5" ARSGEBIITOIY ot N BBy buftyeB R BRBR OFE

al kyl oxy8 " hetastbarsthgh efévfawapﬂr'swwi GeBH- 801 gwf -RubdrRandY ey,

1,3- or 1, 4hem’m,&rqd3,er%ethy1hekw Bidphieimethgipentyl, tedyy ldederyhitetraydau, ehataﬁecyt

grl %?ealok%ozadycyl@rdurﬁét Igto W1 ua!n{&mﬂu%ﬁpt@q:a Qrtetkdi*ﬁe@ﬁwﬂ;W edég i, § ted
X stitu

or unsubst?@%rA %{P@ Qr?heré}fetﬁd% d'mrrﬁ@?be%ﬁ beg&npqurﬁh%oﬁy Etﬁg E(

propyl, iso ﬂﬂ“ﬁ”y‘)ﬁhﬂtﬁ”ﬂ'om%ﬂ?ﬂbaf‘;ﬁ'cmf{r@aﬂz%LR" F’thoww m‘hexyl

heptyl , 15)ct§1th9xy2elmyh?+dsrelquthyl 2;arerropyhrethsthpananpbnyleliedya-, dodecyl,

1
4-
a
4-

ELeELr gdec%ﬂh,et Mliethy CCbiReeeNbonylp répyﬂﬁr@ﬁihﬁétﬁé@l@%bonyl yethyl, 2- vl
i me e

2- phenyl et #n?t%éjethy%ﬁ]eth?‘ "g?*hﬁ £8§E8§3{3&¥Hﬁ’ geﬁlm‘}”ﬁ&% J!I?thh?{g quﬁl py

but yI pheny! $&tHRA2Yin 1 S SPBIsh A ethy-1 4 rb?(})f hy] 15 didxolan- -y, 2-

p- met hoxybe!ﬁQWprXthB %bhtgmmmykﬂocty@xmtbﬁa@tdn@m%ﬁ Z;-y!amr@pihmlpyl-
2- met hoxy c agHnpaybeyinyfluordme@in o yurastRRIBhRIdBIhy, 2-methoxyisopropyl, 2-

2- but oxycar 0
met hoxyet héﬂ%gm{(‘ B‘Mglth'#‘%ﬁﬂzi%@o%@)ﬁfﬁ%gﬁfﬁ%ﬁé%}ﬁh@ﬂhhgiﬁ trifluoroethyl,
di et hoxyet hy7Phenpxygthyl; %“SWP?W pj] Y rBR%{rf* Eh%ﬂoxybuty ~pHenoxyhexyl,
2- net hyl - 1, Bmgthoxystiah @m?ﬂhOXWQWt ﬁym&tﬂoﬂpfdpr‘@)mmOZyWyl BPmethoxyhexyl,
|2s0ﬁ|r OPOXY%&beye&bet Byl 3- etao@@mpymxé%hwux y 6Né-efrerRicRM | and
chl or |

2o et Bl ol Dg F&g%é)m@é o% L PECAMGEOREY elun by, e, heey,

but yl t hi omafieﬁ . 0oBL, desiiprying B ért H'W ylgerﬁﬂeﬁ% ?qf@ythge}/radecyl hetadecyl,
2,2,2-trif Iumafdee}tihm—;jime?h}ﬂmm&bw‘ethmethyibmyphanb&»;qiraomﬂyjbutyi benzyl, 1-

3- phenoxypr;ﬂ@»{j@thﬂ RRRONRM oY d-dinf pthWﬁﬁé? yethy!

5”6t hoxyst et i) b %ﬁﬁ%"“o sﬁyb‘%ﬁaﬁ%& %?rag?prs%ﬂ’
6- et hox:%}/:h OrOfaﬁavlz%cfﬁ?refﬁfévfaiﬁlpvowﬁtewr iriflgpripgiethyh r1dp¢§)mefhws pereeihyi,

n-butyl, sesdlR$Hriflubresthybutyl, pentyl, hexyl, heptyl, octyl,

2- et hyl hexyl , 2,4,4-trinethy|penty|, decyl, dodecyl, tetradecyl,

het adecyl , Cs - Cyz aryl uninterrupted or interrupted by one or more oxygen and/or sulfur atoms
and/ar by one or more substituted or unsubstituted imino groups is for example phenyl,

35 tolyl, xylyl, a-naphthyl, B-naphthyl, 4-biphenylyl, chlorophenyl, dichlorophenyl, trichloro-
phenyl, difluorophenyl, methylphenyl, dimethyiphenyl, trimethylphenyl, ethylphenyl,
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40  dimethoxyphenyl, 2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyl, 2,4- or 2,6-
dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylphenyl or ethoxy-
methylphenyl, and preferably phenyl, tolyl, xylyl, a-naphthyl, B-naphthyl, 4-biphenyiyl,
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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 R3 to R7 are, independently of one another, hydrogen,
C+-Cq alkyl, n-hexyl, n-heptyl, n-octyl, n-decyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-

40  octadecyl, n-eicosyl, 2-ethylhexyl, cyclopentyi, cyclohexyl, cyclooctyl, cyclododecyl,
phenyl, naphthyl or benzyl. R and R2 to R7 independently of one another are prefera-
bly hydragen and methyl, more preferably hydrogen.



uninterrupted or interrupted by one or nore oxygen and/or sulfur
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very particular preference to 2-propyn-1-ol (propargyl alcohol) and
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(meth)acrylic acid or, preferably, the trans- esterification of the
al cohol ( C)Exsripesadf cbﬁﬁ@ind@(w),ar@rreﬂ@'r, abiyy noos/, ideretyhhaety laat e- (D)
ethylhexyl (meth)acrylate, 1,2-ethylene glycol di- and mono(meth)acrylate, 1,4-
30  butanediol di- and mono(meth)acrylate, 1,6-hexanedicl 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 mixiures; 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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0 to 100C, rabI 20 to 70C, ver
prefera- bl 56% %8%9#%%g§§0 S@aﬁnﬁﬁes 01}/ enzynes (E) usgful

i n accordance W|th the invention are those selected from hydrol ases
(E.C. 3.-.- Thgreagiinn timeotrpentredaongspearitringsonfthe tamiesaterst o ths @s1o(& .
3.1.-.-), |ieasesné tatblystsdd ént:Bl}s acgwc;mydrat&esecnﬁe&or&g%ian; and algdéh
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sp., Burkho nonas sp., Thernomyces
sp., or porC| nehogrS %’i’ AN pé?\&ragg'ﬁed& fe%lqgf‘ésrence to |ipase from

