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Further alternatives are the scavenging of the chain
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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 hydroxyl group is not possible
by this route. The situation is 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.



bi functional initiators and capping at both ends, it
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possible product colour and the strong odour of
remaining sulphur compounds, which can be released, for
example, in the event of thermal degradation. 1In
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.



A di sadvant age of the reactive adhesives prepared
according to WO 05/047359 is, however, a random

di stribution of the hydroxyl, nercapto or am no groups
in the polyner chain of the binder. This leads to
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of the molecular weight distribution in reactive
adhesives 1s considered as an example in the further
congideration of the prior art. This is intended only
to illustrate the improvement over the prior art using
a potentially important use example of the polymers
prepared by the process according to the invention.
However, the examples do not serve to zrestrict the
precise composition or the use of the polymers in any

way :

Reactive adhesives are substances sclid 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

causesg final, irreversible curing.

Such adhesives are described, for example, in

US 5,021,507. The main constituent of these adhesives



It is an additional object of the present invention to
prepare polyners by neans of ATRP which contain

hal ogens or pseudohal ogens only in traces, if at all.
It is therefore also an object to inprove the thernal
stability of these polyners conpared to hal ogenat ed
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application of the adhesive.

A further disadvantage of the binders for prior art
reactive adhesives is the high viscosity, which 1is
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.



Substitution of the term nal active groups of a

pol ynmer synt hesized by neans of ATRP with said sul phur
compounds functionalizes the particular chain ends
with the second group F2. This in turn reacts with
substitution by the active chain end bearing an X
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In order to achieve this effect, the inventive use of
sai d sul phur conpound, based on the active X group at
the pol yner chain end, nust be used only in a ratio
of, for exanple, 0.55 equivalent. This corresponds to
a ratio of mercapto groups to the active X group of
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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.



In one variation, it is also possible that said

bi functional term nation reagent, as well as the two

F2 groups, has one or nore additional functionalities
F3. These F3 groups do not enter into a substitution

reaction with the X group and may be the sanme or else

di fybeb 6ot/ d9 st he F1 group.yiThe use ofpcgyieh2607/061616
conmpound nekes it possible to prepare polyners which

are nono-or pol yfunctionalized exactly in the mddle
of the chain, or polyners which are functionalized
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implement and economically viable on the industrial
scale. Very particularly, it is an object to perform
the functionalization without additional product workup
directly at the end of the actual ATRP process in the

same reaction vessel (one-pot reaction).

It is a parallel object of this invention to provide,
with the same process step, simultanecusly 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 is achieved by initiating an ATRP with a
bifunctional initiator which has a functionality X and
optionally a further functionality Fi. X is a
functionality typically used to initiate an ATRP, for
example a halogen atom or a pseudohalogen group. F1 is a
second functionality which 1is not effective as an



However, the present invention cannot be restricted to
t hese conpounds and exanpl es. Instead, what is crucial
is that the precipitants used have two -SH groups or

formtwo -SH groups in situ under the present

condi tions of the polyner solution. In the
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As an elimination product, a hydrogen halide is formed.

A very 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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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
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 it 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%. 1In particular embodiments, it 1is even
possible by use of the process according to the
invention to reduce the transition metal content by

more than 99.9%.
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bifunctional termination reagent, as well as the two F;
groups, has one or more additional functionalities Fj.
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-1-propanol;
examples of compounds having two functional groups
would be meso-2,3-dimercaptosuccinic acid, 1,4-

dithioerythritol or various 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 low cost and the wide range of



The pol yners obtained in accordance with the invention
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Theparticul arl ypreferred, notadditionally
functionalized initiators include benzyl halides such
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In addition, the substitution, the precipitation and
the subsequent filtration are effected at a temperature
in the range between 0°C and 120°C and other process

parameters within a common range.

To reduce the last traces of sulphur compounds,
adsorbents or adsorbent mixtures can be used. This can
be effected in parallel or in successive workup steps.
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 S8X plus from Norit).

