WO 2011/067183PCT/EP2010/068342 1 N-Allyl carbamate compounds and use thereof, in particular in

radiation-curw(g 2%??79979? The invention relates to novel N-allyl carbamate Com%?&"%ﬂ?o?@ Luse thereof as
a componentin composﬁions, in particular in radiatiop-curing coatings, preferably radical-curable

coating compositions. Crosslinked polymers are used in a variety of ways. They represent important basic
components of many materials, for example duroplastic molded parts, adhesive compounds, and inks, in
addition to all types of coatings; ultimately, the type of crosslinking and its density are critical for
mechanical and chemical properties as well as stability. Radiation-curing coatings are often used to
improve the chemical and mechanical resistance of the coated substrates, in particular resistance to
reagents having an alkaline or acidic effect. In this regard, UV-curing, solvent-free clear coat systems are
of particular importance. The coatings, in particular as thin layers, are suited for active, demanding tasks.
They protect underlying substrates from the mentioned chemical influences, in particular also from
electrochemical and mechanical influences, and/or give objects a particular color and/or a particular
surface gloss. WO 2011/067183PCT/EP2010/068342 2 In particular the uppermost coating layers, and in
the present case very patrticularly the clear coat films, are exposed to strong influence from UV radiation,

heat, cold, moisture, -ﬂl VOLh, dé'pn%qgiggrrhlé ﬂ@f;%ssw$gggﬁﬁ§ rggp ﬂ’?l Eﬁgg&ﬂi&al stresses, for which

reason it is important here“to produce partic ong, irreversibly cross emically resistant
layers which also have high mechanicin regiléadioe-curing coatings

The invention relates to novel N-allyl carbamate compounds and use thereof as a
component in compositions, in particular in radiation-curing coatings, preferably

UV radical-curable coating compositions.

Crosslinked polymers are used in a variety of ways. They represent important
basic components of many materials, for example duroplastic molded parts,
adhesive compounds, and inks, in addition to all types of coatings; ultimately, the
type of crosslinking and its density are critical for mechanical and chemical
properties as well as stability.

Radiation-curing coatings are often used to improve the chemical and
mechanical resistance of the coated substrates, in particular resistance to
reagents having an alkaline or acidic effect. In this regard, UV-curing, solvent-

free clear coat systems are of particular importance.

The coatings, in particular as thin layers, are suited for active, demanding tasks.
They protect underlying substrates from the mentioned chemical influences, in
particular also from electrochemical and mechanical influences, and/or give

objects a particular color and/or a particular surface gloss.



Due to the emissions problems from solvent-based coating systems and the trend toward simplified and
energy-effici [ s, radiation-curing coatings, in particular UV-curing s ' o-called
reactive diIu%s%vﬁflbgg%éssolve the binder and then polymerize into the netwoargl?ggﬁlngﬂ?é%%%osslinking
are becoming increasingly important. Radiation curing, in particular UV curing via active crosslinking vinyl
functional groups, already has widespread industrial application. Mentioned as examples are JP
2008-274209 A Eﬁi 1u a?}s %%7 ﬁl Je':DrrZ]bOs 9((3:82,[%, V\/lca) 9%090% Al atlp]% DEr e24e ﬁ gggeAl'vtehe number of
applications fri]eg wordwide I reggnt years 5’8 ggnergﬁy reffects l[pne prac'tjlca? folevance and the
economic sigaificanadyofthediatearcooaty BlystenaeA gepesatitréatiseamgUifrressenknogisydiéms is
provided in "U\:-Coatings", by Reinhold Schwalm, Elsevier-Ver. msterdam, 2007, Although the
echanical DRy ey, Lt T A e T P R e 5 e e

satisfactory, dke nieamicatat sEtassesin foartiehiah theassisténds torglkeimt dretectdicpagdats is still

regarded as inadequate, in particular with r 19t iter ecifie the automotive industry. WO
2011/06718§%%%%0%ﬂ§@8§%@%&? (;%rggérgr“en (%g;;égc él' 2?%6% ré@%gmgaxe t)éowr}rp}?%bsqlsggescribed in
DE 10 2006 leege78gAmacbardoal tesistdcitefor example, agueous polyurethane dispersions based on
unsaturated polyesters are used for UV-crosslinking systems. Although the use of aqueous dispersions
according to DE 10 2006 049 764 Al addresses the conservation of solvents with regard to polution

control, fromQbie dtarttipoemisisivrsgprefiicimscyrans gielwent-dritzdlyodading thgstetessag dinging step at
higher temp \ g R8s 04, ihes: r- -free
UV-curing foi%%?%v}/}%@a%}e% lc&rug go?ylr%ierh%'é ﬁﬁ‘?ﬁ%ﬁﬁ%}%@g’:ﬁ? Iu\élr@atggntggc %g)%/lteli egl‘s. However,
polymers baieganti@podreshérs airchayshe mesousingnsizioi!dderea ctivdimitieenits avbigbisiisabiliey with
respect to agifs aihRAsesy HRZNARARAG2 Al detrEbRs AR BN MR SRGRR UPINg
low-molecular ethylenic fractions, which are suitable as pressure-sensitive adhesives. These
low-molecul&effamiogdrneeasioghyratpdriant.the network during the crosslinking. As a rule, formulations
having very good curing characteristics may thus be obtained, although incompatibilities and difficulties
regarding the degree of curing may often occur. Low-molecular liquid acrylate-/methacrylate-functional
compounds Redistiem usedng, thes@gisiand s eosingy vidilaetive forahslinkéngseirdrjtaetiomational

binders. In p%fﬂ%HLar @? Cli%'sd{%‘&é@ﬁtﬁe%ﬁ%)smé|eésmﬁﬁimf‘ﬁbﬁﬂi8¥é%“§§ Skl the trade
name Laromer(r) HDDA, i1s very common In this regard.
are JP 2008-274209 A, EP 1 333 047 A1, JP 7-069686 A, WO 93/09084 A1, and
DE 24 41 600 A1; the number of applications filed worldwide in recent years also
generally reflects the practical relevance and the economic significance of

radiation-curing systems.

A general treatise on UV-crosslinking systems is provided in "UV-Coatings" by
Reinhold Schwalm, Elsevier-Verlag, Amsterdam, 2007.

Although the mechanical properties as well as the achievable surface gloss of
radiation-curing clear coats are quite satisfactory, the chemical resistance, in
particular the resistance to alkaline and acidic agents, is still regarded as
inadequate, in particular with regard to the criteria specified by the automotive

industry.



WO 2011/067183PCT/EP2010/068342 4 In WO 2004/000794 Al, compounds having allyl functionalities
are o.btain_edvpg éﬁqﬁ)g?gsunsatgrated qlcoho!s with diisocyqnates, the linking 01(' é@%g%ﬁ%ﬁ@ﬁ’?d
functionality in the molecule being achieved in each gase via a carbamate oxygen atom. Use of these
compounds actually results in an improvement in the chemical resistance, but not in the resistance to
acids, which is not significantly influenced. The solubility and compatibility of these compounds in the
commerciallyavailable UV-crosslinking paint systems is problematic, Since these compounds are
synthesized}\E/Faytﬁf?srocci}grﬁ%?gs,qﬁ%esgfgc |?)n{8%h§{r?10 euc%rl]gr rr?ginpt?cl)y y?ésreé%ic & Cfcr)'?fﬁé Ct't)nmmercially
available diidoleytha(@36 AR A o satly dicoitsdingigetddcj et meanpl ¢h a goaopstibdiy rethamtion in the
paint properligs, Aiother gisadyan(age fe {1k myltple Lungjional bonds pf alv aroups I tese
compounds are diImCUlt to Feact in practice, since on the one h&hd the avaitabilr y O ?rﬁmcl%loﬁal or
higher-functisysteisscyanates is even more limited than for the diisocyanates, and on the other hand
these compounds have a strong tendency toward polymerization. However, since the number of
vinyl/allylfunctionalities per molecule influences the crosslinking density and thus has a crucial effect on

the mechaniéithoragie fies usel chamicaus sispersartsiae tdvdingsklinkdng PAAOGYES Viedthel functionality

of the doubl nly limited | e in the chemi esis > ar i le with these
com pounliis%ég(?/v%qﬂs.g?%cl gfé’f@éﬂ %%s\ﬁd%fcgté%%%yvsﬁ%m%ﬁag}énaﬁ%lé%wgﬁ?ﬁ\g; @ﬁﬁ%’a’\éﬁ%ﬁ‘s\g@? and
describes costayulpristcohexinigy fiidieadyaitnisty iguep sfiicelly dVe toitlgeohsteesaraatgiitg/vinyl

monomer m%tt%ﬁ?%:ﬂcr%aég&gg%%rgigp&o\%ﬂ%ﬁjﬁ?garticuIarly suitable for these monomer mixtures

are describe ain at'least on€ eing necessary to select a second group from the
functionalities of a styrene group or acrylate group. WO 2011/067183PCT/EP2010/068342 5 For most

UV'CVOSS"”'@E PAINtRYGAC BN OYURY Sk 2 8%@8884%‘”%E{B?-'i%i?%"i%}%’ﬁ%\géﬁ{%&’ iif\‘/‘?cﬂ?iﬁoqo“e” results

in incompatibility with existing UVcrosslinking paint systems based on It 1IS'an object oOf the present
invention to feopokdiansoniiasedd whichodysueribibles ameddaitiee pandaigmsanthenmsattuiatedbody allows
modificationE&&ggqqu_erall structure of the compound in order to ensure sufficiently high compatibility with
as many binder systems as possible. The UV-crosslinkable double bond should be as sterically
undemanding as possible, be linked via flexible bonds, and be highly reactive. This object is achieved by

a novel compaund, BavVINg IRk feailiesi08 ¢80 dsters are hardly recommendable due to the

limited hydrolysis stability with respect to acids and bases.

