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WD 2008/ 0175221 PCT/ EP2007/ 054669 Process for
Breﬁarlng hydr oxy-tel echelic ATRP products Fie
WO 2 T2 Ati on The present invention rel ates toPtq;E/EP2007/054669
synt hesi s of polyners having hydroxy end groups, 5
prepared by nmeans of atomtransfer radica
pol yneri zati on (abbreviated hereinafter to ATRP). One
particul ar aspect is the preparation of
hydr oxyt el echel i ¢ pol ynet hacryl ates, pol yacryl ates,
or polystyrenes. One very particul ar aspect of the
present invention is that the addition of the reagent

si mul t aneously achi eves, in one process noval
of thegfﬁ‘%%ﬁ r@reRarag hydroxy, 1q f\%ﬁﬁ)ﬂﬁp ucts
pol ymeri zation solution by neans of precipitation, and
salt formation fromthe |igands previously coordinated

. tion metal, this salt formation in turn
Field %?tﬁgﬁ\?ér@@ npl e rem)val of these sanme entities. ATRP

The pr%srqrgt @/\';'ég*& bﬁﬁ_}% gg ?@éc‘ aglﬁ’trhgg Sycgfaé@yﬂg%ﬁgﬂ v%gv}d\)%‘?oxy end groups,

prepa%d pirehbass vf atss, trél’fsf@rofatﬁémf;ﬁﬂmenﬂtﬁcﬂﬁ {atisretibited heremafter to
| ymeri zati on has provi ded consi derabl e Ero gres

ATRPt)oQH?d)aﬂ‘féﬂ@fb?%qt\ﬁeﬂ“@f p&e@iar@tr@uo foardrasytelechgic mbzmethacrylates
tially devel oped by Prof.
polyaﬁ{a@é’ m%hgghe 1990s (Matyjaszewski et al., J.

One ety &%@cularlag%éctﬁgtﬁep&rleéggf mv%%gp bsy\g\/%a[ gésﬁég p%QNlof the reagent

.smult@lhébtﬁé:l?Ub@ﬁhe(/b@n’ﬁh p@héngl”@cdsﬁ tshep, MpEMOVaBSS thiegir@nsition metal

M = from 5000 to 120 000 g/ nol. One particul ar
comp@wéﬁnt@cg@ w@r@qwemtlozo sotut|0§ Bys§18ans O Besinitgtion, and salt

formaﬂcg’lln fﬁnﬂ%ytﬁeh ?J%\ﬂ[)l.ﬂ%&s%rd%e@“oﬁ? tﬁ@%%lwlﬁétal this salt

moreover a li1v

formap@h yern zpetmmﬂng\/elnmﬂﬂe pempivabof thesé aaget eminnes
construction of polyner architectures, exanples being

ATRPY W@Qmm}@@@émnpfcﬁ:egé folr OriepafatRPl WBies vﬁtjéu\fzérwtyésof polymers, e.g.
ropriate initiators can, for exar% al so
pal§y

POIyaQIMIElé%ﬁaI pelymethacsigéesy nef PAyriyENgS riypg. of polymenzatnon has
prowd%@ec‘?ér%tléégloleo ﬁh%ﬁé@% SSwild M?ee oB c\WS Céef Ib%'a gglflﬂ?é?ésﬁe ATRP

are ex er all

methduakmol §lkbétant[némcr davélepedjes&y F\rof M@tyjlaszéwbkl in the 1990s
n, Wi nhei m 1999, 344. Prior art The

(MatYJaéﬂ%ngﬁr?é@d df Agh Gliezp. %P@cé@@%ﬂéﬁ Pn5§ﬂﬁ’rcWO 97/18247; Science,

1996, 273 EL%@?}.;JOE?&S@F@H@& 2980w didtibB2ERMAbERATers in the molar

mass region of M, = from 5000 to 120 000 g/mol. One particular advantage here is that
it is possible to control not only the molecular weight but also the molecular weight
distribution. This is moreover a living polymerization which permits the targeted
construction of polymer arch‘itectures, examples being random copolymers or block
copolymer structures. Appropriate initiators can, for example, also give unusual block
copolymers and star polymers. Theoretical principles of the polymerization mechanism
are explained inter alia in Hans Georg Elias, Makromolekile [Macromolecules],
volume 1, 6th edition, Weinheim 1999, p. 344.

Prior art

- The development of an ATRP process step in which, simultaneously, the halogen at the
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chain end of the polynmer is renoved, the transition
i.s conpletely precipitated, the I|igand i
““)ZQ@%@tﬁ?Zd to an easily renoved ionic form andb?ﬁgEPZOWNO5“m9
chain ends can be functionafized with organic hydroxy
groups, is certainly not prior art. Indeed, this is
true sinply for the conbination of simnultaneous
transition netal precipitation and hydroxy 5
functionalization of the chain ends. The present
i nventi on noreover provides respectively and
individually a nmarked inprovenent over the prior art
chain iendraflthag ipotynbart is remoned, theotranditiore metakbikicoatpleteapebdmitated, the

hal ogen renoval , and alsototran5|t|on t al )
ligandpice GOPVered dA. ar’rh%asﬁ'm famayed HARICH i aHbrthg chain ends can be

functlcgr?a?Qé Réith 8 ﬂ‘% gfd?auﬂé Ol@'derttahﬂ?ﬁof HESF éﬂnﬁrde-éa' this is true

specl |cat| ore restricted hereinaft

simplyt fDrtlfne asrpbrnaé;lonfofemmughaoepué drasisitiomairietalt prempatation and hydroxy
?ﬁ/ag g(g Eﬂﬁatl onal | zed ATRP products. The ATRP

functiofglizauan p RIS redox equilibrium between a
dor mant, speci es and an active species. The active

The Rigsentednyaniiony doreRxelymaridgs FasmestvelpopdeindMidyally a marked

mpro%m@ﬂf 60er i }Sn@r %'?PH S80GE B tb ¥hd ar&{fﬁ?ﬁygoné%tlon and to

86 a transi t1on metal conpound in a
halogexrefabvalpasd alse {cetransitarp pestall pr)acnp]tlahomio‘fhmptlorsmdnlaesnot hitherto

B O L .
restnc@eﬂpI herBmafier rt%slﬂ%‘déé&crté %fsbhuoﬂrdﬁbt Fin&RIFRAEAHA Tard  hydroxy-

| ower oxidation state (e.g. copper . This applies
functidratined ATRE paddUSTRP, which is initi at ed using
(pseudo) hal ogen-substituted initiators, and also to
The Aﬁ’R\FepﬂmeAﬁPbasedesm [53111) 4 adJummeanetretwewg@ ternmant species and an
E_ i.s q onded .to t he pol Yrrer : ,
actlveapgpﬁs F\p|aqtlﬁg S@ Eﬁqsllgyc? Ves gQWipg; &g olymer chain, of which

only al Srh&F BERES RN EReBEMCaRT 38 QQF%’ltldnhr%elf‘eﬂMb@r%blﬂfoom a higher

remains at the respective chain ends after
oxidatiosr ratatet |(e|g of:opm INeathé odormaels speeiasi maefenablpgeresent is the

combiﬁé@cgqs 0 gm—i 98 lrf’ 'f;]ébrlg%p?,%glsw %%ﬁf gl E)'ycaaélsé)@dsohalogen and

the co%%b@h@n'nb't?ér%r ticH hiitalPébrhpbGad iirP B l@ﬁvevloﬁlo%ﬁﬁhedﬂéﬂeade g. copper ).
addi ti on of further npnoner fractions 25 fo

This applies bath ioackial ATHR, whtonclsuné@techuslegr(@géud@)hia{ﬂ@en -substituted

lnltlatqgé(,g%}%li %&%oo \g?évgga%g]ﬁ nceg?wépgg%ﬁnsgﬁt%%aau below, in which the

halogéh 5§2n&6®oﬁ§édtfdﬁthéws?élgm‘élrscﬁém NBHIotHY dqiildrism is established.
However, a problemis-t as is well known to the

Irrespeeiiveaef tf,uz. proeess gelertedarthe htaﬂm atom remains at the respective chain

ends gfef ARRANAIGH & Pid EBAoRN Y TTkss TeffphRLiERoGdy, atpms have many

possiti®| Y&, YMahes spésifieatiohsb elegrilse thig [l@éeoﬁliﬁ@ep}péﬂcﬁ bélymer as
depol yneri zation_ when

macroinitiator after purification or via sequential addition of further monomer fractions

for the construction of block structures. A representative example to which reference

may be made is US 5,807,937 for sequential polymerization and US 6,512,060 for the

synthesis of macroinitiators.

However, a problem is that, as is well known to the person skilled in the art, these
halogen-functionalized polymers are thermally unstable. In particular, polymethacrylates

or polyacrylates prove to be markedly more susceptible to depolymerization when
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WD 2008/ 017522 PCT/ EP2007/ 054669 3 term nal hal ogen
e present. A nethod for renoval of sai
WOZ@Q?@]&E hal ogen atoms is therefore of great %CT/EP2007/054669
interest. A widely used procéss is based on the
substitution of the hal ogens using netal al cohol ates,
With precipitation of the nmetal halide fornmed. This
type of process is described by way of exanple in US
- 2005/ 090632. A 5 di sadvantage of said procedure is the
l[imted availability of the nmetal al cohol ates, and
their costs, and that the process can be carried out

termmmlh/alaééleratcﬁmelérlecaltas@ht OA rhbthodpfdrymeseticoval iof said termmal halogen
separate process step. This nmethod cannot noreove

atomsyISABCHRIPEL Pl GFadMtPEIRL AMCPBNUSEY ATQPaRy ds 6R5S@0BLpe Substitution

of theshgbbﬁﬁs %%E?t ﬁ%@té@m Q{e%é er hqyergﬁa;ﬁta\‘gbﬁ%f therﬂgﬁ?%%ﬁde formed.

f or e su i on o ogen
This dypalest (weeesk) idbtysariveedly vedy adf emlenm UR@@%/CQOGBZ A

disad%)fg"‘nJ é"é)ﬁé%lq\/é?%éggg%\;éz?wi e goéafésﬂgbg&h% IneZ@;pqllcoholates and
their 5§89 'an%ﬁtheﬁ5§1e69§@ces%98§ﬁ ﬂ)@aéérf?é]éjyodito hijCafB! ‘gvoﬁflcatlon of the

conver si ons, are very toxico oglca hazar dous
polymeng| lrhaa/esepamtesprawlssl step. f Dhhisdimedioed h;alim@kymoreover give direct

cti.onalizati and are ensi ve. pr,ocess
functighl 2SR Wi °8 Alkral cordl®: ERTRE) (isiddat s HIES B to other
proce§SRCt fopn tRét %Ubﬁftgdélﬁt of 13haotdmuiRal Tﬁ&og@f«{e@%% UsLides (see
a nercaptan, for exanpl e nercaptoethanol, for

Matyjeszesski uet @n dlacromel.t tapidalCammnugentt 3057 6|8m é%ybeand also

I
phosend Ry34ssubt oA R YAARIRY SEPRRL AR, Chaty, s, 65666
1999)Jead onRafd méomﬁtlétymon%mﬁs ahd did Ve aogieolbally heizardous, and
present jnvention i s the polyner-anal ogous nethod. The

have 9905p@éaiabillefatquoﬁlraefswiim inchipaglizations fand are expensive. These
t y:.aft
proce%%ﬁ&%rﬁ g\g%r%{&vléﬁﬂg %%310§§|yr 'eng%tﬁjl}ﬁ%! a%bfb%%)ngPg%tKW%ﬁer product
work-upesult of this is a second important difference from
the present invention. In said specification there is
The iMenties UgeRt & enerdbpain, foobxaimdle arehptoathdnol tde the substitution of

i nvention, of the_l_grem pitation of the transition
the tefrginal halogep Atams. @nﬁypﬁ@fmtlwomeaﬁtl@muéumgrfnercaptoethanol is
I S 1 AV n
brleﬂyzggélésrlb%gir gél TR SRRNANef 8RAQMF- 8 R8s 9Pl nA‘I BBYR?"Chem.). A

differethes c1fidmn ng\mopﬁsehtl inventlopeid amwcbolyn@p@n}amyoﬂs method The
functionalized bilaterally at the end groups.
specifigptiap iesriad gaEiasneut the sybstitufipnereaction only after purlflcatlon of the

) Cc
ATRP*B?Q&&’C\&]c ﬁ‘répgeédo‘?@ea%@gn %ﬁéﬂg Hl %_ ?'F%gt@?om?ﬂh&@)% g%?%nd important
dlﬁereﬁﬁé frdi4hé pré.’ﬁéht)mﬂzmtlon In said specification there is no description at all
of the effect, as in the invention, of the precipitation of the transition metal compounds

from the ATRP solution through addition of mercaptan reagents. The present invention

‘is moreover unlike the cited specification in describing novel tri- and pentablock

copolymers functionalized bilaterally at the end groups.

