-WD2011/ 085856 PCT/ EP2010/ 068363 1 Novel initiation nmethod for polynerizing

( met h) wod pbat/esssdicel d of the Invention 5 The present iﬁ\i‘éﬁEiPéglf}/ &X0ds to
an innovative polynerization technique for (neth)acrylates, in which the
polymeri zation is initiated by isocyanates and specific bases with imne
structure. Using this new techni que, which can also be used in 10 a

target ed Woyel inigipsdonbmetbedyfoyaipelawes iHiRyg ndieddl aa Wi
poly(neth)acrylates with in some cases a narrow nol ecul ar wei ght
distribution. Furthernore, using this new polynerization technique, a w de
variety of polyner architectures are avail able, such as block, star or conb
15 polyners. The (neth)acrylate notation here denotes not only

net hack b8 e f st TRVERIORxanpl e nethyl nmethacryl ate, ethyl nethacryl ate,
etg., but also acrylate, such as, for exanple, 20 nethyl acrylate, ethyl
acrylate, etc., and also m xtures of both. Prior Art 25 For the

pol ymeThe apierent {mmetth) bor yreatase s Her eamrinoseries pelpoeyhert ¥aki on

t echni ques known. Free-r.adi cal. pol ynmeri zati eci i ecisive
si gni 7% Jeq‘il%dft%rf%?qt@.acfwjtﬁ%e%l’orlrﬁlo bu k%é;oﬁg% o%?i%‘srlr%u?{%ﬁgo% or
SUSPeNsh DFY POLY By | ZaddRthatids i Sndvi dedyi iisebdoss thetlsyhhhesi s 30 of

poly(nmeth)acrylates for a very wide variety of applicati onl%. These, i ncl ude
nol di et eerpetmdTs e i adew 158 o ng' bt Fier R %t%‘i’t T 11

cqpponent s, | |ves ar j tedod O ¥ b Baslyant age of
fﬂgg- raaﬁ%ﬁ&%%’1?%8%8%2%%%5%1%#(&6%%%% %ol yrrerc‘lqzati on, however, is
t hat neeidgit ussice(resth)be-exlerted witit hew polnareraseh teeree, that

functionalization j ossible only in, a very nonspecific , d that the
pol y eRRL e 6L Th U R Vi F DTOSG Tt dBU e WSt G 569 1 Bie ane” 5

Pol y (s ). ack ¥ At £5h Widdhrdi QUh ok agl-alr waighi £ apstl @fied narrow

di stri‘bution are available, in contrast, by neans of an anionic

pol-y mert et ti et wiBi s s mtvrgelavlfe t Huch S i Pat | Dt hrfYtR, on the
ot.her hand, are the exacting requirenents in terns of the process regineg,

i 1°r elBE1 0D noi sture exclusion 10 or tenperature, for exanple, and the
i npossibility of realizing functional groups on the polynmer chain. Simlar
comments apply in respect of the roupdiransfer ol rization of

met hacliiya a{)%%“%h)v?fﬁ%% 0 et d SIS \fé%/ C?‘/ﬁ r significance. 15

Sui t abl & ddalng. o, GOty Ald e Ol MR A e GiiHas L Aldieleddian ¢ he

ani oni ¢ techri ques, 1nclude nodern techniques of controlled radical
pol yrerdtdatdmlatBot kettche Aniteculsr asigitt eandudie afbl el xa ight

di.stributiaon are _requl able.. As a_2Q |iving pal I zat i y.al so all ow
tRE t YtEd AOREE tieg"ﬁly&f aﬁﬁyﬁ?&re ’arecth(‘?'t’e(?tryud:gaslgsouc lqgcs%rt orO%xarrpl e,
randomsapol yners or el se bl ock copol ymer structures. One exanple is RAFT
pol ymeri zation (reversible addition 25 fragnmentation chain transfer

pol yneri zation). The mechani sm of RAFT pol ynerization is described in nore
det ai lPx%i £FRAQ 910 587. Disadvantages of RAFT polynerization include in
particular tAhe limted synthesis options for short-chain

pol y(neth)acryl ates or for hybrid systens, and the fact that 30 sul fur
grzgups remain in the polyner

