Process for preparing hydroxy-tel echelic ATRP products
Field of the invention The present invention relates
to the synthesis of polyners having hydroxy end
groups, prepared by neans of atomtransfer radica
pol ymeri zation (abbreviated hereinafter to ATRP). One
particul ar aspect is the preparation of :
hydr oxyt el echel i ¢ pol ynet hacryl at es, polyacrylates or
pol ystyrenes. One very particul ar aspect of the
present invention is that the addition of the reagent
si mul t aneously achi eves, in one process step, renoval
of the transition netal conmpounds fromthe
pol ymeri zation sol ution by neans of precipitation, and
sal t f oPpeddserfor peepdrivey hygrndstepschalieUsTRP posduictsat ed
on the transition netal, this salt formation in turn
permtting sinple renoval of these same entities. ATRP .
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Prior art

- The development of an ATRP process step in which, simultaneously, ’;he halogen at the



The present invention noreover provides respectively
and individually a marked inprovenent over the prior
art inrelation both to end group functionalization
and to hal ogen renoval, and also to transition mnetal
precipitation. The prior art _has not hitherto

descri bed any conbi nati on of 2al | three functions. This
specification is therefore restricted hereinafter to
the aspects of end group functionalization and

hydr oxyf uncti onal i zed ATRP products. The ATRP process
is based on a redox equilibrium between a dormant
speci es and an active species. The active species
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O her alternatives are the use of stable,

hydr oxyfunctional i zed radi cal s, such as nitroxides
(see, for exanple: Beyou et al., Macronol. Chem Phy.,
202, 974-9, 2001) to trap the chain ends present at
times in radical form or to _use targeted

reconbi nation of the radical chain ends for this
purpose, wWith previous use of initiators bearing
hydroxy 4 groups. Both processes require additional,
time-consum ng intervention in the polynerization
process. An exanple of this is tenperature increases
whi ch are di sadvant ageous for the technol ogy of the
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In contrast, a sinpler nmethod is bilateral end group
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pol ymeri zation conditions using RAFT pol ynmeri zati on

(reversible addition fragnentation chain transfer

pol yneri zation) in this process, the radical is

transferred to a specific RART agent which, in the

further course of the pol ynerization, functi ons by way

‘of exanple reciprocally as bifunctional radica

transfer reagent. During the transfer here, a portion

of the agent, for exanple a hydroxyfunctional portion,

becones positioned at the subsequent chain end. The

use t hese doubl droxy-functj onali zed RAFT agents .
aroliS Both BmaSHyFAEIBlS eSURHIEN: (T RIeEhag. Mervegion i the
.polﬁ@élﬁ@tloﬁcproce&r P\nAex&ﬂbhé”bf GhgMs_tédpeidre’ thereddds) which are

or di sadvantage of these RAFT products in
dlsaé’dﬁﬁ%ﬂﬁg% fQy the tﬂﬁwi%baﬁgﬁspmﬁﬁ%ﬁ |W9pa?&5i06Lﬁkﬁ'led|'h the art can

mo@eva%baﬁsnsé@ EH!at*stc‘j mhwﬁﬁ& ﬁféaﬁaﬂeg\e%%n sqrﬁemb\ﬁaltrtaﬁ gan lead

reduced t'hernal stabil e residues 1ncorporate

- to AliRFMRetRed/ RISy narfqywmq!ﬁsumwel@@mtgbuttqms%audﬁmmyd is often
t
terrﬁp%b\é /@\lrﬁ (@nt&rf. 't%'s%‘??%@@%r ocfgiﬁt onPirl e Iﬁ %?r\éaﬂ \f’aglgﬁt & ,&‘T RA is the

e color o and t ron
additiepi af uegesuis innichcdeqooupase, in whis dh gy tu@yraolfcadsx afmdhe:hme in turn

lrre\%‘?SI bt‘la‘é drqi alrll)gl Eﬁhgﬁwndd{ﬁgr@edc%khoﬁ rt e%? ﬁﬁe“ chains. A
':ﬁ{ Boraiel &g P2 r}b t

oet her “gr oups I'ncor porate
dusadnmetagemﬁ tmlatpoo¢ddesrqncﬂl<yrlg&sldecimal reabiforerade nwhllcbaﬂ ygam reduced, is

the BOGAmbRT oY of e imedofisRAdhm, A1y s hdrfion frecdiiona
rad'wb’ymcmmh@f thaes tof bPOﬂFWSV@WGW@Id by efse lead to undesired
t h .,addi ti.on 8f nercg pt an

olioorii B9 BieGiietss YA orodess S Rsci: BkyVar GLEXAEPE Eafte work of
Savla@nvo a(l\mducmblet:we@f 3 uBED8-aNSs. 19681 Sid WU, PRBINAI SEIr BES A: Polym.

af f |b|||ty of polyners and thus, for
Che@kdﬁ% ‘ﬁ%zﬁéehanlcal properties of polymer bl ends. .