Other alternatives are the use of stable, hydroxyfunctionalized radicals, such as

‘nitroxides (see, for example: Beyou et al., Macromol. Chem. Phy., 202, 974-9, 2001) to

trap the chain ends present at times in radical form, or to use targeted recombination of

the radical chain ends for this purpose, with previous use of initiators bearing hydroxy
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trap the chain ends present at tines in radical form
e targeted reconbinati on of 30 the radi
wo Zgﬁgﬁ)ﬂﬁe@ds for this purpose, wth previous usePg?IL/EP2007/054669
initiators bearing hydroxy V\ﬁ) 2008/ 017522
PCT/ EP2007/ 054669 4 groups. Both processes require
additional, tine-consumng intervention in the
pol ynmeri zati on process. An exanple of this is
tenperature increases which are disadvantageous for
the technol ogy of the process. The person skilled in
the art can noreover readily see that said process
groupeei Botr mmebédsatmqucrat adgitionaé ndinad-consunany Ile&ﬂ‘véntﬁm in the

ATRP-t ype pol rs wth narfrow mpl ecul ar wei g
polymefigefiarh ToGRES FXREIB O dNist i demperaikie Am@a(seﬁomhlch are
|
dlsad\z//%rﬁlggé@ﬁs cﬁ’dﬂF%AecﬂHQ!ﬁgy thglb?pl)rg)ggg Tr'iz% ?eﬁ%cgn v\,ﬁ”%ﬁ in the art can
morealer sepdibesea trudttaaid prapess riaither fatiliates, caiélysh rerhoveienor can lead

to ATRBAVES Behah &S e i oRlEen Br VEHaR s TR A S Krd Retoa is often
termeafAﬂaAS(awrﬁcﬁ%M& raatdémgaumens HetHeemeratars. thﬁnaﬁ‘(%fc)ilTRA is the

I's again reduced, is e poor conmer ci al
additiery af reaganits yhigh daeomeagem sity dogivectivaaradlicale, of which one in turn

eve A3, BBy G S E R crin.
d |sad\¢dr1t§@e‘rbf tifis procalne! §lon§§id@ ﬂheQ@ééﬁom $at@e$\ﬁf ¢ RMa@in reduced, is

of exanple_in the work
the pqqm@mmew%lﬁveﬁabw ofdh@geqqen@gggum amdpﬁbﬁyuber@tgn of additional

r 3 )
radlcaE%r\trvgﬁh gﬁh%fpﬁlgv?;%g‘nb&Z%gp%a g?l%/g r%&Qﬁ/O)or %IgeAlead to undesired
oligonwdhii byprwdubtsmﬁmdmrouess & \dbscmbed:wy \fvaysrtﬂ @'xebﬁple in the work of

Sawais (VAAYROLEHIRe S hab Qhat 49BN -biRPidAd SO Part A: Polym.

Chemaoggoqq&gggdglngggent further chain growh. By way of
exanpl e, ol'efins can be invoIved here, and these may

e
A varlgﬁlr eiaA*f'h)A* fsﬁ%%gé?r@; n‘p% afrﬁh%}f/ﬁgﬁnééﬂgw r%onéﬂ]er units which
can fngtlxbllme msorqiolrafﬂed&ﬁy alradiaal rdufe esse fise CNEJhyembat/\men form a stable
i d Commun 20, 127-134, 19
halogq%@% aéneerﬁmrad @sepEdinay pEaveRE fgrt@sar@@lrbygrpm@ By way of

examﬁl@u{nl%ﬁhé‘ c@n d)fﬁ%[\)eaaﬁé naHg tﬂ@se mafwgéﬁé@ \yaﬂhemselves have been

rators an atera sa
functncsmhdeqbrene@sample @fomlaltypmmf wotrtpdljmel paving s htytirdxiyegroup is allyl
ention are. the co | ued res nce of the
alcohay (etaasas MRaRSzENEKWNBEFPET (Ra b GPETRYRY & 1127-134, 1999).
f I Citapd IrQA s ;
Hydrok&ﬂéfe%?%ﬁ%’lc%)ﬁ\g)o'uﬁgtga h B‘é‘ rﬁ%&@[ﬂ tg) 8%;5 rr]dg%t‘:é i %gﬂ)}n‘?@nﬁtlon using
blfuncmalemmursofamjhénlamaln endnd;spl(wgedjlgadl\l/arﬁaged; of said process in

161, Q3-72,
compal\l%on w:ths}/hrrep process o? the mven?o% are the continued presence of the

brominated chain end, which is therefore thermally unstable, the lack of any parallel
precipitation of the transition metal compounds, and incomplete conversion of the chain
ends (see Keul et al., Macrom. Symp., 161, 63-72, 2000).

Another variant of ATRA is what is known as ATRC (atom transfer radical coupling).
ATRC derives from Fukuda (e-Ponmers; no. 013, 2002) and is described in more detail
for polystyrenes by Matyjaszewski (Macromol. Chem. Phys., 205, 154—164, 2004). This
procedure uses, in a first step, brominated initiators bearing hydroxy groups for the
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Anot her variant of ATRA is what is known as ATRC (atom

radi cal coupling). ATRC derives frompFE -
wo ZE} Bﬁf@ﬁe no. 013, 2002) and is described {T}?Cﬁ@ﬂg‘§007/054669

det ai | for pol ystyrenes by tyj aszewski (Macronol .

Chem Phys., 205, 154-164, 2004). This 30 procedure

uses, in a first step, bromnated initiators bearing

hydr oxy groups for the WD 2008/ 017522

PCT/ EP2007/ 054669 5 ATRP of styrene. After product
purification, CuMand a ligand, for exanple one known

from ATRP, are adm xed with the system Coupling of

ATRP @Esttyme; rdten rodsctt pificatibaceu®hand at Ijand) éov ©edrapheséne known
wi th removal of the term nal brom ne

from /ﬁ%@P@,a,r@,aﬁig]uxeqi Nyikh gleoeys[WneQOé@ ingqf jthe two Chatm ends takes place

~ with tﬂ%q{e@é}fa{aﬂ&‘f%ygﬁm'\ﬁﬁq rerﬂb%] Eh@rrﬂ%‘éﬂ Brlﬁh;ﬁgfé}tgﬁig'. fhe original

i sa vantage I's t
lnltlat@ysrh@aat:es afilp| hyambxefurdtipnalized, r pividectteel newnmbkainokends in this

oners. For, e of acryl ates, or
polymbe: HABPYPa L EISEANER TGRS (Bal Preunaie a5 FPRlEapBrenly to a restricted
i e t
numbére%ffﬁxg(? rﬁlélgsa d@%gﬁgﬁ@ba?:oéﬁ)hﬁg{‘%; Sdgﬁ';g@fes be nﬁfﬁé’crylates functions
only whnsrolshed sigremeasegmentst awnincogparatdee ahthg tendnof tffe ATRP. Further

ur,t her co rEo ound ich a qui
disadyaifipgee AN aURRTe Honad Ay Sereraalidonsepig fro additon
of furthér &d@r@fo@h cﬁmdjsgwhm Ayaatrequind b@@bh@éteblﬁéﬁfoval

si mul taneously controll ed polynerization conditions

In cdh?r‘d?sg RAFS ALY "RItEG | AN bildtever 8hBl §ragdl ?urﬂfﬂlonahzatlon under

fragmentation chain transfer polynmeri Zation). In this
simultgnecesly, cohtrolledidipolimerizatioan sfonditisthst cusNG pEART ¢ polymerlzatlon

ich, .i.n thﬁ further cour €. 0

(reverﬁlgl'l:e”ez}%%?& %memﬁﬂﬂnl ghain ra er gp y&% ’[@151 In this process, the

radical 961 teSrFairby t8Sabsddbid IR dcRehit Gathich! W&ﬁ@ffuﬂtﬁer course of the
reagent. During the transfer here, a portion of

polymggaation, ff@lact@(@nlpy way afyexeoxsle reglﬁtqqadm@s @qutn@ﬁalhradlcal transfer
reagefif Oy NBRCEL GRG0 Fray af sRHFCREERG 9Pl (BRGpitfe 2 hycroy-

functl@r%rﬁoﬁm@&rbélﬁ)n’ﬁéwﬁdsxﬁ&nw)at Qe @lﬂbﬁ@dq@ntn:ham eadeﬂ'haluse of these
of Polym Sci Part A: Polym Chem, 43, 95

doublyzo‘bsx)roxyzﬁmtlﬁaﬁbzeCH RAYT angenis 3N thRJeuRAR pW@HuQ,ft gxample in
Lima elétnrblg@”%l’:b é\éut *PzﬁBPPB VPSS, & %ﬁgsb%’@’obsz“' ar

W th yners of € Inventio
t he reduced thermal st abl I|ty of the residues
i ncorporat ed within the polyner fromthe RAFT agents,

ese nostly ipvol tr| I ocar bonat.es.
A majg{ gﬁaq%r@tgggsofatﬁgse) %{9 sy %qmpﬁgso%y\g%ﬁ{'l?gﬂoducts and

in parﬁ&ﬂals o] gQa @%ﬁgbg gxnt@g?%g)%ﬁ}r%%égf:@egﬁ??ﬁ%@?% tH@'r%BuQé!d thermal
stablhtyegfr mdaatemniuesl mcorpuratest withint ﬂnespolymertfmmdhlaeRAEWcﬂgmts these
mostly involving trithiocarbonates. Other disadvantagee are possible color of the
product and the strong odor of residual sulfur compounds, which by way of example can
be liberated during thermal degradation. In contrast to this, the thioether groups
incorporated by the invention into the polymer chain have a markedly greater thermal
stability. The pefson skilled in the art will easily discern this from comparison with the

polymer properties of polymers prepared by a free-radical route, with addition of

‘mercaptan-based regulators.

Hydroxy-functionalized polyacryla'tes, polymethacrylates, or polystyrenes are versatile
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i ncorporated by the invention into the polymer chain
rkedly greater thermal stability. Th
wo Z@@W‘@?ﬁn the art will easily discern this fr?g)ﬁﬁ&ﬂmms“@
conparison with the pol ymsr6properti es of polynmers
prepared by a free-radical route, with addition of
nmer capt an- based regul ators. 30 Hydroxy-functionalized
pol yacryl ates, pol ynethacryl ates, or polystyrenes are
versatile WO 2008/ 017522 PCT/ EP2007/ 054669 6
materi als. The hydroxy group here can have a plurality
of functions. Firstly, polar groups affect the
matenalscTe hydroxeigroum herey sarahdvda aysurdlitr ofefantibres. Fﬂdstiy, polar groups
chani ca mer bl end Furt her

rties of
aﬁeCth&&rW@thﬁsg‘gY@e{}%@Vd ér Anexampl ?e%@ﬁ ierhapica propertles of
polym%‘r”ﬂléﬁc?s idfe, HYY réx;"f1 ﬁa%ﬁv yrn?ﬁor?&éﬁgﬁ {Qlaﬂ% to surface

only adhesion t'o surf
adhesr@rat Thrgsapphelsatnsquaysof bmamalesoot onkyuto‘ adkesidhdei sunfames which is

needdd far SBngs RRUIBGALSE; bb Ity Btk GOHESAE T Yeryrimaij particies,
this bbiMg' 8 reQliteright foRaSdan p1R ok 4R dispeesieh di méms%pypﬁners A third
is as reactive groups. This use is foun

but ngideastdmnpartanhuseat hydrexydnesps issas sa:eartwa@roups This use is found in

partioBRORF | kit HPeSRbapzrealfEl TintSorfATES k! Hirmett adnesive

compb#itiens.i 8ckathe ?oﬂjﬁwdrgtrh@pareﬁNbgyt@\éOpBbc@@thﬁnthe invention have a
consi deration o el ow takes as an

t he ior art
_ rathere'%’n@{déol(mﬁontﬁﬁpéﬁoﬁﬁﬁ’g@f&n Eﬁ)’lhﬁ(ﬁftﬂr%@ 9Waf@l$§3 @etam example the

rmpor%chrggcly’l’ vp@i/(‘?r%{hgécrgﬁ %{‘@ﬁgen}trﬁie\n?ﬁdlé’%h ép}q{gamhdéé’tﬁbutlon in reactive

adhesivgs. oﬂamnnteméed trherghy torshamt tHanrrnprovpntaﬂhtd\@lrltye prior art for a

potenbgglort o n!trrﬁlgog useﬁ? ftg%hpeqlmpogl %s Fesp[aﬁég gg/r 6}% gr)écess of the
mvenﬁ’&h rl-%wé@é“‘rI FhEbxhBIdY 861t r@&ﬁéf tH'éJ AP EohStRUbE oPthe use of
olymers in any way at eact1 ve adhesives

the pdymewlbsara/rwa)sat/\hil ch are soli d at room t enperat ure.
They are nelted by heating and applied to a
Reactbgbatihasiees Ere saubisésmioss abighoard isolid satl raﬂjnf\item;myamre They are
n cool.i ng, fhus bondln t he sgbstr The

meltegpam'ngﬁ%@%@ﬁégr% beltHposhe ,agﬁeglwg&om&sﬁ/ 'hﬁO“d'f'eS again
on cécﬂ‘i@rgﬁ‘ruée%ﬁarﬂ e &Jﬂ%Lr%&é”‘TheT o%rﬂér%cz)?ﬁs&ﬂuﬁﬁsthe adhesive

|rre ar deni ng ese esives are
compaisitien iatsd chyssiialy tidougkamgalcion iwitiSnioistRle. 50is Piecess causes final,
) C s%{?t ent of said adhesives is provided by
wreveggtﬂﬁ Ae&MAGvi ng free i socyanate groups, nostly
obt ai ned t hrough a condensation reaction of an exces
Thesepadhrfivassaygydararibed myway @f example in US 5,021,507. Main constltuent of

" said adhesives is provided by compounds having free isocyanate groups, mostly

obtained through a condensation reaction of an excess of polyisocyanate groups with
polyols. To improve the adhesion properties on certain substrates, binders composed of
polymers of ethylenically unsaturated monomers were added to said compounds having
free isocyanate groups. Binders used typically comprise polyalkyl (meth)acrylates
having C1-Cxo-alkyl groups. These are prepared from the corresponding monomers
either prior to addition to the urethanes or in their presence, by means of free radical

polymerization.