Candi da antarctica B or from Burkhol deria sp. The enzyne content of
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by wei ght, Baf@foq8) HasePrRRAbxy( frbuRTRArNEL: whRin 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 therecf 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-Ce alcohols, preferably tert-butanol, tert-amyl alcohol, pyridine,
poly-C4-C4 alkylene glycol di-Cs-C4 alkyl ethers, preferably polyethylene glycol di-C+-Cy4
alkyl ethers, such as 1,2-dimethoxyethane, diethylene glycol dimethyl ether, polyethyi-
ene glycol dimethyl ether 500, methyl tert-butyl ether, ethyl tert-butyl ether, C+-C; al-

40  kylene carbonates, especially propylene carbonate, C3-Cs alkyl acetates, especially
ter-butyl acetate, THF, toluene, 1,3-dioxolane, acetone, isobutyl methy! ketone, ethyl
methyl ketone, 1,4-dioxane, teri-butyl methyl ether, cyclohexane, methylcyclohexane,
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the organic solvents, thereby producing single-phase or nultiphase
reacti on solhgtrpayen nibdyyersein hg mixediusmgcny desiced hietlkasisy Brere isfeoaiept g of
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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 fevel 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



si um phosphate buffer or TRIS-HCI buffer, for exanple. The water
fraction in E%%gé5eacti on m xture is generally 0-10% by vol unme. The
r-eact ants lf are preferably used without pretreatnent (drying, water
dopi ng). The substrates are either in s@ ution, in suspension as
solids, or in emulsion in the re- action nedium The initial

concentrati pf ofis HBE pb&A Rty e %gﬁ&mtzﬂuve ihRirk iSioh #1686 & SRmAPout
0.1 to 20 mpl/ ] 1N pArt om0, 1 10 QL7 L arf D't o 5
moi 117 50 THE e gorBlRY elss o dhusliiemora of PrabattynetistbarAia hsati,
or in a stifPedniedefigedPassu@ade, for exanple, or batchwise. The

reacti on can be conducted in all reactors suitable for s_uch
reactions. ReaehRk8l Plvate?h thdkssdrBA eakRidsioWBr b0iddABIs $KbAdeAth Nahker -

The reactio r.abl l.ace .in stirred tank reactor or
(1xed bed r o EpfnabeY b RGP e AicyeBa tose Weet EhuliiBi fFadlonihn -
desired net REARE" Kpust ger;ss, %mﬁ@@&ff?ﬂuce%ﬂéﬁﬁ“é?' ageqtopicHgmaphaLaeREoN.
The react i opervabraiion.cand difus@nsiangérebrahes dorexaraplel ural ity of 30
phases and the reactants are dissol ved, suspended or emnulsified

t her ei ny,char, i : i r i .t h
ol coul 20 oo iags fgﬁaﬁ‘s%ﬁﬁ%ﬂ%%é*%ﬁ%ﬁ*ﬁ%%é%?%ﬁé'?@%se%%?@l?%oﬁﬂé%%{oﬁee Le
start of th%r? % §hthaiR9g1% 8504t B- 1R Fp P Mkt distilldive separginer sepaiation
during the eng zwrafiatesemirsavedmmeMbanesnper at ure during the
reaction is adjusted to the desired level and can, if desired, be

raised or | ?Wn@fﬂerdwsisﬂﬁﬁytigﬁa Qy E%q%é?%}ea By réf él@@%&tﬂﬁcg}é@@éﬁ e

ti ' t tor,
or of or abt y PRSI 199 PIRAEBIFAREL Bitp)ias S-caB ieroh = et b

bei ng punperepaiplisgh the aiol (meiachyigts sel aniarausehttherein iman epterifiogtion wish
possi bl e t one#neyylawcid he reaction in a fluidized 40 bed, in which
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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 fow temperatures and other mild conditions prevent the formation of by-products

40 during the reaction, which might otherwise criginate, 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 stabitizers.



for exanple, in the range of about 3-10 angstromns), distillative
separation Bgsg ration using appropriate sem perneabl e nenbranes.
Yet another possibility is to pass the jsolated m xture of alkyl
(meth)acrylate and its 15 parent al coh01l3, said m xture frequently
form ng an azeotrope, directly to a plant for the preparation of the
al kyl (meth)acrylate, so as to reuse it therein in an esterification
with (nmeth (e t end of the reactio tion
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30 the Wsem?furésql id 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,
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used, Wwhiglgncan otherw se be prevented only by adding stabilizers.
PF 56985 13 1In the reaction regine of the invention it is possible
to add additional stabilizer to the grret h? acrylic conpound (D) over
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of fromd0 daphzedeidppanctidise transesterification or esterification is
advant a- geously conducted in the presence of an oxygenous gas,

preferably ﬁnierad%ntgd-eréfmet("n%%%gcrylijcoesfgré(gﬂgiﬁéd in this way in accordance with the
process of the invention is that on account of their low color number they can be used
with advantage in coatings applications and particularly in clearcoat materials, since,
30 onaccount of their low inherent coloration, they result in reduced coloration of the coat-
ings as compared with alcohols prepared by conventiocnal methods.

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

The (meth)acrylic esters (F) obtainable inventively can be used with advantage as
maonomers or comonomers in poly(meth)acrytates 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 curabie, radiation-curable or
dual-cure coating compaositions and also in adhesives, e.g., acrylate adhesives, and
alsc in sealants.



Additionally the enzyne catal yst can be renoved w thout problens from
the end progesdgds 15 If appropriate the reaction m Xxture can be
purified if deS|red purification takln% pl ace for exanple by
filtration, dlstlllatlon rectification chr omat ogr aphy, treat nent
with ion ex- changers, adsorbents neutral, aci dic and/ or al kaline
washi ng, stripping or crystalliza- tion. 20 The present i nvention
further pro c
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Pol y(nmeth)acryl ates of 40 this kind are suitable, for exarrpl e, as
gloggg;ls Igm%%@nj e%maatah%m{eagﬂc%e%a% Rhbfaflns HBhsfuge coating
CoPOS! 14 OIS Tl dSng e JF@%@%&? é&?rff'aoea cdelion iy v
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t he processraferfidscedprviant theinioiscolor aaibatethdir Liseeimttop cktsking Greragiation-

radi a- ti orbupéar@ggr@oaglsﬁ%rr&,ure coating materials, preferably in
topcoats, nore preferably in 5 transparent clearcoat materials. The