For the polymerization of (meth)acrylates there are a series
of polymerization technigues known. Free-radical
polymerization especially is of decisive significance
industrially. In the form of bulk, solution, emulsion or
suspension polymerization, it is widely used for the synthesis
30 of poly({meth)acrylates for a very wide variety of
applications. Thesge include molding compounds, Plexiglass,
film-forming binders, additives or components in adhesives or

sealants, to list but a few. A disadvantage of free-radical



.The NWVP techni que (nitroxide nedi ated pol ynmeri zation), on the other hand,
is of amby2Marogsksgn ted useful ness for the WO 2011/ 085BSEMIRNERDEIVI3068363
3 synthesis of poly(nmeth)acrylates. This techni que has great disadvantages
in ternms of diverse functional groups and the controlled setting of the

nol ecul ar weight. 5 The ATRP technique (atomtransfer radical
poIyne@kﬂ@hﬁunﬁaWasnde%eMeped insth@atQ@@sisf@mﬁhb@anﬁMyhﬁyEPﬁaﬁed

Mat yj aszewsKi y asze 1995, 117, p. 5614,
WO 07/ Shoipe Saibe SEE. 216 teﬁgﬁre t§€§)%uﬂrgg°§ﬁéﬁ SUHSF W y distributed
polyneb@seabueeoﬁqba&nnas%e&gngenebewhfléowagq akd 12Q 000 egmlymehs
particul ar disadvantage is t use of transition netal catal ysts,

especi alrley obtppaedc st ahy breadwied e créasy aF 1BRSnOLRE HRYddERsis very

| abori n h urt g di sy the
polinegﬁg F%n% acggggesucﬁlfgn%t?gﬁgFﬁ?}ggﬁggﬁnggqggtrggdyggd directly by
means abkribwABRE:rOkammta eteabvaflabdk, Pdh. cSntrasPoI@yemeahenp§tap 12,

1974, pp. 1135-1140) describe the initiati ol yneri zat i on
usi ng eeeee&&r@ﬁ#ﬁeegﬁaaF%aeyaﬁéﬁeévarﬁﬁgeﬁoog §geﬁ1993%@9e3 Fégas only to

yi el ds.@f-nbelgw, 29ﬁ6th¥[b%9é%/2§éé565§€/EB%OéQé@@§§§3réngkeeentbt1hs an

obj ect of thée present invention to provide a new polynerization t echni que
for theepmbynértbatpenCeSSSFﬁeum¢acﬁyla?égtlﬁﬁpéptm@ﬂﬁéﬂr@bFeéﬁuﬁéoﬁo

provi de_a izati n t echni que mhrc a pr.epare high
%cu?ﬁrt§gpéﬁﬁ pofy( Fh?ﬁc?@?%te agP%QQ%EE?%§§?ﬁ§8Xa%?OM/nDIecuIar
Welghtrégldb§hglbuht@ﬂénam yrelfs eh fheepbhane20¢hafnot Bemidbfect,

furthernore, is to_provide a polynerization techni ue foig%neth acrglates
whi ch €aWTBBtEsBHPYEr FAbF§SRAET dPYeFBel TaRR Rﬁ?@ﬁ 85eBoh8PeFdEgE1C

di sruptiv 1 t 0f .0 t tnFS a a on netals,
behlndgrnﬁ?ﬁggggygﬁggg' é%%ﬁ%rhéﬁjggtgagﬁo?éﬁépefcngg E?g%egéhafll becone
appar eatghii 6icbheeoveral | context of the subsequent description, clains 20
anﬂsexanples. WD 2011/ 085856PCT/ EP2010/ 068363 5 Achi evenent The objects
have been achi eved by means of a very surprisingly found new initiation

nmechangsm-¥hih YW ehg acPOLYRBFOZBEE OPoDImSr VEAYL bE PEBRAEfSed| Cavhde
started. Vinylic nononers Min this context are nononers which have a

car bontkan bohe denbbel pobeichicemesal | inshedki Mode MdNERBRRIGESE hPS kind can be
p°' y”%ﬁegoifgaceééycgfdéw% Abd Yy dBJB this Iﬂeregempdwerqﬁtmponem

merization of  nonomner i |ate e presence of a
A and an€ orpeneal e 81l £onpohgint d!mfs::mdtsmymt:eegmlabbar bagi & m de.

Conponent . B is an organi ¢ base. There are two referred t hods here for
r?gfen%h‘f’r%% PREVIGF 1721 TR, HHEBRL SR %‘%n”( c*‘~‘|_IE‘?L""'}F%‘3 ed to a mxture of

15 CONpORent- A 4 cgf]epc\,(i MY+ Co PONONEE L Med Nsdde DL hefor CODMBEES] Y,

component A I's added for |n|t|at|on to a mxture of conmponent B and the

vi nyl i camdoroneepd yi@enp orient 1 B2 i sl prlef errdl yner tEFT1QFYre? gani ¢ base, nore
20 preferably an organi c base having a carbon-nitrogen doubl e bond, or,
alternatively, is a trithiocarbonate.