The removal of the activated carbon can also be
effected in 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 is 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.



R1, R2, R3 and R4 here are any organic radicals.
Preferably, RlL and R2 are both hydrogen. R3 and R4 are
pref erably hydrogen and/or CH3 groups. a is any number
fromO to 12, preferably fromO to 6 and nore
preferably fromO to 2. Exanples of difunctionalized

| Nkdol 9h0EPoPIgilsi S structurgaare tert- bidykp2oo7/061616
br onmopr opi onate, tert-butyl 2-bronoisobutyrate,

hydr oxyet hyl 2- br onmopr opi onat e, hydr oxyet hyl 2-

br onoi sobutyrate, vinyl chloroacetate, allyl
chﬂ@eoacetas@ntglycmvgntxbnbronﬁ@ﬁcpsonat@ anengyl yGRHP

2- Qbﬁ@@hé&@ﬂz\éft@fo% bhi tﬁo@%@%sw&hcohﬂbf@ te@bt - Bt yher

2-brono j onat e, ? grt butx esﬁg{ shoutg beand

CORBRABE edChS. pPEsEiynefstho &ATaipyl haloden atomd

f un€t | oimal itzahsbnionh t nies alk nowwmplexasostraki laléd pel v

ar goﬁewlér;gm'p%eggr 8 kgy Caegﬁgt @ftg&kpbtgwce%gsr tfhe
npl e ther

an acid el 1 mnation aof
i SEREEEPRL TGRS oSt 0RTES St hérPﬁl t F&% or 2581 ectd be
Ilﬁhedlnédthabr@éfupe cyeneifnafctironal Hoietvieat or s, these

Wni ﬁnggégﬂgrys rgogofeavga 1%StSE H-QUR; 1, EXATRRS #nd

cyanobenz bro bronoacetonitrile and
2 B?@ﬁ%cﬁﬁﬁoﬁﬂ@ﬁ@ﬁé 13W9“§APRPJéhnabéeFEEh@FlW%u%ﬁnner
al Eﬂsté&ki,l\/hﬂyé}asmlto AGR iR ther igesat1998ni 68&amre

411 _f.f,
tand va :Loua rossﬁ)li usssdeﬁerm ned'l%f %%gggrgfgo éf]etk}e

| a romthe rat
|nprﬁ§@@ﬁ ;qunﬁygﬂﬂﬁor the workup of corresponding ATRP

products.

The monomers polymerizable by means of ATRP are
sufficiently well known. A few examples are listed
below without restricting the present invention in any
way. The notation ™“(meth)acrylate” describes the esters
of (meth)acrylic acid and here means both methacrylate,
for 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, 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-



Catal ysts for ATRP are detailed in Chem Rev. 2001,
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The polymerization can be performed at standard
pressure, reduced pressure or elevated pressure. The
polymerization temperature too is uncritical. In
general, it 1is, 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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I SR S0 Feasured ($aAPIR o) -the group consisting of C1,
Br, I, OR?, SR*, SeR*, 0OC(=O)R?, OP(=0)R*, OP(=0) (OR*),,
0P (=0)OR?, O-N(R%*),, CN, NC, SCN, NCS, OCN, CNO and N3
(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 atoms, 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 atoms, cycloalkyl groups
having 3 to 8 carbon atoms, silyl groups, alkylsilyl
groups, alkoxysilyl groups, amine groups, amide groups,
CoCcl, 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 alkenyl groups which have 2 to 6 carbon atoms and



The pol ynerization solution remaining in the reaction
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colour to red when the reagent is added, and a red
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Sarmph:e lhy@ampre 2atSarp| exr® Sampllecéd, and preferably
fluorine, chlorine or bromine if one hydrogen atom is
replaced)), alkenyl groups which have 1 to 6 carbon
atoms and are substituted by 1 to 3 substituents
(preferably 1) selected from the group consisting of Ci-
to Cy-alkoxy, aryl, heterocyclyl, ketyl, acetyl, amine,
amide, oxiranyl and glycidyl, and m = 0 or 1; m = 0, 1
or 2. Preferably not more than two of the R}, R® and R’
radicals are hydrogen; more preferably, not more than
one of the R', R? and R?® radicals is hydrogen.

