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PROCESS FOR PREPARING SILYL-TELECHELIC POLYMERS Field of
the invention 5 The present invention relates to the synthesis of polymers
which have silyl end groups and have been prepared by means of atom
transfer radical polymerization (referred to hereinafter as ATRP for
stéoﬁr'% A particular aspect is the preparation of 10 sil&l-telechelic

Y

btRarey TER poyEEHBANGr BdilstirarldlrvBElphkichiadfEeS

of the present invention is that the addition of the reagent in one process

steRa33 SB?“!H{%OWJFERWS the transition metal compounds from the
ymer solution

pol y means of precipitation and forms salts of the ligands
coordinated beforehand to the transition metal, which in turn enables
simpie removahthereal 2OATRP isabdmpertanbpracess feryprepatng a of

muliitude .of polymers. 1oL gxamplg polyaciyjates, polymetfy; acrylates ofeq

polystyrenes. This type of polymerization brings one a great deal closer to

the' Gt of thiloret25 pdIgAters. ThR'ATRP hthod Wastebeloped T thea !
1990sytee aicratiabdegreestiye PrafdMdtyjaszewskindatgjaszewskh BREI, for

J. AR Ehem. 5506,5199%, 11y p. §§ﬂsﬂ3{cwoigs7/1§%%7; %ﬁ‘%@)%é—@?@n of
272,lp.18_66% ATRP affords narrow dlstrlgu ed (homogp{ol mer mcthe

motarmass é@?&ﬁglelgf MRZ8660-136 00 Cgimon. A BartiéafarY-tes o

athrartadge issth@s both the molecular weight and the molecular weight
distribution are controllable. As a living polymerization, it also permits the

contolled, foration,of polviner aishitestures, for example randam 8B, o
copolymers or else blac copo@mer structures. éjymeans of appropriate

inftfators, 1B ex@pie LaRustal bidtk &SistAners Bhd St pBIyATE?s areStep
additionallyn ebtairnabler dtheotetical rasesrafrtb e toolymetization compounds

from the polymer solution by means of precipitation and
forms salts of the ligands coordinated beforehand to
the transition metal, which 1in turn enables simple

removal thereof.

ATRP is an important process for preparing a multitude
of polymers, for example ©polyacrylates, polymeth-
acrylates or polystyrenes. This type of polymerization
brings one a great deal closer to the goal of tailored
polymers. The ATRP method was developed in the 1990s to
a crucial degree by Prof. Matyjaszewski (Matyjaszewski
et al., J. Am. Chem. Soc., 1995, 117, p. 5614;
WO 97/18247; Science, 1996, 272, p. 866). ATRP affords
narrowly distributed (homo)polymers in the molar mass
range of M, = 5000-120 000 g/mol. A particular
advantage 1s that Dboth the molecular weight and the
molecular weight distribution are controllable. As a
living polymerization, it also permits the controlled
formation of polymer architectures, for example random
copolymers or else block copolymer structures. By means
of appropriate initiators, for example, unusual block
copolymers and star polymers are additionally
obtainable. Theoretical Dbases of the polymerization

mechanism are explained, inter alia, 1in Hans Georg
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mechanism are explained, inter alia, in Hans Georg - 2 Elias,
Makromolekule [Macromolecules], Volume 1, 6th Edition, Weinheim

1999, p. 344. State of the art 5 The development of a process step in

ATRP in which, simultaneously, the-halogen at the chain end of the

polymer is removed, the transition metal is precipitated completely, the
ligalnchis conlektedmo kakio pnid Yorarahichesanliss lemoved wasily and &th
fungtienalizatiqe of the ghain endsyithzarganic silyl groups can be
undertaken is in no way prior art. This is already true merely for the
combination of simultaneously transition metal precipitation and silyl 15
funtadtalRhibher }ekchain ends. Furthermore, the present invention, in
each case alone, constitutes a significant improvement over the prior art
with Legatd to the,end graup functippalization, 20 with regargo the i,
halogen removal and with regard to the transition metal precipitation. A
comBirmtiBR of iithree flfictibAs RES Rot beert BEscfibéd to datélin the the
prorlameHereinadter, thisndocement istherefoker aestrictedto theaspécts is
0 Qw@a%%ﬁlnéﬂmgég‘?@ and sily |'i‘i@‘§&9@a|izsedd%m8r@&§1u@§- an
The ATRP g{ocess is }tl)as%d on anredcg equnrlbrrrllum getween .aldormarrllgJl
s.pl(-‘f-)crilésC and an dctive slpcécies.%e 3 %ctiveesp%%lees is ﬁ\aesglro%inga @
fréergdicansdiyrner ehain present onad B e éoncentation aadiec silyl
transition metal compauad inca xelatively high rexidation state £€.6.-&0ppPehi s
(Ifli))ﬁ Th rmant species which is preferably present is th combfination

of the 3%%%?yamgr chgﬁutérmi%%t]é Slv@lith a%)arlogeglﬁ(%r a Sgé%l})dlorh% ogen of
aﬁ&ﬂﬂ;&ﬂﬁﬁﬁkﬁhmgqﬁ%§ﬁ6ﬁﬁﬂﬂ&6tal precipitation and silyl

functionalization of the chain ends.

Furthermore, the present invention, in each case alone,
constitutes a significant improvement over the prior
art with regard to the end group functionalization,
with regard to the halogen removal and with regard to
the transition metal precipitation. A combination of
all three functions has not been described to date in

the prior art. Hereinafter, this document is therefore

restricted to the aspects of end group
functionalization and silyl-functionalized ATRP
products.

The ATRP process 1s based on a redox equilibrium
between a dormant species and an active species. The
active species 1is the growing free-radical polymer
chain present only 1n a low concentration and a
transition metal compound in a relatively high
oxidation state (e.g. copper(II)). The dormant species
which is preferably present is the combination of the
polymer chain terminated with a halogen or a
pseudohalogen and the corresponding transition metal
compound 1in a relatively low oxidation state (e.g.
copper(I)). This 1s true both for ATRP in the actual

form, which is initiated with (pseudo) halogen-



10

15

20

25

30

35

compound in a relatively low oxidation state (e.g. copper (1)). This is true
both for ATRP in the actual form, which is initiated with (pseudo)halogen -

3 substituted initiators, and for reverse ATRP which is described below,

in which the halogen is not bound to-the polymer chain until the

equilibrium is established. The halogen atom remains on the particular
clsaih ehas Btafter tevhtination ef therehction irrespective e proc is
f@@@@ﬂi%@@safoffl@mm halogen gtomﬁlr@am? ok_ij%?]fmii@ ?/Q{&USH&M% Ato
arge number of documents_descripe the use of such a polymer as a.
e At oF By Sei et dhbonof 10 Tparned
monBmer fragfidhss IBrmrsIBek Bfudtiire§ MAs Rerepreiehtativeexhmpfelds
rederence isanade o WS 5807 98¢ withaegarthto sequeptialtive of the

polymedization, ;and-104US £p] 206004 fegard, o he Synthesiz of sy pe

macroinitiators. 15 However, a problem is the thermal instability of such

h&BGeR-FfuncliondfizedPpSlyiérESwhith i< WellknoWAtS thast skifedrnts
theeart. ‘Edpecidily polymettiacsylatesaompalyaerylates are feuntbtonbe iator
SiQ@iEiéélJ;lt|3?m%ﬁ§9ﬁf‘ét§H -W@r{]o g?me%E}eri@@'ﬂeiﬁﬂﬁ%Pf?%ﬁdl t@?thﬂ‘on of
termin alogen atoms. method for remaving these terminal halogen

patie Sow ifortes bals AR R iRl T
the sulrstRUteTROft e FalogensAmit metal akbRideBGFhile precipitatilyy  to

2y thesmetal hadide formed-Syelra precess ifdescrived p farexampletinon,
U§n2690§/(99?p€3g. gxlc?s %\@ntvggglﬁfthis n}%hod ist eonlé( Iirrlnti}leeolSis of
: SR ; :

.rega ao T
avallability of the metal "alkoxides, their cgsts, and that the process can be
p&HGHRTed thtd 8&p&rate process step only after a 30 purification of the

polymers. Moreover, direct functionalization with a silyl group is not
p%%%@@éy, a problem is the thermal instability of such
halogen-functionalized polymers, which is well known to
those skilled in the art. Especially polymethacrylates
or polyacrylates are found to be significantly more
sensitive to depolymerization 1in the presence of
terminal halogen atoms. A method for removing these
terminal halogen atoms is therefore of great interest.
One widespread process 1is based on the substitution of
the halogens with metal alkoxides while precipitating
the metal halide formed. Such a process is described,
for example, in US 2005/0900632. A disadvantage of this
method is the only limited availability of the metal
alkoxides, their costs, and that the process can be
performed in a separate process step only after a
purification of the polymers. Moreover, direct
functionalization with a silyl group is not possible by

this route.

EP 0 976 766 and EP 1 179 567 describe a three-stage
process for synthesizing silyl-terminated halogen-free
polymers. After an ATRP with appropriate product
purification, the substitution of the terminal halogen
atoms by an unsaturated metal alkoxide is performed in

a second step. After another purification of the
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this route. EP 0 976 766 and EP 1 179 567 describe a three-stage 35
process for synthesizing silyl-terminated halogen-free polymers. After an
ATRP with appropriate product purification, the substitution of the

terminal halogen atoms by an unsaturated metal alkoxide is performed in

a second step. After another purification of the - 4 product, the
corresponiding dotbfe bonds are Spritdsilytated. faslréadily apparént to are
theyrersen 1skilleebin therart that theseithree progasestepsare the! person

Passible yithoyt a fhoraugh uriieation.of the. & pariaular prequrser oo o
products. Even when this process a ords polymers ﬁhlqh are very similar
to'the imRhtive polyriers thése prodiiers by areddeed ifimbefof the

fLm@timiaiiﬁi_Bs thmhe@argaddjyicpmﬂwbet &ncqméatedvmmembain@ndce ss
WQE@&%Q'“&‘#&&&Q_@“GWQE substitutiog ox.in theshydrasilylatign. 1,

In US 2005/0 3, in one variant, an unsaturated ATRP initiator is

3 .
uset &R, difal dotRFotthe biScess Pdestibed above Sn i1 Grofif 81
transferred tofhefseconbcizin endy means of@morgasmotin iconsgpound, be

by, Aé&f@ﬁ&j@hﬁea ofitlh%gslaéeg@ aé@{lgi(ijafa seeond stage. the tleews ruptive
groups, wnicnh can only be IStinguished from.one another easlly.In I,
RS oo BNt Bl e Ty B8 hidroERTatay P sdy 1A Lon.
situatioh ig Sindill Blsoofor other processes for substituting theuteprnfrial ATRP
halegen groups: both azides (see,Mabpaszemskietal.,tMacromol. Bapide s s
Cqmmun, 18, 1057-66. 1997) and phosphines (Coessens,

O ol B P A et S st Sob et e
lea8 G toGhedmpRIE coivelsions afé t6XicSlbgramverycompound, by
cantrovetsial, ace podrly auiteth 1o dikect=ilyhfuhatienadizatioriand ase . The

EXRRNSIYE, Meovar, (ese-RIpCesses are.only eMPIYAPIR IR from one
another easily in their chemical environment, can then

readily be hydrosilylated.

The situation 1is similar also for other processes for
substituting the terminal halogen groups: both azides
(see Matyjaszewski et al., Macromol. Rapid Commun, 18,
1057-66. 1997) and phosphines (Coessens, Matyjaszewski,
Macromol. Sci. Pure Appl. Chem., 36, 653-666, 1999)
lead only to incomplete conversions, are
toxicologically very controversial, are poorly suited
to direct silyl functionalization and are expensive.
Moreover, these processes are only employable in a

polymer-analogous reaction after a product workup.

An alternative to the two-stage polymerization and
subsequent substitution of the terminal halogen atoms
for the synthesis of the prepolymers required for the
hydrosilylation 1s so-called end capping. In this
method, compounds which are incorporated by free-
radical means at the chain end like monomers, but then
form a new, still halogen-functionalized but
polymerization-inactive chain end, are added to the

polymerization solution at a time of maximum



10

15

20

25

30

35

polymer-analogous reaction after a product workup. 30 An alternative to

the two-stage polymerization and subsequent substitution of the terminal
halogen atoms for the synthesis of the prepolymers required for the
hydrosilylation is so-called end capping Ir this 35 method, compounds
which are incorporated by free- radical means at the chain end like
meRnorrs,isut therE Forin 8hew) 3ill halogen-funcliondlizedut describe

pelymesizationrinactvie ehainend, are added tasthes pelymesizatiorappers.
Seluan g fime of maxigum, 5 conyersion. £8 1 085 027 a0 ER L, .1
024 gg describe various nonconjugated dienes as such end ca pers.