US 5,866,656, and also EP 1036103, describe reactive hot-melt adhesives in Whichvthe
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polyols. To inprove the adhesion properties on certain

es, binders conposed of 25 polyners of
WO Zgﬂg@ﬁiﬁzcm |y unsaturated nonomers were added F§TEEG007/054669
conpounds having free isocyanate groups. Binders used
typically conprise polyal kyl (neth)acrylates having
Cl- C20-al kyl groups. These are prepared fromthe
correspondi ng nononers either prior to addition to
the urethanes or in their presence, by neans of free
radi cal polynerization. 30 US 5, 866, 656, and al so EP
1036103, describe reactive hot-nelt adhesives in which
bindetshecMip@96B/ 6 75PNt d?RIa0y /| DawE6Beer’ bonded Scovalently to the

conposed. of pol met h) acryl at e, have been bonded . ] )
compgigs diaving e [ReCYRAIEoAIAESHEN IMey BNESVE GRyRpsiian. Since said

_ . . c e nee. oa ) .
cond MBS lcleeB R o S TRNRLALARn, Rty ficteny *condensaton.
stagerasthesives, ig heed domadhesivdentat ihane thisagpe adbesdings'A feature of the

B =t T e
elastidyt And hOPLORRE GHNERENI B d&ptdn (RdtaP YlibstrStesNEREAISS a longer open

el"asticity and i nproved adhesion to certain netal
time -4 simeng eailablgtor preeessindnger open tine - the tine
avai |l abl e for processing. However, said reactive
Howelet, - satt realtiosi hebmedtv edbesivesdehale ecahsgdatalpt dipesivantages. For

exampFlgg Gmeef( gxgp/leﬁerﬁ/ ﬂge%auﬂg‘é‘?ﬁ?%ég{f’fﬁé g{q%ﬂxlﬁ loigrt]irseiggetl hpiartTQuﬁarly long,
disadxga'drﬁagé&m U8 d éﬁémgpflicaﬁo%? fHe mg'i\ﬁ@&érﬂpogﬁohhe

eSi ve conposition. Anot her disadvantage of the

o1 esi . i ar.. i s theik -hi . , .
A BB Y e BEdEp st SpABERE BASHY i visosty,
whichnakalsvantoheds prpcessinhelt mdkesnpnoeassing ef ltve rodteh reactive hot-melt

e B AP e G bben SEB b subsates. Golig

also sERERIISESCRFS i the dbridehsanfyensal i on stage. 15 Anot her
di sadvantage is that the extractable content in the

Anothgﬁalﬁ%%ﬁggnt%gg%it}ﬁt f %ﬁﬁcetaglieg&nterm h fh%dH&%%neatagfhesive is very

a the résistance o hesive conposition
high. Bids reduces inferalibehe desisthnastaidies adhédiad cohmogitbnasisojvents.
stability of the reactive hot-nelt adhesive is often

Anothénaigdvahgenistthat iRl Visabsityl StabRitpPkiRs rdailie dt-melt adhesive is
particular result of this Dei ngﬁt hat processin

often ipagdeaeatenpribe anglt at (Pt exaOPlan JBALE, Aipadiniar r@géfcgioi this being that
proce g bRBSERIREUCOR! e 20 by 2 Frperradi cal route

Anothlﬁgﬁsg&l/%iglgg Irl%y?%'t %‘é ma Qrsl'élistp% y%grizmehcj 8)5] ac}Peer]Patdical route also have
a relatively high content of low-molecular-weight constituents which do not participate in
the crosslinking reactions and represent the extractable constituent of corresponding

reactive hot-melt adhesives.

The ATRP method has made considerable progress toward the objective of tailored
polymers. ATRP has also been specifically developed using 2-hydroxyethyl
(meth)acrylate (HEMA) as monomer bearing hydroxy groups (Beers et al.,
Macromolecules; 1999, 32, pp. 5772-5776).

The problems described above have been solved:in WO 05/047339 to the extent that

use of a controlled polymerization method, 'in the form of ATRP, provided binders with
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the crosslinking reactions and represent the
extract abl e constituent of corresponding reactive
WO 200%/0k83%2 adhesi ves. The ATRP method has made PCI/EP2007/054669
consi derabl e progress toward3the objective of tailored
25 polynmers. ATRP has al so been specifically devel oped
usi ng 2- hydroxyethyl (neth)acrylate (HEMA) as nononer
beari ng hydroxy groups (Beers et al., Macronol ecul es;
1999, 32, pp. 5772-5776). The probl ens descri bed above
have been solved in WO 05/047359 to the extent that
use of a controlled polynerization nethod, in the form
very rigirrofW RBIedlﬂéWWégﬂt dishasutonal fﬂés\é@la'&ﬁ)&b%ﬂ@@&%all proportion of high-
PCT/ EP2007/ 054669 8 very narrow nol ecul ar wei ght
molecyiastweight i ogenstitiests, haviompasady awihal |fre1ﬁ~rﬂmallwon pelymerized

et ) PV OB R UTR) poBRBBRL bl i polymer

m1xtur@@ﬂ$‘h6$¢lﬁbtymer§ Ay tompliss a marieameloie colnsemsvf an$tituents which
%élv m xtures. These &fyrrers al so caonpris
have mh%gu PEWEIgRHARE Are dhersfRE] iextrasiedlamnt i 'CBNGPfaQ@”'tent of such

e c

constl@o EALES, BRI Fe 8t ACTBLRIL MANACEANLS and teacs 1o

markesbainmeEoved chesiicdlainesistaneear ds product agi ng, and

' |l eads to markedly inproved chem cal s resistance.

Howeirbx\(\falersad&arﬁkbgéddfaﬂhbal%cﬁfle b csR@st preparsthasiiveyO 05/047359 is
pared as in WD 05/047359 is randomdistribution of

rando[rhglspfml@gyofgm@u@édrom,gg@.&s) HEEAPEO gEpMPS, and, respectively, amine

group% heﬂﬁﬁgﬁlﬁ_e\{ﬂi i ea &égpgépuﬂ'ﬁs 'lé‘adépﬁ) DIBLY R hC&%lthr‘ngg and to

0 close crosslln

a resuitanaredastibh dmtthes edasd:rbltyonf rthre bbbeﬁk/asbnmdsytlomlf Mer result of this
adhesive co 03|t| uIt of thiis can b N
can bE TR O SARAP Al HG. IPRPETIPRS 4 BgdaTT significant

when 9%' bb@/&élo@%ryatéb 984 ffér?rﬂﬂéhor‘("ﬁ@ﬂsﬁt[]@ntp@ﬂ ﬂﬁbﬁ%%&ﬂf@h@ﬁmeﬂsadheswe

ornulation constituent of the reactive hot-nme
have aathéaeme‘uncmmeélzaﬁ smtrbeefala"uuab/tIatgmhuu@@r\mffr‘eeasocyanate groups.

i ] e ¥ bAoA BRE SR R i tfacon

many ‘hﬁé}og%@Vﬂntfa@%téé)%@fdrﬁﬂﬂét% B@ﬁstntﬂ@lﬁ‘ﬁ/ fﬁﬁlwrloﬁ@é’raﬁxtc%@%mg times
as coformul ation constituent: firstly, |onger

~can ber sekdbraught isetectioant wlt@@detmiwaghymt@m aod secondly polymer

vt B3 PR S0 SRR BNy o i en

group®ratginbyartieylap fleXibRitye i) ifneas <l ﬂéb@ﬁmfyeéf&h@ rfé%br*k%utcfgether with
flexibilit This increased flexibility of th

relativelyt high L&ablfwg@ Rlse of grieakdmpertance dn @tmﬁ:rgﬂp@tcabom isegtors, e.g. in
al so of great inportance in other appl ication
Sealanlé,éect ors, e.g. in

Reference may be made to WO 05/047359 for a list and description of the compounds

bearing free isocyanate groups.

Object

It is an object of the present invention to prepare, by means of atom transfer radical

‘polymerization (ATRP), polymers which have hydroxy groups at more than 90% of the

chain ends previously affective in polymerization.

Another object of the present invention is to prepare, by means.of ATRP, polymers
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seal ants. Reference may be nmade to WO 05/047359 for a
description of the conpounds bearing

VV()20Q§@§ e groups. 25 (bject It is an object ofﬁéfﬁ?PZOWﬂ054669

present invention to prepare9 by neans of atom

transfer radical polynerization (ATRP), polyners

whi ch have hydroxy groups at nore than 90% of the

chain ends previously affective in polynerization.

Anot her object of the present invention is to prepare,

by neans of ATRP, pol yners WD 2008/ 017522

PCT/ EP2007/ 054669 9 which contain no, or only traces
whichotontadh cmmner andy tracssecf,i helogenpsandio nedpegtinsly, pseudohalogens.

ct j s thus [

Anothgr é’%’ﬁqtt'@ s E%@ggohg@tg%glgér i rov t&?@ft tgﬁse\;aog)ﬁners in comparison
with h%ﬁﬁ?ébrﬁ@ﬂﬁ@ﬁtd&cg oduct s. A part| cul ar obj ect of
t 0

S I nventi is to realize polymers which, with the
d. r 0 e 1
A perfSER SRR SF S PUEERF s e SRV ERROUMALTUPYR bicoption o
the eAdRitoupst kerrpsporid éUotanE@tb,l dxlSSihe nmbtm‘&;:ls tvatiieh a&al bet piepared by
Ilathe .architecture of the ynmer, the no

meanﬁ,@f ohtRP dRdhe msiopdre (ﬁﬁcg?rs\,@qzlgﬁ@d d]egg Arg dptes ﬁllla Ahe Grchitecture of
the pcﬂ%bl‘ GHE olBE’d:l%Fbv @éz tQh&tHé‘H@%dlﬁ’éP \}vﬁgﬁf’d%ﬁ’f&ﬁ%ﬁ. the

roxy nct I onal ation and t aneous
A parflBUBPBBIEE VAL MU £, 2508F% He RYBEBG RAGHARAISN and the

simultaseo0s hakidencieimmal Aithér thepsgdpecofl aiprd&lasecwhlcls |st @asy to realize on
achieve the functionalizati on without addition

an inqyistRl SCarb AR e FeeesteTiactivRe SRl @@W%Bara%k?léﬁq is to achieve the

' functlcﬁTé?in)a%ﬁc\ﬁ dtnac'i{ﬂﬁoﬁé\ rJdBRE WRR- e EREEH e}é %‘?%Qoénd of the actual

reaction) para ect 0 thls Invention is
ATRPL;srecekﬁelrsﬁmBam@cearﬂloslt\assei (aunletpoteeastign)t o pr ovi de
an industrially realizable process for the renoval of

A partilleinshjectoof this ahverdiopl Bx@susd Ghé reame @ryseds swpusinilianeously to
At the sane tinme, the intention is that it be possible
providepan éﬁ%ﬁt'&l{y 'iel@@ZWéﬁé?r og@%ﬁ:f@gsthatremma 8% fraaﬁ@oatmﬁﬁab gomplexes

from ;ﬁﬂfrﬁgr sélalEHﬁé h&f thRRd \/\%1 ‘uﬂ‘{1 e, 4hE i éﬁﬁ&ms tHa?Yte(gé &8%15\@%0 carry out

provi de a process can e I mplenent e
the nomipbnorcetseobt roaertglsh%rd ag,higin speman Ayiirthes chjedtabl ¢he present

: or solution nerizati A further object
'”Ve”tﬁ%fh“@\?ey%ﬂ@\(' %I% H@W%‘w‘“?‘lé%’] &@a1 P %dm?aﬁ%wﬁﬁewt complicated

reeng@‘u@%rﬂﬁgt {3@ 'r]QdS?Q\Feh BR{tRInC TR §8r sAIBtiSh PIYMBNzARINNR further object
was to achieve partlcularly low residual concentrations of the transition metal complexes

simply by using a filtration step.