WO 2008/049932 A1 describes radiation-curing mixtures, containing low-
molecular ethylenic fractions, which are suitable as pressure-sensitive adhesives.
These low-molecular fractions are incorporated into the network during the
crosslinking. As a rule, formulations having very good curing characteristics may
thus be obtained, although incompatibilities and difficulties regarding the degree

of curing may often occur.

Low-molecular liquid acrylate-/methacrylate-functional compounds are often used
in these systems as reactive diluents for the likewise acrylate-functional binders.
In particular hexanediol diacrylate (HDDA), for example marketed by BASF SE

under the trade name Laromer® HDDA, is very common in this regard.



By using compounds of formula A according to the invention, in particular the compatibility as well as the
crosslinking | be improved compared to the compounds proposed \gl ? %)O 794 Al.
According to hezs?rir){/éz?ft}r}én the allyl double bond funcfionality is linked via the c'gir aP“OrPn% g/onr ro%en atom,
not the carbamate oxygen atom. This altered linkage of the double bond functionality may be achieved by
reacting allyl-functional isocyanates or amines with corresponding alcohols or the chloroformates thereof.

For the comPoWe)a%é) %ng\ nvcenrHorcr) a N functronﬁ\é{|| aﬂoc fth Ié/l JPe”%‘ﬁiQEHét the

carbamate group is important, srnce partictlar n |ghagnn§n 108 are thus ac |eve 25 will be
shown beloweac:tmguuMmmikbriEadaumbdsMWCﬁMﬁﬁét@ﬁlﬁbﬂlﬁRQ@lﬁfﬂﬁ&%@ﬁ)l&bomﬂng to the

invention m{ﬁ/ﬂ Q[ orme from W|d|ev riet ommgrcralg/ a}ﬁarlable cohol fur’g:tron:fll starting
nc |on a/ moleculé “Deln a{(r}eve Case Vg g carbarmate
compounds. Cow- Molecular compoun S according 1o the |nvent|on In partrcu ar those in"wnich the radical

R1lis derrve@iweraarmm&mejnfdamamnparm@mmﬂﬂyallmueisdtsdrammmmmemmm drlsable as
reactive drlu anl? fg %b% n@gogrt i n E] H%g%i é)nli'c ?ettgr)ggrygal u&]saturqaﬁe% lé;opgl Ifunction)
ra , N-a

of the radrc |s preferably se€lec e rom carbamate vrnyI acry , and/or
(meth)acrylamfidericadtions. Preferred compounds according to the invention are selected in such a way
that they are soluble in particular in acrylate-based reactive diluents. Higher-molecular compounds
according to the invention are also used in this manner in liquid coating compositions. In preferred
compounds abeosdingitidytae deempsiibitity ratibasR Tonchalsxla botpeldmeembraiﬁtlala%ﬂablﬂyol based

radical may b sgleclifNBaRHE R, Vgl igameris eolymerc Mmbalighe! srnounds

mono-, di-, and p ysacc S an erivatives ove- men loned polyols
synthesrzed via diisocyanates, the selection of the molecular main body is

restricted to the commercially available diisocyanates, which greatly limits a

targeted adjustment of the compatibility, or variation in the paint properties.

Another disadvantage is that multiple functional bonds of allyl groups in these
compounds are difficult to react in practice, since on the one hand the availability
of trifunctional or higher-functional isocyanates is even more limited than for the
diisocyanates, and on the other hand these compounds have a strong tendency
toward polymerization. However, since the number of vinyl/allyl functionalities per
molecule influences the crosslinking density and thus has a crucial effect on the
mechanical properties and chemical resistance of the UV-crosslinking paint
layers via the functionality of the double bonds, only limited improvements in the
chemical resistance are achievable with these compounds as well.

WO 93/09084 A1 is directed to systems for manufacturing contact lenses, and
describes compounds containing vinyl carbamate groups for the UV curing of
styrene/acrylate/vinyl monomer mixtures for hydrogels. Compounds that are
particularly suitable for these monomer mixtures are described which contain at
least one vinyl group, it being necessary to select a second group from the

functionalities of a styrene group or acrylate group.



In the case of the selection of mono- and disaccharides, these are preferably used in the form of their

sugar alcohw WI(P/(%Q{‘IXJJ/%?183PCT/EP2010/068342 7 approximately 500 g{m? ?’%?0?%68@ 4Qas proven
to be particu aﬂy important that for the compound acgording to the invention, good copolymerization is

ensured even with non-acrylate double bond functions. The compound according to the invention is very
well suited as a component of UV-crosslinking clear coat systems using customary reactive diluent
systems, since they are soluble or at least sufficiently compatible so that separation effects may be
largely avoided. In addition, the compound according to the invention has a double bond functionality
which allowsFgoochospdlivrenisstiokingthphie tcsyisieras; duoweatefonetichatdrird fuacimhélitthds reactive
diluents, these preferahl ing. linked, at least partially, via bonds that are stable with.respect to
acid/base hy\ﬂﬁﬁf&s.c ﬁ'} %(’rag ’rr%%p 38dc|{{i1cl)snacf$3rr1]ctlfgﬁg ??af%n'%ﬂwmgcar@?é:ft}éy g%a'ltj?ﬁsq)s('sené%%yq&?ssible for the
compound ofrfossiuikiAgguaotdipgténrtt daseshdori@BAmay significantly increase the compatibility of the
compound according to the invention with given paint components. This aspect is important in particular
for solvent-free UVcrosslinking clear coats, since in this case extremely high demands are imposed with
regard to mdtiamicabsjeddilaf the pegemdiinyelatity, tndrepdaeeagimsspdhednivbibinctioaudtedudielitional vinyl
groups, in payticyl itional N-yinyl c int ' ion | ible, and
fo cortain pa Ly SR e o e SR RN B
2011/067183RQatIEP 2011k &8BARA8INd in order to ensure sufficiently high compatibility with

as many binder systems as possible. The UV-crosslinkable double bond should

be as sterically undemanding as possible, be linked via flexible bonds, and be

highly reactive.
This object is achieved by a novel compound having the features of Claim 1.

By using compounds of formula A according to the invention, in particular the
compatibility as well as the crosslinking density may be improved compared to
the compounds proposed in WO 2004/000794 A1.

According to the invention, the allyl double bond functionality is linked via the
carbamate nitrogen atom, not the carbamate oxygen atom. This altered linkage
of the double bond functionality may be achieved by reacting allyl-functional
isocyanates or amines with corresponding alcohols or the chloroformates thereof.

For the compound according to the invention, an N-functional bond of the allyl
functionality to the carbamate group is important, since particularly high chemical
stabilities are thus achieved, as will be shown below in conjunction with Example
7.

As a result of this altered linkage of the functional double bond, the compound



from diols, compounds having four hydrolysis-stable allyl carbamate functions in the molecule are easily
obtainable. the greatly expanded selection of molecular overall sfr on the
main body c@ig?zréﬁgék&éccording to the invention, agd the variation options wsf%ﬁj'?ggé@?@%ﬁg number
and type of further linkable double bond functions, the possibilities for optimizing a UV-crosslinking paint
layer with respect to the network density, compatibility, flexibility of the coating, and required chemical
resistance are %re(itrh)élivn%e sgdi com |8F16d rrt]% the Owll)gecafglanr]nea e-rurgﬁti%na\kcgénQ/ou%QS doefscribed in
WO 2004/0 4 l,when the Nr-]aﬁ)ﬂ Carbamate Tofctidha compouncc)is accordmg &Y vention are
used. Since vomhielgiailnatiaitab aipoholds getiamallg thavegooomandndsomplete curing and crosslinking
characteristics in radical curing processes without the presence of certain other double bond functions,
but in certain mixtures, for example containing acrylates, the curing proceeds particularly quickly and
effectively, in.owenvaléaotaf thenpoounuariadscaxdongdim thie ithee itiemtiarpaniecolamtiresacdiry latednctions

is/are additiqpally integrgted.into the molecule. Thes ryl ou be.linked vi ter bond,
since the ac?g' %stg%%&?q ofﬂ%ﬁles p?’afﬁﬁ't" %?/@H@g%?&%% gﬁ‘?&%@ﬁh@ﬁg@a@éﬁh’éﬁ%b@ rﬁ]?‘r%%sent in the
molecule, whithtiseinkes veadiyavsatratagyreaptiVichdibaytatin fovetion caneposfiaadly coordinated with
the allyl functionalities in order to optimize the crosslinking. It has been proven advantageous when the
ratio of the N-allyl carbamate functionalities to the acrylate functionalities in the radical R1 is1. WO
2011/067183Pe HERa6ILOrEE 88t italyddittariar atednocehipebifitpgiion) avindeffadidaltRd customary

systems based late, I0KRg RSP Sa i ate functionaliti ample 7). It
is difficult or'%]B%gsfgﬁ%@ ?é%i%gt%é@ské aspe?}:?é!%o Igc%%ﬁn?%%@:é (%IC?\I 2%?’03@%@%?%% particular
the mentionemhdiixednatinyteey Estededualdyioiisictional substances are very difficult to prepare using the

reaction process described in WO 2004/000794 Al. However, in the reaction according to the invention of

alcohol components with allyl isocyanates, the mixed acrylate ester/N-allyl compounds are easily
obtainable bl referietioroimpsivindsaccoidingntofthedrteptigpcar &€ satepte@)n such a way that

they are soluble in particular in acrylate-based reactive diluents.