Ottatierlm paritoritist listetraskrpartictRdy SUrdbE €ompddndIsPuPs -
proriding bkefiniccend gsaupsacnEPch 358 O@Pblalsa metitions as a very

%qhqoa%qisn%%%é@{x syitaple.reagent. Telechelicg with o jogntieal o

end groups are achievable by means of ATRP by using bifunctional ,
infTaRORS 10 THe adahtdyePdiithis M&thddSe Wat adepatdieiprobdss USing
step Wwittcprecedingiproduettpurification is dispensed with, as in the case

of substitution, and the chain ends are functionalized olefinically directly

at the end of the polymerization. isadvantage compared to 15
B RF A HEncE 50 LOrISIE o 16 (oRenE rERAGA IS PTocess
hewever "thahthe haksyehrstorh fefiaiis aphe thaitand andeitheprensed

wotllehhave o beremeyed: separately hyrut additional process step okaain
higher. thermal instability of the product is accepted. 20 Mareover, thi

mgé?hgosd t&ﬁikefrtllll\récst&ulb%rtll?u.ltl%)ﬁggcr)oc%gses%eég _e%s%g gé/d a lo}i/eec%gyaff%%ds the
oﬁ?%l@fﬁidém? tePMinAted bF@&d&§whi%h first ﬁ%‘\fé%%%ehﬁ%’é?@ra%@d to
afterrs campticated purdicationcd his pusificatiopamast intparticular heresent

P%@@@%%hon is, however, that the halogen atom remains at
the chain end and either would have to Dbe removed
separately by an additional process step or a higher
thermal instability of the ©product is accepted.
Moreover, this method too, like the substitution
processes described above too, affords only
olefinically terminated products which first have to be
hydrosilylated after a complicated purification. This
purification must in particular be performed
exceptionally thoroughly, since the ligands required in
the ATRP to solvate the transition metal compound
deactivate the hydrosilylation catalysts based
generally on platinum compounds - for example the
Karstedt catalyst which 1s considered to be the
standard. ATRP 1s particularly efficient and of
economic interest, for example, in the case of use of
polydentate amine ligands, as described in more detail
below in this document. However, these compounds in
particular gquantitatively deactivate the platinum metal
catalysts which are only to be wused in wultrasmall
concentrations, and therefore have to be removed
completely from the polymer beforehand. These aspects
make complete silyl functionalization of the polymers

rather improbable or make the process additionally
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25 exceptionally thoroughly, since the ligands required in the ATRP to
solvate the transition metal compound deactivate the hydrosilylation
catalysts based generally on platinum compounds - for example the
Karstedt catalyst which is considered tg be the 30 standard. ATRP is
particularly efficient and of economic interest, for example, in the case of
use BF polyeientbte aminedligangs casdestribdh i niaré oietail beigwian  of
thtsldocu@S@mymgeverd&wﬁlcm@poumin padticulatguantitatively  in

ctli/aq]%@eggllatlnum metﬁﬁ c%agy gvhlch are only to be used in
asma concentrations, and t erefore ave to be removed completely

from the polymer beforehand. These aspects make complete silyl
functionalizatjort of thegolymerstrather inmypeobablenanmbke the process oms

adgitionally.§ HimesGopsHMing And.unecong %nT%%dr%”y%@{‘&fonal

the polymers described can be read about in EP 1 153 942 or in EP

488 43355 ALCUrding8 thé ihvertivhy théRermihial Aafog&tatbrhs aI(eT of
sulsstituted byausing afnercaptartivith an additiorsal cilare fusctiertalityat ion

OplysinShiergt aln(Jaok Polym,3¢i« Pebim. Ghema) isigicha described
s%bsnt ion reaction on 1.an/ ATRP Product with a mercaptan d?SCI’Ibeéi ]h
brleffy ¥s' subSHTItioH reaction is performe%lthere exclugvely With™ ere
mexcdpteathiansl. whtdpplieaterroPhieh prockss 4e trdipvéntivelsilyl of the
mercaptans istwt describedy 1o Aifuetherdifferencedramaghe present  not
mggntlo is tf?e polymer-analogous procedure. In the document

descrl e%il e substitution reaction is performed only after purification of
the ATRP product in a second reaction stage. This gives rise directly to a
secondipertanti ¥ diffenercefram then presentianentiony dheiinventive the

e@%%§E@PﬂEWE¥H§HHStE%@EE@d?%&“%@“QHQ”Q&@ument described,
the substitution reaction 1is ©performed only after
purification of the ATRP product in a second reaction
stage. This gives rise directly to a second important
difference from the present invention. The inventive
effect of precipitating the transition metal compounds
from the ATRP solution by adding mercaptan reagents is
accordingly not described at all in this document. In
addition, the present invention describes, unlike the
document cited, new types of tri- and pentablock
copolymers functionalized on the end groups at both

ends.

A great disadvantage of the binders for prior art
adhesives is the high wviscosity, which is relevant in
the course of processing. As a result, processing of an
adhesive or of a molten reactive hotmelt adhesive, in
particular the application to porous substrates, is
complicated significantly. 1In some cases, premature

gelling of the adhesive formulation also occurs.

A further disadvantage is that the extractable content

in the cured adhesive is quite high. Among other
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from the ATRP solution by adding mercaptan reagents is accordingly not
described at all in this document. In addition, the present invention
describes, unlike the 25 document cited, new types of tri- and pentablock
copolymers functionalized on the end groups at both ends. A great
disadvantage of the binders for prior art 30 adhesives is the high

visessiyr whichH islelevastincthe chwsessfgrodadsingoAs & resulpdhesive

presessing©f ah adhesive eneka molten reactive hotmelt adhesive, in
particular the application to porous substrates, is complicated
significantly. In some cases, premature 35 gelling of the adhesive

foPmulafon afso GERAS VAR disAdvaRBGESS that tHa éxtradtapfeduate
cantenb i the cured adhesive S gilite higihaAmoag othes £ 7 ttastorg,dbisive

reduces the siability;ofthe;adhesive composition to,solvents, 2 furthers o
disadvantage is frequently only inadequate 5 viscosity stability of the

adfiesive GPBPtheTehEive® HotfaR 2ahesive in theéeft't ot example,

130C, which complicates processability in particular. A further

digadvantage is that thefreerradieally; 10 polyierizedimaterials alsgica11y
' Eosport'ion of low molecular weiGg{\t constﬂtuer}tls
a a y high

comprise a.relaé:(venly Qghé)

which? 86 ot take paért i the crossllsn?in(éorrélggt%osnes ahd Constitule
fopreRRibhS @orrédponding iy thrCexfractatsie dohstikgant i5 Tets which
abeve-described groplems have heen selved i1 Wi B%/04/35910dhe and
extent that use of a congrolled . polymerization methaod, in the form of
A%é%st%ﬁévl\lé% bindcgﬁsrwgﬁé%grlyoﬁasrrow rﬁglre{':ﬁ alfrx\)/v%cll&ﬁ%[gdistrig]ﬁﬁons 26he
totBe providet: SvHieR Rave ARnly low proportion of high molecular

weight constituents compared to the

The above-described problems have Dbeen solved in
WO 05/047359 to the extent that use of a controlled
polymerization method, in the form of ATRP, allowed
binders with very narrow molecular weight distributions
to be provided, which have an only low proportion of
high molecular weight constituents compared to the
free-radically polymerized (meth)acrylates. These
constituents bring about, in particular, an increase in
the wviscosity 1in polymer mixtures. Moreover, these
polymers also comprise a significantly lower proportion
of low molecular weight and hence extractable
constituents. The lower proportion of such constituents
increases the weathering stability, slows the product
ageing and leads to a significantly improved chemical
stability.

A disadvantage of the adhesives prepared according to
the prior art is, however, a random distribution of the
functional groups required for the later curing in the
polymer chain of the binder. This leads to close-meshed
crosslinking and a thus reduced elasticity of the
adhesive composition. This <can also result in a
deterioration in the substrate binding. The advantage

of the wuse of telechelic binders and hence of the
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free-radically polymerized (meth)acrylates. These constituents bring

about, in particular, an increase in the viscosity in polymer mixtures.
Moreover, these 25 polymers also comprise a significantly lower

proportion of low molecular weight andhence extractable constituents.

The lower proportion of such constituents increases the weathering

stabiise slows trengrodoctl agéingtandleads teea sigpificamtly iaprovelds in
chemical SQstanilityohsisadvantage of thgadbesivasigrepargdthe chain
a%%otgdln% to the}%{'\% art IS’eE)t wever, a ﬁrleq(o.rg dis.trlbutlolnan Sthe

functiona %lfgﬁps requirgé for the Jater curing in tjhel§5ybolymer cﬁgi%roefased

thelisirdéer Thisvlealls i closbneSRed CiosslinkingPasd a tAtis Pdduced 1S
elasticity of thecadhesivecompasitiar.i Hhis €an also resudirin application

deferioration in the substrate binding, The advantage of the use of

telechelic binders and hence of the - 8 present invention is that the later
polymer networks in which one component is incorporated only via the
cliabdeigroups have exceptional flexibility. This increased flexibility
with simultaneously higher stability is 5 also of very great significance in

o@er application _sectars, fqﬁr ex%mple in sealants. Problem 10 Itis an
L1 an . o HFC (% F <] resen invention tP 5mepare
object of the present invention to preﬁare polymers by means of atom

transfeneadical polymerigdion (ATRP) whithiave silyegrotps on mai@ical
than190% ©f the: pravioyslymolymerizationragtvesshiyn egdsulxs it isrAhmore
additional pbject.of the present invention to. prepare polymers hy. means _ .
of% %%%P%Wqﬁchgtt:fon%% aggelr?suogr%/se%% gll%%a(l:ﬁgp %ﬁﬁ/nlnatfacg, if S%am
alfi s therefore also an object to improve the thermal

It is an additional object of the present invention to
prepare polymers by means of ATRP which contain
halogens or pseudohalogens only in traces, if at all.
It is therefore also an object to improve the thermal
stability of these polymers compared to halogenated

products.

In particular, it 1is an object of this invention to
provide polymers which, with the exception of the end
groups, corresponds completely to the materials which
can be prepared according to the prior art by means of
ATRP. This includes, inter alia, the polymer
architecture, the molecular weight and the molecular

weight distribution.

Molecular weight and molecular weight distribution are
understood hereinafter to mean the wvalues of the
molecular weight and the molecular weight distribution
which have Dbeen determined by means of gel permeation

chromatography (GPC or SEC for short).

The term “polymer architecture” hereinafter includes

all polymer structures. Examples include block
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20 stability of these polymers compared to halogenated products. In
particular, it is an object of this invention to provide polymers which, with

the exception of the end 25 groups, corresponds completely to the

materials which can be prepared according to the prior art by means of
ATRP. This includes, inter alia, the polymer architecture, the molecular
weighe Ardele molesilar weight.disgibsition. 36 Mulbéeulacweight apddient

medgesiarmueight diskiiion awe 1understoed heseipafiepioliean she

values of the molecular weight and the molecular weight distribution

which have been determined by means of gel permeation 35
cHeMBBEFALEEPC 6 SEC foR3hdth I TRé tefrh "polyrher dititdctarie” o
hereinadten includes all polyiger struciuies. ikxaamples triclude blaeld- 9  the

CQROTELS StarPolymers, delechelics, gradient Coplymers, randamey 5

copolymers or comb copolymers. In particular, it is an object of this

invefBditto B periBim tHE Sifyl fARCtioRi2a681 aAd tHe JhitthReotd the
halodes remavalinalproc&sswhichis isimpie-foimplément amd object to
e%b' Ht t@@ﬁ\”yfv.@l}?%‘] Orf‘ f}{‘ﬁ%d‘ﬂqléﬂ%@ll% h-o\{fﬁé R?IQ@%!@%Y’ it iﬁcﬁ{‘itional
object to perfor e functionalization without additional 10 produc

RS Tocl e hir 7t bofil ATRP =08t i ifs Sihaal ATRE
reactien yeéssel (6he-pdiisactiony t it ¢sa‘paralfel objeet oPtHis iveationto -
provide, with the same process step, simultaneously a process 15

implerpentgble op the ndusirel seals for rgmoving, Lansiign metdl o g
complexes from polymer solutions. At the same time, the novef)prgcess ’

SHOUIE be ffexpeteR/e PARE BapidlyP péformabe FLrtRBAHEreY it HadaRcess
ohjeptl @hthetpiebent inventibr: to pravide a pracessowhich canr removing

transition metal complexes from polymer solutions. At
the same time, the novel process should be inexpensive
and rapidly performable. Furthermore, it was an object
of the present invention to provide a process which can
be implemented without complicated modifications to
known plants suitable for solution polymerization. It
was a further object, as early as after a filtration
step, to realize particularly low residual

concentrations of the transition metal complexes.

Solution

This object 1s achieved by adding suitable hydroxy-
functionalized sulphur compounds after or during the
termination of the polymerization. By substitution of
the terminal active groups of a polymer synthesized by
means of ATRP with the sulphur compound, the particular
chain ends are silyl-functionalized. At the same time,
the terminal halogen atoms are removed from the
polymer, the transition metal coordination compound
used as a catalyst is qgquenched and the metal is thus
precipitated virtually completely. It can subsequently

be removed in a simple manner by means of filtration.
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20 be implemented without complicated modifications to known plants
suitable for solution polymerization. It was a further object, as early as

after a filtration step, to realize particularly low residual concentrations of
the transition metal complexes. 25 Solution This object is achieved by
adding suitable hydroxy- functionalized sulphur compounds after or during
therd0 tefinadtion dfthe polgmérzationo By sithstifRionrst thetterminapgen-
a@@/ﬁrgl' £ roups @f %@phiyﬁ@&r S&ﬂltﬁefsézh,edaty m@n@ﬁ)élégﬁP Wﬁﬁi}ﬂﬂ@; or at
S ur compound, the jcular chain ends arg silyl-functionalized.. At

e e S e ort ) Do SHime B ke ot e on of
pSiYfer Phetrasitior netdl ®ordiRatich c6MPouRd udétPas BTAEIGSis 2
quenchednand theanetat isithus cpriesipitatedavirtaaltyycampletely. dbearf ree -

sybsenuently,be yempyed in g simple mannerly pegns offiltiation; 2 40, ¢

In detail, the addifion of mercaptans to halogen- terminated polymer

cheing s ard Pref&ntdurtiy ot theéeid BF 8 ATRP prélGess Slehast6 9 -
substitution of the halogen. At the chain end of the polymer, a 5 thioether
ggurr?;@éﬁ f%m%?lé@ge@dﬁ 5@%;& from fregar E@é@ﬁlyéngﬂ%@%p&}gﬁh is
su r-based requlators. As an elimination product, a hydrogen halide is
TOHARH Aory pATEAIbY aGhect S e DISGARt IniintBn ELOTBL s 2o
resuf &f $ive addition of a ¥eagdmiin one Lgrocess stept simulfamkbouslylogen
theteripinalhalageno atamsratentempyedtornibe pelymeichaigssociated
assqdjated, with this the;polymet termini are silyl-funefionglized., the. s o,
transition metal comp%un s are removed by means of 15 precipitation and

sdifearb Tomsed et t‘lﬂ@qi@énﬁé)%%%ﬁéteé%fd‘r@ﬁﬁﬁﬁ% {RE tRfRitonCt
metal cwhicha initoinn enables simple removalofitlel ligands frathdéhel igands

coordinated beforehand to the transition metal, which
in turn enables simple removal of the ligands from the

transition metal.

