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PROCESS FOR PREPARI NG SI LYL- TELECHELI C POLYMERS Fi el d

of the invention 5 The present invention relates to

the synthesis of polyners which have silyl end groups

and have been prepared by nmeans of atomtransfer

radi cal polynerization (referred to hereinafter as

ATRP for short). A particular aspect is the

preparation of 10 silyl-telechelic polynethacrylates,
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aspect of the present invention is that the addition

of the reagent in one process step 15 sinultaneously
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pol ymer sol ution by neans of precipitation and forns

salts of the |ligands coordi nated beforehand to the
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bl.ock gpgkggﬁg§ and star polynmers are additionally
obt al nabl e eoretical bases of the polynerization

mechani sm are explained, inter alia, in Hans Georg
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Sppypowly dlstrlbuted (homo) polymers 1n the molar mass

range of M, = 5000-120 000 g/mol. A particular
advantage 1is that both the molecular weight and the

fords

molecular weight distribution are controllable. As a
living polymerization, it alsoc permits the controlled
formation of polymer architectures, for example random
copolymers or else block copolymer structures. By means
of appropriate initiators, for example, unusual block
copolymers and star polymers are additionally
obtainable. Theoretical bases of the polymerization

mechanism are explained, inter alia, in Hans Georg



15 functionalization of the chain ends. Furthernore,
the present invention, in each case alone, constitutes
a significant inprovenent over the prior art with
regard to the end group functionalization, 20 with
regard to the hal ogen renoval and with regard to the
transition netal precipitatign,_ A conbination of al
three functions has not been described to date in the
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35 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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EP 0 976 766 and EP 1 179 567 describe a three-stage
35 process for synthesizing silyl-term nated

hal ogen-free polynmers. After an ATRP with appropriate
product purification, the substitution of the term na
hal ogen atons by an unsaturated netal al koxide is
perfornmed in a second step. After another purification
of the product, thecorrespondi ngdoubl ebondsare
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initiator 1s used and, analogousl to the process
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further monomer fractions to form block structures. As
a representative example, reference is made to
Us 5,807,937 with regard to sequential polymerization,
and to US 6,512,060 with regard to the synthesis of

macroinitiators.

However, a problem is the thermal instability of such
halogen-functionalized polymers, which i1s well known to
those skilled in the art. Especially polymethacrylates
or polyacrylates are found to be significantly more
sensitive to depolymerization in the presence of
terminal halogen atoms. A method for removing these
terminal halogen atoms is therefore of great interest.
One widespread process 1is based on the substitution of
the halogens with metal alkoxides while precipitating
the metal halide formed. Such a process 1is 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 1in a separate process step only after a
purification of i the polymers. Moreover, direct
functionalization with a silyl group is not possible by

this route.

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

a second step. After another purification of the



15 substitution of the hal ogen atomin a second stage.
The two groups, which can only be distinguished from
one another easily in their chem cal environnment, can
then readily be hydrosilylated. 20 The situation is
simlar also for other processes for substituting the
term nal hal ogen groups: both azides (see
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to the invention, the term nal hal ogen atons are
substituted by using a nercaptan with an additiona



10 briefly. This substitution reaction is perforned
here exclusively with nercaptoethanol. An application
of the process to the inventive silyl nercaptans is
not described. 15 A further difference fromthe
present invention is the pol yner-anal ogous procedure.
In the docunent described, the substitution reaction
is perforned only after purification of the ATRP
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st Qgﬂ.}{q‘i@@tate amine llgands, as described in more detail
below 1in this document. However, these compounds in
particular quantitatively deactivate the platinum metal

35 catalysts which are only to be used in wultrasmall
concentrations, and therefore have to be removed
completely from the polymer beforehand. These aspects
make complete silyl functionalization of the polymers

rather improbable or make the process additionally



A di sadvant age of the adhesives prepared according to
the prior art is, however, a randomdistribution of
the functional groups required for the later curing in
the 35 polynmer chain of the binder. This leads to

cl ose-nmeshed crosslinking and a thus reduced
elasticity of the adhesive cgnposition. This can also
result in a deterioration in the substrate binding.
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éners means of ATRP whjch contain %ens or
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st abiLiiy.of these polyners conpared to hal ogenated
products. In particular, it is an object of this
invention to provide polyners which, with the
exgepguiroheof dt hfewsrtbe from the present invention is the

polymer-analogous procedure. In the document described,
the substitution reaction is performed only after
purification of the ATRP product in a second reaction
stage. This gives rise directly to a second important
difference from the present invention. The inventive
effect of precipitating the transition metal compounds
from the ATRP solution by adding mercaptan reagents is
accordingly not described at all in this document. In
addition, the present invention describes, unlike the
document cited, new types of tri- and pentablock
copolymers functionalized on the end groups at both

ends.

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

gelling of the adhesive formulation also occurs.

A further disadvantage is that the extractable content

in the cured adhesive 1s quite high. Among other



25 groups, corresponds conpletely to the materials

whi ch can be prepared according to the prior art by
nmeans of ATRP. This includes, inter alia, the polymer
architecture, the nolecul ar weight and the nol ecul ar
wei ght distribution. 30 Mdl ecul ar wei ght and nol ecul ar
wei ght distribution are understood hereinafter to nmean
t he val ues of the nol ecul ar wei ght and the nol ecul ar
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be € §§5%%%ﬁ%éxﬁﬁﬁlF5ﬁP8Iy per f or mabl e. Furt her nore,

it was an object of the present invention to provide a
pr @ﬁ@ssaw@vghd&@&ﬂ%&e drophengnt ad w t Bauh  golved  in

difications to known plants suitable for
%t Z&E—g‘j{ FP z dtiort* 48" twak? %th‘FFhéDrf obj €eprraLled
eapbyyasrzdauﬂbna hethodit i on sthep, foomr edl | XBRP, allowed

papt hgdbard e %Irye%aqli%kq ﬁgmggﬂiéﬁtdré)ﬂﬁltOfdltsQ_%lbut1ons
tranS|t|on netal conpl exes. 25 Solution This object 1Is

20 achPevéd pdS?VéGISang w@dlcpa&aé(esﬁlnyl onkyntPY oREPPOEOR ©f
suhpblr rcorpourds atient orcahwtiingehhe compared to the

free-radically polymerized (meth)acrylates. These
constituents bring about, in particular, an increase in
the wviscosity 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.

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

of the use of telechelic binders and hence of the



30 term nation of the polynerization. By substitution
of the term nal active groups of a polyner synthesized
by nmeans of ATRP with the sul phur conpound, the
particul ar chain ends are silyl-functionalized. At the
same tinme, the term nal hal ogen atons are renoved from
the polyner, 35 the transiti _metal coordination
compound used as a catalyst is quenched and the netal

IS gAdkenRr %ﬁkx@h%%z@dlé”iﬂab@'ﬂfﬁé qcarm&ebswmeitn@%rks in

subsequent|ly be renove n a ns . of,
IR Gine COREBReR et ARPERT R S ot Sy e Endin
nergaptersipsohhat ogepep erorialatid@xpoliyney - cTnusunHQ£§ased
ar e RI83$8nt cdury i, Orsﬁnhlﬁzgﬁ‘e&%jl@f rﬁ@h&RPs@wp is
Ieaq% to ubstltutlon of

“of &
aIﬁ&&dprbnoﬁnrf¢XHm§MQexrada@aht@olynerlzatlon Wi th
sul phur-based regul ators. As an elimnation product, a
hydgﬁgﬁn halide is fornmed. A very particul ar aspect of

alo At the chain end
& bt yiHery &rsaFmSol@Pﬁéeca% o 1P G rAPP et ron

§8nt invention is 10 that, as a result of the

addition of a reagent in one process step,

OS'WHJtﬂQGQHS%%geE@e<£@rHﬁéabrgééﬁﬁe@nééﬁﬂ§oﬁr%or%ﬂgﬁgge

fromthe polymér chains, associated with

poﬁVHéW@Férn1HV ar B8RPy - ?ﬁnct?Bﬂ%lleﬁFn§Qﬁ¥ "Sadical
t r andivineohzaetal cAMPpBUNGsia ehaespyetlybygreans ofi kbre
Pr aclopl Rl o and Salds kel BbTodle Ll oM Ae Jd:a3B0%na 1
coor di nat ed beforehand to tRe tFansition metal

i n°°¢en enabl es sinple renoval of the Iigands fron1the

15transition netal. 20 In detail, what occurs when said

the initiators use
haP& SBRESor PRHYBSAT onY or™edbin g? ugs’ %?\Mﬂqﬁ?ha &Ontaln
fr eeloadheablky pkeadshel apdres undey ithetpatyserizattonll.

COQQitiO té%%f%@@ %@séTB% Qﬁ)%%%stomhﬁﬁrggg %%E'%%e%mal

group on

ulphyrg %%n%%n@lbga@dgsgieéé H 0@@@ grégg%tf qlnlv%Wtrign o

are general | conpounds

particul ar chal

yner is
20syulssepPidien, Hn ABREC ofPAECFSr N R Fed! rEPe5§§@geﬁﬁ§ed

hy@&ogenthallde whi ch fornms cannot be hydrol ysed in
organi ¢ polymerization solutions and therefore has a
particul arly marked 30 react|V|t¥ which | eads to

pr ¢PoRRAT ISR hetustal P 1BRSiEE
bebﬁwwmﬂetbelpm@ﬂSIWhD@hnEWHihCBH@OHKdepHTBﬁ gfiensdi agd

€t ifantiziHesbVEheten to

glve rise to direct precipitation o

25 0f gkgﬁgﬁ 'rE!eQ d akorﬁ;?f@éeelé% pLocegds m@&g%i?n@,hkxh
s?é

noW@Bn
tramspt i onrhiet al igenedak|y pirecipit ates, outthdltme1ymer

fo%@hh?t¥%¥&¥b'tFHQSnQﬁ%QuH§§dM% %@eeﬁ&ﬁr%h oﬁ%cular
coppe

BPRF s EFOI W et dihSc HFFOENASE PHemeans of

nmerization: for exa ,in t1e case o

Cul?lgtﬁcﬁl%ﬁrkhﬂﬂ}onUnder the condition that the

30tranS|t|on metal is oxidized sinmultaneously, for

35

ﬁnﬁlguPXrl %ﬁéﬁ%ﬁééénhéq dféfn.éﬁﬁh%d%lst?ébgglon are
uri c aci rans |on me
understood hereinafter mean the values of the

molecular weight and the molecular weight distribution
which have been determined by means of gel permeation

chromatography (GPC or SEC for short).