(nmeth)acrylic esters prepared in accordance with the invention can
of courde aﬂeseewed@eg Jegsyinsaerets obtainple Prrthei nregsss akthe inygetioner radia-

appr opr i at gionictitabietdogipogitddrysieiid maditien mzn aike cempsiecthe &slogitg cbhpéematd: C
aci d, (rret h)acrylic esters, styr ene but adi ene, acrylonitrile, vinyl

ﬁf\?;‘ ﬁ;Ff or r‘é#ﬁ% Y rro'@%%%agle co oua a?/%%¥wo or r%re copg’ymeﬂzable eth-

yiemca]ly 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 polymerizable com-
pounds having a plurality of, i.e., at least two, copolymerizable, ethylenically unsatu-

rated groups.
40



10 "Dual cure" nmeans that the coating materials are curable thermally
and W th actinigggsradi ation. Actinic radiation for the purposes of
tthe present invention neans el ectro- magnetic radi ati on such as
visible light, UV radiation or X-rays, pecially UV radiation, and
particul ate radi ati on such as el ectron beans. 15 Radi ati on-curabl e

bi nders ar e CohpsendelGS BreGREFeRBIyGAHYEEN A oRBaNRIs @ (Asth]Bhfaté BsHh@iLned

def d
e e L
(met h) acryl E”Vé’g‘(eé?r‘g cha? ble by the process of the invention. The

(meth)acrylic es- ters can be used both in basecoat and in topcoat
materi al §. Prefatrewird ethbredrd ﬁ%tmawéta&:ompmﬂg(@) ®@Snpries Remiabl2p, sraei r

| ow col or n g n
P er oot o V2B B8 10 V36l ABEA oo e AL T oty o
obt ai nabl e B% %‘?Fé’ CE’P@*S 28%%¢ the invention a radia- tion-curable
conposition of the invention may al so conprise the follow ng

conponent s: Patitiagirefe@ass isqnenpebydiebompalide (GPRpMmysh diRyéricaly WhsRl-
more copgl yrRdd @cﬁileleeoonekantem'oeewcadgmo ﬂ}%aé% ??Qeabeur)s 30 (H if

appropriate | uent's appropriate, “photoinitiator,
and 35 (J) 012 q?%‘:“ Iéfoo ate, further, typi cal coatings additives.

Sui t abl e conmpounds (G include radi at i on- cur abl e, free-radically
pol yneri zablTee cunberpoemnds moteculagweaight My kiet oprabunds. (6),, untdss lotastisé vvo

copol yner i zghl-fieq 8t hackesm Béib‘éhg@ﬁ@tn‘abre bAkEehiP BO P2 O(ﬁ)vg)r? pﬁeﬁ&%éa
Compoundls ( m%b@tooifo%foeé béaéﬁ &X t-%'oo%%?ééﬂé%g%c ine QJAE&C

conmpounds, Fven
acryl ate cofpjgTAigerarhy %Spng FP%’%‘SH%”Q ﬂ@ﬂ%ﬁn@é@m@vd%ﬁm @%:e"é“rﬂ" d. 5

Preferred vinyl ether and (neth)acrylate conpounds (G conprise from
2 to 20, prasmeén@blylatd copfPodndOmdMion s béeﬁe\ﬁepﬁ %@thgi&hmc bstoaddle@pd
copol yrer i Zé}glyeacqﬁ& Bé’tlar%’ynﬁ%'es'oyof Ujﬂﬁs eﬁ?ewgapfoﬁﬂj lﬁc&%ﬁdﬁs epémf 1h%&' ar
prefereq fifgtYlel‘n[Un eg‘kgarx 0 én% YoR g% u epn }
insat u- 210 PAPRAECIEY LeBUREUGER o Och6ne! Geopa B TGy Ghal
pref er abl y @nprise gther grotpst Ggamples of such alcohols |nclude bifunctional alcohols, such
as ethylene glycol, propylene glycol and their counterparts with higher degrees of con-
densation, such as diethylene glycol, triethyiene 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, trimethylolpropane, 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)acrylates, for example, are obtainable by reacting polyisocyanates with
hydroxyalkyl (meth)acrylates and, if appropriate, chain extenders such as diols, polyols,



The nunber - aver age rml ecul ar weight M of the conpounds (G, unless
otherwi se spegpfied, is preferably bel ow 15 000, nore preferably 300
-- 12 000, very preferably 15 from 400 to 5000, and in particular 500
- 3000 g/ mol (as determned by gel perntation chromatography using
pol ystyrene standards and tetrahydrofuran as eluent). As

(met h) acryl gl NS TBN G yRfogrede of (meth)acrylic esters
and espe- cially acrylic esters an also of vinyl ethers of
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1, 4- cycl ohe anedi al ohol Wit h functl Qn of three or
ror e, cuch: BRI GREVBIIAtES PP MIBERIES SBRm eGP ac a0

met hyl ol et hﬁmﬂpl?feﬁtsa@aqbq epaxides Incliicde ﬁpwmxmllcdﬂﬂps opaivedyt ethers, e.g.,
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al koxyl at edggbcohol s, especially ethoxylated and/or propoxy- 30 lated
al cohol The al koxyl ati on products are obtainable conventionally by
reacting the above al cohols wth al kyl ene oxides, especially

et hyl ene oxM8BMHIE (BredPsInentes g% rainabifcbireasivg msfaraing with Gyethiacerfc peid
hydr oxyl groupe egepitedresfably fromO0 to 10, i.e., 1 nol of hydroxyl
group 35 may have been al koxylated with up to 10 nol of aI kyI ene

oxi des.
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mel ami ne (it #P0afmol andersry ptefetabiytfream €50 0B aiomo); ltfag asourft of (nmtfaapwlez
are obt ai nadrbesay prefasily REMACL B SORVREBLBS it to 4) e WY W ikboxy

(met h) acr y::(?r%g'éggﬂ dr ﬁé) Q‘ﬁ taFryla@ﬁE RetEith ﬁ%ﬂtﬂﬁel ﬁb‘%aﬁgn cq"]r@mgl

pol yol s,
pol yt hi ol s. toﬂ*ﬁBhXJLr‘sé’i Y(?P@t F%%?é%raﬁ)’@f@ﬁé\msf'%e a
nunber -2verage nolar weight M of from500 to 20 000, in particular

from 750 t cAlddsHABke atchrbBiate @fdh)aErailey, éorncprsﬁé@n BPerafe BRAPaY 7B 1( as
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dards). The ur es pr arn from'l
nmore pref er'?ﬁtlcvafP'@?ﬁ é"‘ieo (et h%ﬁW"‘EﬁrO%‘?ﬁat h)yacrylic groups per 1000 g
of urethane (neth)acryl ate.
30  The number-average molecular weight M, of the carbonate {(meth)acrylates is
preferably iess 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 sclvent).

