Process for preparing hal ogen-free ATRP products Field
of the invention The present invention relates to the
in-situ renmoval of term nal hal ogen atons from pol yner
chains prepared by atomtrandfer radica

pol ynmeri zation (hereinafter abbreviated to ATRP). The
present invention al so enconpasses a process for the
renmoval of transition netals from pol yner sol utions.
Specifically, this involves the renoval of transition
nmetal conpl exes with content extending as far as 1000
ppm Very specifically, it involves the renoval of
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3 hal ogen-functionalized polyners are thermally
unstable. This is one of the disadvantages of
prior-art ATRP. In particular, polynethacrylates or
pol yacryl ates prove to be naZkedly susceptible to
depol yneri zati on when term nal hal ogen atons are
present. A nethod for renpoval of said term nal hal ogen
atons is therefore of great interest. A w dely used
process is based on the substitution of the hal ogens
by netal al coholates, with precipitation of the
resultant netal halide. This type of process is
descri bed by way of exanple in US 2005/ 090632.
D sadvant ages of said procedure are that the netal
Pnorghcoholates have limted availability, and are costly,
and that the process can only be carried out after
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5 147-155, 2004, and Macronol. Chem Phys., 205,

2356- 65, 2004). However, they describe am ne groups at
the end of the polyner and refer to very high

pol ydi spersities > 2, this b&ing a further

di sadvant age. These al so occur during attenpts at a
sol ution pol ynerization, and elimnate the major
advant age of control of the ATRP reaction. An
alternative is the use of stable radicals, such as
nitroxi des (see, for exanple: Beyou et al., Macronol.
Chem Phy., 202, 974-9, 2001) to trap the chain ends
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One specific formof extraction is aqueous
liquid-liquid extraction from polyner solutions. By
way of exanple, a copper catalyst is used during the
synt hesi s of pol yphenyl ene dxide, and is removed from
t he pol yner sol ution by agueous extraction after the
pol yneri zation (cf. Ul manns Encycl opedi a of

I ndustrial Chemistry, 5th edition 1992, vol. 26 a, pp.
606 if). A disadvantage of this nethod is that many
pol ar polynmers act as suspension stabilizers and
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8 by filtration. However, processes of this type are
suitable only for the preparation of relatively

non- pol ar polyners. If polar polyners are prepared,

for exanple polynethyl nethatrylates, the polyners are
insoluble in the solvent. This procedure therefore has
only very restricted applicability, in very specific
pol ynmeri zations. The product range available via this
procedure can be further broadened by targeted
"design" of the ligands, which lead to insolubility of
the transition netal conplex under work-up conditions
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A particul ar object of the present invention was to
remove transition netal residues fromsolutions from
an ATRP pol ynerization, after term nation of the
pol ymeri zati on. Achi evenent ©f object The object was
achi eved via a process for the renoval of hal ogen
atons from pol yners and renoval of transition neta
conmpounds, characterized in that the hal ogen atons are
substituted by addition of a suitable sulfur conpound
and sinmultaneously the transition netal conpounds are
preci pitated by said sul fur conpound, and are then
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solutiofé?.f E ;JWQ oMU AES ' YophBFLaRMPAER UsRd2BYrifgStHe " Bynthesis of
polyphenylene oxide, and is removed from the polymer solution by aqueous extraction
after the polymerization (cf. Ullmanns Encyclopedia of Industrial Chemistry, 5th edition
1992, vol. 26 a, pp. 606 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



One very particul ar aspect of the present invention is
that the addition of a reagent in one process step
si mul t aneously causes renoval of the term nal hal ogen
atonms fromthe polyner chaink, optionally a
functionalization of the polymer termni, renoval of
the transition netal conpounds by precipitation, and
salt formation fromthe |igands previously coordi nated
on the transition netal, this salt formation in turn
permtting sinple renoval of the ligands. In the ATRP
process described, termnation of the reaction nostly
proceo‘tﬁ‘@% d?%a%ﬁ/@nwg"é&&hfo?)ﬂla‘?@hé QRa8bnd.heirdthya prédipRatioretiaks not give
his can take place quite sinply by i nt roduci n
the podaymespmei|LmlfoWyge¢nthIOImyaad§| heogase with faugur%nugatagi material, for

cxamelf T e RSB SR e GRS Bio dFeore, e

precipifitife b SessHPpASYGdes tBige RINNGWIts| o the paicipiddquatized with the
for further processing of the polyner. The object of

solventspthericaéalysiaiesidues, eafovther asstiEBRtsaamauRngIrasmoYali fg- residual

monor B8 T84 G 5.5 o BB 6 Bl hccesses.

Precipigatidropicesses i their mtiretycarermevéfbrmﬁoatidmsfembleﬂto industrial-scale
sul fur conpounds g. ner tans. Anot her constituent
producgipn %“‘?s“ﬁ%bﬁﬂllycﬂ{‘ laboraigry ?‘F%esul fur conpounds used
becone al nost conpl etely bonded to the pol yner chains
There argl MATEOVEKNOWR RTQEESSAS muwh@@n@ eﬁqﬂd&eﬁialuét iscsRRAsated from the

t Si fi n
iwia. SRUPIGEAR) S oE Ve L PR, RO b, ror
exampld‘ltmbu@@\omdﬁmmnm ¢ paahdpgrior tmms exﬁebyhs plofyumerization, to a solid
tion process

onpounds 11 is possible tq u_z % (la
absorbgpt pBdaEeswelians BloRSAIDIS et Lhe gyic, polygiiicosgaining phase is
separafgoefrg)pg@]ké/ 1@6 Ielr@ﬁf;%naggz(% fllfér:rfﬁg‘é?{ ilégﬁﬁgﬁglg#ngWay of example,
CN 121011d1eddscrdmsl a pecbc:ems infwhible gor adsorbent (i Iperthml@‘raatwated charcoal
er ductjo tran|t|on met al_.cont e mor e ,
or alurBRUM 6¥dsSG 3B @ ths Govmer ERTRT eBseMe ATTH siess, and is
then re%d W‘ﬁﬁ&l ) A BsdehahthdeNesre |§r’(h¥t @er‘Sﬁ Iatg@iém%ﬁfsséf adsorbent
equi v ents of correspondin fur conpounds
are nebdedtio raehlesedr;orpplat@rramqval altleeug ath@mogltelstnaf transition metal

compleBgE 4 i EdcloB AL Yelobity' DA, ik LAY Bl SR i aio
claime® ﬂmprzoommms JPEXOCER0 VBT, | P2 00 uhsswaﬁm@ther specifications
solution, and which can easi In%/ be reno

use bansubr poslic oficet JPROGHBESLIbP OB ARTRZ giée%p04m@5846 and a

amef 8T} 85 AR, BB o accorbas

adsorb@m’smdrﬁtﬁha@éh@bﬁﬁfdr@ltélmtesnagla‘deommumﬂlﬁraimmtpmnes&s which
sul fur in organical bonded form i cul arl

are mogﬂ)éfr@ulﬁﬂlaéetmaﬁeﬁ%%. é‘l%r@ AgRInG !ﬁ{eauamﬂwé griper material
are us%@éé%%gﬁ%ﬁ%%@eﬁ% 'éf’r@l gri%rtsebﬂé;r\slgég‘i_’\()ely%%eﬁ@'?é &d Yequire very

compligzdéd Ireuj/cgihby Lizickf ef mdt—eﬁgﬁmeﬂessnﬁommf sul’ahwsvgl:ufncm when ion
nmenti oned are nercaptans, and/ or other functionaliz
exchanger analerialsraneyueed &ﬁfaei\ﬂgté/@zsw%@ﬁ -+ AR %J'%%é’%@ﬂ 33(4),
147808\ t hi ol groups and/or can form correspondi ng thi ol
PP- grc)ups under the conditions in the solution. These can

