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ATRP affords narrowy distributed (hono)polyners in
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precipitation and forms salts ot the ligands

coordinated beforehand to the transition metal, which

in turn enableg gsimple 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, . 5614;
WO 97/18247; Science, 1996, 272, p. 866). ATRP affords
narrowly distributed (homo)polymers in the molar mass
range of My = 5000-120 000 g/mol. A particular advantage
is that both the molecular weight and the molecular
weight distribution are controllable. As a living

polymerization, it also permits the controlled
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metal precipitation and coupling of two chain ends. A
combination of all three functions has not Dbeen
described to date in the prior art. Hereinafter, this
document 1is therefore restricted to the aspects of end
group functionalization and coupling of two ATRP

products.

The ATRP process 1is Dbased on a redox equilibrium
between a dormant species and an active gpecies. The
active species 1is the growing free-radical polymer
chain present only in 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 in a relatively low oxidation state (e.g.
copper(I)). This is true both for ATRP in the actual

form, which is initiated with (pseudo) halogen-
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copper (l1)). This is true both for ATRP in the actua
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terminal halogen atoms is therefore of great interest.
One widespread process is 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 1is the only limited availability of the metal
alkoxides, their costs, and that the process can be
performed 1in a separate process step only after a
purification of the polymers. Moreover, direct
functionalization with a hydroxyl group is not possible
by this route. The situation ig 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 hydroxyl functionalization and are expensive.
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nitroxides (see, for example: Beyou et al., Macromol.
Chem. Phy., 202, 974-9, 2001) or by controlled
recombination of the free-radical chain ends with
preceding use of hydroxyl-bearing initiators. Both
processes require an additional time-consuming
intervention into the polymerization process. This may,
for example, be temperature increases which are
unfavourable from a process technology point of view.
It 1s also readily apparent to the person skilled in
the art that this process neither eases the catalyst
removal nor can lead to the polymers typical of ATRP
with narrow molecular weight distributions. This method
is often described in literature as ATRA (Atom transfer
radical addition). One variant of ATRA is the addition
of reagents which decompose into two free radicals
in situ, of which one in turn irreversibly scavenges a
free-radical chain end and the second smaller free

radical starts new chains. A disadvantage of this
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parallel precipitation of the transition metal
compounds and incomplete conversion of the chain ends

(see Keul et al., Macrom. Symp., 161, 63-72, 2000).

A  further wvariant of ATRA is so-called ATRC (Atom
transfer radical coupling). ATRC dates back to Fukuda
(e-polymers, no.013, 2002)and is described in detail in
Matyjaszewski (Macromol. Chem. Phys., 205, 154-164,
2004) for polystyrenes. In this method, in a first
step, hydroxyl-bearing brominated initiators are used
for the ATRP of styrene. After the product
purification, the system is admixed with cu'® and a
ligand known, for example, from ATRP. With this novel
catalyst system, the two chain ends are coupled with
removal of the terminal bromine atoms. The original,

still hydroxy-functionalized initiator residues
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functionalized RAFT agents can be read about, for
example, in Lima et al. (J. of Polym. Sci., Part A:
Polym. Chem., 43, 959-73, 2005). A great disadvantage
of these RAFT products compared to ATRP products and
especially compared to the inventive polymers is the
reduced thermal stability of the radicals of the RAFT
agents incorporated in the polymer, which are usually
trithiocarbonates. Further disadvantages are the
possible product colour and the strong odour of
remaining sulphur compounds, which can be released, for
example, 1in the event of thermal degradation. In
contrast, the thioether groups incorporated into the
polymer chain in accordance with the invention are
significantly more thermally stable. This is evident to
the person skilled in the art very readily from the
polymer properties of polymers prepared by free-radical
means with addition of mercaptan-based regulators as a

comparative substance.
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prepared by the process according to the invention.
However, the examples do not serve to restrict the
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way :

Reactive adhesives are substances solid at room
temperature. They are melted by heating and applied to
a substrate. In the course of cooling, the adhesive
solidifies again and thus binds the substrate. In
addition, the polymers present in the adhesive
crosslink by reaction with moisture. This procedure

causes final, irreversible curing.

Such adhesives are described, for example, in

US 5,021,507. The main constituent of these adhesives
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way: p@éaaspwgaadhesgwesgﬁwe~3Mhspamye$ssonﬂ iatprroo@mm the

t%ﬂ é%ﬁ” robagY ;ake el g‘éq}t%u‘iﬁ?‘t '%%}%t | 'ﬁgn&é’rs

a su strat n the cours co0 €si Vv
SePnEl $t &’y agaf n RNy eiss mfnd§tﬁ1fYée§lubf§ﬂ|1Ht eunmturated

agdehbhOPs hRGPYUMIBr I LSLHt thRkhe AGRRSIE with free
crosslink by reaction with npisture. This procedure

ch%%%%a‘F%%I IFPrRYer stht e BURiAES S\it%ﬁdadﬁé%lv@ép’a‘?%lly
destya bled] fqrneezqaaplrglates U$ri5,H021¢ 507, - aﬂ'lh@/lrfal droups .
constituent of these aghe5|v§%§mo 2008/ 092815 -

20077 0616 T 5% EhTFrEe™ éB%ya‘H%?%mers

geoupsy whfchearke addatignobdathedubytoandensationtheir
fﬁ?&é x%‘e% e SXS €55 erJe c}’i'csaol%{a?ﬁgsérr%ﬂrz%‘é%nwth

pol yol's. To i nprove the esi on ties to
particul ar substrates, blnders consi sting of polyners

OUSe$hyé@ﬂ£§@|bﬁduﬁﬁﬁtidéﬁfﬁé AeRerers havedheen wpsded:
to.these conpounds. wi h free ;ﬁfyan
I

Th :
BT AR 5 TS ed ale 1 EYpit Ik%}ndﬁd?l k@‘i’?f( gro;%rlikf]aﬁ% 1S
Vibdind &2 - é@@ahékwlygt@upse cahpﬁﬁnﬁﬁewptﬁpﬂf@@ fsonyshece
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anes or in the resence ‘by nean
f¥%e-1¥9&t3ﬁ1da{ peluprer | 2at |a1)n CCU@@%&CGBGJ-’aﬁthPn, such
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the binder of poly(nmeth)acrylate is bonded covalently
t®° t REDESABBENDS Vit FPBEciSBEyanatsadgr ol | #llidelives

aghesi ¥t 60ABASIflda@lreS NERnddvsy beBdithgse described in
Us 5,021,507, an increased elasticity and improved
adhesion to particular metal substrates, and a longer

open time - in which they are available for processing.

However, these reactive hotmelt adhesives have
considerable disadvantages. For example, they have only
a low initial strength. This results in a particularly
long, disadvantageous setting time after the

application of the adhesive.

A further disadvantage of the binders for prior art
reactive adhesives is the high viscosity, which is
relevant in the course of processing. As a result,
processing of the molten reactive hotmelt adhesive, in
particular the application to porous substrates, is
complicated significantly. In some cases, gelling also

occurs in the condensation stage.
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is usually caused by a condensation reaction, such
adhesives in which this bond is forned are referred to
as adhesives in the condensation stage. The adhesives

t hus obtained feature, conpared to those described in
US052028/69781%Nn i ncreased-ebasticity aRET/HEPROVBIP61616
adhesion to particular netal substrates, and a | onger
opefut-tAer- dl@a\&hfia&hafgﬁe)isartela&Va&Hl@béﬁtf@ditable content

proces S|ng hg §%ﬁ t hese reactlve |t adheS|vts
hae &onsi Herabl ¥ i Eatk antagds s Eor RAnpl 81T ReyOteT
hawetonty tdhilowreduteal tSta esgbbilThys sesulhies adhasive
pﬁg%ﬁggi rly t&o&g.v%% sadvant ageous setting tinme after

t he

application o e adhesive. A further
di sadvant age of the binders for prior art reactive
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the course of processing. As a résult processi ng, of
theSTRFter PeAkH] VeY hot neint Hehesive, h?‘hmejp%r%qﬂ%‘%ﬁja‘fe in

ttueeapml&atatqn E@rpOéQéJtﬁpBéJbStlrﬁI"&S,, w$1 i cBONPbhE AL €flces
n|f|c %{ rn%(%ﬁ; gelling also occurs in
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PCT/EP2007/061616 A further disadvantage is that the
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bBaslyent g€ oifS fheauentéy1 #Al Yeli Badequate: 1 MieSRRSI fYich
S ablllty of the reactive hotnelt adhesive in

t he
Pt Y FErCexBipt e, 'P1356€, Wﬁ%#%ﬂmacaﬁégtms and
;n@mmﬁmﬁmnéltyacnlparMbcmbat alHagrither cbsadvanidage; to

|éhér§§t}£@%£$fe-é lically  polynerized materials also
CONprise Ive y]hlg ‘proportion of |ow
nmol ecul ar wei ght constituents which do not take part

'T‘hé hﬁwﬁbo%ﬁét‘h@éi n@r{%tb%s a@ﬁa &O&‘ééit %ﬁ%sé@a%td Vé€he
hot nel t adhesi ves correspondi ng he extractable

cosIt uert . LFheCATRP PREYRGE Shr | TS M@Pa @%%daééﬁl been
coseropithe  gspecifically with 2-hydroxyethyl

(meth)acrylate (HEMA) as a hydroxyl-bearing wmonomer
(Beers et al., Macromolecules; 1999, 32, p. 5772-5776).