The particularly preferred, not additionally
functionalized initiators include benzyl halides such
as p-chloromethylstyrene, hexakis (a-bromomethyl) -
benzene, benzyl chloride, benzyl bromide, 1l-bromo-i-
phenylethane and 1l-chloro-i-phenylethane. Particular
preference is further given to carboxylic acid
derivatives which are halogenated at the a-position,
for example propyl 2-bromopropionate, methyl
2-chloropropionate, ethyl 2-chloropropionate, methyl
2-bromopropionate or ethyl 2-bromoisobutyrate.
Preference 1is also given to tosyl halides such as
p-toluenesulphonyl chloride; alkyl halides such as
tetrachloromethane, tribromeoethane, 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 is
the free-radically transferable group in the ATRP which
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has already been described above. F; 1s a hydroxyl,
amino, tert-butyl, epoxy, vinyl, allyl, cyano, silyl or

azide group. R is an organic radical.

Especially preferred are initiators of the structure:

T
. /éc R3
o ! ]
a
R? X

R, R?® R® and R* here are any organic radicals.
Preferably, R' and R? are both hydrogen. R® and R! are
preferably hydrogen and/or CH; groups. a is any number
from 0 to 12, preferably from 0 to 6 and more
preferably from 0 to 2. Examples of difunctionalized

initiators of this structure are tert-butyl 2-

bromopropionate, tert-butyl 2-bromoisobutyrate,
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, bromocacetonitrile and 2-bromocyancpropane.

A comprehensive listing of bifunctionalized initiators
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for ATRP can be found, inter alia, in Matyjaszewski,
ACS Symp. Series, 1998, 685 p. 411 ff.

If all of the monomer used is converted, the later
molecular weight is determined from the ratio of

initiator to monomer.

Catalysts for ATRP are detailed in Chem. Rev. 2001,
101, 2921. Predominantly copper complexes are described
- other compounds also used include those of iron,
cobalt, chromium, manganese, molybdenum, silver, zinc,
palladium, rhodium, platinum, ruthenium, iridium,
ytterbium, samarium, rhenium and/or nickel. In general,
it is possible to use all transition metal compounds
which can form a redox cycle with the initiator or the
polymer chain which has a transferable atom group. For
this purpose, copper can be supplied to the system, for
example, starting from Cup,0, CuBr, CuCl, CuI, CuNg,
CuSCN, CuclN, CuNO;, CuNO3, CuBFy, Cu (CH;COO0) or
Cu (CF3C00) .

One alternative to the ATRP described is a variant
thereof: in so-called reverse ATRP, it is possible to
use compounds in higher oxidation states, for example
CuBr,, CuCl,, Cu0O, CrCl;, Fe,O03 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 fEf.

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



6700 6800 11 000 11 000 MW Mh 1.27 1.28 1.42

WO 2008/092815 - 25 - PCT/EP2007/061616

The molar ratio of transition metal to monofunctional
initiator is generally within the range of 0.0l1:1 to
10:1, preferably within the range of 0.1:1 to 3:1 and
more preferably within the range of 0.5:1 to 2:1,
without any intention that this should impose a

restriction.

The molar ratio of transition metal to bifunctional
initiator is generally within the zrange of 0.02:1 to
20:1, preferably within the range of 0.2:1 to 6:1 and
more preferably within the range of 1:1 to 4:1, without

any intention that this should impose a restriction.