One example is RAFT polymerization {(reversible addition

25 fragmentation chain transfer polymerization). The mechanism of
RAFT polymerization is described in more detail in
EP 0 910 587. Disadvantages cf RAFT polymerization include in
particular the limited synthesis options for short-chain
poly (meth)acrylates or for hybrid systems, and the fact that

30 sulfur groups remain in the polymer.

The NMP technigue {nitroxide mediated polymerization), on the

other hand, is of only very limited usefulness for the



.Bases having the followi ng functional groups, in particular, are suitable
for usevomdihmssgsg i ati on nethod of the 25 invention: iPCTAP20084568343nes,

i soxazol ones, thiazolines, am di nes, guani dines, carbodiimdes, imdazoles
or trithiocarbonates. Imnes are understood to be conpounds containing a
group 30 (RX)(Ry)C.N(Rz). In this fornmula the two groups on the carbon
atom BynaheésRys odngollhdment) groypaapst. h&hiist tegémigiemhaRz graes freel y
selectahle,. different to or identical to_one another, and it j

t |
possi b SEEV 3P &Feto o kR Bie Obr IHEFESeWDIB6 11 HS 8@6&&?FE§§6§ F%%§g63 6

rings. -Examhas0ke3UGhy Brnescang12-iRERY WRYGHel i ne (1), AL o
benzyl i denenet hyl am ne (BMA, (2)) or .A7-4- nethoxybenzylideneaniline (3).

H3CO CH3 (1) 5 Oxazolines are conpounds containing a group
(A O B bR e b N 18R R OMRANNGE A0 ME L DS BEOHRR 200! 18R] DO

at om he "0Xyg nrirogén~at are each freely
sel ect abke] ogictif @herhet 0oonsi deghicabahalonbyaratiier Mat@jasdewtkiis al so
possible for themto formone or _nore_ rings. Exar’rBI es of _oxazolines are
2- et hy(YREZGPEHEVEH) &hd22- phdnyPBxarBFineSPsyr 12225 F%8xafo|8ﬁggiare

CO”pouﬂgs9??%%%@5@98E@@n§55U§§963|295?”§Ut86§)& ATRP vields nakRéwRy------ c
Rz Again, for the'two groups on the carbon atom Rx and Ry, and 20 the one
group dasthebnitedogedyacom iRzthenmbheri sogazobogesoft Mi s tlHe @dkse t hat

th be freely._selectaple and different to or identical .to one another.
Itﬁ?sn§¥39888s§?8¥é‘f rp?ﬁgﬁ?u$@f2g1T?§§§§g%§ETfEF%%TQTS%SQ&S 7 to form one
or norerghBgsioANmexanpbe:aiyansi sexpael aneyotobpes khndlissts, whose
3- phenyl - 5-i soxazolone (7): 5 Thiazolines are conpoynds featuring the
struct Geapvalefsan sheoproduct is very laborious and/or incomplet2.
Furthermore, acid groups disrupt the polymerization, and so
such functionalities cannot be realized directly by means of

15 ATRP.

Okamoto et al. (J. of Pol. Sci.: Polymer Chemistry, 12, 1974,
pp. 1135-1140) describe the initiation of an MMA
polymerization using triethylamine and isocyanates. This

20 system, however, leads only to yields of below 20%.



(8) R R R Ry NS NS (8) (9) Rx Rx" Wth regard to
t he gr P 2OPY084ES6Car bon atom Rx, on the PCT/EP2010/068363
4

Object

It is an object of the present invention to provide a new
polymerization technigue for the polymerization of

5 {meth)acrylates.

A particular object is to provide a polymerization technique
which can be used to prepare high molecular weight
poly{meth)acrylates having optionally narrow molecular weight

10 distributions in yields of more than 20%.

Another object, furthermore, is to provide a polymerization
technique for {(meth)acrylates which can be used variably and
diversely and which does not leave disruptive residues of

15 initiator or catalyst, such as transition metals, behind in

the polymer.