Higher-molecular compounds according to the invention are also used in this

manner in liquid coating compositions.

In preferred compounds according to the invention, the radical R1 includes a

polyol-based radical.

The polyol-based radical may be selected in particular from diols, triols,
oligomeric or polymeric vinyl alcohol compounds, mono-, di-, and

polysaccharides, and derivatives of the above-mentioned polyols.

In the case of the selection of mono- and disaccharides, these are preferably
used in the form of their sugar alcohols.

The polyol particularly preferably has a molar mass of approximately 3000 g/mol

or less, in particular approximately 800 g/mol or less, more preferably



In another variant according to the invention, the allyl functionality is linked to a nitrogen atom which is

incorporatedv%[g rill%%;%g)cyclic system, in particular a triazine compound. Th%giggmglﬁﬂggg)ﬁunds may
be present in tautomeric form. In the present contextythe term "triazine" is intended to also always include

tautomeric forms, even if, for the sake of simplicity, this is not always explicitly indicated below. As an
N-allyl component, Many! isocyanate (1,3,5-triallyl-1,3,5-triazine-2,4,6 (1H,3H,5H)trione) or the tautomeric

form thereof (see fOI’ml{|Ef %@n med as an example of this embodiment. The described N-allyl-functional
triazine may 2 E%)gmap?e\baredq?r%}% gﬁy F'Ss%cyanates under appropriate basic catalysis, and is

commercially available. WO 2011/067183PCT/EP2010/068342 10 Formula

11.3.5-Trially-} 3 Slazine:2.4 8 (i3 shtione and D awiamericdarmaThe oyl compaunds of the
bifunctional, trifunctional, and higher-functronal N-allyl carbamates may generally be edsily prépared by
reacting allyinsecyammatgat copaliphatizdineaiis reoaorast bigtlieitr heteaocylzie poiybleAmpdlyols,
monomeric QBWCWdr{% alcohols (diols and triols, for example), saccharides and derivatives thereof, in
particular sugar alcohols, as well as copolymers prepared using vinyl acetate may be used, for the latter

the alcohol functionalities being formed by acid- or base-catalyzed hydrolysis/solvolysis reactions. When

he alcohol ' ichi ' s relati Ily] i f le, th
remaining OF oChER ay b e e B FYRdE R ve i S R B R e
chloride, for E}antpkslinkiey aeme cothlpyisteTng oditegl dlslyhanacgdateyestiiuentpysietssiescribed

bove, likewi : : : . ) . . d
ccording oo e B R T o S A A ormate by
reaction withnaaly lentémgsly avoided.

In addition, the compound according to the invention has a double bond
functionality which allows good copolymerization with the customary acrylate-
functional binders and further reactive diluents, these preferably being linked, at

least partially, via bonds that are stable with respect to acid/base hydrolysis.

A preferred additional functionalization with acrylate groups is easily possible for
the compound of formula A according to the invention, and may significantly
increase the compatibility of the compound according to the invention with given
paint components. This aspect is important in particular for solvent-free UV-
crosslinking clear coats, since in this case extremely high demands are imposed
with regard to mechanical stability, homogeneity, clarity, and surface gloss.

The introduction of additional vinyl groups, in particular additional N-vinyl
carbamate groups, into the molecule in question is possible, and for certain paint
systems may be advantageous for further increasing the crosslinking density.

In the preparation of the compound according to the invention, when amines

having a plurality of double bonds are reacted with chloroformates synthesized



WO 2011/067183PCT/EP2010/068342 11 The latter method is suited primarily for preparing particularly
high-functioq%%ﬂ/ @'R@\mates according to the invention, or short-chain novqj&l;ﬁl%m 068342
carbamatefunctional compounds for radical- and radigtion-curing systems (Example 3). (n principle, the
mentioned N-allyl-functional compounds or mixtures thereof may be used in all radiation-curing systems
as well as electron beam-curing systems, wherein acrylate-functional systems, in particular UV-curing

coatings, ar% Bref rred. Itis partic Iahrle}/ Pref]erre to,use these compounds in SO vept-fr{ee UV-curing clear
rom. diofs, .compaunds having Tour droo¥ |s-s&?e yI carbamate functions In
coat formulations (see’Example 6), since m this case other additives; for example bufféring or
matrix-reinfolfoenon pligouds tra e Siille 1sh teamaloliebe used due to the stringent requirements for transparency.
The N-allyl-functional compounds are also used in UV-crosslinking inks, powder coatings, or in general in
UV-crosslinking polymer matrices of all types. Based on the above discussion, it is apparent that another

important aspectofakelingtritiendresily peapaigd seteptionicof whathdnldudesomie sirnotwessf the
compounds, descy 'Bﬁ%@ %%ﬂ' 6‘5’8}‘/ %%grggfér;ﬂdagfgrj%ﬁgft% %ﬁel%v%ﬁ{%nmﬁ‘#dﬁ%5‘%%%&?&30“5'3’ used
in radiation-curing coatings. Alternatively or preferably addiionally, such corhpositions contain a
compound tlogitisrseladtie drégandntendhee ey rolgo naadc tapel oblyordrer NiviaydleodNedilglfbnotional
1,3,5-triazing con: n [ rtj ,3.O-1ri -1.3.5-Irigzine-2 4.6- (1 H,3H jone O
011 /06718‘3@@?@5‘2@5&&%%%@@&1 For GNP H NG sk Rrilth - PR SR Wil

respect to the network density, compatibility, flexibility of the coating, and

required chemical resistance are greatly increased, compared to the O-allyl

carbamate-functional compounds described in WO 2004/000794 A1, when the

N-allyl carbamate-functional compounds according to the invention are used.

Since vinyl-/allyl-functional compounds generally have poor and incomplete
curing and crosslinking characteristics in radical curing processes without the
presence of certain other double bond functions, but in certain mixtures, for
example containing acrylates, the curing proceeds particularly quickly and
effectively, in one variant of the compounds according to the invention one or

more acrylate functions is/are additionally integrated into the molecule.

These acrylate groups may be linked via an ester bond, since the acid stability of
the paint layer is generally ensured by the N-allyl group, already present in the

molecule, which is linked via a carbamate group.

The acrylate functions are preferably coordinated with the allyl functionalities in

order to optimize the crosslinking.

It has been proven advantageous when the ratio of the N-allyl carbamate

functionalities to the acrylate functionalities in the radical R1 is = 1.



The use of triallyl isocyanate is typically described in conjunction with organic sulfur compounds in
UV-curing s [g ﬁ for example, JP 57-133108 A, JP 57-158230 A, JP 5 W FR 2258436
Al, DE 24 0%(% 85';1 ﬁ@%,SSS,O% A), wherein the cyring process proceeds ng y % rﬁ\gﬁéa curing as
in the present invention, but, rather, by UV cationic curing. However, use of the usually toxic and
environmentally harmful organic sulfur compounds must be viewed critically in the future, since in
particular th%\(r:]o%t#ﬁ s industry has an 'nt(?lrt% |¥ in the c?.rr\]ceptﬁ of. zero, emissigns as well as wastewater

iona ng_com -RrOMoO ect 1N _the .customary systems .
control. However, the USe o -%urlng RiEa! Coat ayers r?tammg organic SIRF cgmﬁ/ounds conflicts

with such a t@seshbreadriddtssregistiblengratsogriays rameleaiiyi ety atediimgsicectitiok (geearticularly
since the sulf_[ur com nds may sometimes leach from the coating. Thus, for radiation-curing paint
layers, in par fé%?&?f%r he UV-curing clear coats of interest from an environmental and economic
standpoint, the processes for UV curing of polymers described in the above-cited publications do not
represent a We%“'%@#i‘éﬁiteg‘ratiﬁae%%%@%‘:%'”tgt?el ﬁﬁ]e]s%c’%%gt@ 1338 823 4Un AN EEdp 74 SIS Al
triallyl isocyanate has also been described as a component o radical-curing mixtures for producing
thermoplastité@28/o4/0R8T&Hers 1T hesedmethodattiasiedllytbencerenthiclethy enixk din@ayséitked or
weakly crosslinked Halymer [cati ot suit r | | @ gly
Crossinked SoLHig pTEr i b AR AL A L BB RIBHEN IaNRCEan
mechanicallyresésate $udbadlin/M61BFRO0EPRDAJ/068342 13 Compounds having a fairly high
molecular weight are less suited for meeting the requirements for the resulting coatings and clear coat
layers, since in the established radiation-curing formulations the solubility and compatibility generally
decrease witHaweeasiin thelseanties, agutrdingvisciisitynyrsditynirafratcadwlAcgreponantsavatin viscosity
in the UV paipf pr | is usyally Ci | A s yalu lower
mechanical g?rlgpcﬁl%%%%ﬁas%%’lIit?ﬁ%vh@?%a p:artggd\ﬁa{g; %%géfé%{!gWo§%le Qﬁé%?%sc%%ng% @yrjthis
reason, low-aidkioakiedndangroticnl irvelvingh@osxiarworapbuadiens (seddrxbippissd)which have a
molecular weight less than 5000 g/mol, more preferably less than 1000 g/mol, and in particular less than
700 g/mol. Mixtures of the described N-allyl-functional substances may also be advantageous in
specialized dorapoditsn¢ainantdaccorgiegthp ithprowetiopoiheailyatonaionalitydsitinikseddmponents by
copolymerizati revi i f d ompQsiti ccording to
the inventiorﬂﬁﬁt)?g ggp%grgerﬁtt %%gn%t&%ﬁm?t gﬁpiét”ﬁﬁﬁ@%@s%n%ﬁ%ﬁﬁﬁ I|8e§sl[If %nug??)vﬁjing coating
composition¥iagitefiged e @ginT he. triazine compounds may be present in tautomeric form.