Achievemént of object

The object has been achieved via addition of suitable hydroxy-functionalized sulfur
compounds after or during termination of the polymerization. The respective chain ends
are hydroxy-functionalized by substitution of the terminal active groups of an ATRP-
synthesized polymer by the sulfur compound. At the same time, the terminal halogen
atoms are removed from the polymer, the transition metal coordination compound used
as catalyst is quenched, and with this the metal is almost completely removed by

precipitation. This can then easily be removed by filtration.
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Achi evenent of object The object has been achi eved via
addi tion of suitable hydroxy-functionalized sulfur
WO 20@8@D1522ds after or during term nation of the PCT/EP2007/054669
pol yneri zation. The respectiige chain ends 25 are
hydr oxy-functionalized by substitution of the term nal
active groups of an ATRP synthesi zed pol yner by the
sul fur conpound. At the sanme time, the termnal
hal ogen atons are renoved fromthe pol yner, the
transition netal coordination conpound used as
catal yst is quenched, and with this the netal is

e RO SERTRY UL BB PSR o050 crans o
are preSENtERAHY 6P 8 64D end Of HieATRFablR@sE e UbstitutRfdbit themalogen. A

. of nercag{ﬁgns to hal ogen-term nated pol yner chains as i
thioethgregugs imsngt die fol¥mer shdinoendntisRRing Gc85aup previously

oo B A g B BB WP

is fornggcdbap cleaesge psdguctknown from free-radi cal
pol ymeri zati on using sul fur-based regulators. A

One V@Y paarnidraddpdet of thée presdr dnesntineisMAEE tHY Bdditibn &M reagent in
very particul ar aspect of the present invention is

one proggss siRP sidwiltenspusly ramovagdhe terminalilpgert atans frepr the polymer

. Si | . . ' r
chamﬁs, @Hp%tféy}ﬁoe%ﬁ h%ﬂé)s&g?ﬁﬁé&lcﬁrﬁ%%ﬁéﬁlggme SULIEMA ARl BRoves the
transitiyndmetal- iempdiurds by Zateipitatibn,t ded enidgs efbdut esaftofoym@tion from the
renoves the transition netal c¢onpounds

b
ligandﬁrgr@vgquts. iCQﬁ,rdiﬁﬁt?dprq“n&e atb%lﬁtit_'%lmetf%rﬁﬂ%ﬂt ffegpation in turn
permit%iﬁg ggrﬁglb' SRS Bf 14 |i§é%'d1§lde?ﬁ ek RahSHoR ndBE

ion neta this salt formation in turn

The JRELEY LKL ALEA ATt ol pBIRGSS HEAE e plowin: e
initiatopf usal dh SATRBr commpises decarappundsmivhict teavieolohewongnotehatoms or,
i,ni}i ator used in ATRP conpri ses ?orrg) unds whj ch have

respeq;wé Yoralaidy groupsnx which p@gp%ttra@!e%; fynAgiesligd reute under the
polym%\ﬁﬂagﬁlncﬁhdﬂ%rkré‘f”tﬁfee,ﬁ. B &%c@s#. q?@éekﬁiﬁﬁ%ﬁ of e Eciegroup X at

ol ymeri zation conditi'ons o pr ocess.

the respdudive tchibirnend df thnee palymere agramig oktype XtHhes lisrptdt. iThe hydrogen

: hain end of the | ymer,.  an acjd of type X-H.
halide fgldpaTie sanTREb® PHREAPd RATORBIRRlMPlERIST: alenp and thus has

) I . I .
partiouBHE)] B[ KSHACL, 1Pl AL TERAE 5 rROIoR Rl b The fidgpas described
below,| madiy basipr on dinatiaositioh mbekl lcogpudmdd by qlenthitg bbthe transition

basi c ransi ﬁi on et alltéc.onBound. Th
0

metal ZRRIRH AoBTed EAPRIR RO GME U o PERChPERtRgion of the
transit@}ﬁtr{ﬁﬁ!eé‘? t¥mp@RhEb YwhitH dréSidt tifer SusibEeslar’y ResRhbaifef

The form in which the transition metal then precipitates is generally that in which it was
used at the start of the polymerization: e.g. in the case of copper, CuBr, CuCl, or Cu,0.
If the conditions are such that the fransition metal is simultaneously oxidized, e.g.
through introduction of air or through addition of sulfuric acid, the transition metal
compound also precipitates in the higher oxidation state. In contrast to oxidative
precipitation here, addition according to the invention of said sulfur compounds can
moreover result in almost quantitative precipitation of transition metal. A filtration step is
therefore all that is needed to realize particularly low residual concentrations of the

transition metal complexes, below 5 ppm.
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transition netal conpounds, which are not then subject
to any masking effect. The formin which the ‘

WO 299%(%’?/5212% metal then precipitates is generall ;PQT{E?2007/054669
in which it was used at thellstart of the
pol ynmeri zation: e.g. in the case of copper, CuBr,
Cud, or Cu20. If the conditions are such that the
transition netal is sinultaneously oxidized, e.g. 25
t hrough introduction of air or through addition of
sulfuric acid, the transition netal conpound al so
precipitates in the higher oxidation state. In

In the®PRERASH, it BXbAAICESs dIT&Ciifel 4,1 fBP hahple 2fdi éd{Lﬂ\V/‘alents of said
according to the invention of sal'd sul fur conpounds

sulfur ceompounds ovaged esuthe aotivel gosup Q(Jawhttheamhane end of the polymer, is

ation of transition netal. A filtration

sufficBGE % Padibys et | iy A Coethofding stleddf apdies’ Bsed on the

ligandBar: tfb€ Bbmblakek AW wigsh ‘ﬂh@&raﬁ@ﬂi@ﬂﬂhéﬁﬁl izpiasthefligahe arddresent in the
transition nmetal conplexes, below 5 ppm WO

ratio pdpgust asvery Pelight PoEBs 06k 5D sulfur |aemprundhiefikewise sufficient to

ach|e\5jeS 80191&),(92 qﬁéggﬁ ﬁg%f tﬁ% t Iabgﬁlog dﬁn%tc?u ﬁan p@%@ﬁ!a@p %% éf these ligands

are tr@@-amﬁn@thyl@aﬂﬂr@t (TRENG i Ne N “ONt “ INTe-peatatethyldisthylenetriamine
sufficient to achieve said effect. A corresponding

(PMDETM’a@ieéﬁr't%&Sjplqe@N hades ease Y "gﬁlﬁ%ﬁnd&eientf by the' complex in a
blequﬁQI@f’l ?éﬁmlm tD%Bt }gh?ns% E%ﬂ%lt@h%e@t g’h%?ﬁ\%rﬁ%ﬁ Et&ﬁﬂi@able only
when elxe:ﬁassmbntrhetai;ld Used doapuaried sxdeslsewﬁ 303 ema‘rﬁplel érax with respect

oo SARECEAT AR Pt Ui 580 150

tris(2-am noethyl)anm ne (TREN) and
Anothgy gonetitaentnef_thisninygalion igthat i) sylvt FamprEnds peeebgcome almost

Compigfe?n%rbohﬁgd qsltﬂ%’i pégﬂnép%hﬁﬁfa?\ﬁ tlh'ag?ﬁgj%éiaﬁél él%l%lr?#g@@nt can be

o wth
completeémsremmdrmerafl easﬁy sbyl mrvmns af $1mpi¢>p1nodmbia’eomluy the filtration

procesgss. eﬂ’fl eé;&g ?\gsl ﬁr h}czvsggge? nlo?lgwam%% tqc@g caused by sulfur
compcﬂ!rﬁiéos X. 2,2 -Bipyri d| ne is an exanple of this type
['i gand. Anot her constituent of this invention is

A majég%vgﬁga\@ éon e%??%é?#ni%el‘ftfoerg IQ?IQ%'E?T@EW%@%& of the transition

he pol'yner "chai ns

" metal rosslerds frahf tie calution, dse digthe combss eifytheelm&ﬁldbn can reduce

very easily by means of sinple rmdlflcatlons in the
transitign trpelel cﬁ?”i@“p%céésieaﬁ‘thl /Wepﬁ‘?f@r@t? Y eky p@toéﬁ%stts% %, and very

portclSHET ARYENoL Al esarionidafie g uBlodthithes, oo, uee o

particular ehtbalirhenisenf themoeaesofoftthe inventon icam revhics trans:tlon metall
| exe fro {he solution. Use of the process of the
conteqt%{;}) né - ' '

dhPi% uce

The reagents added to the polymer solution in the invention after or during termination
of the polymerization preferably involve compounds containing sulfur in organically
bonded form. It is particularly preferable that these sulfur-containing compounds used
for the precipitation of transition metal ions or of transition metél complexes have SH -
groups and simultaneously hydroxy groUps. Very particularly preferred organic
compounds that may be mentioned are hydroxy-functionalized.mercaptans and/or other
functional}ize‘d or else unfunctionalized compounds which have one or more thiol groups

and hydroxy groups and/or can form corresponding thiol groups and hydroxy groups
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transition netal content by at |east 80% preferably
by at | east 95% and very 20 particularly preferabl
WO 2968/81752éast 99% using a filtration process. | AdcE¥P2007/054669
use of particul ar enbodi nent’s of the process of t he
i nvention can reduce transition nmetal content by nore
than 99.9% The reagents added to the pol yner solution
in the invention after or during term nation of the
pol ymeri zation preferably involve conpounds contai ni ng
sul fur in organically 25 bonded form It is
particularly preferable that these sul fur-containing

undercwogamﬁo#ss&né.ﬁéné hehasgCLRht AivbRR er%éﬁ@n%bﬁi E'ds, such as

ions or of transition netal conpléxes hav

mercap’coed}hanahd snerchptopeopasio), hymewaptoputapsl, Vemgrcaptopentanol or
r preferr d ani, c ounds t hat

mercdiibotatish T PRieEiAG! pHraEd Corf SR Ralke HorTahiunil, which are

readilpEBAimercilvtdvanablezad afe @dsfad Pég%tﬂéfdr@ﬂﬁfréé&gdlcal polymerization.
conmpounds whi ch have one or nore i ol nd

rou
Advariggesxsf $idugsmpeidTds ac@ﬁhelarrﬁadbrav@gb% etrnpw! price, and the

poss BB BRSBAASRI- SRRSO ASRRBITER ssipiaigpagents o e

respedthes gobamerizZanioh veystsrga M owes@np the gseset dhverstion is not restricted to
nmer capt oet hanol , mer capt opr gpanol , mer capt obut anol
these mw%dpg@gp; thye dQﬁ;@,l\@afﬁQsﬁrej@amﬁt th¢h;ére01p|tant used firstly has _
a I r ef ed. c
an -SH ph% ang fb%fnsgd‘?ll Efddo%;regmpgw uhagplt%?eg?%ﬂy%ndltlgns of the
polymas stodigldnatSHmndly fsa&ecoaqhomab Inad yordwaive ad ihgdroxXy group or a group
e oupds are . their ready
whioh SR IORRH RYGoxy BERS VBRPHRE QuSvalied SRS it i1y of

wi de variation; permtting ideal matching of the
In freebfag@p@l, @%{ymgﬁza@béh@@qut@‘ regggg@rést p%ed on the monomers to be

polymBﬂ%%%rfl%'rrég%ﬂfg Segsebe e‘gg;"‘/go ﬁg?'&??e '\D%ﬁ@ﬁfigﬂnthe present
inventibeg ithe \aendlﬁﬁtaﬁrthe sutfhlatombeupd e;rsenu*satm based dni thetipnomers, but
has an -SH gr or ns,
on th%ﬁ%?eﬁq??é'oﬂrfgdgﬁlqhﬁ‘@ eBrsIACt %w epf?mf‘é'Zf@%ﬁ%%Po'ymer solution.
Chalns’éijldr‘aI betve B¢ é!mzagc%'nd Rﬁ’}% c}; Bf %Yr%aﬁt and active chain
droxy grou or a group rm a hydroxy :
ends. g'rlmjpmmm‘és uskd for dhisi punp@seomfdtha eulfur-¢antaineger peatiipitants of the

inventg AR 45 SR SRTVARTS, i Sterabioded JhiiareatdeelBRis Sarticularty
preferSbloEEERN4R] ﬂﬁ‘tmb%r%&\yalé‘ﬁﬂsg%d vyt B&Tl@ﬁ%l?”&referably less than

I nvention, the anount of the sul fur “conpound”used
1.05 nmjar kmmwalentst hEhemmn@nmg lamours oaf treeidtiahcsulitir a¢aroneasny be

or emovggﬂb a{ﬂca on Of:h"ﬁv %hgf&%éﬁ% %gl Iy?reﬁ |h§at i on

ans he entirety of dor mant and active chain
The person skllled in the artycan readily see that, when the mercaptans described are

added to the polymer solution during or after termination of the polymerization, they
cannot have any effect on the polymers beyond the substitution reaction described. This

applies in particular to the breadth of molecular weight distributions, the molecular

weight, additional functionalities, glass transition temperature or melting point in the

case of semicrystalline polymers, and the architecture of the polymers.