The above-described problems have been 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 by the compared to
free-radically polymerized (meth)acrylates. These
constituents bring about, in particular, an increase in
the viscosity in 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.
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target of tailored polynmers. The ATRP has al so been
devel oped specifically with 2-hydroxyet hyl
(meth)acrylate (HEMA) as a hydroxyl - beari ng nonomer
(Beers et al., Macronol ecul es; 1999, 32, p.
5792289969928 The above- descrlitbed probl eRETHER20 HBEGF 1616
solved in WD 05/047359 to the extent that use of a

cont a@bh@danp@@ymbtzat;h@n rekbodvei Natihesieem ofrepared
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SRRSO e NERCOP AU £ kg LTSSl aliGRd Yieqas o
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abo0Ee-NysShped t fredad inking ner@asethns rﬁ@uvecéa:@éwqu:nty

POEYRBE g‘d}%l&!ﬁ@% Maeever ont hesg s RALYNEIS, alsRiit in a
ﬁgggrlse a significantly | ower proportion of |ow

htarawedght aRd hémGe exdubfdtatice M%%entsThls

TaeSAa@th@poris on nszafmsws&e@pnstelsb@@ab&lyl NCHB8SES in
sl ows the product

th th
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d

R AL 0 bo bE5e, 75 BRacayErR ahatel Shoups . 1
d?%ﬁl b@ﬁt%n Gf R aRPICTYRBECapro tBr  ant hes roupsnd

| gréhe p@hMHEEoﬁQ@hBa@Eoﬁhelg'ndﬁf}ﬂlh'sad@§ﬂgééébus in
ose- agfshed crossl i nki n% a thus reduced

C
ePALTT Tt t YOYBf Fhe®addsive é&ﬁﬁes.q%‘#ltmfst ‘cahl &by
r@slﬂad:ticm a ofdetseriiteitdtd omdlfitbeyaubskeat g1 ch\ﬂdl Nonger

Thi \Y; els mfsdsemll i
a%%f? § E&%dhg%n% yi soc%ngtsgggﬁasgagconsg C%él o?ojp e
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relatively |agg unb of socC gr
this case, aaépo&yﬁnet ﬁl)rl%cr y%fgp%\n t hygg%lflgy vgﬁgﬁpti&al

gt bR B onr%\m% at P ofeF i Xl Ridvisnf agfeouse j petworks

SeMme akinaysafsoast f%ﬁ@%b@“éﬂbb%ﬂﬁﬂytﬂ@”bls&'6ﬁ|g®eat
sel ecté on of suitable polyi socy anates all ows | onger
significance 1in ot aé%llca ion sectors, for “example

in sealants.

For a listing and description of the compounds bearing
free isocyanate groups, reference is made to
WO 05/047359.

Problem

It is an object of the present invention to couple one
chain end each of two polymers prepared by atom
transfer radical polymerization (ATRP) to one another

by means of a suitable reagent.

It is an additional object of the present invention to
prepare polymers by means of ATRP which have functional
groups on more than 90% of the chain ends. These
functional groups may be, in particular, hydroxyl,

amino, silyl or olefinic groups.
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processing tinmes to be established. Secondly, polyner
networ ks in which one conponent is incorporated only
via the chain end groups retain exceptiona

flexibility. This increased flexibility of the
n@?mBPQ§/O§P§H5Sinultaneousﬂ%-higher st BBT/EPH095/ Q8 5916
of great significance in other application sectors,

for exanple in sealants. For a listing and

descr.i_ption of. t.he conpounds bear.ing _free isocyanate
GEours FerePad T TRaE T OO o BSe: e o
| prepaan obperteot thy presert igvedTRIh twhtoupl eonnain

CHQHB?QHQ %%9%é@hdd%%ﬂ%§éﬂ§ﬂ5hf§ePﬁrﬁgaQXS?tQW at all.

transfer radical polynerization (ATRP) to one another
byt mé&nsshsiref g tabie reagbiect| to simmyoaddi thonghermal

obp et 10fyt her presert HBYSRELEN dQpdHLPake PRLYOBESated
bﬁ means of ATRP whi ch have functional groups on nore
t RAR“BB5F of the chain ends. These functional groups

may be, in particular, hydroxyl, amno, silyl or

olefinic . S. 2008/ 092815 - 11 - .. . .

Pt BP0 16 | €01 o~ an CRAAFE orfal TBb edE G RE 0
ppeséatmi nvkat i fnncoiopaepareipol yards bye neansubtaneous
ALRPoYbh Chreaotal n shal e0egsooL, pseytlonal openss aflye | Meo
traces, if at all. It 1s here?ore al so an object to,

| MPPOYECTthe Aker REPTOSEEBILILYt yvdRPihes® psPgmefgdustrial
cospas ed vieevhalpgenated-11pr ogductis. 40 BaRELeUl® , péiform

i bject of.this i i to.. perf th
¢ EREY FOMar 1280 1 b ahar Kot brith FaRbHe hapbgees workup
rénpyatlynat phecessl whi chhésasinpleAtraP ipyplcerentiandhe

cconomealy Yo M & ON e JIUIId 30, scal e Very
particularly, it 1s an object to pertform the
functionalization w thout additional product workup

di £ egkl v adda andopiethecactuals AIRRRILRLLESS, | Bréhede,
SSfEhr%%%tIggmgegigteggniﬁg%; rg?%&igggéously a process
implementable on the industrial scale for 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 i1s achieved by initiating an ATRP with a
bifunctional initiator which has a functionality X and
optionally a further functionality F;. X is a
functionality typically used to initiate an ATRP, for
example a halogen atom or a pseudohalogen group. F; is a

second functionality which 1s not effective as an



7 oBm [ INVCRS L cm

It is a parallel object of this invention to provide,

Wi th the sane process step, sinultaneously a process

i mpl enmentabl e on the industrial scale for renoving

transition netal conplexes from polymer sol utions,

tHe 38AB/e?#815the novel prdéess shouIdP@EJﬁﬁﬁﬁ&ﬁ%ﬁﬁxﬁi5

and rapidly performable. Furthernore, it was an object

0ﬁn1h€ap®ﬁseﬁﬁeanERPiQ@nﬁﬂtﬁb&%idQDapﬁﬂﬂmﬂﬁiaMﬂ(ﬂt may
nted with conmp ted nodifications

fge nﬁ%n pﬁ%ir:?sa"élurll‘? ab‘cflg'bf‘ ororsoqllft%agﬁcngyH‘Brl zati on.

It was a further object, as early as after a

Fhkteation %B?g?el"gzég?!)ﬁqua&ar %h%har | hd 0%58%&9%16"

concentrati o transition netal conp exes.
SeetrivatedhPy Gisjdde is hAeknévediey irRRERAEFng afirther

Aﬂﬁ@%“@ﬁhtﬁlsbhﬁﬂgﬁﬁigﬁahs|Bh&taEHEsm@éﬁﬁlﬁgﬁhéh reagent
functionalit tlonﬁ
f ticti o‘?ﬁa‘% ‘SYF X Femgouf n@ﬁvéﬁal |ttVSP t§/}5?%%+?’§/alds%hes

te, i it iiad Eaa@réqTBPwhﬁOh iexargyadla ha ogﬁﬂstaﬁtomng athe
ond functional

p eudohm
FOPSLIBRN, BE UR: cB2 LRl RRTRTEPLEBEE LERE S Yace ive
P@T¢EP2@D@/ 061616 piadivimeat.orIrunohert IATRRcoridi tisors . thiel

p f$u§U|@%e thnB¥fu98t H%FrQéX%unQEHBﬁ f%lég makes

I
efinic group After the ol ynerlzatlon has eng%
th‘é PEEELPAA 18 tHEEni TRt eBC by CHEAPNGYE POLATRAE Grp one

rengemde: By ford hetaipanid efadthi s invention is that
this term nation reagent is a bifunctional conpound

having two functionalities F2. F2 is a group which is
c&pia@tt:’etmi@uhsﬁ i the | tgriteal famt:i-\ir@r@ﬁcbugs Yobre thelymer
ol ion-acti chain, en f;th
?W ﬁggi%ﬁPpa¥?ech%%% 5@ X%§ﬁ|0ﬁlgh %QL%B gh%phur
b¢<ﬁm@mm@$ﬁafum<é?mnmhmﬁ r@a@mstlmkle%f Cifhalgos%wﬁ gvith

i #hd hi §e26@Mdt0g%%‘th@>| e §Wo palydrersntorong  anether byitch
one chai n end éach. Substltutl on of the term nal

ARSI HOtPs Bf B DoATnere SymhediG Py itbats HrIToup
ATRPaWstl osdi bsuineliurco cesppuadshbunell gralyinzes ¢heins.

Q@gt“ﬁ%iar Chal%l%pds W%%h terminal halogen atoms are
removed from the polymer, the transition metal
coordination compound used as a catalyst 1s gquenched
and the metal is thus precipitated virtually
completely. It can subsequently be removed in a simple

manner by means of filtration.

In detail, the addition of mercaptans to halogen-
terminated polymer chains, as are present during or at
the end of an ATRP process, leads to substitution of
the halogen. At the chain end of the polymer, a
thioether group thus forms, as already known from free-
radical polymerization with sulphur-based regulators.

As an elimination product, a hydrogen halide is formed.