In the present context, the term "triazine" is intended to also always include
tautomeric forms, even if, for the sake of simplicity, this is not always explicitly

indicated below.

As an N-allyl component, triallyl isocyanate (1,3,5-triallyl-1,3,5-triazine-2,4,6
(1H,3H,5H)trione) or the tautomeric form thereof (see formula 1) is named as an

example of this embodiment.

The described N-allyl-functional triazine may be easily prepared from allyl

isocyanates under appropriate basic catalysis, and is commercially available.



Accordingly, substantially solvent-free compositions are preferred. These compositions may in particular
falso inpluqle & o M%g{%further reactive Qiluents. Other reactive dilgent_s suitallpéeT g%&/m%icope of the
invention include, among others, the previously mengpned hexanediol diacrylate ( ), hexamethylene
diol dimethacrylate (HDDMA), isobornyl acrylate (IBOA), tripropylene glycol diacrylate (TPGDA), and
trimethylolpropane triacrylate (TMPTA). WO 2011/067183PCT/EP2010/068342 14 In the mixture of the
compound according to the invention with a further reactive diluenjthe proportion of the compound
according to the invention and/or of the M-Vinyl-, N-allyl-functionagd Sxtriazine compounds is preferably
approximately 5% to approximately 80¢ ' '
reactive diluents also include 2,4,6-tria
example of an 0O-allyl-functional cogpo
respect to the N-allylfunctional compsgings
provides less satisfactory results withyjegarg.to caustic re%iapcré, id Tesistance, and/or scratch
resistance (see Example 7). TJgéTee(ctiVﬁ/dilueEt of formufa 2 is suifable i rticular for UV-curing coating
compositions which are used at higher temperatures, for example 60 to 80C. Formula
22,4,6-Triallyloxy-1,3,5-triazine In addition, the coating compositions according to the invention preferably
include a polymer- or oligomer-based binder. WO 2011/067183PCT/EP2010/068342

Formula1  1,3,5-Triallyl-1,3,5-triazine-2,4,6 (1H,3H,5H)trione and the

tautomeric form

1% is likewise bastden‘ay#azine main body, although with
ccording to the inyention, this reactive diluent used alone

The novel compounds of the bifunctional, trifunctional, and higher-functional
N-allyl carbamates may generally be easily prepared by reacting allyl isocyanate

and an aliphatic linear, mono- or bicyclic or heterocyclic polyol.

As polyols, monomeric polyhydric alcohols (diols and triols, for example),
saccharides and derivatives thereof, in particular sugar alcohols, as well as
copolymers prepared using vinyl acetate may be used, for the latter the alcohol
functionalities being formed by acid- or base-catalyzed hydrolysis/solvolysis

reactions.

When the alcohol groups are used in stoichiometric excess relative to the allyl
isocyanate, for example, the remaining OH groups may be reacted in a second
reaction step using acrylic chloride or methacrylic chloride, for example, under
amine catalysis. The mixed N-allyl or acrylate ester compounds described above,

likewise according to the invention, are thus obtained.

As previously described, the compounds according to the invention may also be
obtained via the corresponding polyol-containing chloroformate by reaction with

allyl amines.



15 The coating compositions according to the invention are particularly suited for producing coatings

having _Iayerw%}éqs&sﬁ%of app.roximately 0.5 pm to apprpximately 600 pm, m%% /E[)%%&%X o
approximately 0.5 pm to approximately 100 pm. The,goating compositions according to the invention are

also preferably formulated as a paint, in particular as a clear coat. Clear coat formulations that are
UV-curable, more preferably UV radical-curable, are particularly preferred. The coating compositions
according to the invention are likewise preferably formulated as ink. Preferred UV radical-curable coating
compositions according to the present invention include an N-allyl carbamate-functional compound
according toldre laft@iamethbdosl Suaked rpahipdndicfoe aoepariig erartomaon dightenctcboall Rilybeing
derived from a 2-05 hyd rhon unit, and/or the coatin gsitions includ rig|lyl triazine
compound (SIEALSS Sorore 18 TG Al SRR Bl 2ohf SR o tne
invention hafungtéoredicahipbdnalsisaterdech ir@ndar@didio hwamogrdystemi deaappidalB)liquid, and thus
are also suitable as the sole reactive diluent in the coating compositions according to the invention. The
above-mentioned coating compositions according to the invention are preferably characterized in that the
proportion ofnhericeippsuhe aveotidingddVealty bfuDictioal tormpisiagpaximiatereSdlerepivemht or less, in
particular approximately. % weigh ferably approxi ly 8 0/85(9 ight, or the
proportion ogt%ug %:%@n%oasl i%gnggtﬁz%aé%d% éxg%ﬁﬁé?m%%@%% %%%éﬁ?r%%ﬁe&u?ﬁﬁ g Ag%%vgéight or less,
in particular whereximaelyl stesl6oetidyalv Oy20drhk) 6 108 FRCITHM20UV/06EBY2 toatioght, Arere
preferably agﬁé?%ﬁipg%tely 25 to 60% by weight, most preferably approximately 30 to 60% by weight. The
following examples are intended to explain the invention in greater detail without limiting the invention
thereto: Examples:

It is particularly preferred to use these compounds in solvent-free UV-curing clear
coat formulations (see Example 6), since in this case other additives, for example
buffering or matrix-reinforcing pigments and fillers, cannot be used due to the

stringent requirements for transparency.

The N-allyl-functional compounds are also used in UV-crosslinking inks, powder

coatings, or in general in UV-crosslinking polymer matrices of all types.

Based on the above discussion, it is apparent that another important aspect of
the invention lies in providing a composition which includes one or more of the
compounds, described in detail above and defined in Claims 1 to 10, which may

be advantageously used in radiation-curing coatings.

Alternatively or preferably additionally, such compositions contain a compound
that is selected from monomeric, oligomeric, and polymeric N-vinyl- or N-allyl-
functional 1,3,5-triazine compounds, in particular 1,3,5-triallyl-1,3,5-triazine-2,4,6-
(1H,3H,5H)trione.

The compositions according to the invention are preferably solvent-free.



Example 1: Synthesis of hexamethylene-bis-N-allyl carbamate 11.4 g hexamethylene diol and 0.01216 g

dibutyltin doq‘?&i‘&f}}&-ﬂf talyst) were dissolved in 70 g methylene chloride, ang 8’16/15%% 1%' (}Qsﬁgcyanate
was added dropwise with ice cooling. After stirring fo,20 hours at room temperature under a hitrogen

atmosphere, the methylene chloride was stripped under vacuum. The obtained product was washed with
warm distilled water at a temperature of 50C until the wash water was pH-neutral. Drying was then
performed, using Na2504. The product was identified by proton resonance spectroscopy. Example 2:
Synthesis of acryloyl hexamethylene-N-allyl carbamate 12.8 g hexamethylene diol was dissolved in 150 g
methylene chloeidesaand giallylalsdiyacydeaate typsaltidekdsicdpeds énwitbnics cioatingitiAd@ganic
2011/067183PET/EP2010/068342 17, 9.8.9 acrylqyl chloride was added dropwi ture was
Sired or 20 HLt<Ca T o Y eI ST TR o R 2 S P A e
resulting prodid G iv&S8£86hedl byRBhakiz] 80@Pcdd irdterd2T8486 wath WateP4h@Red@0neAtral pH.

US 3,855,093 A), wherein the curing process proceeds not by UV radical curing

as in the present invention, but, rather, by UV cationic curing.

However, use of the usually toxic and environmentally harmful organic sulfur
compounds must be viewed critically in the future, since in particular the coatings
industry has an interest in the concepts of zero emissions as well as wastewater
control. However, the use of UV-curing clear coat layers containing organic sulfur
compounds conflicts with such a concept, and is less suitable for an
environmentally friendly coatings technology, particularly since the sulfur

compounds may sometimes leach from the coating.

Thus, for radiation-curing paint layers, in particular for the UV-curing clear coats
of interest from an environmental and economic standpoint, the processes for UV
curing of polymers described in the above-cited publications do not represent a

meaningful alternative approach.

In EP 1 111 008 A1, EP 1 338 623 A1, and EP 1 674 513 A1, triallyl isocyanate
has also been described as a component of UV radical-curing mixtures for

producing thermoplastics and/or elastomers.

These methods basically concern thick-layered, uncrosslinked or weakly
crosslinked polymer applications, and are not suitable for producing thin-layered,
strongly crosslinked coatings which are stabilized with respect to UV and

weathering effects as well as mechanically resistant.



