WD 2008/ 017523 PCT/ EP2007/ 054670 1 Process for
preparing hal ogen-free ATRP products Field of the
WO 2008/607323n The present invention relates to the RCGFAIR2007/054670
renoval of term nal hal ogen atoms from polyner chains
prepared by atomtransfer radical polynerization
(hereinafter abbreviated to ATRP). The present
i nvention al so enconpasses a process for the renoval
of transition nmetals from pol yner sol utions.
Specifically, this involves the renoval of transition
nmetal conpl exes with content extending as far as 1000
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pol ymer sol utions after a conpleted atom transfer
merl zation. One very particul ar aspect of
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rocess for preparation of a wide variety of polyners,

specifically, itppvglyes ythat resnovsd|of teansdtiary mgtak cemplexes, mostly containing,
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S|mult§heousl9 aoﬁi@ve@h%ngoﬁoce@%ﬁap ]réﬁwvﬁl oﬁ@lﬂéteM@wal halogen atoms
247; Science, 199 272 6). ATRP provides

from tharnodymgr ehaips,i anitosally ﬁd‘ﬁ’ﬁ‘}tﬂﬁﬂ%}"ﬁé’ﬂ%n phtheneolieies termigl removal of
the tré@ggﬁq erd%ta?ﬁ:omp Qm%ﬁ p%’é%g 3L %rfa“astaﬂafro?rln‘éﬁ%rﬁ”from the ligands

prewo@x@lw cbbelimatbdcon dhe Weargsitiorh uhetal, sthis Baltnfdreatibarin turn permitting
ght distribution. This is noreover a living
SlmP|€bEﬁ"g)ﬁ‘éﬁlloﬂ'@?ﬁﬁlsﬁmﬁcﬁﬁ“'ﬁ@?m ts the targeted construction
pol ymer architectures, exanples being random
ATRPc@p@InytmIP@,rt@?t prasess clopapreparation: oftaimide vaysaly o¥fr palyeers, e.g.
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providetl ¢dresiderabie pragresotowachee sbjeztiee eofplatioreeldpolymers. The ATRP
method was substantially developed by Prof. Matyjaszewski (Matyjaszewski et al.,
J. Am. Chem. Soc., 1995, 117, p. 5614; WO 97/18247; Science, 1996, 272, p. 866).
ATRP provides narrowly distributed (homo)polymers in the molar mass range of
M, = 5000-120 000 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
architectures, examples being random copolymers or block copolymer structures.
Appropriate initiators can, for example, also give unusual block copolymer 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.



inter alia in Hans CGeorg Elias, Mkronol ekOl e
[ Macronol ecul es], volune 1, 6th edition, Winheim
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Prior art The devel opnent of 2an ATRP process step in
whi ch, sinmultaneously, the halogen at the end of the
pol ynmer chain is renoved, the transition netal is
simul taneously conpletely precipitated, the ligand is
converted to an ionic formwhich is easy to renove,
and optionally a functionalization of the chain ends
can be undertaken is certainly not prior art. I|ndeed,
this is true sinply for the conbinati on of hal ogen
renoval and sinultaneous transition netal
Pﬁorsrecipi;ation and, respectively, functionalization and
pén3|t|on nmetal precipitation. The present invention
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prempﬁ%g&'@ol ymer chain term nated by a hal ogen or by a
seudohal ogen and the correspondi ng transiition.
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_ possible uses. Many specifications describe the use
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noner FoAs for the Co on o
correspohtdingrassitidh nepalesgnpatng i axowpt exitatiohistdte (e.g. copper I). This
. reference may be made is . . .. . .
applies both to actual ATRP, which is initiated using (pseudo)halogen-substituted
initiators and to reverse ATRP as described at a later stage below, in which the halogen
is not bonded to the polymer chain until the equilibrium is established. Irrespective of
the process selected, the halogen atom remains at the respective chain ends after
termination of the reaction. These terminal halogen atoms have many possible uses.
Many specifications describe the use of this type of polymer as 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



US 5,807,937 for sequential polynerization and US
6,512,060 for the synthesis of nmacroinitiators.
WO 2BOS8VET23 a problemis that, as is well known t PGHREP2007/054670
person skilled in the art, tBese WO 2008/017523
PCTI EP2007/ 054670 3 hal ogen-functionalized pol yners
are thermally unstable. This is one of the
di sadvant ages of prior-art ATRP. In particular,
pol ymet hacryl ates or polyacryl ates prove to be
mar kedl y suscepti ble to depol ynerizati on when term nal
hal ogen atons are present. A nethod for renoval of
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functionalization of the chain ends by OH groups. The removal of the bromine atoms,
which in this instance are terminal, has to be considered only as a side effect providing
a route to the objective. The reaction is therefore described exclusively with
mercaptoethanol as reagent. No mention is made of any substitution with
unfunctionalized, or acid- or amine-, or epoxy-functionalized, mercaptans. Another
difference from the present invention is the polymer-analogous conduct of the reaction.
In the publication described, the substitution reaction is carried out only after purification
of the ATRP product, in a second reaction stage. This directly gives a third important
difference from the present invention. The effect of the invention: the precipitation of the

transition metal compounds from the ATRP solution through addition of mercaptan



unfunctional i zed, or acid- or am ne-, or
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One of the few descriptions of in-situ methods is found in Schén et al. (Macromolecules,
34, 5394-7, 2001). Here, the polydentate amine ligand needed in the ATRP (in this
instance trifunctional PMDETA) is used in double-equivalent excess with regard to the
copper reagent. Toward the end of the polymerization, the ligand substitutes the
halogen by way of a mechanism not described in any detail with hydrogen. However, a
disadvantage here is firstly the very high ligand concentration, which can discolor the
product, and which makes copper removal even more difficult. Secondly, the process is
described only for bulk ATRP, which is almost impossible to carry out industrially. The

same method, also in solution, is described in Pionteck et al. (Marcomol. Symp., 210,
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Purification of polymers or polymer solutions is widely described. By way of example,
low-molecular-weight compounds can be removed from solutions or else from solid
polymers by extraction processes. This type of process is described in general terms by
way of example in WO 02/28916. However, if almost complete removal of transition
metal complexes from a polymer solution is to be achieved - i.e. to a content of 1 ppm -
extraction alone is not a suitable method. But for various reasons great importance is
placed on the almost complete removal of said compounds. Firstly, transition metals
have a particularly strong color, in particular if surrounded by coordinative ligands, and



Sawanot o (Macronol ecul es, 31,6708-11, 1998, and J
Polym Sci. Part A Polym Chem, 38, 4735-48, 2000).
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strongiqelef ore not only the renoval of the transition netal
per se which is of great interest: nmaximum efficiency
One sgpreqifidaem c oh cefitactionois rasigsuisotiadidrliovid vextraglion §rom polymer
- al.SQy.i t gn 0Ces ' I rovyi :
solutofie? By, T o clrampley “4 el WiV ERiF (B R HBLUR sygthesis o

polypHenglemet atidar @nd e rerhoved ifroad € pbniar salatioh B9\dgicbas®xiraction
|ications. Another reason for this

after the POWETOTAIPNICT L lraanns SAHEIORBJE €k NG BUG ety Sth edition
1992, $bf 9B%, Y. 806 ff). A disadvantage of this method is that many polar polymers
act as suspension stabilizers and inhibit separation of the two liquid phases. These
methods cannot therefore be used, for example, for work-up of polymethyl
methacrylates. Another disadvantage is that transfer of this type of process to industrial-

scale production is very complicated.

On a laboratory scale, the transition metal compound - e.g. a copper catalyst - is mastly
removed from polymer solutions through adsorption on aluminum oxide and subsequent
precipitation of the polymer in suitable precipitants, or through direct precipitation
without an adsorption step. Particularly suitable precipitates are highly polar solvents,
such as methanol. Given appropriate surrounding ligands, however, it is also possible to

use particularly non-polar precipitants, such as hexane or pentane, but this type of
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material, for exanple. Thi's makes renoval, and thus

absorpent; @leto ao?vkollg@ baitfins@juble, resin. t e fiavid, pelymer-containing phase is

separgfe‘acfrght el | M3oRIbPs %é&eﬂﬁfggqﬁt@gbggﬁ'ﬁc%ﬂ@q@:’% théS/ of example,

precipit ant m xed
CN 1Z1®S1I1dd@;rlbal§da pidvess Gogiich aarddsoriesnti (in partlbarab\aﬂ:hvated charcoal

or aluaaﬂwm. eﬁﬂeﬁ?slsésggaﬁpdhzl @Q%%ﬁﬁlﬁ%ﬂ eﬁ%@@'@éﬁp process, and is
then rtgﬁgﬁlgp'ﬂf‘ﬁl'tém]gfﬁﬂpﬁ%?gﬁ%ﬂagetﬁ@érls KUt Yargéeamounts of adsorbent

ore not “trans to Industria
are neededidoi achiewcbam;mlétﬂ remioyab nalttecugha tho y:ostmiteof fraesiion metal

complgrggg ﬁg]eg%/e%g:tlpa gﬂm&pﬁé% freélaﬁygy 68?\/%]@1% SO| ﬁﬁﬁumyomde is also
clalme?PinUJP 2002 U@BQﬂBt e 2ol 153771 UP@UO@W ahascﬂhé'rbéﬁécmcatlons
exanpl e through oxidati on, bound, prior to

use baswacblt eﬁldtchélllpal 99@0%@9@&80 1P 30@%62662%5&18@9@&“5’;5846 and a
numb% Oﬁ)‘@?@w%fﬁn& ﬁ#h& cg{isulk??rg Kgr‘ci’éka (oﬁ@ar&ég%‘f’ugn) use acidic or basic

adsorbents or combinations of hydrotalcites as adsorbents, in filtration processes which
are mostly multistage processes. Here again, large amounts of the inorganic material
are used. These adsorbents are moreover relatively expensive and require very
complicated recycling. Lack of cost-effectiveness is particularly significant when ion
exchanger materials are used (cf. Matyjazewski et al., Macromolecules, 2000, 33(4),
pp. 1476-8).