A wvery particular aspect of the present invention is
that, as a result of the addition of a reagent in one
process step, simultaneously, the terminal halogen

atoms are removed from the polymer chains, the
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the second group F2. This in turn reacts with
substitution by the active chain end bearing an X

group of a second polyner to couple the two pol yner
chains. At the sane tine, the term nal hal ogen atons
ale 2P8RHGEABEPom t he pol yner3 the tranBfT/BMMRTAI61616
coordi nati on conpound used as a catal yst is quenched
andaﬁhetmehalméﬁallu@ﬁ?@aaﬂd@i}a&sd ﬁéﬁ&@@%'&»f meansl of
cQ ete .1t can, su uently be renmoved in,a sj e
rBRREbE ¥ radhs B PRREFS Rt Y R Eaetar 1SR ha Baat TTORCS
ofopedcaptads bed orahegdn-td et henatrechspolipmemettzdi nswhich
as.a r t dur. r e T

T oeses” Pagte FordlBal el o e B s e
chaPRsehdonf Me¢wel pol ymer, a thioether group thus

forns, as already known fromfree- radica

pol yneri zation with sul phur-based regulators. As an
eFPng§§Pi pYoucPCCHT Ry dfsgenshafi §81PSUForGrstPouel 1
Vﬁﬁg‘te@arﬂé cpka}b?mpfecthﬁoff%ﬂpo@iz@epthénwemdi@m_dr% used
that, .as r t of the .addit.ion.of a reagent in ong
procedd §08p P EPmATRREEEE v E i e Erm HEl Hal Bgeh = Coms
atonmetame grempse fwloimht herpolfyrerrefiacas]yt heagferable

2008£092813 - ﬁé%xyéﬁﬂ%ﬁ32997/99%9%91o££anéktiQﬂmﬁegﬂ%Rp
conpounds are Terpved by means of  preci pifation an
sarpscafe fBatedthpometheve i gandsoupoo?di h&Eedrarticular

b@lﬁﬁi'iﬁh@ﬂ@i blg the p@@f&%i ?ﬁ gﬁb@ﬁg@@%@h alil Eaéiﬂ Nof the
epabl es sinple removal o i gands fra ,

CFaRSI & Bn et BT 1eT et AP, PNREISBCURS et sty Eorme
sohphotr cavpoundydolyadded iis pr ohabhy ct hepddjhen nge ion
tgglﬁgiéﬂgtOgﬁdusggeré%g%én %QS AgRP 89g£§£fgﬁthlﬁgrked
have one or nore atons ~Of a on1grouBs [ Char e
freectadi tal Mpirhankfatable mimtematherpobymetiezatsenl ly
C@QQ&&'QQ?aﬁHst@%s%@@%edpﬁﬁgﬁ§§-th%%éj¥%§H§ﬂ85%ﬁ§metal
group on_the particular_ chain end of the polyner is
stPEr Pt ed, TAASacFHeBFPERE  Pdr mOBeH i 'sraTet Wasdy. Theal

hysiiepen babidedvhistdrimalagnneiphelhydnel yseed nrise
o{gaghgeggl%ggghég gg?on 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
CuBr, CuCl or Cuy0. Under the condition that the
transition metal i1s oxidized simultaneously, for
example by introduction of air or by addition of
sulphuric acid, the transition metal compound
additionally precipitates out in the higher oxidation
state. The inventive addition of said sulphur compounds
allows the transition metal precipitation additionally
to be effected wvirtually quantitatively, unlike this
oxidation-related precipitation. For instance, it 1is
possible, as early as after a filtration step, to
realize particularly low residual concentrations of the

transition metal complexes of below 5 ppm.
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solutions and therefore has a particularly marked
reactivity which |l eads to protonation of the usually
basi c |igands descri bed bel ow on the transition netal
conmpound. This quenching of the transition netal
cBRpRER8YPBEBRES excepti onallldy rapi dly BET/GPUEK7fA6E616
to direct precipitation of the now unmasked transition
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preekpi tatpommaddidional ly to be effected virtually
guantitatively, unlike this oxidation-related

precipitation. For instance, it is possible, as early
as afctrerespchiditwattan st epplios mealidzespattgendariny in

I t] f.t 1
ot e3hevat CoBEDLEatang, bt LEROSLLLEN BRA ana
PdTe EP20874 0818 1Bresenior derat vaathi efelt hi slef¢erse only
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the active X group at the polyner chain end

used 36hHFVen %P%Qﬁt& duenglyingxafpltée cfl%mtlon metal
eqmlmyada;ent ExahpSe@ordfesm@ns 1tigaadsl alded RfNDRY mpt o -

rou ctive X r.oup of 1. valen .
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coupling yield. A corresponding ratio applies based on
ligands L: in _the case of conplexes in which the
tAansiddbhiorthl g e Ithgand lavenpiesentisi nthat the

r@@lﬁm@f 1c%>mﬂo|u|ﬁ%{\éﬂ seudd Y cAnverye smydnsexcess: fually
t he Sf g ur conpound js required

completely to the polymer chains, and that the residual
sulphur fractions can be removed completely and guite
simply in the filtration by  means of simple
modifications. In this way, products which do not have
an unpleasant odour caused by sulphur compounds are

obtained.

A great advantage of the present invention is the
efficient removal of the transition metal complexes
from the solution. Use of the process according to the
invention makes 1t possible to reduce the transition
metal content with a filtration by at least 80%,
preferably by at least 95% and most preferably by at
least 99%. In particular embodiments, it 1ig even
possible by wuse of the process according to the
invention to reduce the transition metal content by

more than 99.9%.
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to achi eve conpl ete quenching of the transition netal
conpl ex. Exanples of such ligands are NNN,N ,N """ N
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a@%hefm@r§$Pg@@ﬂb@lnk@@yh©©¢r®@ﬁmmﬁly0@$e¢%¢mmﬁﬁ of such

Of 0&N{ 161 o CORPOLINASe | ) udg. bifdnchienaliized nercaptans
or conpounds which can correspondingly formtwo thiol

groups under the dissolution conditions. The organic
COAPOLAES taYyiNei O gani€ COSPOMNESs sPsBs@Sle that said

bifunctional termination reagent, as well as the two F;
groups, has one or more additional functionalities F;.
These F; groups do not enter into a substitution
reaction with the X group and may be the same or else
different from the F; group. The use of such a compound
makes it possible to prepare polymers which are mono-
or polyfunctionalized exactly in the middle of the
chain, or polymers which are functionalized exactly at
the chain ends and in the chain middle. One example of
such a compound would be 2,3-dimercapto-l-propanol;
examples of compounds having two functional groups
would be meso-2,3-dimercaptosuccinic acid, 1,4-

dithiocerythritol or wvarious 1,4-dithiothreitols.

The especially preferred compounds are commercially
readily available compounds which are used as
regulators in free-radical polymerization. The
advantage of these compounds is their easy

availability, their 1low cost and the wide range of
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di t hi ogl ycol, 1, 3-propanedithiol, 1,4-butanedithiol,

1, 5-pent anedi t hi ol or 3, 4-dinercaptotol uene. The

conmpounds may al so contain an ether group, thioether

roug ester group, am de group, urethane Zrou

oFRer 0§ 60P28Dnt ai ni ng heterdatons. OnePEX ?ﬁ051515

such a dithiol would be 2, 2'-oxyd|ethaneth|ol In one

vpbisai]b@nltiésj smhs:a mfasjlbi eopthaha Bakdjubtfgnet ic@nathe
erm nat | on. r eag # as the,tm? F2 grougs .

h%%e‘éh%l%? hore %%%???%n‘é? URcPRoOnar {7 EsPREY S Thide o8

F8ygremps do not enter into a substitution reaction

with the X group and nmay be the sanme or el se

different fromthe F1 group. The use of such a

coapevnd, HRBRePreEEepsssibeationprepmos gut yresisrgtiash to

afﬁeg@”@bm@f)uﬁ@gy%k&@c@&‘ﬁ@l‘e%ed @AY ivhddhe dn ddh@ial
chaln or polyners which are functionalized

ek%cFP?taF %tﬁ?%ﬂﬁﬁ%F%ﬂﬁﬁ;%ﬁﬁﬁlHaYﬁetUﬁarﬁﬁﬂ(ﬁﬁqyps or
Onerexanpbe obH-suefrcapgonmpeundswoul dil@er the present

SRR TS LU hoUT ot QR Bugs L Joura be

nMeso- 2 3-di mer capt osucci nic acid, 1,4-

diﬁ“@ﬁ%yt ?Eé&%a&icé{f‘“ H?W;'j[ élgér!{‘ér?thrt‘?héO'émoJﬁ'te of

especially preferred s are confer ci al ‘
ré%ﬂ@l@t%v%lI%%$%dc@mp@®%dﬁohﬁﬁ%hsa¢% h@eﬁobxmerlzed is

regubat or sthbefir ee- nrdicalspoby npeigati 8. skhesy weight.
g%angﬁge of these conpaunds is their eas

PPt hor o st il PHEURCACS aldl of Vs
Zﬁﬂﬁﬁ@ﬁﬂﬁlﬁsedlﬁs-rRﬁTHEB&Qﬂ7éﬂ61ﬁé6Hﬂﬂﬁ%ﬁﬂﬂ|Hdﬂ(¥ﬁtner

Cph n§$£8 ﬁPEé % u§£neng%§me£h atPOSC££%t&gléﬁﬁln
reagents the par |cu Py
How@y erin t Heigr esvélmmarnvgrrtlu@nocannaplb@eresetw@me@lcmve

thesen conpaunds, and- gxagphesr | Askaad, what d& (@dici@hin
is that the precipitants used have two -SH groups. or

AT t wo DSH- 1B¥BUPSVEN SHEBNURUEPREREN PREseRFeCIPitants
conglj ti anse of chhe popyaBessol uthpsed I ndrhe the  initial
fegeradigal polymerlzation, the amunt of st 1 molar
equivalent, preferably at most 0.7 molar equivalent,
more preferably below 0.6 molar eguivalent and most
preferably at 0.5 molar equivalent. The remaining
residual amounts of sulphur can be removed easily by

modifying the subsequent filtration step.