The mixture was then diluted with approximately the same quantity of butyl acetate, and was shaken out

three times %@7{5&% %/yﬁger. After drying over magnesium chloride, the butyl aclge(t%}&?ﬁ%/é:&ggully stripped
e

under vacuum a owest possible temperature. Tl product was identified by proton resonance
spectroscopy. Example 3: Synthesis of 1,4-tetramethylene-bis-(diallylamino)carbamate A solution of 10.0
g diallylamine, followed by 12 mL diisopropylethylamine in 80 mL methylene chloride, were added

dropwise to a solution of 10.0 g butanediol-bis-chlorgformate in 54 mL methylepe chloride ¢poled with ice
wator atter GG RIS SRS 3 TR e SEplRe - Wei e B R e e vecuum,
and the prodecuivameartsfuidy Wwasheeswitingvaroatingdleandatdeat actahdayeis,e sihs@Cinintilehe wash

water was pH:neytral, Drying was then performed, using Na . The product, identified by proton
rosonance <ERPLSLSt AU LR TSR s e A RSB SRR i o
1,6-hexamettigteaassisvihyih cadsinmtederonatagvitily O 2 000y geal P ergdsesamethylene
diisocyanate was added dropwise to 14.0 g allyl alcohol and 0.0152 g dibutyltin dodecanate in 70 g

methylene chloride, with ice cooling.
A great increase in viscosity in the UV paint preparations is usually associated

with poor flow, low surface gloss values, and lower mechanical and chemical

stability, which is particularly problematic for clear coat coatings.

For this reason, low-molecular and in particular monomolecular compounds are
preferably used which have a molecular weight less than 5000 g/mol, more

preferably less than 1000 g/mol, and in particular less than 700 g/mol.

Mixtures of the described N-allyl-functional substances may also be
advantageous in specialized compositions in order to greatly improve the

polymerization of the individual components by copolymerization.

Based on the previous explanation of the compounds and compositions
according to the invention, it is apparent that another important aspect of the

present invention lies in providing coating compositions as defined in Claim 14.

Accordingly, substantially solvent-free compositions are preferred. These

compositions may in particular also include one or more further reactive diluents.

Other reactive diluents suitable within the scope of the invention include, among
others, the previously mentioned hexanediol diacrylate (HDDA), hexamethylene
diol dimethacrylate (HDDMA), isobornyl acrylate (IBOA), tripropylene glycol
diacrylate (TPGDA), and trimethylolpropane triacrylate (TMPTA).



After stirring for 20 hours at room temperature under a nitrogen atmosphere, and stripping the methylene

chloride undgyg@q@@ggﬁwe product was washed by shaking several times Wit&m%(ﬂi&ﬂyg%q water at a

temperature 0 ntil the wash water was pH-neytral. Drying was then performed, using I\fa2504. The
product was identified by proton resonance spectroscopy. Reference Example 5:Synthesis of
N,N-isophorone-bis-allyl carbamate (according to WO 2004/000794 Al) 0 N Formula 3

N,N-lsophoriﬂ -%ls-all‘;dcarbfa{nate WO 2004/000794 gg c!ZnGéZ 9,18 horox,?ﬁ:‘ glufso anate was added

dropwise to m|||))(/ AfeShol'sndg'Bs2 g%ﬁ{ﬁ'{ﬂ ecany er] With'[Ce coolflng?%?grcs't\llr?ing for 20

hours a’F roonﬁltmnpe;fa&lpeopndﬁmracm‘ittbg&matpmmﬂwem:dtpﬁngdddb&ﬂasemﬁsheah@mfmkthg several
e Wi W B AR A B B oo RS G L A LR S BBy VO

2011/06718
5% to approximately 80% by weight, and in some applications is even higher.

Suitable reactive diluents also include 2,4,6-triallyloxy-1,3,5-triazine (formula 2)
as a commercially available example of an O-allyl-functional compound that is
likewise based on a triazine main body, although with respect to the N-allyl-
functional compounds according to the invention, this reactive diluent used alone
provides less satisfactory results with regard to caustic resistance, acid

resistance, and/or scratch resistance (see Example 7).

The reactive diluent of formula 2 is suitable in particular for UV-curing coating
compositions which are used at higher temperatures, for example 60 to 80°C.

Y
O
=
Formula2 2,4,6-Triallyloxy-1,3,5-triazine

In addition, the coating compositions according to the invention preferably

include a polymer- or oligomer-based binder.

Such binders preferably include an acrylate-, urethane-, or polyester-functional
binder.



Drying was then performed, using Na2S0O4. The product was identified by proton resonance
spectroscop)éwl)i%?rr“% Processing of the compounds from Examples 1 to 5@3@@2%? %
commercially available components to form coating fgrmulations Desmolux(r) rom Bayer
MaterialScience was used as binder, Laromer0 HDDA from BASF was used as reactive diluent, and BYK
306 from BYK Altana was used as flow control additive for the radiation-curing test formulations in this

example. T roduc the coatin rmulatlons .the ab ve- mentloned coatr q onen t e UV
g com Gons ad ord S nventon are b cua LE
crosslinker Irgacure from a and op Sfona a compoun BlahediR Exafpled

1,3,5-triallyl arGMraglrtaeatmglee@hh@HMrenethdneb}aas l\t}hllgbpmxtmataéltna@lﬁe pmnpound or
2,4,6- trlallylox 1 3 5 tr eﬁérheo Idrlch as 0- aII |- functlonal triazi ne c06n§ound were mixed ta(fcordlng to

the proportio spllsfeEP "5 Righ-s eeg a[ r%ﬁ?&?ﬁ%@ oothed dick Fori%prq)r(\'ra]taa disk

peripheral sgé€duwhl1.0 m/sec. The standard formulation listed in Table 1 represents the base formulation,
which in each case was varied by replacing 50% of the HDDA component in order to test the compounds
of Examples 1 to 5 and the other two triazine compounds with regard to their functioning in the coating
system; thesﬁmre@atingfecmdposihidnstaalteaxslirtg)laoert’rmt moletitities. Eine o@‘@nqdewtablrynulations

were applleq, %ln% cgrlocto%té i di P%?t% %pég %ag tgrp %elsca aérat dﬁl Efdnesx Ple the

black portion of panels availa e name ene a pane orm and white spray 20
monitor). Thenmtiistiourabingness prafieraidd Y tadIrzalratit‘ﬂtb(end@pdﬂh!gﬂamhemefermdrcury lamp) of
the applied paint layers at room temperature, with a UV dose of 1800 mJ/cm2 in an inert N2 atmosphere.

The coating compositions according to the invention are likewise preferably

formulated as ink.

Preferred UV radical-curable coating compositions according to the present
invention include an N-allyl carbamate-functional compound according to one of
Claims 1 to 10 as an aliphatic reactive diluent component, the radical R1 being
derived from a Co—Cs hydrocarbon unit, and/or the coating compositions include

a triallyl triazine compound (optionally in tautomeric form).

The N-allyl carbonate-functional compounds according to the invention having a
radical R1 that is derived from a Co—Cs hydrocarbon unit are typically liquid, and
thus are also suitable as the sole reactive diluent in the coating compositions

according to the invention.

The above-mentioned coating compositions according to the invention are
preferably characterized in that the proportion of the compound according to one
of Claims 1 to 10 is approximately 80% by weight or less, in particular
approximately 5 to 60% by weight, more preferably approximately 8 to 30% by
weight, or the proportion of the composition according to one of Claims 11 to 14

is approximately 80% by weight or less, in particular approximately 5 to 60% by



Table 1 Paint component Standard formulation Modified formulation Desmolux U 880H [io by weight]

59.70 59.70 Byk 306 lio by weight] 0.93 0.93 PCT/EP2010/068342
16

weight, more preferably approximately 25 to 60% by weight, most preferably
approximately 30 to 60% by weight.

The following examples are intended to explain the invention in greater detail

without limiting the invention thereto:

Examples:

Example 1: Synthesis of hexamethylene-bis-N-allyl carbamate

11.4 g hexamethylene diol and 0.01216 g dibutyltin dodecanate (catalyst) were
dissolved in 70 g methylene chloride, and 16.0 g allyl isocyanate was added
dropwise with ice cooling.

After stirring for 20 hours at room temperature under a nitrogen atmosphere, the
methylene chloride was stripped under vacuum. The obtained product was
washed with warm distilled water at a temperature of 50°C until the wash water

was pH-neutral.

Drying was then performed, using Na,SO4. The product was identified by proton

resonance spectroscopy.
Example 2: Synthesis of acryloyl hexamethylene-N-allyl carbamate

12.8 g hexamethylene diol was dissolved in 150 g methylene chloride, and 9.0 g
allyl isocyanate was added dropwise with ice cooling.

After heating for 20 hours at 35°C under a nitrogen atmosphere, the mixture was

once again cooled with ice water, 15 mL diisopropylethylamine was added, and



Irgacure 184 [io by weight] 2.89 2.89 Laromer HDDA [io by weight] 36.48 18.24 Replacement additive [io

by weight] 4 ngle 7: Results of testing of the paint layers The testing li/acid resistance
of the paint 1s\%ltn%lzﬁlilellzo(pro uced in Example 6 was coneucted by dripping a oneﬁﬁ@&?@ ?%%] hydroxide

solution or sulfuric acid solution onto the samples.

9.8 g acryloyl chloride was added dropwise.

The mixture was stirred for 20 hours at room temperature, and the methylene

chloride was stripped under vacuum.

The resulting product was washed by shaking with cold water until the wash

water showed a neutral pH.

The mixture was then diluted with approximately the same quantity of butyl
acetate, and was shaken out three times with cold water.