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 alcohols,



10 Epoxy (et h) acryl ates are obtainable by reacting epoxides with
(meth)acryl prz 5868 Exanpl es of suitable epoxides include epoxidized
olefins or glyci ethers, e.g., Dbisphenol A diglycidyl ether or

al i phatic glyci dyI et hers, such as but aedi ol di glycidyl ether. 15
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conpr i stthg 4n-batylstyrene, 4-n-decylstyrene, and, pre erably, 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-
bie bonds mention may be made of butadiene, isoprene, and of ethylene, propylene,
and isobutylene.

35
It is further possible to employ N-vinylformamide, N-vinylpyrralidone, 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
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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, benzii ketals, such as benzil dimethyl ketal, 2-methy|-
1-[4-(methylthio)phenyl}-2-morpholinopropan-1-one, anthraquinones such as

30  2-methylanthraquinone, 2-ethylanthraquinone, 2-fer-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 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.
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30
Suitable thickeners besides free-radically (co)polymerized (co)polymers include cus-
tomary organic and inorganic thickeners such as hydroxymethylceliulose or bentonites.

Examples of chelating agents which can be used include ethylenediamineacetic acid
35 and saits thereof and afso 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-
cafes, 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-Spezialitaitenchemie),
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t hereof and al so (3-di ketones. Suitable fillers conprise silicates,
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tetrachl oride such as Aerosil(r) from Degussa, silicious earth, talc,

alum numsili- cates, magnesiumsilicates, calcium carbonates, etc.
40 Sui tZdbl éFist 8Bi-1108%r preteoahy 43€90% pinoral prddetadlySOr-¥Y/s asd ohpaicular 60 —
oxanilides, triazines, and benzotriazole (the latter obtainable as
Ti nuvi n(r) gr a8@% byreiahGi ba- Spezi al i t at encheni e), PF 56985 20 and
benzophenones. They can be used al one or together with suitable
free-radi cdP) ©-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 —
3¢ 30% by weight,
(I}  C—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), (1), and (J) together make 100% by weight.
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(A) 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 famps (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/cm2.

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
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Cadi ati on sfgﬁfﬁﬁ'égef%cm%awﬂgy' 20 PR ERlle. et By b i cos
may al s eadF! develiyas syrh pedftYReEVIECBA®R h regi ons. 40 Irradiation
can be carried out if appropriate in the absence of oxygen as well,

such as undearafal, Mdftired 8stha BB RIRSAIC acidl Ay @8 RIPAEweSHE kaRIbR. | nert
gases i ncl ude, preferably, nitrogen, nobl e gases, carbon dioxide or

conbusti on \g,:]ases. Irradiation may al so take
inyl esters of carboxylic acids having 1 o 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 Exampiles of nitriles are acrylonitrile and methacrylonitrile.

Examples of suitable vinyl ethers are vinyl methyl ether, vinyl isobutyl ether, vinyt 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 ethyleng, propylene
and isobutylene.



PF 56985 22 pI ace with the coating material covered with transparent
medi a. Exanmp transparent nedia include polyneric filnms, glass
or liqui ds, suc as wat er. Particul ar :%Eeference is givento
irradiation in the manner described in 199 57 900. 5 The
present invention further provides substrates coated with a nulticoat
pai nt system of the invention. The thickness of such a filmto be

cured as deﬁgr%qggﬂ n‘%%dbﬁof:#tp WO%P& ?IVOH@ g&%ré ra%gﬂcﬁil (cggblyfr)v LNl h%?%fy

fromlto 2

erably from&®" &asﬁd‘)%{%‘%ﬁﬁmeﬁ%@wﬁ et P ‘H?'lo to 250 pm I'n
view of their relatively Iow coloring, the (nmeth)acrylic esters
prepar edsi nTmn@é-fbamee(co)\pbmet:moh BVRRH AW an tékes @idae forseampletim

advant age | Q%%Ohggél%n it ﬂge éfo %eﬁz?ﬂfoﬁzﬂ Qatorg QR cﬂ%lré/aﬁf'd’c:%%tb on.

15 Exanpl es e.C

(et h) acr yi 112° BEEEROAFEd fé%ia e R A A e RS
i ncl ude for reégaﬁmt%ﬂmr-f&g@xapkwldeq mﬂﬁsdewutat Ryslropgrardesor enmens ky-
havi ng up t droBérogide Homexatnples The {cd)olyartigdtion aiayGardecuiyhddonithicd aRle

COMPY T SHO WglPunfl SREDPRORL AR, ur%haéheéadq%ésnre%%@ewna&ﬁaeméddarggS
vi nyl etherg

b T i e R AR B B T bR Bt BRLOSRaT Foe 5 it
bonds. Pref @Pplégei(ifriepags Va1 é tatf.d al kyl esters are those with a
Cl-Clo al kyl radical, such as nethyl nethacrylate, nethyl acryl ate,

n-butyl acr mkeﬁtﬁawemﬁwdco)@@wkaiaﬁoaagh B adGdreslit inden ol Way U8V e i es
such as 9 g efh@%l(ﬁ?&f%é)rlk%p F(yrltlﬂ &J gjd? be%FlYung L”\ ﬁ)re foﬂ f&[‘)"g a%?;vg Ef % Qo‘?ut on

(meth)acry ‘ar e sui Cers of
car boxyl i c %(8?‘8'%3"%\)’}'36 "'i“’t 8”‘2' SBaFbSHF ETYRENAUEPFIONEK AiYpTee SWWr

| au- 30 rat@ion pelymérizetierar at e, vinyl propionate and vinyl acetate.
Exanpl es of suitable vinylaromatic conpounds incl ude vinyltol uene,

a-butyl styrgng (cofbo@nm-!moﬁ gy ﬁaﬁomérdbneﬁgaé' @xaw %smy@nﬁzedmsﬁwe@b' Y,

styrene ryl oni

et haceg onrelt i RS o IsR S Agh bEneln s Hpieh vrea conB ny)
et her, vi nyihtojfestadicals, stefeas 2.¢rarpbistigpRyiyronititle 2. 2azrpbis 19nidsepippane)

et her. 40 As/dnehirideratd,£-drgbis@cambornsitdnakiand) ar diakyd pemiﬂem sat:roms and
one or two @&t bl’ﬂ&/lcpe%(w'e Q’yﬁalmﬁ%xﬁ@s”%bé?ﬁasr@& bQ@ p&B | £8£,

| soprene, a;:'?e?oxmlies suc% a%ltéarp Euty[ppre9cpx¥ 2~thy!he?<nga’ltes perox d|cargonates suc 85 23

25  di(4-tert-butylcyclohexyl} peroxydicarbonate, or hydroperoxides.