In order to increase the sgolubility of the metals in
organic solvents and simultaneously to avoid the
formation of stable and hence polymerization-inactive
organometallic compounds, ligands are added to the
system. In addition, the ligands ease the abstraction
of the transferable atom group by the transition metal
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 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 in situ oxr they can be prepared
initially as coordination compounds and then be added

to the reaction mixture.
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The ratio of 1ligand (L) to transition metal is
dependent upon the denticity of the ligand and the
coordination number of the transition metal (M). In
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 impose a

restriction.

What is crucial for the present invention is that the

ligands are protonatable.

Preference is given to ligands which are present in the
coordination compound in a ratio of 1:1 relative to the
transition metal. When ligands such as 2,2’'-bipyridine
are used, which are bound within the complex in a ratio
relative to the transition metal of 2:1, complete
protonation can be effected only when the transition
metal is used in a significant deficiency, 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 and,
owing to incomplete protonation with egquivalent 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 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 prepolymers in hotmelt adhesives, other adhesives,
sealants, heat-sealing materials or for polymer-
analogous reactions. The polymers may also find use in

formulations for cosmetic use in coating materials, in
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n%%%?%égiwgﬁgggﬁ' 4.) The GPC neasurenents show a
significant increase in the nol ecul ar weight after the
addition of the dithiol. This is virtually a doubling
of Mh. It can also be shown with Sanple 3 that the
increase in nolecular weight is unaffected by the
subsequent purification steps.
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chromatography (GPC)

Example 1

A Jjacketed 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-bromoiscobutyrate (EBIB) is added. The mixture is
stirred at 70°C for a polymerization time of 3 hours,
and a sample is taken for GPC measurement without
further product purification (Sample 1). A second 10 ml
sample is taken. Air is introduced into it for 30 min,
then it is admixed with 1 g of Tonsil Optimum 210FF
(from Stidchemie), 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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2, 2' - oxydi et hanet hi ol , 2, 3-di ner capt o- 1- pr opanol , neso-
2, 3-di mercaptosuccinic acid or 1,4-dithioerythritol.

6. Process for preparing polynmers with functional end
groups according to Caim1, characterized in that the

sukgh%? ypaund is added aft9er or durige /EB8o07/061616

term nation of a pol yrrerl zation. 7. Process for
eparin msrs with functional. end ou,
A R e e e T

of véseel aiseqdinvat@nyiof @8 sul ghu?, Zomyodagthangded]

ba%@?oﬁ?n Nfeg%}&o%ﬁﬂt LafhQny Of ct RRopr epbOUShY hour. The
pol yneri zati on-acti v% chai N ends.
previously greenis solution = spontaneously changes

colour to red when the reagent is added, and a red
solid precipitates out. A further GPC of the sample

which is then withdrawn is measured (Sample 3).

The remaining solution is admixed with 2 g of Tonsil
Optimum 210FF (from Sudchemie), 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 second
colourless precipitate could be observed. For further
analysis, a sample of this solid is isolated. The
average molecular weight and the molecular weight
distribution of the second filtrate are also determined

by means of GPC (Sample 4).

Table 1

Example Sample 1|Sample 2|Sample 3 Sample 4

Monowmer MMA MMA

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

Adsorbent - Tonsil |- Tonsil

Mn 6700 6800 11 000 11 000

M,./M, 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 wmetal complexes {(in this <case copper
complexes) from polymer solutions can be clearly
improved by the preceding precipitation with sulphur

compounds.



8. Process for preparing polynmers with functional end
groups according to Caim?7, characterized in that a
maxi mum of 0.7 nol ar equi val ent of the sul phur
compound i s used based on the concentration of the
previously polynerization-active chain ends. 9.

PrgeessobpsoPgeparing pol ymess W th funeid/epaboentsieie
groups according to Claim?7, characterized in that 0.5

nol ar equi val ent of the sul phur conpound is used based

on the concentration of the previously
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precipitation of the metal as the sulphide can be ruled
out.