The term “polymer architecture” hereinafter includes

all polymer structures. Examples include block
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5 additionally precipitates out in the higher

oxi dation state. The inventive addition of said

sul phur conpounds allows the transition netal
precipitation additionally to be effected virtually
quantitatively, unlike this oxidation-rel ated
precipitation. For instance, it is 10 possible, as

early as after a filtration step, to realize o
particularly |ow residual concentrations of the

dditsird N, rret@&agonp%@wﬁe% bel Q@l%ommldsn or gﬁfadlcént
achieve this eﬂ;ect o gflﬂgventlve qggig %
%ﬁﬁ%ﬁkﬁ cdmﬁ) 286u O the active ro t he

pol ynmer chain end, nmust be effected only |n an excess
Tof , phat iexdnpl, e, i1. lieqanvablenést Thie sanms appvéesion to
5@@&%@%% gangds1 quhatwﬁa@a§gt@5ncgml @XRS difluitiGleous
ﬂ% e tranS|t|on fEt&e ag qf<£&§§”dwﬁ{§hprEée”%1%81%” to

S0 o?eqpﬁ? W Se on er nal |
W%Qﬂrmnurar@owﬁ&mmlscaﬂem rVelcPhlc? acht e\}@ecor%}‘%)tsetrlal
sopadrechi Ve sofpd hel ¢wlbansl yi oht nésabncobpkeex. texagyfeynpfthe
st ildigands @il without additional product workup

d\\lz\;%:'gci':cfl;}\r ay tR%”t t'§¥' di eet hgégggir h3RNE AEMETA) 1 the

descri
staff}es(r?aé%ﬁ%%‘et"f%ﬂ% ?‘ﬁﬁﬁr\l)real‘?]tjt?fé tase of |igands

whi ch are present in a biequivalent ratio to the
Tir ansi &i gghreEt Bd1 i BotjBetcapl exi st hirsrdrivient | 06 gadviele,
w%y?ll ' ?Heonéélma\h%q:ot&esst r?%éﬁ)' OQlﬁﬁﬂégnééuH_%?d é n parocess

I cant. deficie
HW? |\ﬂ?)({h%up%nd%ﬁgﬁkﬁﬁplécéﬁesuéﬁ alﬁe H&ng
turgnglz;mm plyﬁtaﬂ-necormﬂ@mtum patymef tgpkutions. At
thevesdmontisel hathd heosell pbubcesspainsisl dispd daredpensive

alﬁglndxe%avcﬂf uﬁ%kfo%ﬁaﬁ‘i@pl e@‘\ﬁ!’é’héﬂné@@ p;OthyWPafs CQﬁ' BHject

%n%g1 t the resid aL i ons_can remoye %
0 (ﬂQﬁ%ﬁ%ﬁﬁ Huree %?ﬁp ? quﬁﬁaﬁlﬁt?ﬁ?c%%sbw feans

bef dimpdlegiard@ict | catlionst | porplscahgd predddisandicars to
kdownot phaves -sulizablan opl easant iodowobawsezdlyieme It
waldl phurecemReuUNGS ac e, obtai aada yA L ¢ eatft@an@t &g@_t(ifatlon
stthe present |nvgn |on |s %h%t§ ff| %Hpval ﬁédual

F&’transition metar: exes ron1 he s ution.

C@PC?I% rgidesss Odc ted .tﬁgfmtS&ttll?él MRRFETt | MEERERS 1 t

possible to reduce the transition netal content with a
sbillhitiadhi on by at | east 80% preferably by at |east 95%

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



10 least 99% In particular enbodinents, it is even
possi bl e by use of the process according to the
invention to reduce the transition netal content by
nore than 99.9% 15 The reagents added to the pol ymner
solution in accordance with the invention after or
during the termnation of p nerization are
preferably conpounds which contain sul phur in

or gani gathyi bound f aumy + Especial méreagfcgﬁabl Yo th'%@%@en—
sul phur. _conpounds useqa{or 20 the precip %atlo

T ARG RE R A TSt T adét (76 HHSCRP CORGTBRCRE 2t
hax@eSRrgr oupsamndTBP npirbanssusllyads | o grubgpstuveey of

partlcuhat byePr efer r eder gamni ceonpeundsi nehaidesitler, a
functional i zed nercaptans and/ or gthgg functi anal

525 L1 o0F BT AN HIC T D TR  CORpBLHHE A oo e
or radieal higllygeoupstaom siintl tangdusi-pasetly | regrudapsrs .

These .hny eihi Vgt 5§ Wrohtpe! | ONald ZRAMBLEEAREANS, £ Himed .
mer capt osi | anes for ‘short, are generally conpounds of
30 the forn1HSR((S|R20(CR3)p)y(S|R2n(CR3)n)z)x

wher ereRY i samanicadlleyl asadictalothavhegponeehro 20veatbon is
035tﬂgQWEaSWQ|QQsﬁ§¥ Q? Eh@egﬁd1€¥8$'8f05 QEQQ@H@dln one

- ESpecial l'y preferre oun s are t hose |n whi ch

Rlngcﬁsﬂlv%F%ﬁn -G tanGPE f@ halogen
r adiceak. aXeI&eﬁb@ﬁdlﬂ&@ml&h&ndxﬁ@m@eIchanhe nwiseciefed

SI&th FEEQ“PﬁeVﬁ%f§hé¥“%é@%”ﬁ§da28 Ebfyfdkﬁﬂcﬂf@%bggked

Preference is diven to al kyl radicals where x
ané‘hﬁeﬁééna%th%tmef"rﬁf]eec%?ﬂ%}lfdﬁr aaﬁs.reﬁﬂawﬁficwaweans of
15pr efrecepteatsomgi ¥ed tsalvsnoditmcttoonall aldoyl tlaei dabsnds

Where %ifadeq 1% &gﬁﬁ@r féhsa%qaﬂglfykoﬁ aﬁlges&s which

having one to on at ons i near,

cyéRi EUsR Bpéhkﬁ%d51¢89%uﬁFWQ?a&r@pr@Feﬁ&HP9d§aéﬁom the

al kybns adi @alsetdaavi ng one to 20 carbon atons. 15 R2

and R2 may be identical to one another or different.

It is also possible for both R2 and R3.to be identical
20 gr dupsietpiln dReh QEE G ffstentaf oBpEPHYE t Rempound is

neaaapt osisl amﬁabaﬁp.@’CItfhd:afbylovR&cﬁndt}% taytifdosrs used

I { h
e T T

cyéFepent 9F, AEXYI | %w%h yl¥Nipt yAte octipe-radically
IS@@ﬁhyfer&ﬂﬁaﬂdﬁﬂeﬁ thﬁopyﬂymdﬁtydtldﬁ(HMﬁﬂltlons of the

25! SRRRE g cA BT Yl B +BECAEYL vo NG, ALSD Y GHAPRALYL cutar
cycl ohe or cyc oal kanes sub stl y one or nore
aIR?Pl@r%ﬁﬁSO the polymer is substltuted, an acid of the

form X-H is released. The hydrogen halide which forms
cannot be hydrolysed in organic polymerization
solutions and therefore has a particularly marked
30 reactivity which leads to protonation of the usually
basic ligands described below on the transition metal
compound. This quenching of the transition metal
complex proceeds exceptionally rapidly and gives rise
to direct precipitation of the now unmasked transition

35 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



25 for exanpl e nethyl cycl ohexyl or ethylcycl ohexyl. In
anot her enbodi nent, R2 and/or R3 may al so be

hydr ocar bon groups havi ng ethereal oxygen or short

pol yet her sequences. Such conpounds are described, for
30exanpl e, in DE 10 2005 057 801. In a preferred
enbodi nent, R3 is |inear alkyi radicals. In a
part|cularly preferred embodiment, R3 is nethyl and/or

et fdergr 0@9@1 3§r 0 ceug@ P 2% MR NuRhet 81 b4k orehQitt OtRe

whi ch in the case of a divalent si

gr&&ﬁnséadogp Fﬁtfllnjfhe W 256 a %%@Rﬁ%ﬁ?ﬁ?u§¥¥yl for
gr ecien@id add umtmdhcthohheofasel rof ca t byr avddignton of
S'lédlpﬂﬁggg ya&§dany1ﬂ%nbekranslélonfromgééf(J %Qm@ound

Preference is |ven to an enbodi nent where y is
nuﬁﬁ@ﬂtﬁPBﬁ%iyt8r§Clphﬁﬁ¥§%w%ﬁ%réBIﬁhe hi%ﬁer s
orlddmaenumberlmﬁemt1vecndduﬂnbavafeaa;dls&ipﬁuﬁuudmpngpds

S' laYL'lo%OLEB% hetween; R, ﬁ\@@'aihsrsegpﬁtagglwpsa@a&ctw%a@&y

eas . Preference Is given to an enbodi ment where z
= fo benﬁéﬁlcﬁe%aaﬂrﬁﬁéhl%uﬁﬁéPElF?BhN?9¥© 8 {ifg pthis
ad®xuﬂatmoa—rékam£iep@eci§1gﬁﬂmnm.|anarumsmbacet03¢: is

1OC°E%%§Q §e%hgﬁ§ %Qgggla %%Qggiqglﬁiﬁk§g%ﬁgﬁd step, to

ounds are commer rea avai | e .conpound
\m.r@ﬁlﬁé@ep@%la<fult%ifdhyst1ﬂWa|re§F@H? i %%%@élt%m@iaﬁa éhe
as tadhest Obn priatEt efcplEhes 16 ashviadw agepef. t hese
conmpounds is their ready availability and their | ow

cost. One exanple of such a compound is )
3- FBr Caesprrep ARYEKSt FidwysiefaRet  whiteh irgesbiwge pyse of
15DegusaasAGpundebombeun@nEbﬁ%NAMXSAﬂﬁbNﬂhflvéﬂxtbEbup at

av%'hl ag&ﬁ el ang alq’{ eeﬁd %%Qt Orpé OEX{%%{:{:ed ZQDnl in an

ethoxy or nercapfopropy met i met h oxy I"ane
(f @efﬁﬁABCRyf Pt cGrarPye r edct]; v§q§FVéh%%t%f e Tthﬁ—e same
Soappllied Bastd asteslidandsheseisonpoutsiss dheamereapsoin

QVQ%R Andpth Fré?h's?{!? 9" QUP, Ar & {EOQH%_&E ahB€.38Mresent
carbon at om((% ﬁ enerap 9
20C0#ﬁe§p6ﬁ8%®90f 1:1, llkew1se only a very small excess of
the sulphur compound 1s required to achieve complete
quenching of the transition metal complex. Examples of
such ligands are N,N,N’,N’’,N’’-pentamethyldiethylene-
triamine (PMDETA) , which is described Dbelow, and
25 tris(2-aminoethyl)amine (TREN). In the case of ligands
which are present in a biequivalent ratio to the
transition metal in the complex, this invention can be
applied only when the transition metal is used in a
significant deficiency of, for example, 1:2 compared to
30 the active X groups. An example of such a ligand is

2,2’ -bipyridine.