Fur . r OX; oups are very inmportant in
A Val’@l”in?? éﬁﬁ&lss%%ﬁae@agwﬁ@ VER9 PPMETAhBINSeY thynanggnes units which
can BEUceinBOfpofatbY byOa AHINGS rQte tonitS tHe @eRs onbi i theh form a stable
needed for coatings or |acquers, but also to surface

haloggpied ophain w;ansinapq:ors@gty @rey@nt tfuiteerehaly growth. By way of
exarﬁﬁl‘éu%)feﬁﬂf%tanfb%" m%@&ﬂ’g@ d, inbiNRedd ?rc,%r%rhlffthé?ﬁ%t I?ave been
or eas

lers. Athir ut not I nportant use

funclignrlisrg. Hnoesenple chshiseispe m@ogrp@upé hawTigs auyeroxy group is allyl
clcoh e BoRE G AR, ARRSUINE YN RRun: P2 18104, 1000

HydiSixptetechielc ponpoends pare ;t»arp&dp:by&dtmethm oeas $n af pdiyreerization using

i nve tLon have ow_hy.dr t, . .
bifuriefits dEPtéﬁt?r&naB? E’ﬁaéerﬁ‘i %\d"a?*)l{'“%m ovF V&E&@eés"far?a'd process in
compdstp vithnéhd Mpsudsanete tiy  im@nyonedra) ey Y:bﬁfmiedetdsence of the

narrgm;nvlec 'ar wejght distribution in react

bromiyafed hadn el Whics Brifeffieg weraaly S8kl ack of any parallel

preclprtaréw@m@ttrmrontrhstap&br%o@{és %ﬁa m&%@t@t ¢dHvbdsion of the chain
nportant exanpl e of use ners prepared by

end&(ﬁéepbﬁ%&@%@ ,Ofagrae. Sﬁm@nﬂl@dn%ﬂé’v@ the exanpl es do
not restrict_the precise constltutlon or the use of
Anothge vgmrgtrm‘r/éTRA ianhaidsy kapwmas APBé?cfator@ tiaimaiel mscaélc@uplmg)
r,
ATRESNRTE PG I 2B 81 S OmA R 8L e fpore e
for padfbtysen@ t:szsza&zemsks@ﬂamiorhobélr@gmlFth ZQEI1|5|4g164t R084). This

procdftEPs bt idh uptl P clihle Bredihini dub Faype ror e

wi th noi sture. ThIS process causes final, irreversible
hardeni ng. These adhesives are described by way of
exanple in US 5,021,507. Miin constituent of said
adhesives is provided by conpounds having free

i socyanate groups, nostly obtained through a
condensation reaction of an excess of polyisocyanate



bi nders conposed of poly(neth)acrylate have been
bonded covalently to the conmpounds having free
i socyanate groups in the adhesive conposition. Since
said bonding nostly takes place through a condensati on
reaction, the term "condensati on-stage adhesives" is
used for adhesives that have>this type of bonding. A
feature of the resultant adhesives, in conparison with
t hose described in US 5,021,507, is increased
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ATIRE % st N RED P B epri g aesaly GhGEATPRHRNe known

fronh @TRH, ¢ abiised Hith tﬁarsyst@hlt @Idu?hﬂw%ﬁgthejtvﬁﬁgwaﬁteﬁ@@%l&es place
f|X|ngt|me after application hesi ve

~ withehigpisw caigh/st syxﬁafrh éY'thoﬁe%’ér@'afPfttB@ éergringlgoming atpgs. The original
mltlﬁperﬁb%ﬁés Ofr‘tllF &ly%néﬁcinahfec? hSlolida ek We%ﬁ%ﬁbhy ends in this

IS releva urin @@OCGSSI ng It nakes
polypnesc Eloviener, of dlsaévantagers hihe sxsterotis meplicakimesly\e a restricted

f I |

rurf B NIRRT, SRREL B BEOTRR 6 hRchcs functions

onbt vbet shddnstwenensegnagds ammdmewordiestaatvm ek of het AARP. Further
n r e

dnsa ?nt%éeé %Fe q:% g?@ d{llj%re}éelhgfi elrlri%l\%eg % eéjtegrggs arl%bahd; %he addition

of further ad;bmmmmpmmﬁe,swmcb mgtio regliveecdrapliodted reznoval.

di sadvantage is that the viscosity stability of the
In cemicdstyvea hsxmprlmt tmathodsiiv ebilateraf t emd i gampqdan@idnaliztatien under

130 o]
sim (bt  SIRIELT buabrignt BRLORS, Esiel FRALT { povmerization
(revﬁmtﬁldét eddditiopiafiiygmtaigdion a:hehatrametfer palyerarabsorpoliry ifes iredess, the
by a free-radical rou hav relat ve hi gh
o B ST b b IGEET ar SMleT JRERE YR+ DelEs MieE Rogepe of the
polyRedrizRasH, ifghdtidhe bywhief emﬁﬁlblr@tﬁpm@anyﬂasumfonenoa:adraducal transfer
represent the extra t abl e const | %uent of .c espondi n%
eﬁggn ydroxy-

reagesdc DHURI HBE - rRitsfera R 9 £Ortiom 8T AR9aith

fundiBRSH SHGHY 1B B5diidrRekdtthd Bebedueht iginaind ahk Qfs@dof these
douglg %mers ATRP has al so_been specifically devel oped
[

yproxyfrncionalizrgl RARSt AYaREyealt o R bys W nimgxample in
LimJgE8" 04 Swggwﬁ%pé@m) SciRdm 2ls; oddoBosmIsCul es;