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, with the exception of the substitution
reaction described. This is true especially for the
width of the wmwolecular weight distributions, the
molecular weight, additional functionalities, glass
transition temperature, and melting point in the case

of semicrystalline polymers and polymer architectures.
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regul ators, based on the polyners to be polynerized,

is wusually stated to be 0.05% by weight to 5% by
weight. In the present invention, the anmount of the

sul phur conpound used i s not based on the mononers

biP 20HE992%h5t he concentratZi on of thePCT/EP2007/061616
pol yneri zati on-active chain ends in the pol yner

sabutbear, Potyner ireatiiQr- %@Jpa\t%ntcft@ nrendse P@EsNSst el ed
dornan and active ch ends. The jnventive

s%ﬁlpE{)? 86ht BPAENG PPEEFRPPANLES BT @SeqBvitis 1% Based,
pinpespearbasedtenmshe exniltisalvelgoneent ratlitoremfon of the

p}?é% a)gl,sg?l%gl&q éailqmn’o 1 rmlf‘em eqk%cllvaéa%]lly in an

nost O ar e I'va
pl@ffi‘e$1abi§/1t>‘e¢@1/¢0 6 pobaesequi valiehvtuand nesty great

Ph&h e ably: @ts 0. 2410l ar; equiyal enfy,, fhe 1 eﬁBH}‘ﬂné‘leatlon

resi dual amounts of sul phur Tan be renoved easily by
mpYRRyFng the subsequent filtration step. It is
readily apparent to the person skilled in the art

t. th d i bed t h furthe
b IF36 B8 Tor T G miF o “WRer (185 ar SV 48ABHEo ‘ehethat
pohqneedsokmbnonxﬁummagfdﬂtaﬁténntet@mnatroa ofaxtimeim of
Poly ”?5&%95&9&1 E’EEB# 2?18%8‘98‘ Lf '% ‘11%] %&%%{ Jd Wi oy

reaction descr I's true € peC|a 5 he
Wit Yimef w@mrecanmam et einst |e|Sl§@hl@ﬁ§1edt Rgstems.
nol ecul ar wei ght, additional functionalities, glass

tranS|t|on tenperature, and nelting point in the case
D@ty Stal | e poratertsttand  pof Yre P racdhitécioresnd

V[héO@@%@Q@@&ﬁt f 1 e ra (O ERO0ST D666 atvbs eov@perature
I s_readil arent to h per on, skille the art
that%g c&¥ré§gond|ng pré gs g%éi% Ba &E%er process
appaaret Usr ¢ er i irerec laminve] yraogea filtration of the

pol ynmer solution can be inplenented easily in an

i ndustri al -scal e process wi thout any great

Rl f Fe@EFensthe eXPsti ngeeias i oif pot ke at Fepounds,
Pl @t Srefr 4 Ut el adpant agexelfirthecphesantuddventian can

Ir;tg%t %ﬁ#ﬁa%t}:gg rlgd%%trla%_] oo?:nelnf Isl,l}crcaetslsolr]\feStv(? r}ggp asteps

The adsorbents are known from the prior art, preferably
selected from the group of silica and/or aluminium
oxide, organic polyacids and activated carbon (e.g.

Norit SX plus from Norit).

The removal of the activated carbon can also be
effected 1in a separate filtration step or in 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.



P EGUE Y R

two filtration steps allows a very rapid workup of the
pol ynmer sol ution conpared to many established systens.
In addition, the substitution, the precipitation and
the subsequent filtration are effected at a

t ¥Pp8PALUPE281LA t he range betdween 0C an8CIZBBZOARACE1616
ot her process paraneters within a conmon range. To
reduce the | ast traces of sul phur conpounds,

%orbents or adsorbent m xtures can be used This can
&f f e &GN pardlBIti6 i n ls%l?cteesgm veShor KT st ep§OuP
Thienadsonbemtstaoe kmbwpdflvamrtshet pri @su@rd , two  polymer

ﬁ%%@b' Xhe eéde%éxﬁadl frpmthe qr g{%a%f Sa!l" 28, andlor ong

al Uni ni um- oxXi organi ¢ pol yaci vat e
c@ﬁfbo‘ﬁh?e tgransNdriian Sxeplds foonl fNoes t )frdnhe adénopal ymer

obothe;aski V}?f@ggaf:@(ﬁ bep, capakso.be peff echedaRed. The
separate_filtration step or 1na filtration step,

SPREPLAREBEESG t HOERB t PARSTL | Gt &1hS r SHIVAl Wikl a be
pauticukarly Bfieﬁlﬁnt wed s fidie  actiowated,car beRese

i S_not aﬁded to Ef% ymer s]gl ut |fond as sol i %,TR?)ut 3
r SUHEr T Eha©FFI ta}raﬁl Ot s Rct ed by CREANS S fitter 8"
| adenewitttte aptréevaned me/rebmuonm;umh aareesonenc anbyner.

avaLtaghe tRg. Y dJ BRSOl gPEleNt) oot bibince

SO pOSSI e“to use a conbi nat
t RedaBavéodesppebidlacirgee assPSRBnesd hadcacaivatef the

cg&egentoanoenthena@®ﬂIeﬂécwo£m§9a9@ve5r98§§&ﬁ@§§g ATRP

asmatants and filtration through filters l|aden wth
aBtPYHEED carbon. WD 2008/ 092815 - 18 -
PCT/ EP2007/ 061616 The present invention relates to

e&‘ﬁ J' R e%QCt rig'rde%?tzg%ﬁ of pol yiers. to coupleptwe,
i'ns, Prh smovarl “of the teérm nal” hal ogen
aﬁbﬁﬁl@h@lﬂtbf’ tvrﬂalltréqmwmi onAmefaW compirebess Brem akbted

PRLYBBI wisAbULi QRS LRY %E@E A AlRRition in any
processes. The possib [ es Ich arise fromthe

ATRP- WERE Betableni r éaeEPPéﬁrylﬁe@ i AafeetoeHoheGepsters
tBesemeenua@fﬁm1@n§caaeaﬁ@th@@@aaegngfbge§0ﬁebhagrﬁ188e,

9or example methyl methacrylate, ethyl methacrylate,
etc., and acrylate, for example methyl acrylate, ethyl

acrylate, etc., and mixtures of the two.

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,
for example methyl (meth)acrylate, ethyl (meth)acryl-
ate, n-butyl (meth)acrylate, i-butyl (meth)acrylate,
t-butyl (meth)acrylate, pentyl (meth)acrylate, 2-ethyl-
hexyl (meth)acrylate, stearyl (meth)acrylate, lauryl
(meth)acrylate, c¢yclohexyl (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-
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hence the present invention in a restrictive manner.

I nstead, they serve to indicate the great significance
and various possible uses of ATRP and hence al so of

the present invention for the workup of correspondi ng
AFRP20BB4B8Z28ES The nononer s %ol yreri zaBF8/BE2 GeBMs6 bf 16
ATRP are sufficiently well known. A few exanples are
|ESh?den@e|@WW&%I%KHdeK¥§ﬂH§¥ﬂdM} t bg R8SENbr mixtures

i pvention i.n an The notation "(nmeth)acrylate”
JELEFPBes (IS i er & B86f (FRERYRcr i % d%gﬁd heFaPle
neansabptiho fret friacy i | atesr,ha drorl sexgnphe tiekhyihn) ethoxyethyl

th I , d .
e T e P L O
andY e Byt esm@rhatcrf@/kam Nmmefrlsmm%hyér emethacrylate,

pelyrBL, zed @é@na?@}ﬁ%tteéi fr%mbtuf&%xy%@lw of nbPRacrylate,
(et h) acryl ates, for exangle al ky (met h)acryl ates of

straFgrtyerarh, brereREd ﬁteeyclc%ﬂ%%ﬂﬂﬁﬁﬂ??ﬂyéoholﬁeth‘
?a&rpga&et? 40e¢®bﬁl9:bu@§/(l”55metfl€t[c1@<ladﬂﬁ e mﬂ@yhoxyethyl
ne acr at e t acr - ate
TEE R EEr VIS o <Erbye  fvt My gicd Butyfethylene
(gvhyacr yn:eahgl Eesitey (n(m‘tﬁﬁ)aamyyllaaiee aﬁ? ephgdl/{phepzylene
r ste aur.
(ﬁggﬁ%ggrzfgkg'lcyc é&ynqukﬁ ?Esg?e P%b ornyl et
(ﬁ@%ﬁ%éml at'eay ar wlS(Onet H)na»’éwileat e@arﬁ@ﬁuéiﬁrrpl aydroxy-

b@ﬁﬁ&tl&ﬁﬂme@&r yl athe/oF phepyho(rBhh) ashyl 8t&s eagha/or
%%%iltute r have nono- io tetra-

S oT e
AR foar ommtTcal | §Letinicaily
sﬁhsttiumauliaﬁth¢a91ataéesx-ﬁmﬁth@@yuﬂate@aphmhylexample

A S e i herg, oY o

gl ycol s, pol ypropyl ene glycols or m xtures thereof

hayi %@d@"c&%nca&po@h@t oﬁﬁetk{ o= fehiagtp listed above, the
tetrahydrofurfuryl nethacryl ate oxy(m et hoxyet hyl

nePRae? i Hees 1t%uP8xyEPé]5§7Prh§?ﬁadF%/§rat ScyEPBRERGI - °oF
oXynet hy&né@dméd atnenzy| @y mebhyl-iBet hageyl at ehese

fyééfuge - acrglaégeh aSUtoﬁggéggl nEﬁQS%éxlatgranched
alkenes, for example vinylcyclohexane, 3,3-dimethyl-1-
propene, 3-methyl-l-diiscbutylene, 4-methyl-l-pentene,
acrylonitrile, vinyl esters, for example vinyl acetate,
in particular styrene, substituted styrenes having an
alkyl substituent on the wvinyl group, for example o-
methylstyrene and o-ethylstyrene, substituted styrenes
having one or more alkyl substituents on the ring, such
as vinyltoluene and p-methylstyrene, halogenated
styrenes, for example monochlorostyrenes, dichloro-
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 isoprenyl ethers;

maleic acid derivatives, for example maleic anhydride,
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2- et hoxyet hyl nmethacryl ate, allyl oxynmethyl neth-
acrylate, 1-ethoxybutyl nethacrylate, 1-ethoxyethyl

net hacryl at e, ethoxynethyl net hacryl ate, pol yet hyl ene
W%COlé met h et her (meth)acrylate and pol y(propyl ene
g

coPie i h l5ether (met ) &0ryl at e. ThBCEORDARY7 /061616
sel ection may al so include particul ar hydroxy-

foacéionad j Z&deﬁhﬂﬁlr@él@iﬁi@efmi ofadhZed afsh Orexample
rca beunctlonall d/orFﬁn ol efinic
es

fUnc IQ%na?lzeert].ilaacryfl Scr H e i@6¥ XA EY
afmw¢tn®mmhxz@iateand/@ydroamenbyfunethamaydzﬁéa land/or