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

modifications. In this way, products which do not have



25 silane groups of such a type are particularly
reactive and can thus lead, in the later fornulation,
to a wide application spectrum One exanple of such a
conmpound woul d be nercapt onmet hyl net hyl di et hoxysi | ane
(from ABCR). 30 However, the present invention cannot
be restricted to these conpopnds. Instead, what is
crucial is that the precipitants used flrstly have an
- Slﬂ'n FRURA9Enf 08B @M cadldeddbYURLENs 81 PR MNARIpJuREs are
gﬁnt andltl ons of the 35 polyner sol ution.
Secf’ sai d conmpound has to have a silyl group. -
15 - usuaIIy stated to be 0.05% by weight to 5% by

weigghtrehd talaﬁzaart%@nt £ NveRti resdfie appuptiof tihe tne
sul pgur conmpound ed s not based an t he noponers . but

5y atTiar SRt he OGNt PaE (GiF of T tion metal  complexes
polfywer ithat isohuaton velshadh Shendsodasst kecgobynmer to the

SOlllrlltvjeQE:LoEOIm)éﬁ@y Zat 'Q&saiq;l'evet&h@é@u@@d§hgeai%ntslﬂglon
sum of _dormant and .acti ve %:hal n ends._ The inventive

sufiShar- cOMEHi ngihPect pi tant@@r8, P8r Thi $ 5 poll®”
usedeifardbby nbyarmteduaasal etiits, ampt efiestabpyefle2alnipl dvy at

Oeqlile\égltenb§% nof e Fgaetftqro%ql ¥ b@llngc\%lgn%r;tsl nqltar is even

equi val ents and nost preferably below 1.(05 nol ar
eqBPFaIBAE S, bYThe“sreemﬂ% hgSr eBFaaars arﬁ)(iﬁ?crglé‘fJ stPphbhe
cannbentdomved easilge byhaodidayishngidhe rettb§eqerertent by
filtratign,séeme 15 It is readily apparent to the
person skilled in the art that the nmercaptans

descri bed cannot have any further influence on the

15 poltyrer ssreslgentsheydded adaed tloe t heo pohemrer ssbhuidron in

dur 'c@gﬁggn@é t Q»htther 'Eh@at i%rpglo%hea@géyneéﬂ Z%‘r@ﬂg the

e exception of the substitution 20 reaction
de§€|r1“b]é%|tl©|"’h| QfjBo Wle%a&é& alan? e fERawW dCRmBPunds
t h@hﬁmhecubatamm ght lghwet ridbut insnithé lpol eouhdr form.
W%gggméﬁ tﬂﬂﬁ%lrafblig}(:t ‘tHQé&' gafamg'%oma@%gwnfor

rature, and ting pornt in th
Er ysﬂ%q%pﬁéaﬁéﬂmer%f anarfj%ﬂltn]é?n ar @ﬁF?%ct dras. 2%-
I\/blteanettlcbrt i seredadi lgorgiparent Haovet hesper sprowisi | | edd
i nsg_ggl@gﬁeé a cofr. Sporl;q:ldcﬁl sPf OC%§ whi %@rk%cularly

base I n appa atust usi vel y onaflltratlon
of PERESHEY mer %Jfﬂatﬁﬁ%n CHPTHOURABI enerfeduegsi | ySthYL-
anfdfct helustirdeal - sent#pHmecessd it hotheany ugicedbnalized

25 ”ngf' ‘i%% 2 +§% QEEE‘QdS%{;{{;E‘Eﬁ‘dQOLqMH‘SEi 23LE0Nne or

30

35

pl ants er a vantage 0 e_present invention
[ smPH%tt%BO]t I%W@éué?ijoﬁllﬁ‘blwoﬂsllﬁfr ativh %%%’é’sor a
maxi mum of two filtration steps allows a very rapid

V"O&K%F Ofllji\heq'ltH_Q)eyn% 1%9'—55}&9{‘1&%%%0' 12, MBB¥ans, or
establ i shed Sy
mercaptos:Llanes for short, are generally compounds of

the form
HS-R'- ((SiR% (OR%) )y (SiR% (OR*)m) 2) x

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

atoms, which may be linear, cyclic or branched.

Preference is given to linear alkyl radicals R' having

one to 10 carbon atoms.



In addition, the substitution, the precipitation and
the subsequent filtration are effected at a
tenperature in the range between 0C and 120C, process
paraneters within a cormmon range. 5 To reduce the | ast
traces of sul phur conpounds, adsorbents or adsorbent
m xtures can be used. This_can be effected in parallel
or in successive workup steps. The adsorbents are

kn%e ﬁgm%hﬁr@féﬂecﬁréomp%ﬁﬁﬁgr ablycdfssel pcheady M s
| ica and/ | um nj um oxi de organlc

poIW%&%ggeﬁﬁd Qi vatBa-ear Bon? (2! g2 F\Iorlialdl@% pl us

fromNorit). The renoval of the activated carbon can

al s0 pe k5 gf flecttoedmnaadsmaegtelsfldﬁé ab i Step Qh1y1
inafiltration step sinultaneous with the tranS|t|on

SetFIPUPEMOYRI P | RTE pgloflfiﬁﬂl ar?y &S i GlEME vERTHTRY R'.
t heractereatedisapboani sonef katdeddt oaXhewlpote/ ner< 3 and

Somﬁkbgnaesmgs§oéﬁféekgﬂl§ﬁagqgﬁpghengéiéﬁﬂéfnﬁféEerence

effected by 20 neans of filters |aden wth activated
car5off VRRi th “&Fé”fé’é‘ﬁﬁéPBF‘él ?J;/k%]véqdéﬁlaés(@h@re AKS 5 -
fromPall Seitz Schenk). It is also possible to use a
10C0RBI nald o of 4 heaaddidiign of,ihe,abongs escrhbed, 29
acidi ¢ assistants and activated carbon, _or of

addPEPER 8FOThe Whbve-m5 RRstitefed 43&ldCants béﬁ&‘:hed
fi IREr ahdl oR® tareougle feirbbey Sehaidleml iy It hraatitdavat @dving one

carhop Fﬁp&gsa%ysnventl onr el at est oendgr oup

functionalization of polynmers with silyl groups, the

30 renoval of the term nal hal ogen atons and of the
15tr ahsahd O’ metyalbecanphexesl f tomed |ampalnprenrsalidteoast .

r epar.ed e e . posfsi

AhGh S Fat T Fon L ATRE T be Stk néd bei afry e

hePEPHAFt ePT HOheVRRCh t hed¥ erflinfdiedtons 94PBP R ot 1%5 the

capabtepobs deses.i bisipAFRRaand, herée the présemdy, for

| ”%QQ@F?Q | Do A5L £51Ld €14 VPo ar met'?%tlea%’th%tfeyp§8£¥f

to indicate the great sig I cance an
20 pod§PBFerYses Bf PATRP and‘SHEHEélal sGeof PRy br esBRRTYL,
[ n\tgﬂubpémfplr, t henasprikup nycﬂ@jhreasmondl ngpAYRP  octyl,

r s polynme e
9%«%&%&& e U fllhcel-ggﬁt' F%WgF aad %&%oas\%lexggopggﬂﬁ
ar éaprg%earbéi:%wwrthw%/ et r%ffﬂ%nttﬁé p%géﬁ}ﬂexyl or
ijnwgagb@nkzirrésartyuk&mylteaheayn?drad [ ¢|sm mépet h) apr %bﬁb&ps,
escri e r ere
25 R BT R F L AR B PO S BB el
nmet hacryl ate, et hyI nmet hacryl ate, etc., and acryl ate,
f ornexanptiee fretdydodaakylat er? etdwd/@cr Wat gayet €1so arnsk

w‘ﬁ&Hrgéafgo h%r%“Bs having ethereal oxygen or short
polyether sequences. Such compounds are described, for
30 example, in DE 10 2005 057 801.

In a preferred embodiment, R® is linear alkyl radicals.
In a particularly preferred embodiment, R® is methyl
and/or ethyl groups.