Other objects, not explicitly stated, will become apparent

from the overall context of the subsequent description, claims

20 and examples.



sulfur atom Ry, on the second sulfur atom Rx', and on the 10 nitrogen
atom Ryoidotimskdes case that they may be freel y sel eqEbiEP20ne/068363er ent
to or identical to one another. It isg also possible for themto formone
or nore rings. Exanples of such thiazolines are 2-nethylthiazoline (10) or
2- met hyl mer capt ot hi azol i ne (11): Am di nes are conpounds featuring the
struct wealieleawart (12), and guani di nes are conpounds featuring the
structural elenent (13): RzRyRzRy NN (12)Ry' 20 Rx (13) Rx' For the
groups on the carbon atom Rx, on the nitrogen atom Rz, on the second

nltrog%ﬂeabg?bcgg ﬁQqQR%@enaaghQQvéaeb?hhéQnQibEOQeQeé?OQhrB%isiﬂglﬁx", it

is the case that they may be freely selectable and different to or
i dent i ¢alintionewe i5ianethen. mEthaslamswlpbswhbpé BOPOLNBATEBAEAPH Bfie or

e f di 1 degs 7-
(0BD, V18771 8P e as Bol g ol s, SC0T ol o bg CONC CTey ) gy L Eaa’ €ne
N- (3- tebﬁt;la%yah.:wh@h@wi)s 4n5cdi h&déognbgazehecém G1BLE: bbdd) 10 15)

Exanpl es of the guanidines are 7-nethyl-1,
tri azabregERdL Y. APORNEBIS- BABCRRIBDYE (4B} F, kiné g23. beepPPiBERY F§tani di ne

(TVG (18 La01NahTbr Uy dntcds By 3 rhetf,agehbyl guanbai nenf19):  OHBt BuCH3
polymerization of monomers M ig initiated by the presence of a

10 component A and a component B. Component A is an isocyanate or

a carbodiimide. Component B ig an organic base.

There are two preferred methods here for implementing the
initiation. In one, component B ig added to a mixture of

15 component A and the vinylic monomer M. In the other,
conversely, component A is added for initiation to a mixture

of component B and the vinylic monomer M.

Component B is preferably a tertiary organic base, more
20 preferably an organic base having a carbon-nitrogen double

bond, or, alternatively, is a trithiocarbonate.

Bases having the following functional groups, in particular,
are suitable for use in the initiation method of the

25 invention: imines, oxazolines, isoxazolones, thiazolines,
amidines, guanidines, carbodiimides, imidazoles or

trithiocarbonates.

Imines are understood to be compounds containing a group

30 (Rx) (Ry)C=N(Rz). In this formula the two groups on the carbon
atom, Rx and Ry, and the one group on the nitrogen atom, Rz,
are freely selectable, different to or identical to one

another, and it is also possible for them to form one or more



.The group of the carbodiinides conprises conpounds featuring the structural
el emenyORoX 14086898 (Rz' ). For the groups on the nitrog@CHEPB16/RE83Ad Rz',
it is the case that they may be 20 frgely selectable and different to or
identical to one another. It is also possible for themto formone or nore
rings. An exanple of carbodiimdes is diisopropylcarbodiimde (20):
C0npoumd&gwhiEhampmebeoﬁsedchddmtheaahkg namebbyipydaméﬁee(21),oNF

1- et hyl i m dazol e ( ?n@% L gq& g bases that can be used,

wi t hou eﬁzﬁ;NdBBﬁBEtEY%a?PPFhla bbhal eafuring the structural el enent
(23): L2BhoxybBMzy19dencERE18HE gEpups on the two sul fur atoms, Ry and Ry',
it is the case that they may be freely sel ectable and dlfferent to or
identical to one another. is alts60Opqssi {or themto form 15 one or
nore rings isathylidene trithiocarbonate
(24): (2 I Theffexanplgs of the oraanlc b ses do not have any
capacity o 20, Mestri '
i nst ead, ustrate t |C|ty of

Conmponent A cqnpri ses |socyanat S, mn]ch may be S|Q5I
functional i zedcH;TliE) wor di ng isocyanaﬁdg herei naft &
chem cal | y equi val ent

5

also enbrgets t he

Oxazolines are compounds containing a group (RY)O—C(Rx):N(Rz).
For these compounds asg well, the groups on the carbon atom,
Rx, on the oxygen, Ry, and on the nitrogen atom, Rz, are zsach
freely selectable, different to or identical to one another,

10 and it is also possible for them to form one or more rings.
Examples of oxazolines are 2-ethyloxazoline {(4) and

2-phenyioxazoline (5):

[sS e

15 Isoxazolones are compounds featuring the structural element

(&) :
//Rx o
Ry*—--...c\ r/
\N..-—a-*O (6)
/
Rz

Again, for the two groups on the carbon atom, Rx and Ry, and
20 the one group on the nitrogen atcm, Rz, in the isoxazolones it
is the case that they may be freely selectable and different

to or identical to one another. It is also possible for them



.5t hi o socyanat es.