A major disadvantage of these RAFT products in comparison with ATRP products, and
in particular in comparison with the polymers of the invention, is the reduced thermal
stability of the residues incorporated within the polymer from the RAFT agents, these
mostly involving trithiocarbonates. Other disadvantages are possible color of the
product and the strong odor of residual sulfur compounds, which by way of example can
be liberated during thermal degradation. In contrast to this, the thioether groups
incorporated by the invention into the polymer chain have a markedly greater thermal
stability. The petson skilled in the art will easily discern this from comparison with the
polymer properties of polymers prepared by a free-radical route, with addition of

‘mercaptan-based regulators.

Hydroxy-functionalized polyacry!ates, polymethacrylates, or polystyrenes are versatile



very narrow nol ecul ar wei ght distributions, these
having only a small proportion of highnol ecul ar-wei ght
constituents, conpared with free-radically polynerized
(meth)acrylates. These constituents in particular
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conmpounds bearing free i socyanate groups. Object
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means, of atom transfer radical polynerization
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polymers of ethylenically unsaturated monomers were added to said compounds having

free isocyanate groups. Binders used typically comprise polyalkyl (meth)acrylates

having C+-Cxo-alkyl groups. These are prepared from the corresponding monomers

either prior to addition to the urethanes or in their presence, by means of free radical

polymerization.

'US 5,866,656, and also EP 1036103, describe reactive hot-melt adhesives in Which-the



A particular object of this invention is to achieve

t he hydroxy functionalization and the sinultaneous

hal ogen renoval within the scope of a process which is
easy to realize on an industrial scale and which is
cost-effective. A very parti%ular object is to achieve
the functionalization w thout' additional product
work-up directly at the end of the actual ATRP process
in the sane reaction vessel (one-pot reaction). A
paral | el object of this invention is to use the sane
process step sinultaneously to provide an industrially
realizabl e process for the renoval of transition net al

f | |
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reactieerbolamelifadhbsivés.gands fromthe transition netal. The
detailed result of the addition of said sul fur
The onrRi%unethbé hersolmablk yednisilefrathle qmsbgr@ss tibvearidnihiel albjectives efl tailored

polv s o B e RSN n i LB GRRS Lo & hveronvety
(methjaangéter r@ENIKX) aag adtcmlmerromearmgdeiydtdxy groups (Beers et al,

ol ynerization_conditions_of the ATRP process. On
Macg)u"ﬂ)‘é??ql%ﬁ 6%(9198 ?it%%zg 5\7@6gr oup X at the respect ive
in end o an acid ype
The PITRE dpsohes ﬁ?&%é@ﬁe hafi dariendr W o) oA e extent tat

use BYAIcBhiRs pSlyRefastich PRI ARl fopR ST Oﬂr%vﬂfé@ binders with
thus has particularly pronounced reactivity, which

| eads to protonation of the |igands described bel ow,
nostly basic, on the transition netal conpound. This
quenching of the transition netal conplex proceeds
extremely rapidly and results in direct precipitation
of the transition netal conpounds, which are not then



The formin which the transition netal then
precipitates is generally that in which it was used at
the start of the polynerization: e.g. in the case of
copper, CuBr, Cud, or Cu20. If the conditions are such
that the transition netal is S|nultaneously oxi di zed,
e.g. through introduction of 8air or through addition
of sulfuric acid, the transition nmetal conpound al so
precipitates in the hi gher oxidation state. In
contrast to oxidative precipitation here, addition
according to the invention of said sul fur conpounds
can noreover result in alnpost quantitative

precipitation of transition netal. Afiltration ster?
very garpw radlaearyeightdistribytionse derpet tavingegnly @ small proportion of high-
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sealsirtduce transition netal content by at |east 80%
preferably by at |east 95% and very particularly"
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0Cess. ed, use of particular enbodi ments of the
bearg’\%ﬁ%@"@fa gioWPEnt i on can reduce transition metal
content by nore than 99.9% The reagents added to the
pol ynmer solution in the invention after or during
termnation of the polynerization preferably involve
'Obﬁ%%npounds containing sulfur in organically bonded
Is particularly preferable that these-

itis §n|qttj$ﬁtd2fr¢haum¢wtd6m@ﬁd§ RISears: ¢y MAanPbelgn transtay radical
: S O 0,
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Anotherr ehiechnt thigrasenbinventiomiris tto aeparee dy onestss of ATRP, polymers
unfunctional i zed conmpounds whi ch have one or nore -
thi ol groups and hydroxy groups and/or can form
correspondi ng thiol groups and hydroxy groups 12