This same effect described is also the basis of the patent DE 100 15 583, which
describes an ATRP process in non-polar solvents. The transition metal complex

becomes insoluble during or after the reaction, through oxidation, and can be removed



separated fromthe insoluble material by filtering or
centrifuging. By way of exanple, CN 121011 descri bes
WO 2808/082%82% i n which an adsorbent (in particul ar PCT/EP2007/054670

activated charcoal or alum 8um oxide) is added to the

pol ynmer solution after the ATRP process, and is then

renmoved by filtering. A disadvantage here is that very

| arge anounts of adsorbent are needed to achieve

conpl ete renoval , although the content of transition

metal conplexes in the reaction mxture is relatively

small. The use of alumnumoxide is also clained in
0 .
oy SR HSERe Brodfe s et o 4RI 8150 8 ppeparation o

relativay) 3100964180 polym et 0§ mﬁaﬁaﬁl,ymh?s%}@4pm558¥m fonedample polymethyl
methaglatas JorpPTaeSaeraneobpb i sSliear el Bgeatrd Herefore has
only }‘?é’&'bl‘é%%‘idté’&‘sa licBYiflt tlﬁ"\fé'r? %?)e%ﬁlcaﬁél‘}ﬁ@?ﬁbﬁ@né NThe product range

tration processe are nostl Yy mul ti st age
avaulemle;oe@siw pHresiusgy atan bleaftgﬂweaniwmdgneﬂ bhdaigetedyadesign” of the

S S L Sp SRR, B AR, g FREE oner vorkor

condifi®§y CtHig & déwlbeafb;ﬁwgpw%&gﬁble/ﬁm@a dtsal p@olyng. Lﬂwd YAm. Chem.
significant when ion exchan materials are use

Soc., (V. Redy-yChesws kP98t 48(2), plvﬁg%nsv englegy withothis, 3#{’4’-)005 105265
acids f ok ko ing SBBCAr SB351l enphofnd Ve o prices

.of theﬁ@ﬁhdﬂ acéassmsau\mna@@l e mlrsmﬂstsuleéf hB theaanr’scam @noreover readily
becones i nsol ubl e duri

see theéa?@tqféhe pfqﬁeééaﬁ baRed AN RIRCIPAAOR Wi bis A (@éwtq/\%%eprocess with
no adag%’?{ Hdrmf p? ?{aﬁf’% 97érﬂ?@a7cpto fhdBhdibe té%%ﬂg@ %n;/m{%l.r Most prior-

wever , sses 0 e are suit
art protessesepartheiedoreanultistd gt pmbysemmwpulmg agditipmef sauxlliries, which

mostifduRgidh) plraisorb s G pependrd I REQABREBRHR Mk-Us with phase
separ@fibiy and alsUfbﬁncﬂ”irPQP%OQ d9e%1ef ore has only very
restricted applicability, in very specific

a c a
Thesé)?hécffggfdlg% g)'r&?% g e tﬁa g%%r g:ggenlg%ngy"l?iéér Eeé’é Zanhb® be cost-
effectlvelysegahde(ﬂ to fred usitiiia) gorddyctigm edlumesd Stagemebthmbtypet gre described

[ n conpl ex under wor k- up
in EPg 11:%#]51@ gJp 4%%1@@escri bed by way of exanple in
Li ou et aI Polym Prep. (Am Chem Soc., Div. Poly.
Chem ; 1999, 40(2), p. 380). By analogy with this, JP

2005 105265 adds an additional conplexing agent to
Object| ter solubility, with EDTA. The very high prices

It is an object of the present invention to prepare polymers by atom transfer radical
polymerization (ATRP) which contain no, or only traces of, halogens or
pseudohalogens. Another object here is to improve the thermal stability of said

polymers in comparison with halogen-containing products.

A particular object of this invention is to realize polymers which, with the exception of
the end groups, correspond entirely to the materials which can be prepared by ATRP in

the prior art.

Another object of this invention is to carry out the halogen removal within the context of

a process which is cost-effective and simple to realize industrially. A very particular



of the Iigands are a di sadvantage. The person skilled
in the art can noreover readily see that all of the
WO 2008808332% based on precipitation which is anci IPETER2907/054670
the process with no additio® of any precipitant can
only lead to inconplete catal yst renoval. Most prior-
art processes are therefore nultistage processes
i nvol ving addition of auxiliaries, which nostly
function as adsorbents. Correspondi ng di sadvant ageous
wor k-ups wth phase separation are also found in JP
2002 356510. These nultistage processes often use
. ri i Thi e - f i .
objeol Y P p D0 e R o B PSRl AREAR prRALATIONELY drecty a
the eidobthieygetualr ATRPIrocéedin the dafhd reRRiod M@ seel (dRedf3eaction).
119219. (Object It is an object of the present
A parall@esbjed of ehidisasHtRNDoh XRENighbwf ahe Prior ansfiertor@diidal a process
~ polymerization (ATRP) which contain no, or only traces
whichois, replizafyje igdustrialys ane oMRIED f@Rsremeng Hapsitip) dpetahspaplexes from
polyn4e§ dofutl i %\\fe(hé%nﬁﬁ?iwlthgtmell !p%cé%fs i§aigger{d%8| tk”ﬁé ?nexpensive
I'n conpart son w al ogen-contai ning products.
and famlr Ahom\?ﬁjm{tq eCthe)ErdsﬁhSirivemﬁm WIS t:coqarbgidemmg'rcmess which can be
_ ol yners Ich, with the exception of the en r oups, _
'mplegﬁnil%cépend KM} ePYSIERIS Rl eer?Q.{l SQUHHYH EQW"%%‘ZE‘BO”: without
r [ L Qr t her i i
compfREA; RETINCTITD, othef il vaR, 5, APAAS paibgfl dow residual
concenitiatipns o ¢he transitionahetah compdes sompbohds, sbelow 5 ppm, after just one
.. .cost-effective and sinple to realize industrially. A
f'ltrat"&%rsgfpparti cul ar WD 2008/ 017523 PCT/ EP2007/ 054670 9
object is to carry out the hal ogéen renmoval w thout

A partigitiar pbirgl offhe RieteRidPYeTHoNdVRR £ [gMaYe trapgitigRdngipl fesidues from
soluti?’ro@n #8in AN RTRP Pgﬁfr%rk%tién, R {Er ﬁ%%hgﬁ?tl;(fﬁéﬁherization.

e- pot react paral | el object
invention, in the light of the prior art, is to
provide a process which is realizable industrially
can,.renove transition netal conplexes from

. and I C

Acmeﬁ'&l"ﬂ'/erv@ro#sqc(’)l?]&ﬂons. At the sanme time, the novel process

is intended to, he inexpensive and fas ot her
The oblsich BEsd1oN e b B RIOCERD N olleyal B BrEGRaaTEmS from polymers
and réth8¢AT tMMsfdnGRBt 8ol pBRINBBEEH £6 cMizKA R¥hattRé BBfbgen atoms are

suitable for solution polynerization, wthout
substituteg Ibycaddition of agsuitable sylfunempeunadigindcsimuigneously the transition
metalrc%?rllﬁc?u%d%aérte' 8rlé|c%ritla¥ed 8\3’/\' Said 'sgllf'l?rl compound, and are then removed by
filtration.
The suitable sulfur compounds are added after or during termination of the
polymerization. These sulfur compounds simultaneously serve a plurality of purposes.
Firstly, the terminal halogen atoms on the polymer chains are substituted and thus
removed from the polymers. Secondly, a reagent is thus produced which is suitable to
cause quenching of the transition metal compound, thus causing almost complete

precipitation of the metal. This can easily be removed by filtration.

The detailed result of addition of mercaptans to halogen-terminated polymer chains, as
are present during or at the end of an ATRP process is substitution of the halogen. A
thioether group thus forms at the end of the polymer chain, this being a group previously

known from free-radical polymerization using sulfur-based regulators. A hydrogen halide



concentrations of the transition netal conplex
conpounds, below 5 ppm after just one filtration

WO 26084pL 7523 par ti cul ar object of the present invenPiITER2807/054670
to renove transition netal ri@sidues from solutions
froman ATRP pol ynerization, after term nation of the
pol yneri zati on. Achi evenent of object The object was
achi eved via a process for the renoval of hal ogen
atons frompolynmers and renoval of transition neta
conpounds, characterized in that the hal ogen atons are
substituted by addition of a suitable sulfur conpound

the transition metal conpounds are
is formflifast bl!@'a&at @é‘%ﬁé’oﬂldﬁ

precipit aid sul fur conpound, and are then

The (:té1 aggggyrgg;tjlg @gé(ﬁérﬂgtg mfrﬁlaﬁgtf noﬁ? g.#r{fiékefﬁ%@%iﬂés, such as

hydroxyobryadd ig@ipso at thideae of thd polyamrepairds si nmul t aneously
serve a plurality of purposes. Firstly, the term nal

The W@F@E Iﬁh@gstﬁé’t fd‘rﬁwso@a)‘l%f t%‘f%ﬂﬁo@&éd waii;géhibeﬁolymenzatlon

removed fromthe pO yners. Second
solutiongagnsk thus thass pariiailaye dteastiviy, ileading t igbipsotopatieausfethe ligands

soscEREH S 5 0 L PaBh SRR P gencning o e
transitibhi raefRofiex prdeeets Bxeehdly rapitiyrid ?Nesmcﬂptéﬁlﬂ@ﬂlon of the

result of addition of nercaptans to hal ogen-term nated
transitigp| Paial cemprrgds aghichase siok deai SeRieFiiy aﬂy mesking affest.

of an ATRP process is substitution of the halo
One veny paitigelar gspept ohthe peasent dvartiondadhaf thawedcﬁsgoyrﬁéra reagent in

one oS Sy IR RV PE IR Y4 AL ¥Ren atoms rom

the polyagaH @iadiss .optiongily adenctichalizativd of GRS/ pdlyAeBtermini, removal of the
PCT/ EP2007/ 054670 10 is forned as cl eavage_ product.

transitipRe matal cemprounds Péggf%%'@iat@lnsoa%rsrﬂ”t doimatiasy feam ofhe ligands
f t
prevuo%’gl\é éHotrg'Wétéc(ﬁ'?)ﬁ h?qﬂlfantsL%ﬁ nﬁf&l tAS sgli’%ﬁtﬁéémﬁ{/ J?gggwn permitting

, at t mer cha

simplehah’laﬂ'al bhihe ligandas. cannot be hydrol yzed in organic
pol ymeri zation solutions, and thus has particul ar

In the AF&RR prddess derebad, fermpigtiopnet ihenreattibhenddtyatartas place through
descri bed bel ow, rmstlryF basic, on the transition netal
OX'dat'%n%B@hﬁj traygitiony weelahi hhisolcaphtaker placsi ouia sigtly by introducing

pr . & dge[ f’gﬁﬁggdt@ﬁfgﬁ%ﬁlﬂfdrﬁ}péé%.ylnatrl’m% et Bbgstas catalyst, a
portion of the metal complex often precipitates during this established procedure.
However, this proportion is not adequate for further processing of the polymer. The
object of optimized catalyst removal has been achieved by using protonation for the
efficient removal described of the ligands coordinated on the transition metal. This

protonation is an indirect result of addition of sulfur compounds, e.g. mercaptans.

Another constituent of this invention is that the sulfur compounds used become almost
completely bonded to the polymer chains, and that the residual sulfur content can be
removed completely and quite Sirﬁply by simple modifications of the filtration process.
This method gives products which have no unpleasant odor caused by sulfur

compounds.