After drying over magnesium chloride, the butyl acetate was carefully stripped
under vacuum at the lowest possible temperature. The product was identified by
proton resonance spectroscopy.

Example 3: Synthesis of 1,4-tetramethylene-bis-(diallylamino)carbamate

A solution of 10.0 g diallylamine, followed by 12 mL diisopropylethylamine in
80 mL methylene chloride, were added dropwise to a solution of 10.0 g

butanediol-bis-chloroformate in 54 mL methylene chloride cooled with ice water.

After stirring for 20 hours at room temperature, the methylene chloride was
stripped under vacuum, and the product was carefully washed with warm distilled

water at a temperature of 50°C until the wash water was pH-neutral.

Drying was then performed, using Na,SO4. The product was identified by proton

resonance spectroscopy.



The coatings treated in this manner were exposed to a temperature gradient for 30 min in a gradient
oven. The s { ces were rinsed with water and dried, and after 24 ho r éSC and
50% relativﬁﬁ(g?ns‘; {tﬁy gz’e damage was visually evalyated. WO 2011/067183Iéjéslil@lgé’@%ﬁ@%1 8342 21
When the obtained acid and alkali stabilities of the standard formulation were compared to the stabilities
for the coatings which resulted from replacing 50% of the HDDA fraction with the replacement additives,

an alkaline t erature-stability gf 41C and.an acid stability of 42C were obtai for the standard
formulation gnﬁﬁ%%]%%%ﬁg%o%the p§' 1 1Ayer m%%%%%ﬁﬁ%m%ﬁ‘ﬁi dﬁc%@cr?laf rﬁa%mgefgompound, a
high alkaline temperature stability of 61 (2acordimintr&s€eaGEidosanddy of)47C were detected. For the
0O-allyl-functional triazine compound, for 50% replacement of HDDA a lowered alkaline temperature
stability of 59C and a likewise lowered acid resistance of 44C compared to the N-allyl-functional triazine

were obtainétDds thbersulethidemyatiisbeydraiy -ivastateed dricxipsvisaripo it d sh@lgl sadeahtdges over

the O-allyl-functignal.triazine, ¢ ound not just with respect to th lical resistance en a 300-hour
short-term Waea%r?@ralrfgél?e@[bi?#Pénpt%%%ﬁagaaé%% |2yl?eqsgwﬁé%%h¥qﬁ&]§c§£ﬁ ?(é%dr\g%% Ifgo [‘?&?'ﬁg'lso 11341,
when the 0-allylfunctional triazine was used, a color change AE increase by 0.35 units was observed after
the weatheri r t 0, t th)..This indicates higher weathering
Stabiy of N L T one e e s G e A
2011/067183RDPIEE 20£0/06884222 odosidestandier saitability the Phdaducingskeavasizedplication,

emperature SN oGy S D A SRR SPaAre LA B LE Sers S oL nen 500 o

the HDDA waasbplated was pH-neutral.

Drying was then performed, using Na,SO4. The product was identified by proton

resonance spectroscopy.

Reference Example 5: Synthesis of N,N-isophorone-bis-allyl carbamate
(according to WO 2004/000794 A1)

O
N_[Lo"“\:f“
O'—v

Formula3  N,N-isophorone-bis-allyl carbamate (WO 2004/000794 A1)

26.7 g isophorone diisocyanate was added dropwise to 14.0 g allyl alcohol and
0.0152 g dibutyltin dodecanate, with ice cooling.

After stirring for 20 hours at room temperature under a nitrogen atmosphere, the
product was washed by shaking several times with warm distilled water at a

temperature of 50°C until the wash water was pH-neutral.



Analogously to the N,N-isophorone-bis-allyl carbamate, the hexamethylene-bisally! carbamate (Example
4) was obtai eacting the corresponding hexamethylene diisocyanate wj | | according to
WO 2004/00%%1925}1&6?%% sample was incompatible pyith the paint system, ang %nggi{r%@t&é&lgr}é%ﬁ?/ soluble in
HDDA, and the corresponding N-allyl-functional hexamethylene-bis-N-allyl carbamate from Example 1
likewise was not directly soluble in HDDA, so that as a whole, an incompatibility-promoting effect of the
hexamethylene main body may be concluded. To still be able to test the influence on the chemical
resistance, the hexamethylene-bis-allyl carbamate from Example 4 was dissolved in methanol beforehand
and applied,Rryihgrioasotten eértooss ohkirsingh p&aylaybe wasdirat dvaisddentiiad rbyaps®tGrfor several
hours to remave the methanpl. Although transparent paint layers were obtained, surprisingly an alkali
resistance of ZbC and ar 8CIU resistince of 44C were obtained which were only slightly improved
compared to the standard paint. When only a portion of the allyl carbamate functions according to the

invention w ced with acrylat S 0 ere more ti ith.the paint
cystom, andEaIB o e e e e R e R Wo
2004/000794 Al, surprisinghyntineeatialiyrasailabte airtimopaints| &y éoimcoeadied fiamudliadoms48C when the
substance obtained from Example 2 was incorporated, while the acid resistance remained constant at
WO 2011/067183PCT/EP2010/068342 23 44C. Based on this result, it may be concluded that the

compatibilityllﬁ%mmim@@@&@ﬁaﬁt@nﬂﬁﬁyenwngﬂi%‘&cmmemiesaﬁles:lbémdieal resistea® of the
paint layer, qdiiiof i, iBkieRqp Al (e gomnatialils of f ERMBRHVRA G MABGACARIfes! than a

hydrolysis-stable linkage of the dou onality. on, combining monomer units which
copolymerizevaglisethassHave coolsolirRddijyeatartthhaas ipbdisitiveusffgdsstfictmnuatiimabidivsemical
resistance. T%@fgn the influence of the hexamethylene main body and the double bond functionality in
greater detaﬁ, In Example 3 a corresponding tetra-functional N-allyl carbamate,
1,4-tetramethylene-bis-(diallylamino)carbamate, was synthesized via a tetramethylene diol chloroformate.

The obtaine S lig etatur, letely misei ' reactive diluent
HDDA. For e Bagos HE oA OR L EhR0E SO ot (ORIl
resistance, wintld/velassinkacCligaswistdifé droneCilimimnst andiciallyesisempeundsalitainssssible to
directly use the jonal N-allyl garba Jithou [gD(ﬁ_ ; i ro I the sole
reactive dilulnnt,%r%ﬂﬂl’{% prﬁs{g}nt L‘g’/s g' |duir§’§i?d {glr%ilggﬁgl%’od |s%%€i%’3€(§;pg%ijﬁé/ or \ﬁ?nr?t%ators and a
high degree @¥ldomipaasiltyallyitienctionalririsinaer eysipmdhis akksdoldase Irfighiaaineentrations,
for example GQo(; 0y \WeII. dMANE FORIND GRERARS ¥ npound, were mixed according to the

proportions listed in Table 1 in a high-speed stirrer having a toothed disk for

15 min at a disk peripheral speed of 1.0 m/sec.

The standard formulation listed in Table 1 represents the base formulation, which
in each case was varied by replacing 50% of the HDDA component in order to
test the compounds of Examples 1 to 5 and the other two triazine compounds
with regard to their functioning in the coating system; these are also referred to in

the table as replacement additives.

The obtained test formulations were applied, using a doctor blade having a
50-um gap, to panels prepainted black (for example, the black portion of panels

available under the trade name Leneta panel Form M12, black and white spray



Combining the obtained results allows a conclusion that the hydrolysis-stable linkage of the double bond
functions to rasslinked, their functionality in the molecule, and the main b important
role. WO 20%%@3%2@CT/EP2010/068342 24 Theygesults indicate that the %Tﬁﬁlgwﬁ%ﬁ ures, in
particular heterocycles and, more preferably, triazine compounds, as the main body, functionalized with
higher-functional, hydrolysis-stable allyl groups linked via carbamate groups has a particularly
advantageouns] enf|f%cr for a very high acid and base stability. However, to achieve excellent chemical
stability, accor%mg tO the invention the mentioned compatibility and reactivity of a corresponding
compound, for example by additional modification with acrylate functionalities, may also be adapted to the
present pai stem. in. a targeted manner. In this regard, it is jmportant to ensure the correct ratio of
oy st LS r e on L o 0 R T B IR <o e
optimal copatyenevizakionp)fahéhecmppbiad maintdgysrsaahrosd téEnipe stdity evitira id\bdesedfin existing
paint formulat other paint properties should not be adversely affected by the addition of additive.
Surprisinglyﬁm@%%mt I%y%fﬁ'%ﬁu’g § i@?ngéﬁ}?eﬁ\]-allyl-functional triazine, an improved scratch
resistance of almost 53 mN up to the initial crack formation (crack formation of standard coating at 51
mN) was also measured using a model UNHT insﬂéw nt from CSM Instruments. For the paint layer
modified with the 0-allyl-functional triazine, a greatly reduced scratch resistance was observed with an
initial crack formation at 31 mN. The above-described test results are summarized in Table 2.

Paint component Standard Modified
formulation formulation
Desmolux U 880H [% by weight] 59.70 59.70
Byk 306 [% by weight] 0.93 0.93
Irgacure 184 [% by weight] 2.89 2.89
Laromer HDDA [% by weight] 36.48 18.24
Replacement additive [% by weight] - 18.24

Example 7: Results of testing of the paint layers

The testing of the alkali/acid resistance of the paint samples produced in
Example 6 was conducted by dripping a one-percent sodium hydroxide solution

or sulfuric acid solution onto the samples.