The stated compounds are generally used in the form of aqueous 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 methyl ketone. Particular

35 preference is given to nonpolar solvents such as, for example, 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
o fine 24.



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

(co) pol yner griggoghat of free-radical or ionic (co) polymerization in
a solvent or é:'l Puent. 5 The free-radical, (co)polynerization of such
nononers takes place for exanple in actfeous solution in the presence
of polymerization initiators which break down into free radicals
under pol ynmRiabgdbiifs teqBEbblABSati6 S LHnBEUADin RS SR OGS ¢k ,{a@yrﬁémza-

H202 redox, or, dr,.0 eroxides, .such . rt - but .
nydr oper ox: 42 aP Boran 5 VAT EearS Slbyitg) Bldragbohts ano o
(co) pol yner F%F?‘?”GHS'I?HW BRlefahtty MeseRPin: {hiaglvgoliziagid ei@"ﬁ%@?*ﬁﬁu frereap-
range, if apethopeli aemapinprepyliriottiosysipne siedec! mercaebis® terhdedecyl reeratmah
pres- suge, ogARAImdthihyBbpHoEHIRE Sbdx@mpléP Irfthe LBfolymBieatRi tedsetrBfuiators
reaction m X iiedeh GOBanlBYarfiind 1 i€ (3018 Barf EARL AN Backd or

Al ternative the (co) o%rharlza 0N czcg)? ? carrie ut in awother
way known péf0 Rty weigit pRe Sanpmar QR KPPOMTSHIESH FOE S19Y Iyyer the molar
bat chwi se, nass ¢fdhd mspitandtcomolymere of a sol ution, precipitation,
wat er-in-oil emrul sion, inverse emul sion, suspension or inverse
suspen- 4§l Oﬁor%%}f%’r;b&ﬁﬁ B8tior iPis G?sitglé; L[Rs%!d"/ {slaﬁtg,tiblggam} £ nonjonic
nmonomner / rmnorrer$ IS a@e go}épo Eer 1 zg usj r ree- ra)Fﬁl ca

pol yrer i zat PBHSTIREANGLEPteciNaFHipias apdichiey i BREUTRTGECHN R AsHBS
down into free radicals, such as 2,2'-azobis(isobutyronitrile),

2, 2' - azobi stidtablE ddichopnepmde nciubiy dotasky the baeecive colioids that are normally

4,4’ -azobi S&é'd'f&ﬁﬁﬂ%ﬁ%ﬂﬁr%”&%&siéﬁF@l}méﬁzaﬁ'&r@l KitlaiB@nRdies, such as
di-tertsanyl peroxide, aryl alkyl peroxides, such as tert-butyl cunyl

per oxi de; al kyl acyl _peroxides, such as tert-butyl _

per oxy- 2- et BXATHISEA GHiable pratestivpdiotaif HipHEdeRoly dYERCe®Isp gelluiose deriva-

di (4-t ert - bivey) yicirytryrylidone ecroprisitigoapbipmatseAn exhauyitieaieecrpiion eSfurifidre
stated corrpamasiﬁ pRILECtIOE BSlIoRs|c¥n WS &flink Th H&L@eﬁ%é’?i,%etl@éﬂjﬂQj&éﬁor@%ié@r{éﬂnS
or aqueous 9 c ng. det

the amoynt %%f"é’?ﬂ%é'ﬁ*f‘fé*é%%ﬁ?%ﬁ?ﬂ*é%‘@%&#ﬁ%@@a|, PR e
the upp€? cbifebR:Aat it bl vikke aRpreaited ot mirtupsseo! ey Istigerng(ar peotec-
conpound i niivigeeolaids @nzaisl esusefl. Aotipransaits ik ipodierssdio bee exluively emulsifi-
s olhvenlt S Orergl] Wht@@i"@ativ@%dlmla\t\%@hﬁs, hiike €286 bfthe BHELLHIRS cTBIdE 2418 lusu-
et hanol , n-_ 0% j-SORG - OF .Qr. )
acetone, et ,'?Ibelrir)et r%ﬁp@%? c?,r‘\aé),% eoﬁ% é%;ﬁ?gﬁé?%ﬁho%&? }éo %i?‘sn@tﬂﬁgﬁp&%
ket one. Par§98%[t 5958555 e PR HERI METYERS, B PUpBea RS PUPIAERY it §15siidn
as, for2exatplaecompdnents barsdmpatiia withere ansther,oasthirghwitithsiolcasg ofdjoulind
sol vent dnaph:h_hb@_- chbtked§ nize6 of 4 el weheifaeRts. Uéﬁerﬁmki&g,ﬁin&)nic
prem xed a - er

addi tions %%ﬂ%g{ggﬂﬁsgﬁ%gﬁﬁ O’%%?ﬁdtﬁiieé%w%gﬂ%@?% %‘E’F%}rﬁ%‘ pre 40
ferred enbodi ment is described in WO 01/ 23484, particularly therein
on page 10, TheisagmeRlsaappligate c2uonicRFmBEORS, vhereas anionic and cationic emuisifiers

30  are usually incompatible with cne another. Examples of customary emulsifiers include
ethoxylated mono-, di- and tri-alkylphenols (EO units: 3 to 100, aliyl: C4 to C43), ethoxy-
lated fatty alcohols (EO units: 3 to 100, alkyl: Cs to Cig), and also alkali metal and am-
moenium salts of alkyl sulfates (alkyl: Cg to Cig) of sulfuric monoesters with ethoxylated
alkylphenols (EO units: 3 to 100, alkyl: Cs to Ci2), of alkylsulfonic acids (alkyl; Cia to

35 Cyg) and of alkylarylsulfonic acids (alkyl: Cs to Cia). Further suitable emulsifiers, such
as sulfosuccinic esters, can be found in Houben-Weyl, Methoden der organischen
Chemie, volume XiV/1, Macromolecular compounds, Georg-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 {0 3% by
weight, based on the monomers for free-radical polymerization.



| f appropriate the (co) polynerization can be conducted in the
presence of ppQjgyp@ri za- tion regulators, such as hydroxyl amoni um
salts, chlorinated hydrocarbons and thi % conpounds, such as
tert-butyl mercaptan, thioglycolic aci et hyl acrylic esters, mercap-
t oet hynol , nercaptopropyltrinethoxysil ane, dodecyl mercaptan,

t ert - dodecy ExarBsieapt (@Rthad?yiatelkatainingelispersiy: aRNOERDI dcBfate/bOilotiraep! €.