35
o and p each mean numbers from 0 to 2 which add up to 2
in the case of a divalent silyl group, add up to 1 in
the case of a trivalent silyl group and add up to 0 in

the case of a tetravalent silyl group. y 1s any number



10 Mononers which are polynerized are selected from
the group of the(neth)acryl ates, for exanple al kyl

(et h) acryl at esof st rai ght - chai n, branchedOr

cycl oal i phatic al cohols having 1 to 40 carbon atons,

15 for exanple nethyl (neth)acrylate, ethyl
(nmeth)acrylate, n-butyl (neth)acrylate, i-buty
(meth)acrylate, t-butyl (net %acrylate, pent yl
(rf%trla)naca ykat &0 2- stoyd hayd {oeth)aar yd@t &n %tn%@ﬁﬂnent

h) acr | at | | ’ | ohe
m@’%‘ﬁ)rﬁcr yI%t :anyi 2%‘8%‘%%5{?%2 a]rre%/‘ﬁ? ir yI ;:rgo p&r%lerably’
( met ) 8cr gl aepsnd$ oen extamphenienzyfl (et Mmacdrtravelent,

phenyl, Qﬂﬁ&@haﬁﬁylQﬁggﬂeagpb§gsm@é@@e@@beeand the end
unsubstltuted or xz?nnno- to tetra-substituted anylan

5y RdFEHPS; %t afomiERCal ly FPreferende is given ¥
sub&bDGMMemtnﬁuhkaarylates for exanpl e napht hyl 25
(neth)acrylate nnno(neth)acrylates of ethers,

pol yet hyl ene glycols, ropyl ene gl ycols or

m %t GRés 't KECEof ﬁavpﬁﬁ 8¢ 80T L bon At ﬁnﬁhl%ra%%aw &°

t eBr.abydfefendairid gistehadny bate]i cuid hoxy (eoregtchordy ethyte
1o0Methacpyl ate, 1-butoxypropyl nethacrylate,

cycl ohexyl oxynet hyl nethacryl ate, benzyl oxynet hyl

nmet hacryl ate, furfuryl nethacryl ate, 2-butoxyethyl

netrhacrys@at@ially preferred compounds are commercially

2- ?EFQ%Y;tgyéﬂﬁhhbuty%@kﬁnéé'¥h9é¥mﬁhﬂy' aQ 1ndustr1al

acryl ate, 1-et met hacryl at e, 1- et’hoxyet g

neFHQEF§+%&%Fe®t O y At emn?ﬁaé???ﬁ%%n BSP?Ot rs.
15 (ekHybhenegd5 glfycoltheret hykospbend{ netiy) acropledtre andady

D%%MQM[ £ne. agicvcale)lﬂf%wlco% heb&@%t&ﬁgiy' at €sudiies

nmononer selection may al soinclu particul ar hydroxy- .
f uRETPORaT i %édénHPéFéPﬁ?ﬁbr‘?%&rlB‘ﬁEPP%ﬁ%%r which is
neseapt e uneyuosal iAGzedadef ortalef harme alDiYWALY SAB®-MTMO.

Further available silanes are 3-mercaptopropyltri-

he

20 ethoxysilane or 3-mercaptopropylmethyldimethoxysilane
(from ABCR). Particularly reactive silanes are the
so-called a-silanes. In these compounds, the mercapto
group and the silane group are bonded to the same
carbon atom (R' is thus generally -CHy-). Corresponding

25 silane groups of such a type are particularly reactive
and can thus lead, in the later formulation, to a wide
application spectrum. One example of such a compound
would be mercaptomethylmethyldiethoxysilane (£rom
ABCR) .

30
However, the present invention cannot be restricted to
these compounds. Instead, what is crucial is that the
precipitants used firstly have an -SH- group or form an
-SH- group in situ under the present conditions of the

35 polymer solution. Secondly, said compound has to have a

silyl group.

In the free-radical polymerization, the amount of

regulators, based on the polymers to be polymerized, is



functionalized acrylates or nethacrylates, for exanple
al lyl nmethacryl ate or hydroxyethyl nethacrylate. In
addition to the (nmeth)acrylates |listed above, the 5
conpositions to be polynerized may al so consi st of

ot her unsaturated nononmers or conprise them These

i ncl ude 1-al kenes such as 1-hexene, 1-heptene,

branched al kenes, for exanpl € vinyl cycl ohexene,

3, 3l ﬁ?ﬁzhlé%a%edpwp%@e’o §5mkpykvehgg{:' §9bl9t%y|b?n%elght

4- et h ent ene ach onitrile, VIQ%% Lo
foﬁneﬂgﬁﬁl8r9ﬁﬁ%? ABEEREEO 1ntB§r@W€&P5r yF%ﬁesu phur
suhsh@buhedusbyreeeﬁohaWEmgdannahmyln&mb&hmsu@nt gather
th% FA l cgﬁggﬁ’tré or)e)%aé@h% %@E{H¥£§£é@%a@%‘1ve chain

a- et h yrene, substituted styrénes having one or

5rmreé1dél kgﬂp Stst POGEREE oFP YHE A ngPOSYRF a5 ton-active
Vi rylatial uere arcnp- michyd st yoendorhahiogendt edtive chain
st )é%l%ges’Tfigr %%‘}W dT0NQgG! 'h%r°§EM£§ ng precipitants

di chl'or ostyrenes, tFi br onos yrenes an _
t eBF&br GRSty Hens rRfsCer GBFA i1 chrbfidE SHvadents,
2 \plrﬁyflelayblﬁl Ne? mlar equlvalents, more preferably below

qyl p)ﬂrh. l:ne’ % g%glﬂght% | pyrﬁ yri g’lae?é]ﬂ%{ﬂ)hf %Qlow

V|nylpyr| V|ny I ne VInX
py - ﬁﬁdmﬂéalg Wﬁy‘i’%]a?fﬁ:aszol@es an&élﬂbéféﬁ aa
4- vitnyseasiaz olcan2- pet Memoledi nydd imiydanel en(leJn@Mlng the
oxQql | £ur inyLthiophene, vinylthiolane,
vi%yﬁfglazo¥ théxagéfgxazokes and isoprenyl ethers; 25
mal ei ¢ acid derivatives, for exanple mal ei c anhydri de,
15 rraIIei msdeeaaemyémx@!mﬂ de and déesnes,skidrleexdmplae art

%lhn)él Q%nzerfpe%ca @gn a}:g%b&‘?r Eclil({ JJ@r have f‘:lngegurther

roxyfunctlona |ze or ~am no- unctlona
andpéﬁuﬁ@% apfo- tﬂ“@ncﬁqldﬁlﬁlrﬁz sEERd/ e Gt et | ke | §o 3phe
fu@@&yﬁealkiﬁ@t@aﬁpaundnglnoﬁddmtb@n tddasataopolyfretse

carn |SO Pzea erparv?ldchi UC& \@%nt b)%t tth@eysd?)%\éeitﬁtlon

hy &r %m?rand or ‘amno an d7 or rcapto functionality
20andﬁé?taﬁnoldé’fslcﬁlléeﬂunétm@nawt)VIPH f%ﬁltl&ierﬁor the

SughdrBRNOBEr S take, mbokcexanpl € igHy|qi paribdiciens, the

1- 35 dazol
2 PRSP ol TR NI R PRol el icies,  glase

N-Viny hgﬁrroll
3- VirAPEpyEeDl FeRpRra tNesd nydthprol Edamoint in the case
N- wicnyblut yy ol Aactiam phy dihegenat® oliyiglt hicaz ot @stwatred .

amounts

25hydrogenated vi nyl oxazoles. - 19 - The process can be
performed in any hal ogen-free solvents. Preference is
gi Veneevetol benes xgrdhey awERRNEs topridfePeBISPRbgkylLLled

acehatge gthyinace! ald@repiopylingcptodsass keliomess based,
pr ?Reg%ggxagﬁsyjcepr?g, ylxclusively on a filtration of the
polymer solution can be implemented easily in an

30 industrial-scale process without any great
modifications to existing solution polymerization

plants.

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

polymer solution compared to many established systems.



5 ketone, acetone; ethers; aliphatics, preferably

pent ane, hexane; al cohols, preferably cycl ohexanol,

but anol, hexanol, but al so biodiesel. Block copolyners
of the AB conposition may be prepared 10 by neans of
sequenti al polynerization. Block copolyners of the ABA
or ABCBA conposition are p[eg@rgd by neans of
sequential polynerization and initiation with

bi fyncLhQpa od N that Ak st1Budhen pokyaen Ize@tlb@@agaan band
per f or standard pressure, ggduce ressure

nme or
eI Vit & %ﬁﬁagém e%i DAY S 24EPGhS e? A YIRS BEG Fe
i s iuncrlid ialge loetgerer &°C and|320ﬁ©mewe¢96331mdnameters
range 9h, 220Ghon 2 e preferably of 0C to 130C and
nore preferably 20of 50C to 120C. The pol yners
Sobtai ned in accordance with the invention preferably
havi® a rauhtoer - aher agesnol ecakas wef ghtubgtweensf@®unds,

ngﬁkﬁﬁ%&%Qsogg géggkbéﬁg ﬁggéhfgé Q%%f%kaM§édbGHWE§ncan

g/ nol and [t has been found that

th@%mﬁ@iﬁﬂtﬁﬁ &@l@ﬁFaHE%%rPBufPoﬁuF%?%ﬁﬂWﬁNWE3¥up steps.
preﬂﬁwabbprbeh0M/dr6 ke fproef ehabbyibel ave 1. ¢refirdtably

1OI d%%llleY:tggl f’\fo’lm 2t éo Jmﬂmlo%cuéﬂlé@l gha/or aluminium
d

di stributions are determ ned by neans of gel

perd¥é&€r onC ¥ brfat BEF EpRYAT GBEY oFCiShGe §pEPon  (e.g.
i niNdrdttosXuseds Neyorbeélcany ) conpound whi ch has one or 35
nore atonms or atom groups X which are free-radically

transferabl e under the polynerization conditions of
t hdPATRPEPPBRESSOT Th@eacﬁ%‘fﬁtaiiouﬁ%r%% g&fer sy Pe
150 efBectkd SCN aad/ eepiBatd n fieheralicher seepsubtablie a

E%&g%g%§o gk%ge§£H§?{§H46H@'%iéﬁ”ﬁﬂéf¥%ans1t%gn metal
removal. a partlcularly efficient wvariant, the
activated carbon is not added to the polymer solution
as a solid, but rather the filtration is effected by
20 means of filters laden with activated carbon, which are
commercially available (e.g. AKS 5 from Pall Seitz
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-
25 described assistants and filtration through filters

laden with activated carbon.

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

for the workup of corresponding ATRP products.