One great advantage of the present invention is the efficient removal of the transition

metal complexes from the solution. Through application of the process of the invention it



transition netal conpounds, which are not then subject
to any masking effect. One very particul ar aspect of
WO 20080p7%23ent i nvention is that the addition of @PCI/EP2007/054670
reagent in one process steplsinmultaneously causes
renoval of the term nal hal ogen atons from the
pol ymer chains, optionally a functionalization of the
polymer termini, renoval of the transition netal
conmpounds by precipitation, and salt formation from
the ligands previously coordinated on the transition
metal, this salt formation in turn permtting sinple

is possHIR Y& us8fa fill} ti!grhg) s tbretillEe ﬁgﬁgitfgbgg@%‘? cgﬁt%t?]:t] Fgﬁagil]east 80%,

termnairon o reaction nostly ace
preferabiyday ableast 96%s dandavery tpasticulatyaprefétabdy bypat temist OpPade particular

uite sinply by jntroducing atnospheric oxygen or. b :
embogieets ofclsets aPPlFOMEN H1E Prodats Uabe BYSRIERRIALS feduction of
transifiéh ?Héféltcorﬁentggf}{ﬁﬂ'o‘f’é‘t in b9@opet al conpl ex often

precipitates ing this established procedure.

. ; . " iy .
SurprSHRS ot FueBlEPISH, Sy oAU LB eAL By @ minimal
excessaifal.G’etJuivamfmabf E@sek;gmmirag bummbmy?wsd{iswlgasg) tée used, preferably

rotonati o or. t efficient renov escr.i be f .
12e %\@lemtgaaag RABHF A &péﬁffeaaplvﬂ%8§ﬁ it SHIvleats: The: tesult of this
minimi{ %?(9@% i 'réscs@unal' kUre&nte RS WriictPis g@ﬁbé'\%}}q%w in the polymer

sulfur conpounds, e.g. nercaptans. AnOther conhstituent

solutiarf, arid whiahveai iemsily bet temovdtkby uhddificatiorpolitivs sulssagiuent filtration

¢ becone al nost conpletely bonded to the pol yner
SI€P. chains, and that the residual sulfur content can be

renoved conpletely and qujte sinply by sinp|e . L
The regasms @ddedre tg? Fﬁb@“?? g?'ruHPP d'ﬁ?%" &@'Pn%rs‘” ftriggtermination
' q t ] dinb i
of theg'lﬁ)?bﬁﬁné‘rrlééqféﬁ Eaéggféd&hmﬁvé‘%ﬁﬂ@)m'&bn@tﬂﬁgcﬁﬂﬁﬁ indYrganically

r conpo e great antage o present
bondednfoent. ilbis partichiarigfgretérahte tratdbede stilfiheontaining compounds used

o WS BT CEE Yo 5 o 5 00 SEBcs rev
SH grb&3¢. BP2R0gadedian( préferted BR{EMI®cBNipdUARES thaf Mal! 158 hidhtioned are

process 'to reduce transition netal content by at | east _
merc s apdéirepther yunstionalizedsar else namdunadiopalized compounds which

vave BB P83 o i By 58 bt ncer o

conditioneeint thensglation.t Phewdosgh iivoled orgamo Bohpsoundsl 8lich as thioglycolic
.content by nore than 99.9% Surprisingly, it has
aceticnpradider HeEsRRtORIPIANGL , askked ARG, enfigreaptopropanal,

mercadButandl Nhi%taptohexanol, octyl thioglycolate, methyl mercaptan, ethyl
mercaptan, butyl mercaptan, dodecyl mercaptan, isooctyl mercaptan, and tert-dodecyl
mercaptan. Most of the examples listed involve compounds which are readily available
commercially and used as regulators in free-radical polymerization. However, the
present invention is not restricted to said compounds, the deciding factor rather being
that the precipitant used has an -SH group or forms an -SH group in situ under the

conditions prevailing in the polymer solution.

A particularly surprising finding was that said sulfur compounds used can comprise
compounds known as regulators in free-radical polymerization. Advantages of these
compounds are their ready availability, their low price, and the possibility of wide

variation, permitting ideal matching of the precipitation reagents to the respective



excess of 1.6 equival ents of correspondi ng sul fur
conpounds has to be used, preferably 1.2 equivalents,
WO 2808/0p2523 cul arly preferably less than 1.1 equi RICEME2007/054670
The result of this mniml EXcess is a residua
sul fur content which is per se very low in the polyner
sol ution, and which can easily be renoved by
nodi fication of the subsequent filtration step. The
reagents added to the polynmer solution in the
invention after or during termnation of the
pol yneri zati on preferably invol ve conpounds contai ni ng
[ api f.or 3 LG
polymillzpbn, PR ReERld s ey IR HReldild RAUhERLAIL I order o
contrdidhe hindepulacweightof tre pblytreassi tion netal ions or of
transition netal conplexes have SH groups. Very

The apaéintcsfl raglibatdrssh drdeefhdiia Polymeasatiom) daskiasn Meym@omers to be
menti oned are mercaptans and/or other functionalized

polymgirizefsis moRtlY gian ahaom 8D yowRight ipiSch bynaeehbrle the present
mvenfin SRe A o8 RINECS Bl e B R HRERf Hmonomers. b

on thd lveseentratiorn vb thive trangitiohometaiponmstunds inctheapolymer solution. In this
i d, mercaptopro [

thi ogl ycolic  acetic ac ropjonic acid,. .
senseyihe Haﬁ%lo,?ﬁ}%?l@g%t%ﬁ%ﬂm rec w@ﬁ&%ﬁtﬁsmwm is 1.5 molar
ecuivIHERGH ORRAAALS oAVl SRl pAfary By ogs oo 1.1 ol
equivatentsapndniery padiculdriymetapblyriesattaant €06-rdolde eglivalents.

nmer capt an. Most of the exanples listed involve

The prospowkiiedwn tie aire caradiadily aeal tral the memeaptansidescribed, when
ulators in free-radjcal neri zation,

nd used as re ol yi
adde‘i@/\ﬁ\%??lym‘?é SOfiftiofe After WEH@?W P thﬁ’o'?"'?@&'?%‘?réoca(@m have any
furthe? @chﬁméngmew Beﬁﬁgisﬂ'lé“&t;é%tgn t’e%bﬂ&? dB8EMskd. T applies in

t he preci pi t used an -SH group or fornms an -SH
particglaoup ithesimaleadaierweigbt distnibiutionss the evwiedutay iweighte additional

o ANER, S2AY e BB e R A e case o

semicHHTRINNE FDIAEMN an8 thetichie6tard Bf thepolyasireator example branching
nmeri zati on. Advantages of these conpounds are

pol

or bloﬁhéﬁucﬁlé%&iy availability, their low price, and the
possibility of wde variation, permtting ideal

The pessarhiskifjedfintthe qt eanpinbeadven readieses thet eheorresponding process
espective WO 2008/ 017523 PCT/EP2007[ 054670 12 . ,

basedlgl& ﬁ"é‘?iofélﬁpéﬁa §setxg sivgly, qn {I%?téorbp gﬁsgalymﬁer solution can readily

be usbHegs bﬁ%&@étriﬁ%bﬁé@éé@i EQBtIhG sldRh bOlynPhtiéh syBRms, without
mol ecul ar wei ght of the pol yners.
any major reengineering.

A further advantage of the present invention is that the reduction to one or at most two

filtration steps permits very rapid work-up of the polymer solution in comparison with

many established systems.

The substitution, and the precipitation and subsequent filtration moreover take place at
a temperature in the range from 0°C to 120°C, these being process parameters within a

familiar range.

A further field of the invention is the efficient, simultaneous removal of the ligands,
which by way of example in the case of amine compounds take the form of ammonium

halides. These ionic ammonium halides are likewise precipitated in organic solvents and



The amount of regulators in free-radica
pol yneri zati on, based on the nononers to be
WO 2008/91E23zed, is nostly given as from 0.05% by WGHHP2007/054670
to 5% by weight. In the presient invention, the anmount
of the sulfur conpound used is not based on the
nmononers, but on the concentration of the transition
nmetal compound in the polyner solution. In this
sense, the anmount used of the sul fur-containing
precipitants of the invention is 1.5 nol ar
equi valents, preferably 1.2 nolar equival ents,

can b&%&hb§ éi@rﬁéﬂt ngLl%éplhltMelfﬂ?astl heFthd th ,ozi\bmetﬁl compounds. In the
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flltrateorfnaéﬂ bME%bh?@&é St%@%- have any further effect

on

p ymers beyon ubstitution reaction
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polym@ﬁ'lbﬂé?ét%s éﬁraﬁﬂamﬁ’l)@ HPRASE NN Blas ObedH %hnétfHég tiﬁ'isesamd directly

e person skilled in the art can noreover y see
protonates the diganddpandi ﬂrglsmlwmhes tbmmtalrhgae\dnsomplex The transition

metal B0RTi Ge gy LSRR thedhfiah Sihich s Rt hetart of the
polym@fz&tiors td. §9irs tHelbh e owqiowef iir? e FGrnS YT LEUNBF, cw;(t:hwtc;uzo If the
any maj or reengi neering. A further advant a?e of the

condltmnés@r@t syety &mati the fransi gm roefal ieginvitarequsho exidizedate.g. through
mtrodf@ hto¥\oa|r #neé ?éris?t[b : pc%[#é&cy Hido " '%g‘ﬁ%s i Pthe higher

t
€ po r SO 'son Wt

ox1dat©$1t @tbte S'h@l n&y@h&ﬁ’ﬁex@& hiab $lasttot beonsedrod msulfur compound in
reci pitation and subsequent filtration noreover take

the invgniion IBroTder (s AduPYe $7l BRethBasemge EcRlve 4rauR2bel the end of
the pélgﬁ%? é?%rfglrsfﬁﬂ&esfﬁr %@Jaﬂ?ﬁt N gs1| %ﬁlbé%n?s f\a%ﬂré?ﬁondmg situation

freld entionis
appheef bamdsnm thei Ilgﬂrtdsnbotw canpleaés af whieh Ithgaratsltlon/\/meial and the

of, ex the _case of. amne co unds .t
igand e Frésanto Bvistioub . it e il exBess & SarsifufEompound is
IlkeW|s'éa|sUﬁ%ﬁerﬁrl% bickRVeS8opRE: P%ﬁéﬁcﬁ\%&'bfoﬂh%a%ﬁsﬁlthﬁf&él complex.
and WD 2008/ 017523 PCT/ EP2007/ 054
Examples of these ligands are N,N,N°,N"" ,N""-pentamethyldiethylenetriamine
(PMDETA) and tris(2-aminoethyl)amine (TREN), which are described below. In the case
of ligands present in the complex in a bioequivalent ratio with respect to the transition
metal, this invention is applicable only when the transition metal is used in a marked
excess of, for example, 1:2 with respect to the active groups X. 2,2’-bipyridine is an

example of this type of ligand.