The person skilled in the art can moreover readily see that a corresponding process

“whose apparatus is based exclusively on filtration of the polymer solution can readily be

inserted into an industrial process without major reengineering of existing solution
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ends. The amounts used for this purpose of the
sul fur-containing precipitants of the inventign
WO 20080048R%r equi val ents, preferably 1.2 nolar PCT/EP2007/054669
equi val ent s, partlcularly gPeferably less than 1.1
nol ar equi val ents, and very particularly preferably
| ess than 20 1. 05 nol ar equival ents. The remai ni ng
anmounts of residual sulfur can easily be renoved
t hrough nodi fication of the subsequent filtration
step. The person skilled in the art can readily see
that, when the nercaptans described are added to the

polym@ﬁ%&YﬂB?\rs gé,Hgl on during or after term nation of the
yneri‘zation, they cannot have any effect on the

Anoth@o%(@g@ggec?fo F)Fbese?&”?ﬁ\'}érﬁféw BB ARLAD T S%dl@%rk up of the

n particu to the breadth

polymembetmlbarcamerta}m pdac:et thdmtr mm]y ehmbilished syatemsyehygirfue of the
addi ti onal functjon %les | ass transition
reductweqraﬁ o & HPSHMQG H@ BRSPS n the case of

sem crystalline polyners, and the architecture of the
The sybstjttion. theneremipitalionskand alpa e ﬁ@baﬁﬂuwnf'lﬁr@ﬂ@&w@@reover take

place g?%d lﬁpe:rgﬁréﬂgtthg %ﬁé%um g g, H;Z ?f g}es‘gheél g, Yithin a familiar

bparatus 1 s y on ion 0

range pbpyotess pararhetarscan readily be 30 inserted into an
i ndustrial process w thout major reengineering of

Adsorl@é%t%td)m adseibeht eRixiPeg 08H BL7828d RETYIER28 OtheORr&i6Pacds3 of sulfur
merization systens. Another advantage of the
compqméé

en'Ehl$ reahitaks place Hat PaiadR! @6ri@ SHBERPSIG MQTk-Upr steps. The
adsortéeg*ﬁab | systrgméjgggﬁwr‘ Bie o% %éilﬁ?%&‘&té@%{n the group of

ucti on

silica Mooelmﬂmmbxh\w ofganic giolyaTidy, sl adtivBibed charcoal (e.g. Norit SX
subst i_éuti on, the precipitation, and also the

plus framplydident filtration noreover take pl ace at a
tenperature in the range fromOC to 120C, these bein

The remavdl of thef aghivated cham@@éC@m ajsiodieks Placg e eeparate ﬁltra%on Step or

o o 0] B P DR Pk S e e

varianplthé ectivatpdradaredal as niof aﬁded s $they fbrmbksulw 3 #yspolyher solution,
10 adsorbents are known fromthe r art, reJ?raft;ilg,

but copunatsialy ddilegls rettyatre-cipBmalHa i flarsary wred for Tration (e.g

AKS 5qhar coallr%(?ﬁ §8h?\@{)gfln%§ls%g¢c¥s%?4l§g% uﬁb% ﬁ%ﬁb#}%&l&? of the addition of

the addict hexitiatiey adextribbdr abave camd admatezckehpraleé |om addltlon of the
i on

separate filtration it
auxiliagp maPeaRas 8o Ang AT t[arptiﬁgt %r“f scharcophloggd fitters.
particularly efficient
The present invention provides end group functionalization of polymers with hydroxy
groups, and removal of the terminal halogen atoms, and of the transition metal
complexes from any polymer solution prepared by means of ATRP processes. The
possibilities prowded by ATRP are briefly outlined below. However, these lists do not
provide a restrictive description of ATRP and thus of the present invention. Instead, they
serve to indicate the major importance and versatility of ATRP, and thus also of the

present invention, for the work-up of appropriate ATRP products:

The monomers that can be polymerized by means of ATRP are well known. A few
examples are listed below, but with no intention of placing any type of restriction on the

present invention. The term (meth)acrylate here means the esters of (meth)acrylic acid,
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15 variant, the activated charcoal is not added in the
form of soI id to the polynmer solution, but,
WO 200%/8%72%2al |y avai | abl e acti vat ed- char coal - | oad8&T/EP2007/054669
filters are used for filtrati4don (e.g. AKS 5 from Pal |
Seitz Schenk). It is also possible to use a
conbi nation of the addition of the acidic auxiliaries
descri bed above and activated charcoal, or addition of
the auxiliaries described above and filtration
t hrough activat ed-charcoal -1 oaded filters. 20 The
present invention provides end group functionalization
its mBEnRRY HERES bdingh rbtdoAKY méhedRfate, a9, I Al rrféthéwate ethyl
term nal hal ogén atons, and of the transition netal
methamyh‘ptaems foubalsangcrytaty.ne.q. suthyl agylpterihgdadylateaets., and also
¢ Q F \F,rocesses The possibilities provided by ATRP
mix urgrseok} ) Py outlined bel ow. However, these |ists do

not rowdearestrl tive desc n of AT
Monofiess fmée FOERRZSh e EplRied TaTLe, Star Ot dpetnlacrylates,

such EQR%W ?Réé}?g O‘Hf é@ghf—é‘ﬁ‘éﬁﬁ %%df%rdsadr' b&/él?alﬂfhatlc alcohols

present invention
havmgvzﬁndm ljptoo#O pM@peaians, @@Rmepihwld(mtb acfryieterm’tbyie(meth)acrylate n-

butyl | (3Bl S o st SRR L A Ropdate,  penty

(methidtrptd, on 2btRiRSlyNg qmétrﬁ)é@@mte r estddrgl | ofmeth) Ya&late,  lauryl

resent invention. The term mat )acryl ate nmeans

(methjansylata, erscmioi(ew! h) d6egh)asndated, thmosv o1tweth)acrylate;  aryl

methﬁ%%lgger?s)?% aé Q)Se (mé;@#rﬁla@?ﬁ g@?g?jﬁﬁetﬁ&cﬂﬁf&omrﬁéﬂ Yespectively

may B@tlhﬁéubdtlﬁlt@d @’Hﬁnay Mveahﬁmoactroy|t@tt&ubetlwtemﬁrlyyImoieties; other
a_cr}/l ate, ethyl acryl ate, etc., and also m xt UL s of _
aromatiga YV\DSULR%Mﬁﬁrs '\ﬂﬁﬂBHC%’ﬂ%ebol PHERi 288 anePBtvect @eethlacrylate;

mono 4 WP & ertsheof( Fén%'@ Sks, of ﬁcH Bro lene. glycols, or
SRREE ; ARRRY oS

acry atés o |ght ai h,
their my«uhmal hapirad rfrorral5ct1d1805c:arbarv|ah@nér ery. Jtetrahm}oﬁﬂfmlnmethacrylate

methoTiaSHtale, e DERACRIRER hy act JEVRIGBMy y  methacrylate
cyclo W%tﬁﬁlﬁ%ha&ﬁf éte%éﬁiylé%é‘thﬁﬁh&ﬂ?éo@ylafée Riryhryl methacrylate

2-et hyl hex acryl ate, stearyl
2- butc(>qyethy) awthbeyaie )| %@tbdxye(hmmethacrylateeallydgomrroetbxymethacrylate 1-

v fRAEERA s Sl ORI, el e

poly (et fﬁlxgddlﬁh?ethWé%rrMﬁfédrMQ{é’ anBpoRg Bropylene lycol) methyl

urisubstT tut'ed or” may have nbno- to tetrasubstitut i
ether émgth)aiylate eBhe ondrmmenseleation sanalsnibeeompassl respective hydroxy-

functicﬁﬂ';ﬁitggﬁgfqp;{iga: %Sr‘g f%gp?%reﬂg%t h%}d/é)gﬁfjng% téﬁ@ﬁ&ionahzed and/or

olefiniBAIKE OfnctiohalRRdy PAGEENE a8ty CRdspecllely, methacrylates, e.g. allyl
methacrylate or hydroxyethyl methacrylate. |

Alongside the (meth)acrylates set out above, the compositions to be polymerized can
also be composed of other unsaturated monomers or comprise these. Among these

are, inter alia, 1-alkenes, such as 1-hexene, 1-heptene, branched alkenes, e.g.

~vinylcyclohexane, 3,3-dimethyl-1-propene, 3-methyl-1-diisobutylene,  4-methyl-1-

pentene, acrylonitrile, vinyl esters, e.g. vinyl acetate, in particular styrene, substituted
styrenes having an alkyl substituent on the vinyl group, e.g. a-methylstyrene and o-

ethylstyrene, substituted styrenes having one or more alkyl substituents on the ring, e.g.
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their m xtures having from5 to 80 carbon atons, e.g.
tetra hydrofurf uryl nethacrylate, 15 '
WO 2088/04%542n) et hoxyet hyl met hacryl ate, 1-but oxypr diyT/EP2007/054669
met hacryl ate, cycl ohexyl oxyh®et hyl met hacryl ate,
benzyl oxynet hyl nethacrylate, furfuryl nethacryl ate,
2- but oxyet hyl nethacryl ate, 2-ethoxyethyl
net hacryl ate, allyl oxynethyl nethacrylate, 1-
et hoxybutyl . nethacryl ate, 1-ethoxyethyl nethacryl ate,
et hoxynmet hyl nethacryl ate, poly(ethylene glycol)
nmet hyl ether (neth)acrylate, and pol y(propyl ene
vmyltcSlhéﬁé" én@ebjﬁﬂéthfﬁt \WBERET HABIdhAEd Yt esTh@cr;m’rﬂBHBéhlorostyrenes
sel ection can al so enconpass respective hydroxy-
dlchIOerﬁtyter@Saltrﬂizr@mQa’Menesaandotetrabmmoﬁarelmd hestetboyclic compounds,
ner,ca nct onal i ze /or efl

such £ 2c PRy B o3P Al s e tpuSs v RERe! 3-ethyla-vinylpyricine

2,3- dlﬁﬁtﬁﬁfﬂ-yﬂngtp?ﬁdlr% g wrﬁ})lmbﬂmldﬁ‘ﬁi h@cvmyl@bﬂ)a&ble 3-vinylcarbazole, 4-
hydr oxyet at e. ongsi de the

net hacr
vmylcefmzmeac r%rn”@tﬂ@)é 1swny%rmdaaz@twe vimHexalangosvinyltreny ovipglthiophene,

' vmylttﬁcgla)‘l (n'n&ﬁ@a%i%ghéﬁg@k??@%ﬁ,ﬁﬁ@@s%@ﬁ fetf%{gh@ %%ggld derivatives,

such alae, malledc adnitydritieql kﬁ@l@&n:d@pchn@my&nélémﬁé,, and dienes, e.g.
pt ene, branched al kenes . vin cl ohexane,

dlvmy@e@Z&nﬁet ayd - Alsg oH@qeresm@éww yq!rcaqyrfﬁa@ ieRaliead, and/or amino-
functné‘néTf%l%Byl aﬂrd/ope%gﬁ% t(?‘?uﬁ/ ti%ﬂ'a I%éd €.any/ap! ofe?%w aﬁ& Srubctionalized
Vi ny

acetate, iIn icu rene, subs
compsmrydaﬁrdrmsbaauplmg/mersactafymosemﬂrl alsmbe mepaﬂw imisuch a way that they

have grwrpmtf@actgr%? é/ éga%%{;mpﬁogﬂ@cgpgg}gféh %ercapto functionality,

and/o8 s didflsed fFSn&d g fih N, su%sﬂtue\qp EQQ@I’p%7%?2these monomers are
PCT/ EP2007/ 054669 “15 vi nyl t ol uene and

vinylpiperigirgy | sﬂy/rremmldmleger{‘dﬁvmlgerIdneea e2-ginylpyrrolidone,  N-vinyl-

: I hl
Pyl B IAIELT b BEpSloRErRlEe ) inbutyatastany diydrogenated
vinylthGAmes! e hycﬁb@@né’t@danﬂyldﬂi(éﬂéé di ne, 3-vinylpyridine,

2-met hyl - 5-vi nyl pyri di ne, 3-ethyl-4-vinylpyridine,

The p?oé’ééi' BEA b cérriéld”bﬁhp)’rf )ﬂﬁiué/a@% |Vé<1“)ﬁbf€)§;"ehrﬂé% BBlvents. Preference is

9-vi nyl carbazol e, 3-vin azo
given vtonijluam@azy)lleee, Zaubatey) -grefarablyi butyhzadedate, ethyl acetate, propyl.
i ophene

acetaf] BB BBk o o e RS s appptcs, peforabl

pentahé Heh@Rk! a%bhérss préﬁ*a%lfc?@bﬁe%dl V@téN@IShexaﬁ#{ﬂ ho@&se biodiesel.
mal ei ¢ anhydride, malei'mde, nethyl maleimde, ah

Block gﬂygpmersu& ABIEY DY Egﬁﬂzs 'beaﬁfer{gé_rég uﬁr}gseéﬁéﬁﬁaqédao\fﬁnenzatlon.

nctional iz or a nal 1z
Block acebalymees cafptABAuUDCt A@%Azedrrméihon aref prepeédy by sequential
functlonallzed 10 ¢o S These copol yners can
polymegizalianesnc nitiation Lbﬁl%@)ng?f@actmaé (EfRiarShay that they
have a hydroxy functionality and/or am no
The paliaerizaign oanabe earmed it et faimaspbate i pressure, subatmospheric

pressure, or superatmospheric pressure. The polymerization temperature is also non-
critical. However, it is generally in the range from -20°C to 200°C, preferably from 0°C to
130°C, and particularly preferably from 50°C to 120°C. ‘

The number—average molar mass of the polymers obtained in the invention is preferably
from 5000 g/mol to 120 000 g/mol, and particularly preferably from 7500 g/mol to
50 000 g/mol. |
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and/or an olefinic functionality in a substituent.

nEIes of these nononers are vinyl piperidine,
WO 2008/0h{422ni dazol e, N-vinyl pyrrol i done, PCT/EP2007/054669

2-vi nyl pyrrolidone, N—vinyI-berroIidine,

3-vinyl pyrrolidine, Nvinylcaprolactam

N-vi nyl but yrol actam hydrogenated 15 vinylthiazoles,
and hydrogenat ed vi nyl oxazol es. The process can be
carried out in any desired hal ogen-free sol vents.
Preference is given to toluene, xylene, acetates,
preferably butyl acetate, ethyl acetate, propyl

PolydRpeFahe hakebose SouRf efrhabbkigw Mys, rﬁé@‘éblyeﬁélﬁﬁ/ 1.6, particularly
acetone; ethers; alliphatics, preferably pentane,

preferablyalpapwal .4 paid gieqﬂyém&mmﬂl%/ cycl ohexanol , but anol ,
hexanol , or el se biodiesel. 20 Bl ock copo’l ymers of AB