RIR2R3Si - X, 5RINX2, RIR2N-X, (R1) nP (0) nf X3-n,

(R10) riP (0)-X3and(RlI) (R20) P 10 where X is sel ected
fromthe group consisting of C, Br, I, OR4, SR4,

SeR4, OC(=0) R4, OP(=0)R4, OP(=0)(OR4)2, OP(=0)O0R4,
0-N(R4)2, ON, NC, SON, NOS, OCN, ONO and N3 (where R4
is an al kyl group of 1 to 20,¢arbon atons, where each
hydrogen atom may be repl aced i ndependently 15 by a
hal ogen aton1 preferably fluoride or chloride, or

al nyI of to 20 carbon .. preferably _vi

o OB mhoBes TRoLRie AgT b TG be| Bke  are
ac@ﬁlyflféﬁyﬁntbhewlllv\hkmwrrmyAbefg‘mbmamptled byrel flgsEed
halegen a,tleﬁsu@rr@wﬂctgf@p&éﬂap@%n% tl@lvénﬁ;.a&bo@n 2By
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pr eber a&ia»fnphet Omd O @nd @Rk 8 Py 8f €4 ableyéhglflt Gt HeRED9R e,
at ons, alk¥L grou s having 3 to carbon atons v
si Fyf- gr Hﬁsacﬁ i 1T 2% éﬁﬁx@eﬁﬂﬂgoff§ﬁﬂﬁFe' ethyl
gr egpglabdi netgro@ps, martdeegroupghe @601, OH, ON,

1poal kenyl or al kynyl groups having 2 to 20 carbon atons,

referabl 2.to 6 carbon atons, and no r ef er abl
TO%?I%lW?FCho?Fﬁa#V54m§F¢5F dyl13rea iﬁﬁ%ﬁ %%n? e
grgmpspmhpéh hrévee 2nmmh6acayb@neaxonﬁoandesample alkyl
SUQ%EEEPA@%&f@&é%X'rQﬁyl Q!téﬂﬁgﬂﬂiﬁhaéﬁy| branched,  or

het er cl aralk |, aral kgﬁéﬁ gar I-su stituted
al Réfy?P %ﬁﬁhﬁ?%ﬁy? s g bdve Hhd arxFhypteas,
1SV|ﬁyt whriaghles reuwbyfli t iteedh) byrgheter twbyll -(meoh)acryl-
Ceaabkyly AypS I Re WY &&ﬁ%eceto @LEqulth@nef&x%egwate,

atons, 35 e erabl one ydrogen at om

suBs??T%%egn?Rblﬁﬂﬁ¥ 8hS( pP%FEY bF@e?WlﬁﬁﬁyﬂétSr 2-ethyl-
chhexyhe (mtwecerin) @neymatanreﬂhydnﬂgemmachscmyMatbeplaeeﬂyl

an%@{@fdﬁ&q}aﬂa&e Iugrywsheg ioruﬂ&wacqryq@tee 'Eseaﬁmyl

ydro en atomis repl aced) Ikenyl groups_whi ch have
20 17 (e A oR e 217LY lat o WS BRLR GEl adGst | titTed BYRTIPLe
t ob&nsyibstndtmericsy( ptef er abhynil) sed@dtedylianoa) tbech of

gr QHPCLORSk St g ;@b Lhe s 10 &b~ Bk Ye BfYho- to tetra-
heterocy%%%*f ketyl, acetyl, amne, am de, oxirany

andyt ek arfffh = 078f1431% m =ophey or agomatically
Pr efilesabiuteniot  mgteh tdrary lawesof the RlexdPpland R3phthyl

25 I aghoal sa&ryqataédr OGS, (I8 I g&s&e@' Yor NU:IBEE tB@i‘y—
one of. the radical's s hydrogen.
paf tHeRns | ?lﬁFéi%rreﬁP%Xﬂﬁﬂp§98P§ |%%YQR%§ b@ﬁzymlqtpres

hathessofsSuchaasng- chhl-6oonetdwdst yr enenms, for example

he%@%%éﬁ&ﬁ?b%ﬁ??ﬁ&@!') %ﬁ%ﬁ?% 1a@8”2§{ o tHY:Q (kY€ L nBENEN 1

brom de, br onp-
1- I&W@&fylaﬁﬁenﬂ é%%?ﬁé(prpav%u EGIERACHY R} encBCi ghexyl-

30 fumxymﬁtuylvemetnaczyiubqﬂ| beaeymoxwmeﬁhyu vesthhtehl sire

,ed > pos exa
P nanes Bhch ek, POR bSOy Mglona%%kﬁa?%@fﬂer
2-TH e @6BVénatéﬁtﬁéﬁﬁyﬂaEGbronﬁ LB Yer et®lh-
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Q#Qgﬁﬁ:?H%@easeﬂhogbﬁggﬁ§ylR@%ﬂgcrybaggldgbl Ik’é’hylene
35 glycol) methyl ether (meth)acrylate and poly(propylene
glycol) methyl ether (meth)acrylate. The monomer
selection may also include particular hydroxy-
functionalized and/or amino-functionalized and/or

mercapto-functionalized and/or olefinically



20 tetrachl oronet hane, tri br onoet hane, 1-vi nyl et hyl
chloride or 1-vinylethyl brom de; and hal ogen
derivatives of phosphoric esters such as

di met hyl phosphonyl chloride. 25 A particul ar group of
initiators suitable for the synthesis of block
copolyners is that of the r anitiators. These
feature macronol ecular radicals in 1 to 3 radicals,

pr ef.aeabbyaili 1y Za&@ﬁ&%lssaoraﬁﬁjem&yﬂ%%fegr aQbY |e&aﬂqple

o PR Ra AR R Rt S The g RibA BT Che

pol yol ef i ns such as pol yet hyl enes or pol ypropyl enes;

polms'ald@s@a%a, R0 y§d heéﬁmétﬁ}l&@rﬁﬁatf&l yﬁiéwécengb&m dethe
g ¥gr (%$en oxEde eigers such as pol Iactlcof
aC| bt SwnP@n®S VB b32%8 et FORAI i gt
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ha\iﬁc@uﬁ@l ecitl ain eight, het wegn, 00, aﬂ%é&%ngoobranched
rably hetween 1000 and. 50 000 and nDre fera y_

re
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alsoOpgsgakﬂ&emeohusels@uxbobUﬂ&lenenac#fmﬁﬂhymﬂlesemhenh,
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ein form of a bronotel echelic. g

e OFRFEISEORE SFYERRS: t JPBSCE LUt pobiti®w | eving an
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bi- or nmultifunctional initiators
mulPETHoh ot 9Tt Patst ﬁB‘P%Eh‘F‘é%“tsi t°“1 &hogdnpt eSuch
15 f oas exanply,tolloeh® syamidesipzeeshalspptgmers. hdilbhenated

bi fppesianal 44y tiglor 100! 86HLES) o dst S DRSS bhgcworo—
pregare tri- and pentabl ock copolyners and tel echelic

pof Yﬁﬁ@?s'Thetﬁﬂpﬁﬂﬁ???ﬁﬁﬂnﬁsnlt?ﬁ?or LS i TrEy Sherenes;
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XQb—EE:OﬁZhr(eCI—Q) NOCviAy 1 € z QH3CHX- 0R2vifh§@H2 hrbafXl e,
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I BandBionalized and/or amino-functionalized and/or
mercapto-functionalized and/or an olefinically

30 functionalized compound. In addition, these copolymers
can also be prepared in such a way that they have a
hydroxyl and/or amino and/or mercapto functionality
and/or an olefinic functionality'in a substituent. Such
monomers are, for example, vinylpiperidine, 1-vinyl-

35 imidazole, N-vinylpyrrolidone, 2-vinylpyrrolidone,
N-vinylpyrrolidine, 3-vinylpyrrolidine, N-vinylcapro-
lactam, N-vinylbutyrolactam, hydrogenated vinyl-

thiazoles and hydrogenated vinyloxazoles.



or p- XCH2-Ph-CH2X, o, - m or p-CH30HX- Ph- CHXOH3, o, -
m or 25p- (CH3) 2CX-Ph-CX (CH3) 2, o, - m or

p- CH2CX2- Ph- 0X20H3, o, - m O p-X2CH Ph-CHX2, O, -or

p- XCH2- 002- Ph-0C (0) CH2X, 0, - m or

p- CH3CHX- 002- Ph-00 (0) CHXCH3, o, - m or p- (CH3)
2CX-002- Ph-QOC (0) CX (CH3) OH3CX2- 002- Ph-OC ( 0)
CX2CH3, 0, - m or p- X2CH 0Q2- Ph-OC ( 0) CHX2 or O,

- e C@r@c&%QZ Ehin SGZX ﬂf%r%@dChhﬁrl£ﬁy kHéMBg@% @Ghee

[ od| his nyl ene Rr
s enES PR 500 Ak Bon Bl creL R iy o6
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?3638 more aromafics or is aromaﬁl C-

BP0 1 oR 30} P of GGG 1 < GLBRRTES | Prelerinly
usip@gllane but heedhol didlzdicdrn- 2prethydiplkopi @rdtodexanol,

L, Zuebhyh eneglacol digh2- B 9805 ZodRIpAl Propi onat e)
di et hyl 2, 5- di bronoadi pat eordi ethyl'2,3- - 23

converted, the later nol ecular weight is determ ned
f r Bivothe coabl pnefs | of t e OkB t commrmiIrELD @atvalbpgstogebered

10ATR ﬁ%gngegg'E@Quéﬂkf;F”BolgﬁgrngQﬂ@n5 Bk %%%%lymers

Predom nantly cop r co | exes are described - oOth
cofpolmifs Afs @ &SthdS8 8FSi PORP2EDHAPY, means
chloém waqu@amgameS@,ollymbybd@nmn sehder inithetion with

pakh 2gdhum o4 frodium; spbati num  rut henium iridium
ytterbium samarium rhenium and/or nickel. In

general, 10 it is possible to use all transition netal
15 coﬁpeund&lméchzamprf oroa@ rbdoxpeycbenad t hat he standard

'nb&b@&@feorrkagcpgl¥H%ESEP@|Q) éf%nggﬁ.apressure The

transferabl e at om group. For thls pur pose,” copper_ can
be PSUYPT T B 1P hetTRGAEH I for Weanpte, BRaFt} h‘galfroni[n
CugbnetaBr, i€uC s, Chlowe@aN3, iIb the range of -20°C to

Cl@@b' SUCH, SRR, (NGB, @@FQOO%WCQ%%OQ@(SE%@QQ%M

One aI tgrnatll\/zeO to the ATRP described is a variant
of

20
The polymers obtained in accordance with the invention
preferably have a number-average molecular weight
between 5000 g/mol and 120 000 g/mol, and  more

25 preferably between 7500 g/mol and 50 000 g/mol.

It has been found that the molecular weight
distribution is below 1.8, preferably below 1.6, more
preferably below 1.4 and ideally below 1.2.

30
The molecular weight distributions are determined by

means of gel permeation chromatography (GPC for short).