As an alternative to a second filtration step, the first filtration can be modified. The
ammonium salts can be immobilized through addition of suitable absorbents, e.g.
aluminum oxide, silica, hydrotalcite, or ion-exchanger resins. Insoluble organic
polyacids, such as polyacrylic acid or polymethacrylic acid, or insoluble
polymethacrylates or polyacrylates with high acid content or a mixture thereof, or a



can be renoved sinmultaneously in the filtration of the

transition netal conpounds. In the case of
WO 2068/01752Bar | y non-pol ar |igands, there can be s&®&I/EP2007/054670

delay to the precipitation d4 the ammoniumsalts. In

this case, a second filtration step would be needed

after the filtrate has undergone sone degree of

agi ng. Conpounds used as initiator in ATRP are those

havi ng one or nore atons or atom groups X which can

undergo free-radical transfer under the polynerization

conditions of the ATRP process. Substitution of the
mnxtur%ctf\la?’éaof QY f?ﬂ@re;ﬁngggaygg géﬁ%ﬁ%ﬁ%(\ﬁ@te‘éﬁéé&/ee d c%tr%gﬁtﬁ) the use in the
prior émoﬁddsommmmlcm:am dﬂeneadér)tlcaprtbealwtes@onumgl agpdaties are only

optiongliy e Brendioaes? SR et Ty TEISrS; {hk gaupts needed of

said étﬁ‘)ﬁllefr%sma‘r@ P’M&'rl@éhlytsr’f’@ﬁer“%ﬁ%&hpbh@o@t\ﬁftﬁ Pl td?'i%r-art processes
olymerization: e.g. in the case of copper in the form

descnbéd o&lBthatd}umeedm fcmmeJr remouabas rneoiegivel anadgitionalitiration step, or

e transi,ti.on, net al i multa S| [
else tig3gkan Re SHver P plaar oy Ot Tl porm BB sBF i Be removal o
the pr@@bi@éte@qmi’%ﬁm\ Rk c@hﬁﬁitﬂd‘sat es in the higher
oxl dation state. The maxi num excess that has to be

AnothHﬁSS’sé?leﬁ/abﬁ a?m“élié’rhaﬁﬁmg'&gabfbn bhhed S18fbh ABhiCA is carried out in

ieve sald effect, based on the active
advange ouglse subseeeatiy fof examplepwith veatecombufferi solatinry, f or
exanple, 1.1 equivalents. A corresponding situation
As theapgrsor skilledse the arttdan rieiagdyldeeLsaiﬂ @rocesyfoeXigand nemoval can also

t he transltl 0 and the |Iigand are present
be trar?%e[rﬁg te fonming-b ﬁ%feyé?%ﬁy slight excess of the
sul fur conpound | s likew se sufficient to achie

Adsorbent|astasisgiatt mixiires cande ysagkio re&HCﬁéfe%pwm githe final traces
of suff KSRy SHRF 1HERRT IO fon ks plc n sl fp successive

work-ugndtepsi Sh2- adsorbentsy bjeaknown( fTeEN)he phiochrtaared preferably selected

rom (RS Sel anllt 15, 5558 Shigl! AT PLESERL T actaed

charcéeﬁ‘?e‘gr RSk Sb(oﬂus'f%tn@Nontt)h' s invention is applicable

when the transition netal is used in a narked

The re(?ﬁ(&feﬁ%f %ﬁ a&gfatﬁd(ﬂﬂg cgaal o8, Mid fékrejgﬁ%%én %%epﬁfagét?ﬁ;%éé{%n step or

groups He I's an
in a filétidn g@pdsrrrﬂﬁaaeowé wvith riegtnisitiort metal semondl. in bheatarticularly efficient

. Ste t.he first f||tra 0 a e _nodi
variang iiBiachivatesl iSreqal ibaok ABsH 1 60 19 Bt g6 BAvaRer solution,
but tiﬁé’ éﬂt?é’dcﬁ] 3hR& bogks. tl'ﬁ;o@%h @étH@téHiHhQP&bgﬁloa‘éj'eH' (ﬁﬁers which are
rotalcite, or 1on-exchanger resins. Insolub
commercxﬁtyl avallpblqé&:gdé\KSsﬁo‘roraquijgz&z Sgheokhdh @ombmatlon of addition
of the amc}/ iC aux arl s escrlbed a%ov'engr? ac{lvated charcoal can also be used, as
also can addition of the auxiliaries described above and filtration through an activated-

charcoal-loaded filter.

The present invention provides the removal of the terminal halogen atoms and of the
transition metal complexes from any of the polymer solutions produced by ATRP
processes. The possibilities resulting from ATRP are briefly outlined below. However,
these lists do not provide a limiting description of ATRP and thus of the present

invention. Instead, they serve to indicate the major importance and versatility of ATRP



pol ynmet hacryl ates or polyacrylates with high acid
content or a mxture thereof, or a WO 2008/ 017523
WO 20CSDEP2307/ 054670 14 mi xture thereof with the PCI/EP2007/054670
i norgani ¢ conpounds fisted abbve. In contrast to the
use in the prior art of adsorbents which are often
identical, the corresponding auxiliaries are only
optionally used in the process of the invention.
Furthernore, the anmounts needed of said auxiliaries
are markedly smaller in conparison with the prior-art
processes described. Al that is needed for their

and tﬁfé‘&‘é?h of ife EFHs%%Yﬁ{veﬂﬂogdﬂk tHORBlK- Lh c{f'éﬁf» ‘ﬁﬁ%‘g ?E;;'?broducts:

ey C renovea si nu taneo

The ibhbirBls SfkckTE 4 byt R dhedhs e&?ﬁ R e W, A fow

exampleisedradistetbbelody, &Xit Magt h® intehtidrhef El@blﬁg iy typﬁl @fhesﬁ'lctlon on the
carried out in advance or else su uently

presegk iYBNHOR The ITbimein aeyiae hes Mmaass, IhAesters qfe(fr@swacryhc acid,
its mﬁﬁgyﬁg%érg b@ﬁwgﬁrﬂotc% (}7 erﬁéﬂﬁégﬁ%%ér r.ydd[rgé’tﬁﬁe%?etﬁ%rylate, ethyl

renova an al’s
methawylatayiete; bas atbossclyts, e Adsosthghacrylate acthgr bemtate, etc., and also
.. mxt uL E\gcan be used to reduce the amounts of the
mixtuies Rfithe Mees of sul fur conpounds and/ or |igands. This

can take place in parallel or in successive work-u
Monogtesp yvhigh @re dohiperizes are sriesiad freehihenerqym ef the (mamacrylates
such BECHRIABKBELORIEY of LOhENAN° Raindt, |4 ByaBaHHatic alconols

havmg tfearn otilto (40 garlar |attor8& elgismiettoyin (Meth Yacryldtee eteyio(raéth)acrylate,
t 00,, can t | ac

acti vat ed ar.coal a
nebutd e Sl B ey S JeihIadrae .teftﬁvaaﬁomtbi}acwlate, pentyl
(meth AN MBS L STFieth BROTRGR, | SRERYE, (G tHaGyIate,  laury
(methiacaylates| |<syalmhexa{ddedmath)ta®eylawrm oSommyH t(metl"éacrylate; aryl

(et 3 RS eriagHRrs s ebRhy eRECh R hign, resoectively

may sémmwsﬂ{dwd ayrimapIvee ntbncAK® tettdsubstiltéd S@yt Inoieties; other
Schenk). A conbination of addition of the acidi

aromadigrlly i asulsdityiedcr (m@th)a@wweand saehi v@ﬁed nanbthybal (reeth)acrylate;

monofEMtE or e 1 E0leAYrE Ssfle < RAopvERE Scols, or
their mlm:reeaiavh@ﬂ@dq Bi {0t 80.cafben pitemeNt.d. tegahydrofurfueyli sheshacrylate,

he renoval of the term nal hal ogen atons and of the
methqug’ﬂ@tlpq))&s it al  cdnpthacadates om any -RHOXYRIOBY! yner methacrylate

cyclohRy It AR TRAHSERI4RE, By loxymethyl methacrylate, furfuryl methacrylate,
2-butoxyethyl methacrylate, 2-ethoxyethyl methacrylate, allyloxymethyl methacrylate,
1-ethoxybutyl methacrylate, 1-ethoxyethyl methacrylate, ethoxymethyl methacrylate,
poly(ethylene glycol) methyl ether (meth)acrylate, and poly(propylene glycol) methyl
ether (meth)acrylate. The monomer selection can also encompass respective hydroxy-
functionalized and/or amino-functionalized and/or mercapto-functionalized and/or
olefinically functionalized acrylates and, respectively, methacrylates, e.g. allyl

methacrylate or hydroxyethyl methacrylate.

Alongside the (meth)acrylates set out above, the compositions to be polymerized can
also comprise other unsaturated monomers which are homopolymerizable or

copolymerizable with the abovementioned (meth)acrylates and by means of ATRP.



processes. The possibilities resulting fromATRP are
briefly outlined bel ow. However, these |lists do not

WO 20080i@d%23a | i miting description of ATRP and t huP@F/EP2807/054670
present invention. Instead,16 hey serve to indicate
the major inportance and versatility of ATRP WO
2008/ 017523 PCT/ EP2007/ 054670 15 and thus al so of the
present invention, for the work-up of appropriate ATRP
products: The nonomers that can be pol ynerized by
means of ATRP are well known. A few exanples are
listed below, but with no intention of placing any
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9-vinylambaasier vyl atwnylc@mb@meyl @nﬁhplbamazbm e; 2amdthyl-1-vinylimidazole,
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vmylogql@pﬁ) Miqy w@newr\mh@php@gpgeyﬁ Niglagie, yglyltgiazoles, IE)/lrz]wylonazoles and
|soprel§&§r’§’[ﬁéfst ubeghior ﬁgydgﬁ\‘/ﬁn}é@no #ho dect ﬁ%?éi@séﬂéﬁg}&r%‘é, maleimide,

nol et | es: aronati ca substitute
methy(mmatdinates;, ydrat elsanesu ahg adlvnwﬂitm‘rzplne( rezidhplsor theatespective hydroxy-

th)acryl ates_of _ethers, ol yet hyl ene . .
funclighg26ils Ao AP ISEEHCH TR e e /Bt  TereritP-Tigtiopplized and/or
oIefImEQW ﬂ%cftlbﬁmlz%ot 80@!908@6?%@?ﬁ’é’fﬁwer%fgpreparatlon of these copolymers

t etrahydrof urfuryl nethacryl ate,
can alsettmgy¢mihatibey bavgla hydrosy raméareammObamdemp@wto functionality,

ancio SRS A 15 4, ST, FUBHBAEL g, onomers ar

vinylprefidirexyet hﬂ—vm?ﬁrhﬂﬁzbleﬂt e, aﬂﬂﬁrﬁwy’rﬁélwne 2-vinylpyrrolidone,
met hacryl at e IyI oxymet hyl met hacryl at e,

N- vmwpxermm%ut yB- wmtmmlgﬂ"ﬁ e, N ‘éﬂwéaplzalqrgtam N- vinylbutyrolactam,

I .
nycro BB AR il o e Ay PORTRED AURYRISH adh, Sarkprtouiary
preferableyf{opccpnlyraedze IVMIe)stdl‘ethwl etbehg rfufmaeatesanraléates, styrenes, or

The | ect :
aCW"’H%’?@)&’y}& & Abloc sla%rcli/ocragbﬂ)cio enconpass respective

The process can be carried out in any desired halogen-free solvent. Preference is given
to toluene, xylene, acetates, preferably butyl acetate, ethyl acetate, propyl acetate;
ketones, preferably ethyl methyl ketone, acetone; ethers; aliphatics, preferably pentane,

hexane; alcohols, preferably cyclohexanol, butanol, hexanol, or else biodiesel.