Thi o4t SoHECEEIeeE STANE e, 450, 5E 1 BN B 50081680, whi

descnb&@réﬁpAWRPO m@@éss e ﬁ@ﬁ-ﬁ@l@#t 8o6RkntsTeEThé piramsttiemahetal complex
octyl thioglycolate, t nmer capt an, et hyl

becomeseinsgfibie: duﬁug \ar aﬁardaptraacﬂ%dbfgughn@ﬂ@%tmra@nd can be removed
i sooctyl nercaptan, and tert-dodecyl nercaptan. Most
of the exanples |isted involve conpounds which are
readily avail able conmercially and used as regul ators
in free-radi cal polynerization. However, the present
invention is not restricted to said conpounds, the



12 polynerization system Regulators are used in
free-radical polynerization in order to control the
nol ecul ar wei ght of the polymers. The anmount of
regul ators in free-radical p8lynerization, based on
t he nononers to be polynerized, is nostly given as
fromO0.05% by weight to 5% by weight. In the present
i nvention, the anount of the sulfur conpound used is
not based on the nmononers, but on the concentration of
the transition netal conpound in the polymer sol ution.
In this sense, the anpunt used of the
by ﬁrt%qd’nl! HEREIEH ProdedREs CPihisfjpe afe shitablventyifon the preparation of
mol ar equi val ents, preferably 1.2 nolar equival ents
relativelyr nooyician golymerer qu}an elymenaare preparags for example polymethyl

equi val ents, . and very. i cul ar | f
et YR 58S RonBPele Y nBaHb A e TER pecEn trretore has
only Wiy r@attictePdpblicaisiRty!t hﬁtvem%f)ﬁai_fi@aNIyﬂ%ridaﬁmé. bEre product range
_when added to the polyrrer solution, after term nation
available vie this| praserzee ican, beafwrber Haeadangd rRy tafgetest fdesion” of the

. n pRl s t he,subst] i | -
igand B EaLTRS SRR, ChoB IRl MoBfAehiad under worcup
condifgmisghﬁ\isﬂislsdééchb‘eﬂ leysway beexamplalindrioust ght PolyddiRriepnehm. Chem.
unctionalities ass _transition tenperatures.or
Soc., HC g bhne 18 22568, 873605 Ly P UBGA SRS up 200 105268
adds &’n‘?'a}%ﬁfoﬁgl Mﬁmﬁm@ég%htttﬁ%ﬁé&%oﬁfbiﬁt?,ewﬁﬁ'B@?A.Srhé Q&ry high prices
exanpl e branching “or bl ock structures. The person )
_of thesligdridsdariena tdisaduvantage The perean skilied lity the@rt ean maoreover readily

oo 1G5 ST PSSR0 PR SRt BEHeR] e ocess v

| ey, i\ sdd {cRincBRipiEe ScatalySikiehhdVd. Most prior-
no adé@?ﬂt(%fo%'ﬁﬁ%ﬁﬂraﬁggtgﬁodrw\’gysterrs,ncvvithout an_i// naj P

or g - .
art processgs mee thergfora multistage progassesyiavelvingadgitie gh auxiliaries, which

ipvention is, that the r iy: . .
most; B8, b "BeLHEhARE 4R Rbed, R ybin phase
separ@fdry BRY asefolindh JP 200p1386590n W th many est abl i shed
: systens. The substitution, and the precipitation and

Thesé%ﬁ&‘aﬁ?@t pfdde%éﬁéicﬂ‘fér{“?fséoﬁéﬁtr# RgPIi&¢ Mbedss cannot be cost-
t enper e f

ature in the range fromO0C to 120C, these being .
effectipelyomdsnqied tonindestrialiproductiont votumesr Stagrseof this typerare described

, figld t he Javent | is the efficient, sinultaneous
In EPF&%@V@% 8¥J§I#Q%¥ig‘§?3 : which by way of exanple in the
case of am ne conpounds take the form of anmoni um

hal i des. These ionic anmoni um hal i-des are |i kew se

precipitated in organic solvents and
Object

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



13 can be renoved sinultaneously in the filtration of
the transition netal conpounds. In the case of
particul arly non-polar |igands, there can be sone
delay to the precipitation of the ammoniumsalts. In
this case, a second filtration step would be needed
after the filtrate has undergone sone degree of aging.
Compounds used as initiator in ATRP are those having
one or nore atonms or atom groups X which can undergo
free-radical transfer under the polynerization

condi tions of the ATRP process. Substitution of the

objecﬁ§ttb %%rrgrélﬂﬁhé Hlloddif rérﬁé\%ﬂ G/hthtfht @Eﬁi‘ltfbn@l‘ pradudt Work-up directly at

|1 berates an acid of X-H type. It has been
the enﬁomfrthemmalm&o acdcessi indoe samer icaction yssseldoneyah eaction).
and thus quenches the netal -1igand conplex. The

A paraltedrohjéctoot i aivermonhustlgae lightadl theppeor |an11; as éal providéea process

formin the start of
which Jo roalzBblE abstialligand fists e Jemin e aBRiioR fnetab complgres from
polym@f1 sbifbns Afthe %n‘@‘ﬁﬁ’re 'ﬂﬁe H&erﬁfwetsquﬁn@nﬁeé Usbe inexpensive
the transition metal is sinultaneously oxidized,
and fast. gt\nqthelou!glaci of thechresentinvéntian wasHe prevideia prosesewhich can be

eSS NP e L St Bl 649 aep. witnou

complﬁ:@téwrreéﬁg’h@éﬂﬁg' MridiGer BRIt Was | 1o veditde tparGstta®y dow residual
said effect, based on the active group X at the end of

conceqtrations ohihe tcanrsition imetghegmplexrcasnpeyids, belaw 5 ppm, after just one
al ents. A corresponding situation applies, based
fltratlogh%{e e ligands L: for conplexes in which the

Apartfcrg rllg’)lbtie'%n i t?)r%?a ;riy%ppa%?apsgggirrge reﬁ%ﬂ%iti'grr\] p{l%?l residues from
solutiohSTRIH 26 A'FRP' FVneazatid ], isfiep BrniRafehbeuR SEIMesiation.

guenching of the transition rret al conpl ex. Exanpl es of

these | igands are N, NN, N, N ", N

- pent anet hyl di et hyl enetri arri ne ( PMDETA) and
Achle%%himo?'gtﬁ%gf hyl )am ne (TREN), which are descri bed

I "OW. e case of |igands present in the conpl ex

The objfefludt AoHaYER rpeerPure BRPREALf TabdEh atogs from polymers

and reH'ﬂﬁ/@ll bhRahsifos metaNcompalinds dh%\&ébteﬂz@d ﬂ’ﬁﬂ'kaeﬂleéhﬁlegén atoms are
for exanple, 1.2 wth respect to the _active groups

substltxtedzbg adlditpm oﬂa iselitableasulf nepnroustd and simyjianeausly the transition

et By BBlna¢ %y By PR Sl RBP4 B R Pmoveo oy

filtratiopal t s can be i nmobilized through addl tion of suitable
absorbents, e.g. alum num oxide, silica, hydrotalcite,

The é?}‘tablen éimiaa&aﬁf dmsn%rel Bgabdbhfiep’ BANHGrRG! KARIitktion of the
such as polyacrylic acid or polynethacrylic acid, or

polymenmmbrreepewér lmeopduadsssimulipoegusly \Sesve @ piurdlithiofpurposes.

sty AL e, APt PR i g icieg and s

removéd’ﬂ*ﬁdn@%ﬁe polymersi Secbidlyha eagent & thuef predsicedevtiich is suitable to
whi ch are often identical, the corresponding

cause guenching & theetransifion piet aompayed, thug we%mc:ékeosif complete

el 5160 RS AP PR WLARIRRECT W

B e A ST R
are pré%}e?ﬁ’du‘?lh gSoS&t tHee¥n@ é?ﬁA‘TR@F%e%b%'%@ﬁmﬁéh}bﬂtﬁe halogen. A

sane“filtration step with the renoval of the
thioethpr gmtm thasddrms ahthe end ofrtheapolymes ehains thisrhsinga group previously

I f
nown J fégrr 2l BRI R BB s Fufir el RGO iogen haiide
subsequently for exanple with water or buffer
solution. As the person skilled in the art can readily
see, said process for ligand renoval can al so be
transferred to non-am ne-based systens.