under the solution conditions. These can involve
organi ¢ conpounds, "such as nercapt oet hanol ,
mer capt opr opanol ; mer capt obut anol, nercaptopent anol ,
or nercapt ohexanol. The particularly preferred
conmpounds i nvol ve conmpounds which are readily
comercially avail abl e and are used as reqgulators in
free-radical polynerization. Advantages of said
conmpounds are their ready availability, their |ow
price, and the possibility of wi de variation,
permtting ideal matching of the precipitation
reagents to the respective polynerization system v
However,, the present invention is not restricted to
WhiEh SO ASCB, PRDISER] STt e REREN Peegphalogens.
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readily see that a corresponding process whose
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W thin a famliar range of process paraneters. '
precipitation. This can then easily be removed by filtration. '



Adsor bents or adsorbent m xtures can be used to reduce
"the final traces of sulfur conpounds. This can take
place in parallel or in successive work-up steps. The

adsorbents are known fromthe prior art, preferably

bei ng selected fromthe group of silica and/or

al um num oxi de, organi c pol yi@&ci ds, and activated

charcoal (e.g. Norit SX plus fromNorit). The renoval

of the activated charcoal can also take place in a

separate filtration step or in a filtration step

simul taneous with transition netal renoval. |In one

particularly efficient variant, the activated charcoa

is not added in the formof solid to the polyner
Thestdtaileidaesulb of addiltimerotf:haalrbgptarvatd hblbgen-terminated polymer chains as

activted charcpa are used..for
are BlaspPEfifiic PhatPeuend S S AR, Siovedh.cis SSERIEN of the;halogen. A
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filters. The present invention provides end group
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removal of the term nal hal ogen atons,
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prOVI are brief outli ned
trangitieis @qtﬁlsQ%'nQR}'ﬂ%t bxpptﬁmrétl@n rasid priags abowe%aitrfomamﬂ from the

llgarRifs é@%u@@ﬂ CBBHﬁn Eqtdie tﬁe%tldnn\‘ﬁéﬁl' %is LB JSﬁﬁatlon in turn

serv t0|n Icate t maj or | nportance an
pernwﬁung @nmmlewmﬁ/amfme ligamdistfrang tlm tangtiort imetabr esent
i nvention, for the work-up of appropriate ATRP
The ﬁﬁ@da@f@wtﬂféhﬁ@ﬁdﬁ@ﬂ of sﬁlétsub‘ahc@@ppmq/ﬁmrplz%tdy e following: the

mltla'f@aﬂ% AAﬁEP aécﬁ'néfsjelh nd% (Aﬁ]‘{%he?%@'o% aF “?nore atoms or,

beI ow, but ent| on o acli ng
reSpegtp/@I»ofatmmsgmuotsu>én/vlmch tdae tpf: émternadvby]ta mdlcaTheuteeunder the
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I'ng Bet ng n
the respdudiee phaheendeofgthermﬁymyér Hatdma:bofyﬂypé &-Hds hydrated. The hydrogen

et EShOE L By g SR RS Bl BB g e e
partitdigrly pnounced reactivity, which leads to protonation of the ligands described
below, mostly basic, on the transition metal compound. This quenching of the transition
metal complex proceeds extremely rapidly and results 'in direct precipitation of the
transition metal compounds, which are not then subject to any masking effect.

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

~ transition metal complexes, below 5 ppm.



Mononers which are polynerized are selected fromthe
group of the (neth)acryl ates, such as al kyl
(meth)acryl ates of straight-chain, branched, or
cycl oal i phatic al cohols having from1 to 40 carbon
atons, e.g. nethyl (neth)acrylate, ethy
(nmeth)acrylate, n-butyl (nmeth)acrylate, isobutyl
(meth)acrylate, tert-butyl (meth)acrylate, pentyl
(nmeth)acrylate, 2-ethyl hexyl (meth)acrylate, stearyl
(nmeth)acrylate, lautyl (meth)acrylate, cycl ohexyl
(nmeth)acryl ate, isobonyl (neth)acrylate; aryl
(rmeth)acryl ates, e.g. benzyl (meth)acrylate or phenyl
(et h)acrylate, which respectively may be
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The tré r@é"é%&é!& %‘ﬁfe éﬁgﬁiel; Eélbﬁgﬁ ‘Wﬁ%t MVEREh af*f@‘rt&rrdl%@' tefmination
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l'or olefinically functionalized conpounds
copolyners can noreover also be prepared in such a way
that they have a hydroxy functionality and/or am no
functionality and/or mercapto functionality, and/or an
olefinic functionality in a substituent. Exanples of
t hese nononers are vinyl pi peridine, 1-vinylimdazole,



The nunber-average nol ar nmass of the pol yners obtained
in the invention is preferably from 5000 g/nol to 120
000 g/mol, and particularly preferably from 7500 g/ nol
to 50 000 g/nmol. 16 Pol ydi spersity has been found to
be below 1.8, preferably below 1.6, particularly
preferably below 1.4, and id&ally below 1.2. The
initiator used can conprise any conpound which has one
or nore atons or, respectively, atom groups X which
can be transferred by a radical route under the
pol yneri zati on conditions of the ATRP process. The
~active group X generally involves C, Br, |, SCN,
and/or N3. Suitable initiators generally enconpass the
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| case of semicrystalline polymers, and the architecture of the polymers.