I n one enbodi nent the further functionalities may

conpri $eOR63¢HRR8EG socyanat e group or further isocyanatRCHERZOE0/068363n0t her
enbodi ment it is also possible for the further functionalities to be

different functionalities which together

st abl e conmpounds.

Exanpl es of nonofuncti onal
I socyanat €ot@5Spnepbenybresedygnat Bn( 26amahd Déranbdspkaksécyanaﬁe (27).

10 with isocyanate groups form
i socyanates are cycl ohexyl
An

exanpl e. of a_ monof unctj onal th|0|soc nate %g i s phenyl thioisocyanate
(28): thipx&hpredSof- Bh?ﬂﬁ&f?oﬁﬁPxﬁé 9ﬁﬁaf havi ng two i socyanate 20
groups, are hexanethyl ene 1, 6- dllsocyanate (HDI ,0(29)), toluene

dii socyanate (TDI, (30)) an ¢anate (IPDI, (31)): WO

2011/ 085856 PCT/ EP2010/ 0682
di functional isocyanates,
(33): 0 OCN NCO (32)0, N .~
furthernore,
i socyanate (34) or ethyl

0S Ncd o
t o use nonofuncti onal ,

rly tirimers of the isocyanates
HDFOEr i r (32) or the IPD triner

( is al so possible,

| i near |socyanates such as dodecyl

10i socyanate (35):

5 Thiazolines are compounds featuring the structural element (8)

or {(9):
T T
N\\\ 5] N\\\ S
(8)
(9
Rx 8
\\\Rr

With regard to the groups on the carbon atom, Rx, on the

sulfur atom, Ry,

10 nitrogen atom, Rz,

gelectable and different to or identical to one ancther.
also possible for them to form one or more rings.

such thiazolines are 2-methylthiazoline

mercaptothiazoline (11):

= -

(10

15 N

on the second sulfur atom,

Rx’, and on the

it is the case that they may be freely

It is
Examples of

(10) or 2-methyil-

Hs

(1D

Amidines are compounds featuring the structural element (12},

and guanidines are compounds

(13):
roT
N\\\ N
(125\\‘I/// Ry’
Rx

20

featuring the structural element

z Ry

*§§7,,/’ .,

/N\

!

(13)



Alternatively to the isocyanates it is also possible to use carbodiini des.
These @@ 209109s8%4s featuring the structural 15 el enentPREP2ZHHEBOSI0RzZ' ) ,
in accordance with the structure alregdy outlined, as given for the organic
bases that can be WD 2011/ 085856PCT/ EP2010/ 068363 12 used. An exanple of a
car bodi i m de which can be used in place of isocyanates is

di i soprepytrar bedupsi de (2€)cabbbn ehempaRki cohachenbédirmenat: efomhe

i nvention using carbodiimdes, both conponents, A and.B be. i.denti cal .
In thi%zenﬁBngﬁnFeFPnﬁsnhFE%gﬁ%taﬁ%@eQ@Er?“%oﬁyoneaBQ Pﬁggﬁﬁp%%%ﬁgonepts

to be added to LbemSypkemMithxa ti e del e¥e andelOnse, theyt kg Bxceptional
version, the initiafor systemis a onesystem In an alternative ermbodi ment

it is Akselpossibteabbe andadidfiferentbeofo¥ nedentisalf EBnPRAe two
conponents, | socyagat e and 15 of gankc, base, LI scadduct el fgzghl e i tsel
po

intur®fPPERPhitfht et a FTzatton. Such i nternedi at és can al so be

i sol at edngandesempass ber useddaseal teenat 8véiankbiayols.[5Aa. ekanpee-of such
an adduct is the reaction product (36) of two | ecul es of §gﬁ (18) and HDI
(29): ?Oenw((@¥U8)214))(3%)50dkﬁ%%?F8Y§§o[4T%egﬁ§?ﬂaa'8Fetﬁ hvention for
initiati a,pojymer | ' IS 4 Lnci ple, & ndependent: ahzthe
polynegégg%igg %ﬁé o%ggi%%axgél%ﬂéﬁﬁggﬁ%g ?b% ?%i?iation and t he subsequent
pol yme(P2ar| ofiéhy: be carried out, for exanple, in the formof a solution
or bul k pol ynerization. The pol ynerization nmay be carried out/Lp WO