Adsor bents or adsorbent m xtures can be used to reduce
the anounts of the final traces of sulfur conpounds
and/or ligands. This can take place in parallel or in
successi ve work-up steps. THE adsorbents are known
fromthe prior art and preferably selected fromthe
group of silica and/or alum num oxi de, organic

pol yaci ds, and activated charcoal (e.g. Norit SX plus
fromNorit). The renoval of the activated charcoal,
too, can take place in a separate filtration step or
inafiltration step sinultaneous with transition

is form@@tég, cles brodudtone particularly efficient variant,
he activa ed charcoal is not added in the form of

[ r
The o 81 e 5 BEIATES cRit! RBodiilon BE1 i BhL i, such as
hydroxyﬁurdmldagmupsnaem anhd pf theapdlpiviee chaing. AKS 5 from Pal |
Seitz Schenk). A conbination of addition of the acidic

The h?d?@delnalhlaﬁée dger fdped 2baret dyl m@t¢l¥2é@dincimagazﬁal polgmerization
al so be used, as also can addition of the aulearlesh .
solutioges @b BWisabasepanieular feagtiviis larding HoaRrotonation of the ligands

descritfsdf I!)é(l W{ELE%&%IC l(ﬁ‘?ﬁ%dtt %ﬁél@@ﬁ me-{glec éﬁﬁﬁ THIY ﬁgbg%ng of the

row renova er m nal o en ato

transmofl métal tomplext procesds extrentgy eam@lyfamgl&es direct pxecxpltahon of the
...pol rrel' sol utions produced Eﬁ/ ATRP rocesses
transition s4¢t8] $omPEYNdHHieh die nob tHexb Otﬂﬂye'?“ﬁ§k'89ﬁffeﬁ5d

bel ow. However, these lists do not provide a |limt
One vergsattinlabaspectaiiheapresent §1ventipR ds phalsEe a‘#m@'mqf o’hreagent in

one pr55E e K50 el A2 B Bk BRFRAPatoms o

the polpme:mammwptibnany affanctidrealizatién op tred pelypmemtermirg, rfdval of the

duct Th t hat b I d .
transitbPeLa) CAMRPUENE | PraGiataonA ATy AL ATCAY dom the ligands

prewm{ %g:%g@ﬁét‘éw oﬁ“fhe""h‘ahsi’ﬁﬁe' RBAl ke it %ﬁ‘ﬁéﬁlﬁw <'M‘>tumr permitting

restriction on t present invention. The
simple (ereblialaafithé figandier e neans the esters of (nmeth)acrylic
acid, its neaning here being not only nethacryl ate,

In the ATBP Fi@bbsds d@lebﬂbéd Yieamnihatiohhofl thea’elaet:mrylnadssﬂy tekes place through
al so acryl ate

oxndatugrgtrcgﬂ thee tragsition mah?%{smmtcgﬁ lusag élacfehgwt%gilmm&veﬁ@mducing
atmospﬁ%‘gﬁ{b@pﬁpacr%ﬁf‘ﬁpbﬁl‘éﬂsﬁg I@?k%ﬁ:ﬁ(&%ﬁh% %acr %r%fs catalyst, a

portionsbf ahg hhetdtamcvmplmxanﬁbadprempltajeép ah]rlrxgwalnlsceaﬂabbsmck procedure.
Howev: msth%g ng%r&%%tlg eqcﬁyq(a: etquifﬁr%ﬁ?ftgg ?@ﬁtl&% 8rqpré%%{]r{ql of the polymer. The
object %f‘%kuﬂ e g{agyst'r%%{iaw ds"BESN afchidvdideby L] r‘iq %fb'l’lathn for the

pentyl (nmeth)acrylate, 2 eth
efficient memmovat dgsatileed afetiney ligdmds mpawlya@depnl ther y‘ansmon metal. This

rocnd BSR4 RO AL e 4B b

MRl it A
comple{eehgs b ngttgt%%e‘?%’?acry e | S tlﬁa‘tr{ﬁé r@%ﬁi@usﬁﬁhll ¥ontent can be

ates, such as na
removeﬁnabth))mtelylatcbqunerwﬁw by zsunpleatrmhfmfat:enb afshediitration process.

This rieedd e LPERIdeRs: Which JAvs o BRI Bopiicaseg by suffur

Compod,g%ahydrofurfuryl met hacryl ate, net hoxy(m et hoxyet hyl
thacryl ate, 1-butoxypropyl nethacryl ate,

oo rGHEHERTTHSENTA Weo PSBANRSF S SRR MIRAR 5 e anstr

metal cORIpI@@IsYr@hahe Sofitiopx Terdugh applivationl aftthe process of the invention it
al 'yl oxynmet hyl nethacryl ate, 1-ethoxybutyl
nmet hacryl ate, 1-ethoxyethyl nethacrylate, ethoxynethyl
nmet hacryl ate, pol y(ethylene glycol) nethyl ether
(et h)acrylate, and pol y(propyl ene glycol) nethyl
et her (meth)acrylate. The nononmer sel ection can al so



al so conprise other unsaturated nononers which are

honmopol ynmeri zabl e or copol yneri zable with the

abovenenti oned (neth)acryl ates and by neans of ATRP.

16 Anmong these are, inter allla, 1-al kenes, such as

1- hexene, 1-heptene, branched al kenes, such as

vi nyl cycl ohexane, 3, 3-di nethyl-1-propene,

3-met hyl -1 -dii sobutyl ene, 4-nethyl-1-pentene,

acrylonitrile, vinyl esters, e.g. vinyl acetate,

styrene, substituted styrenes having an al kyl

substituent on the vinyl group, e.g. a-nnethylstyrene
is possihie 18 t%bhé/hﬁﬂalf bRMtocSsPR iédMQrﬁsﬁi&P%té]%n%tWaﬂéast 80%,

nore al kyl substituents on the ring . vinyltoluene
preferamdbpal'rmasy I%Wyr@tbveﬁyaﬁajyetuiafl?@r%fey@ldvigy atdeast 99%. In particular

embocBBRHL R SeE0E3t0 o oF EPLARBE B, venian ey uction o

Uan&héﬁﬁﬂﬁhﬂ&&ﬂeﬁﬁ@ nﬁﬁe%hdh@ﬁkﬂ%fldlne 3-vinyl pyridine,
2-met hyl 5-vi nyl pyri di ne, 3-ethyl-4-vinyl pyridine,

Surpnsg\gf/f}/ it r@g?ﬁ&re%véi Bébﬁ%bﬁd Rat, Bbf’éédl BWthE‘an'aﬂ?ends only a minimal

azol e, 3-vinylcar bazo 4- V|n€ car bazol e,
excessofie6 ieglm\mlantsplf cotreéapondi ng\aulfyr ospaunds aa o berused, preferably

1.2 equfydlEnls; 298 G foull b dh Gl se Y+ T6fiERaRns e resutt of ths

m:mma‘l"%’)ddé@é'@ &P reSHGAI §§lfur”§bﬁﬂeﬁt IS GRor s@ﬂb@{lynbdﬁm the polymer
met hyl mal ei m de, and di enes, e.g. divinyl benzene

nd
solutior| and mhich égp@aaﬂv dentaineysd yonpdiigationr of éfﬂ@/sybsequent filtration
ot am no-functional i zed and/or mercapto-functionalized
€P- and/or ol efinicall y functionalized corrpounds The
opo