The person skilled in the art can moreover readily see that a corresponding procéss
-whose apparatus is based exclusively on filtration of the polymer solution can readily be

inserted into an industrial process without major reengineering of existing solution



ketyl, acetyl, am ne, am de, oxiranyl, and glycidyl,

and m=0or 1, m=0, 1 or 2. It is preferable that

no nmore than two of the nmoieties Rl, 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 prefdBred 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 ethane and

1-chl oro-i-phenyl ethane. Particular preference is

further given to carboxylic acid derivatives

hal ogenated at the a position, e.g. propyl
polymezafiaspsysisinahat e, net hyl 2-chl or opropi onat e, et hyl

2-chl oropropi onate, nethyl 2-bronopropionate, or ethyl
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p- (CH3) 2CX- Ph- CX(CH3) 2, o-, m, or p- CH3CX2- Ph- CX2CH3,
o-, m, or p- X2CH Ph- CHX2, o-, m, or
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19 An alternative to the ATRP described is provided
by a variant of the sane: in what is known as reverse
ATRP, conpounds in higher oxidation states, such as
CuBr2, CuCl2, CuO CrCl3, Fe203, or FeBr3 can be used.
In these instances, the reaction can be initiated with
the aid of traditional radick generators, such as
AIBN. Here, the transition netal 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
Matyj aszewski in Macronol ekul es (1995), vol. 28, pp
7572ff. A variant of reverse ATRP is provi ded by
its a@RANING rareubeingf nﬁét@nlyu mettasniated a8 omnethgh éneztéa@wlate ethyl
cti 0 a t
me e b oPu SR AT B TRl DU B BRI Ete) Bnd aleo
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of this process are described in WO 98/ 40415, The
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also be composed of other unsaturated monomers or comprise these. Among these
are, inter alia, 1-alkenes, such as 1-hexene, 1-heptene, branched alkenes, e.g.
_vinylcyclohexane, 3,3—dimethyl—‘l-bropene, 3-methyl-1-diisobutylene,  4-methyl-1-
pentene, acrylonitrile, vinyl esters, e.g. vinyl acetate, in particular styrene, substituted
styrenes having an alkyl substituent on the vinyl group, e.g. a-methyistyrene and a-

| ethylstyrene, substituted styrenes having one or more alkyl substituents on the ring, e.g.



These |igands can form coordi nati on conpounds in situ
- wWith the netal conpounds, or they can be first"
prepared in the form of coordination conpounds and
then added to the reaction m xture. The ratio of-
ligand (L) to transition netal depends on the nunber
of coordination sites occupi &l by the |igand and on
t he coordi nati on nunber of the transition netal (M.
The nolar ratio is generally in the range from 100: 1
to 0.1:1, preferably from6:1 to 0.1:1, and
particularly preferably from3:1 to 1:1, with no
intention of any resultant restriction. The decisive
factor for the present invention is that the |igands
vinyiipiepeo oA ap-atsteyistprasice riuriogeniateqi stprnes  biggamdsochiorostyrenes,
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ransition nme
such®s2- Qinylplypgane,d3-nmytmyad|ueeﬂ—méthweﬁadmylpymdlee @amlybx-vinylpyridine,

h h t etal ;
2385 dhiPe v BhBrilie! onhRfT RIS o GAPSAde.  ririRthzzole. ¢
vinyitseioh gfle, t f@nieti@ﬂl&mn)mmuﬂﬁoﬁé I I\Snym(oll@ﬂélhyvmylfuran vinylthiophene,
metr,ic, mpl e res

' vmyﬁ@pfet;?@ gﬂ:&ﬁiﬂaéﬂas )me 9 a@qi]fstEeS;\ML tBers ?elo agidtcjjeer}ivatives,

sucholagTe st amhyatdd) hﬂaﬁﬁrﬁﬂ%e' wa);qmqbummecoraﬁar | GieRes, e.g.
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funcliohbiiRd | 8hdloPf nadtBhptealihéidbhalizde SRERE! idiFintlally NSunctionalized
exanpl es does not restrict the use of the polyners of
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) pac
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pentane, hexane; alcohols, preferably cyclohexanol, butanol, hexanol, or else biodiesel.

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

polymerization and initiation using bifunctional initiators.