In the (co) Pr j OIS | e,
i n anount s gf?ﬁ%’r%%ﬁ%véﬁi&g%ﬁié BB BHEHa s R s SRR
wei ght of tABPHBRBHers to be (co)pol ynerized, and they | ower the
nolar mass of the resultant (co)polynmer. 10 For emul sion

pol ymer i gat Thapolymérsdigressiarli®whioh (Bethdicsikesses brepatedinh acaidbnoé with the
noni oni ¢ efybsiohiaf! %e%%ﬁdd%%ﬁél?%%'sﬁﬁe&@ to¥Undhica f&[gh?éi%%ééd%‘ﬁf S,
as surface-active conpounds. ul t abl e 'such compounds 1 nclude not
only the prof@Btive colloids that are normally used for inplenenting
emul si on pol yneri zations, but also enulsifiers. 15 Exanpl es of

sui t abl e pr Dheedpolynepnditainglse witiethadmepgdeywic Bytbrsalremhed & acc@tidrteagie
deriva- 4§i V@3 imRRGbrVdda%tRy h&R at}%%%@eh?ﬁmo\c? hB9bSORALY PSR antAbous in

exhaustive description or furt sujtabl e protective, colloids,can
be found in%ﬁc?ﬁﬁt_ S ey ffﬂ;a?%%a%?? CPRPYETP D QIR TERsIE T MG Ko
XI'V/ 1, Macr BsfoediiaginesaipsUaiirxamaies s e esi@mipetp M apsstitkgd fitm- 20
1969, pp. 4biming rekdB, ad desniibdd beerappico ERt 7387 4hatEMBXI ¥ es of

enul sifiers and/or protec- tive colloids can al so be used. As

di spersapnt st i > excl usi . | sif] , e
relative mr“é%ﬁaﬁfsé’_@éfeﬂh'%??”fh%ﬁfr\’#ﬁ@éq%%s@ﬁgﬁ%ﬁgﬁgfaé%t%%ﬁ%a%?ﬁs,
are usu- al BXCHECERHINEDOE: FPNR FPRiEpUNE YARNGRE BXPOSSY ostAYIahGPreiBIaP e
in nature. Rgldings brprstsad puilgingsi iatedor dogtings, rrftiewetkings, andenatings gy veh-

m xtures Ofciéslérﬁcﬁéil%raﬂi(énéleqﬁig@@ér@%ﬁ%ye@ hatartichmr ﬁ@dbod\’:,\%_ayﬁdpradlasﬁcs f
conponent s : %mﬁx - : t hing which in case o
doubt an gj(e%uﬁ ec 3’3 %@Oégeﬁgngﬁgﬁfgﬂ er\?v?%reé |Erins'nary tests. Cenerally
speaki ng, anionic enulsifiers are conpatible with one another and

wi t h noni onTte ivaitien furtaesprovivies ferie uag efdhapielyas obtgingd in apaprdance with
enul si fi er stheWventmsasaini istaintediinefoe Btighe BleCtramaling ialiditves. TR @ice nusibal, | y
i nconpati bl gy Fh‘e 84 AR &S thaforRrRlues ogfair%u@tce rﬁﬁo?zglg rﬁélfe's?ﬁé% t

i nclude ethox ed.mno- . .di- and tri-alkyl phenols units: o]
100, al kyl ﬁ%@%ﬁy&ﬁ?&e&rm§(%php 8d fatty al cohols (EO units: 3 to
100, alkyl: Cs to Gis), and also alkali metal and am noniumsalts of

al kyl sul f atresproédsk vt the GesehitonGlieyws Ofe Bedaratioh of metg@styly sstavs (F) in high

et hoxyl at e%heﬂi@érﬁ&%@ifﬁmé?Qld%dtﬁaeﬁnﬁoo oh@Rondibith §6bdtcBiofrdhier®f
al kyl sul fonLc acids (al kyl: 2.to0 50e§8and f,al arylsulfonic
St s Cal kypesrengtgstit spivaies st Sali sl corbRnS: el dpitla 48
sul f osucci retdaiesst iaedargeigd Wae. Wiuhigh seledtisbhand seypubstartialy iemfrera py-

or gani sghempro@utyri e, volunme Xl V/ 1, Macronol ecul ar conmpounds,
Georg-Thiene Verlag, Stuttgart, 1961, pages 192 to 208. 40 |

n
. . €
general the %aeb%%{]‘qtplegﬁnhﬁ’dh%%(msaaré‘tmté‘n%ggtc! Fuda®Thotaitis Srthe RUETBHIRNY

froml to .
out, Rowever, restricting it.
35 Examples

Parts in this document, unless specified otherwise, are {o 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! alcohot.



wei ght, based on the nononers for free-radical polynerization. PF
56985 25 Eﬁf‘%@é?f of (neth)acryl ate-containing dispersions are
n-butyl acrylaté/acrylonitrile dispersions, which are enpl oyed as
adhesi ves, and n-butyl acryl ate/but adi efe/ styrene dispersions. 5 The
pol ymer dispersions in which (nmeth)acrylic esters prepared in

accor dance E&g#,@ he invention are used may additionally be subjected
to chem cal "andror physical deodori- zation. The copol yners

obt ai nabl e Wangestdrificftioptoh Balpapdi@EMS Wit diff gestipacestes nf metbgradaiete Wit h
10 the invention generally have a relatively |ow col or nunder, which

i s advant age%n.%/{i,@ e cqat | rlﬁ%?ecj_ﬁmhe%{s%bbe copbl VATBY MeGHan
t hen be reacte in\gﬂﬁﬁﬁerM%o per se with am no resPns,” for

exanpl e, such as nelapipg, to formcrosslinked film form ng resins,
as descri bengiﬁJm,%grrpl e in EP 738740 or EP 675141. 15 The coating
materials of the invention are suitable with particul ar preference as
or in extebpland®EMEEGInmpl, 801 mpheasshappl Witaneibpiscnidte RSangofedposed
to flayl i gh: vozsir?w;@fﬂsng_&sequm Buhdigh 895 cRia B)AEIS1.0G pEiAl rHbiedfar sievb &F It or
coati ngs, : - :
The coati ngis@grfg&éﬁ%@y@g%P?l\%gsg?rf\?%(?ég%ﬁ]g’%g%o ,anf)gfo%ar% %%ﬁ%gé@
coatings, for woodblQgkuh bPREMPD OlCchwrBbhure for exanple. 20 The