The regg%%ﬂ qqg{edttrﬁgiﬁa[ﬁ}{g%gr %&ft&%@%g lgyé/rgﬁrh% %rﬂ%r/ gynng ?ermmatnon

of the 'PRIViABLatlonN prefaRIY linvoRBAE Faﬂn@é efonfaifin sulfur in organically
unctionality, in a substituen | es of these

bondedforondt és aaélcwaﬁgyl prqﬁ@rrabéﬁ that these mpifurtaatadniag compounds used

for the, a?’e%c?@ita?% % rﬁ?\g&pp fﬁ/e'ftgplll d r"ﬁl—éfdﬁgﬁ%'gpr\éﬂlng%a é/rh[)@xes have
SH grobbé” VEhbpanticlapigt greferfyd Wﬂato‘b@hpdtmdstmaﬂmdwbe raedtioned are

ydr ogenat ed vi nyl oxazol es. is particular

mercapga@ @nﬂmreowrcfyp@ﬂlcgnﬁxzegeomﬁﬂ “@@tﬂé?%ﬂor\ﬁ"ﬁ%‘ﬁ CanpReWNds which
have o{uﬁ'@lﬁéfé thlgﬁg@ agﬁfo?f ce%E\eﬁJrrFﬂEoﬁéé éﬁ%ﬂhérthﬂoggrdﬂﬁé“under the

ocks € pracess
conditicr®y in thé solttiom 'ﬁllwseieannadolhelmganrcfa&apsmtdeamch as thioglycolic

. Pref rence is given to tolu | ene, . ace
acetic pr%Q' r abMErGARIOPropiQiiG: e 2 hylmﬁ\é“@(pé?%ih ape py|mércapt0propanol
er YIm&@PNsre
e AOSIEHE, KFAEARnaPSRIET BELY SBYheANEY mdfercaion oty
mercapltmxalmﬁyl memmaa dpdeé;drrabrqapctgml leheo:tahmercapiaanahd tert-dodecyl

mercap%?l{)lglﬁﬁ 3 ﬁe@%ﬂ%&ﬁgﬂgﬁ gblg? o%%@%g %mﬁr@? Se readily available
n y KEa Aﬁé)w

e

present invention énnak resdri¢teti tocsaid rdmpoundsatioe ﬁec:dll’rg factor rather bemg

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



pol yneri zation, m croemnul sion pol ynerization, or

suspensi on polynerization, as well as in the form of

sol ution polymerization. The pol ymerization can be

carried out at atnospheric pZessure, subatnospheric

pressure, or superatnospheric pressure. The

pol yneri zation tenperature is also noncritical.

However, it is generally in the range from-20C to

200C, preferably fromOC to 130C, and particularly

preferably from50C to 120C. The nunber-average nol ar

mass of the polyners obtained in the invention is
polymdHZ2itiBhadysterh! RBge4lBr0am@luskE ih2PePadisanpblymerization in order to

particularly preferably 5 50 000 g/nol, and very
controlghetrnelecalar weighifaf thae polyrs®e. g/ nol to 25 000 g/ nol .
. Pol ydi spersity has been found to be bel ow 1.8,
The amoeheofatagyidietsow fiedradicalt payinerization,diaseabdry thee anomers to be

1,4, and ideally below 1. 2. The initiat ed. can
o o5 o Rl B B B S5 AT SR o rese
inventigrj,sﬂ‘x%cé }Sﬁh?/ of MO %g%&&d@b%ﬂ PRoSaddPos fties heshomers, but

a radical route under the polynerization conditions )
on the dfondeatralieP of tioe deamnsitibinemetali scampedng it mefyanerysolution. In this

sense, i Briiptdisga dttnd pyRaBRud ekt 3E mupnians. 1.5 moler
equivalBh? FptferablifiCe ﬁ%la&g?gm&éﬁicmﬂ%%?@g%wéés than 1.1 molar

(R1) nP(0) 7n- X3-n, ijl P(0) nX3, and P(Q) m X,
equivalgnés,and \ery pastiovlaryy pieferably less than dQuiiolrduialerisof
a, Br, |, ON SR4, SeR4, OC(=0)R4, OP(=0)R4,

The pePROROSKiIRN )R thaR(r-CpoRmadiy Nées! that the mescagians dessribed, when

adiod 5o S S ok 2y P, L4 ar

further IGREEPER 4R bblynfets bgiRd BeE BubSRLBGE feditioh dulcribed. This applies in
atom preferably fluoride or chloride, or alkeny

| of .
particufar ote 2theo maeelan oweighbndistridicesadhg wiglgeulapweight, additional

. al kenyl of fr, . 0 a ferahl v
rnctofUER " YA fichd ARREPES b el LSOARLfp, tho case o
semicrystaiihe Polphkhd, sgidothesalvhiteoiré rofithé golyriersifooexampies branching

can be present as substituents, or aral kyl, and where
or blockstrupfresind R3, i ndependently of one another, have
been selected fromthe group consisting of hydrogen,
The persorogkilled ial thel arraanpmioieevergreadiinsee hat@ cprresieer®ing process

from1 to 10 nd rti gyl ar f grabl . :
based &t ofcanreraficol sy g tireBh o 48 P4 Sdulioh Ban readiy
be useBaad @R AHOSHIal prdcdssobPeRtstingl olliion Yolygnerizesion systems, without
al koxysi |yl groups, am ne groups, am de groups, COCl,
any mag regngingekiBgy | groups or 18 al kynyl groups having
from2 to 20 carbon atoms, preferably from2 to 6
A furthematheantage of theapcesent invantion! ig thakether rgdugtion ttg jlongror at most two

et e o201 e, GBS 58 e T, Bfpparicon v

many egga[gjs}ﬁga@%ten@g_yl , heterocyclyl, aralkyl, aral kenyl
(aryl -subsStituted al kenyl), where aryl is as defined

n b S e h 4t
The suERA{Rof oW BTyl sepBsidenmaton pofoorsr ke pace
a tempésatuegiarthatrange frone0:C db|1200Gethdsediding proeass parameters within a
.. Substituted by hal ogen (preferably fluorine or
familiardBN@Ri ne i f one or nore hydrogen atons has/ have been
repl aced, and preferably fluorine, chlorine or b

A further Tigik ohyibe Jgeentiarois (e efticiant, eﬂm&t@aw}%wﬁwﬁ[ of 'the ligands,
which 6 49 ER8He e Ep S0P gk SShp RS kL RS 6 fSfimorium

halidesOThe$ge s bimagunt hdlideSare! likewise pragipitatbe ireomanid golvents and
ketyl, acetyl, am ne, am de, oxiranyl, and glycidyl,
and m=0or 1; m=0, 1 or 2. It is preferable that
no nore than two of the noieties at, R2, and R3 is/are
hydrogen, and it is particularly preferable that at
nost one of the noieties Rl, R2, and R3 is hydrogen.