arqgi‘éé tﬂiﬁ@@i% &fryl a“ctlr? (gf st edar‘?bove «%Pf?lcally

conpositions to ynerlze na al s0o consi's
of We?t Lprsat bred e@om@h@?s e @@@pﬂ@@, t Hedse Thegel ymers

|@z§ﬂ1 Ug@sé %é‘eﬁﬁép&f'@@ as lshexepeysl- hepleneney have a
yl ¢ycl ohexane,

%éh e or exanple vin

hy?n Oﬁncﬁﬂ%ﬂ? @nﬁépﬁy|mﬁraﬁpgabuﬁyﬁ%hépnallty

4amxdsnyl ath- @E@f ente factylomhlity ein Vh nylbesi@isnt f auch
Ie vin tate arti.cul.ar,_styr.en
?Lﬁeé%§iyrgﬁes %ﬁvmgﬁganV1§W%Fﬁp§ﬁﬁngFuen} Y-

timﬂ&azgdegrouﬂlVhwnﬂewanpﬂed@nenethyEsVynEhpyandlldone,

ay %M%Wf%st%ﬁ ! §%§z‘?¥ﬁg§;}’£§c§‘f§dlﬁﬁ‘v' ng_ QDﬁyPéapro—

nore a ‘ent’s on erin such

vidtael uend -FAaYprrevEyLseyrene, dﬁ?&%ﬂ@&?d vinyl-

sty £iele s f0id exame e hlioraskyrenes,. dichl oro-
styrenes, tribronostyrenes and tetrabronostyrenes;

het erocyclic conpounds such as 2-vinyl pyridi ne, 3-
Vity | pyrock e, ébmethgl-ﬁewrmwm@@riﬂmneanﬁ ehdybgdn-free

Véé%e@ﬁfé di n}%fw w Igéémtfyl et? VI nyl “19 f&én\” nylylene,

pyrim dine, T'car bazol car bazol &,
ASA TR sar bazm@razﬂmm Hwtyl vi mumﬁ@azoﬁ%@hyl/l nytetate,

Qb Rne, ¥iaykEur an,kéecmést hi OBhgﬁgrampyl tehl'h‘?yllanemethyl

vi nyl't hi azol es, V|nyloxazo es and_ 1 soprenyl etfhers;
e ERE aci PRYIVAY | veRERIHT exatpleNdal @ ¢ anPyRiFe DY

\@r&%&{ 0928d:ane 20 al@@éﬁzooﬂf@ﬁl@éﬁly mat-ed Mbigeanol ,
i mde ang)dle es, . f.or. . exa
%%&ﬁgeﬁfﬁﬁﬁl Seh& A ErEdl ar hydr oxy-

Block copolymers of the AB composition may be prepared
by means of sequential polymerization. These polymers
can be coupled to give block copolymers of the BA-AB
type. Combination of hard and soft blocks makes it
possible in this way to realize a further property
profile - and hence wider usability - of the inventive
products. More complex block structures with
distribution of additional functionalities or further

blocks are another option.

The polymerization can be performed at standard
pressure, reduced pressure or elevated pressure. The
polymerization temperature too is uncritical. In
general, 1t 1s, 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.
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functionalized and/ or am no-functionalized and/or

nmer capt o-functionalized and/or an olefinically
functionalized conpounds. In addition, these

copolynmers can also be prepared in such a way that

t Wey2h@§L0a28hydr oxyl and/-oRlami no and/BFTABP2@RT (061616
functionality and/or an olefinic functionality in a
Smhétbbm§ﬁbr35@&ﬁalﬁEHOﬁBfSa@ﬁdkdéﬂ@é axiadWl €he invention

vin 1-vinyl - imdazol e :
ESERET RS o PRishe, S ATy et e, molecular  weisht
Nbetwgemyrr©®®®|ngoIS\nanﬁ.pynmwlw@wn@/lev|nyhnaprOmore

'ﬁ%f‘ aﬂa\!t '15‘ YLHULyrol q{ao%%”%t%dg‘{z Lay! -
t |az ydrogena V|ny oxazol es he "process
can be perforned in any hal ogen-free solvents.

Pref enenice ikl veroh,agt ol Lgne, &Mﬁ?nenmlég%ﬂékes’welght
preferably butyl acetate, ethyl acetate,

at PRt EPukbtBNas, J5tiererhbdy éFﬁ§ﬁrﬁ%iLHylbell@e’t olne6 more

apetodeab Y hessow al | phatd cdefurief eraklwy 1 .pent ane,

hexane; al cohols, preferably cycl ohexanol, butanol,
hexanol , but al so bi odiesel. Block copolynmers of the
ABheodpdsﬁatom nesedengy epar ethy byompansd ofvhseguérds abne

pg rgeraxzatan%n 2Lagse 981&”‘2%3 whclaah b%oeoueksg-ggdg&g{ﬁy

copo ners o
hbFanarer sofe %m@ekstlﬁekeelymerp@eei@n ecPmdithi ensegt t he

rgakp zer@céyé t hﬂae PLOPETL Yx Qf@ubi; €are a@@n@ﬁ@??y%ﬁerBr,
usabilit e |nvent|ve]r Ero ucts. Mre co
b

bf ock® %tgﬂf}(%e%w th 9EPSt#t buET B oFuéEﬂ]P%?ohﬁ tlators
f imnetudnathd | &S1 oswing themuldeocks are anot her opti on.
The pol ynerization can be perfornmed at standard
pressure, reduced pressure or el evated pressure. The
p}éjll%\/ﬁréh&atl orR ‘EénPeriat ur e RIBRISS -dincr i tR@®L. | n R'R’N-X,
g r )it % R.th 2 ft Q

8@‘2 gpr ef e% h%m@%(?o 1§0’Ced§{1d3rk%r gﬁp?%?g)r éfblX of
50C to 120C. WD 2008/ 092815 - 21 - PCT/EP2007/061616

Theepol xmers oblatned ifRoacaddagseum thnkhetinyerdd opl,
Br, I, OR*, SR% SeR*, 0OC(=0)R*, OP(=0)R*, OP(=0) (OR%),,
OP (=0)OR*, O-N(R*),, CN, NC, SCN, NCS, OCN, CNO and Ns
(where R* is an alkyl group of 1 to 20 carbon atoms,
where each hydrogen atom may be replaced independently
by a halogen atom, preferably fluoride or chloride, or
alkenyl of 2 to 20 carbon atomg, preferably wvinyl,
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 atomsg, 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 wvinyl, oxiranyl, glycidyl, alkenyl

or alkenyl groups which have 2 to 6 carbon atoms and
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preferably have a nunber-average nol ecul ar wei ght

bet ween 5000 g/ nol and 120 000 g/ nol, and nore
preferably between 7500 g/ nol and 50 000 9/not. It has
been found that the nol ecular weight distributionis
bBPoRCG8809B8EF er abl y bel ow2R. 6, nore DPFEfBPAMIT/ 061616
below 1.4 and ideally below 1.2. The initiator used
mayebe amsraonpednd whi chh:iasirgne @t oMok, g 1at ondryl,

0 X whjch are free-radicall t ransferabl e under
e AR AL L B AT LN
Thékanylvehxrgr@ugé are genéedlihydChpoSBe, add BEMdnyl is
. . b t
oehot Mirchn: gesekel eram o pudZle Lol gt gbsce. srion
RIRPRBS lx1 RONRD, ROR2NEK, 21AR PRP(W)am X3dmogen atoms,

(Bré)}@%}ép)mééen and-6BLh (B?CQ)(AO(O)a!Yre>< M@Jﬁ&%écﬁ by
se fcted ron1t e rog€k00n5|st|ng of C

o%@? p U@JF@_@ @5( g@lqra:@@) Ewhen one or
Cﬁ’(af@) QR'ydr&JéKlR@aZom@\l aN@, SN 1 NET, OCMd CNEY-@hsh-NS1 v
&ﬁf&orlne g alkylﬁg of 1 to 20 carbon ator{%t

ere each ﬁy PoeBR &Fork T%e +epPAtedYHEgsEndentt y* o
byealhatdgen atlémnypr eferatd ywhiibr ilderer 1cht or isdecanipon

aég&ﬂy' &’rﬁdz 4% 2% CartgL Q0 AL, Phef %Bablﬁy YY1 cuents

on atorrB pre erab
at @%9%%@@131 bhe?ﬁjle@/vfﬁ%rfm the SHSsH p@p@ésﬁyniﬁ Pé Si-

h@bogmlazzc@@s a@fylal k}Yét&F Fglawl&g:ylltoaé‘e%boﬁnlne,
or aralki 9 gﬁi are each

bR naeRE T o EL| BRf ol YTt nE G Bug Cofdi aui My o0 1

hqﬂr@geareheragbpsnoalhyke gheupswbawmnghk Gé 2@2 and R’

pfgéfégﬂéyﬁ}et %% gegrfgb%ycar rbot an

atons, cyc 6n atons
s®m®IO@r@m$§2,aﬁkyanl@i1ﬁgh@@d§ ial kodysoepl. groups,

am ne groups, am de groups, COCl, OH, ON, al kenyl or

al kynyl groups hhaving 2 to 20 carbon atons,

ptef er aBlafr 2 40 & Igar boRT&EGFESdand nBPe  prafdiabpyally

afhiydt 5naliipdd  exkeaBybrsgliveiidde @é%@@y|lndl&des such
al kenyl groyps éch have 2 to 6 carbon ?tons and WO
r%[ﬁe

Zﬁ%S/Og@Sﬁ% h¥%ﬁ?¥¥%%%7/061%ﬁ akis bromomethyl)

benzene, benzyl chloride, benzyl bromide, 1-bromo-i-
phenylethane and 1l-chloro-i-phenylethane. Particular
preference is further given to carboxylic acid
derivatives which are halogenated at the oa-position,
for example propyl 2-bromopropionate, 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, 1-vinylethyl
chloride or 1-vinylethyl bromide; and halogen
derivatives of phosphoric esters such as dimethyl-

phosphonyl chloride.