The inidjannsusséd)rcauanorbmlnpeﬁ@w eﬂ)nmowxdqufmﬁ &las one or more atoms or,
ol ymerj zati on. ock copolyners o BA or ABCBA

reSPeg%Y%bs?p%rQFQPES ﬁ? PR L@eﬁ%@ﬁ?frﬁﬂ éb@l W@CE? Qi@ inder the

polym@ﬁ?ahé}‘u cbAL#iBAs ¥ the ArRp rl:%b@ékalTHé“bEﬂl\%to gfo‘hg ffrb%nerally involves

ynerization can be carried out at
Cl, Brplr SNy and/sublat Suitgihe inittatops gesenadly emcompass the followmg formulae:
super at nospheric pressure. The poI merization

RIR?RPOmMeRIQE0)Ds RIRIRISMNK, RINXS,I RIRM-X, HRMRPEO )nXbni $R10)0P(O)n-
en |1y t range from-20C to 200C preferably
Xan, a%ﬁd%%B béb 130% and particularly preferably from 50C
to 120C. The nunber-average nol ar nmass of the pogérre 4 4
whereplt aaﬁ dxpennselgetednifent then gr@upp cengisting yof €k dh 30 SR", SeR",

a a efa
OC (=g 955 R ol AT 450 D5 GhOR i BB b s M. SCN. Nes,
OCN, I?INEE:%Z@OMA Q@né@es“m ﬁ%h?fg‘ gnmupsoft fromas tb@frlcémndatbms where
e below 1 ef erabl y be 6, partjcula
each E‘N@f‘&%l%orﬁel%{ﬁ f”ﬁe”%)hd?%”dg‘él"ﬁyb%%ﬁ d\ﬁ‘vpkoﬁd I?Mea halogen atom,
preferéﬂl‘ytﬂlﬁ‘)trﬂe SISEHloGR! SRS eﬁ%f?ﬂ?)\‘n SOBPLY BSHHARI é:tBrrﬂaF)reﬁBPably vinyl,
nore atoms or, respectively, atom groups X

or alkemrl db dram antef €0 cetbcbya@mad:rewrablgmoetyjarm&dr ot pleenyd, in which from

1t05 5@{ ner%tﬁ%{%é’r?@l%@%{néﬂ)g gylﬁfgd‘f’% A@%Fc%!p%%fstowan be present as

substlﬁM@rorh&al@P'érﬂpMeF@W' R?,Oéﬁd W?ﬂ{dﬂgehdéﬂg’ﬁpéﬁé_éﬂ?ﬁher, have
| owi ng formul ae: R3C- X, R C(=0)- X, R2R3Si - X,
been selaxmd fYORP KheX greup )conersylng&fnhyc(raue))l,nh?elopﬁns X3lkyll, geoups having

from é?&@ %@%%IV%O'B g)%xra %Spg%gugr l ec ergg& romlgeto 6, carbon
atomséﬂ(él@lﬁﬁ}bs%ﬁabs%%g fedt=d SB34ion Mb%ro%&'(%l&lyl groups,
alkoxysnyl groups, amine groups, amide groups, COCI, OH, CN, alkenyl groups or
alkynyl groups having from 2 to 20 carbon atoms, preferably from 2 to 6 carbon atoms,
and particularly preferably allyl or vinyl, oxiranyl, glycidyl, alkenyl or alkenyl groups
having from 2 to 6 carbon atoms, which with oxiranyl or glycidyl, aryl, heterocyclyl,
aralkyl, aralkenyl (aryl-substituted alkenyl, where aryl is as defined above and alkenyl is
vinyl, substituted by one or two C4-Cs-alkyl groups, in which from one to all of the

hydrogen atoms, preferably one, has/have been substituted by halogen (preferably

~ fluorine or chlorine if one or more hydrogen atoms has/have been replaced, and

preferably fluorine, bromine or bromine if one hydrogen atom has been replaced),
alkenyl groups having 1 to 6 carbon atoms, substituted by from 1 to 3 substituents
(preferably 1) selected from the group consisting of C4-Cs-alkoxy, aryl, heterocyclyl,
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_phosphprig gstais de-8g éﬁngﬁhamhﬁﬁf@

OCN, CNO, and N3 (where R4 is an al kyl group of from1l
to 20 carbon atonms, where each hydrogen atom
WO 20088583dent | y can have been repl aced by a hal od&HI/EP2007/054669
atom preferably fluoride of7 chloride, or alkenyl of
from2 to 20 carbon atons, preferably vinyl, or
al kenyl of from2 to 10 carbon atons, preferably
- acetylenyl, or phenyl, in which from15 1 to 5 hal ogen
atons or al kyl groups having from1l to 4 carbon atons
can be present as substituents, or aral kyl, and where
R, R2, and R3, independently of one another, have
S ) g | 0 r foe
ketyl, %%@% eﬁ@ﬁfé y.eég%i&%@yuhgeg%w@go%hmgo b &Y RO, 1 or 2. It s
preferpblef #vahbbymbrenthah tveo mt)theanm):epimstR Ra rand B? ﬁ/ambycyogen and it

s parkdiipide i il 3 T Sne s iF nam sl R A ke oy [ Mydrogen.

Among:gﬁ%z ZRic k&ysmﬁ%/ergngigmpa@?ghgeg: egizygynﬁqph(?es such as
p- chlo?&ﬂ‘éﬂ‘gllﬁgf‘@g'ég THeBKix( &‘Brgrq)loﬁ?é Hggié}%%ﬁ% Qfe%&?lr aEh%gde benzyl

car bon atorrs ticularl fera
bromidé| j/):)rmnowm}dnylaihamamd 1g:hy1rod-3uhenalelﬂaamé Rﬂrtlalulaelpydaference is

furtheg)rg?vﬁm I&%E’Bodq%f 3 dealy? |veq1 b@&ggw%% pt \{w%raap%;flon e.g. propyl

2- brorﬁb?ﬂd@%ﬁﬁte(ahﬂthyﬂu@bhfo‘%% ﬁid@@é‘w ethWeQQ:l%rbbrdpﬁoﬁ’éie methyl
ned above and al ken IS % substituted by
e

2- bromneramlorta/&@ Or - emyhl&yrorg@l@gb@tyratﬁ terenegnisodlsot given to tosyl

el by o505 SRR SFB-PSRLTEAYS 0 AE LR frometrne,

tribror6bétBbhee1ivinydstByoehionds, drytvipgithytpomidesitavaogeederivatives of
repl aced, and pr ef er abl K fluorine, brom ne or brom ne
8

igrehy Qe"tﬁeaced) al kenyl
groups having 1 to 6 carbon atons, substituted by from
One perii@ilar g pf theninitistory suidkiedor jha pystesis: efiblocksraopolymers is

proviokl by By RebRiTEI b0 onToatts 57 REFER At kubd 3 preferably from 1

to 2, 5ﬁ¢iWery6}:§éﬁwularlﬁlfBr@féraB? dfs, ﬁ?mét?nb‘d)m aedgadyciofR’, R? and R
m = 1; It is preferable that

involveg mﬁﬁr@m@warvmom’ueﬁh d hﬁﬁe éna@@rrmet@ca@mve@a%v sglgcted from
the gr%%gr 89% d:?oﬂ?%éﬁ %Rﬁglk/%yyYerPer %Eﬁcﬂgﬁr%gg,%?\teéﬂfolysnoxanes

polyetﬁamgsudheapqmdly@thymhleyomef er pelypropyiéad anddar polpestzyd, such as
hal i des, such as 5 p-chl oronethyl styrene,
polylagfis, aRids 04 - B reiRet Hﬁjﬂpy\’@eﬂa@rSJéOUFbéH&WOr@iIZ@WPd@aCm@?PU'eS The

molec?fa?rﬁvg%ht %fb%%ﬁ bf W&B’l ar B Cu?ﬂﬂar moieties can be from 500 to

enyl et hane. erence IS

100 O@@erﬁéer@lwémm 01@(30 lHox§0 IOOOa(andi @artloumdy/@seferably. from 1500 to
hal ogenated at the a positjon,

| .
20 00G:. I io mési5r BRSRLR: dOr thet Fyatoncei tﬂeoN %@E’?%a@% s@idhpacromolecules
which 2af bARORIHIRI MRk griGh Y uitable as initiator, e.g. in the form of a

bromotelechelic compound. Using macroinitiators of this type it is possiblé to construct

ABA ftriblock copolymers.

Another important group of the initiators is provided by the bi- or polyfunctional initiators.

- Using polyfunctional initiator molecules it is, for example, possible to synthesize star

polymers. Using bifunctional initiators, it is possible to prepare tri- or pentablock
copolymers and telechelic polymers. Bifunctional initiators that can be used are
ROZC-CHX—(CHz)n-CHX-COZR, RO,C-C(CH3)X-(CH32)-C(CH3)X-CO2R, RO,C-CXqp-



10

15 -

20

25

30

2- bronopr opi onate, or ethyl 2-bronoisobutyrate.
Preference is also given to tosyl 10 halides, such as
WO 290$/91@ﬁesu| fonyl chloride; alkyl halides, sucPGEEFP2007/054669
tetrachl oromet hane, tribrondet hane, 1-vinyl et hyl
chloride, or 1-vinylethyl brom de; and hal ogen
derivatives of phosphoric esters, e.g.
di met hyl phosphoni ¢ chl ori de. One particul ar group of
the initiators suitable for the synthesis of block
copolynmers is provided by the macroinitiators. A
feature of these is that froml to 3, preferably from
(CHy) ,;LC)@ZECD?RZ ,Rend)- mw-(@ﬁ%}nt@rqb(a@(cy )RR ﬁ@(r@bcbwqmr(cm) -C(CH)sX-
noi et om t he roug i'nvo

C(O)Rra&Qi@dJr@éz:(@ﬁz) %t CEQ)R, TXES - @@ar &kbbﬁ@ﬁé@)@bﬂnxh%CHX -CO2-

CHORBRIGABREAL, [T RP S AU Bl SADRIKKAL 1 NOHED (OHe)e

OC(OE’@HV(%t hers, @HWX@EC@? ®H£ MO CE)CRICHE,, of XCHzC( JC(O)CH2X,

Iene oxi de; esters, such as

CHChX ) RIS a % hor” KAl 3b@&og¢aa}9xwzona¥<a@a!@ (©)C(0)CHX,

CHCILOTIAEH B, TREASGIB| ST LB BlcResbict, | ox

C(0O) CWCle@ngK@HbMO)‘ Cgmz;tmaagﬁgqo@% CHD@C@Hs tcwa-cgfwcw) -CXz-
ere (0] 0SSl

CsHs,f%@Hstci?gJ ki oﬁ? Fger O h@- Aﬁfmv E.’beC@aP? o M, oF p-CHsCHX-Ph-

CHXCPRE TRl G&Ub f{éHsﬂ@tﬁ bh%xg@ﬁl?)z,eﬁdsm h%f;‘g GHBRS-Ph-CXoCHs, 0, m-,

I'tabl e as he for
or p-)G@CthhéBHXheﬂ | -conpo{(idz-OGy-RY-O@ P KX icat orsorp-CHzCHX-CO--

o AT NERG b DB I RO E R B 5k co o

OC(O xp@rqyldietanbbrtdnxz@H CoL-mPOd@CHN@F d-Nii-i 8F BLESO,-Ph-SO,.X
ng pol yfunctlonal i nitiator rmlecuIeS|t is, tor
X bekﬁb@aﬁbpéne,pbmlbﬁeofdo@ylﬁt és belagsphenylens yreie); Ruseprgsenting an

ahphag‘l;",fng%y) § ﬁJng % %r H %%drrﬁs and%%r Lé;r] e%p%F %ycllc structure,

which méinyﬂ@lsatur&efducmchawmononIdrlmﬂﬁrr%atdimtloﬁa@n@wmtﬂedararcentam one
30 RO2C- . CHX- ( CH2) n- CHX- CC2R,
or MOpEECOMALFEYsiqres oy cary bedioe fropRaremptic systepgs, and n is a number

from (égp 0?9)10_&%% @_é‘?g/ :Fc@é&%&/% é6@ utdiediGHa Q'b%o@%%thylproplonate)

ethyleR@( @)yo6( Q—l@}d(iﬁl-dﬁ%o Eﬁ@tl))ﬂ%’ﬂ;ﬁi@t&) dlethyl 2,5-dibromoadipate, or
2(CH2) -CX2-C(Q R XCHZ- CC2 f )J-ocgo?mzx,
dlethyb%@,cy@r@@pm:gl@p@ The( 2y begroast molecular weight 18 the result of the

et ST GBI Gt B ppatsbn ™ 1

: Catalyé%%%%&%?’ﬁ%%@ m@ Copper complexes are

mannl%@@lﬁ@)@ﬁ@%he%@%ﬁ@bs%ﬁé@ inter alia are iron compounds,
cobalt compounds ch%ngge co(r:nxéo%l_r?s manganese compounds, molybdenum
compounds, silver compounds, zinc compounds, palladium compounds, rhodium
compounds, platinum compounds, ruthenium compounds, iridium compounds,
ytterbium compounds, samarium compounds, rhenium compounds, and/or nickel
compounds. It is generally possible to use any of the transition metal compounds which
can form a redox cycle with the initiator or, respectively, the polymer chain which has a
transferable atom group. By way of example, copper introduced into the system for this
purpose can derive from Cu,0O, CuBr; CuCl, Cul, CuNs, CuSCN, CuCN, CuNO,,

CuNO3, CuBFs, Cu(CHsCOO), or Cu(CFsCOO).
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30