2011/ 085856PCT/ EP2010/ 068363 13 o ///

N " ae  \ P
a4
(1:;i::::j:j;;;;:> [::;::: NQ§§V//N\\\J//h“~“/// o

10 (15)
Examples of the guanidines are 7-methyl-1,5,7-
triazabicycle[4.4.0]dec-5-ene (MTBD, (17)), 1,1,3,3-
tetramethylguanidine (TMG, (18)) oxr N-tert-butyl-1,1,3,3-

tetramethylguanidine (19):

N THs iBu |CH3
//JQ§b A N\cm "N N\\CHB
o

18
(17) (18) (19)

N N
CH ™~
15 ’ CHJ// CHg CH{// \\\CH3

The group of the carbodiimides comprises compounds featuring
the structural element (Rz)-N=C=N-{Rz’'}. For the groups on the
nitrogen atoms, Rz and Rz’, it is the case that they may be

20 freely selectable and different to or identical to one
another. It is also possible for them to form one or more
rings. An example of carbodiimides is diisopropylcarbodiimide

{20) :



.batch node or continuously. The polynerization, furthernore, nmay be carried
out overotber/egsssse custonmary tenperature spectrum and REIHEP2016/068363
super at nospheric, atnospheric or subagnospheric pressure. 5 A particular
aspect of the present invention is that the polynmers obtained fromthe

met hod are produced in a very broad nol ecul ar wei ght range. In a GPC

measur enment agai nst a pol ystyre sstaag)rd, t hese pol yners may have a

nol ecul ar 10 wei ght of between /000 a 107600 000 g/ nol, nore particularly
bet ween 5000 and 5 000 qus |, and especitlly between 10 000 and 2 000
000 g/ nol. 15 The.vinylic*hono s Mare no rs which have a doubl e bond,
nore particularly nononmers havi ngy nds whHgh are radically and/or
ani oni cally pol yneri zabl e. Such nononers are nore particularly acryl ates,
met hacryl ates, styrene, styrene-derived nononers, a-olefins or mxtures of

t hese nononers. 20, The (neth)acrylate. notatjopn stands herein er, r al kyl
est er sCOFPFER ?iéﬁ%ﬁ?wf%ﬁﬁ%?wu§ﬁgh%$§ %????%P%CT%Y R b%ﬁg?gsiéhézégnoners
are selgectefdefrpmhhe.gsoup of) the 25 alkyl (neth)acrylates of

strai ght-chain,” branched or cycloaliphatic alcohols having 1 to 40 C atons,

such as, for exanple, neth (Nget h) acryl et hylafymet h) acryl ate, n-butyl
(meth)acrylate, isobutyl ((jpethNacrylate, tert-butyl (nmeth)acrylate, pentyl
(meth)acryl ate, 2-ethyl hexyl 30 th)a | at stearyl (meth)acryl ate,

lauryl (nmeth)acrylate, (2 exyl (meth) Ié?eCHisobornyl (meth)acryl ate;
aryl (meth)acryl ates such as, Mor exanple, benzyl” ¢meth)acrylate or WO
2071/ 085856PCT/ EP2010/ 068363 14 phenyl (nmeth)acrylate, which may in each
case be unsubstituted or have aryl radicals substituted 1-4 tinmes; other

aromatically substituted (nmeth ryl ates .such as, for, exanple,..naphthyl
(et h)Exe3R ?%;Oﬁﬁﬁgirﬂk‘f tﬁ%ﬁﬁ%?@?%% ot e}i’%e‘f‘%e,g‘S o Ifl%ltl%;%)e(g"eNgl ycol s,

pol yprigpyd engrgl y£0h$: o Moddnes, theseofifpving S BcipdDnslesach as, for
exanpl e, tetrahydrofurfuryl nethacrylate, methoxy(m ethoxyethyl

met hact33lat e, 1-butoxypropyl methacrylate, cycl ohexyl oxynet hyl

met hacryl ate, benzyl oxynet hyl nethacrylateﬁggﬁrfuryl 10 net hacryl at e,

2- but oxyet hyl nethacryl ate, 2-ethoxyet hyl acryl ate, allyl oxynethyl
nmet hacryl ate, 1-ethoxybutyl nethaci;ﬂE;:, 1- et hoxyet hyl net hacryl at e,

et hoxynmet hyl net hacryl ate, poly(ethyliene glxgpl) met hyl et her
(meth)acryl ate, and pol y(propyhene gf yeal )€t hyl et her 15(neth)acryl ate,
t dflet her. Besi des the (neth)acryl@ates sef out above, it is also possi bl e
for further unsaturated nononers to be polynerized. Such nononers incl ude,
anong ot hers, 1-al kenes, such as 1-hexene, 20 1-heptene, branched al kenes
such &&gr ftore exampie, orvitthd dyresl chebdarre, a8 dikietand -BY pr obenks the