Block copolymers of constitution AB can be prepared by sequential polymerization.
Block copolymers of constitution ABA or ABCBA are prepared by sequential

polymerization and initiation using bifunctional initiators.

The ATPR can be carried out in the form of emulsion polymerization, miniemulsion



functionalized and/ or am no-functionalized and/or
nmer capt o-functionalized and/or olefinically
WO 20087017523al i zed acryl ates and, respectively, PCT/EP2007/054670
net hacryl ates, e.g. allyl nmethacrylate or
hydr oxyet hyl net hacryl ate. Al ongsi de the
(nmeth)acryl ates set out above, the conpositions to be
pol ynmeri zed can al so conprise other unsaturated
nmononers whi ch are honopol yneri zabl e or
copol yneri zable with the abovenenti oned
(nmeth)acryl ates and by neans of ATRP. WO 2008/ 017523

99t e Lia. .
polymfﬁ%gc? {0 c/ré)eﬁﬁiﬁ@on églp{g(ég%gtléq iresfér %nsl r;gc%lgr%ggﬂatlon, as well as
in the #bie BESOIULOR Podsnariztiony cl ohexane,

3, 3-dinethyl -|-propene, 3-nethyl-I-diisobutyl ene,

The ﬂol?ﬁieﬁ!bhdnpﬁﬁ%@ carfey | o b‘t'étﬂwoéﬁh@)ﬂb pEdRUFe, SuBatmospheric
vinyl acetate, styrene, substituted renes havi ng.

pressuiie, AIrkHpesaliasphesntpreastie T@enwly@\e@ag o tgynperature is also non-

orticaf 1 icVer R SR AN i Fiatio ot P28, 4 2P0 G EfSrably drom 0°C to

130°0, iand, parBc@arly profetapiy from 80T o ﬂm@"rtyl styrene,
halogenated styrenes, such as nonochl orostyrenes,

The ndhfbRr-2ErRdgE RIdES mhss B EDSSIYARAEBbtaAMSH in the invention is preferably
tetrabronostyrenes; heterocyclic conpounds, such as

from 5000 g¢émel ted OOQg&mn&u pyticuiany, preferabhy 1< 50 000 g/mol, and very
. 5oy ' | I i di
paﬂlcéa§V§¥%r§¥4¥§J?V§5 R e et o ﬁi{ pyr i m di ne,

pooo i, F85 56 oo B s ki R parutay

preferébﬁ%éléwqpmeé’lﬂi ld\é'aﬂybblﬁv@h@ne vinyl t hl azoles,
vi nyl oxazol es, and " isoprenyl ethers;. nmaleic aC|d

The nﬁé{é‘q %be%ans&ﬂm fAiSe dé@nﬁbﬁ\pgﬁgﬁd{gh% hﬁgl @r\é“oq'emore atoms or,

ei m de I vi nyl benzene, and
respe@tivaly tatem @wms |X/evmWroamybeftmnsrfiemedlbyzadramwlonoute under the

polymgﬂarizntbqnf gaﬁ:@ |$rﬂ$ gg%h al"?:ﬂ%tplr%q%rsc tg%%%géfﬁﬁgax ﬂggerally involves

Cl, Br, WHS‘@IN SHd/eF ﬁ?%@fdb@lrﬁfatbfse@&é}@wwe@mﬁas§% RlIs@ilkEformulae:
such t'hat they have a ydroxy and/or am no and/ or

R Rzld,f“éf Raﬁﬂé‘@éié?% | QMERSEY., rREENkElRM, B(O {O)m-Xs, (R'0)nP(O)m-

ction in a sug)(stltuent Exanpl'es” o
X3.n, andr(BrE O;a?(é))mv)(nyl pi peridine, 1-vinylimdazole,
N-vi nyl pyrrolidone, 2-vinylpyrrolidone,
wherer\Kvmas/Ibpyenr@éle@teuefro:& thenytqupr tohsidiime of Cl, Br, I, OR* SR* SeR*

oc(-QfR kB, 28T s Bk kg 20 IR v, s,

OCN, \@ﬁ{rl]?'r %gtha\gir g""h% eﬁféfg@*é%\bealﬁg %r%ﬁg'éﬁ”@cmfg rtf\é 'Sz@yéarﬁéheétéms where
each hydrogen atom independently can have been replaced by a halogen atom,

preferably fluoride or chloride, or alkenyl of from 2 to 20 carbon atoms, preferably vinyl,
or alkenyl of from 2 to 10 carbon atoms, preferably acetylenyl, or phenyl, in which from
1 to 5 halogen atoms or alkyl groups having from 1 to 4 carbon atoms can be present as.
substituents, or aralkyl, and where R', R?, and R®, independently of one another, have
been selected from the group consisting of hydrogen, halogens, alkyl groups having
from 1 to 20, preferably from 1 to 10, and particularly preferably from 1 to 6, carbon
atoms, cycloalkyl groups having from 3 to 8 carbon atoms, silyl groups, alkylsilyl groups,

alkoxysilyl groups, amine groups, amide groups, COCI, OH, CN, alkenyl groups or



acrylonitriles with the A bl ocks and/or B bl ocks. The
process can be carried out in any desired hal ogen-free
WO 28@8/0E123 Preference is given to toluene, xylelT/EP2007/054670
"acetates, preferably butyl adetate, ethyl acetate,
propyl acetate; ketones, preferably ethyl nethyl
ket one, acetone; ethers; aliphatics, preferably
pent ane, hexane; al cohols, preferably cycl ohexanol,
but anol , hexanol, or el se biodiesel. Block copolyners
of constitution AB can be prepared by sequentia
pol yneri zati on. Bl ock copolyners of constitution ABA
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pal y tion, mnienul 2008/ 1752
havindp N 50 H GSIETD XS LI B PRBRIY rt o SWEis s7gh. heterocyaly,
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formo ution polymnerization.
vinyl, ;subytmtedzayl ome cmntvsme GoeCs-akkyll gooups, |atwbrgbhﬁohb one to all of the

o5 4 SR BHEL Rl S5AE By helooen (profrably

fluorinke BP&dAdrte if ®nal 8P MeR: hyliddeFrlatormeVeaEhave thdeh replaced, and
generally in the range from-20C to 200C, preferably

preferablynflogine chigims emBromine Fupae | yydseasr ratbimy ha%he%@@eplaced)

akenfirbfiRg navity ot B aRbehnaer S, dosfiey By 1 DKy Slostivents

prefega(tmbI )t@lé&@doﬁ@mgiﬁmlgromrcbhsishﬂglcyf Qﬁ@l&ﬁla@kw aiyl Sfeterocyclyl,
very. partl cul ar | y preferabl

ketyl, gpﬁw? argings apude gPREANYIFBNY GG s RY M s Odle rrﬂourpd Tor2 ltis

| 1.8
preferBBIgfbtg\PgEF%‘%ﬂai ﬁanw &f fﬁ% %8%gieg;h5el A Veﬂ?r R %]r%r hydrogen, and it
is partldulariyapmfembmmaat nwsp bhe ©f dmgy modetiesuR Y R\ﬁqlanld Riis hydeogen.

or nore atons or, respectively, atom groups X which

AmongantHée fpagtivaiiatyr eqbr@ﬁer@dr afhigators oudre UDdEZylthleahdes such as
i zation conditions of the ATRP process.

pchlom&tm/lséyr@uﬁ xh@éﬁéﬁéﬂtﬁwmﬁww@er@?nea enzy'scﬁhlor'de benzyl

brom@é&, 1 g\%\?lﬁ@—l n%%tf’llﬁné %hﬂzﬁ%@r%?ﬂéﬂg‘@%% %%‘Iér fnhﬁerence is

furtheR@;NEZ\ toR”cR:bnylJc @Bid) de(idtivesXBalogen&e0) aiP(r@ o pO&tion, e. g. propyl
2- brorpqa,%ro ll o@ﬁg{lm ct&l\é\)@%rgpépg?q,’ b%%ﬂl’ Sg[gﬁfotrégf_@f‘prioonrgte, methyl
2-bromopropionate, or ethyl 2-bromoisobutyrate. Preference is also’ given to tosyl
halides, such as p-toluenesulfonyl chloride; alkyl halides, such as tetrachloromethane,
tribromoethane, 1-vinylethyl chloride, or 1-vinylethyl bromide; and halogen derivatives of

phosphoric esters, e.g. dimethylphosphonyl chloride.

One particular group of the initiators suitable for the synthesis of block copolymers is
provided by the macroinitiators. A feature of these is that from 1 to 3, preferably from 1
to 2, and very particularly preferably one, moiety from the group of R’ R? and R
involves macromolecular moieties. These macromoieties can have been selected from
the group of the polyolefins, such as polyethylene or polypropylene; polysiloxanes;
polyethers, such as polyethylene oxide or polypropylene oxide; polyesters, such as
polylactic acid, or from other known end group functionalizable macromolecules. The

molecular weight of each of these macromolecular moieties can be from 500 to



OC(=O R4, OP(=O R4, OP(=0)(OR4)2, OP(=O R4, O NR4)2,
CN, NC, SCN, NCS, OCN, CNO and N3 (where R4 is an
WO 28089175230oup of from 1 to 20 carbon atons, wher @CEAH2007/054670
hydr ogen at om i ndependent|y t@n have been repl aced by
a hal ogen atom preferably fluoride or chloride, or
al kenyl of from2 to 20 carbon atons, preferably
vinyl, or alkenyl of from2 to 10 carbon atons,
preferably acetylenyl, or phenyl, in which from | to
5 hal ogen atons or al kyl groups having from1l to 4
carbon atons can be present as substltuents or

al e f
100 08H2 dg%#o{%@l?dfr% 1808 to_ Se ?ae@i ipatK tﬁﬁi‘gﬁ%ré{b@ from 1500 to
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brom%)é fﬁ@g‘lf(gt)p ﬁglﬂkyég?q g%cgcélgg‘g?&%%%%g@:ﬁyiﬁ @%&%‘3 to construct

ABA teibiock ngolymﬁrsam de groups, COCl, OH, CN, alkenyl
groups or WO 2008/017523 PCT/ EP2007/ 054670 18 al kynyl

Anothgr mpsrtin@t\g'rogpfdfdjm iitiato&isqaobided atyoime, biporedayfabciional initiators.
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OX|ran or glyeci heterocycl yl ,” aral
copolysrnarskeam t¢lachelics umkymet& eBlfahcktczmyal ) mutmmsetrm’ty lcaln sbasused are
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(CHz)@blxmo% Re ROYOY- @@%(@HQ)IBGHRE@(@}F@bIacmyec(chagxt(m)n C(CH)3X-
een substituted r ef ‘er abl fluorine o