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

include the following formulae:



thereof: in so-called reverse ATRP, it is possible to
20 use conpounds in higher oxidation states, for
exanpl e CuBr2, CuCl2, CuO CrCl3, Fe2O3 or FeBr3. In
these cases, the reaction can be initiated with the
aid of classical free-radical fornmers, for exanple
AIBN. This initially reduc_e?dhe transition netal
compounds, since they are 25 reacted with the free
radi cal s obtained fromthe cl assical free-radical
for eSS, Reverse ATRP has al so been described, inter
al |Ra §; ng and Matyjaszewski in Macronol ecul es
(19@6} Ved,. 28, p. 7572 ff. 30 A variant of reverse
ATIgPRzRgsghxnt of the additional use of netals in the
zerQ oxi dation state. Assumed conproportionation with
t h& Y¥ansi t | on nmet al conpounds of the higher oxidation
st af ®*Nbixi, ngB' JalPd0l n8acol erati on of the reaction rate.
Thi §1(9)r @q%§s x s described in 35 detail in WO 98/40415.
of transition nmetal to nonofunctional
|n|aflfiat(3r Rsob%ﬁ%)rﬂaP(I'y within the range of 0.01:1 to
10:1, preferably within the range of 0.1:1 to 3:1 and
%ﬁerengr%sorseetfé@é@dy ﬂ‘&h'&é hgrwpg@o@; socérgl dp Cb

Intention that
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These |igands can form coordi nati on conpounds with the
nmetal conpounds in situ or they can be prepared
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”abengéénégﬁyﬂ#%RQHexEgh8£9§§§’Qﬁhﬂhsokalides such as
tetrachloromethane, tribromoethane, l-vinylethyl
chloride or l-vinylethyl bromide; and halogen
derivatives of phosphoric esters such as dimethyl-

phosphonyl chloride.

A particular group of initiators suitable for the
synthesis of Dblock copolymers is that of the
macroinitiators. These feature macromolecular radicals
in 1 to 3 radicals, preferably 1 to 2 radicals, and
more preferably in 1 radical from the group of R!, R?
and R®. These macroradicals may be selected from the
group of the polyolefins such as polyethylenes or poly-
propylenes; polysiloxanes; polyethers such as poly-
ethylene oxide or polypropylene oxide; polyesters such
as polylactic acid or other known end group—
functionalizable macromolecules. The macromolecular
radicals may each have a molecular weight between 500
and 100 000, preferably between 1000 and 50 000 and
more preferably between 1500 and 20 000. To initiate
the ATRP, it is also possible to use said
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fl oor coverings or in packagings. They may al so find
use as dispersants, as a polyner additive or as

prepol yners for pol ynmer-anal ogous reactions or for the
formati on of bl ock copolyners. It is preferably
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25  p-(CH3)2CX-Ph-CX (CH3)2, ©,—- m— or p-CH3;CX;~Ph-CX,CH3;, o©,- m-

or p-X;CH-Ph-CHX,, o,—- m- or p-XCH,-CO,-Ph-0OC(0)CHX, o,-
m- or p—CH3;CHX-CO,-Ph~OC (0)CHXCH3, o, m— or p-(CHs),CX-CO;-
Ph-OC (QO)CX (CH3) 2, CH3sCX3-C0,~Ph-0C(0QO)CXyCH;, o,- m—- or p-
X,CH-CO2,-Ph-0OC(0Q)CHX; or o,- m~ or p-XS0;-Ph-S0X (X 1is
30 chlorine, bromine or iodine; Ph is phenylene (CgHg); R
represents an aliphatic radical of 1 to 20 carbon atoms
which may be of linear, branched or else cyclic '
structure, may be saturated or mono- or polyunsaturated
and may contain one or more aromatics or is aromatic-
35 free, and n is from 0 to 20). Preference is given to
using 1,4-butanediol di(2-bromo-2-methylpropionate},
1,2-ethylene glycol di(2-bromo-2-methylpropionate),
diethyl 2,5-dibromoadipate or diethyl 2,3-

dibromomaleate. If all of the monomer used is



[§;]

25 by nmeans of an elevated pressure filtration. The
mean nol ecul ar wei ght and the nol ecul ar wei ght

di stribution are subsequently determ ned by GPC
measur enents. The copper content of a dried sanple of
the filtrate is subsequently determ ned by neans of
AAS. 30 The remaining solutigg is adnmixed with 8 g of
Tonsi | Optinmum 210FF (from Sudchem e), stirred for 30
m rcane rsehs equent |l)ét§air| tlﬁl@?;uu%&pu@éus(ﬁ% a%;i V@%@;}mined
car filt AKS, 5. f.r.am, Pa eitz Schen under
elégggé§h§5%%Fé%s%$ég1 éngghgﬁd?O??ﬁfﬁbrnation of a
col ourless precipitate could be observed. For further

analatsilysta Sf_ajm:czemg _takalés c&@aiid&ei:l? iitr§0<t1@ér@.d- fdzéﬂﬂ.e 2001,
copper ent,_of a. dri sanple o e_secon .

fi ﬁtpbﬁét %%igg'a §8do@lr2‘§ltaydectog;% H nEGTBY S HEary iSRS Ped
and actPey nE@speeneat dlsoundesd akenlugkarpplose2 &f Airon,
j acdeptaed, vessehi gy RRRdamddd) ShdTfRlenuersTarRRLer zinc,
reflqﬁ %ondense%? nitrogen inl et tubetggd.droppL%% :

f ufrver “was™ ni t5Q ﬁymChaﬁgg&lﬂﬁﬂer NP REROEBher & it HY
7. Yt§easbippt hyhmampthac myleaten 25d8cy micknit.ylInagenatre],

1010iQ. 21 pbssoPRer€d) ueXi de1and 6is3 tqdoRf MBVRETAcnERENds

solution Is stirred at 60C for 15 m.n. Suhsequently,

ot "THERoSRE ToRBefafaret OVaF ¢ LAE BitaAedrsl OF the

di F2lymenocRaiet Wyl pr opiorat ejaistadded. aThe girrbtor eFor

I S t3tikl bedpdde /OGS %a@ob¥n§Ebéﬁié§”k5'ﬂﬂ% %@s%eﬁ, for
s en fo

h 15 and_th | GPO
e dSaPBRENt = CPirerBdr tBr™ 2983 of SREbutGH acr Gt e G

15ad@edClnd tIwe€Npi xtTUND2i s STUNOsed &UBFOC f 6n (8HfGOQ)heror

20

25

30

35

90 ci(ar,¥d)er i ntroduci ng at nospheric oxygen for
approx. 5 mn to termnate the reaction, 0.25 g of

3-nmer captopropyltri -
One alternative to the ATRP described is a wvariant

thereof: in so-called reverse ATRP, it 1is possible to
use compounds in higher oxidation states, for example
CuBr;, CuCl,, CuO, CrCls, Fe»03 or FeBri. In these cases,
the reaction can be initiated with the aid of classical
free-radical formers, for example AIBN. This initially
reduces the transition metal compounds, since they are
reacted with the free radicals obtained from the
classical free-radical formers. Reverse ATRP has also
been described, inter alia, by Wang and Matyjaszewski
in Macromolecules (1995), Vol. 28, p. 7572 ff.

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

The molar ratio of transition metal to monofunctional
initiator is generally within the range of 0.01:1 to
10:1, preferably within the range of 0.1:1 to 3:1 and
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25 N,N,N’,N’’,N’’-pentamethyldiethylenetriamine (PMDETA) ,
tris(2-aminocethyl)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

30 by the person skilled in the art in WO 98/40415.

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

35 to the reaction mixture.

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
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Exanpl e 2 Conparative 1 Mononer MVA MVY n- BA MVA Cu
concentration (polynerization) approx.5.5 ng/g Sul phur
compound 3-ner captopropyl tri- methoxysilane -
Adsorbent - - alox/silica Cu concentration (2nd
filtration)

- 25 -

general, the molar ratio is in the range of 100:1 to
0.1:1, preferably 6:1 to 0.1:1 and more preferably 3:1
to 1:1, without any intention that this should 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 wused 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.

For the inventive silyl-functionalized products, there
is a broad field of application. 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 binders 1in formulations for hotmelts, adhesives,
elastic adhesives, sealant materials, heat-sealing
materials, rigid or flexible foams, paints or
varnishes, moulding materials, casting materials, floor
coverings or in packagings. They may also find use as
dispersants, as a polymer additive or as prepolymers
for polymer-~analogous reactions or for the formation of
block copolymers. It is preferably possible to produce

adhesives and sealants with the new binders.

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

two-component formulations. In two-component systems,



0.2 pg/g 0.3 pg/g 20 pg/g Equivalents relative to Cu
1.27 1.27 - M (firststage) - 6900 - Mwv Wh (first
stage) - 1.19 - M

10
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for example, coformulation with silylated polyurethanes

is conceivable.

Further customary constituents of such formulations
are, as well as the Dbinders, solvents, fillers,
pigments, plasticizers, stabilizing additives, water
scavengers, adhesion promoters, thixotropic agents,
crosslinking catalysts, tackifiers and further

constituents known to those skilled in the art.

The examples given below are given for better
illustration of the present invention but are not
capable of restricting the invention to the features

disclosed herein.



(before purification) 8200 8500 8800 MvW Mh (before
purification) 1.21 1.17 1.20 Mh (after purification)
8200 8600 8900 MM WMn (after purification) 1.31
(dimerization) 1.18
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Examples

The present examples were based on the ATRP process.
The polymerization parameters were selected such that
it was necessary to work with particularly high copper
concentrations: low molecular weight, 50% solution and

bifunctional initiator.
Example 1

A jacketed vessel equipped with stirrer, thermometer,
reflux condenser, nitrogen inlet tube and dropping
funnel was initially charged under N; atmosphere with
10 g of methyl methacrylate, 15.8 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
at the same temperature, 0.47 g of 1,4-butanediol
di(2-bromo-2-methylpropionate) is added. The mixture is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 0.25 g of 3-mercaptopropyl-
trimethoxysilane is added. The solution which was
greenish beforehand spontaneously turns reddish, and a
red solid precipitates out. The filtration is effected
by means of an elevated pressure filtration. The mean
molecular weight and the molecular weight distribution
are subsequently determined by GPC measurements. The
copper content of a dried sample of the filtrate is

subsequently determined by means of AAS.