3-net hyl -1 di.i sobut yl ene, .4- net hyl -1 - pent.ene, | oni t rj i esters
such éysaisef gﬁ'hae&at#b%’é,m%}f R r%cee%ﬁzﬁ es,eols?%/trag%e% aas(i{u%scfllr%%%%édﬁsteﬁ eryn%s havi ng
an al k\ersuhsdi tuednadmiddigat Nyt groWl, scs yeds 2% 1as, £ dortlexanpd eform

a-met hyl styrene and a-ethyl styrene, substituted styrenes having one or nore
allRy| CBhsty (R i S hédy isgsire P ad WA HRAH S 62 net hyl st yrene,

het er i.C : -Vvigwl pyridine, 3- vinyl pyridine,
2-net%§¥ﬁééw$%§}pyr?%?ﬁ%#ﬁg¥%§ﬂ%i-ggmgb vi nyl pyri di ne,

2, 3-di net hyl- 5-vi nyl pyridine, vinylfyrimdine, 9-vinylcarbazol e,

3-vi nyl carbazol e, 4-vinyl carbazol e, |{2- thyl -1 -vinylimdazol e,

vi nyl oxol ane, vinylfuran, vinylthioghene, vinylthiolane, vinylthiazoles,

vi nyl oxazol es, WD 2011/085856PCT/EP2810/ 068363 15 and i soprenyl ethers.

O her nononers are, for exanplefSVinyI I peridine, 1-vinylimdazole,

N-vi nyl pyrrol i done, 2-vinyl pyrrol\i done;, N-vinylpyrrolidine,

3-vinyl pyrrolidine, N-vinylcaprol N-vi nyl but yrol actam hydrogenat ed 5
vi nyl t hi azol es, and hydrogenated vi nyl oxazol es. The pol yners prepared by

t he i nnovative nmethod can be used in naQ¥ fields of utility. Wthout
mjshimyq(gxﬁﬁgﬁqajoﬁfﬁ@e organic baseg do not have any capacity to

20 restrict the invention in any form whatsoever. They serve,

instead, to illustrate the multiplicity of compounds that can

be used in accordance with the invention.



invention in any form whatsoever with these exanpl es, such 10 fields

i ncl “dQVBCiM}léﬁs%ﬁass nol di ng conmpounds, raw materi al spdp/EPI016/068363

i njection-nmolding or extrusion appllc?}lons films, including mrror fil s,
packaging films, and filnms for optica appllcatlons | am nates, |am nate
adhesi ves, foans, i ncluding sealing foans, foaned materials f or packagi ng,
synthetic 15 fibers, conposite materials, filmformng binders, coatings
addi tives such as dlsper5|ng additives or particles for scratch-resistant
coat i n§omppriemsr &, CHiMbAAFS ST bFCFURBSL¢ES, Wg}étcﬂi’elf“@é’ ber 848ge s ERsitivve
adnesi yes .1 2achi Ve, adiesiues 0 segLantsq: gt Seal LR kar ni shes,
packaglng Hate | S, 4] mat erral's, 60 e cenent, contact Ienses
spect abkeclieasesr alker embraess thelndam&caéﬂyapghﬁwaﬂb@ﬁs, for exanple,
traffic markings, floor coatings, plastisols, underbody coatings or
|ns@Ianéﬁ§SPSVa9éFF§Ies insulating materials, materials for use in

phar maggULLeakfokIMLAL ORS, rdrHE-dekiMeEYoRBIREGeS, mdh eblpaddit bves such
as flow inprovers, polyner additives such as inpact nodifiers,

conpat ebcbndedscovahhow grproversfutrtber sspﬁﬁﬁﬁgtédﬁﬁpppés Iﬁartlcles in

2011/ 0BSEARETFEPIOTOFEa46a" 16" CXAnRPSE NS GBTORagerape ol ccular

wei ght suakttihaapekyser sof bemieraspkas iuhOtSSnmERE1det@hﬁbhedogytheans of
GPC (gel 5 perneation chromatography). The neasurenments were carried out

wi th awpEbhGPecsTaPRES EF@HP@OF?ﬁ%r EQBB?aFBWP8§nﬁﬁC at 40C in THF agai nst
a polystyrene standard. The neasurenent limt for Mvis situated at around
400 000 g/ nol. 10 The wei ght-average nol ecul ar wei ghts of the polynmers from
exanpl Bsadilee 48 menedeCELQhabdlbycy@aﬂseafa@PCDYgébh96Yheation