A second group of initiators is that of the compounds
which have additionally been functionalized with an F
group and are of the general structure X-R-F; where X 1is

the free-radically transferable group in the ATRP which
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are substituted by oxiranyl or glycidyl, aryl,

het erocyclyl, aral kyl, aral kenyl (aryl-substituted

al kenyl where aryl is as defined above and al kenyl is
vinyl which is substituted by one or two Cl- to
CHOaRRYB/082&LDs in which oS to all of PEREERSRRDLRMLELE
atons, preferably one hydrogen atom are substituted
bhashahgﬁﬁﬁx pretar aldaeFider i BBoOE. cmlo(rji@e a}/mleyldﬁbwyl ,
or,_.pore rogen. atons_are_repl ace nd_prefera

R Oa PR he LR B PP Rr B Ko Tt omEL At SHM au o TS °F
r eplideedrdup al kehy| agroupsnivhixddieale 1 to 6 carbon
atons and are substituted by 1 to 3 substituents
(Ereferably 1) selected fromthe group consisting of

CIsreelThl &l REXEL TR Y| areterioiaicing ofkabhyl stavetyre:
am ne, amde, oxiranyl and glycidyl, and m= 0 or 1;
m=0, 1 or 2. Preferably not nore than two of the

R1, RZ and R3 radicals are hydrogen; nore preferably,
not re than one of the Rl, R2 and R3 radicals is

hyd n. The partkgeularly preferred, not additionally

f upct fzethjatiators include benzyl halides such

as p- oronet h %yrene, hexaki s(a. - br ononet hyl ) -
benzene, benzyl! chl'oride, benzyl brom de, 1-brono-i-
phenyl et hane and 1-chl oro-i-phenyl et hane. Particul ar
preference is further given to carboxylic acid
derivatives which are hal ogenated at the a-position,

for exanple propyl 2-bronopropionate, nethyl

2Rthl &¥opr Bpi airat e, R’et hylre2- altkor epyopbogatee nesdiydals.
2 i opat r et - hronmj ratse. 4

F$€ g?g%% ?sﬁal%%ggFVe%¥%o%¥%§yﬁRh§%$§%% g%cﬁ”§% R are
pR¥of tierteliu| pridwgrerhpodi de; CHbkgronaki des isucinvasnumber
tetsachd oropethane, pterbroppet hang, lovinyl e hylng  more
chl ori de .or %-V|nylethyl brom de; and hal ogen ,
ety $@%@ FoBthpEBrF%-e@?émgl§%cﬁﬂhsd6 H%?%&@@allzed
phosphonyts chbar i dehié secendtgreup Hfei nitdratousyls 2-
%%ﬁ% ﬁ%ﬁghﬁ%%ﬁgwfgﬂdzntégkggugﬁye addb££§8£éi¥6£ﬁ¥§%ate,
hydroxyethyl 2-bromopropionate, hydroxyethyl 2-

bromoisobutyrate, vinyl chloroacetate, allyl
chloroacetate, glycidyl 2-bromopropionate and glycidyl

2-bromoisobutyrate.

Initiators which, 1like tert-butyl 2-bromopropionate,
are a tert-butyl ester should be considered as
prepolymers to an acid functionalization. It is known
to those skilled in the art how simple it is to convert
a tert-butyl ester to an acid, for example thermally

with elimination of isobutene.

One exception to the initiator selection listed is that
of the cyano-functional initiators, which usually do
not have an ester group. Examples include 4-cyanobenzyl

bromide, bromoacetonitrile and 2-bromocyanopropane.

A comprehensive listing of bifunctionalized initiators
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group and are of the general structure X-R-Fl1 where X
is the free-radically transferable group in the ATRP
whi ch WO 2008/ 092815 - 23 - PCIT/ EP2007/ 061616 has
aIreadg been descri bed above. F1 is a hydroxyl
alfPndo08éPP2Ltyl , epoxy, vidfyl- allyl, P§§é5620%719@1515
or azide group. Ris an organic rad|cal Especial ly
pfeﬁemmﬂd>aeeniﬁEtr@dwﬁ$ ofntbe %ﬂnuthne:MaﬁyﬁaézéE%ki,

R4 her any organic
ggca§ gge%erab Y, Fn g%&DRQ are jot h hydrogen. R3
and R4 are preferably hydrogen and/ or CH3 groups. a

' §fa”é/11nU%J@erthé rg\ghg seé’rgrf erapl, Hé’cﬁn 0k Gracer

and_nore preferab rom
dPPLUAEHE BRal Vo &ahnt | nrrr a@erer@rnw sflé@ff‘uc‘ih}ﬁe Blelo of

tent chutyl 20 REQHRPF Opi onate, tert-butyl
2- bronoi sobutyrate, hydroxyethyl 2-bronopropi onate,

hydr oxyet hyl 2- bronoi sobutyrate, vinyl chloroacetate,
athyhlyehtoﬁhﬁﬁeAERE ey codyhiRebir anppriph ondee .anelool,
HM?'dX% [-9 %§8§H£¥rat8 é”'téﬁt rs ¥MICe deskrlbed
ter Eronnpropro%a?epp ar 8Tt bt yI “esrer
shouwdﬁﬁe @@mgpdeded @$SOpnewﬂiymec$ude aﬂxaﬁadof iromn,
fHBE&lQnaEh%@hhgﬁ g%n%%%mnrmgfbﬂdgﬁﬂﬁ5“%%}¢gk'n21nc

the art how si Ie it I's to convert a tert
eBE et a¢dUEN aé“h&dlf%r exBHPF E1ERer mEYBREniih Yiridium,

e&tﬂbﬁ@lu@ﬂ @imaﬁﬂ@ﬂleﬁﬁenﬁﬂﬁ @%@ﬁ@f'@ﬂcﬁé&thﬁn general,
initiator sel.ection Irstedgis t hat

yandSf Unety ET FRi t454 of Mraélﬁlﬁéﬁﬁl ﬂ?t&} figfpounds
h@hECanesteprgraumedE%anpkﬂ&|wmﬂhuhhelxnmumﬂmway¢r the

oM, de, npacet ani Lo

b% f% ﬁengﬁ%e I%st?ﬁg%gﬁ brfunlﬁﬁona |ze |n|t§¥§§P Frox
VE?Q@OB%OBQ%&B coper EgT/Ep2earpbsadlee the system, for
example, starting from Cu,0, CuBr, CuCl, Cul, Culs,

CuscCN, CuCN, CuNO,, CuNOs, CuBFy, Cu (CH,COO0) or
Cu (CF5C00) .

One alternative to the ATRP described is a variant
thereof: in so-called reverse ATRP, it 1is possible to
use compounds in higher oxidation states, for example
CuBr,, CuCl,, Cu0O, CrCl;, Fe,0; or FeBr;. 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.
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for ATRP can be found, inter alia, in Mtyjaszewski,

ACS Synp. Series, 1998, 685 p. 411 ff. If all of the
nmononer used is converted, the later nolecular weight
is determned fromthe ratio of initiator to nonomer.
CHPaPP8BE0PBBLIATRP are detaid%d in ChenPCRAFP20QDA061616
101, 2921. Predom nantly copper conpl exes are

descri bed - other conpounds al so used include those
of,iraon, __cobalt, chrom um, nmanganese, nol ybdepu

STt e e F B AR SR ot LU Rk onal
rubhensbor iis diemgralyiyt ewbibim sararramge r hénicudl:1 to
and/ or nj ral , ... 1t._i ossi bl e to. use, al l
e t P eEphl Y e g rafa o0t B, 210 e A L and
cypere widtlferrRblhi miisdthdm ofheherapseymel @h&i:d whbch2:1,

hast Aot angher abhe «atQmhar QuR.: FaiL i d hi § RUWPOSEpose  a
cggger,can be supplied to the system for exanpl'e,
s

FFhgt$$®m Cu20, CuBr, Cud, Cul, CuN3, CuSCN,
CuCN, CuNO2, CuNCB, CuBF4, Cu(CH3COO) or Cu(CF3000).
| t ti {0t ATRP . i bed | [ |
Y U EIE B350 4 ATER SS50r R 1 5.8 VBILAL: e
useicbdapounds igereghielry owxiidhthorthst atasge f of exdrpplle to
CE@(@; SBQ%%raﬁy 3nggi%’tﬁE?0§a£ nggr%' L@ EQ@%?ﬁlfand

cases, "the reaction can be initiated with the aid o
chras8i eafPfeFrby ratilean e nersgefof exanpd et Al BNWithout

Thhs intéhal by cHadugess theodr@nsidden Mekalkriction.
conmpounds, since they are reacted with the free

radi cal s obtained fromthe classical free-radica

f on merslerRever sec Ad&RE: hadical sal uthiden vestr ched,mdtatler in

al ] Matyj.asz i._.in r onol ecul es
(1R o BB RCs VRS IR e oD RS O TR e e
i%érrh@f;l@ﬁ he sddiie opal Usencof prévaksikatite- zerotive
oxidatipi: state. AsgitBtis CONPIRRRI | Qpat i gRgWt hethere
transition metal conpounds _of "the higher oxidation
STATECPr i hfs BBk Caecetie? at tgANdsf cple ridict PRt Fagkion

Thf stpeoeesssiferdeser bhed igrowgetdh lchd W98 il Smetal
compound. A 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 is 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 componentg can be found