CIORHRG(ORE ¢ G O () o KOS el Ot RGOS Hbe i CHX-CO,-
CraEERIEO . B Ol o G o) XeCH-CO(CHa)

oC Oﬁthﬁy | gr ouplE; ORHOW-(CHI 9, D CE@IGCHHMS, SURSH0(08B(0)CH X,
from1l to 3 substjtuents és)ref erapbly 1) sel 8
CH.CRKGHOS O e Bone G Ssly, asERCOCOICHX,

k
CH3CR &@%@%&CH‘% ekHHz r&ﬂgX?nm:c}gg’ Cg-mogk?g? @;thX @g%,, CX(CHa),-
C(O)- @X@Hﬁ)abxﬁmﬁ@)ﬂ@%r €sHpAHX WO Hof-CHX-G8ti £tCatts-GXo-(CH2)n-CXo-

CeHl, G TRGetCH R Hro 0 e G XK BT bR RDB-CHSCHX-Ph-

Conmd oF3mL Soty4CPIREX- Pﬁr(@xgcmgg @arntu wlpacmcxgmrﬁcrx;@m, o-, m-,

ti'ators are bénzyl hal i des,

or p-XpCblhle(HT%i oy m—wreméﬁCHifﬁﬂqub@@@)ﬁh@i 19y MbePrzefid]sCHX- -CO»-
| oride,

Ph-OGIEENE PR e B R e e 56O NG PP GH5CXe-COPh-

oc(ofExicigyl ar npt ef -RICH-CO,-Ph-OC(O)CHX,, or o-, m-, or p-XS0,-Ph-SO,X

(X being chlorine, bromine, or iodine; Ph being phenylene (CsHs); R representing an

aliphatic moiety of from 1 to 20 carbon atoms, of linear, branched, or cyclic structure,

which can be saturated or have mono- or polyunsaturation, and which can contain one
or more aromatic systems or can be free from aromatic systems, and n is a number
from 0 to 20). It is preferable to use 1,4-butanediol di(2-bromo-2-methylpropionate),
ethylene glycol 1,2-di(2-bromo-2-methylpropionate), diethyl 2,5-dibromoadipate, or
diethyl 2,3-dibromomaleate. The subsequent molecular weight is the result of the

initiator to monomer ratio, if all of the monomer is converted.



further given to carboxylic acid derivatives

hal ogenated at the a position, e.g. propyl
WO 2008/0bH33r opi onat e, net hyl 2-chl oropropi onate, &EHEP2007/054670

2-chl oropr opi onate, nethyl 20 bronopropi onate, or

et hyl 2-bronoi sobutyrate. Preference is also given to

tosyl halides, such as p-toluenesul fonyl chloride;

al kyl halides, such as tetrachl oronet hane,

tri bronoet hane, 1-vinylethyl chloride, or 1-vinylethyl

brom de; and hal ogen derivatives of phosphoric

esters, e.g. dinethylphosphonyl chl ori de.
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compaeindshe leefQWOMh adthpoiuyet rqarrmmlrm#s iridium ~ compounds,
| ene; Si | oxanes et.hers, such
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compSutds. aSis JeRleYaIRCHdSBisIeItd userarfyr thettheisitidioetsitdmpounds which
group functionalizabl e macronol ecul es. The nol ecul ar

can fofg ged@¥ cyale withy thenpliatoress eeanastivelyy theopelymes chaim which has a

transf%%g@og%%:g ?ng %P %r of r%ggzg cﬁg%g%{rgé&%aomtolawe system for this

purpo@@rctamldeawbyfrpmefcmzahl CuBro@u0@ulp C2N;,004SAN, CuCN, CuNO,,
al o ossi bl e, the jnitiatjion of the ATRP, to use
C”NOQ 'HBEa é%&%ﬁ&é&gsorﬁhcﬂ%ﬁ 6Loth ends have groups
table as initiator, . in the formof a

An altgrrta’ﬂyeetpetbﬁeMBPc@eﬁmbﬁd is wgpwgeﬁsw i Yarianatohitlke geme: in what is
knowr} Qé? é/rBS Af%gﬁ&?ﬁhh&%;{ R.rgt%%‘P dé%P {%ﬁfe\ L Eh@% %g'fCuBrz, CuCls,

cop or
CuO, ICS’CM d?/ezdl%d opyFé g t}iﬂn ber uped. yfruﬂwliﬁseoll‘lfdtamcmst Itaéoreactlon can be
ol ctional initiator nolecul es i
|n|t|ateéix\gﬁ%|tlge ﬁ)g&rgqﬂgopgl @Mggpg@ gl{sa,sucga Hegg,, Hbe transition

metal %bmﬁbﬁhﬂg'ﬁé fol‘orte'd‘%Qa Ssinkd théy BRS f&Rit8d tv@}ipﬂfeof"c{o‘?cals generated

or penta yrrers and telech
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More details of this process are described in WO 98/40415.

The molar ratio of transition metal to monofunctional initiator is generally in the range
from 0.01:1 to 10:1, preferably in the range from 0.1:1 to 3:1, and particularly preferably

in the range from 0.5:1 to 2:1, with no intention of any resultant restriction.

The molar ratio of transition metal to bifunctional initiator is generally in the range from
0.02:1 to 20:1, preferably in the range from 0.2:1 to 6:1, and particularly preferably in

the range from 1:1 to 4:1, with no intention of any resultant restriction.

In order to raise the solubility of the metals in organic solvents and simultaneously to



OC(O) CHX2, CH3CX2- CO2- (CH2) n- OC( O) CX2CH3,
XCH2C( O) C(O) CH2X, CH3CHXC( O) C( O) CHXCH3,
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C6H5- CX2- (CH2) n- CX2- C6H5, CBH5- CX2- ( CH2) n- CX2- C6Hb5,
0o-, m, or p-XCH2-Ph-CH2X, o-, m, or p-CH3CHX- Ph-
CHXCH3, o-, m, or p- (CH3)2CX—Ph CX(CH3)2, o-, m, or
p- CH3CX2- Ph CX2CH3, o-, , or p-X2CH Ph- CHX2, o-,
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Copper conpl exes are ed -
compdrems.er, ot her corrpounds used inter ali a are iron
conmpounds, cobalt conpounds, chrom um conpounds,

Thesenigayrisessn fornpooodinationl ydrdpoumds Fosie withsthesimle¥@rcompounds, or
ounds, zinc conpounds, palladi um conpounds

they CAR @ It PeesaERA HLEE o ofraerdbAte FATIPAUER @R then added to the

reactn&PmB&Hféd , iridium conmpounds, ytterbium conmpounds,
samari um conpounds r heni um conpounds, and/or ni ckel
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ransi conmpounds can rorma
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chain which has a transferabl e atom group.
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and p%ﬂ%@%ﬁ? &ﬁ%%réb&@ 8110/ 124 2Qith FoBhtentdf of 2y res YR restriction.

The decisive factor for the present invention is that the ligands are protonatable.

Preference is given to ligands present in the coordination compound in a ratio of 1:1
with respect to the transition metal. If ligands such as 2,2’-bipyridine are used, bonded
in the complex in a ratio of 2:1 with respect to the tranéition metal, complete protonation
can take place only if the amount used of the transition metal is markedly
substoichiometric, for example 1:2 with respect to the active chain end X. However, this
type of polymerization would be severely slowed in comparison with one using

equivalent complex-X ratios.

The products worked up as in the invention have a broad field of application. The



CuNG3, CuBF4, Cu(CH3COO, or Cu(CF3COO. An
alternative to the ATRP described is provided by a
WO 2008/0H230f the same: in what is known as reve®&I/EP2007/054670
ATRP, conpounds in higher oxXi2dati on states, such as
CuBr2, Cud 2, QO Cd3, Fe203, or FeBr3 can be
used. In these instances, the reaction can be
iFnitiated with the aid of traditional radica
generators, such as AIBN. Here, the transition netal
conmpounds are first reduced, since they are reacted
with the radicals generated by the traditional

soeolgfieah AR s 16008 0 SR B b henin. o
examg&8 %irp, interided28olepp to Beras fas. spotviestsainf thé wiekeeapglicability of the
AR M D R NG
prepo%r%’s%%ﬁ%@bf aMebtret &ﬁ}?éﬂ%dcéﬁlp%_@itions, and in hot melé and other

roportionation wth the transition netal conpounds
sealingf aomepdsitigres; o dpolymerstinalagousvoieactiensi | db tdanstruct block

roce are described in WO 98/40415.. The molar ratio . .
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initiator is generally in the range from 0.02:1 to
20:1, preferably in the range from0.2:1 to 6:1, and
particularly preferably in the range from1:1 to 4:1,
with no intention of any resultant restriction. In
order to raise the solubility of the netals in organic
sol vents and sinultaneously to WO 2008/ 017523
PCT/ EP2007/ 054670 21 avoid the formation of
organonetal | i c conmpounds which are nore stable and
therefore |ess active in polynerization, |ligands are
added to the system The ligands also facilitate the
abstraction of the transferable atom group by the
transition nmetal conpound. Alist of known ligands is
found by way of exanple in WO 97/18247, WO 97/ 47661
or WO 98/40415. The conpounds used as ligand nostly
have one or nore nitrogen atons, oxygen atons,
phosphorus atons, and/or sulfur atonms as coordinative
constituent. Particular preference is given here to
ni trogen-contai ni ng conpounds. Very particul ar
preference is given to nitrogen-containing chelating
| i gands. Exanples that may be



menti oned are 2,2'-bipyridine,
N, N, N', N', N'- pent anet hyl di et hyl enetri am ne (PNMDETA),
WO 200889012523 noet hyl ) am ne (TREN), PCT/EP2007/054670
N, N, N', N'-t etranet hyl et hyl en2¥li am ne, or
1,1,4,7,10, 10- hexanet hyl tri et hyl enetetram ne. The
person skilled in the art will find in WD 98/40415
useful indications of the selection and conbi nati on of
t he i ndividual conmponents. These |ligands can form
coordi nati on conmpounds in situ with the neta
conpounds, or they can be first prepared in the form
of coordi nati on conpounds and then added to the
Exampde8ti on ni xture. The ratio of ligand (L) to
transition netal depends on the nunber of coordination
sites occupied by the |igand and on the coordi nation
nunber of the transition netal (M. The nolar ratio
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products worked up as in the invention have a broad
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After 12 h, a colorless, waxy precipitate forms on the base of the vessel with the filtered
polymer solution. This precipitate, too, is characterized by 'H NMR spectroscopy,

IR spectroscopy, ion chromatography, elemental analysis, AAS, and GPC.