2.) The polymer: the elemental analysis of the polymer
solution exhibits, even after removal of the second,
colourless precipitate, a very high sulphur content.
Virtually all of the sulphur added to the system is
found again in the solution or in the dried product.

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, 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.



manganese, nolybdenum silver, zinc, palladium
rhodi um platinum ruthenium iridium ytterbium
samari um rhenium and/or nickel conpound. 12. Process
according to Caim1l, characterized in that the
transition netal used as a catalyst in the

pol yneri zation is a copper conpound conprising a
ligand. 13. Process according to Caiml10,
characterized in that an initiator which has an active
°group X is used in the precgding pol ymerization. 14,
CF%gﬁgss according to Claim 13, characterized in that

e active X group is C, Br, I, SCN and/or N3. 15.

Process according to Caim 14, characterized in that

1t he prbddH orrchaspy fesLEY %@@9&b9§ahtﬁﬂgF%unp%@onal end
Process ccordln% to Claim 15, characterized in that
IERRPIec PGEERERA i 1Y FPats BafQerdx At A, Polymer
cheit - Edd , aepoxyubytimitedl byl , meyano,ofSi hgditciocazide a
1/. di ai
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bihdrcihionde polyher scpyrawpdt ifubed@FPrCRetsenl piuranother

0 89EROY NEbrAs S I NGy ity Ghdl FBi1d1 §PoliPsgi ve a thioether
wth release of an acid of the formX-H  18. Process
according to Claim1l2, characterized in that the

21 i gardscased fare Ppeeoant @i pglghekat evitilgafidectional end

groups according to Claim 1, characterized in that
transition metal <compounds are removed from polymer
solutions by precipitating the transition metal compound
by means of addition of the suitable bifunctional sulphur

compound and then removing it by means of filtration.

3. Process for preparing polymers with functional 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
95% by the addition of the bifunctional sulphur compound.

4, Process for preparing polymers with functional end
groups according to Claim 1, characterized in that said
bifunctional sulphur compound reacts with two different
chain ends to couple the two polymer chains to form a high

molecular weight chain.

5. Process for preparing polymers with functional end
groups according to Claim 4, characterized 1in that the
sulphur compound is dithioglycol, 1,3-propanedithiol, 1,4-
butanedithiol, 1,5-pentanedithiol, 3,4-dimercaptotoluene,



0- 34 - 19. Process according to Claim 18,
characterized in that the ligand is protonated by the
acid X-H according to Caim?22. 20. Process according
to Caim19, characterized in that the ligand is
removed fromthe coordinated transition netal by the
protonation. 21. Process according to Caim 20,
characterized in that the transition netal is
precipitated by the renoval of the ligand. 22.
°Process according to daim24,-characterized in that

the netal content. in the polyner solution decreases _
2T EBeE SRR b sl £ oF B G BEb b CAE O bl ¢ s
2sdbdsemecrapfoducainion.acizB orPlodedéthtcorvimgi tol one

of the preceding clains, characterized in that the
pol yners are obtai nabl e, by
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of a polymerization.

7. Process for preparing polymers with functional end
groups according to Claim 3, characterized in that a
maximum of 1 molar equivalent of the sulphur compound 1is
used based on the concentration of the previously

polymerization-active chain ends.

8. Process for preparing polymers with functional end
groups according to Claim 7, characterized in that a
maximum of 0.7 molar equivalent of the sulphur compound is
used based on the concentration of the pfeviously

polymerization-active chain ends.

9. Process for preparing polymers with functional end
groups according to Claim 7, characterized in that
0.5 molar equivalent of the sulphur compound is used based
on the concentration of the previously polymerization-

active chain ends.

10. Process for preparing polymers with functional end
groups according to Claim 1, characterized in that the
polymerization is by the ATRP process.