Anmong the particularly preferred initiators are benzyl
hal i des, such as p-chl oronet hyl styrene,
hexaki s(a- br ononet hyl ) benzene, benzyl chloride, benzyl
brom de, 1-brono-i-phenyl et hidne and
1-chl oro-i - phenyl et hane. Particul ar preference is
further given to carboxylic acid derivatives
hal ogenated at the a position, e.g. propyl
2- br onopr opi onate, nethyl 2-chl oropropionate, ethyl
2-chl oropropi onate, nethyl 2-bronopropionate, or ethyl
2-bronoi sobutyrate. Preference is also given to tosyl
can b%}@nh&\?eﬂ si ndduBly iR ki IaHbh Of Yhe GBhSKibAerl Bdtpounds. In the
i des, such as tetrachloronethane tri br onoet hane,
case dof- parhglllletlhyionermlar ligandsrthere, cal lhe Rgmebdelay de; tharfrecipitation of

e srRRBER) ST Y e, PGP 45 o posged atr the

filtrate 1ha8 dria!etrg@ﬂé)éémétdégﬁbé@fégrn t he synthesis of block
copol yrrers is provided by the macroinitiators. A

Compé@rﬂis“%Se as! iM@fol T V\'T?%P o 'Ihésé cha%m bREesraRlore f4téiMs or atom
very particul ar preferably one, noiety
groups Xavhiclh eagrundergd freg;ragizal h‘adsﬂas undebthesgolymerization conditions of

v ATERE S B e o B S Y 50488 e of

polyméﬂrS liBElaXES ar &ted O6f XOHY BipePYlt eids sy Folifk ah@s sthis acid directly
pol yethers, such as pol yethyl ene oxide or

protonptﬂSymeohgarawé and dbus gmey@be&rtbe rmgtat-ligangd fgmalexi dhe transition

metal tbpg&%ng&%}%%cﬁ@tﬁ@%?@ hir drﬂﬂ‘i@%{ﬁ@ép%@%& start of the

polymém.(éltl@ﬁbb@ Uhathengasd bEsopper ietie fornb 0o GuBr, LUAIPGr Cu,0. If the
000, preferably from 1000 to 50 000, and p[artl cul %r ey
conditigrefaseaich thasithedeansitioromegabis simyltangously,exidizede €9 through
t i di.a u
mtrodufrcrzgé?oﬁlgldégu e ttriﬁﬁ@lt@ﬁ H%aIAT:BI% g\ﬁﬁa\?gsoaﬁiggg itates in the higher
oxidaties gtalet Taxbomaxmwn éxcesbdhabhas 46 bee bsedof slaét Belfmrccompound in

e GBS L, Sl o8 08 o e nc of
the po'&{i‘?_?é’rr tcﬁgﬁ\ q%unc SRy Offort BRamipid,| @t10éc§u|V§lersOVAd<%hé§bdrﬂﬁ1 situation

| onal tnrtrators. Using polyfunctiona
applles rbasiedt on thalllgaublesi_ i for icompflexeseimmlie) the 4eansition: metal and the

ligand p nt Y qgﬁgn stflg rpﬁo aoggjlus gu\fsq'{?/ |gbg%g&%$§ of krpe sulfur compound is

hkeW|88e§‘difﬁ9ibﬁP ko CaBMIEYE RS SmpBIBEE tcf]e‘h@hﬁig of Ftﬁleyffah§ltlon metal complex.
functional initiators that can be used

ExampRgQC afHxthese 14ipands X- @& RN,N,N" NN’ —pentamethyldlethylenetnamme

(PMDETRI T RSt ek G ME TR un afe fieyived below. In the case

of ligarde gbesﬁhgﬁlﬁé céirdlax ﬁ(@@l@éﬁﬁil@él&t ratio with respect to the transition
CX2- (CH2) n- CX2- C(0) R,  XCH2- 002- ( CH2) n- OC( 0) CH2 X,
metal, @mcuwemtm IS M)qab@;pobyqqh@pghe transition metal is used in 'a marked

excessxéﬁﬁzbégga%) ?@@p%@é%@ Zctive groups X. 2,2"-bipyridine is an

examp@-a’@}{%—é?@rﬁ ndh- OCO(0) CX2CH3,  XCH2C( 0) C( 0) CH2X,

0) C( 0) CHXCH3, XC( CH3) 2C( 0) C( 0) CX( CH3) 2,

As an %%@Hgtﬂlb%h%nm%ﬁ(gbﬁi WEXRSHBItration can be modified. The
C(0) - 0) - CHX- CH3, CX( OHB) 2-

ammorﬁ]gm) saig 4 be )(nmab@(ze)j thaxagh addition of suitable absorbents, e.g.

o588 (45 RSN, S BRBEEIES, B oo

polyac@s l§t|ch°'f:s«§3 EhCU&@'Bor O-polyfnethicrylic acid, or insoluble
(CHB) 2CX- Ph-CX(CHB) 2, 0-, m, or p- CH3CX2- Ph- CX2CH3,

polymeéhacmbaieayprg)qhmwlatescm hlgh agid centent or a mixture thereof, or a
p- XCH2- 0O2- Ph- OC( 0) CH2X, o-, m, or p-CH3CHX-0O2-
Ph- OC(0) CHXCH3, o-, m, or
13- ( CH3) 2CX- 0O2- Ph- OC( 0) CX( CHB) 2,
CH3CX2- 02- PhOC( 0) CX2CH3, o-, m, or
p- X2CH 0Q2- Ph- OC(0) CHX2, or o-, m, or p-XS02-Ph-802X




An alternative to the ATRP described is provided by a
variant of the sane: in what is known as reverse ATRP,
compounds in higher oxidation states, such as CuBr2,
CuCl2, CQuQ, O Cl3, Fe203, ol4FeBr3 can be used. In

t hese instances, the reaction can be initiated with
the aid of traditional radical generators, such as

Al BN. Here, the transition metal conpounds are first
reduced, since they are reacted with the radicals
generated by the traditional radical generators.
Reverse ATRP was described inter alia by Wang and

mlxturmé/deéﬁiﬁﬁﬁhé indrghARy GorRpEtmdLiisted Hflve. Uptontedst tpithe use in the
. A variant of reverse ATRP is provided by the

prior add@ﬁ adismaentsswhl@h aretefter identiealo ke sorresranding %ﬁ*l@ﬂes are only

optond o555 458 Bt B RE oS FDA R, S BBEAS R o

said mﬁé§d§r§fméh©dw aeallerxird aidroparisont avitivithe gebmatts processes
of this Frocess are descri bed in WO 98/ 404

describsl. Al that isesided Tordheir smenalds meseABHAT: 268itigRal fitration step, or
else thfg ctlan e ﬂé?\é%f Qﬁ'ﬁ@llt%rﬁ a};n ﬂeth%wﬁ%fﬂ PJﬁoQi Q%p]dwfhothe removal of
the prdbifmtat@dltrahbimpmétat a@ﬂnpounds he range from 0.5:1to

1, with no intention of any resultant restriction.

AnotheTrkﬁ)s%!HlIﬁ{/ d9bhhalteinathve)id exteactiont of thesdhitiom Mhldmw carried out in
initiator is generally in the range fromO. %ﬁ:

advanceorn elsprsstbseaupntly, fﬁort@@malﬁg@th W@g@rcprémifetfé t'Pn and
particularly preferably in the range from1:;1 to 4:1,

As theiersomskilled émthiecart canaegdilyeses,tsaid pragassifet ligand removal can also

be trarﬁearr%fo?ﬁg{l %bﬂﬁ%%&eﬁﬁa{?@%%"?éi' active in e

| ymeri zation, ands rea ed to t st e T, .
Adsortianis RE80a00ET XA Ean PRasEdp Hurb e TRHBE of (e final traces
of sulfﬁlr ﬁﬂﬂp%gﬁﬂé eirfeﬂmlgém ‘hYstél#h tdi@"placeoin paiadel or m successive

known gands i s found by way
work—upxst&pSeThe AB oD S 2aAE, krwweframetbe pripr gvb I8} maf@@bly selected

vom %G SSEROLRhe S AT R B SRSy acovtes

charco%P{eég'rNéﬁm pq@sﬁ@ﬁfﬂbﬂgt ive constituent. Particular
ference is given here to nitrogen-containing

The reﬁWBPHﬂﬂ% ac\tl%tédoéﬁérb 5!' ?60 Rfaﬂftﬁké rﬂﬂé?:.é " Q‘séFﬁr&ﬁ@ filtration step or
ni'trogen-contalining c ng |1 gands.
inafi Itraiwntsiensnhultmwbwrwntlﬂ Ira'nsmppynetal removal. In one partlcularly efficient

variant; Fh%@gtlvcﬁwq]gggem et héagqué@ otnlﬁnI 8%8!% £0P M%Egél/mer solution,

but ’ch%I Ntl‘%{tloh’ ték%*sr dEROhesUbH reidhrid-dlearcesl-loaded fnlters which are
10- hexanet hyltri et hyl enet et r am ne.