The polymerization can be carried out at atmospheric pressure, subatmospheric
pressure, or superatmospheric pressure. The polymerization temperature is also non-
critical. However, it is generally in the range from -20°C to 200°C, preferably from 0°C to
130°C, and'particularly preferably from 50°C to 120°C. '

The nUmber-average molar mass of the polymers obtained in the invention is preferably
from 5000 g/mol to 120 000 g/mol, and particularly preferably from 7500 g/mol to
50 000 g/mol. '



The present exanpl es have been based on the ATRP
process. The polynerization paranmeters here were
selected in such a way as to require working with .
particul arly high copper concentrations: |ow nolecul ar
wei ght, 50% strength sol ution, and bifunctiona
~initiator. Inventive exanpl eld0 g of nethyl
net hacryl ate, 15.8 g of butyl acetate, 0.2 g of
copper (1) oxide, and 0.5 g of PMDETA were used as
initial charge in a double-walled vessel equipped wth
stirrer, thernoneter, reflux condenser, nitrogen inlet
tube, and dropping funnel, under hQ The solution is -
stirred at 60C for 15 mn. O0.47 of but anedi ol
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exanp g of nethyl nethacryla

Tto @m%}@g%n:@tom%or akyp gepups heyiselrem) T texd @Péboraﬁ@naﬁ gaybgpresent as
subﬁﬂ%ﬁ sl d‘e‘xﬁhér@'Fﬁ1 2 charoeiddd @n&’é}ﬂ?lcfﬁlo‘lﬁ%l affiher, have
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ut an
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alkol TP GRS s it ik, Boubhs Lt o bR gy groups or
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ressurlze
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cul a t~a I
AP 20 WL Lot TEISR. B0 Bem, coe t i of
hydragein |eﬁdnsp@mefﬁearbl)ofonehé1aémaweab®n substtémtedsiad hatogen (preferably
det ernine cogper cont ent to de ermn

, fluorwd%xcg;ﬂ%rd}% Oénﬂog%&y?ér%%ﬂnl ﬁgomsraﬂgis@ai/e b&en replaced, and

preferably fluorine, bromine or bromine if one hydrogen atom has been replaced),
alkenyl groupé having 1 to 6 carbon atoms, substituted by from 1 to 3 substituents

(preferably 1) selected from the group consisting of C4-Cy4-alkoxy, aryl, heterocyclyl,



Exanpl e I nventive exanple 1 Conparison 1 Monomer MVA
M\/A Cu concentration (Polynerization) about 5.5 ng/g
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ketyl, acetyl, amine, amide, oxiranyl, and glycidyl, and m =0 or 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~chloromethylétyréne, héx_akis(a-.bromomethyl)benzene, benzyl chioride, 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 tésyl
halides, such as p-toluenesulfonyl chioride; alkyl halides, such as tetrachloromethane,
tribromoethane, 1-vinylethyl chloride, or 1-vinylethyl bromide; and halogen derivatives of

phosphoric esters, e.g. dimethylphosphonic 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; polysiloxanesﬁ
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
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 groupé suitable as initiator, e.g. in the form of a
bromotelechelic compound. Using macroinitiators of this type it is possiblé to construct

ABA ftriblock copolymers.

Another imbortant 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
ROgC-CHX—(CHz)n-CHX-COZR, RO,C-C(CH3)X-(CH2)p-C(CH3)X-COR, RO2C-CXyp-
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" (CH2)a-CX2-CO2R, RC(O)-CHX-(CHy)p-CHX-C(O)R, RC(O)-C(CH3)X~(CH2)n-C(CH)3X-
C(O)R, RC(0O)-CX2-(CH2)a-CX2-C(O)R, XCH2-CO2-(CHz)n-OC(O)CH2X, CH3CHX-CO,-
(CHz2)s-OC(O)CHXCHs, (CH3)CX-CO2-(CH2)-OC(O)CX(CH3)z,  XaCH-CO2-(CH2)n-
OC(O)CHXZ, . CH3CX-CO~(CH2)a-OC(O)CX,CHs, XCH2C(O)C(O)CH2X,
CH3CHXC(O)C(O)CHXCHs, XC(CH3)2C(O)C(O)CX(CHa)2, ©  X2CHC(O)C(O)CHXz,
CH3CX2C(O)C(O)CX2CH3, XCH2-C(O)-CH2X, CH3-CHX-C(O)-CHX-CHaz, CX(CHs)z-
C(O)-CX(CHs)2, XoCH-C(O)-CHXa, CeH5-CHX-(CHz.)n-CHX-CsHs, CoHs-CXa~(CHg)n-CXo-
CsHs, CeHs-CXo-(CH2)n-CXo-CeHs, 0-, m-, or p-XCH2-Ph-CHzX, o-, m-, or p-CHzCHX-Ph-
CHXCHg, o-, m-, or p-(CHs)ZCX-Ph-CX(CH3)2‘, 0-, m-, or p-CH3CXz-Ph-CX;CHjs, o-, m-,
or p-X2CH-Ph-CHX3, 0-, m-, or p-XCH»-CO,-Ph-OC(O)CH2X, 0-, m-, or p-CHzCHX-CO,-
Ph-OC(O)CHXCHS3, 0-, m-, or p-(CH3)2CX-CO2-Ph-OC(O)CX(CH3)2, CH3CX5-CO2-Ph-
OC(O)CX2CHs3, 0-, m-, or p-XoCH-CO,-Ph-OC(O)CHXz, or 0-, m-, or p-XSO2-Ph-S02X
(X being chlorine, bromine, or iodine; Ph being phenylene (CgHs); 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 O.to 20). It is preferable to use 1,4-butanediol di(2-bromo-2-methylpropibnate),
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 i_s converted.