In detail, what occurs when said sulphur compound 1is
added 1is probably the following: the initiators wused
are generally ATRP compounds which have one or more
atoms or atom groups X which are free-radically
transferable under the polymerization conditions of the
ATRP process. When the active X group on the particular
chain end of the polymer is substituted, an acid of the
form X-H is released. The hydrogen halide which forms
cannot be hydrolysed in organic polymerization
solutions and therefore has a particularly marked
reactivity which leads to protonation of the wusually
basic ligands described below on the transition metal
compound. This quenching of the transition metal
complex proceeds exceptionally rapidly and gives rise
to direct precipitation of the now unmasked transition

metal compounds.

The transition metal generally precipitates out in the
form in which it has been used at the start of the

polymerization: for example, in the case of copper, as
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transition metal. 20 In detail, what occurs when said sulphur compound is
added is probably the following: the initiators used are generally ATRP
compounds which have one or more atoms or atom groups X which are
free-radically transferable under the polymerization conditions of the 25
ATRP process. When the active X group on the particular chain end of
theudslymefisCSubstitutedual aciddofthe forheX-H mydiddsed. Theat the

hydregen halide whishfarms; ganngkbe hydrolysed i OrgamiGusly, for
palymerization solutions and therefore has a,particularly marked 30.

re%xcﬁ\%]‘?yf\?vhic%%eaég%g Bé;%g%alt?orh of’ tEle uas_lually Oﬁrasi(ﬁ:é ﬁgar?(?sg reton of
déscrbrdbefow oRthE transitidf metal TofigotPid. ThidsftehchingBitRend
tragisitiarn aredall gorpplex procecdssexeeptionally rapidly Biidagivessisea to on

digect precipiation ofthe now unmasked trapsiton 35metal compolindsy o

The transition metal generally precipitates out in the form'in which it has

béert B¥6d &ftRe SEALSHthE CPolfiRERAZatiBhefot RkEipte in ffddskeor 1y
cdppehas €ITeCuBd CuCton€u20. Unden the ebndigdry thatthéike this
tr_%&%i%% m(?talﬂé %Eﬂél%ed St f%%fp.r_ eﬁ«@&nplﬁ pyﬂ@%@%gtiqrtof is
alr or ition of su ric acia, t transition { compoun

o oS R bt 76 IiBSE hdfton Dol hEmaafRy  t0
addifién of saidsuiphut Tohipopids ralfbvisthe temsifontmetalons of the

precinitation additiopally derle effected virally quantitatively, unlike this
oxidation-related precipitation. For instance, it is 10 possible, as early as
after a filtration step, to realize %articularly low residual concentrations of

the" trQSHidn Fﬁ%ta@@@ﬁﬁ%}@(e§ FBeIS\ﬁ@Bﬁm. G dérodthielr thige of
effectdthe uiventive asewobulbisaith sakphiurcompaundchased oh theoup at

a@%@*XéH99Héﬁ chain end, must be effected only in an
excess of, for example, 1.1 equivalents. The same
applies based on ligands L: in the case of complexes in
which the transition metal and the ligand are present
in a ratio of 1:1, likewise only a very small excess of
the sulphur compound is required to achieve complete
quenching of the transition metal complex. Examples of
such ligands are N,N,N’,N’’,N’’-pentamethyldiethylene-
triamine (PMDETA) , which 1s described Dbelow, and
tris(2-aminoethyl)amine (TREN). In the case of ligands
which are present in a biequivalent ratio to the
transition metal in the complex, this invention can be
applied only when the transition metal is used in a
significant deficiency of, for example, 1:2 compared to
the active X groups. An example of such a ligand is

2,2"-bipyridine.

An additional part of this invention 1s that the
sulphur compounds used can be bonded virtually
completely to the polymer chains, and that the residual
sulphur fractions can be removed completely and quite
simply in the filtration by means of simple

modifications. In this way, products which do not have
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the polymer chain end, must be effected only in an excess of, for

example, 1.1 equivalents. The same applies based on ligands L: in the

case of complexes in which the transition metal and the ligand are

present 20 in a ratio of 1:1, likewise-only a-very small excess of the

sulphur compound is required to achieve complete quenching of the
transitio irctslecomple Exaraples of suchhigafds ahel N, K NPOUNDs  are
"-pentamethyldiethylene- triamine (PMDETA), which is described below,

and 25 tris (2-aminoethyl) amine (TREN). In the case of ligands which are

present in a biequivalent ratio to the transition metal in the complex, this
infrenfiéif ean el eppliedBnlyPWwhehltRe tRFRAPAIMetdl I$0Se®h als the
significantdeficierayoof for @Qmplee_l:zﬁ@ﬁmgd;to %dhejta\_c_tiaera@lexes
grepps. An exaple af sichialigand is 12,2 hipyridine. An.gqditignal part; o
of this invention is that the sulphur compounds used can be bonded | .
virti¥iy 85°Confptetef; to-the Poféréhaing, andingtthd fsiabgfnsttion
sulpharlfractionsegan berigmoved comptetelyiand qiite sirnplylindhe 80%,
filration byneanspf simples madifiggtions. in thisway, peoducts,which do 5 ¢

ncit havte - ]9% anu Aeasan} gdour carusedm%yt emsurllehur corq:pounds are
obt%?nseq. A'gréat a vantgﬁle of the ﬁreser?t invention is the 51 efficient V¢
reracvEl ot the teansiticie meddl cojftexasr froRfthe solgorl Uxe oftthe the

progess aceerding to theinvention makesiis pessible iekeducethetent by
tr%nsition mg‘rag3 gontent with a filtration by at least 80%, preferably by at

£h . 9%. .
IeagtrSS% é{jnd most preferably by at 10 least 99%. In particular
embodiments, it is even possible by use of the process according to the
inventionite agdutesthe sradsition metal cortentyyl mose than@9.8%on  in

accordance with the invention after or during the
termination of polymerization are preferably compounds
which contain sulphur in organically bound form.
Especially preferably, these sulphur compounds used for
the precipitation of transition metal ions or
transition metal complexes have SH groups and
simultaneously silyl groups. Very particularly
preferred organic compounds include silyl-
functionalized mercaptans and/or other functionalized
or else unfunctionalized compounds which have one or

more thiol groups and simultaneously silyl groups.

These inventive silyl-functionalized mercaptans, or
mercaptosilanes for short, are generally compounds of
the form

HS-R'= ((SiR% (OR%)p) y (S1R%; (OR*) n) 2) &

where R' is an alkyl radical having one to 20 carbon

atoms, which may be linear, cyclic or branched.

Preference is given to linear alkyl radicals R' having

one to 10 carbon atoms.
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15 The reagents added to the polymer solution in accordance with the
invention after or during the termination of polymerization are preferably
compounds which contain sulphur in organically bound form. Especially
preferably, these sulphur compounds used-for 20 the precipitation of
transition metal ions or transition metal complexes have SH groups and
sififutaneslsly sivigieups dV/ergpasticudtrlys prefélted organichich R is
cempeyRdsineludersilyl- fungtionalized mercaptans;ana/oq other
functionalized 25 or else unfunctionalized compounds which have one or
more thiol groups and simultaneously silyl groups. These inventive
sifyl-fifictibhalized mefcaptandrét mgreptositanes for shBRSare 0f silyl
generafhy compounds of 30 therfoed to the alkyl radical R,

HS:RE(SIR20(0R3)R)Y(RIR20OR3) M) 7)x whare R is,an.alkyl yadical ;4
having one to 20 carbon 35 atoms, which may be linear, cyclic or

brafichigd 2 Préferdncklis ofvei'to YihedF aikyFrad RaRRE VingP bRETE 10
carbog atems tol8dEsperialyipreferred torhpoandsarssthese mie which 1.
R1is adivalent -CH2-, -CH2CH2- or a -(CH2)3- radical. x is from 1 to 10

and hence is the number of silyl oups which are bonded to the alkyl
aSicaT 1. Breféibhos 2 Ghver 1klyl FRAICAIR Wherbt Fand Rantd ar20
meostiree siydlroupsh Pakticofly phsferbheeais giverctbimorafuctivhahed .
alkyl eagicats wheee ¥ =kcB2andR3 are egah alkyliradicalsiaving one
one to,20 carbon atoms, which may be linear, cyclic or branched. R2 and

R Oar%%prg e]r:zgtﬁi} eé%cﬁ%aﬁyl radicals having one to 20 carbon atoms. 15

R2 and R3 may be identical to one another or different. It is also possible
forboih R 2ranchRB tbdeiidenticat agroups onin eachtdase differantrgrotpst .

mfgeis also possible for both R? and R® to be identical
groups or in each case different groups in the
mercaptosilane. Specifically, R> and R’ may, for
example, be defined as follows: methyl, ethyl, propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, pentyl,
cyclopentyl, hexyl, cyclohexyl, heptyl, octyl,
isooctyl, ethylhexyl, nonyl, decyl, eicosyl, isobornyl,
lauryl or stearyl, and also cyclopentyl, cyclohexyl or
cycloalkanes substituted by one or more alkyl groups,

for example methylcyclohexyl or ethylcyclohexyl.

In another embodiment, R? and/or R’ may also be
hydrocarbon groups having ethereal oxygen or short
polyether sequences. Such compounds are described, for
example, in DE 10 2005 057 801.

In a preferred embodiment, R’ is linear alkyl radicals.
In a particularly preferred embodiment, R® is methyl

and/or ethyl groups.

o and p each mean numbers from 0 to 2 which add up to 2
in the case of a divalent silyl group, add up to 1 in
the case of a trivalent silyl group and add up to 0 in

the case of a tetravalent silyl group. y is any number
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mercaptosilane. Specifically, R2 and R3 may, for example, be defined as
follows: methyl, ethyl, propyl, 20 isopropyl, n-butyl, isobutyl, tert-butyl,

pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl, octyl, isooctyl, ethylhexyl,
nonyl, decyl, eicosyl, isobornyl, lauryl pg stearyl, and also cyclopentyl,
cyclohexyl or cycloalkanes substituted by one or more alkyl groups, 25

fof example methyleyclohesylcsrathgicytohexden arfotherembsdiadhnent

Ryraneéor R3imayalso hemydrogarben groups Bavingreihereghexygeary,
short polyethe segugonces. S re1cgm&%nd%gretd%s_crig%d,gor 30 1ent

e%ample,' in'DE 102005 057 . In‘a preferre emrbodimlent, ﬁ% is linear” '
alkyFradi®aian i aparticGaty preferretPémbstimeft RS is methyltafid/Gnd
ethybgresipsr3d oiandgpreachaseaninunbess foem@¢o 2 whigh-ashd updo an

2 ,eiﬂﬁg%lfﬁé?m?f gyflivalent sily} group, add up to 1 in the case of a

trivalent silyl group and add up to O in the case of a tetravalent silyl group.
y is any number - 14 from 0 to 20. Preference is given to an embodiment
wherengisrang aeimbee dromm bitd 8=smdrequreferabdy, 3y widi ztdepdddsipn to

the numberofdr-er tetrayalest, i, Qranehing.silyl groupshetweer Rinere
and the end 5 groups and is at least 1. Preference is given to an
efMbodifient where z = 1. m and n each mean numbers from 0 to 3 which
add up to 3. Preference is given in particular to compounds where 10 m

? Znd hecagpesially prefepredcompeundsoaieccommercially readiercially
ayailables commpoyndswhich ave great ipdusiral, sianifieance, Bhauer a1
example, as adhesion promoters. The 15 advantage of these compounds
istheEir téddiP varabllRy artFtBiR-I6w cBst. OAE @XaRipledidleRer S The

advantage of these compounds is their ready
availability and their low cost. One example of such a
compound 1s 3-mercaptopropyltrimethoxysilane, which is
sold by Degussa AG under the name DYNALYSAN®-MTMO.
Further available silanes are 3-mercaptopropyltri-
ethoxysilane or 3-mercaptopropylmethyldimethoxysilane
(from ABCR). Particularly reactive silanes are the
so-called a-silanes. In these compounds, the mercapto
group and the silane group are bonded to the same
carbon atom (R' is thus generally -CH,-). Corresponding
silane groups of such a type are particularly reactive
and can thus lead, in the later formulation, to a wide
application spectrum. One example of such a compound
would be mercaptomethylmethyldiethoxysilane (from
ABCR) .

However, the present invention cannot be restricted to
these compounds. Instead, what is crucial is that the
precipitants used firstly have an -SH- group or form an
-SH- group in situ under the present conditions of the
polymer solution. Secondly, said compound has to have a

silyl group.

In the free-radical polymerization, the amount of

regulators, based on the polymers to be polymerized, is
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compound is 3-mercaptopropyltrimethoxysilane, which is sold by

Degussa AG under the name DYNALYSAN(r)-MTMO. Further available
silanes are 3-mercaptopropyltri 20 ethoxysilane or
3-mercaptopropylmethyldimethoxysilane @From ABCR). Particularly

reactive silanes are the so-called a-silanes. In these compounds, the
mesceptd Yoretip aad thesilkame Yroir aferbondedhs tHeosapte karboaight.
atom (Rdds thus generalin-e2)oeprrasponding 2hisilane geaups ehilphur
sUch. bipe,a'e paificylarly reaciive .and canus lead.n.0e et o pey
formu]i)atlon, to a wide application spectrum. One examrﬂle of such a
cORpStiTd YOLTE BeTRercaptcthethfitnSthyIdRE0:E3itdme (ffoih LABCRya 1n
3@ Howvever, theharesentlinventiornseannotde.restictgehéa these on-active
compeunds, Instead, whats crucial is that the. precipitants used frsty .y, i
have an -SH- group or form an -SH- group in situ under the present

c6idifions ditthe 357pBHHer Solutioh-FEetondR/, St ddtfipodticrd o ants
haveea silglgralpg. dn therfreseadicat pdlymeriZationptheeameuntiofalents,

regriatars, baged on the polymers 1o hedohimenizeds issyErsually pelow
st?teld to he 0.05% b\ﬁ/_weight ;Co 5% bxg{veight. In the reient iBYentiorkl), 1

the amount of the st P Vi cezélmf)oun% Used iSHot based on the ménomers "
but-ratherodn thessbnceatration of theolypierizatioa-attive eivaih Sastrisnts
indhe palypensolutien. Pelymerizatipacactives chain ends meansihagunthe

ofsql%rénean& grqg aﬁiY%fQQ% r?ng% 'g]e !nventive sulphu_r-containing
precipitants are, for this purpose, used in 1.5 molar equivalents,

preferably 1.2 molar equivalents, more preferably below 10 1.1 molar
equivalentseantl mpstprederabty helowht.0banelan equivalents. ifthethe art

remaining residual amaunts, ofsulphyr.can be remeved &asivRY,  further
HEE% ggégg on the polymers when they are added to the
polymer solution during or after termination of the
polymerization, with the exception of the substitution
reaction described. This 1is true especially for the
width of the molecular weight distributions, the
molecular weight, additional functionalities, glass
transition temperature, and melting point in the case

of semicrystalline polymers and polymer architectures.