comqurelaﬂy) mvauablee(e d.nAKKReb Fom Wl eltmﬁctlﬁnmﬁgspmmwn of addition
di. cat
o the BRI R SHEE OB Tl bl SRR MiaRdSl 468 1 usea, s

also ceﬁPQﬂG’;‘tnBﬁtdeﬁe GREMRBE ddsiribed wbeveharidh fiitratioal through an activated-
onpounds, or they can be first prepared in the form

charcoafloededdiltﬁatu on conpounds and then added to the
reaction mxture. The ratio of ligand (L) to
The presamisinventiompralides e demonal ob theutararinalf halogeai atamsoand of the

M T Y
proces??%‘.;f@é {%tsgiﬁgftl%_@ red0EiRgf from APRPLafe bhefly butiiierf Beh. However,

:1, and particularly preferably from
these Bsts do rotlpromideh andimiting: rdeseription 2ofy AT&FUIanghtthus of the present

et i ey 15 B 6 e b lgnd B ersatity of AT



Preference is given to ligands present in the

coordi nation conpound in a ratio of 1:1 with respect
to the transition nmetal. If |igands such as
2,2'-bipyridine are used, bdaded in the conplex in a
ratio of 2:1 with respect to the transition netal

conpl ete protonation can take place *Only It the
anmount used of the transition netal is markedly
subst oi chionetric, for exanple 1:2 wth respect to the
active chain end X. However, this type of

pol ymeri zation woul d be severely slowed in conparison

and th¥s ta'ihcpdﬁ‘lethla' 88 RAMRI N ForaRBRYEHK-UP 6ﬁépm§{>nat%2ATRP products:
sel ection of the exanples does not restrict the use

f
The rifFAGRITELEaf b4 IRARUEAL o] iAe AT RE B S known. A fou
exampigxp bre lidted |Uejovmfbmﬂmﬂpobynmm;lodarfcpia¢mgi anptyp@apf ofstriction on the
preser%ﬁ&%t&%ﬁe?gg E()ﬁrrﬁz eﬁ@)‘aﬁ%gﬂ%o r%eéﬁggﬁégﬁugﬁt%rg 8f (meth)acrylic acid,
its mé gzshér‘eorl?emg'*”ﬁot g?rlﬂgen@héc gRfe Olgr eyl nlgle’thacryla’:e ethyl

I'tions or p r analogous reactions, or

methacmaie,retct itcaso mmamg methyl peryater sthydmcaylats, l@éc and also
g rahn}‘orrrul ations for cosnetic use, in coating
mlxtur%p fhe. in lacquers, or as dispersing agents, or as

MonorbissWhish cirgi RN Tes 266l TP (R 868 1o e 7P B | ihg et acrates,
such é%r %ﬁﬁg gt lé’%ssgf”str‘éyﬂ%afrﬁs&rahéhe&hBr'd%Rié‘hbﬁQtlc alcohols

eat’ur ose thereln anp es ‘I nventi ve
havmgefranprleto 468carbon-4tomg, eagr yhethy, (methjagrylate bethyl (meth)acrylate,

ool BOp ST RabbaRiiE: PP  IrEEHPRIE. pony

(meth)8&yid8ed Wét@(lﬁék I' er méiAdryIREs e stéaﬁ)lux (ﬁmﬁmsﬁate lauryl

ni trogen inl funnel , under

and dr oppi
(meth)zmylaej ut cpelohexyt i r(r@@lthé@crgg@,f or ISOROFAVH mgjhbaqulate aryl

e BEATHEE, 2 ol T RREOR SRR i especively

may be! uhsasktalitedO6r frafly aha@ Wenoz ad | tetrabubstitofeds ang urrmletles other
After introduction of atnospheric oxygen for about

aromatigallyt o substiftiiest e (Mathlasadatesn, W@ g & rﬂ%ﬂ@%‘yl (methacrylate;
")

monolFRBRERIAES 7 GRS, o IBNBBNAE vl b0 EBhiropyisne ol o

their rrmttamsOha\ahg from % itonS0. cﬂbeasamoms‘ id.gr mtrabuydifm‘ucfamﬂ methacrylate,

efiltration process. filter assu
metho’ﬁ‘l(’é‘é?"h@?ﬂ E‘VI\M t hi n"’%?ﬂrl‘%‘?/w rs. E%Ht@ﬁy Eﬁl ecu|r%¢thacrylate

cycloh%@l%é}ﬁ Irﬁ%ﬁf”ag:ﬂ%ltéfreé}b‘ghg bxﬂI na gtﬁée\yﬁt%éﬁglﬁuryl methacrylate
2-butoxyedisylr methecsylateg pRethooetieylt mathacryiatee daHMt@cymethybfmethacrylate
NN R U L Y T
poly(etﬁﬁ Q%Igéblf%éﬁyp’éthé’wgrﬁEtH)échtérQﬁdfﬁélygﬁoﬂyléné'@ymb methyl

jected to pressurized'filtration
ether (metn)aammecmaecmamomer selectioRSah #lso rﬁn@@mpasa mpectlve hydroxy-

This frac ed for r
functiopgiegy and Qoo bredonr i sFalRhen SoarRetnfli§RRa andior
olefinic8lIfPfunBidRHiA T Nherylates  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.



After 12 h, a colorless, waxy precipitate forns on the

base of the vessel with the filtered pol yner sol ution.

This precipitate, too, is characterized by 1H NWR

spectroscopy, |R spectroscopy, ion chromatography,

el enental anal ysis, AAS, and GPC. Conparative exanple

1 159 of n-butyl acrylate, 15.5 g of butyl acetate,

0.2 g of copper(l) oxide, and 0.5 g of PNDETA were

used as initial charge in a twi n-walled vessel

equi pped with stirrer, thernoneter, reflux condenser,

nitrogen inlet tube, and dropping funnel, under N2.
Amonéh%e%@ lé"?orhtéls St T 1 2keMes Wachoras] 4 -HExeneD. ﬂ&eﬁtéﬁe branched

ut anedi o di (2-brono-2° met hyl propi onate) wa
alkenetshesudndeleMmlcyde thapimethyl-d -propene ﬁtmeﬂnwg dnsobutylene

s et oS, SOSUORIIE, VBN TR RoRB BBt sbotvien

styren@b”hé\ﬂn% eéﬁ“&Wles&l’féhtuéiﬁCbhOme Jirg Yrolipnelg. GRhéethylstyrene and
Sudchem e) and 4% by wei ght of water are added
a- ethy!asylﬁm@ substitliag stmnm haviag janecar msire @lkykisyibstituents on the ring,

CHEPADRAE b PPBAERY LRSI’ Brones,  suen

monocﬁﬂ@l@s@rené'éle dsisib Aty renksC utrmromestyi‘énwd aml eetlabromostyrenes;
ght distribution of the onr‘e i.n the filtrate are
heterogyeli | FORRQUEne BUSH GRE meadhy Byedine, éswaxlpyeeweemz methyl-

-vmy@&n@v&g' %detﬁ \\/Wﬁ/ébﬁ du‘ié‘e f? dlﬁ%‘kkﬁyl'?whg??n@ﬁber WY& rimidine,

I nve
9-vinylcatieeole| at:e—vmy!i:aﬁb@zojé buawnyslcmbazele, 0. 2-methyl-1-vinylimidazole,