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 be prepared
initially as coordination compounds and then be added

to the reaction mixture.
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WD 2008/ 092815 - 25 - PCT/ EP2007/ 061616 The nol ar

ratio of transition nmetal to nonofunctional 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 nore
pHef @0ABYV Y 94BLhRi n the range 2 0.5:1 t oPZTIEP20WTho@L616
any intention that this should inpose a restriction.
The nolar ratio of transition netal to bifunctiona

tiator .is eral |n the range of. 0.
8h 6F§Fé?agﬁ£ qgtlw kang@ ofroRel4ien 6mﬁt%£d is
ndeeepdeheram¢@mAthb|ndéheltange of the tbidardd and the
[ tion_th hi I
st MRy o5 ot cuds NS 08 Ui TiLy BF - 0
tﬁ@nﬁé‘tﬂélls the rmlgeamitasmvem siranthsi mahoanedus}§o tlo to

aﬁohdlth%re%%&gﬁﬁyo% of 3§ able. and - hepcee preferably 3:1
olynmeri zati on-i nactive organonetal |ic conpounds,

| £gards - aié CRANEJARYS thESNSySheihaFnthddi fheR1dt hepose a

| rgandsceasg.the abstraction of the transferable atom

group by the transition nmetal conpound. A |ist of

known |igands can be found, for exanple, in WO

OVh3824F MDOHUT7E61 oheWOr88k4041SveAsica is that the

lggggéggtgyg §9ﬁ§5ﬁ£é§gge t he conpounds used as a

usuall ave one or nore nitrogen, oxygen,
phosphorus and/or sul phur atonms. Particular preference

'§r@E¥%Ban &BI§19@Ht§5t1&9aﬂa§r99§6h0999059Q§enN%5M the
artl reference_ 1§ given tO nltrogen contal ni ng

cﬁ@PﬁgénPFbgﬂdgom@%I &8 PnEphde 2f2l:ipi pGLPEiNe, tO the
hhhbhh;hhon,Netaipemhamﬂ]mdahdghy&@@ehélaUEneblpyrldlne
( PNDETA 2 am poet yl TRE . .

NEREN ok ¢ Bbr Sitorhg) OG0 ARGk nocoppiex in & racio
1¥¢14t7V¢0 10- Hd%amﬂﬂaﬂﬂrﬂxﬂﬂuﬂmaﬁalteﬁra@iﬁe complete

V@keélghgt%aﬁogjag{ D Qi ehe o %ae'&%‘%'eo g%ﬁd tyg@nphﬁaﬁgaemon

the 1 ndivi conponents can
pBEEdh sk$||%ﬁfd-nlpheaar@lgﬁlﬁty®@v40k¥@xn$ﬁéé© of for

|éﬁéﬂﬁ%ecanlf@fniél&ﬂiﬂéﬁﬂdd”1éHgﬂxﬁéﬂx%éM %Ba&ﬂe end X.
net al oungs |ncﬁéru or they can be

;
|ﬁ?W?%FFy §5C806r A MR ZEomeButi h dg?h ﬁe%%lﬁdaéawed

compared to one with equivalent complex-X ratios and,
owing to incomplete protonation with equivalent use,

not preferred.

For the inventive end group-functionalized products,
there is a broad field of application. A person skilled
in the art will readily understand what significance
hydroxyl-, amino-, silyl- or olefinically-terminated
polymers can have in various uses. The selection of the
use examples 1s 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 prepolymers in hotmelt adhesives, other adhesives,
sealants, heat-gsealing materials or for polymer-
analogous reactions. The polymers may also find use in

formulations for cosmetic use in coating materials, in



to the reaction m xture. WO 2008/ 092815 - 26

PCT/ EP2007/ 061616 The ratio of ligand (L) to
transition netal is dependent upon the denticity of

the ligand and the coordination nunber of the
tW9n§P8§6ﬁ9%%%%l (M. In géderal, the RETAFPFARTP§%L616
in the range of 100:1 to 0.1:1, preferably 6:1 to
Ovdrdiands ppee preperabhys3: ks t20 ghillmant thbutt iary or in
[ ' hat this should inpose a restriction. What
iggggééﬁg?éfor the present invention is that the

| i gands are protonatable. Preference is given to
|HQ@@Qér)’\ﬂh'kparlcﬁ'e%—@'ree%enboﬂ?m{etlg_ Geendi 0341 Oy fupction-
conpound in a ratio of 171 relative to the transjition
net aFSAVREn T9HaNde s i vax ta omaliizggr i i neheare dgded, of
Whh&h cakenbeyn Ghamti &ir t BEeCQEBFQKann rdab8hk0 and have a
relative to the transjition_metal of 2:1, conplete,

DBt Bt MG CHn 2B YT TRt i BT SPWE: 4 hESt ARSI £ 1/6mvise
ne¢ abrepausédbiyn thesipgiddscanicdefdicicency, tied fovention,
e I 2 jve to_the tive chain_end .X
oD edlie A e POk of Roud To. GF Bty ST Gmetr
conpRe brinees one with equi val ent conpl ex- X rati os and,

owi ng to inconplete protonation w th equival ent use,

not preferred. For the inventive end

gt ®%p- CIREPILERal i FEEEDr o86ePY, adfer edi¥en briead fhefler

of 1 appt £t dON.o A peIS OB riddnited iniBnthenar buwi ldre not

di | tand, what signifj hydr oxyl -,
e 2= Sy S B e iohy BRI y TP RRR ot ey neraruzes

cahshbveed mearggious uses. The sel ection of the use
exanples is not capable of restricting the use of the
i nventive polyners. The exanples shall serve solely

to indicate the wi de range of possible uses of the

pol ymers descri bed by way of random sanpl e. For
exanpl e, polyners synthesized by nmeans of ATRP are
used as prepolyners in hotnelt adhesives, other

adhesi ves, sealants, heat-sealing materials or for

pol ymner -



anal ogous reactions. The polyners may also find use in
formul ations for cosnetic use in coating materials, in
WD 2008/ 092815 - 27 - PCT/ EP2007/061616 varni shes, as
di spersants, as a polymer additive or in pack
HiRev 8P 8/ Ra28den- free pol ymerSs whi ch arBCEﬁE%%Qg
alized or nono- or difunctionalized in the m ddle of
t Agamhaen by neans of the coupling reagent and have a
narrow nol ecul ar wei ght distribution, as can |ikew se
be prepared by the process according to the invention,
hdve greatnadeantadges oveer tdesepricor ar tABihderscesw, in
PLERCLYMRLS 4 e EXANPLRS, M M {00l QW %&%ysg 9l chout
better 1l]ustration of present invention but are
notdieapadl e fdmcrtééjﬂ“@léttYngF@héNarE‘nvélﬁ?Fion o the readily
f@@ yrest disclosed @ﬁé@hn SW%?QQ986Q92@%§ -ar®8 that an
P2007/0612;6 %x he present exanples wer
b%%% 1ORE AN AP ‘%% E@hPc Py IehéRtiee with a
n@@nfanp@m@ﬁm@lynF1+mewtywm£Euﬁedaﬂﬂiﬁiaﬂﬁﬂ has already
f i Lity FEl used i S readl rent._to
HEERCEERc ke SPRATRM 1haPTI Bghr Al omeUrele
t hedvesd| tis t@nbyp@hyﬁededaﬂnmnSMDWhta> what extent the

ceéuﬁﬁpﬁgdb@glmﬁpééwﬂym %?Q?%Pécﬁ'ﬁ OLcRaS of aTrP

al ready ~been descri bed suffic y as prior art. The
ek%n%?%se%dﬂﬂéﬁﬁ4§%Qﬂﬂ%f|qh%%5%d to show to what
extent the coupling of two prepolyners prepared by

ans of ATRP. is caus%aﬁgy addltlo of thiols. The

G M5iEcul"gr SRRl ght & $5he? IeEd?aF‘ i ﬁ?r welght
dissrrbutt omss ar edet erdatrethimedgel byer ngali onpermeation
C @£ﬂ¥ ( Exanple 1 A jacketed vesse
é%&?%%%gg%n stﬁ?%%r thernoneter, reflux condenser,
nitrogen inlet tube and dr oppi ng funnel was |n|t|aIIy

chegete under N2 at nosphere with

1616

A jacketed vessel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
funnel was initially charged under N, atmosphere with
15 g of methyl methacrylate, 17 ml of butyl acetate,
0.14 g of copper(I) oxide and 0.37 g of PMDETA. The
solution is stirred at 70°C for 15 min. Subsequently,
at the same temperature, 0.36 g of ethyl
2-bromoisobutyrate (EBIB) is added. The mixture is
stirred at 70°C for a polymerization time of 3 hours,
and a sample 1s taken for GPC measurement without
further product purification (Sample 1). A second 10 ml
sample 1s taken. Air is introduced into it for 30 min,
then it 1is admixed with 1 g of Tonsgil Optimum 210FF
(from Stdchemie), stirred for one hour and then
filtered through an activated carbon filter (AKS 5 from
Pall Seitz Schenk). The filtration is effected by means
of an elevated pressure filtration. A GPC of this

sample is also measured (Sample 2).
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15 g of nmethyl nethacrylate, 17 ml of butyl acetate,
0.14 g of copper(l) oxide and 0.37 g of PVMDETA. The
solution is stirred at 700C for 15 m n. Subsequently,

at the sanme tenperature, 0.36 g of ethyl

2WOr DB 40H8Y5 ate (EBIB) -i £%dded. ThePATXER2@074061616
stirred at 70C for a polynerization tinme of 3 hours,

a@ﬁea;ﬁﬁ@ﬂb@lb&tﬁ@he%dﬂﬂtﬂ§¥)B@ﬁéyﬁ nEﬂMﬂHHn&eactlon
furtheilpprodu |f|%?t|on (Sa

ec
nY©SSanplé P& @sowrgguaea At ?t%?e%%lol
M Airomt herdid) | Snadmm&dceml thtl goof “E@msteOphomrm The
from Sudchem e), i.r.red for one hour
e Gh et TPy ook it Ret S B P r e D ks g s
f cohpuPaltio Seedz WSehenkhe 'liha@gaﬂtt rasi eiwdes ef fedt ed red
%oﬂ?en}re%p%a%' cevaled, p(AeS?\?{’@hé 'tdp%t ' g8 cACFLafbie
I's al so nmeasured (Sanp e .
2@@8¢b9281€hen2@lth¢@%WEPZOGW? le 3>-
pol ynmeri zation sol ution remal ning i n the reaction
vessel is .adm xed wth of di_et hanet hi ol
(PR minRaR) Sanc S et AF FOGIFGH HEChodr & Hlo Tonsil
POV i ous | y1gFeemf$bms@Iu@tch@smisepontseme;&uﬁi yfcchahgesin and

col . re nt._ 1s a ed
e T
whithers (Aén Swi fher akalils Fessur édhéséﬁrpl@dﬁ)r Erh@vated
repekoipg, sokbukiennhggadmored Mf&ngtgoef Tensid  second
timum 210FF (from Sudchem_e stirred for 30 mn and
stBsREteRt P yPFieFtléllEGt?hrC&P&H; R aOPS¢arEd - cditonturther
fahieys{AKS H fo=amplRal brSethzs Scheniq lﬂiﬂGﬁs@hevaﬂed The
pressure. Beiore and, th forma |og of a feCOf L oht
col otf¥ess™pratt ??at%e% td BB obkBrvedOTEOP Fur t Here
amad ysilsyut aosanpl ehof sed:w]sd sblidrasei gpkatkdo dheermined
r r nd t he nol ecul ar wei ght
gily}gtlﬁfg u%?%ﬁ%%@ F%é}l filtrate are al so
determi ned by neans of GPC (Sanple 4). Table 1