O(O) CX(CH3) 2, X2CH C(O) - CHX2,
H5- CHX- ( CH2) n- CHX- C6H5, C6H5- CX2- ( CH2) n- CX2- _C6H5
WO ZWBI@)@ (CH2) n- CX2- CBH5, o0-, m, or p- XCH2- PhPEBKP2007/054669
0-, m, or p-CH3CHX-Ph- CHXd9, o-, m, or ,
p- ( CH3) 2CX- Ph- CX(CH3) 2, o-, m, or p-CH3CX2-Ph- CX2CH3,
o-, m, 10 or p-X2CH Ph-CHX2, o-, m, or
p- XCH2- CO2- Ph- OC( O CH2X, o0-, m, or p-CH3CHX- CO2-
Ph- OC( O CHXCH3, o-, m, or
p- ( CH3) 2CX- CO2- Ph- OC( O) CX( CH3) 2, CH3CX2- C02- Ph-
OC(O) CX2CH3, o0-, m, or p-X2CH CO02-Ph-0OC( O CHX2, or
An al@rnatiVe, toothePAXEE2dSsorBaXis grévidiednsy ahlaianm ef the ¥EME, in what is
or iodine; Ph being phenylene (C6 ; R representin
knowraas raVﬁ%l‘ysﬁa‘t\TBPnﬁDféWUDdSﬂm bigheraxidadiopastptas, stefrgs ©uBrz, CuCly,

000, G2 e BN L AL 1A ka0 Sha Rl can bo

initiatetRWith ARE aid op fraditiohan®idical gefataterss watREs AIBN.aAelks the transition
free fromaromatic systens, and n is a nunber frgm

metal cgrumundstaredirpt egdsicad) since they ate Aeacted th ée radlcalg generated
by. the {rgéng\gFga idredll g lr?tﬁFﬁogﬂr{%v&rg% 9%’!{%?%% Igtgﬁéllt%d/ frRer alia by Wang

and Matyjastidwskinraiseesraoletulesdi1@88) lvoR .28, gpb767Rifal eat e.
The subsequent nol ecul ar weight is the result of the

A varidht ofhiréVatberATRP TENMBRitet by the blidiibhablisé f me@OMethe oxidation

is converted. Catalysts for ATPR are listed in
state Geim RIS 209@etion 0Tate20i31. acssipaiet oyl exeal alfe assumed to be
comp@?ﬂ&%raglgﬁf\glﬂpglge 'tral?lg ertn’et% cfb?‘ﬁ %\%‘Jﬁggﬁ Hfg?\ r'd%c%’uon state.
More detajio oh s prmowarmseiesoﬂbwnﬁwo 98/404dEnum conpounds,

silver compounds, zinc conpounds, palladi um conpounds,

The n{ch@:dram 8btrasiBen NHstal Bd atdBfoMEHITR0 iitator F:U@bﬁéralm in the range
npounds, iridium conpounds, Yytterbium conpoun

from %@.hartpum toprstrialy, infthe fpoge é’@ﬁ%@uwjéﬁo 3ahd p@rtléui@quy preferably
t h
v PRI ol SRR 8 ey
The niofdh iAo e R b BB R s erepg Vol M fange from
0.02: 1ep2PDHE prefRPASAY ih Mhé @ﬁh’g"@q’rdnﬁ“OOQ Hhe @nstaﬂ@ gjmcmlar'\g préferably in
pur pose can derive from Cu20 CuBr,

the ramgesttmm CUAN,4: tunidiz o igiexden qf:@BVcteSlma(r(tmssiog)lon or
Cu( CF3000). WD 2008/ 017522 PCT/ EP2007/ 054669 19 An
In ordat tcelremiaeithe sotuhiility ATRE mietals i @dgarsc mobwande @nkysimultaneously to
ant .of the sane: as revers

avoid JiRsTMatRn i RigeRAMt e FOBRouRES SHaR 278 1578 Rtfblesand therefore
less a&i‘l@r ify p%ﬁzatn@@ga@§é?@ a8 tHY sfs*?&h?’Tﬁérthﬁds also facilitate

In"these I nstances, the reaction can
the abstraction of the transferable atom group by the transition metal compound. A list

of known ligands is found by way of example in WO 97/18247, WO 97/47661, or WO

98/40415. The compounds used as ligand mostly have one or more nitrogen atoms,

oxygen atbms, phosphbrus atoms, and/or sulfur atoms as coordinative constituent.
Particular preference is given here to nitrogen-containing compounds. Very particular
preference is given to nitrogen-containing chelating ligands. Examples that may be
mentioned are 2,2’-bipyridine, N,N,N',N”,N"-pentamethyldiethylenétriamine
(PMDETA), tris(2-aminoethyl)amine (TREN), N,N,N",N’-tetramethylethylenediamine, or
1,1,4,7,10,10-hexamethyltriethylenetetramine. The person skilled in the art will find in
WO 98/40415 useful indications of the selection and combination of the individual
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initiated with the aid of traditional radical
enerators such as AIBN. Here, the transition net a
WO 2 Qﬁﬂ% ds are first reduced, since they are reggtTé@P 07/054669
with the radicals generated 2by the traditional
~radical generators. Reverse ATRP was described inter
alia by Wang and Matyj aszewski in Macronol ekul es
(1995), vol. 28, pp. 7572ff. A variant of reverse ATRP
is provided by the additional use of netal in the
oxidation state zero. The reaction rate is
accel erated by what is assuned to be 10
comp&gftsoportionation with the transition metal conpounds
of the higher oxidation state. Mre details of this
Theseogé’&?o%sc@’ﬁ ‘Forﬁ?%%id?ﬁéhdd‘c P%@MQ‘H@NUW@] ﬂ@ ﬁfetélact,drﬁpounds or
transition nmetal to nmonofunctional initiator Is
they cgertes filst préparetién thentpem ofr conrdination comprings and then added to the
r ferably in the range from0.1:1 to 3:1, and
reaction MIXWI§-ar 1y preferably in the range from0.5:1 to

v th 0|ntent|on of ultant restriction
The “1“59 @f]ﬁé ﬁoaftr@réﬁltﬁ@“ W%ﬁ@ggl?%ﬂf? Fet%’"bt?ﬁ?r&fc‘%qoéﬂﬁlat'on sites

n the range fromO0. 2:
molarpahcbnsmeaerqllypnetherrahgg from 1@031 rtarfgé 1, rmrerﬁetab]ytfcom a1 to 0.1:1,
: wi.t h, no in sul t ant strlct on.
and patigUiany orpiarany fihet sof B WihaR it ciiy sl ptriotion
sol vents and si rrultaneously to. avo the formati on of
The d%?'g%{ﬁgﬁ%tpéf%tbe %%iﬁﬂirﬁ'a‘éef\mﬂdﬁ ”ﬁtéh‘ﬁg%”‘gﬁ gk erojerptable.
therefore 20 less active in polynerization, |igands .
Prefergnee dgi@iven & figands presant Thdh e.%@gamg@omwnﬂt igt @ ratio of 1:1

with r%%b%c???ttﬁ@ftjahgﬂpﬂfmé@? 1A daglié%elgg{}k 8 gn?)l%ﬁ’{me tJ}.eed bonded

ansitiron ne oun

in the tommpdebin aveatioodf Eﬂamm eespecid he tt@ri’sﬁﬁon b?@t@l?béﬁﬁ)@éte protonatlon
The co ounds used as | |§and nos

can tﬁl@@ep[%:gm 4? ?etr\ﬂ t3Bgn 4S5s,0f )8 glsan l%metal %s markedly
substcﬁaﬂé%ﬂrdj%ﬁégﬁﬁ 21191 \Qifn Fed e‘éF R BCRR &%‘?ﬁ@hﬁ@?'ﬂ@wever this

onst it uént art cular preference I's given here

type ofi nodggnaﬂza’nMalwuuirg e npoienely. skeved par cormpaason with one using
ref erenI B& |ven to nitrogen-containing chel ating

equiv ?@mpe FﬁS'I es that may be nmentioned are

- bi py : I -
The hwrnxwfunwthnahé%ﬂoa%mwﬁitbe Hyvesiien: hayd Aavidediatiphapplications.
The s%kﬁ\foﬁ"ﬁ' Sl aér{rl\lg% L0 o(t-F&Ft t the.use of the polymers of the invention.

Ryl et yl énedi am ne

The eﬂarﬂlpl@.S?aréOnﬂdBrdled)@ﬂ@thy|§erwe3tab)dp©meésis roﬁl’«h@ﬁwdé’ Beplicability of the
person skilled in the art wil]_find in 30 WO 98/ 40415

pOIme@eldﬁﬁcnt?ﬁﬂ chY i waY Af exaeprise| AERPoyniirpizashiohapesnar used as
prepolgrgw%rr)% ngnq/déﬁ'}éﬂl an® 0%9&8 H8hdsié EpEHAN At &0 hot#elt and other

sealing compositions, for polymer-analogous reactions, or to construct block

occup&é?i Bi’/ ‘E’r‘ié’ﬁ er A ﬁﬂ‘%a He)’cdd?’dﬂé%o?emﬁﬁoérr &Whe%a%%{cfbnéﬁgtal (M). The

copolymers. The polymers can also be used in formulations for cosmetic use, in coating

materials, in lacquers, or as dispersing agents, or as polymer additive, or in packaging.

The examples given below are given to provide better illustration of the present

invention, but do not restrict the invention to the features disclosed herein.
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These | i gands can form coordi nati on conpounds in situ
h the netal conpounds, or they can be first

WO 299%(95758-& in the formof coordination conpounds P&idEP2007/054669
then added to the reactionZtixture. 5 The ratio of
ligand (L) to transition netal depends on the nunber
of coordination sites occupied by the Iigand and on
t he coordi nati on nunber of the transition netal (M.
The nolar ratio is generally in the range from 100:1
to 0.1:1, preferably from6:1 to 0.1:1, and
particularly preferably from3:1 to 1:1, with no
intention of any resultant restriction. The decisive

Examples or for the present invention is that the |igands

are protonatable. 10 Preference is given to |igands o
The pieserinexamplerehavvobgenabasad epniheuAd RFh paogess. d her pelymerization
pererly, ESRPEL 0idho  A0Eh'A TR el PR M gericuany

high @oppéft ccarfcentrationg:h I6wes pesitcudlar t Weight,arii%i strengthalsolution, and
nplete protonation can take place only if the

'b'funcﬁ%ﬁﬂﬂ't@g‘%{d of the transition netal is markedly

.subst oi chiometric, for exanple 1:2 wth respect to the

active chain end X. However, this 15 type of

pol yneri zati on woul d be severely slowed in conparison
Inventiverexameplest ng equi val ent conpl ex-X ratios. The

hydr oxy-functional i zed products of the invention have
10 g of meithgl fethatrobtepid.8 gadfi outgl acethte, Lel goctficmppef(l)tdmede and 0.5¢g

exanpl es doe notrsrlcttheueof ol yner
of MBS ipem o6 25 it ehaisd 02 o Benvalsbye 'éﬂy'%d with stirrer,
therméglre‘t’é‘r ASHIBP N e E rﬁfro%@ﬁ’ w‘ﬂ’efjﬁjb%o%'n'd‘-‘@r@bb!ntgyfuﬁﬁeF R@ider Ny. The

pol ymers descri y way of exanpl e,
solutiokT RB- syrretieart z60d°@ofornebs raine (gdg asf !putepedgoheﬂ_é-dlﬁZ-bromo-Z-

methyr%pgﬁ)bfa{ees &R%I? e@&d%%hétz Yﬁ@acrﬁ% o%{gfe%s?tﬂf%"ﬂ?%ﬁiﬁure is stirred for a
polymBRAEXITRT tiAAbPAOHSUMSCEC YD RDS AfEF ihtPodRItiBh! diChtnidspheric oxygen for
copol ymers. The polyners can also be used in

aboutf@mminl tet teyminater theosaectian, u8E5 g rofc%-mrﬁgptqememql dpsadded. The

solutlo‘,ﬂ:I c&)r%(; @g&?@e&wsﬁ&;ﬁo&‘é?ﬁé&u% a%@ﬁég aq,r[ge] g&ap Oaé'%;in% :_5?% \ereCIpltate

is fornfé® A briBuFifed fiRkdtide dyetdralis ubbdsor fitration.oAverbge molecular weight
present invention, but do not restrict the inventio

and malsaUker \fv@@dmld@rlwtm @@e@%e@'%teﬁmm b0 676 Messarements. A dried

specnrﬁ% @%071@ We %q‘.agpb&%rrm% ‘&?ﬁé&m oﬂ%‘e&mpﬂ)fsAAS and to

process

deterrﬁmbmrd)Mumber p@ﬁe&ﬂﬁﬁ@tﬁcdﬁlgre were selected in such
a way as to require working with particularly