Moreover, it is readily apparent to the person skilled
in the art that a corresponding process which is based,
in apparatus terms, exclusively on a filtration of the
polymer solution can Dbe implemented easily in an
industrial-scale process without any great
modifications to existing solution polymerization

plants.

A further advantage of the present invention is that
the reduction to one filtration step or a maximum of
two filtration steps allows a very rapid workup of the

polymer solution compared to many established systems.
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subsequent filtration step. 15 It is readily apparent to the person skilled in
the art that the mercaptans described cannot have any further influence

on the polymers when they are added to the polymer solution during or

after termination of the polymerization, gvith the exception of the

substitution 20 reaction described. This is true especially for the width of
thermoleslilariwaight distribetibag, ithe timeleculahweightc additibpallon  and
fl;@ﬁﬂorﬁikﬂ@é”qgﬂéﬁﬁl transition-teppesattre anddnelingpoint ik the-easaire
of. semicrystalline ers and.polymer.architectures. 25 Moreover, it i
o it o i B Erret e Pers
p%héééwrﬁch@%%dF 4R @pparatus terms, exclusively on a filtration of

the polymer solution can be implemented easily in an 30 industrial-scale

prpgess wiihout any,great; madificatigns [o eXigingSOIUAN.  -ompounds,

polymerization plants. A further advantage of the present invention is that

35 theretftietion 1 o filtralicn Step'sra rfkintam of twBFfiration stepsan
allewssd Yerytrapidiwonkap of tke. polymer selutioa conypared tkmany teps .
egtablishedsysterns. -1& Inaddition,the substition, the.precipitatianap1 y

and _the su?se uent filycrggon are effecte{g ata er(rjlgerat%e in th%1 E%n e

selec T, rou ) S1 a or ium
bétween and t2bc, proce%s pa?ame ers within a comrﬁon range. 5 To

rediicdene |QtIrREES ofsulptad icdmpomsts, aadsorbent ocadsorbent(e - g -

mipiures can ba used.rBuis ¢an ibe effected in parallel or in successive
workup steps. The adsorbents are known from the prior art, preferably 10

selected from the group of silica and/or aluminium oxide, organic
p&?ﬁddé%ﬂ@%&%v&% C&H&ﬁ]&ﬁ@ﬁlvated carbon can also be

effected 1in a separate filtration step or 1in a
filtration step simultaneous with the transition metal
removal. In a particularly efficient wvariant, the
activated carbon is not added to the polymer solution
as a solid, but rather the filtration is effected by
means of filters laden with activated carbon, which are
commercially available (e.g. AKS 5 from Pall Seitz
Schenk). It 1is also possible to use a combination of
the addition of the above-described acidic assistants
and activated carbon, or of the addition of the above-
described assistants and filtration through filters

laden with activated carbon.

The present invention relates to end group
functionalization of polymers with silyl groups, the
removal of the terminal halogen atoms and of the
transition metal complexes from all polymer solutions
prepared by means of ATRP processes. The possibilities
which arise from the ATRP will be outlined briefly
hereinafter. However, these enumerations are not
capable of describing ATRP and hence the present
invention in a restrictive manner. Instead, they serve
to indicate the great significance and various possible
uses of ATRP and hence also of the present invention

for the workup of corresponding ATRP products.
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Norit SX plus from Norit). The removal of the activated carbon can also be
15 effected in a separate filtration step or in a filtration step simultaneous
with the transition metal removal. In a particularly efficient variant, the
activated carbon is not added to the-palymer solution as a solid, but
rather the filtration is effected by 20 means of filters laden with activated
carbon, which are commercially available (e.g. AKS 5 from Pall Seitz

Sehenk) mrisatsespossible feuse arwombinafioned 2the additionof e are
abov descrlbtgg acidic 3135|§<'[ants andAact _,F/ated carbon, or of the ad |£|gg q
of the above Jescrebed assistants and filtration fﬁrogg}h filters Fade

WiR betivated tatbonr TRE predertinvehfioPFsiars to eRUYrSGPn 10 any
fungtionalizatior ob palymers mathisilylgroups esthe 436 cembwal oflike esters

teé@'”@h@@l?ﬂ&@r%}?@é and;of tQ%&raﬂé'PQ”rﬁé%tﬁ‘Ec%E't‘?xﬁ%h fremeal i ate,

polymer solutions “prepared by means of ATRP processes. T

p&%?blllﬁé@@ﬁl]n%h & rdm the ATRB Wi beoutfitdd brigfly thacrylate,
heremafteardoveevey lihese ehumerations laxe mot 3y tapabig bite, ethyl

describing ATRPand hgnee the.present dnpventionip & restrictive manner.
Instead, they serve to indicate the great significance and various possible
uses of ATRP and hence also of the present invention for the workup of
colpespomiding WIFRP pradact®.elymahezadnomeérs pelyaterzdblé bym the
meansef AGRP are essufficiently welkknonws £ fewmexam pdﬁSaaﬁelltstedalkyl
below. wi hou [ tlng the present invention in any 5 way, T otation
((:(n%t acrycféiI %égcrlbes%i este%s 0%?égth3§§ry%c aC|db icr-:-lrrleé & oF

m%éﬁ% Yol RidtacylateC t8Pdxantpie ity méthadtflateasthgn  atoms,
meéthaceatep etc., andracrylatecfon example: methykacrylate (ethnth) acryl-
a%%%#e’%&b&%@f“”ﬁ%&§ﬁﬁ§%%9ﬂ%te, i-butyl (meth)acrylate,
t-butyl (meth)acrylate, pentyl (meth)acrylate, 2-ethyl-
hexyl (meth)acrylate, stearyl (meth)acrylate, lauryl
(meth)acrylate, cyclohexyl (meth)acrylate, isobornyl
(meth)acrylate; aryl (meth)acrylates, for example
benzyl (meth)acrylate or phenyl (meth)acrylate, each of
which may be unsubstituted or have mono- to tetra-
substituted aryl radicals; other aromatically
substituted (meth)acrylates, for example naphthyl
(meth)acrylate; mono(meth)acrylates of ethers, poly-
ethylene glycols, polypropylene glycols or mixtures
thereof having 5-80 carbon atoms, for example
tetrahydrofurfuryl methacrylate, methoxy(m)ethoxyethyl
methacrylate, I1-butoxypropyl methacrylate, cyclohexyl-
oxymethyl methacrylate, Dbenzyloxymethyl methacrylate,
furfuryl methacrylate, 2-butoxyethyl methacrylate,
2—-ethoxyethyl methacrylate, allyloxymethyl meth-
acrylate, l-ethoxybutyl methacrylate, l-ethoxyethyl
methacrylate, ethoxymethyl methacrylate, poly(ethylene
glycol) methyl ether (meth)acrylate and poly(propylene
glycol) methyl ether (meth)acrylate. The monomer
selection may also include particular hydroxy-
functionalized and/or amino-functionalized and/or

mercapto-functionalized and/or olefinically
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10 Monomers which are polymerized are selected from the group of the
(meth)acrylates, for example alkyl (meth)acrylates of straight-chain,
branched or cycloaliphatic alcohols having 1 to 40 carbon atoms, 15 for
example methyl (meth)acrylate, ethyl (ngeth)acryl- ate, n-butyl
(meth)acrylate, i-butyl (meth)acrylate, t-butyl (meth)acrylate, pentyl
(Methyacryiase, 2zethyle hexyigrreth) acry e siearyl meth))achrate Saamp L e
(nethyacrylate, Lyelphexyl (preth)acrdates isopormd 204pefh)acsylate;

aryl (meth)acrylates, for example benzyl (meth)acrylate or phenyl
(meth)acrylate, each of which may be unsubstituted or have mono- to

tetra- %lﬁ}t@eﬂl aryPradicsls; GiRérardrtaticallyg subdtithed above, the

(meth)aciylaies, for examipte naphtiyk25 frmath)aerylate]l so consist of
moppipeth)acrylates oLathers, palys athylepe glycals, polypropylene rnese

glycols or mixtures thereof having 5-80 carbon atoms, for example

teh%ﬂ%%?ur}uri‘zllr%%ﬂ?a%rﬁaféh nethoxyimfEmdxyeth eﬁre%ﬁ&cryﬂaf@nched
1-bUkexypsopyfmethasptatéscyelonekyly30 okyrrethyl méthacddatefhy1-1-
b@}%@%nethﬂm@mﬁpm@teﬂlfygwmf@q@a@ryla@r%@w@mhﬂentene,
methaC{yIate 2 thox eth ilmethacrglate aIIonx%methé/l meth- acr ‘
1- e?héfxy%uf‘ytl me ﬁacryfét oxyet‘hy metﬁacry% e‘fﬁo%yméat 4 S
m?ema@@/xettécyém’etrﬁ/tef@g@ glyEoip ety etivser %ﬁ@tﬁ%é@ﬁyla@é{ﬁ@g an
p@IyWpr&ﬂnes glycedraethyl ethes (Methyacryateufhe mopomeample -
selg%tnorh e|%0elng|H§E &artlnga{ h%/dgfoex efungtl% |z%d an /or yrenes
amino- nctl nallzed and/or mercapto- hctiohalize d/or o?e |n|ca

18 fineforlized AcRypdtes ot ﬁiékhé&?%?éstlf@%rﬁﬁletélﬁll ring, such
methacrylateyorbydroxyethybmethagsylate: Hiy additioarte the halogenated

(meth)acrylates listed ahove, the 5 GUARESIHENS ke pRlymerizgd Ay, o -

also consist of
styrenes, tribromostyrenes and tetrabromostyrenes;

heterocyclic compounds such as 2-vinylpyridine, 3-
vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-
vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
pyrimidine, 9-vinylcarbazole, 3-vinylcarbazole,
4-vinylcarbazole, 2-methyl-1-vinylimidazole, vinyl-
oxolane, vinylfuran, vinylthiophene, vinylthiolane,
vinylthiazoles, vinyloxazoles and 1isoprenyl ethers;
maleic acid derivatives, for example maleic anhydride,
maleimide, methylmaleimide and dienes, for example
divinylbenzene, and also the particular  hydroxy-
functionalized and/or amino-functionalized and/or
mercapto-functionalized and/or an olefinically
functionalized compound. In addition, these copolymers
can also be prepared in such a way that they have a
hydroxyl and/or amino and/or mercapto functionality
and/or an olefinic functionality in a substituent. Such
monomers are, for example, vinylpiperidine, 1-vinyl-
imidazole, N-vinylpyrrolidone, 2-vinylpyrrolidone,
N-vinylpyrrolidine, 3-vinylpyrrolidine, N-vinylcapro-
lactam, N-vinylbutyrolactam, hydrogenated vinyl-

thiazoles and hydrogenated vinyloxazoles.
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other unsaturated monomers or comprise them. These include 1-alkenes
such as 1-hexene, 1-heptene, branched alkenes, for example
vinylcyclohexene, 3,3-dimethyl-I- propene, 3-methyl-I-diisobutylene,
4-methyl-lI-pentene, 10 acrylonitrile,-vinyg esters, for example vinyl acetate,

in particular styrene, substituted styrenes having an alkyl substituent on
thehanylrows fer exanplelze metykaread anda-ethylstyrend ogen-free
sustituigd styrepes having-ene 9 moge atkyl substituentsiendhe ring.lene,
such 19 as vinvitgluene and pmeflylstyrens. halggenated ghyenes.for, o
exampl% monocrﬁorostyrenesy, dichlorb- styrenes, triboromostyrenes an
teraProhostyeRés: t Aéterot§ERESmpounts SBERaLY2-viApydinengt hy L
vikglpyridine, 2-4methylrs-yvinylpytidines 3-ethyi4 20 atnydpyridingpreferably

2,3:dimethyl-5-vinylpyrdine vinyl, pydmiding, - uipylGarbazole. | onexano1,
3-vinylcarbazole, 4-vinylcarbazole, 2-meth I-I-vmi/llmldazole, vinyl-

oRAEAE iyt &R N\AryltHiophehes YiitA S -vinylthiazoles,

vinyloxazoles and isoprenyl ethers; 25 maleic acid derivatives, for

example malsicianhydiide,r maleimide, methyimaleipide,and diengs.d8E red
eéamglle divmg enzene, and also trlle I[garti.culacr.ha/dro%/i fuq(ctionalizled

and/of amino-functionalized and/ér” rr%rce:éfdté-afuﬁctrilo'na iz&d andfoF any™e S
olefinically FPRInctionARLE R corppaatdl Il addifions, theseesisslyniersmeans

caralsgbgpsepared in suchyawayhatithey havesa hydroxyband/er with

a ilngu%rg:dclgr meycapto functionality and/or an oI_efinig func_tionalit)_/ ina
substituent. §uc monomers are, for example, vinylpiperidine, 1-vinyl 35

imidazole, N-vinylpyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine,
3winylpyrrolidine radnyloapro-daatamp &-vipdhfyrolactamat  standard

hydrogenated vipyl thiazoles and hydrogenated vinyloxazles <13 cThe rne
process can be performed in any halogen-free , o
polymerization  temperature too is uncritical. In

general, 1t is, however, in the range of -20°C to
200°C, preferably of 0°C to 130°C and more preferably
of 50°C to 120°C.

The polymers obtained in accordance with the invention
preferably have a number-average molecular weight
between 5000 g/mol and 120 000 g/mol, and more
preferably between 7500 g/mol and 50 000 g/mol.