BB bR e REAEEL PS5 HO80, Ay yaeolos, an
|sopreﬁ{rjl' 'ehiérs; y rﬁﬁfe&p%@rder‘iﬁtlk/éé GRRACR8E makid rAfMdride! ahaleimide,

an roppi ng funnel, under N2. The solution is
methymalemdeatandodiehes, Yoo ) rﬂmmytbemzegeoandm!acnetbemespectlve hydroxy-

bl S A BB BRSO s ancor

olefmlc,f,:ﬂ{y ﬁln@%hﬁlﬁéd ZonhssuridsTe hef m@nh@ldbﬁpréﬁérat’ ion of these copolymers
i nfroduction of atnospheric oxygen for about 5 mn to

can alsebei siahethehthayehrve arhydooxy gnéfor araipaang/ommeesanta functionality,

and/or’ %Bn&gﬁglgufy?@tléri%lﬂ ﬂp’a Q[l ltBP,ﬁ{ yE%rﬁSfé'ssaf these monomers are

vmylpll@éﬁ@mél tat e1L\ﬁn)flmmO‘EﬂolePr eSSlN—exdylﬁWIroadom, i s u2adnylpyrrolidone,
he filtration process, The filt

C
-vmylwggkdm or 3WinWIpyrRlieieg, hoNwin a@#%ﬁzuﬁémiwymlactam

| a b he
nycrodtEl, IFSTREOY, hnteiRlodistss "RIRbisTe i partcuany
preferamas'w lcepelynserizéoyingr esters, e.muyl ce‘tharsd furedrates cinaleates, styrenes, or
ﬁf” rate is then &ﬁe ed by AAS. 8 g of Tonsil
aCTY‘O't% ¢sith he Adplogks padios Cf$ admi xed with the
remai ni ng sol ution, V\/nlchls stirred for 30 min and
The progess g@mg@aaé@ed pubinearydesieed halogentirasmselyeniafreferense is given

to tolu%ﬁe, 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



activated charcoal filter (AKS 5 fromPall Seitz
Schenk). This fraction, too, is used for determ nation
of copper content on a dried specinen by AAS, and for
a GPC neasurenent. After 121%h, a colorless, waxy
precipitate forms on the base of the vessel with the
filtered polynmer solution. This precipitate, too, is
characterized by 1H NVR spectroscopy, |R spectroscopy,
i on chromat ography, elenental analysis, AM and GPO
Conparati ve exanple 2 g of nethyl nethacryl ate,
15.8 g of butyl acetate, 0.2 g of copper(l) oxide, and

pc>lymc-fq\il\zﬂ:'%ﬁi_o\%l Fﬁ%@%%l%ﬁ SINFREriZRioN) o sabp&habe Polyindrization, as well as

vessel equi pped with stirrer, thernoneter,

" in the foahl ahsobdinepadwmerinatiorogen i nl et tube, and dr oppi ng
funnel, under N2. The solution is stirred at 60C for
The pdlynmerization4 é8nobebuosmieddiont dt, 4tmibéphdniomregsure, subatmospheric

nmet hyl propi onate) . was t hen added, at the. sane .
pressufe b URIAEROSHIATIA Rransyrd. <l POEteTARTipR Jerperature s also non-
itical PAbWEYE?, 336 ' 8m BloPe'tol 200 e prdreriblPfrom 0°
Crmcalat rbmspﬁté?‘?c g%)?(\%éeIWqP gfr!eg%rﬁ)%lf%mm n tgotot er m'gngt e they) fom 0°C to
130°C rarat padiculaglygproferablydiam &9 Criah2010. FF ( SGdcheni e) and
4% by wei ght of water are added to the sol ution, which
The nunbataverage hwolabhassrof the pebumersabtainedrinthenventan is preferably

rom SoR i SR Y R L30T, anc vy
particu ) BT R) psicgdan (e pol e 17
o RIS BB Ben SRRRR, 3P Fod 12, s aBAZEBRY 6. paricuiary

preferablabelosr 1.4y and iidealipissipivel.2. Conpari son 1 Inventive
exanple 3 '

The initiator used can comprise any compound which has one or more atoms or,
respectively, atom groups X which can be transferred by a radical route under the
polymerization conditions of the ATRP process. The active group X generally involves
Cl, Br, I, SCN, and/or Ns. Suitable initiators generally encompass the following formulae:

R'RZR?*C-X, R'C(=0)-X, R'R?R®Si-X, R'NXz, R'R®N-X, (R")aP(O)m-Xzn, (R'O)sP(O)m-
Xa.n, and (R")(RZO)P(O)m-X,

where X has been -selected from the group consisting of Cl, Br, I, OR*, SR* SeR*,
OC(=0)R?, OP(=O)R?, OP(=0)(OR*;, OP(=0)OR*, O-N(R%);, CN, NC, SCN, NCS,
OCN, CNO, and N3 (where R* is an alkyl group of from 1 to 20 carbon atoms, 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
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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 Cs-Ce-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, chlorine 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 Cs-Cs-alkoxy, . aryl, heterocyclyl,
ketyl, acetyl, amine, amide, oxiranyl, and glycidyl, and m=0or 1, m =0, 1 or 2. It is
preferable that no more than two of the moieties R', R?, and R® is/are hydrogen, and it
is particularly preferable that at most one of the moieties R', R? and R® is hydrogen.

Among the particularly preferred initiators are benzyl halides, such as
p-chloromethylstyrene, hexakis(a-bromomethyl)benzene, benzyl chloride, benzyl
bromide, 1-bromo-i-phenylethane and 1-chloro-i-phenylethane. Particular preference is
further given to carboxylic acid derivatives halogenated at the a position, e.g. propyl
2-bromopropionate, methyl 2-chloropropionate, ethyl 2-chloropropionate, 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
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100 000, preferably from 1000 to 50 000, and particularly preferably from 1500'to
20 000. It is also possible, for the initiation of the ATRP, to use said macromolecules
which at both ends have groups suitable as initiator, e.g. in the form of a
bromotelechelic compound. Using macroinitiators of this type it is possible to construct

ABA triblock 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
RO,C-CHX-(CH2),-CHX-CO2R,  RO,;C-C(CH3)X~(CH2)a-C(CH3)X-CO2R,  RO,C-CXo-
(CH2)p-CX2-CO2R, RC(0)-CHX-(CH:),-CHX-C(O)R, RC(O)-C(CH3z)X~(CHz)a-C(CH)sX-
C(O)R, RC(0)-CXz~(CH2)a-CX2-C(O)R, XCHz-CO2-(CH2)a-OC(O)CH2X, CH3CHX-CO--
(CH2)7-OC(O)CHXCHj;,  (CH3)2CX-CO2-(CH2)s-OC(O)CX(CH3)2,  X2CH-CO2~(CHz)s-
OC(O)CHXz, CH3CX2-CO2-(CH3),-OC(O)CX2CHs, XCH2C(O)C(O)CH2X,
CH3;CHXC(O)C(O)CHXCHs, XC(CH3)2,C(O)C(O)CX(CHs);,  X2CHC(O)C(O)CHXz,
CH3CX2C(O)C(0)CX2CHa, XCH2-C(0O)-CH2X, CHs-CHX-C(0)-CHX-CH3, CX(CHa)2-
C(0)-CX(CHa)2, X2CH-C(0)-CHXz, CgHs-CHX-(CH2)n-CHX-CgHs, CeHs-CX2~(CH2)n-CXo-
CgHs, CeHs-CXa-(CH2)n-CX2-CeHs, 0-, m-, or p-XCH2-Ph-CH2X, o-, m-, or p-CH3CHX-Ph-
CHXCHs, o-, m-, or p~(CH3),CX-Ph-CX(CHj3), 0-, m-, or p-CH3CX2-Ph-CX;CHa, o-, m-,
or p-X2CH-Ph-CHXj, 0-, m-, or p-XCH,-CO2-Ph-OC(O)CH2X, o-, m-, or p—CchHX—COZQ
Ph-OC(O)CHXCH3, 0-, m-, or p-(CHz)2CX-CO2-Ph-OC(O)CX(CHz)2, CH3CX2-CO2-Ph-
OC(O)CX2CHs, 0-, m-, or p-X2CH-CO,-Ph-OC(O)CHXa, or 0-, m-, or p-XSO2-Ph-SOX
(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 systéfﬁé or can be free from aromatic systems, and n is a number
from O 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.
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Catalysts for ATPR are listed in Chem.Rev. 2001, 101, 2921. Copper complexes are
mainly described - however, other compounds used inter alia are iron compounds,
cobalt compounds, chromium compounds, 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 CuyO, CuBr, CuCl, Cul, CuNs, CuSCN, CuCN, CuNO,,
CuNO3, CuBF,4, Cu(CH3COO), or Cu(CFsCOO).