i nvention further provi&eﬁﬂ tfeor t he USF/ of the products obtained in
accordance with the inyehtion as an ‘rqt ernmedi ate for bright

el ectropl ati ng additli vefMM9hei r color_pumber, which is reduced
relative to that of proddéts obtai nabl® conventionally, nmakes them

i nordi nately suitable forggthis applicajg on. 25 The process of the
invention allows the prepgration of (ygth)acrylic esters (F) in high
chem cal and space/tine yleld and undgr mld conditions and with good
col or nunbers. Despite 0t usi ng act Yat ed (nmeth)acrylic acid
conpounds, the desiréd(medyewes are odbtained in a targeted way, with
hi gh selectivity, and aregosubstantial by free fromby 30 products. The
exanpl es which fo ' trate the qualities of the
invention with- out, however, restricting it. 35 Exanples Parts in

t his docunent, unless specified otherwi se, are to be understood as
referring tkxampéeZ s by wei ght. 40 Gol panol (r) PME is a commercially

avai | ab4 Oe %rggal{'gttweqatc '%vsltli &%an%PrgRﬁ’izgShaf en, Cer-

¢) . 0
n=1-2

Golpanol PME

A 4 | 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 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 alcohol was 99.5%.
20 This gave 557 g (93% vield) of 2-propargyloxethyl acrylate as a clear, pale yellowish
liquid having a Hazen color number of 79 (APHA, in accordance with DIN ISO 6271).



many. |t conprises a m xture of nono- and di-ethoxyl ated propargyl

al cohol . PFppGA&H; 26 Exanple 1 Transesterification of Gol panol (r)
PMVE with dlfferent excesses of nethyl %(‘Tryl ate S-1 0 + O Lipase ~\
LO) + MeOH - Jn OH MO/ \~:~ n = 1-2“'CGol panol PME Gol panol (r) PME
(5 mmol, 501 ng) was shaken with rrethyl acrylate, 25 ng of No 5
vozym(r) 438xdhipase from Candi da antarctica B), and 1.0 g of 5 A

nol ecul ar SR@é’ﬁoﬁEf pré&a@gglafco% h and the conversion was determ ned by

means of ga Amount of nethyl Conversion acryl ate
[ %4 [mml] 50 100 40 100 30 100 20 99 20 ( enzyrre) 10 10 92
Example 2 10 Preparative atc Wity ol anol L| pase _\ Ol +
MeOH L Jn |veoo,L kn 0 Q_%gl.p 4 | r¥efid- bot t omed

flask with top hount e(’}"BPefI ux condenser was charged with 1377 g of
met hyl akrylate (16.0 nol), 400.5 g of Col panol (r) PME (4.0 nol,
Hazen col or num 15 ber: 47 (APHA)), 800 g of 5 A nolecul ar sieve,

and 50 QB N5 TRLRE shakdMait Bfo | %S
e sl b e TS a1 bor e
excess et 46 facidh anddhesenvesin wep dﬁﬁerminedtbamaeaab@fiat or (40C, 6

nbar). Acc WWW gas chromat ography the degree of
esterificat VERCEH YHE al’COKYFRas 99. 5% 20 This gave 557 g (93%
yield) of 22dsedpar gyl oxet hifbl acrylate as a clear, pale yellow sh

l'i qui d havimgea Hazen col osgnunber of 79 (APHA, in accordance with
DI N I SO 627 )4eq a5

10




PF 56985 27 Exanple 3 Reaction of propargyl alcohol O O Lipase +
MeOH ~OH +ppRBgds Propargyl al cohol (5 mmol, 295 pl) was shaken with
50 mmol of nethyl acrylate (4.51 m), 25 ng of Novozyn(r) 435, and,
if appropriate, 1.0 g of 5 A nol ecul ar 28i eve at 40C for 24 h and the
conversion was determ ned by nmeans of GC. Mol ecul ar sieve Conversion
added [ % ; 58 added 95 10 PF 56985 28 dCains 1 A process for
preparing a %rre‘ct h)acrylic ester (F) of an al cohol having at |east one
C-Ctriple bond, which conprises subjecting at | east one al cohol

havi ng at | éastA p@cessdoreparing pl (methoandylit estestre pi #n aeahiobimevitigtat least one
(meth)acrylic Mrlﬂé bbed t\hﬂﬁfﬂﬁﬁﬁfpﬁiésfsiuﬁjécﬂnb@ﬂ iéé%ﬁdhe&ilcoh@l&%bm@@ﬁ[east

(meth) aceyli ¢ esier ciile b@n&tla%s{%&% Pl SR P Flkec kiR E)

the al conol _ar 40" mf‘*;» Sarearelehsiad's’ Gy t‘rﬁgres%@eoéé SEHGIBRRD 1o
n

ei ther of the p¥B€dBl-ng clai ms, wherein the al cohol (GO is of the
formula (1) R~ RZ O+tXi- H 15 in which R is hydrogen, C, - Cl16

al kyl. C -2C, ﬁ@'ﬁﬁ&desé«'@éd@?&rﬁg’!éﬁa@rﬁl1%hér§ib%€ﬁ&@?c§@l ggb!ups?d?tﬁértﬁcd%lé@re
oxygen d/ or ﬁp d/or by one or nore substituted or

unsubstituted n:T:ygroups or is C6 - Cl2 aryl, C5 - Cl12 cycl oal kyl

or a five- to si x- menbered heterocycl e contai ni ng oxygen, nitrogen
and/ or sul f&r The process according to either of the preceding claims, wherein the alcohol (C)

is of the formula (1)

RL——— RZ\O ,[—x ﬂn‘H

16
in which

R' is hydrogen, C; — Cys alkvl, C, — C1s alky! 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 Cs — Cy, aryl, Cs — Csz cycloalkyl or a
five- to six-membered heterocycle containing oxygen, nitrogen and/or suifur
atoms, it being possible for each of the stated radicals fo be substituted by
aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or heterocycles, and
25 R? isa Cy-Cy allkylene, Cs-Cy2 cycloalkylene or Cg-Cy» arylene or Co-Cypal-
kylene interrupted by one or more oxygen and/or sulfur atoms and/or by
one or more substituted or unsubstituted imino groups and/er 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 1o be substi-
30 tuted by aryl, alkyl, aryloxy, alkyloxy, hetercatoms and/or heterocycles,
n is an integer 0 to 3, preferably O to 2, and more preferably 1 to 2, and
X;  foreachi=0toncan be selected, independently of one another, from the
group -CHzCH,-0-, -CHp-CH(CHj3)-0-, ~CH{CH3)~CH,-O-,
-CHz-C{CH3);-0-, -C(CH;3),-CH-0-, -CH-CHVIn-0O-, -CHVin-CH,-0-,
35 ~-CHx-CHPh-0- and -CHPh-CH,-0-, preferably from the group -CH;-CH;-O-,
-CH2-CH(CH3)-0- and -CH(CH3)-CH,-0-, and more preferably
~CHy-CHyp-O-,