“materials, in lacquers, or as dispersing agents, or as
pol yner additive, or in packaging. The exanples given
WO 2088017323 gi ven to provide better illustrati on RETER2007/054670
present invention, but do n# restrict the invention
to the features disclosed therein. WO 2008/ 017523
PCTI EP2007/ 054670 23 Exanples Inventive exanple 1 15
g of n-butyl acrylate, 15.5 g of butyl acetate, 0.2 g
of copper(l) oxide, and 0.5 g of PMDETA were used as
initial charge in a twn-walled vessel equipped with
stirrer, thernoneter, reflux condenser, nitrogen
inlet tube, and dropplng funnel , under N2. The
Compayiafivegxamplelrred at 60C for 15 mn. 0.49 g of
but anedi ol 1, 4-di (2-brono-2- nethyl propi onate) was
15¢g ohefbtay:!cmn‘ylate tHe5gpot butwrmeh?tter 8.2 ghod cm'p;pec(ﬂ)eoXide and 0.5¢g of
rred at 70C.f. ol nerl atio
PMDEFAckEfe, e et /B haitiss B e P GRRsb Nersh! SaSiied ith stirer,
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mercaptan i s added. The solution, previously
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ght and nol ecul ar wei ght distribution of th

aboutp’brrwré@ termipate the feagtien, a$ 8 of F@mslwatémnmﬁﬁ@o%&s@h@emle) and

4% b{'ﬁ@ﬁﬁt Wér are%ﬁ%ﬁf tg‘:t?gs%rﬁr;tg)aﬁf g\ﬁll%kée&gl%%eﬁ){ @@(rm@lf Pressurized

flltratlﬁm)tuheunfcﬂlbWsFHmrbﬁghdahemtev)ateds cmﬂmoaédﬂmn K]AKBeS from Pall Seitz
n|n sol utio which is stirr 30 m

Scherjifon HEBEEIR) MOISSHIESHRIBRGaRd | OGS wpiatd dish Bagion of the
polym%g?]ﬂé )}’% ﬁ@r_la_ﬁéi‘?@f{g%lthlf g%fe?@gge@@ QBUF‘;% ‘?ﬁ%ﬁ%@rbné%'té.zCopper content of
a driedspecimeraof e fifraieop pleen determinedby AA®.i ed speci nen by

AAS, and for a GPC neasurenent. After 12 h, a

colorless, waxy precipitate forns on the base of the

vessel with the filtered polyner solution. This

Invenfive®@xampliee2 too, is characterized by 1H NWR

spectroscopy, |R spectroscopy, ion chromatography,
10 g GHIrREBNT Aletfata MEd, 15 8 of RRYI &&&tateND. 2 Q08 ide, and 0.5
9 PCT/ EgZO&%G 2%6% § © 9%F bpeh oxide, an g

of PMDETA were used as mltial charge in a twin-walled vessel equipped with stirrer,
thermometer, reflux condenser, nitrogen inlet tube, and dropping funnel, under N,. The
solution is stirred at 60°C for 15 min. 0.47 g of butanediol 1,4-di(2-bromo-2-
methylpropionate) was then added at the same temperature. The mixture is stirred at
70°C for a polymerization time of 4 hours. After introduction of atmospheric oxygen for
about 5 min to terminate the reaction, 0.6 g of n-dodecyl mercaptan is added. The
solution, previously greenish, spontaneously assumes a red color, and a red precipitate
is formed. Pressure filtration is used for the filtration process. The filter cake assumes a
black color within a few hours. The average molecular wéight and molecular weight
distribution of the polymer in the filtrate are finally determined by GPC measurements.

Copper content of a dried specimen of the filtrate is then determined by AAS.

8 g of Tonsil Optimum 210 FF (Stdchemie) is admixed with the remaining solution,

which is stirred for 30 min and then subjected to pressurized filtration by way of an



Conparative exanple 1 15 g of n-butyl acrylate, 15.5 g

of butyl acetate, 0.2 g of copper(l) oxide, and 0.5 g
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Cu concentration
(2nd filtration)

0.2 ug/g

10 ug/g

0.09 pg/g

4 ug/g

Equivalents with
respect to Cu

1.4

1.8

M,
(before purification)

8900

10 100

Mw/M,
(before purification)

1.20

1.20

M,
(after purification)

8900

9800

10 200

9400

Mw/M,

(after purification)

1.19

1.21

MMA

methyl methacrylate; n-BA

Alox = aluminum oxide;

The examples clearly show that the results, themselves very good, with adsorbents for

n-butyl acrylate; n-DDM

n-dodecyl mercaptan;



Adsorbent - Alox/Silica - Alox/Silica Cu
concentration 0.5 pg/g 44 pg/g 0.2 pg/g 22 pg/g (1st
WO 2008018 230n) Adsorbent Al ox/silical Al ox/silica/PCI/EP2007/054670
Al ox/silical Alox/silical aztlivated activated
activated activated charcoal filt. charcoal filt.
charcoal filt. charcoal filt. Cu concentration 0.2
pg/g 10 lag/g 0.09 pg/g 4 pg/g (2nd filtration)
Equivalents with 1.4 - 1.8 - respect to Cu M1 8900
9800 10 100 9300 (before purification) My, /M 1.20
1.18 1.20 1.17 (before purification) M 8900 9800 10

remo chgt?’%ttiér?frﬁcﬁéi ?fﬂfn‘ |S%é§@ﬁ3?ﬂ@r %?ﬂ'i? Fgffrom polymer

puritic tion
soiutmmsBAcavn nbéutlgarlgc imbedved rthE&EDi‘giF psredediegylprmaprtamimnusmg sulfur
Al ox = al um num oxi de; The exanples clearly show t hat
COMPPHRdS.esul t's, themsel ves very good, with adsorbents for
WD 2008/ 017523 PCT/ EP2007/ 054670 27 renoval of &
The presgi iexpoplesaeg b@@ﬁﬁapéié@s ATiRP precessad Be pabhyierization parameters

here ﬁ/‘é@ls aa%?ir U3 precegi nscl?ldl:btél’ s LHI%GC ST riy high copper

nmprove n usi ng SU

concecnmoumdsw ﬁﬁbi@cpiaiwghteﬁaﬁ@b’eethhSdmm aod HifuachAdmR initiator.
process. The polynerization paranmeters here were

The réslieabe thviehtiveleRamplay shodt thapeleah wiieh 4 eary $rdell excess is used of
particularly high copper concentrations: |ow

correspsinding aulf umogmourmy&@ge@@ thesteanaitigghmedglgcompound, the result is
very SHitHRE brGtatiofl i 8kamples also show that all of the thiol-functionalized

reagents can realize more efficient removal of the transition metal compounds from the

solution than can be achieved even through optimized work-up using adsorbents.

The residual sulfur contents given in the table themselves show fully satisfactory
removal. Variation within the context of the process of the invention can moreover

realize an increase in removal efficiency.

Comparison of the molecular weight and molecular weight distributions prior to and after
work-up in all of the examples and comparative examples reveals that the methods
applied have no effect on the characteristics of the polymer with the exception of

substitution of the end groups.

Substitution of the end groups is demonstrated in a number of ways by characterizing
various constituents of the worked-up polymer solution 1.) the copper precipitate: the
red precipitate that forms on addition of the sulfur reagents has an extremely low sulfur
content, at < 10 ppm, and precipitation of the metal in the form of sulfide can therefore

be excluded.

2.) The polymer: elemental analysis reveals very high sulfur content of the polymer
solution, even after removal of the second, colorless precipitate. Almost all of the sulfur
added to the system is in turn found in the solution, and respectively in the dried

product.

3.) The second, colorless precipitate: 'H NMR studies, and also IR spectroscopy,

revealed that the precipitate involve the ammonium salt of the singly protonated triamine



The results for inventive exanple 1 show that even
when a very small excess is used of corresponding
WO 2608/0175280npounds, based on the transition netalPCI/EP2007/054670
conpound, the result is verd8efficient precipitation
The exanpl es al so show that all of the
thiol -functionalized reagents can realize nore
efficient renoval of the transition netal conpounds
fromthe solution than can be achi eved even through
opti m zed work-up using adsorbents. The residua
sul fur contents given in the table thensel ves show
PMDé"F'A' EI%’?\EP&{I a§ﬁé?¥§’s fe@@%@l hatab kit bRR: rfmatté”lg §l5\ﬁ1r-free Bromide
cont e ocess 0 e i nven can noreove
conteneadfi Zeoran 3RAEr b;aswe’nghtr em:xzap/o ebyi wesagfuy is Cdepmnsﬁrated by ion
of the nol ecul ar wei ght and ecu
chromategraphit pgr?sﬂmqtlgp (%h SHARIEaf Rorr%gqqug| o the content in a
pure ﬁlﬂ@l??@%mrﬁémﬂﬁgbmér ative exanpl es reveal s that the
hods applied have no effect on the characteristics
of the polyner with the exception of substitution of
the end groups. Substitution of the end groups is
denonstrated in a nunber of ways by characterizing
various constituents of the worked-up polyner solution
1.) the copper precipitate: the red precipitate that
forms on addition of the sulfur reagents has an
extrenely low sulfur content, at < 10 ppm and
precipitation of the netal in the formof sulfide can
~therefore be excluded. 2.) The polyner: el enental
anal ysis reveal s very high sulfur content of the
pol ynmer solution, even after renoval of the second,
colorless precipitate. Alnost all of the sulfur added
to the systemis in turn found in the solution, and
respectively in the dried product. 3.) The second,
colorless precipitate: 1H NVWR studies, and also IR
spectroscopy, revealed that the precipitate involve
the ammonium salt of the singly protonated triam ne WO
2008/ 017523 PCTI EP2007/ 054670 28 PNDETA. El enent al
anal ysis revealed that said precipitate is
sulfur-free. Brom de content of from 32% by weight to
37% by wei ght is denonstrated by ion chromatography,
as a function of sanple. This value corresponds to the
content in a pure PNMDETA-anmoni um bromni de.



WD 2008/ 017523 PCT/ EP2007/ 054670 29 What is cl ai ned
is 1. A process for the renoval of hal ogen atons from

WO 2008008528 and renoval of transition netal conpdCii&P2007/054670
characterized in that the hal®dgen atons are
substituted by addition of a suitable sulfur conmpound
and sinultaneously the transition netal conpounds are
preci pitated by said sul fur conmpound, and are then
renmoved by filtration. 2. The process for the work-up
of polyner solutions, as clained in claiml,
characterized in that the sul fur conpound invol ves a
nmer captan or another organi c conpound having a thiol
group. 3. The process for the work-up of polyner
sol utions, as clai nedWhatisaglaimed isharacterized in
that the sul fur conpound involves a regulator famliar
in free- radical polynerization technology. 4. The
process for the work-up of polyner solutions, as

1. chapriosass rfoe [the memovat 1 balpeen zatems fioratpadynearss @nflufemoval of

C J a W Nely ] [ T,
SRR R Bl hiE " analtiEl ) et e ilogen atoms are

cdustiated rbye ladditioh, of @hsnitailersutied ¢ompdwid saddsimultaneously the
further functionality invol ves

1€ .a hyd , i d
Grangtion metal AeTgPYNAs ase PrREIPRiRSbEX Selt SHfu’ Remeopd, and are
gﬁen%méd??%ém; as clainmed in claim1,

aracteriz t he sul fur compound i nvol ves

a h p . h . . .
2. %&%mésggﬁﬁf y %m(e}"rocra'pﬁja)réff %W%%ze%'(@p“?rﬁér’cé%t glre];x’lmed in-claim 1,
| repattgrizedreihCHzit athe alfilir dogdgoyhdninvobgisan, mercaptan or another
t hi ogl ycol acetic acid, mercaptopropionic acid,
rRIO8RIst RPRUTE] haviag @&lhid §Fkainol ,  mer capt obut anol |
mer capt ohexanol , or octyl thioglycolate. 7. The, _ )
3. pfle ayocess fohethgomerknypoof peolymer selutionsngs elgimed in claim 1,

YB3, oG BSR4 Lifer i o

rrng

Fafivay pelynistization té€chnbiegyr ocess for the work-up of
pol ynmer solutions, as clainmed in claim1,

4. The process for the work-up of polymer solutions, as claimed in claim 1,

characterized in that said sulfur compound has an additional functionality.