8 g of Tonsil Optimum 210 FF (Studchemie) are admixed with the remaining solution,
and the mixture is stirred for 30 min and th.en filtered at superatmospheric pressure
through an activated charcoal filter (AKS 5 from Pall Seitz Schenk). A colorless
precipitate was previously observed to form. A specimen of this solid is isolated for
further analysis. Again, AAS is used to determine the copper content of a dried

specimen of the second filtrate, and a GPC measu_rement is made.
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10 g ofépeihyhethamyletacts 8, oftbutsl gc

hi gh copper concentrations: |ow nol ecul ar wei ght, 50%

strength solution, and 5 bifunctional initiator,
WO 200%/@ Hgﬁz\ge exanple | 10 g of nethyl nethacryl at gCT1EP8007/054669

g of butyl acetate, 0.2 g of22copper(l) oxide, and 0.5

g of PMDETA were used as initial charge in a

doubl e-wal | ed vessel equipped with stirrer, 10

t hernoneter, reflux condenser, nitrogen inlet tube,

and dropping funnel, under N2. The solution is stirred

at 60C for 15 mn. 0.47 g of butanedi ol

1, 4-di (2-brono-2- nethyl propionate) is then added at

t he sanme tenperature. The mxture is stirred for a
Compsgptivg ex2MRIBA tinme of 4 hours at 70C. After

i ntroduction of atnospheric oxegen for about mnto

atezﬂn%gdafmer(éh@nde,sand 05g

o revi
of PMEEIE welB st A0l ShardBL4 B3 - BaER Ag! eauiped with stirer,

thennoﬁemmpréﬁdmmoﬂded@erﬁﬁﬁogénmﬂesﬂm@iaadcﬂbbpmgWUnnelundeer The
temis used for filtration: Average nhol ec

solutiagh ighstirgdd akoPRI B & gAN- dP7r g el Maae@oi hi-di(2-bromo-2-
d

ey {RS TS BB SE SRS oo THBRSRAE Bl at T

for a folyrAdBzatiah time afet bom'sne!\fteydmtnxducrhnontxératmospherlc oxygen for about -

5 min Pl BHiSede 4P aCtinE e el B Gifthefie) and 4% by

wenghﬁﬁfjwaé? ARl tothe IdoltRfh 4rd tr%onmtﬂreai‘édstlfrtr&ﬁfor 60 min. It is then

iltered at superatnospheric pressure throu
ﬂlteredacbm presedrizeh fiieationf threegh (amgcmfarted)mhlamwg ﬁerz(AKS 5 from Pall

Seitz SEREREL AR50 ThoRATIerRiihh =hR' fisl2tudl] F¥loPY Higpugon, are then

deterrhifed by GPErmansliitisnts Agadiled AP8cinsert 2f dht dilgigieelsmhze used to
t he copper content of a dried 5 speci nen of the

determaige i9@Per FORtNEDLY AP andtedatargine REHOXY HumRkRs pojgntiometrically.
12008/ 017522 PCT/ EP2007/ 054669 22 Conparative exanple
1 10 g of nethyl nethacrylate,.15.8 g of butyl
acetate, 0.2 g of copper(]) oxide, and 0.5 g of
PMDETA were used as initial charge in a double-walled
vessel equipped with stirrer, thernonmeter, reflux
condenser, nitrogen inlet tube, and dropping funne
under N2. The 5 solution is stirred at 60C for 15 mn.
0.47 g of butanediol 1,4-di(2-brono-2-
met hyl propi onate) is then added at the same
tenperature. The m xture is stirred at 70C for a
pol yneri zation tinme of 4 hours. After introduction of
at nospheri c oxygen for about
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5 mnto termnate the reaction, 8 g of Tonsil Optinum
210 FFéSudchem' e) and 4% by weight of water are
WO 2008847323 the solution and the mixture is stirr&&FEP2007/054669
60 min. It is then 10 filter®d by pressurized
filtration through an activated charcoal filter (AKS 5
fromPall Seitz Schenk). Average nol ecul ar wei ght and
nol ecul ar wei ght distribution are then determ ned by
GPC neasurenents. A dried specinen of the filtrate is
then used to determ ne copper content by AAS and to
det erm ne hydroxy nunber potentionetrically. WO
2008/ 017522 PCT/ EP2007/ 054669 23 Table 1 Exanple
Table|fyventive exanpl e 1 Conparison 1 NMonomer MVA MVA Cu

concentrati o (Potymert zattony apout 5.5 ng/ g | Sul fur
dompilihd Mer cdpydivagranple 1adsor te@mparisandx/ Sil i ca  Cu
concentratiom (2nd—FrttratTon) 0.2 %ﬁ/ 20 pufg
Btamorerent s wi th 1.MMA respect to 9100 {8800
(prior—to puxr‘i—f‘i‘cerl‘i‘mr)‘“er‘Nh‘i'.—rB—l.—?ﬁ—(‘pr‘i—olr to
Cu gerdentratéan on) M 9100 89Qb0 %qéfte)r purification) Mwv M
L about 5.5 mg/g
(Pd‘!yn:l'é‘lZ%U%
Sulfur compound Mercaptoethanol -
Cu concentration 0.2 g/ 20 gl
(2nd Filtration) 2 HIS HO'8
Equivalents with 114 -
respect to Cu
M,
. o 9100 8800
(prior to purification)
Mu/M;,
o 1.18 1.20
(prior to purification) : :
M
o 9100 8900
(after purification)
-Mu/M,
o 1.18 1.21
(after purification)

MMA = Methyl methacrylate; Alox = aluminum oxide

The examples clearly show that the results which are already very good using
adsorbents to remove transition metal complexes (in this instance copper complexes)
from polymer solutions can clearly be improved through prior precipitation using sulfur

compounds.

Multiple characterizations of various constituents of the worked-up polymer solution are
likewise used to demonstrate end group substitution: 1.) the copper precipitate: the red

precipitate which forms on addition of the sulfur reagents exhibits extremely low sulfur
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(after purification) Hydroxy nunmber 12.1 ng K()—l/g <0.2
KOH/ MVA = Met hyl nethacrylate; Al ox al um nu
WO 253$/91375ﬂ%e exanpl es clearly show that the resul ?§Tf(/ﬁ|})8ﬂ07/054669
are already very good using 245 adsorbents to renove
transition netal conplexes (in this instance copper
conpl exes) from pol ynmer solutions can clearly be
i mproved through prior precipitation using sulfur
conmpounds. Muiltiple characterizations of various
constituents of the worked-up. polyner solution are
i kewi se used to denonstrate end group substitution:
conteAt )< ﬂbeppﬁﬁpﬁﬁd morselﬁb@fb@ Posélbl% {oeexcldde RFESPIRAtIoN 6f the metal in
forms on addition of the sulfur reagents
the foemmﬂsutf@eext renely |ow sul fur WD 2008/ 017522
PCT/ EP2007/ 054669 24 content, < 10 ppm and it is
2.) Thehpolgier:ehpadasinehtal ttoabseid uﬂ’meppceiymp'r salution refealbevery high sulfur

contef} svenalier dACYS] & e $eRongolyIntiebs S SribLAfer AyagResl of the suffur
added® thetty8lera W fifurn FRAINGER the @¥RRioA! HRA ré@'&‘{%l%/ fhel d¥ed product.

second,” colorless precipitate. Al nost al

Tﬁ’é“geléﬁnds cBfrdst g C[bﬁ‘tv S“FF“NI\AP'&U%B& [[} C?Qo'srﬁtémegtroscopy,

utron, and res the drie
reveabeiccbmw tmlmebleﬁatepnmcdlma dhe: ammdmﬂinsmaﬁil efs thandonoprotonated

tiamife SMAE A EISRRO ARalUS Greais alofis! RAats 8 sufur-free.
BromiblE! el O?W@Zlfbg%’@iﬂl toW%?&ﬁe@ﬁV@&l&%eﬁf@hoﬁiﬂﬁed by ion

precipitate is s fTee de“content of from
chrongtographyedepanding 8 &pbgimesi.dgits valubecomespends & the: eentent in pure

i_on 10. chy omat ogr aphy, dependi ng on speci nmen. This
PMDES%"@@'EBP'PQ%%W'Q ®to the content in pure

SRS ABSET 50 o B BTG ROH
examﬁéaﬁ'péﬁvé ag@éfft‘xeaof’ Jhue rﬁ%zl%@i# ”FoK%n%le@%oﬁ?&E‘oﬁ € value of

conversion, a val ue of KOH g woul
12.3 reg peOHY Wauldt be enpleetﬁd for the gmlemelas u/v@ght m@@dehns good
in.the boun of accur

agreefpal M p8bAdt Br BlEudey "I mearfRt e ACts 8h iggicator of a high

degreé@ﬁﬁjﬂc@@ﬂbhz”a&bnon The results for inventive exanple I
show t hat appropriate sul fur conpounds used even in a

The ré’secﬂt\é féfgg'lvlep g%%ti%m\ggéfﬁ‘ %‘Fl\fogﬁtr{ali‘%{)bﬁ?ﬂ?%té 5QRuBSRbounds used even
in a very small excess, based on the transition metal compound, lead to very efficient
precipitation and to a high degree of functionalization. The examples also show that
removal of the transition metal compounds from the solution is more efficient when
using thiol-functionalized reagents'than when using previously optimized work-up with

adsorbents.

Comparison of the molecular weights and molecular weight distributions prior to and
after work-up shows that the methods used have no effect on the characteristics of the

polymer, except for the substitution of the end groups.
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precipitation and to a high degree‘ of
functionalization. The exanpl es al so show t hat

WO 2008050 /2k2 of the transition netal conpounds fronF%&éEPzOOWOS%@

solution is nore efficient Wlen using

thiol -functionalized reagents than when using
previously optim zed work-up with adsorbents.
Conparison of the nol ecul ar weights and nol ecul ar

wei ght distributions prior to and after work-up shows
that the nmethods used have no effect on the
characteristics of the 25 polyner, except for the
substitution of the end groups. WO 2008/ 017522

PCT/ EP2007/ 054669 25 Wat is claimed is: 1. A process
for the preparation JVhgbisrtaimeshisi ng hydroxy end
groups, 5 characterized in that hal ogen atons are
substituted at polyner chain ends by neans of

: a@ddptdcess ofora thei pedparatigrdr ok ypdlymets omaling etjyckokf7 uend groups,

COUEOUS £, The, prpcess. (o, Lhe BLSRALEK PR chin ands by
Ghehmg ds a@cﬁ]%ﬁ%? arduf8eld HydrBi\}-furfd? bnéFP‘iEB‘/ﬁJllfL@fcompound |

transition netal conmpounids from pol ynmer sol uti ons,

. rreang*@#@a ’gﬂnth'éeb pa‘ﬂrgf‘@?%g;?&?m% cffa@lngahzgroj;@ @(d groups, as

Itron a suita esu und
tdfeimerde v ekdiry!, mehasactarizeld linr #iatorfor 3renTm£al pobdm:tlon metal

RGBS TOTRsaviEar soluBoas g eRLioRdPEIA SaPOHNG s precipitated
fbg/r mkhRs ¥ FaLitRAESFUS ?ﬁi‘t%'ﬂlé aluIfaf cHAHbedRA anditABR rEm@ed by means

pol yners, over 90% of the hal ogen atons are
ofifitationt ed t hrough the 15 addition of the sul fur
conpound. 4. The process for the preparation of

. Pdley mescedsafornipeh pbpaxstien df graypers davingl Aydmdyi end groups, as

claim3, har cterized i at r the |rrultane

sl h AR et ciey gra it Mt b R eirau g s GBI of halogen
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. A process for the preparation of polymers having hydroxy end groups,

characterized in that said sulfur compounds of claims 1 and 2 involve the same

sulfur compound, and that the two process steps proceed simultaneously. |

. The process for the preparation of polymers having hydroxy end groups, as

claimed in claim 5, characterized in that the sulfur compound involves a

mercaptan or another organic compound having a thiol group.

. The process for the preparation of polymers having hydroxy end groups, as

claimed in claim 6, characterized in that said sulfur compound has an additional

functionality.

. The process for the preparation of polymers having hydroxy end groups, as
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compound are used.

13.The process for the preparation of polymers having hydroxy end groups, as
claimed in claim 12, characterized in that, based on the concentration of the
chain ends previously active in polymerizatioh, 1.1 molar equivalents of the sulfur

compound are used.

14.The process for the preparation of polymers having hydroxy end groups, as
claimed in claim 1, characterized in that it involves a polymerization by the ATRP

process.

15.The process as claimed in claim 14, characterized in that the transition metal
compound used as catalyst in the polymerization involves copper compounds,
iron compounds, cobalt compounds, chromium compounds, manganese
compounds, molybdenum compbunds, silver compounds, zinc compounds,

palladium - compounds, rhodium compounds, platinum compounds, ruthenium
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r hodi um conpounds, pl ati num conpounds, rutheni um WO

2008/ 017522 PCT/ EP2007/ 054669 27 conpounds, iridium
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in claims 1 to 10, to give a thioether, with liberation of an acid of type X-H.

22.The process as claimed in claim 15, characterized in that, prior to the
polymerization, the catalyst is combined with a nitrogen-, oxygen-, sulfur-, or
phosphorus-containing compound which can form one or more coordinative

bonds to the transition metal to give a metal-ligand complex.

23.The process as claimed in claim 22, characterized in that the ligands used

comprise N-containing chelating ligands.

24.The process as claimed in claim 23, characterized in that the ligand is protonated

~ by the acid X-H as claimed in claim 21.

25.The process as claimed in claim 24, characterized in that the protonation

releases the ligand from the coordinated transition metal.

26.The process as claimed in claim 25, characterized in that the removal of the
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and/or of alkyl methacrylates.

31.A polymer prepared by the process as claimed in claim 1, characterized in that it
has been prepared by means of ATRP, its polydispersity is smaller than 1.5, its
halogen content is smaller than 0.1% by weight, and it has at least one hydroxy

group at one of the chain ends.

32.A linear polymer, as claimed in claim 31, characterized in that it has been
prepared using a bifunctional initiator, its halogen content is smaller than 0.1% by

weight, and it has hydroxy groups at both chain ends.

33.The linear polymer as claimed in claim 32, characterized in that it has been
prepared using a bifunctional initiator, its halogen content is smaller than 0.01%

by weight, and it h‘as hydroxy groups at both chain ends.
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