It has been found that the molecular weight
distribution is below 1.8, preferably below 1.6, more

preferably below 1.4 and ideally below 1.2.

The molecular weight distributions are determined by

means of gel permeation chromatography (GPC for short).

The initiator used may be any compound which has one or
more atoms or atom groups X which are free-radically
transferable under the polymerization conditions of the
ATRP process. The active X groups are generally Cl, Br,
I, SCN and/or N3. In general terms, suitable initiators

include the following formulae:
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solvents. Preference is given to toluene, xylene, acetates, preferably butyl
acetate, ethyl acetate, propyl acetate; ketones, preferably ethyl methyl 5
ketone, acetone; ethers; aliphatics, preferably pentane, hexane; alcohols,
preferably cyclohexanol, butanol, hexapol. but also biodiesel. Block
copolymers of the AB composition may be prepared 10 by means of
sequential polymerization. Block copolymers of the ABA or ABCBA
carhpuosition are prepared by means of sequential polymerization and
ingh%tipzrb i_tl% bifunctional initiators. 15 The polymerization can be
performed at Standard pressure, reduced pressure or elevated pressure.
TReRpdlyretization temperature too is uncritical. In general, it is,
hawexey, in the range of -20C to 200C, preferably of OC to 130C and
”‘Qf?li{]@f@ra%{l )%9:’ 95§Q_C><t3q 1,20C. The polymers obtained in accordance
with the invention preferably have a number-average molecular weight
béﬁv@éﬁ%é@b@%ﬁm and 120 000 g/mol, and more 25 preferably between
75001g/RO) ARABOPACD gfipl. It has been found that the molecular weight
distribution is below 1.8, preferably below 1.6, more preferably below 1.4
an(illideall below 1.2l 30tTh n%olecul%rhwei ht distributions %re £ c1
détérmine b)} “mearns of gee per]fr?énation Chr ﬁ%lfggracﬁnys(lé c'ter s%ort). !
TR initltorQed By beS@ly eoMBdaid WhictPRASBN& or 38HMoR) dofs 2/
obatervgrorps Xwinictt pre freg;radically stransferable under thewo and N;

polymerization conditions of the ATRP process. The agtive X groups ar
OONTERECI BT SCN 2ot N3 Bonetal i, SUatie Hitmore. e+
intleeshe fstibwintforrtiae L o0 - ReR2RSCseplaced independently

by a halogen atom, preferably fluoride or chloride, or
alkenyl of 2 to 20 carbon atoms, preferably vinyl,
alkenyl of 2 to 10 carbon atoms, preferably acetylenyl,
phenyl which may be substituted by 1 to 5 halogen atoms
or alkyl groups having 1 to 4 carbon atoms, or aralkyl,
and where R', R? and R’ are each independently selected
from the group consisting of hydrogen, halogens, alkyl
groups having 1 to 20, preferably 1 to 10 and more
preferably 1 to 6 carbon atoms, cycloalkyl groups
having 3 to 8 carbon atoms, silyl groups, alkylsilyl
groups, alkoxysilyl groups, amine groups, amide groups,
COCl, OH, CN, alkenyl or alkynyl groups having 2 to 20
carbon atoms, preferably 2 to 6 carbon atoms, and more
preferably allyl or vinyl, oxiranyl, glycidyl, alkenyl
or alkynyl groups which have 2 to 6 carbon atoms and
are substituted by oxiranyl or glycidyl, aryl,
heterocyclyl, aralkyl, aralkenyl (aryl-substituted
alkenyl where aryl is as defined above and alkenyl 1is
vinyl which is substituted by one or two C;—- to Cg—alkyl
groups 1in which one to all of the hydrogen atoms,
preferably one hydrogen atom, are substituted Dby
halogen (preferably fluorine or chlorine when one or
more hydrogen atoms are replaced, and preferably
fluorine, chlorine or bromine if one hydrogen atom is

replaced)), alkenyl groups which have 1 to 6 carbon
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Ric (-0) -X, R'R2R3Si-X, 5 R'NX2, R1IR2N-X, (R1)nP(0)m-X3-n,
(R10)nP(0)m-X3-n and (R1) (R20) P (0) m-X, 10 where X is selected

from the group consisting of Cl, Br, |, OR4, SR4, Se R4, OC (=0) R4, OP
(=0) R4, OP (=0) (OR4) 2, OP(=0)0R4,10-N(R4)2, ON, NO, SON, NOS,
OCN, ONO and N3 (where R4 is an alkyl group of 1 to 20 carbon atoms,
whérneacthydrogen atemanay betreplaced indepérdently 1B81pypaituents

halpgen atem 1 preferablyefiuasidecor ehloridesios alkesybof @d@@ﬂst‘tam@n of
atgms @refegﬁblg VIQ% EYalken}y ?f 210 ],CO carbo%ft% ms, Frecf%ﬁa yacetyl

acetyleny phenyl whicH may substituted Bf/’ alogen dtoms” or
alkiﬂllg}%upsaﬁékﬁﬁg 1 B4 6arboh atdifs, DHEraikyll 20 éﬁéﬂ where R1, &2 1/
and R30gre rach irependarthasalectad tfram the gioup comsisting ohe R*,

hydrogen, h@iog@galglgyl 9@985 %\ﬂﬁ}%% tHzomB@éer%%ﬂe@a]&%”d not

more preferably 1 to 6 carbon atoms, cycloalkyl groups _having 3 to
cHIBBA atomg, ?TWgPd%p%h%I@IsnyH{ZSaé}%uBs LKOXGSIF groupsy RfFen -
groups, amide groups, COC1, OH, ON, alkenyl or alkynyl groups having

2 'i@flgo ﬁé&%@i@%} Qre‘}%%@¥ @r@éﬁ I@fg%%"@@ls?kan%l@%%e be IF] zyl
pre allyl or V|ny oxwan | al ar alkynyl groups w. iC
ieteraply 1 syl akery| or sl aroups

have 2166 car%on atonis and 30 are sub X|ranyl or gl?/udyﬁs

aly oneredeyciy Caaikeh aralkepyF aryl- §@B§nm<é@|, alkeiyk Wherb zeylise s

aa dgﬂ@a@a@owaﬂg»;e&@wh'@ vinglwhich is-subsdittted bywﬂretw@ane
f? Akyl grouns.ipwhich qne tq all of the hydrogen atoms, 3 oxylic

pre era y one hydrogen atom, are substltutedrby halogen (prefera K@ﬁ]

d &~

fl@SHre oG- wWhen on@kﬁrcﬁ]oréﬁ?dro@%ﬁoﬁéﬁétﬁ@ replaced,
prederablyo fluorine; clhintne be bromine if anedwsitogervatommiste, methyl

2-chloropropionate, ethyl 2-chloropropionate, methyl
2-bromopropionate or ethyl 2-bromoisobutyrate.
Preference 1s also given to tosyl halides such as
p-toluenesulphonyl chloride; alkyl halides such as
tetrachloromethane, tribromoethane, l-vinylethyl
chloride or l-vinylethyl bromide; and halogen
derivatives of phosphoric esters such as dimethyl-

phosphonyl chloride.

A particular group of initiators suitable for the
synthesis of block copolymers is that of the
macroinitiators. These feature macromolecular radicals
in 1 to 3 radicals, preferably 1 to 2 radicals, and
more preferably in 1 radical from the group of R', R?
and R’. These macroradicals may be selected from the
group of the polyolefins such as polyethylenes or poly-
propylenes; polysiloxanes; polyethers such as poly-
ethylene oxide or polypropylene oxide; polyesters such
as polylactic acid or other known end group-
functionalizable macromolecules. The macromolecular
radicals may each have a molecular weight between 500
and 100 000, preferably between 1000 and 50 000 and
more preferably between 1500 and 20 000. To initiate
the ATRP, it is also possible to use said
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replaced)), alkenyl groups which have 1 to 6 carbon - 21 atoms and are
substituted by 1 to 3 substituents (preferably 1) selected from the group
consisting of C1- to C4-alkoxy, aryl, heterocyclyl, ketyl, acetyl, amine,
amide, oxiranyl and glycidyl, and m=0@®»r1; 5m =0, 1 or 2. Preferably

not more than two of the R1, R2 and R3 radicals are hydrogen; more
preferabiyo hot uere thamoré of the'Rl, R2raWPR3 radiddlslslRydrégen. an

Tﬁelpaﬁtg:wﬁrly@tef%@@ingmﬁ inchrdedenzyh 0 halidessuchoas, of a

chloromeiheyl tgrlene h%xatlgls(a- broml%rg th lgbenzer%e Pﬁ)nzy fvbe. it
hloride, benz bromlde 1-bromo-i- p enyethane > and’ YPEs

-hﬁlor&?éﬁé Stharé PRUEGIEF Preférenée is flifkEY giveito triblock
carbpxylian@cid.derivatives which are halogenated at the a 15 position, for
example propyl 2-bromopropionate, methyl 2-chloropropionate, ethyl
2-chloropropionate, methyl 2-bromopr Plonate or ethyl

2%r&ﬂSEﬁﬁﬁtyFﬁT@oﬁ@%Ferﬁ?éqg%ls% gl\}éﬁfblﬁﬁ?lrﬁallaés Shefragt the
pidlueresutphonyt chlotidepalkylihalides sack as@0tetrachloricmethanenal

tribramegthape. lsvinylethyd  chloride or Iswinylethy | bromjﬁie andhalegent o
derlvatlk\l/es ofghosghorlc eslters such dlmetp)){l %pho%/ |ohcl;(l?<1” € tor

mers.

25 WA IAr grotp bf iRtiatdls Stitable fof thd syrrftﬁegs o]
capolpnelsis that df the ltfhacrﬁmﬁ%;t@r]se These featgrrmagromeldcular and

rgshicalsiin ddp 3 raslicals;preterably d to 2radioats. and pwreneeferablyrhe
i e, o ] e e ﬁ;‘!:n—egﬂx—
oFplefy- prsﬁyrer@50%a|§;s.@; Artes HOEIRETS alioh a8 poiy SittylEne) --CXo-
oxideror polygropyleneoxidel, polyesters(sych as pelylaoticcacid oxethet,)
known end g @%35 fupciipnalzable macromoleqdes, Thecy,—co,- (ch,) .-
mOaC(Z:r(%r)nglfig(u CH3;CHX-CO,- (CHy) ,—OC (O) CHXCH3, (CH3) 2,CX-COz,-
(CHy) n—0OC (O) CX (CH3) 2, X,CH-CO»- (CHy) ,—OC (O) CHX,, CH3CX,—COs—
(CHy) ,—0OC (O) CX,CH3, XCH,C (O)C (0)CHyX, CH3CHXC (O)C (0)CHXCH;3,
XC (CH3) ,C (0) C (O) CX (CH3) 2, X,CHC (0O) C (O) CHX>,
CH5CX,C (0) C(0) CXyCH3, XCH»-C (0O) -CH»X, CH3—CHX-C (0O)-CHX-CHs;,
CX (CH3) ,—C(0O) -CX (CH3) », X3CH-C(0O)-CHX,, CgHs-CHX- (CH;),—CHX-
CeHs, CgHs—CXy- (CHy) ,—CX3-CgHs, CgHs—-CX, (CHy),—CX,-CgHs, 0O,—- m-
or p—-XCH,-Ph-CH;X, 0o,- m—- or p-CH3CHX-Ph-CHXCH;, o,- m- or
p- (CHs) ,CX-Ph-CX (CH3) »,, ©o,- m- or p-CH3CX,-Ph-CX,CHs3;, o,- m-—
or p-X,CH-Ph-CHX,, o,- m- or p-XCH,;-CO,-Ph-0C (0)CH:X, o,-
m- or p-CH3CHX-CO,-Ph-0C (0O) CHXCH;, 0,—- m— or p- (CHj),CX-CO,-
Ph-0OC (O) CX (CH3) 2, CH3CX,-CO,-Ph-0C (0)CX,CH3, o0o,—- m—- or p-
X,CH-CO,-Ph-0OC (O)CHX, or o,- m- or p-XS0,-Ph-S0,X (X 1is
chlorine, bromine or iodine; Ph is phenylene (C¢Hy); R
represents an aliphatic radical of 1 to 20 carbon atoms
which may be of linear, branched or else cyclic
structure, may be saturated or mono- or polyunsaturated
and may contain one or more aromatics or is aromatic-
free, and n is from 0 to 20). Preference is given to
using 1,4-butanediol di (2-bromo-2-methylpropionate),
1,2-ethylene glycol di (2-bromo-2-methylpropionate),
diethyl 2,5-dibromoadipate or diethyl 2,3-

dibromomaleate. If all of the monomer used is
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radicals may each have a molecular weight between 500 and 100 000,
preferably between 1000 and 50 000 and more preferably between 1500
and 20 000. To initiate the ATRP, it is also possible to use said - 22
macromolecules which have groups-suitable as an initiator at both ends,

for example in the form of a bromotelechelic. With macroinitiators of this
typenitsis pedsiblé irepattictiar tofodm ABA fribloek BrcopdlymerstArmined
further inapertantigreup of initiateescis thatohtba ohie o1 multifunctional
initiators. With multifunctional initiator molecules, it is possible, for

example, to 10 synthesize star polymers. With bifunctional initiator
nfofécules ftSs possibiTdprepate tfieand Lsehtablock B6polyriérs and 001
telexhelic pplymers < Blen ihitunclignal dfitiatorsused maydeare described
RO2CSCHX:(CHRY CHX: CO2R, RO2G:C (CHA X5 (GH21 G se  of i ron,
(CH3)X-CO2R, R02C-CX2-(CH2)-CX2 15 CO2R, , ,
REORERX- MR C IR RETD) -CCHEIREM2) T T k) 210c
3RQ (R URC (0)=0X2: BH2) -CX2ECONR, XCHRFEO2uCH2) hr OCium,
O DL oA (o) 2 Mo CH L (G 00 (0) CH, rrcxa.Com 2
(dﬁz)l-éc é@%ﬁ?&ﬁs,‘%@cﬁ% () (of&?&“z%&tdﬁélcﬂ%a(&) Cgpounds
CHIXTH3, 20X EJOH3Y 2CH@PE (0Y Che(CHI)2, K HO {0).e oy Chix2the
CHEGX2G (1G.(0) GXACH3 p4GH2-G- (A nEHRXaR3-CHCyBbup . For
-CHX-CH3, CX(CH3)2-C(0)-CX(CH3)2, X2CH-C(0)-CHX2,

O R B CHR Bl . e BT B0 g, system, for
CBEBIEX2(CH2-EXLEBHS, ‘T or PIXCH2PREH2X UG L m- 6121, Culs,
pGHBTHX-POuCHXCHBuoe m- or 25N»;(CH3T 28X Ph-CXa(CH3Y 0D, - or
m- ¢ )§2-Ph-CX2CH3, 0,- m- or p-X2CH-Ph-CHX2, o,- m- or
p-XCH2-CO2-Ph-OC (0) CH2X, 0,- m- or p-CH3CHX-CO2-Ph-OC(0)
CHXCH3, o, - m- or p- (CH3) 2CX-CO2- Ph-OC (0) CX (CH3) 2,
CHOIBEX2-0R2-Rh0C{0) CX2CHG, o IMPorgescribed is a wvariant
X26Ere02-Ph:QCEYCER2 @10, v B OF PXS0EPN-SQ2X X is30sible to
chlorine, bromine or iodiner;l Pt}liglphg%lgg%C6H4 repregents an

'R
. : p 1
allllpﬁweatlcéE (r)énd)lgéjlno?i t6 20 carbon atoms whlcﬁnmay aet of Ilneaﬁrbraeﬁic%%% <
ofeBsnychietClz, CuO, CrCls, Fey03 or FeBrs. In these cases,

the reaction can be initiated with the aid of classical
free-radical formers, for example AIBN. This initially
reduces the transition metal compounds, since they are
reacted with the free radicals obtained from the
classical free-radical formers. Reverse ATRP has also
been described, inter alia, by Wang and Matyjaszewski
in Macromolecules (1995), Vol. 28, p. 7572 ff.