5. The process for the work-up of polymer solutions, as claimed in claim 4,
characterized in that said further functionality involves a hydroxy group, acid

group, or amine group.

6. The process for the work-up of polymer solutions, as claimed in claim 1,
characterized in that the sulfur compound involves n-dodecyl mercaptan, methyl
mercaptan, ethyl mercaptan, butyl mercaptan, ethylhexyl mercaptan, isooctyl
mercaptan, tert-dodecyl mercaptan, thioglycolacetic acid, mercaptopropionic acid,
mercaptoethanol, mercaptopropanol, mercaptobutanol, mercaptohexanol, or

octyl thioglycolate.

7. The process for the work-up of polymer solutions, as claimed in claim 1,
characterized in that the sulfur compound is added after or during the termination

of a polymerization.

8. The process for the work-up of polymer solutions, as claimed in claim 1,



WD 2008/ 017523 PCT/ EP2007/ 054670 30 characterized in
that, based on the concentration of the chain ends

WO 200801823l y active in polynerization, 1.5 nol alPCT/EP2007/054670
equi val ents of the sul fur c@gpound are used. 9. The
process for the work-up of polyner solutions, as
claimed in claim8, characterized in that, based on
the concentration of the chain ends previously active
in polynerization, 1.1 nolar equivalents of the sulfur
conmpound are used. 10. The process for the work-up of
pol ynmer solutions, as clainmed in claiml,
C j t t I b [ :
55 rﬁé{eﬁ%qﬁrtg%té Hé%%glgﬁ ?.laé dees Oggggﬁ%}g o‘?%g Wguf%ﬁw‘dgrbrewously
Cé(ﬁiv@iﬁ,poqhmmdnem Zeﬁn'iol‘artdmﬁvatldaretstofalme Isulfmncaimpallmd are used.
conpound used as catalyst in the polynerization

9. I TH®! V@SSO MBENthEORRIKIUPS of HoIPMeF OEFIAHONS, a60bRirhed in claim 8,
conpounds, chrom um conpounds, ~nmanganese conpounds,

rahiajaeterized mrtb@mmeds@m Jae copepoliade of ithe chain ends previously
C%&%ﬁﬂ%%m%@ﬂ' £ ARSI o rc v

ounds bi um conp samar co ou
el e o g "E Sfitded in claim 1,
Rfr%‘?ﬁ@ténﬁéd f Bafls 'lﬁ\/dNéH tieldolyrBAEASEDY BRSIATRA PRcess.
the transition netal conpound used as catalyst in the
11PPhe gﬁ%béé%t 'a?”cléﬁ’r’{éﬁ ‘fﬁsﬁlé‘in?q’p%ﬁérit‘?@%ﬂ'% théistheﬂﬁr%nsmon metal
process as clalned In alm12 aracterized in th
tdmnmxpnbused;mooat&ly@sn ahdqmblymetlh@tlcsym\l@rhvemcom@er compounds
f.orm of CuZO CuBr! |tQJOf‘Ej2gQJ| a a{#\%? CuSCNE Cu(':l\és manganese
Rfdn%oﬁrﬁist h&olﬁd@’nbnpfcdrﬁﬁomé’ W@n\ye?rabbﬁfpouh@sﬂ@nc compounds,
process as clainmed in claim1, characterized in that
tiadlagiuse eenmpounstsi, yinediumt cempaseds,aplatinlm Losrpamiidsh ruthenium

h fi. r . T r.Qc

IR G POt S, e RpBinds eyl compounds,
irAgaluve sodpoubds ahd/dPEti@ndbatpoidds. 16. The process

as clained in claim15, characterized in that, in

12I'Bdlor@dbdsOad aifeldl e claihoMP Sehariétetipéd iiAtAst o thRsition metal

nmono-, di-, or po nyunctlonal 17. The process as
clompastnd wses as patedyst i tepelyrergation inveAtes : 60RRST gampound.
group X at

13.The process as claimed in claim 12, characterized in that the copper compound
was added to the system in the form of Cu,O, CuBr, CuCl, Cul, CuNs;, CuSCN,
CuCN, CuNO;, CuNOs;, CuBF4, Cu(CH3COO) and/or Cu(CF3;COOQ), prior to the

start of the polymerization.

14.The process as claimed in claim 1, characterized in that the preceding

polymerization uses an initiator which has an active group X.

15.The process as claimed in claim 14, characterized in that the active group X
involves CI,;Br, I, SCN and/or Ns.

16. The process as claimed in claim 15, characterized in that, in relation to the active

groups, the initiator can be mono-, di-, or polyfunctional.

17.The process as claimed in claim 14, characterized in that the active group X at

the end of the polymer chain is substituted by the sulfur compound to give a



the end of the polynmer chain is substituted by the
sul fur conpound to give a WD 2008/ 017523

WO 2B03/0EP2307/ 054670 31 thioether, with |iberati GACBHEP2007/054670
acid of type X-H 18. The proicess as clainmed in claim
1, characterized in that, prior to the
pol yneri zation, the catalyst is conbined with a
nitrogen-, oxygen-, sulfur-, or phosphorus-containing
conmpound whi ch can form one or nore coordinative
bonds to the transition netal, to give a netal-1igand
conplex. 19. The process as clained in claim18,

HRSEEEE i 5”?.8%% PR oIBE M The process. as
char a terlzed in hat t he

16 Shf Biosapeds BYATRE. dai Aokt oedAclelRbdeds et Bior to the
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protonation releases the |ligand fromthe coordi nat ed

tplammhqrmrcnﬁtammg 2xormpeund okleish ean dornmeae; ¢r @nereneoordinative

randpf BRI "a*%ﬁ%“@t% S RuPEBandboltfer, 000C
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agd ﬁé@%ccﬂﬁaﬂ:ﬂ@@:hé@ﬁﬂ?ﬁ@%&é es, of styrenes,

vinyl esters, of "vinyl hers, of funmarates, of

202?!&%??&%33053 LR ?@fﬂ 88im 18 c@élra\‘s'té?lyehrlh Rt tABYgAhd grotonated

nonomer s pol yner1 zabl ATRP, an /or m xt ure
cloynfhesacld of-Hal kyl acryl at es, of al kyl met hacryl at es,
of vinyl esters, of vinyl ethers, of funarates, of

21ﬁah@f\¢mes©raétdam’g§i a8, claim A0y r emeactenized in that the protonation
acrylonitriles, and/or of other nongners | ymeri zabl e
bipgenes the Jggnd fiom tesgoqrd ingted H@aswﬁnév%%%ﬂ]

characterized in that the polynmer is _obtainable
22t T ujacess peeelaimed oh AINsZYr @h@@cteszze§| lythat the removal of the

%Fi?%ﬁldaﬂrgélptg{&/tﬂg tfgnsﬂwﬁylln{etaﬂm hacryl ates, and/or

styrenes of aIkyI
and/or of

ryl at es 5 h .
230 BE2Be8 B8 HGTRER Pl TPt aSh AR dndhe polymer is
tSistaiaBfe Bhroabh Ofol@merizaton W@I@,ﬂ%’r?lafed tefadlkpnmethacrylates, of
reduce the netal content in the pol yner sol uti on by at
| styrenes, of vinyl esters, of vinyl ethers, of fumarates, of maleates; of itaconates,
of acrylonitriles and/or of other monomers polymerizable by ATRP, and/or
mixtures composed of alkyl acrylates, of alkyl methacrylates, of vinyl esters, of
vinyl ethers, of fumarates, of maleates, of itaconates, of styrenes, of

acrylonitriles, and/or of other monomers polymerizable by ATRP.

24.The process as claimed in claim 1, characterized in that the polymer is
obtainable through polymerization of styrenes, of alkyl acrylates, and/or of alkyl
methacrylates, and/or mixtures composed mainly of styrenes, of alkyl acrylates,

and/or of alkyl methacrylates.

25.The process according to claim 1, characterized in that the precipitation and the
subsequent filtration reduce the metal content in the polymer solution by at least
80%.

~ 26.The process according to claim 25, characterized in that the precipitation and the



80% 26. The process according to claim 25,
characterized in that the precipitation and the WO

WO 2808Y81 1523523 PCT/ EP2007/ 054670 32 subsequent  PCT/EP2007/054670

filtration reduce the netal ontent in the polymner
solution by at least 95% 27.A polyner prepared by
the process as clained in claiml, characterized in
that it has been prepared by ATRP, its pol ydispersity
is smaller than 1.5, its halogen content is smaller
than 0.1 % by weight, and it has at |east one

t hi oether group at one of the chain ends. 28. A |linear
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|95%hal ogen content is smaller than 0.1 % by weight,
and it has a thioether group at both chain ends.

2728 pdinkt B%H'ar@@'bfy/rfﬁé RScEdsBhdTBRirhad Gh aldin2B, charactenzed in that it
characterlzed in it has been prepared using

bihdsiheenarreparast by ATRP, its paidisppiaity dhsarller §h@ha|5 dis halogen

oot Rk N o B elght, i B et ot BeeRr group at

aghe of e sdimendsi ons, or hot-nelt or other sealing
conposi tions, for polyner-anal ogous reactions, in

ZSCOﬁsﬁr‘?éérC 6%ércﬁé'&8§nedl r]n slafh '2'79 dl‘ﬁirﬁétbﬁlzéd iASthat it has been
i sper si hg agent s, ymer additive, or

pm@pagedwg&nlfa blﬁms:tlpoa lnﬁtaéormis hetpagn @csntemtas weellen than 0.1% by
¥|g%ft (]elt RS e%etﬂﬁorgt‘hecrl &'OUE ‘at both chain ends.

29.The linear polymer as claimed in claim 28, characterized in that it has been
prepared using a bifunctional initiator, its halogen content is smaller than 0.01%

by weight, and it has a thioether group at both chain ends.

30.The use, in hot-melt or other adhesive compositions, or hot-melt or other sealing
compositions, for polymer-analogous reactions, in cosmetic applications, in
coating materials, as dispersing agents, as polymer additive, or in packaging, of

the polymers worked-up as claimed in any of the preceding claims.