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

a dried sample of the second filtrate 1is also
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1.21 MVA = nethyl nethacrylate; alox = alum nium
oxide 51t is clearly evident fromthe exanpl es that
the already very good results with adsorbents to
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thb?@&bﬁftagfe%ufaout!t +15e eﬂﬁ@fgt omd herpesuld Sbf%eans

hat 35 correspondi ng sulphur conmpounds
bagédaBneﬁﬁgaF?%n%¥??%HF%nﬁ%ﬂtﬁﬁSﬁﬁBUnaheeW€ﬁnu§€éeFﬁlar
anwei¢h@as nahd eumessmolénuiaﬂ)\mawgheffwdsemtbutlon are

25 pr@?é@é%@édt@'} ad .2 hi gl ﬁ?géﬁ@ J[ temea' trﬁ@t L9Pser

30

35

so evident fromthe exanp

po%%?ﬁﬁ% MA?E tﬁ|o|r1ed sample = of the flltrate is
subsequently determined by means of AAS.

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

undertaken.



- 32 - functionalized reagents to realize nore
efficient renoval of the transition netal conpounds
fromthe solution that is possible through an al ready
opti m zed workup with adsorbents. 5 It is evident from
t he conpari son of the nol ecul ar wei ghts and nol ecul ar
wei ght distributions before %g]d_ after the workup that

t he net hods enpl oyed, with the exception of the
Ssukshbh¥ht ofe Afxdripa cend groups, have 10 no influence
on the polyner characteristics. In Exanple 2, an

addi tional high nol ecul ar wei ght signal was detectable
i N2t i dBRCene awsefequibped ive tat tytiibureabl ehtegmoneter,

di nRkehgat | ofhffnehai Ngit 0ok M;iSh-@ S@ul@@ndagncﬁn@rbﬁpﬁng
further i ndi cati.on gf su ubstitutio

Sundérraty "efordgé teéondi € 8ﬁ§eds&8ﬁea ¥ e rospRoe | ¥ith
avaiodgblog. meth33 -meChaicmgldte Prd6e8sof of preparengtate,
poloy LS ¥ thy §b£¥l zﬁn%ﬁ&upgnﬁ margacg@rlmqw The
t hat _hal ogen a pol yner chai n ends ar

subStPELPRd By Sﬁééﬁgdoﬁta&cﬁ)l £ di?Tofl A g tasrhllbéequently'
si byl - thact sanal i tzedesultpiey cOnpound ¢hr dughrbatenediol

1012 ra&%eﬁr&ﬁ@iﬁ%{et@@w%{ﬁg@&&&n l(sATaBi%)ed 1612 mE&eﬁfsésls

15

20

preparing_polymers with silyl end groups accord
toséllér’fﬁﬁilatcﬁgrﬁctféﬁ Fedlymefagation “time of 4 hour

After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 8 g of Tonsil Optimum 210 FF
(from Siidchemie) and 4% by weight of water are added to
the solution and stirred for 60 min. The filtration is
effected by means of an elevated pressure filtration
through an activated carbon filter (AKS 5 from Pall
Seitz Schenk). The mean molecular weight and the
molecular weight distribution are subsequently
determined by GPC measurements. The copper content of a
dried sample of the filtrate is subsequently determined

by means of AAS.



10

tr

ansiti on net al

conpounds are renoved from pol ymer 15

solutions by precipitating the transition netal
conmpound by neans of addition of a sul phur conpound

and then renoving it by nmeans of filtration.
Process for preparing polyners with silyl

e

3.
nd 20

groups according to d ai m_1,3d:h_ar acterized in that

hal ogen atons are renoved simultaneously from pol yners
by rsyhstituting the hal ogen atons to an extent of nore
than 90% by the addition of the sul phur conpound. 25

4, Process for preparing polyners-wth silyl end
gl axpspaecor di ng toELGmpla 3, charjacdeepilzed || Corgratative 1
h%ggggegtfa_rris ?_re r‘ "Sd. si nmul tfmgil_gAfrobmlzpolynFrs
30—by—stbst+tutingrthehatogen—atons to—an—extent—of
mpCE FRAASYEYRTHPY he addition GPPERE-shil pHIE Tonpound.
5| (Boocrssiforidaeparing polyners with silyl end
gnQups, 35 charac erl zed 1 n tQat ]lqu_sul phiur
co%ﬁgﬁ%g YoM A% rrsmelrcta@t:?pafjgyiﬁe sane sul phur
conpound and al |l threshquvedéssest eps proceed
simukbapeQusly. -1 34 - 6. Procegs for prepafidisilica
P E%ngggcggéggﬁygnylO?{KLg/g 0.3 pg/g |20 pg/g

(2nd filtration)

Equivalents 1.27 1.27 -

relative to Cu

M, - 6900 -

(first stage)

My /Mn - 1.19 -

(first stage)

Mn 8200 8500 8800

(before

purification)

My, /My, 1.21 1.17 1.20

(before

purification)

My, 8200 8600 8900

(after

purification)

My, /My, 1.31 1.18 1.21

(after (dimerization)

purification)

MMA = methyl methacrylate; alox = aluminium oxide

It 1is <clearly evident from the examples that the

already very good results with adsorbents to remove

transition metal complexes {in this <case copper

complexes) from polymer solutions can be clearly

improved by the preceding precipitation with sulphur

compounds.




groups according to Caimb5, characterized in that

t he sul phur conpound is a nercaptan or another organic
5 compound having a thiol group. 7. Process for
preparing polyners with silyl end groups according to
G aim6, characterized in that 10 said sul phur
compound has an additional _fypctionality. 8. Process
for preparing polymers with silyl end groups according
to Caim?7, characterized in that 15 the further

functionality is silvyl. .end .gr oup. 9. Process for
or eiist (200 SEPYRe? SR TSy [ Se RACEFOUMR HCtard N YEoPY
O ahn@ctehar aey erviazagugn ¢drsttiz@ents of the worked-up

thqﬁgbﬁggrggmp@y@@§aresi!yl-functionalized_nercaptans
5?2&%)if%%rg¥k%egg}%%%F%§%§%g:(%ﬁg)r%% %n%%ig%gate which
forms on addition of the sulphur reagents exhibits, at
< 10 ppm, an extremely low sulphur content, so that
precipitation of the metal as the sulphide can be ruled
out.
10 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.
15 This corresponds to 65% of the sulphur content used or
approx. 90% of the sulphur content which would have
been expected in the case of a theoretical complete end
group substitution with complete avoidance of preceding
termination reactions.
20 3.) The second, colourless precipitate: both ly  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
25 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.) In the NMR analysis, a shift of the methylene
30 protons present in the a-position to the original thiol
group was detectable. This is a clear indication to the

formation of a thiocether group.

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

the examples that it is possible with  thiol-



Rl is an al kyl radical having one to 20 carbon atons,
x is froml to 10, R2 and R2 are each al kyl radicals
having one to 20 carbon atons, 30 o and p each nean
nunbers fromO to 2, which add up to 2 in the case of
a divalent silyl group, add up to 1 in the case of a
trivalent silyl group and gquqp to O in the case of a
tetravalent silyl group, y isS any nunmber fromO to 20,

35 f%m@%@@ﬂg§1£)éh t hﬁeﬂjﬂm;%r of trisa 1076t etfoaval %‘ﬁfalClent
.e. branchi Si | groups bet ween P2 and .t he e

Ut GEBSVARG 95 kel chet S o GHET b FOARAUH Sy & e nthe
fr@mﬂ@tuon3thand1addoaplbbe3threu¢§5an diFealyocessnf ped
Pr &Rk, R0y PEh VARSI S pMtl silyl end groups according to
G aim 8, characterized in that
thesulphurconpoundsare3|lyl functionalized 5
nercaptansevifiehhe frommutlae HSoRparison of the molecular

((§ QQQQR%)AB) %@'e&ﬁg%%)% %%E?lb&@lcﬁlls ' 1§e§<51re and

radi cal having one to 10 carbon atons, Xx is fr
1 taétgr I’Q@eaﬁ@rﬁé@par@aé%cW? | REBROGT KGRt Atfidbral €1 th Phe
haexrgpronent of 1@hearshbatatonbson coAindheg eadhgmeaps, have

10 nug‘ger Sinffrlglghget Oo% Whéh%h aggﬁﬂr%rt 0 c%aracteristics . In

15

Example 2, an additional high molecular weight signal
was detectable in the GPC measurement. This 1is
attributable to dimerization of chains to form Si-0-Si
bonds and is a further indication of successful
substitution. Under dry storage conditions, such a

dimerization is avoidable.
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15 in the case of a divalent silyl group, add up to 1
in the case of a trivalent silyl group and add up to O
in the case of a tetravalent silyl group, y is fromOoO
to 3, and mand n are each nunbers fromO to 3, 20
where mis 2 or 3. 11. Process for preparing polyners
with silyl end groups according to Claim8,
characterized in that 25 _ 33 o
thesulphurconpoundsaresiIyl-f%nctionalized mer capt ans
©FatR fornul a H8- R1-(8i R2, (OR3) m 30 where: R is
-CH2-, -CH2CH2- or -(CH2)3-, x is 1, R2 and R3 are
ach netbyésandfer ebhybaghiedPs pcARthdPsANGyIteacdl IERAN end
QH&? [s fromO to 3, 35 where mis 2 or 3. 12. Process

or réggrlng olymers with silyl end groups accordi ng
tReerarer1dedchar Beekrized in that - 36 - the sul phur
lrohpeemd ait smgeradappohernay | miiehiyl dirdhorye substituted by

means of addition of a suitable silyl-functionalized
sulphur compound through atom transfer radical
polymerization (ATRP).

2. Process for preparing polymers with silyl 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 a sulphur compound and then
removing it by means of filtration.

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

characterized in that

halogen atoms are removed simultaneously from polymers
by substituting the halogen atoms to an extent of more
than 90% by the addition of the sulphur compound.

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

characterized in that

halogen atoms are removed simultaneously from polymers
by substituting the halogen atoms to an extent of more
than 95% by the addition of the sulphur compound.