Exapple; Sanple 1 Sanple 2 Sanple 3 Sanple 4

Example Sample l|Sample 2|Sample 3 Sample 4

Monomer MMA MMA

Sulphur compound |- - oxydiethane- |oxydiethane-
thiol thiol

Adsorbent - Tonsil |- Tonsil

Ma 6700 6800 11 000 11 000

M,/ My 1.27 1.28 1.42 1.43

Cu concentration [n.d. 18 ppm 0.5 ppm 0.3 ppm

MMA = methyl methacrylate

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

compounds .
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Mononmer MVA MVA  Sul phur conpound - - oxydi et hane-

oxydi ethane thiol thiol Adsorbent - Tonsil - Tonsi

M 6700 6800 11 000 11 000 MM M 1.27 1. 28 1. 42 1.43
Cu concentration n.d. 18 ppm 0.5 ppm 0.3 ppm
mICh¢OOREPRABADI ate It is TlEary eV|deﬁFTVEBﬁPPEé051516
exanples firstly that the already very good results
mﬁth adsorbents to renbve transition netal conpl exes

ﬁu:gn% %%%%pCOBBetlt gngnexes gg%on]gﬁggggégeah%gchaln

i-ons “can-be crearf 'npr 6
pC@@péﬂnatlomamnﬂowaﬁ;ﬂmnsetﬁn@buwdss YO 2068£0928151ing

Véglougcgéggg993é9§é %@ tﬂgewég%ééﬂﬁﬁub5§%ﬁ$9E%EMQQOn

and consequent Yy the chain ng - 1sprove
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bt phdensoptenta beiMeene32%e by analysis showed that this
precipitate is sulphur-free. By means of ion
chromatography, it was possible, according to the
sample, to detect a bromide content between 32% by
weight and 37% by weight. This value corresponds to the
content in a pure PMDETA ammonium bromide.

4.) The GPC measurements show a significant increase in
the molecular weight after the addition of the dithiol.
This is virtually a doubling of M,. It can also be shown
with Sample 3 that the increase in molecular weight is

unaffected by the subsequent purification steps.
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4. Process for preparing polymers with functional 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 bifunctional sulphur

compound.

5. Process for preparing polymers with functional end
groups, characterized in that said bifunctional sulphur
compounds from Claims 1 and 2 are the same sulphur

compound and both process steps proceed gsimultaneously.

6. Process for preparing polymers with functional end
groups according to Claim 5, characterized in that the
bifunctional sulphur compound is a dimercaptan or

another organic compound having two thiol groups.
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maximum of 1 molar equivalent of the sulphur compound

is used based on the concentration of the previously

polymerization-active chain ends.

11. Process for preparing polymers with functional end
groups according to Claim 10, characterized in that a
maximum of 0.7 molar equivalent of the sulphur compound
is used based on the concentration of the previously

polymerization-active chain ends.

12. Process for preparing polymers with functional end
groups according to Claim 10, characterized in that
0.5 molar equivalent of the sulphur compound is used
based on the concentration of the previously

polymerization-active chain ends.
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- PCT/ EP2007/ 061616 13. Process for preparing

pol ymers with functional end groups according to

i AP 98/8R&BABt eri zed in that the poI?ﬁE(EEg@PBhoﬁksls

by the ATRP process. 14. Process according to Claim

133.chataebegi zed 'plaepta:aahgt belymﬁngi t«z%i@hl petational end

c ound used .as _a. cat st . in_the polynerjzation is

a g%BBSr?CFPEQ}ngo&%téﬁégﬁw%ﬁn?ﬁﬁr%%ﬁﬁéﬁ%ﬁﬁfn hat Sthe

nobybdenupptsohves, byinoce APRP | mdbamgs r hodi um

plati num ruthenium iridium ytterbium sanmarium

rheni um and/ or nickel conpound. 15. Process according

t 64 aPHPISSS ctEtiEmZzed o nClahat 13 he dhegasiteirdred  in

mehat wsed @sads Al WesdedD tRRpoRRkYNBERZAL O EStalyst

copper . conmpound. 16. Process according to C ai m 15,

cﬁgraEpgrFE8SYWﬁrlFﬁ5fo?hel€op6erC@BﬁﬁBund}r%E'CU?%?alt'

CtBromCu@l, CulangaGuelN3, CMSE@in&ﬂE&nMCUN@&Jﬂ@hﬁ(ﬁa zinc,
Cu( CH3 and/ or . CF3C00O as .been added.

?gggé%dévgtenﬁﬁé%%?ghthepléggP Mot tHE %ﬂ%fﬁ%rizéf%gﬁgm’

1yttPrbtess aswarting e ah mrid,ox rdraetle congdung .

that an initiator which has an active group X is used

in_the_preceding polynerization. 18. Process according
téSCIa?ﬁ?Q??ScﬁﬁFééféﬁEkeﬂoinCl%h@tlfheCﬁ@ﬁﬁ@éexl@ﬁéupln
| sh&t, tBla traSON ahd/ eetbB. Jfy Paacesscacsoydi g Othe
a a%n118 c?aracterlzed in that the initiator has a
SBRONASF LARE T That § t3 %ﬁ?p%%.c$%%%ﬁ§§ according to

Claim 19, characterized in that the second

fypctiopalily Fﬁlﬁaqsfdan%vdgexv pa ALY, AERLULYL .y in
epoxy,” vinyl, allyl, cyano, siTyl or ‘azidé “group. 21.
Priozesshecc6PEPAY toPHind 20aschakAst efiBed GuClthaful,
t ben secamt ungidonahing, , FEuks, @ @MﬁﬁPXX£MC@gt@@) and/or
ter}-but | “or_silyl group.. WD 2008/ 092815 - 34 -

Pt %’?2%%)7) d
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start of the polymerization.

17. Process according to Claim 13, characterized in
that an initiator which has an active group X is used

in the preceding polymerization.

18. Process according to Claim 17, characterized in
that the active X group is Cl, Br, I, SCN and/or Ns.

19. Process according to Claim 18, characterized in

that the initiator has a second functionality F;.

20. Process according to Claim 19, characterized in
that the second functionality F; is a hydroxyl, amino,
tert-butyl, epoxy, vinyl, allyl, cyano, silyl or azide

group.

21. Process according to Claim 20, characterized in
that the second functionality F; is a hydroxyl, amino,

tert-butyl or silyl group.
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22. Process according to Caim 18, characterized in
that the active X group on the chain ends of the
polymers is substituted by the sul phur conmpound

according to Clainms 1-10 to give a thioether wth
r 89886 %3/14ci d of the fotmX-H 23. PETJEE3E07/061616
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andl/ oreodbhess according to Claim 25, characterized in

that the ligand 1is removed from the coordinated

transition metal by the protonation.

27. Process according to Claim 26, characterized in
that the transition metal is precipitated by the

removal of the ligand.

28. Process according to Claim 27, characterized in
that the metal content in the polymer solution
decreases by at least 80% as a result of the

precipitation and the subsequent filtration.

29. Process according to Claim 28, 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.

30. Process according to one of the preceding claims,

characterized in that the polymers are obtainable by
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0.1% by weight and have at least one functional end

group on one of the chain ends.

33. Linear polymers according to Claim 32, charac-
terized in that they have been prepared with a
monofunctional initiator bearing an additional
function, have a halogen content of less than 0.1% by
weight and have functional end groups on both chain

ends.

34. Linear polymers according to Claim 33, charac-
terized in that they have been prepared with a
monofunctional initiator bearing an additional
function, have a halogen content of less than 0.01% by
weight and have functional end groups on both chain

ends.

35. Linear polymers according to Claim 34, charac-
terized in that they have been prepared with a

monofunctional initiator bearing an additional



36. Use of the polynmers wth functional end groups

wor ked up according to one of the preceding clains in
hotnel t adhesives, other adhesives, seal ants or in
coatin terials. 37. Use of the polyners Wi t

fUﬁc@Pgﬁ P9éﬁa5groups worketf up accord?ﬁE/FBzBﬁ%/%§1515
the preceding clains in heat-sealing materials, for
péhyneneanahageu& hedacteronsyntiemtcosmeldéss than 0.01% by

?Hﬁg@tlgg eiQaVar%bihe%u&§§blgc§peéé?ﬁgéﬁr and have

Itrves or 1n
functlonal end groups on both chaln ends.

36. Use of the polymers with functional end groups
worked up according to one of the preceding claims in
hotmelt adhesives, other adhesives, sealants or in

coating materials.

37. Use of the polymers with functional end groups
worked up according to one of the preceding claims in
heat-sealing materials, for polymer-analogous
reactions, in cosmetic applications, in varnishes, as

dispersants, as polymer additives or in packagings.