An alternative to the ATRP described is provided by a variant of the same: in what is
known as reverse ATRP, compounds in higher oxidation states, such as CuBr, CuCl,
CuO, CrCls, Fe;0Os, or FeBrs can be used. In these instances, the reaction can be
initiated with the aid of traditional radical generators, such as AIBN. Here, the transition
metal compounds are first reduced, since they are reacted with the radicals generated
by the traditional radical generators. Reverse ATRP was described inter alia by Wang
and Matyjaszewski in Macromolekules (1995), vol. 28, pp. 7572ff.

A variant of reverse ATRP is provided by the additional use of metal in the oxidation
state zero. The reaction rate is accelerated by what is assumed to be
comproportionation with the transition metal compounds of the higher oxidation state.
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
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avoid the formation of organometallic compounds which are more stable and therefore
less active in polymerization, ligands are added to the system. The ligands also facilitate
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 atoms, phosphorus 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""-pentamethyldiethylenetriamine
(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

components.

These ligands can form coordination compounds in situ with the metal compounds, or
they can be first prepared in the form of coordination compounds and then added to the

reaction mixture.

The ratio of ligand (L) to transition metal depends on the number of coordination sites
occupied by the ligand and on the coordination number of the transition metal (M). The
molar ratio is generally in the range from 100:1 to 0.1:1, preferably from 6:1 to 0.1:1,
and particularly preferably from 3:1 to 1:1, with no intention of any resultant 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
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selection of the examples does not restrict the use of the polymers of the invention. The
examples are intended solely to serve as spot tests of the wide applicability of the
polymers described. By way of example, ATRP-synthesized polymers are used as
prepolymers in hot melt and other adhesive compositions, and in hot melt and other
sealing compositions, for polymer-analogous reactions, or to construct block
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 therein.
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Examples

inventive example 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 twin-walled vessel equipped with stirrer,
thermometer, reflux condenser, nitrogen inlet tube, and dropping funnel, under N2. The
solution is stired at 60°C for 15min. 0.49g 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 weight 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 (Sudchemie) is admixed with the remaining solution,
which is stirred for 30 min and then subjected to pressurized filtration by way of an
activated charcoal filter (AKS 5 from Pall Seitz Schenk). This fraction, too, is used for
determination of copper content on a dried specimen by AAS, and for a GPC

measurement.
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.
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Comparative example 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 twin-walled vessel equipped with stirrer,
thermometer, reflux condenser, nitrogen inlet tube, and dropping funnel, under N,. The
solution is stired at 60°C for 15 min. 0.48g 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, 8 g of Tonsil Optimum 210 FF (Stdchemie) and
4% by weight of water are added to the solution, which is stirred for 60 min. Pressurized
filtration then follows through an activated charcoal filter (AKS 5 from Pall Seitz
Schenk). The average molecular weight 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.

Inventive example 2

10 g of methyl methacrylate, 15.8 g of butyl acetate, 0.2 g of copper(l) oxide, and 0.5 g
of PMDETA were used as initial charge in a twin-walled vessel equipped with stirrer,
thermometer, reflux condenser, nitrogen inlet tube, and dropping funnel, under N>. The
solution is stired 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
"blacvk 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 (Studchemie) is admixed with the remaining solution,
which is stirred for 30 min and then subjected to pressurized filtration by way of an
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MMA = methyl methacrylate; n-BA = n-butyl acrylate; n-DDM = n-dodecyl mercaptan;
Alox = aluminum oxide;

The examples clearly show that the results, themselves very good, with adsorbents for
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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: 'HNMR studies, and also IR spectroscopy,
revealed that the precipitate involve the ammonium salt of the singly protonated triamine



10. The process as clained in claim8, characterized

in that the preceding ATRP uses an initiator which has

an active group X which involves O, Br, SCN, and/or

N3. 11. The process as clai2®ed in claim 10,

characterized in that, in relation to the active

groups, the initiator can be nono-, di-, or

pol yfunctional. 12. The process as clains in 10,

characterized in that the |ligands used conprise

N-contai ning chelating |ligands wherein the |igands are

protonated by the acid X-H which result in the rel ease

t | OfHt Ngdigd gitd | i@NsilRirdtee. Bromide

LS Ll s Rl R |
contentr afsiftanon 3884 aby weightThe Brdceby weightaiisredemensirated by ion

crom b GAEH S 5 Bl LYo L AR o coment i
pure FADETA-8fhmAHIgAOBroptidad) Kyl nethacryl ates, and/or

m xtures conposed mainly of styrenes, of alkyl
acryl ates, and/or of alkyl nethacrylates. 14. The
process according to claiml, characterized in that
the precipitation and the subsequent filtration reduce
the netal content in the polynmer solution by at | east
80% 15. The process according to claim 14,
characterized in that the precipitation and the
subsequent filtration reduce the netal content in the
pol ymer solution by at |east 95% 16. A pol yner
~prepared by the process as clainmed in claim]l,
characterized in that it has been prepared by ATRP,
its polydispersity is smaller than 1.5, its hal ogen
content is smaller than 0.1% by weight, and it has at
| east one thioether group at one of the chain ends.



29 o

What is claimed is

1. A process for the removal of halogen atoms from polymers and removal of
transition metal compounds, characterized in that the halogen atoms are substituted
by addition of a suitable sulfur compound and simultaneously the transition metal
compounds are precipitated by said sulfur compound, and are then removed by
filtration,

wherein the sulfur compound involves a mercaptan or another organic
compound having a thiol group and is a regulator familiar in free-radical polymerization
technology.

2. The process for the work-up of polymer solutions, as claimed in claim 1,
characterized in that said sulfur compound has an additional functionality.

3. The process for the work-up of polymer solutions, as claimed in claim 2,
characterized in that said further functionality involves a hydroxyl group, acid group, or
amine group. '

4, 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.

5. 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.

6. The process for the work-up of polymer solutions, as claim in claim 1,
characterized in that, based on the concentration of the chain ends previously active in
polymerization, 1.5 molar equivalents of the sulfur compound are used.

7. The process for the work-up of polymer solutions, as claimed in claim 6,
characterized in that, based on the concentration of the chain ends previously active in
polymerization, 1.1 molar equivalents of the sulfur compound are used.

8. The process for the work-up of polymer solutions, as claimed in claim 1,
characterized in that the polymer was synthesized by the ATRP process.
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9. The process as claimed in claim 8, characterized in that the transition metal
compound used as catalyst in the ATRP involves a copper compound and a ligand.

10.  The process as claimed in claim 8, characterized in that the preceding ATRP
uses an initiator which has an active group X which involves Cl, Br, SCN, and/or Na.

11, The process as claimed in claim 10, characterized in that, in relation to the
active groups, the initiator can be mono-, di-, or polyfunctional.

12.  The process as claims in 10, characterized in that the ligands used comprise N-
containing chelating ligands wherein the ligands are protonated by the acid X-H which
result in the release of the ligands from the coordinated transition metal then the
removal of the ligand precipitates the transition metal.

13. The process as claimed in claim 1, characterized in that the polymer is
obtainable through polymerizaltion of styrenes, of alkyl acrylates, and/or of alkyl
methacrylates, and/or mixtures composed mainly of styrenes, of alky!l acrylates, and/or
of alkyl methacrylates.

14.  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%.

15.  The process according to claim 14, characterized in that the precipitation and
the subsequent filtration reduce the metal content in the polymer solution by at least
95%.

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