11. Process according to Claim 10, characterized in that
the transition metal compound used as a catalyst in the

polymerization is a copper, iron, cobalt, chromium,



pol yneri zabl e by nmeans of ATRP and/or m xtures of
al kyl acryl ates, al kyl nethacryl ates, vinyl esters, vinyl
ethers, fumarates, mal eates, itaconates, styrenes,
acrylonitriles, and/or other nononmers pol ynerizabl e by
means of ATRP. 24. Process according to C aim 23,
characterized in that the polyners are obtai nabl e by
pol ymeri zi ng styrenes, al kyl acrylates and/or al kyl
nethacrylates and/ or m xtures which consi st
°predom nantly of styrenes* 33 kyl acrylates and/ or
m%ﬁé%rﬁesnem h%%rl te%%m Sl %Ser g?ﬁ Pol ﬁepq!dweo%ium,
y e proces accordlng 0o darm arac er(z N
rlabintheyrblven byen priphtred sbiyteﬂé@ngnrofsmunhaw@@ium
aggkgguﬁfgkggnégg pflif.ribution of less than 1.5, have a
ogen content of |ess than 0.1% by wei ght and have
at | east one functional end group on one of the chain
1endsPro@éss Laseardped yoer gladaol dj nghbeackartz@d, in that
ar act in \ th ave, beep pr with_a
tﬁ%no%&h%tﬁéﬁg |Hﬁ?éé%org%egrlndpangaddggéhﬁgfl fa? the
pouweeF bFatindvel s chalomgpes comperndofonesss g oL imrdby
wei ght and have functional end groups on both chain
nds, Li near  pol yners acco to d ai .
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anodafinhetoonathiichi tHeat oiin beating gmoagdixt i malised in the
j.on, en content of |ess than 0.01% by
p%g?%%{SQHQQ' K%%!%%bltlblock structure and have
functi onal end groups on both chai n ends.

14. Process according to Claim 13, characterized in that
the active X group is Cl, Br, I, SCN and/or Ns.

15. Process according to Claim 14, characterized in that

the initiator has a second functionality F:.

16. Process according to Claim 15, characterized in that
the second functionality F; 1s a hydroxyl, amino, tert-
butyl, epoxy, wvinyl, allyl, cyano, silyl or azide group.

17. Process according to Claim 14, characterized in that
the active X group on the chain ends of the polymers is
substituted by the sulphur compound according to Claims 1-
10 to give a thioether with release of an acid of the form
X-H.

18. Process according to Claim 12, characterized in that

the ligands used are N-containing chelate ligands.



28. Use of the polynmers wth functional end groups
wor ked up according to one of the preceding clains in
hot mel t adhesi ves, other adhesives, sealants or in
coating materials. 29. Use of the polyners with
functional end groups worked up according to one of
the preceding clains in heat-sealing materials, for
pol ymer - anal ogous reactions, in cosnetic applications,
in varni shes, as dispersants, as polyner additives or
°i n packagi ngs. - 34 -

19. Process according to Claim 18, characterized in that
the ligand is protonated by the acid X-H according to
Claim 22.

20. Process according to Claim 19, characterized in that
the 1ligand is removed from the coordinated transition

metal by the protonation.

21. Process according to Claim 20, characterized in that
the transition metal is precipitated by the removal of the
ligand.

22. Process according to Claim 21, 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.

23. Process according to one of the preceding claims,
characterized 1in 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, vinyl esters, vinyl
ethers, fumarates, maleates, itaconates, styrenes,
acrylonitriles, and/or other monomers polymerizable by
means of ATRP.

24. Process according to Claim 23, 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.
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25. Polymers prepared by the process according to
Claim 1, characterized in that they have been prepared by
means of ATRP, have a molecular weight distribution of
less than 1.5, have a halogen content of less than 0.1% by
weight and have at least one functional end group on one

of the chain ends.

26. Linear polymers according to Claim 25, characterized
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.

27. Linear polymers according to Claim 26, characterized
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, have an ABBA
multiblock structure and have functional end groups on

both chain ends.

28. 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.

29. 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.