- 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
comeunds, 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, cop-per introduced into the system for this
purpose can derive from CuxO, CuBr; CuCl, Cul, CuNz, CuSCN, CuCN, CuNO,,
CuNO3, CuBF4, Cu(CH3COO), or Cu(CF3COO).
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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,, CuCly,
.CuQ, CrCl;3, Feo0s, or FeBrs can be used. In these instances, the reaction can be
initiated with the aid ‘of traditional radical generators, such as AIBN. Heré, 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. 757 2ff.

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 o 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 fo 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
-avoid the fdrmation 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 atbms, phosphbrus atoms, and/or sulfur atoms as coordinative constituent.
Particular preference is given here to nitrogen-containing compounds. Very particular
preference is given to nitrogen-containing chelating ligands. Examples that may be
mentioned are 2,2’-bipyridine, N,N,N’,N”,N"—pentamethyldiethylenétriamine
(PMDETA), tris(2-aminoethyl)amine (TREN), N,N,N",N"-tetramethylethylenediamine, or
1,1,4,7,10,10-hexamethyltriethylenetetramine. The person skilled in the art will find in
WO 98/40415 useful indications of the selection and combination of the individualv
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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 fo 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 transition metal, complete protonation
can take place only if the amount used of the fransition ‘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 usihg

equivalent complex-X ratios.

The hydroxy-functionélized products of the invention have a wide field of applications.

The 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 épplicability of the
pollymers described. By way of example, ATRP-synthesized polymers are used as
prepolymers in hotmelt and other adhesive compositions, and in hot-melt and other -
sealing compositions, for pdlymér—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 herein. '
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"KOH/ g <0.2 ng KOHg MVA = Methyl nethacrylate; Alox =
al um num oxi de The exanpl es clearly show that the
results which are already very good using adsorbents
to renove transition netal conplexes (in this instance
copper conpl exes) from pol yn®r solutions can clearly
be i nproved through prior precipitation using sulfur
compounds.

Examples

The present examples have been based on the ATRP process. The polymerization
parameters here were selected in such a way as to require working with particularly
high copper concentrations: low molecular weight, 50% strength solution, and .

‘bifunctional initiator.

Inventive example 1

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 double-walled vessel equipped with stirrer,
thermometer, reflux condenser, nitrogen inlet tube, and dropping funnel, under N2. The
solution is stimed at 60°C for 15 min. 047 g of butanediol 1,4-di(2-bromo-2-
methylpropionate) is then added at the same temperature. The mixture is stirred for a
polymerization time of 4 hours at 70°C. After introduction of atmospheric oxygen for
about 5 min to terminate the reaction, 0.25g of Z-mercapto'ethanol is added. The
solution, previously greenish, spontaneously assumes a red color, and a red precipitate
is formed. A pressurized filtration system is used for ﬁlfration.‘ Average molecular weight
and molecular weight distribution are then determined by GPC measurements. A dried
specimen of the filtrate is then used to determine copper content by AAS and to

determine hydroxy number potentiometrically.

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

specimen of the second filtrate, and a GPC measurement is made.
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determined by GPC measurements. A dried specimen of the filtrate is then used to

determine copper content by AAS and to determine hydroxy number potentiometrically.
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MMA = Methyl methacrylate; Alox = aluminum oxide

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

compounds.

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

precipitate which forms on addition of the sulfur reagents exhibits extremely low sulfur



3. The process for the preparation of polynmers having

hydr oxy end groups, as clained in claim 2, ‘

characterized in that, for the simnultaneous renoval of

hal ogen atons from pol yners, over 95% of the hal ogen

atons are substituted through the addition of the

sul fur conpound. 4. The proc¥ss for the preparation of

pol ymers havi ng hydroxy end groups, as clainmed in

claim1, characterized in that the sul fur conmpound

involves a regulator famliar in free-radica

pol yneri zati on technol ogy. 5. The process for the

preparation of polymers having hydroxy éend groups, as
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€ chain
revealed that the precipitate involves the ammonium salt of the monoprotonated

triamine PMDETA. Elemental analysis revealed that this precipitate is sulfur-free.
Bromide content of from 32% by weight to 37% by weight could be demonstrated by ion
chromatography, depending on specimen. This value corresponds to the content in pure
PMDETA-ammonium bromide.

4.) Determination of hydroxy number on the precipitated polymer from invéntive
example 1 gave a value of 12.1 mg KOH/g. For complete conversion, a value ‘of
12.3 mg KOH/g would be expected for the molecular weight measured. This good
agfeement, within the bounds of accuracy of measurement, is an indicator of a h'igh

degree of functionalization.