A variant of reverse ATRP is that of the additional use
of metals in the zero oxidation state. Assumed
comproportionation with the transition metal compounds
of the higher oxidation state brings about acceleration
of the reaction rate. This process 1is described in
detail in WO 98/40415.

The molar ratio of transition metal to monofunctional
initiator is generally within the range of 0.01:1 to

10:1, preferably within the range of 0.1:1 to 3:1 and
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structure, may be saturated or mono- or polyunsaturated and may contain
one or more aromatics or is aromatic 35 free, and n is from 0 to 20) .
Preference is given to using 1,4-butanediol

di(2-bromo-2-methylpropionate), 1.2-ethylene glycol
di(2-bromo-2-methylpropionate), diethyl 2,5-dibromoadipate or diethyl

2 Bodibropigmaleatel if alvof-thermohbmerimedds -28 conberted tthe 2:1,
lajeraneleeular weight iscdeferrsined tiigm the ratio ofdpiatos t0 impose  a
mono[%e %atanysts for ATRP are detailed in Chem. Rev. 2001, 5 101,
2971, omlnantly copper complexes are described - other compounds
also used include those of iron, cobalt, chromium, manganese,
mohddenvina,rsilvestziac, qalladium sthotium, péatium triuthenitiinctional

inigjpr.; yigebium, S@-@ﬁé‘?ﬁ‘lII%Z%@@PH/OEH@keJan%e”S@' éodb'sl to

passible to use all transition metal compounds which can form a redox

cydle With BITE irfitttbr &r tHe “paiymé&r EhaltWhfchhias & trarisfdrablé atorfi"d
groupe For ¢liis pirposey copper ¢drebe suppliedftolthé systefrr, for without

exayplen starting, HoprL G20y, CUBELGUEN GilpCEN3, 15 LUSCENy CHEN,
CuNO2, CuNO3, CuBF4, Cu(CH3COO) or Cu (CF3COO) . One
alternative to the ATRP described is a variant thereof: in so-called

reberse FRP, itis possibleIe 20gsescohtipdunidsyin highéhexidegipals 1in

statess farcexapyle &nBs2, Gual2, @M@u@i@ﬁéoﬁ%i@3 ot FeBe3sdn thesehe
C%soefsmatg Jgaction Cac § Initigfed V\?]encg aid | C'a%si%%{tf{%e radical, ;o
formers, for exampIeA erhls initially redu es etransmon meteﬂ

cORPBINES sirick!they &BR2BYRASed Witly i free FadicaRbitdineliFror e
they slassical freeaadical fatmersh ReveargserATERR-has alsb cbesghstraction

descripgd, inter aliz by \Wangand Matyjaszewskis iMacromolecules o 41
(1995), VoI 28 Zg 7572 ff. 30 A variant of reverse ATRP is that of the
a&&ﬂ&%ﬂ list of known ligands can be found, for

example, in WO 97/18247, WO 97/47661 or WO 98/40415. As
a coordinative constituent, the compounds used as a
ligand wusually have one or more nitrogen, oxygen,
phosphorus and/or sulphur atoms. Particular preference
is given in this context to nitrogen compounds. Very
particular preference 1s given to nitrogen-containing
chelate 1ligands. Examples include 2,2’-bipyridine,
N,N,N’,N’’ ,N’’-pentamethyldiethylenetriamine (PMDETA) ,
tris(2-aminoethyl)amine (TREN), N,N,N’,N’-tetramethyl-
ethylenediamine or 1,1,4,7,10,10-hexamethyltriethylene-
tetramine. Valuable information on the selection and
combination of the individual components can be found
by the person skilled in the art in WO 98/40415.

These ligands can form coordination compounds with the
metal compounds 1in situ or they can be prepared
initially as coordination compounds and then be added

to the reaction mixture.

The ratio of 1ligand (L) to transition metal 1is
dependent upon the denticity of the 1ligand and the

coordination number of the transition metal (M). In
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of metals in the zero oxidation state. Assumed comproportionation with

the transition metal compounds of the higher oxidation state brings about
acceleration of the reaction rate. This process is described in 35 detail in
WO 98/40415. The molar ratio of transition-metal to monofunctional

initiator is generally within the range of 0.01:1 to 10:1, preferably within
thecraage bf 0.1eto®1 and r 241 morespreferabip withindke rahgé 0P : 1 to
O-E;Jltﬁllzilpﬁ/@'[ﬂ’@ﬂé BNy ir@emioqdh@g.tmqsmufﬂ 'mm%e@ré&?éﬂ'@ﬁﬁry 53:1
The molar ratio af transition metal to, hifunctipnal initiator_is genera
Wi Fo BB D27 1. DB Sretermtl i the rangs ho 2PEse 2
6 A%4ridr HdrePreferably within the range of 1:1 to 4:1, without any

intention that this should impose a restriction. 10 In order to increase the

sqjHpility of the metals inegrgapicsolvents gnd simpltanegysly to ayold o
the formation of stable and hence polymerization-inactive organometallic

cdmBatnds, 3iGands aF€3ad6R t&the 15 system. In addition, the ligands

ease the abstraction of the transferable atom group by the transition

metal reqropednd. A listof knewnligands sanbedouad.Jop examplesin the
WO 97{}.8247, WO 97/47661 dor.WO 98/40415. As 2. oordTa%ive to th
c&r?s?i%uelnr%?%%oélorr(fﬁénl?nodlsnuseﬁnasaa ﬁﬁtﬂbgna usually Aave one or more <
nifrogeA 1eiRjennehasphdfis and/eg suphuratesaParicdlarbipyridine
preferenge ds givendn thiscCopirxt &0 RIROGEN COMAPQLES] Yery: paricuiali o
preferepce is given to,nitrogen-containing chelate ligapds..Examples

el 2 S hipyrding. 55 NATN'N "N " pentaifithy thethgonatriarie < =
(PMIDETA) £ 198(2-a/TinoBthyIFdhReETRERY, 1N, NWFNP-tetreinetiypr st ion
ethylemediamineuert, 1,4,7,1( 10shexantethyltriethylefeéciency, of for

example, 1:2 relative to the active chain end X.
However, such a polymerization would be greatly slowed

compared to one with equivalent complex-X ratios.

For the inventive silyl-functionalized products, there
is a broad field of application. The selection of the
use examples is not capable of restricting the use of
the inventive polymers. The examples shall serve solely
to indicate the wide range of possible uses of the
polymers described by way of random sample. For
example, polymers synthesized by means of ATRP are used
as binders 1in formulations for hotmelts, adhesives,
elastic adhesives, sealant materials, heat-sealing
materials, rigid or flexible foams, paints or
varnishes, moulding materials, casting materials, floor
coverings or in packagings. They may also find use as
dispersants, as a polymer additive or as prepolymers
for polymer-analogous reactions or for the formation of
block copolymers. It is preferably possible to produce

adhesives and sealants with the new binders.

These new binders may be used in both one-component and

two-component formulations. In two-component systems,
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tetramine. Valuable information on the selection and combination of the
individual components can be found 30 by the person skilled in the art in
WO 98/40415. These ligands can form coordination compounds with the
metal compounds in situ or they can bggrepared initially as coordination
compounds and then be added 35 to the reaction mixture. The ratio of
ligeaid (&Xeonmansitiow Aratalis adesandent Dpon thel démtitity of e kigdrhes
ang the,geerdiaatian number of the transition metal (M). In - 25 general,

the molar ratio is in the range of 100:1 to 0.1:1, preferably 6:1 to 0.1:1

and more preferably 3:1 to 1:1, without any intention that this should
mﬁdﬁ’s‘éh@J?esﬁiéﬁ&ﬁ@Whaﬁ@%ﬁIdréH@Pﬂﬂ% pieSenfinventidi 1 RAe theon s
ligangls are proteratableaBrefeneace isigivem 40 ligansiswehich are preseat s,
noenL coordinalian qormpaynd I 8 falia of 1 figlatyedo (e diansition o

When'ligands such as 2,2"bipyridine are used, which are bound

within'thieé €ohiplex O Pt Telafie B thB Afamsition matat 6P 24, 29ents,
camplete ipretomation cart bé wifested onbawhen tke transitoril5 metaltiser
usedhina sigoificanideficiency, of foyeexample. 4:2 relative to.the active
chain end X. However, such a polymerization would be greatly slowed
compared to one with equivalent complex-X ratios. 20 For the inventive
sififuncioirdlizéd producisstheréosd abroadtfield ofidpplicatibAr Thebetter
selectionettheoHse exampies isgiat sapableiefrestricing theiuse ofdhenot
iny nt| olymers. The examples shall serve solely to |nd| e the wi

rangcal \% p%ss?ngle 5?@8265% t%% 5{5 po &mers esc;%b %nby WayQC ran%%?ngures
séjrhﬁ%l?%?de%ﬁénpolymers synthesized by means of ATRP are used
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as binders in formulations for hotmelts, adhesives, elastic adhesives,
sealant materials, heat-sealing materials, rigid or flexible foams, paints or
30 varnishes, moulding materials, casting materials, floor coverings or in
packagings. They may also find use-ag 7dispersants, as a polymer additive
or as prepolymers for polymer-analogous reactions or for the formation of
ble¥REBEESMers. It is preferably possible to produce 35 adhesives and
sealants with the new binders. These new binders may be used in both

ong-compaonent.and _two-companent formulations. In two-c nent
e Rt exART. CofonT LRt AR Sihiatdd SolalShakds 365
canceivaBleY FaRthé R Edstbman cottifuehts STsticts forfful@fons s arethat

as wgtl;as the b@tdeas;;solwentsoﬁnlerﬁ,i p}gmﬂﬁaipja_stﬁzgr_s,k&t@hilizin@per
additives, water, scavengers, adhgsion.promoters, thixgpopic 396nts, , ang

crosslinking catalysts, tackifiers and further constituents known to those
skt the A 10 THe eRdMples given below are given for better
illustration of the present invention but are not capable of restricting the
invRakY1to the features disclosed herein. - 27 - Examples The present
examples were based on the ATRP process. The polymerization
parameters were selected such that 5 it was necessary to work with

particliarehigh coppéerdonesmiatiord: lowtholedularweightt Beymometer,
saldtiam and cbifiunstional, initiaterr Exampla 4140 A jagketedavesseliropping
e%%HR%iW%%é“@%hﬁ%%TPgmgﬁarged under N, atmosphere with
10 g of methyl methacrylate, 15.8 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
at the same temperature, 0.47 g of 1,4-butanediol
di(2-bromo-2-methylpropionate) is added. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 0.25 g of 3-mercaptopropyl-
trimethoxysilane 1s added. The solution which was
greenish beforehand spontaneously turns reddish, and a
red solid precipitates out. The filtration is effected
by means of an elevated pressure filtration. The mean
molecular weight and the molecular weight distribution
are subsequently determined by GPC measurements. The
copper content of a dried sample of the filtrate is

subsequently determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210FF (from Sidchemie), stirred for 30 min and
subsequently filtered through an activated carbon
filter (AKS 5 from Pall Seitz Schenk) under elevated
pressure. Beforehand, the formation of a colourless
precipitate could be observed. For further analysis, a
sample of this solid is isolated. The copper content of

a dried sample of the second filtrate is also
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reflux condenser, nitrogen inlet tube and dropping funnel was initially
charged under N2 atmosphere with 10 g of methyl methacrylate, 15.8 g of
butyl acetate, 15 0.2 g of copper(l) oxide and 0.5 g of PMDETA. The
solution is stirred at 60C for 15 min.-Sualgsequently, at the same
temperature, 0.47 g of 1,4-butanediol di(2-bromo-2-methylpropionate) is
adddc: Thenmiktupe ismstirred atf70840r a polymeriZation NiarsofEnemrs. 1s
20 Adter iraducing atmospheric oxygen for approx. 5 min to terminate
the reaction, 0.25 g of 3-mercaptopropyl- trimethoxysilane is added. The
solution which was greenish beforehand spontaneously turns reddish,
afXamRALsAlid precipitates out. The filtration is effected 25 by means of
an elevated pressure filtration. The mean molecular weight and the

mplegular weight distrinution, are subsequepily ‘%‘%@!&@E‘fd by,GRGometer,

measurements. The copper content of a dried sample of the filtrate is

sutssetiténty CRtETHied by PeaiRIGFAAS 36 TheréhfainingSol(HigHR 179
admixedlwithed g ohTonsill Optinluar 280F Fuffrbam Stidchemiey Stiened fori th

36 myn @”g fSupsed Qntb{é‘ﬂ@%‘%@yw'égh an @CQV@G‘% Ea@@ﬂyﬁ“%cﬁé&?‘te,
5 6r051 Pall SfQI'[Z Sc enk Pnder elevated 3 ure Th
formation of a c&oﬁﬁess p}eup%ate coutd He ser\ged <

aralysis lansaifplesofithisesblid is |§(§laféd.f13}1fe é@pp@%ontéﬁb@fe@m@dly,
sampletofdhe sgeend &Iaﬁtﬁe'@aadme% determineddy means-piiAASediol
and 8 She peasugIaN is udeaakes XAl S5 A lngkelodaessel o
equpe Wlt stlrrer erm m er retiux condenser nltrogen mllet tube

and éleﬁﬁnga?un%l Wwas %tlﬁly%éi@ﬁf tFder iR aﬁﬁH@ph%Fe witR hours

and then a sample 1is taken for GPC measurement.