The coatings treated in this manner were exposed to a temperature gradient for
30 min in a gradient oven. The stressed surfaces were rinsed with water and
dried, and after 24 hours storage at 23°C and 50% relative humidity, the damage

was visually evaluated.

For the alkali and acid resistance of the coating, the lowest temperature was

determined at which damage was visually detectable.
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When the obtained acid and alkali stabilities of the standard formulation were
compared to the stabilities for the coatings which resulted from replacing 50% of
the HDDA fraction with the replacement additives, an alkaline temperature
stability of 41°C and an acid stability of 42°C were obtained for the standard

formulation containing HDDA.

For the paint layer modified with the N-allyl-functional triazine compound, a high
alkaline temperature stability of 61°C and an increased acid stability of 47°C

were detected.

For the O-allyl-functional triazine compound, for 50% replacement of HDDA a
lowered alkaline temperature stability of 59°C and a likewise lowered acid
resistance of 44°C compared to the N-allyl-functional triazine were obtained as

the result.

However, the N-allyl-functional triazine compound shows advantages over the
O-allyl-functional triazine compound not just with respect to the chemical
resistance. When a 300-hour short-term weathering test of the obtained paint
layers was conducted according to DIN EN ISO 11341, when the O-allyl-
functional triazine was used, a color change AE increase by 0.35 units was
observed after the weathering (measuring geometry d/8°, color I5,
GretagMacbeth).

This indicates higher weathering stability of N-allyl-functional triazines compared

to O-allyl-functional triazine compounds.

When other O-allyl-functional substances which according to cited

WO 2004/000794 A1 may be prepared from diisocyanates and allyl alcohols



Without (standard) 41 42 51 From Example 1 Incompatible with paint system From Example 2 48 44

From ExamRk?O?20§§/067183 PCT/EP2010/068342
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were tested for suitability in a UV-curing clear coat application, when the cyclic
N,N-isophorone-bis-allyl carbamate from Example 5 (formula 3) was used, an
alkaline temperature stability of only 54°C and an acid stability of once again only
44°C were obtained when 50% of the HDDA was replaced.

Analogously to the N,N-isophorone-bis-allyl carbamate, the hexamethylene-bis-
allyl carbamate (Example 4) was obtained by reacting the corresponding
hexamethylene diisocyanate with allyl alcohol according to WO 2004/000794 A1.
This sample was incompatible with the paint system, and was not directly soluble
in HDDA, and the corresponding N-allyl-functional hexamethylene-bis-N-allyl
carbamate from Example 1 likewise was not directly soluble in HDDA, so that as
a whole, an incompatibility-promoting effect of the hexamethylene main body

may be concluded.

To still be able to test the influence on the chemical resistance, the
hexamethylene-bis-allyl carbamate from Example 4 was dissolved in methanol
beforehand and applied, and prior to the UV-crosslinking, the paint layer was

dried under vacuum at 50°C for several hours to remove the methanol.

Although transparent paint layers were obtained, surprisingly an alkali resistance
of 45°C and an acid resistance of 44°C were obtained which were only slightly
improved compared to the standard paint.

When only a portion of the allyl carbamate functions according to the invention
were replaced with acrylate groups, the compounds were more compatible with
the paint system, and, compared to the hexamethylene-bis-allyl carbamate from
Example 4 according to WO 2004/000794 A1, surprisingly the alkali resistance of
the paint layer increased from 45°C to 48°C when the substance obtained from

Example 2 was incorporated, while the acid resistance remained constant at
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44°C.

Based on this result, it may be concluded that the compatibility of a compound
apparently strongly influences the achievable chemical resistance of the paint
layer, and that the influence of the compatibility of a compound may have a
greater effect than a hydrolysis-stable linkage of the double bond functionality.

In addition, combining monomer units which copolymerize well in the same

molecule appears to have positive effects on the achievable chemical resistance.

To explain the influence of the hexamethylene main body and the double bond
functionality in greater detail, in Example 3 a corresponding tetra-functional
N-allyl  carbamate, 1,4-tetramethylene-bis-(diallylamino)carbamate,  was
synthesized via a tetramethylene diol chloroformate. The obtained compound
was liquid at room temperature and completely miscible with the reactive diluent
HDDA. For the resulting paint system, a relatively high value of 56°C was
obtained for the alkali resistance, while a value of 44°C was obtained once again
for the acid resistance.

It is also possible to directly use the tetrafunctional N-allyl carbamate, without
HDDA, obtained from Example 3, as the sole reactive diluent, since it is present
as a liquid and shows good dissolving capability for UV initiators and a high
degree of compatibility with customary binder systems. This also allows use in

high concentrations, for example 80% by weight, in the coating composition.

Combining the obtained results allows a conclusion that the hydrolysis-stable
linkage of the double bond functions to be crosslinked, their functionality in the

molecule, and the main body used play an important role.



47 --53 Of formula 2 (reference) 0-allyl-functional triazine 59 44 31 *) Modified processing; see

.’i\?ﬁwere determined In the testing of the important paintlpé&%%r{ige{ﬁo &gﬂw as surface

description *;;) (Nf% l\f%l&
gloss and loss of gloss (HazeGloss, Byk Gardner) ophardness and loss of hardness after weathering

(Fischerscope H100, Fischer), no negative effects on the paint layer could be detected for the additives
according to the invention, up to a 50% replacement of HDDA in the tested formulation. WO

201110671837 CTIEE 20101008

g‘*%a%ﬁhe use of ring structures, in particular heterocycles and,
more preferably, triazine compounds, as the main body, functionalized with
higher-functional, hydrolysis-stable allyl groups linked via carbamate groups has

a particularly advantageous effect for a very high acid and base stability.

However, to achieve excellent chemical stability, according to the invention the
mentioned compatibility and reactivity of a corresponding compound, for example
by additional modification with acrylate functionalities, may also be adapted to

the present paint system in a targeted manner.

In this regard, it is important to ensure the correct ratio of hydrolysis-stable allyl
carbamate functionalities to the acrylate functionalities in the paint system so that

optimal copolymerization of the components may be achieved.

If the additives are to be used in existing paint formulations, other paint

properties should not be adversely affected by the addition of additive.

Surprisingly, for the paint layer produced using the N-allyl-functional triazine, an
improved scratch resistance of almost 53 mN up to the initial crack formation
(crack formation of standard coating at 51 mN) was also measured using a

model UNHT instrument from CSM Instruments.

For the paint layer modified with the O-allyl-functional triazine, a greatly reduced

scratch resistance was observed with an initial crack formation at 31 mN.

The above-described test results are summarized in Table 2.



Thus, the novel additives primarily improve the chemical resistance and the mechanical resistance, but
without signia%i%[!){ /ggﬂﬁgncing the weathering stability or the surface gloss. T?%@E‘f’%i&/‘ﬂ?&%ﬁ ay be used
particularly advantageously as additives in paint sysigms, in particular in UV clear coat systems. W
2011/067183PCT/EP2010/068342 27 Claims: 1N-allyl carbamate compound according to general formula
AR51R4 NO0-)7R1 Formula A

Table 2

Paint composition with Caustic Acid Scratch
replacement additive resistance resistance resistance

[°C] [°C] [mN]
Without (standard) 41 42 51
From Example 1 Incompatible with paint system
From Example 2 48 44 - %)
From Example 3 56 44 - %)
From Example 4*) (reference) 45 44 =**)
From Example 5 (reference) 54 44 50
Of formula 1

61 47 ~53
N-allyl-functional triazine
Of formula 2 (reference)

59 44 31
O-allyl-functional triazine

*) Modified processing; see description

**) No values were determined

In the testing of the important paint properties, such as surface gloss and loss of
gloss (HazeGloss, Byk Gardner) or hardness and loss of hardness after
weathering (Fischerscope H100, Fischer), no negative effects on the paint layer
could be detected for the additives according to the invention, up to a 50%
replacement of HDDA in the tested formulation.



wherein the radical R1 is selected from straight-chain, branched, or cyclic substituted aliphatic
hydrocarbo ical heterocyclic radicals, wherein the radical R1 include thylenically
unsaturated gdzg:,lqv/vaﬁz{rgn R2, R3, and R4 are seleged from hydrogen and hfﬁ%%?@%’r%grgﬁzcals,
wherein R5 represents hydrogen or an allyl group, and wherein c is an integer of 1 or greater. 2.
Compound according to Claim 1, characterized in that the at least one ethylenically unsaturated bond of
the radical iﬁsred%ees%%t\?ct bﬁ'daiIH/réCtion'Whir(ﬁh i|$ rﬁ%e}e\g}ae H‘rorcr;th-aJI aI| '}I%M %%rbaérrl] te,[hlél-vinyl,
(meth)acrylate, and/or (metﬁ acrylami eP3ME0 pouRcPaccorging B Cr&im ora, cRafacterized in that
the radical Rbeéctiadiesla psdigibbasedaiiedtwhithsgyedieately innfaréoclagfrime dwesttimisgoligomeric
or polymerics\{iaryiht’allcohrolt%%mgaﬁgds, mono- aq('j‘gi(sa%:r%hart'des, ?rr]]éj de[;g/atd\é%s of ter\ﬁigu O\r/le-mentioned
polyols. 4. CompOLYn according to &?ai%%’% characierzed in that the mono- oF disateharide i% a sugar
alcohol. Wa@041i86&a8sly G ERRINGZE6B84a28 SyStempoundpastiordargito QAicleaorehat
characterizeg %(%% the polyol has a molar mass of approximately 3000 g/mol or less, in particular
approximate g/mol or less, more preferably approximately 500 g/mol or less. 6. Compound
according to one of Claims 1 to 5, characterized in that the radical R1 includes an acrylate functionality.
7Compound according to one of Claims 1 to 6, characterized in that the radical R1 is a heterocyclic
radical, in particular a 1,3,5-triazine-based radical. 8. Compound according to one of Claims 1 to 7,
characterized in that the radical R1 is a monomeric radical.