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)



atons, it being possible for each of the stated radicals to be
substitut edppyssoasyl , al kyl, aryl oxy, alkyloxy, heteroatons and/or

het erocycles, and 25 R2 is a Cl-C20 al k%dr ene, C5-Cl2 cycl oal kyl ene or
C6- Cl2 arylene or C2-C20 al- kylene int€rrupted by one or nore oxygen
and/or sulfur atonms and/or by one or nore substituted or
unsubstituted imno groups and/or by opé& or nore cycloal kyl, -(CO-,
-(CO O, -(NH(COO, -ACO(NH_-._ - q? or -(COO groups, it
bei ng possible for each of t S adicals to be substi 30 tuted
by aryl, alkyl, aryloxy, alkyloxy, g{@ &t ;%rg@/ or heterocycl es,
nis an integer 0 to 3, preferably e 2, and re preferably 1 to
2, and X, for eachi = 0 to n can be selected, independently of one
anot her, fromthe group -CH2-CH2-0-, -CH2-CH(CH3)-0O,

- CH( CH3} CH2- 0- , in wHigH2- C( CH3) 2- 0-, -C(CH3)2-CH2-O, -CH2-CHVIin-O-,
-CHVi n- CH2-0-, 35 -CH2-CHPh-O and - CHPh-CH2-0-, preferably fromthe
group - CH2- CH2-0- - CH2- CH( - O _and -CH(CH3)-CH2-0-, and nore
preferabPy - cH>-tRpd g?aq%%ﬁ%lﬁe%bqvg %Bfenyl and Vin is vinyl. 40
4. The process according to either one of clainms 1 and 2, wherein the
al cohol (C) is Rbb Rlmdependantipof@e ABhB6ABHYOgerRE; —R1aalkyRIC, -RB1@KY +
R6 in which 5 nyninferrasied Blineanptb@ b@sndle hate dxafen \eadRnsLIBatbms BAd/or by

i nd dent | ;i - |, - C18
;Pkye/f)eniginnt 2 rons iR Shinflu 5 UK AORR i) orobl BBt - e

one or € oxyge ,
sulTur dboms. ankiy-dre BIFCAHL G RLPETBRPS oY DB Y RRATELPM ST Sfrogen
i m no groups, o3ndgreuits atongl ft baing Ipossilge &6 cachof theywitted radjdalsgp bg substi-
five-to six-nenhedeg dngtsindaydde, diavoyohaxygems ant/or igencydssd/ or
sul fur atons, it being possible for each of the stated radicals to be
substi- tuted al kyl. r X | kyl o [ r
het er ocycl eg'. l5)]y h%—é&&s S(C:%c}s{%'h%goc%tb%i e/nﬂg‘ge C?(géﬁrilst ﬁ%r}d %ﬁé‘%gﬁ)ﬂ@%g C&ﬁaﬂégﬁd
2, wheréPn the HOREURE) is 15 of the formula (3)
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R—=—1—0~]XfH
28

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

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

25 and/or by one or more substituted or unsubstituted imino groups, or are Cs — Cy»
aryl, Cs — Cy; 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, alkyl, 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 alcohol (C) is
selected from the group consisting of 3-methyl-1-pentyn-3-ol, 2-propyn-1-of
(propargy! alcohal), 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.



R7 R OtX-frH R6 in which 20 n, X; and Rl can be as defined above
and R7 and Ig@ @ﬂ%ependently of one another are hydrogen, C1 - C18
al kyl, C2 E Kyl uninterrupted or interrupted by one or nore
oxygen and/or sul fur atoms 25 and/or bylone or nore substituted or
unsubsti t ut ed |m no groups, or are C6 - C12 aryI C - Cl12

cycl oal kyl o lIJ'rIrsa Yoces% gcc%rﬁ(ng[mg%?gﬁe ofr{ﬁé ?rg?c cqarm rﬁ‘e‘%‘?rﬁ"rﬁ Zé’mfaed

trogen and/ or s each

radical's to be Es§BeEFEdied a5{praney (5 Ca? Ryr) "%ﬂsﬁ &5(9 3é|1r?9r|9&$?953”3395
het er oat ons andEér 3iZet-panstyolegsss (BE.i3rtwhi ch R7 and R8 may al so

t oget her form aring. 6. The pr ocess according to either one of

claims 15 angl 2 A Mb%ﬂ%r?hcaés?é? obgaqa bleSy asr?rlagé%ts% cdcr i} CQE%\"E:
Ags

oS 9 O e R e §9€¥5]owr%bﬁ ﬁovﬁ@ﬁ%

et hynyl cycl ohexanol , 3-butyn-1-ol, 2-butyn-I- and 1-octyn-3-ol, and
t heir nono-9.or Tdiriauee bmymam)edymmqucc&ﬁm@wasmwor ohtaifdide @crooms;s

according to anyaQféhedf clah®s PIELEHE RBnSh dFRombBRSH&!iMa bBIRAIMYERIatd E)
I's selegfed fr i@a%gtr% gfeealu§a rr?a tl'?érr‘;'l%rl ey cu}able rgg-cgigb loéd%aﬁg

gl ycosyl ases ... 8.
(meth)acrylic y@?etm@)"’y@fﬁ a7 ARE @t%fye 315 Qfg?é'glét eletraplaf degvesy one
of the preceding clainms and having a DIN | SO 6271 col or nunber bel ow
100 APHA. 9i0. Theheaseiipturabie ratiBiaceyiti€orsiaBturé Epating Gaitaanehnrigrisigad M

8 or obtai nabl %m@rasz.rarﬂb@&er ARV cRim 8lcRbBBindbib Acdord@fg B ARAERE
or conoponer in 5pp]{oy.,(meth acrylate 10 or as a reactive diluent in
a thernmally cur!ﬁ‘fﬂ.I radi ati on-curabl e and/ or dual -cure
poly(neth)acrylate, or as an internediate for bright electroplating
additives. 10. A thermally curable, radiation-curable or dual-cure
coating material conprising a (neth)acrylic ester (F) according to
claim8 or obtainable according to any one of 15 clains 1 to 7.