Thereafter, 2.5 g of n-butyl acrylate are added and the
mixture is stirred at 70°C for a further 90 min. After
introducing atmospheric oxygen for approx. 5 min to
terminate the reaction, 0.25 g of 3-mercaptopropyltri-
methoxysilane is added. The solution which was greenish
beforehand spontaneously turns reddish, and a red solid
precipitates out. The filtration is effected by means
of an elevated pressure filtration. The mean molecular
weight and the molecular weight distribution are
subsequently determined by GPC measurements. The copper
content of a dried sample of the filtrate is

subsequently determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210FF (from Sidchemie), stirred for 30 min and
subsequently filtered through an activated carbon
filter (AKS 5 from Pall Seitz Schenk) under elevated
pressure. Beforehand, the formation of a colourless
precipitate could be observed. For further analysis, a
sample of this solid is isolated. The copper content of
a dried sample of the second filtrate is also
determined by means of AAS, and a GPC measurement 1is

undertaken.
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7.5 g of methyl methacrylate, 15.8 g of butyl acetate, 10 0.2 g of copper(l)
oxide and 0.5 g of PMDETA. The solution is stirred at 60C for 15 min.
Subsequently, at the same temperature, 0.47 g of 1,4-butanediol
di(2-bromo-2-methylpropionate) is added. The mixture is stirred at 70C
for a polymerization time of 2.5 hours 15 and then a sample is taken for
GPemprbatidefeanitteatter, 2.5 g of n-butyl acrylate are added and
the mixture is stirred at 70C for a further 90 min. After introducing
atmospheric oxygen for PPLoX, 5 m|n to te mlna e, the reaction, 0.25

tzgn ?ga[;%to%m%yylyrief(f ?ﬁetho?( ﬁ)fne is a ed The so?utfong é|c Wna%ger’
gr’é%ﬁislhx be%@ﬁﬁﬁé§5onta%é66§l9%rns%é|@?éh aHB% redrsbliddrorping
precipitatesvout. Theifiltratian/is efecteddywneans of arselevaigtere with
rgseyrediiraionsThe meanmolocuipe we) W%ht@ | e mplecylar weldhle,

distribution are 25 Sub Squs) nty etermlne C measurements. T

cdpperdcofitent GPRRfTied amﬁlﬁlé%?he?ﬂﬂjate% “sitbseybientlyyPETA - "rne
detetminedrbyimeansiof 7eAS. Athe s6mainingrsolutioniis adbiXeslewite 81l v,

oFonsih 30 Qpifaum 22GEE (o Sydcherie) stisd for 30 mineika; o1

Fgu§ntl flltgred thﬁo h an activ e%carbon glte ( S5 from Pall |
Seljt %under SEA (foﬁyr(la(s)éll?re eflorehan ormalion of &~ *°
colbitass] p@élpﬁ@técoﬁmfbeaomlmwﬂrﬂ@ér a‘ﬁamr%lspé 35 hOUfS .
samplerof 1his seld isi isglatedndHisreopper @@@tgahoffaﬂria@@mple of min

the second filtrate is also g%tgjémlnedlymeggsggﬁ@ﬁl Ukm 210 FF
jac

measurement IS un ertaﬁen - 9 Comparatlve exam ete

veSSEPBqGipPEes SHtHstirfst dthe rmBmetst qrgﬂuﬁéoﬁ@é}%%r Fittogeltiffetto
tubecanslcdropping 5 fiuhnet wasdnritiatyrchatged undermd? athMasphieten is

ngf ﬁg&ghm%t{?yl rﬁéeathgcrﬂ@e’a%ﬁ'%gggggycliacﬁf%tgsure filtration
through an activated carbon filter (AKS 5 from Pall
Seitz Schenk). The mean molecular weight and the
molecular weight distribution are subsequently
determined by GPC measurements. The copper content of a
dried sample of the filtrate is subsequently determined

by means of AAS.
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0.2 g of copper(l) oxide and 0.5 g of PMDETA. The solution is stirred at
60C for 15 min. Subsequently, at the same temperature, 0.47 g of
1,4-butanediol 10 di(2-bromo-2-methylpropionate) is added. The mixture
is stirred at 70C for a polymerization tgye -of 4 hours. After introducing
atmospheric oxygen for approx. 5 min to terminate the reaction, 8 g of
Tarsileptimum 210 FF (from Sudchemie) and 4% by weight of water are
added to 15 the solution and stirred for 60 min. The filtration is effected by

S e G e M el £ e e L
MAINO I 1TTuUlIrran ocits DUl ICIII’\) e irrcart rporcouirail VVCIQI tanu uic
midteEeilsveight distribufi®ffare subsequentiy*#tPdaeRfinedBPGPC
measukemenis bhe eapper content of a drjgsksample of the firate is
f>u(bseﬂ§1enﬁ detcermn}ed by means of AAS. - 30 - Table 1 Example
CXamprée :xampuc L \,"mparalive —Monomer MMA-MMAR-BA-MIVA
COcbheentramsrapprox. 58\ eiggPiponmeriZdtiohy Sulphut compound
8-mercaptopropyltri- - methoxysiane: raisorbent - - alox/siliga Cu
%rggg]g@ég no.2 ug/g 0.3 ug/g 20 ug/g (2nd filtration) Eqw gg, ]SZZlca
27 =relative to Cuivir, -6900—= \Illbl stage) iw/Mir,=—1:19— \Illbl stage)
\fF-8200°8500- 8866 (BefBre? 19/ 9 0.3 ng/g |20 ng/g

(2nd filtration)

Equivalents 1.27 1.27 -

relative to Cu

My, - 6900 -

(first stage)

Mw/Mn - 1 . 1 9 -

(first stage)

My, 8200 8500 8800

(before

purification)

My /My 1.21 1.17 1.20

(before

purification)

My, 8200 8600 8900

(after

purification)

My /My 1.31 1.18 1.21

(after (dimerization)

purification)

MMA = methyl methacrylate; alox = aluminium oxide

It 1s <clearly evident from the examples that the
already very good results with adsorbents to remove
transition metal <complexes (in this case copper
complexes) from polymer solutions can be clearly
improved by the preceding precipitation with sulphur

compounds.
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purification) MW/Mr, 1.21 1.17 1.20 (before purification) Mn 8200 8600
8900 (after purification) MW /Mr, 1.31 1.18 1.21 (after (dimerization)
purification) MMA = methyl methacrylate; alox = aluminium oxide 5 It is
clearly evident from the examples that3he -already very good results with
adsorbents to remove transition metal complexes (in this case copper
complexes) from polymer solutions can be clearly 10 improved by the

pregedingprecipitationwith sulphus nconpeundsed31nThe ead grouRiys by
substituton is proved i severalways by, Sharagierizing vagious 1 opyoq.,
constituents of fhe \%orkedr-up polymer solution: 1.) The copper P
prRipifate: the +&d pretipitate which forms on addition of the sulphur
reagenthexhibitspatr <dOupimp,iam extrenmely lonesulphts copter,teo that ch

Pregipitation ot the,meta) as, E*‘et%p@%%;]&ﬁﬂ Peuled Ut 1045 e s, ot

polymer: the elemental analysis of the polymer solufion exhibits, even

after TeniBVat of #e SBEORETEOBUrELE pretiBRats a veRmgh sulhur Fhat
cotent pVirialiyall of thehsulpleireddded toltke systehiidefoumd agairrinled
the,solution or in the dried product. 15 This corresponds to 65% of the

SlélpgurT%oententlused Or approx 90% of tile squliur content which WOLi|d

have been e&f)eé]f%%ﬁﬁ thte gaseeloefmaetrﬁ%%ret%{iﬁcgn%[l)lseteoendt © poiymer
solution exhibits, even after removal of the second,
colourless precipitate, a very high sulphur content.
Virtually all of the sulphur added to the system 1is
found again in the solution or in the dried product.
This corresponds to 65% of the sulphur content used or
approx. 90% of the sulphur content which would have
been expected in the case of a theoretical complete end
group substitution with complete avoidance of preceding
termination reactions.

3.) The second, colourless precipitate: both 'H NMR
analyses and IR spectroscopy showed that the
precipitate is the ammonium salt of the monoprotonated
triamine PMDETA. An elemental analysis showed that this
precipitate is sulphur-free. By means of ion
chromatography, 1t was ©possible, according to the
sample, to detect a Dbromide content Dbetween 32% by
weight and 37% by weight. This wvalue corresponds to the
content in a pure PMDETA ammonium bromide.

4.) In the NMR analysis, a shift of the methylene
protons present in the oa-position to the original thiol
group was detectable. This is a clear indication to the

formation of a thioether group.

It 1s evident from the results for Example 1 that
corresponding sulphur compounds, based on the
transition metal compound, even used in an ultrasmall
excess, lead to very efficient precipitation and a high
degree of functionalization. It is also evident from

the examples that it is possible with thiol-
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15

group substitution with complete avoidance of preceding termination
reactions. 20 3.) The second, colourless precipitate: both 1H NMR

analyses and IR spectroscopy showed that the precipitate is the

ammonium salt of the monoprotonateg Ariamine PMDETA. An elemental
analysis showed that this precipitate is sulphur-free. By means of ion 25
chrentatography zit Was possible; accdrding 16 thel samphks 16 detebfacient
brespide £ontent betweent320% Dy weightanth37%-bynweightsThispnalue the
corresnonds to he. content n.a pyre EMPETA, ammonium biomide, 4,11
the analysis, a shift of the meﬁwitene 39 protons presen%]in the
alfosition ttRé ofigitar #FSIT§roup was detectable. This is a clear

indication to the formation of a thioether group. It is evident from the

respits for Example 1 that 35 cofrespappling,sulpiiur ‘lé%“p{?i-f”@dsmgﬁ%%lar

on the transition metal compound, even used in an ultrasmall excess,
1e48 18 Very étficlertpréGpitation SntH highdegre® of fuittiorization. t"d
isaise evidert fran ke examaplestthat itistpossibleawith thyeld,32with the
fupetienalized reageptsto sealizeimgre efficignt removal gf the frapsition ;e
metal comg?unds from the solution that is gossibl%throu%h an a%ready

1 me.r, arac

oﬁtcl)mized1 Wélrﬁﬂﬁ%vith Ydsorbéfits. & ftid BVident From e %r%]%aﬁggn' of 1P

thexadletalat » weights dAd msleedlarhwsightiaistabuticns beforelsnd safiera
theaworkdp that the methods empleyedgwith the: exgeptiemef.the This  is
substitytion, of she end orpups, haye 10:no aflyence.on the paVMer e, o g
characteristics. In Example 2, an ad%lltlorqa hig mpriecu ar welgﬁlt signa

wasefectable in the GPC nfelstféhent! THisGE tdthibutabe toouccesstul
dimarsization of chainstadenm SiEOrSi storage conditions, such a

dimerization is avoidable.
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bonds and is a further indication of successful 15 substitution. Under dry
storage conditions, such a dimerization is avoidable. - 33 - Claims 1.
Process for preparing polymers with silyl end groups, 5 characterized in
that halogen atoms at polymer chain epgls-are substituted by means of
addition of a suitable silyl-functionalized sulphur compound. 10 2.
Pkdk@B8%or preparing polymers with silyl end groups according to Claim
1, characterized in that transition metal compounds are removed from
palymer _solutions b rec:|p|tat|n the transition metal 15 compound by
mqeans of addition of%agsulpﬁur é)ogmpognd %nldp then remov%r?lg it %lT ePansend
offiltration. 3. Process for preparing polymers with silyl end groups
accordingtie Claial 1, 20 €haracterized in that halogen atoms are removed

simuitanequsly frpm %CE'WBSﬁsﬁrﬁ?e\hs“@ﬁ%t%”%m?shai‘%%e”s%tBQ‘élt&?&d by

extent of more than 909 dition of the sulphur compound. 2

PRSCZRSE fof prepafing b8f§/m8|fs with Syt Bl L Groddpstdccotding o Claitt €4

3schiaracterizediirotivat halogen atoms are removed simultaneously from

polymers by substituting the halogen atoms to an extent of more 30 than
3% by tI_t;ne addltlon %f the sulphur compound. 5. Process f?jh prep r| q

polymers Withs S|IyI end grogps Fharacterizé Yn at 35'5al sul%ﬁ e

caihpordsfremrCiaits 1to@ aretthe:same sulphur compound and all

theee PERCess Sieps PIOCeRd t
transition metal compounds are removed from polymer
solutions by precipitating the transition metal
compound by means of addition of a sulphur compound and

then removing it by means of filtration.

3. Process for preparing polymers with silyl end
groups according to Claim 1,

characterized in that

halogen atoms are removed simultaneously from polymers
by substituting the halogen atoms to an extent of more

than 90% by the addition of the sulphur compound.

4. Process for preparing polymers with silyl end
groups according to Claim 3,

characterized in that

halogen atoms are removed simultaneously from polymers
by substituting the halogen atoms to an extent of more

than 95% by the addition of the sulphur compound.