5. Process for preparing polymers with silyl end
groups,

characterized in that

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

simultaneously.
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si | ane, 3- mer capt opr opyl t ri net hoxysi | ane, 3- mer capt o-
propyl tri et hoxysi |l aneor 3- ner capt opr opyl net hyl -

di met hoxysilane. 5 13. Process for preparing polyners
with silyl end groups according to Caiml,
characterized in that t he sul phur compound is
added after or during the 10;ferm nation of a

pol ynmeri zation. 14. Process according to Caiml,

charact erbzeds i rfc;ﬂqabrteﬁgriﬁ@nsg%c;lﬁd'ér@e: abtgompoynd end
polynerization Is a

used as a cata
COG&@PPSI?Bﬂor%%H%ﬁF)Cgﬁﬁg um nanganese, nol ybdenum
si loheracientzegald ddiakm rhodi um platinum rutheni um

I r It@kleu Bu1¥hher BbM u§@n§£ | 41nhe £ BN M AN QY HRirCkRlani c
nmpound. 20 15. Pro according to Claim 14

ch&PQ@PBP?zQﬁW%Wth1 1o h&8TPYRnsition metal used as a

catalyst in the polynerization is a copper conpound.
254716. Process qgﬁ9r9k89a££héjfﬁdﬁy%@msCh@{@&t%%ﬁéqd kA4

that the co per. conpound, Cé
CulRsCuen lm NO2, CuBF4, Cu(CH3CO00)

andheracterlzed in that

said sulphur compound has an additional functionality.

8. Process for preparing polymers with silyl end
groups according to Claim 7,
characterized in that

the further functionality is a silyl end group.

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

characterized in that

the sulphur compounds are silyl-functionalized

mercaptans of the formula
HS-R'~ ((S1iR% (OR%) )y (SiR% (OR%)n) ) x

where:

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

X is from 1 to 10,

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

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

y is any number from 0 to 20,

z depends on the number of tri- or tetravalent, i.e.
branching, silyl groups between R' and the end groups
and is at least 1, and where m and n are each from 0 to
3, and add up to 3.
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Cu(CF3C00), has been added to the system before the
start 30 of the polynerization. 17. Process according
to Caim1l, characterized in that an initiator

whi ch has an active group X is used in the 35

precedi ng pol ynerization. 18. Process according to

G aim 17, characterized in_that_the active X group is
ad, Br, I, SCN and/or N3. 19. Process according to

C aiom 18rocdes acidr | pedphhitdatpdiReir8i t Wat®r smyibeend

rm%qfoupg 608%(95}{ funeyi ggag with regard to the active

s according to Claim 17,
ch&hééﬁéiiﬁééﬁeql na faet - 37 -0 the active X group on
t henehai @su&@ﬂﬁrOf fcbappahwer Sat& subsiyiutettdiynbhezed
sulghur Orr%lu;ﬂgto Clainms 1-13 to give a
th oefﬁ@ easeo an acid of the formX-H 5
21. Pr ocess accor d| ng to Caim114, characterized in

t hak-R'- ( (S1R% (OR®) ) y (SiR% (OR%)n) )

where:

R' is an alkyl radical having one to 10 carbon atoms,

x is from 1 to 3,

R? and R® are each linear alkyl radicals having one to
10 carbon atoms,

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

y is from 0 to 3,

and m and n are each numbers from 0 to 3,

where m is 2 or 3.

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

characterized in that

the sulphur compounds are silyl-functionalized

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

where:

R' is -CH;—, -CH,CHp~ or - (CHp)s-

X is 1,

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

where m is 2 or 3.

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

characterized in that
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the catalyst is conbined before the polynerization

Wi th a nitrogen, oxygen, sul phur or phosphorus

conmpound whi ch 10 can enter into one or nore

coordi nate bonds with the transition netal to give a
nmetal -1igand conpl ex. 22. Process according to C aim

21, characterized in that 15 the ligands used are
N-contai ning chel ate Iigandg. 23. Process according to |,
daim22, characterized in Rat the Iigand is .

Hrot oHatdil by WP A K H, Por Rt @i Enel vkl elghoxy-
solaei m 28, netraricer ot ¥ inehaexyhelangand 3gnercapto-
rrermykdr fetdnotyhel tane di nat ed t r ans? tmencawt @b rdyyy trethyl-
doimod tonast y ol a2, 25. Process according to C aim 24,
characterized in that the transition netal is

15 ecppbdad £drbY phephemmyabodfmehe hii@dNdii3A end groups
according to Claim 1,

characterized in that

the sulphur compound is added after or during the

termination of a polymerization.

14. Process according to Claim 1,

characterized in that
the transition metal compound used as a catalyst in the

polymerization is a copper, i1ron, cobalt, chromium,
manganese, molybdenum, silver, zinc, palladium, rhodium,
platinum, ruthenium, iridium, ytterbium, samarium,

rhenium and/or nickel compound.

15. Process according to Claim 14,

characterized in that
the transition metal used as a catalyst in the

polymerization is a copper compound.

16. Process according to Claim 15,

characterized in that

the copper compound, as Cuy0O, CuBr, CuCl, Cul, CuNs,
CuSCN, CuCN, CUNO,, CuNO3, CuBEFy, Cu (CH3CO0O0) and/or
Cu (CF3C00), has been added to the system before the start

of the polymerization.

17. Process according to Claim 1,

characterized in that
an initiator which has an active group X 1is 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 may be mono-, di- or polyfunctional with

regard to the active groups.

20. Process according to Claim 17,
characterized in that
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26. Process according to Caim25, characterized in

t hat the nmetal content in the polyner solution

decreases by at |east 80%as a result of the

precipitation and the 35 subsequent filtration. 27.

Process according to Caim 26, characterized in that

the nmetal content in the polyner solution decreases by

40 at |east 95% as a result,of the precipitation and o

t he subsequent filtration. 28 Process accord| ng

thee aFLITR HreEedPng clthiemShaiinr aeder PLedhen pPIJré(f“ezfé‘ is

stutipes tdlutest sbwr ehebsailpavire IRROIYHerFePRgiapKkyP Claims

ladryy |t egival kykhieehhery wdittds retsasmest gnhnpcid of the

festrers-H.vi nyl ethers, fumarates, nal eates, itaconates,

acrylonitriles and/or ot her nononers polynerizable by

21 3®rddd®ane fr AP @nd/idinm x4 ures of al kyl

A Aates.z < kW dmithacryl ates, vinyl esters, vinyl

t8eh asbafﬂ?rﬁée%onﬁlrl%@t%%fdﬂ;@c@ﬁ‘@t E%’llyﬁklfrl‘%ﬁ%ion with

a%{ d/gﬁiﬁﬁgfrggn g% ﬁoQgty%%HﬁﬁﬂﬁdaJHﬁch
ar% 1{,%” o 01['1% ort 918%% GESRH P D0 %OQCg ggh the

bt al bI e
t GOz H‘ﬁ(%lly t@negéLV Iakﬂe aag'fylfsaqaesd off]e al kyl
rret hacryl ates and/or 10 m xt ur es whi ch consi st
28r- e EG RIS | C@frdﬁnﬂ émeslaikydlacryl ates and/ or
caleRpictratirgsr yinattédslt 30. Pol yners preparable by the
theodégenasc orsgich @ reo Nelcainhallnirsy g ledter T8N 9 t hat

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

24. Process according to Claim 23,

characterized in that
the ligand is removed from the coordinated transition

metal by the protonation.

25. Process according to Claim 24,
characterized in that
the transition metal is precipitated by the removal of

the ligand.

26. Process according to Claim 25,

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.

27. Process according to Claim 26,

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.

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

the polymers are obtainable by polymerizing alkyl
acrylates, alkyl methacrylates, styrenes, vinyl esters,
vinyl ethers, fumarates, maleates, itaconates,
acrylonitriles and/or other monomers polymerizable by
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t hey have been prepared by neans of ATRP, have a
nmol ecul ar wei ght distribution of |ess than 1.5, have a
hal ogen content of less than 0.1% by wei ght, have at
| east one silyl group on one of the chain ends and
have 20 a thio ether group at at |east one of the
chain ends. 31. Linear polyners according to Claim
30, characterized in that_they have been prepared mﬁth o
a bifunctional initiator, 25 have a_halo ontent
mMegds (HarPDRA0RBG/REI GRECHETe I"S’r]rkijiogﬁ§y ACESt h 2 Pyt
meftdiasred@d eand Nave lt hesterd, grotpsl ot IS chdivparates,
rerdsites32. ithneantpsl ynetyreresr dianyr o @imes, zgd/or
othara etoevoimeerts oo yietr itzedyl ehdppe niseers priegdit with a

bi functional initiator, have a hal ogen content of |ess
othar Q. REY bycapighty thawa asind y8,gr oups on both chain
84S arg ihave ithitg,8and groups on both chain ends. 35

% ﬂjbf xﬁérgma}’f@r%b%%ci%%@l%g b9 @A MSZizing styrenes,

jacter g 1been. P £PAy B M thadd/or

LT et or %f ”}E% S‘ES{E ﬁ%%dh%‘i%a%t'l LO9ENSEORERBS, ofy1ky1

“Ran [ ,
5 aéﬁfﬁeanﬁﬁyg §ﬁ5¥ r&ﬁﬁgﬁ%l g? chai n ends and
ave thio en roups bot h d 45 34.
30r 1 Re¥TEyP- t%rgg%’éﬁgiepgwnéﬂgé NSRS ARG s €O

Cdeddr dirng to claim30, adhesives, sealant materials,

chegpciealiizeg Fraat dhiad] s, rigid or flexible - 39 -
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, have at
least one silyl group on one of the chain ends and have
a thio ether group at at least one of the chain ends.

31. Linear polymers according to Claim 30,

characterized in that

they have been prepared with a bifunctional initiator,
have a halogen content of less than 0.1% by weight, have
silyl groups on both chain ends and have thio end groups
on both chain ends.

32. Linear polymers according to Claim 31,

characterized in that

they have been prepared with a bifunctional initiator,
have a halogen content of less than 0.01% by weight,
have silyl groups on both chain ends and have thio end
groups on both chain ends.

33. Linear polymers according to Claim 32,

characterized in that

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

ends.

34. Use of the silyl-telechelic polymers worked up in
hotmelts according to <claim 30, adhesives, sealant
materials, heat-sealing materials, rigid or flexible



foams, for polyner-anal ogous reac tions, applications,
in paints or varn ishes, materials, as casting
mat eri al s, dispersants, as polyner additives

o

- 39 -
foams, for polymer-analogous reactions, in cosmetic
applications, in paints or varnishes, as moulding
materials, as casting materials, in floor coverings, as
dispersants, as polymer additives or in packagings.