The results for inventive example 1 show that appropriate sulfur compounds used even
in a very small excess, based on the transition metal compound, lead to very efficient
precipitation and to a high degree of functionalization. The examples also show that
removal of the transition metal compounds from the solution is more efficient when
usmg thiol-functionalized reagents than when using prev&ously optimized work-up with

adsorbents.

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

polymer, except for the substitution of the end groups.
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éa t the active group X involves C, Br, |, SCN,
P HFroqess for the preparation of polymers havmg hydroxy end groups, as claimed

in claim 2, characterized in that, for the simultaneous removal of halogen atoms from

polymers, over 95% of the halogen atoms are substituted through the addition of the
sulfur compound.

4. The process for the preparation of polymers having hydroxy end groups, as claimed
in claim 1, characterized in that the sulfur compound involves a regulator familiar in
free-radical polymerization technology.

5. The process for the preparation of polymers having hydroxy end groups, as claimed
in claim 1, characterized in that the sulfur compound involves mercaptoethanol,
mercaptopropanol, mercaptobutanol, mercaptopentanol, or mercaptohexanol.

6. The process for the preparation of polymers having hydroxy end groups, as claimed
in claim 1, characterized in that the sulfur compound is added after or during the
termination of a polymerization.

7. The process for the preparation of polymers having hydroxy end groups, as claimed
in claim 3, characterized in that, based on the concentration of the chain ends



15. The process as claimed in claim 14, characterized

in that the initiator can be nono-, di-, or

pol yfunctional with respect to the active groups. 270

16. The process as claimed in claim13, characterized

in that the active group X is substituted at the chain
ends of the polyners by the sulfur compound, as

claimed in claims 1 to 5, to give a thioether, with
l'iberation of an acid of typgsX-H 17. The process as 0
claimed in claim110, characterized in that, prior to
PIRYCRRY RatiMe; ip folymerization, ¢4t mblgs equisalerdsrbf thecsuiiut tordpound are
{deldr ogen-, oxygen-, sul fur-, or phosphorus-containing
conmpound whi ch can formone or nore coordinative bonds
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% protonated by the acid X-H as clainmed in claim16.

as clainmed in claim19, characterized
e el 05 555l 51 50 o b S
i olainglil nettapabteérizad & thatininusived a polgrherizBien BY PEATRMSrocess.
claimed in claim?20, characterized in that the renoval

' Theepiocezends miaimegiin atatra 9,hehdraadtized ii@nrhaethal transition metal
compound used as catalyst in the polymerization involves copper compounds, 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.

11. The process as claimed in claim 10, characterized in that the transition metal
compound used as catalyst in the polymerization involves a copper compound.

12. The process as claimed in claim 11, characterized in that the copper compound
has been added in the form of Cu,0, CuBr, CuCl, Cul, CuNs;, CUSCN, CuCN, CuNO,,
CuNO;, CuBF,, Cu(CH;COO) and/or Cu(CF3;COO) to the system prior to the start of
the polymerization.

13. The process as claimed in claim 9, characterized in that the preceding
polymerization uses an initiator which has an active group X.

14. The process as claimed in claim 13, characterized in that the active group X
involves ClI, Br, I, SCN, and/or N3,

15. The process as claimed in claim 14, characterized in that the initiator can be
mono-, di-, or polyfunctional with respect to the active groups.



22. The process as clained in claim2l, characterized

in that the precipitation and the subsequent

filtration reduces the netal content in the pol yner
solution by at |east 80% 23. The process as cl ai ned

in claim?22, characterized in that the precipitation

and the subsequent filtration reduces the netal

content in the polynmer solution by at |east 95% 24.
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ﬂ.] a|'|he process as claimed in claim 21, characterized in that the precipitation and the
subsequent filtration reduces the metal content in the polymer solution by at least 80%.

23. The process as claimed in claim 22, characterized in that the precipitation and the
subsequent filtration reduces the metal content in the polymer solution by at least 95%.

24. The process as claimed in any of the preceding claims, characterized in that the
polymers are obtainable through polymerization of alkyl acrylates, of alkyl
methacrylates, of styrenes, of vinyl esters, of vinyl ethers, of fumarates, of maleates, of
itaconates, of acrylonitriles, and/or of other monomers polymerizable by means of
ATRP, and/or mixtures composed 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 means of ATRP.

25. The process as claimed in claim 24, characterized in that the polymers are
obtainable through polymerization of styrenes, of alkyl acrylates, and/or of alkyl
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27. A linear polymer, as claimed in claim 26, characterized in that it has been prepared
using a bifunctional initiator, its halogen content is smaller than 0.1% by weight, and it
has hydroxy groups at both chain ends.

28. The linear polymer as claimed in claim 27, characterized in that it has been
prepared using a bifunctional initiator, its halogen content is smaller than 0.01% by
weight, and it has hydroxy groups 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, it has ABA triblock structure, and it has hydroxy groups 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
hydroxytelechelic polymers worked up as claimed in any of the preceding claims.