5. Process for preparing polymers with silyl end
groups,

characterized in that

said sulphur compounds from Claims 1 to 3 are the same
sulphur compound and all three process steps proceed

simultaneously.
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simultaneously. - 34 6. Process for preparing polymers with silyl end

groups according to Claim 5, characterized in that the sulphur compound

is a mercaptan or another organic 5 compound having a thiol group. 7.
Process for preparing polymers with-sigyd end groups according to Claim

6, characterized in that 10 said sulphur compound has an additional
fumetiondlifp.Cc8sProcess foPpraparing Ppolynerswitls silyliend gedupsl end
accarding ta Ldaa 7neharacterized im fhat 15 the further functionality is a
silyl end group. 9. Process for preparing polymers with silyl end groups
acgloaréﬁgttgIé)]gierng)&lghzt?é%%erized in that 20 the sulphur compounds are
silyfunttidRaled CRTBPCAPtANS 6f the RtRftARtan or another organic

HS=R b (SIR200R3)p) W StR2Ar(ORIpamZ)X 25 where: R1 is an alkyl

radical having one to 20 carbon atoms, xis from 1 to 10, R2 and R3 are
each alkyl radicals having one to 20 carbon atoms, 30 o0 and p each

. and p ea
méan numB&rs Fom B 2, RHER i Up &° 2R e cale bf'a divalent e
sifyt group, addaupitond int th€ tasenoba trivalent silyl group and add up to

0 in, dbe case of adetravalgatsilyl group, y is any number from 0 to 20, 35

y4 deggnds n.the number of (t][i- or tetravalent, j.e. branc in% silgl rfugs
Sa ﬁﬂ %haﬁ compoun hascﬁn ? 1# ongz unctil ﬁ% 1|%.
bé&tween ndthe en groups and s at least 1, and wnere m an a
each from O to 3, and add up to 3.
8. Process for preparing polymers with silyl end
groups according to Claim 7,
characterized in that

the further functionality is a silyl end group.

9. Process for preparing polymers with silyl end
groups according to Claim 8,

characterized in that

the sulphur compounds are silyl-functionalized

mercaptans of the formula
HS-R'- ((SiR% (OR’) )y (S1R?, (OR%) 1) 2) «

where:

R' is an alkyl radical having one to 20 carbon atoms,

x is from 1 to 10,

R’ and R® are each alkyl radicals having one to 20
carbon atoms,

o0 and p each mean numbers from 0 to 2, which add up to
2 in the case of a divalent silyl group, add up to 1 in
the case of a trivalent silyl group and add up to 0 in
the case of a tetravalent silyl group,

y is any number from 0 to 20,

z depends on the number of tri- or tetravalent, i.e.
branching, silyl groups between R' and the end groups
and i1s at least 1, and where m and n are each from 0 to
3, and add up to 3.
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- 35 10. Process for preparing polymers with silyl end groups according

to Claim 8, characterized in that the sulphur compounds are
silyl-functionalized 5 mercaptans of the formula HS-R1- ((SiR2. (OR3) p)

Y (SiR2n (OR3) m)) x where: 10 R1 igan alkyl radical having one to 10
carbon atoms, xis from 1 to 3, R2 and R3 are each linear alkyl radicals
having ohet6 <86 cafon atonsh dramp daehymears numbers froiml 1o 2end

whiehasd up 2415 the caseiaf asdivalent silyl group, add up to 1 in
theh%arseco%fea trigg!;n{ r§ilxélkgar%up and add up to 0 in the case of a

tefravafent sityl group, y is from 0 to 3, and m and n are each numbers
fréM0 to §3U§;EWhlére MAGSPRT 3 A . Protels for preparng pelyrers withed
Silyt end pgrowps @ccorting ta-@laim 8, characterized in that 25 the sulphur
compounds are silyl-functionalized mercaptans of the formula
HS-R1-(SiR2n(QR3)m 30 where; R1 is -CH2-, -CH2CH2- or -(CH2)3-, X
is"E B2 ahdRF ar Aen ?ﬁéﬁ%ﬁ%ﬁd@?e&h%groups, and m and n each

mean numbers from 0 to 3, 35 where mis 2 or 3. 12. Process for
preparing polymers with silyl end groups according to Claim 11,
CQ@”%%?Q%?dJT%@%P?g%ical having one to 10 carbon atoms,
x is from 1 to 3,
R?> and R’ are each linear alkyl radicals having one to
10 carbon atoms,
o and p each mean numbers from 0 to 2 which add up to 2
in the case of a divalent silyl group, add up to 1 in
the case of a trivalent silyl group and add up to 0 in
the case of a tetravalent silyl group,
y is from 0 to 3,
and m and n are each numbers from 0 to 3,

where m is 2 or 3.

11. Process for preparing polymers with silyl end
groups according to Claim 8,

characterized in that

the sulphur compounds are silyl-functionalized

mercaptans of the formula
HS-R'- (SiR%, (OR’) 4

where:

R' is -CH,-, -CH,CH,- or - (CHz)s-,

X is 1,

R? and R’ are ach methyl and/or ethyl groups,
and m and n each mean numbers from 0 to 3,

where m is 2 or 3.

12. Process for preparing polymers with silyl end
groups according to Claim 11,

characterized in that
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the sulphur compound is mercaptomethylmethyldiethoxy- silane,
3-mercaptopropyltrimethoxysilane, 3-mercapto- propyltriethoxysilane or
3-mercaptopropylmethyl- dimethoxysilane. 5 13. Process for preparing
polymers with silyl end groups accerdiy to Claim 1, characterized in that
the sulphur compound is added after or during the 10 termination of a
pélmerizatiohur4. Protessfor pispanisy polyhsts Withlsit biid dgrotipsxy -
according to Claimelcehiaragteszed i that 1bdhe polymerjzation isshy: ter o-
ATRP Pgess %5 Process accordln%to Clallgt 14, characterized.in th%t 1=
rSition meta mpound used as a catalyst in the ES%OWEI’IZ&%
|sda1€@§6b‘?xﬁ’éﬁ légkalt, chromium, manganese, molybdenum, silver,
zinc, palladium, rhodium, platinum, ruthenium, iridium, ytterbium,

sgmarium, thenium gngjor %‘%E‘a%%ou%%ﬁff ro‘%%acgqrgw Q:ng

Claim 15, characterized inthat the transition metal used as a catalyst in

the" BB%&FZ%%H%%{ copp&r-&dmpdund. 30 17. Process according to
Claimar6; teharaetérized i that the copper compound, as Cu20, CuBr,

Cuel Cub, GUN3, CH&%&%M@M@&@U%@%&U%& Qdiring the
C;E 3CO a?and/or gu(CF3 OO has en added to the system before

the” 35 star o?ﬂte Iyr’nl%rlzé(frl lon. ]1%@ roCess according to Claim 14,
characterlzed in that 37 an initiator which has an active group X is used
inthe  Process for preparing polymers with silyl end

groups according to Claim 1,
characterized in that

the polymerization is by the ATRP process.

15. Process according to Claim 14,

characterized in that

the transition metal compound used as a catalyst in the
polymerization 1is a copper, iron, cobalt, chromium,
manganese, molybdenum, silver, zinc, palladium,
rhodium, platinum, ruthenium, iridium, ytterbium,

samarium, rhenium and/or nickel compound.

16. Process according to Claim 15,
characterized in that
the transition metal wused as a catalyst in the

polymerization is a copper compound.

17. Process according to Claim 16,

characterized in that

the copper compound, as Cu;0, CuBr, CuCl, Cul, CuNs,
CuSCN, CuCN, CUNO,, CuNOj3, CuBF4;, Cu(CH3COO) and/or
Cu (CF3C0O0), has been added to the system before the

start of the polymerization.

18. Process according to Claim 14,

characterized in that
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preceding polymerization. 19. Process according to Claim 18, 5
characterized in that the active X group is Cl, Br, I, SCN and/or N3- 20.
Process according to Claim 19, characterized in that 10 the initiator may

be mono-, di- or polyfunctional with-regrard-to the active groups. 21.

Process according to Claim 18, characterized in that 15 the active X
gupionitheadhain Bhds bf thespalymerstisvsulsstiuted byithe safphuin the
ceynpeuid agceydingnor Claimsolr13 to give a thioether with release of an
acid of the form X-H. 20 22. Process according to Claim 15,

characterized in that the catalyst is combined before the polymerization
with a nitrogen, oxygen, sulphur or phosphorus compound which can

ertter intd BREH n6reCddtdiate BofdSwith 9% the transition metal to
givearmetadigand compléxa t23. Process according to Claim 22,

characterized dn thai the figandsusedsare N-contajningghelatg ligands.
30 24. Process according to Claim 23, characterized in that the ligand is
protonated by the acid X-H. 35 25. Process according to Claim 24,
clatactefized @ that e ligamyishentovedfrdm the coordinated transition

mﬁﬁﬁy@h@ﬁ@t@@aﬂ@nt—h&. 26. Procegs accqrding to Claim 25,
chafacterized in that the jransitipn, metal is.precipitaied by ine rameval of; v,

regard to the active groups.

21. Process according to Claim 18,

characterized in that

the active X group on the chain ends of the polymers is
substituted by the sulphur compound according to
Claims 1-13 to give a thioether with release of an acid
of the form X-H.

22. Process according to Claim 15,

characterized in that

the catalyst is combined before the polymerization with
a nitrogen, oxygen, sulphur or phosphorus compound
which can enter into one or more coordinate bonds with

the transition metal to give a metal-ligand complex.

23. Process according to Claim 22,
characterized in that

the ligands used are N-containing chelate ligands.

24. Process according to Claim 23,
characterized in that

the ligand is protonated by the acid X-H.

25. Process according to Claim 24,
characterized in that
the ligand is removed from the coordinated transition

metal by the protonation.
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5 the ligand. 27. Process according to Claim 26, characterized in that the
metal content in the polymer solution decreases by 10 at least 80% as a
result of the precipitation and the subsequent filtration. 28. Process
according to Claim 27, characterized ggthat 15 the metal content in the
polymer solution decreases by at least 95% as a result of the precipitation
and the subsequent filtration. 29. Process according to one of the

precedingGlaisss 2Q ebatacteyized in thatthe polymers are obtainable by
p%IMr{prerl%@g alll%l da(irl){laé?ls, taIkyI methacrylates, styre_zn.es, vinyl esters,

vinyl etﬁers, ]fumarates, malééates, itaconates, acrylonitriles and/or other

monRBmers P iietizabre 125 meBAS 6f RTRIP-8Ad/BY mikiGres Falkgl ©Ff
acykates, dkyd .methacrylates, vinyl esters, vinyl ethers, fumarates,
maleates, itaconates, styrenes, acrylonitriles, and/or other monomers
polymerizable by means of ATRP. 30 30. Process according to Claim 29,

cHaracteriz8a 5 that ©E polyATers Ar& bbidinatie by polymerizing
styrenes tatkyl zedylatestanaior alkyl methacrylates and/or mixtures

which cpsist pregeminantly of shyeenes, alivl 3sacrylates and/ioalks 1y

methacrylates. 31. Polymers preparable by the process accaording to
i AR e B R0, T o b oBh S ehar oy e BRS of e

ATRPs qaveat nicledulaicweight distribution of less than 1.5, have a
halogen content of less than 0.1% by weight and have at least one silyl

grogip onpone oL the ha ends: o ciaim 27,
characterized in that
the metal content in the polymer solution decreases by
at least 95% as a result of the precipitation and the

subsequent filtration.

29. Process according to one of the preceding claims,
characterized in that

the polymers are obtainable by polymerizing alkyl
acrylates, alkyl methacrylates, styrenes, vinyl esters,
vinyl ethers, fumarates, maleates, itaconates,
acrylonitriles and/or other monomers polymerizable by
means of ATRP and/or mixtures of alkyl acrylates, alkyl
methacrylates, wvinyl esters, vinyl ethers, fumarates,
maleates, i1taconates, styrenes, acrylonitriles, and/or

other monomers polymerizable by means of ATRP.

30. Process according to Claim 29,

characterized in that

the polymers are obtainable by polymerizing styrenes,
alkyl acrylates and/or alkyl methacrylates and/or
mixtures which consist predominantly of styrenes, alkyl

acrylates and/or alkyl methacrylates.

31. Polymers preparable by the process according to
Claim 1,

characterized in that
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5 32. Linear polymers according to Claim 31, characterized in that they
have been prepared with a bifunctional initiator, have a halogen content

of less than 0.1% by weight and 10 have silyl groups on both chain ends.
33. Linear polymers according to Claim 82; characterized in that they

have been prepared with a bifunctional initiator, 15 have a halogen

cartent obhless th&e 001 W isPRaEight ahd hagasityl gpdupd BRbothlehdan 2

engds. &4u Lineay; polyniers aseardmngtodslab 33« ebarastatized i) that 28 a
they have been prepared with a bifunctional jnitiator, have a halogen
e D o s o A yaa® (AP ave ot
ha@e iyl gh6upsidry btk eHainehds 2535, Use GHReBilfi@fechelic

polymers worked up according to one of the preceding claims in hotmelts,

adhesives, sealant majerials, heat:sealing materials; figid or flexible
foams, for polymer-analogous reactions, in cosmetic applications, in

p&NEEG3G Variches” ab lding materials, as casting materials, in
fladrecoverngs, asaispersaris,cas palyner atidifives or mpdckagingsator,
have a halogen content of less than 0.1% by weight and

have silyl groups on both chain ends.

33. Linear polymers according to Claim 32,
characterized in that

they have been prepared with a bifunctional initiator,
have a halogen content of less than 0.01% by weight and

have silyl groups on both chain ends.

34. Linear polymers according to Claim 33,
characterized in that

they have been prepared with a bifunctional initiator,
have a halogen content of less than 0.01% by weight,
have an ABA triblock structure and have silyl groups on

both chain ends.

35. Use of the silyl-telechelic polymers worked up
according to one of the preceding claims in hotmelts,
adhesives, sealant materials, heat-sealing materials,
rigid or flexible foams, for polymer-analogous
reactions, 1in cosmetic applications, 1in paints or
varnishes, as moulding materials, as casting materials,
in floor coverings, as dispersants, as polymer

additives or in packagings.