9. Compound according to Claim 7 or 8, characterized in that in addition to an acrylate functionality, the
radical R1 i erocyclic group, in particular a 1,3,5-triazine group. 1Q. cording to
one of Clainqg%qt?@%?@éracterized in that the ratio ofsthe N-allyl carbamate fu%gt?c%]%ggg‘%%ée acrylate
functionalities in the radical R1 is1. 11. Composition for use in radiation-curing coatings, including one or
more compounds according to one of Claims 1 to 10, and/or a component selected from monomeric,
oligomeric, ?gﬁﬁl '/meric N-vinyl-, N-allyl-, 0-vinyl-, and/or O-allyl-functional 1,3,5-triazine compounds, in
particular 1,3,5-triallyl-1,3,5-triazine-2,4,6 (1H,3H,5H)trione or 2,4,6-triallyloxy-1,3,5- triazine, optionally in
tautomeric form. WO 2011/067183PCT/EP2010/068342 29 12. Composition according to Claim 11,
characterized in tha,t ition is compased tantially of ounds,having a molar mass of
approximatelﬁiy SOOgvégrﬁ%Flgdgr} Ee%%,é%?e?gégﬁ/aﬁép%)%(lgrﬁ%{ﬁ} ‘i‘%ﬁ %%r)lwrgﬁr ﬁ%%éaf 13. Composition
according to Claim 11 or 12, characterized in that the ddmposition is substantially solvent-free, and
optionally includes a reactive diluent, in particular%’éleged frgm hexamethylene diol diacrylate (HDDA),

s%y ate (I BOA), tripropylene glycol diacrylate
PTA). 14\Co tirﬁ] composition including a compound
g ;‘8

hexamethylene diol dimethacrylate (HDDMA), isgbor
(TPGDA), and trimethylolpropane tria rylﬁtf T
according to one of Claims 1 to 10 orl

compogition accordfd

e of Claims 11 to 13.

Formula A

wherein the radical R1 is selected from straight-chain, branched, or cyclic
substituted aliphatic hydrocarbon radicals and heterocyclic radicals,
wherein the radical R1 includes at least one ethylenically unsaturated
bond, wherein R2, R3, and R4 are selected from hydrogen and
hydrocarbon radicals, wherein R5 represents hydrogen or an allyl group,

and wherein c is an integer of 1 or greater.

2. Compound according to Claim 1, characterized in that the at least one
ethylenically unsaturated bond of the radical R1 is represented by a
function which is selected from N-allyl, N-allyl carbamate, N-vinyl,

(meth)acrylate, and/or (meth)acrylamide.

3. Compound according to Claim 1 or 2, characterized in that the radical R1
includes a polyol-based radical which is selected in particular from diols,
triols, oligomeric or polymeric vinyl alcohol compounds, mono- and

disaccharides, and derivatives of the above-mentioned polyols.

4. Compound according to Claim 3, characterized in that the mono- or

disaccharide is a sugar alcohol.



15. Coating composition according to Claim 14, characterized in that the coating composition is

substantialva§8l¥0e1r11}6£rﬁ?3 16. Coating composition according to Claim 14 or 1§>’c‘ir/}9[[ﬁﬁﬁ%g§§ﬂ in that the
coating composition includes a polymer- or oligomer;pased binder. 17. Coating composition according to

Claim 16, characterized in that the binder includes an acrylate-, urethane-, or polyester-functional binder
component. 18. Coating composition according to one of Claims 14 to 17, characterized in that the

coating composition.is formulated as paint, in.particular as clear coat, more, preferably as UV-curable

clear coat. \ﬁro 20%198% EI?ESD%&O%%%%BH : gglﬁgeg(%?npbnsihoaﬁ ghcecgrxél%% &8ne of

Claims 14 to 18, charatkeazednass of approximately 3000 g/mol or less, in particular
approximately 800 g/mol or less, more preferably approximately 500 g/mol

or less.

6. Compound according to one of Claims 1 to 5, characterized in that the

radical R1 includes an acrylate functionality.

7. Compound according to one of Claims 1 to 6, characterized in that the
radical R1 is a heterocyclic radical, in particular a 1,3,5-triazine-based

radical.

8. Compound according to one of Claims 1 to 7, characterized in that the

radical R1 is a monomeric radical.

9. Compound according to Claim 7 or 8, characterized in that in addition to
an acrylate functionality, the radical R1 includes a heterocyclic group, in
particular a 1,3,5-triazine group.

10.  Compound according to one of Claims 6 to 9, characterized in that the
ratio of the N-allyl carbamate functionalities to the acrylate functionalities
in the radical R1 is = 1.

11.  Composition for use in radiation-curing coatings, including one or more
compounds according to one of Claims 1 to 10, and/or a component
selected from monomeric, oligomeric, and polymeric N-vinyl-, N-allyl-,
O-vinyl-, and/or O-allyl-functional 1,3,5-triazine compounds, in particular
1,3,5-triallyl-1,3,5-triazine-2,4,6 (1H,3H,5H)trione or 2,4,6-triallyloxy-1,3,5-

triazine, optionally in tautomeric form.



that the coating composition is UV radical-curable. 20. UV radical-curable coating composition, in

particular ac ? e of Claims 14 to 17, characterized in that the coatin itiop, includes an
N-allyl carba%np(g ﬁ%ﬁ%@gﬂal compound according to,gne of Claims 1 to 10 as %ﬁ%gﬁgggi‘{\% diluent

component, the radical R1 being derived from a C2-05 hydrocarbon unit, and/or the coating composition
includes a Manyl triazine compound, optionally in tautomeric form. 21. Coating composition according to

one of Claims,14 t0-20 characterizedgﬁth%t%q N-aq Icq{bamgte-functictﬁgﬁ mpound is, fri- or

tetrafunctionall’22. %%r?&"é'grrﬁp?gﬁ lon BEcor |ra1'!qn%o ﬁhg o?ré%l(errrl%eﬁl % 1, %Wé)r%%'tté?lnzed in that

the coating composgioocamforsadateubataintal®s. Gfoatorgmmmpesitianing particwdarfomassiuafng coatings
having a layer thickness of approxi ly, 0.5 pm ta appraximately 600 pm, accarding to one of Claims 14
10 22 characterized WD TEAL ey B S B A S R L S RIS
approximately 80%ldégsweight or less, in particular approximately 5 to 60% by weight, more preferably
approximately 8 to 30% by weight, or that the proportion of the composition according to one of Claims 11
to 13 is approximately 80% by weight or less, in particular approximately 5 to 60% by weight, more
preferably aggroxintzneip@sittoré (86deydiregght, riidainpreféraisly1abhpoivaraatelyzed tin6dPabythveeight.

composition is substantially solvent-free, and optionally includes a reactive
diluent, in particular selected from hexamethylene diol diacrylate (HDDA),
hexamethylene diol dimethacrylate (HDDMA), isobornyl acrylate (IBOA),
tripropylene glycol diacrylate (TPGDA), and trimethylolpropane triacrylate
(TMPTA).

14.  Coating composition including a compound according to one of Claims 1
to 10 or a composition according to one of Claims 11 to 13.

15. Coating composition according to Claim 14, characterized in that the

coating composition is substantially solvent-free.

16.  Coating composition according to Claim 14 or 15, characterized in that the

coating composition includes a polymer- or oligomer-based binder.

17.  Coating composition according to Claim 16, characterized in that the
binder includes an acrylate-, urethane-, or polyester-functional binder

component.

18.  Coating composition according to one of Claims 14 to 17, characterized in
that the coating composition is formulated as paint, in particular as clear

coat, more preferably as UV-curable clear coat.
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19.

20.

21.

22.

23.

30

Coating composition according to one of Claims 14 to 18, characterized in

that the coating composition is UV radical-curable.

UV radical-curable coating composition, in particular according to one of
Claims 14 to 17, characterized in that the coating composition includes an
N-allyl carbamate-functional compound according to one of Claims 1 to 10
as aliphatic reactive diluent component, the radical R1 being derived from
a C,—Cs hydrocarbon unit, and/or the coating composition includes a

triallyl triazine compound, optionally in tautomeric form.

Coating composition according to one of Claims 14 to 20, characterized in

that the N-allyl carbamate-functional compound is tri- or tetrafunctional.

Coating composition according to one of Claims 14 to 17 or 21,

characterized in that the coating composition is formulated as ink.

Coating composition, in particular for producing coatings having a layer
thickness of approximately 0.5 pm to approximately 600 ym, according to
one of Claims 14 to 22, characterized in that the proportion of the
compound according to one of Claims 1 to 10 is approximately 80% by
weight or less, in particular approximately 5 to 60% by weight, more
preferably approximately 8 to 30% by weight, or that the proportion of the
composition according to one of Claims 11 to 13 is approximately 80% by
weight or less, in particular approximately 5 to 60% by weight, more
preferably approximately 25 to 60% by weight, most preferably
approximately 30 to 60% by weight.