Car i oHSBELURER R2BbC PRONY bo SHET-RabDr A6l | 860 R AP Rk oven —

te”per§§8&§a§£t§5@2ﬂ N AhFexyhphe 15F aa rdbnbiARcoi o481 ntRubesocaadaagai nst a
pol rene standard. The measurenment limt for Mvis situated at above 15

00 00 sgbhehyl thingsgrerastoefedtet ernined by wei ghing the isol ated

pol ymer 20 after drying to constant weight in a vacuum dryi ng cabi net at
60C and 20 nbar. Ceneral procedure for exanples 1 to 21 2.5 g (2.65 nm., 25
mol ) of net yI netﬂggrylat,,(NN%)NCbhe 25 b (base used.+ nol gaicgatio
relative abhe [ . ;

table) ane intr 0 a 2 nmL round- bo flask and stirired at 25C
Acconpanijed by e ool ing using an ice/jsodi gdT)chljori de i X€8 e and by
cont i npiss_ St i LI yanatxs) 30 (isocyianate used ) ratio
relativé’to : e 1) is added t&™he flask. After a reaction

time t (see table 1) with stirring and at 25C, the m xture obtained is

di ssolved in 15 mL of chloroformand filtered. The solution is WO

2011/Oﬂﬁﬁa@Pﬁﬁl&PZ@iﬂ&@ﬂ&&&&ﬂrhsémyammnééjé@ﬁ%&ngr@@¢pi$©¢Y@mat%y dr opwi se
from 300 nL of .ice-coole t hanol . The Pptalned as a

3\1&%'[ Ealg‘“g?‘lllﬂs a%ﬁelléex%?%t[‘%]oer’bﬁ/ 1f’l‘?d ﬁ %%Wa%%%eﬁgw Lf%l nes with

net hanglyuand 81 1ss-yonconstemt, masses J Nardd VSR £5vé g Dssapimete at 60C
and 20(nbar For};esults see table 1. General procedure for exanples 22 to
27 IPDI 31

CH
¢ NCO

NCO

/\/\/\/NCO
OCN HaC

(29) NCO
(30)

(31)

H
NCO Chlg CHgy



2.5 g (2.65 nm., 25 mml) of nethyl nethacrylate (MVA) and the base (base
used + I b relative to the MVA: see table 10 1 204§6/088%8Rd i nto
a 25 m@oﬁzgfoggﬂfétbom flask and stirr at 25C. The sol )l})t(?g%ﬁ s admi xed with
the i socyanate (isocyanate used + nolar ratio relative to the MVA: see
table 2) and heated under reflux. This corresponds in general to a solution
tenper al,uk8e0f c90fp18kt BhcacbhABnbat88€ctabhesd) d@Fuhbrsbhali ng at the

boi l'ing point of the solution, there is an increasing rise in viscosity.
The soligtipanptegoohnede PhRstiFstausyobrimsrai 95okPedIFRCTIONAFEEF chl or of or m
and precipitated, . [ LS Lt] o] 0 . LCe- I n- hexane,
and thgaggng 8gté?éggagg%%sﬁrgﬁgé %§Q¥i%%rg%go%?ﬁEBQ%ﬁggP&%%?oggained i's
washedthepeabediyimeih (B3hexane and dried to constant nmass in a vacuum
dryi ng cabinet at 60C and 20 nbar. n-Hexane can be distilled off fromthe
precipitation filtrate, and the resulfant residue used again for the

pol yneri zation. 25 Wth this type of rk-up, a loss of mass of 5% to 27%

for thediasel/is anat yste an b x2g%Led\\ggpfﬁgggLLS\sgg/;aﬁﬁ@ 2.
General pro ure examptes 28pt0 32 The™~pase (PaSe used”+ nol ar

ratio relative to the MVA: see tabhle 3) ijs dissolved in 3 nL of CHC13 in a
a

25 nmL round-bottom flask. The solytion is_adm xed with 2.5 g (2.65 nL, 25
mol ) of MVA and the (38dcyanat y used + molar ratio WO

2011/ 085856PCT/ EP20101068363 1% rel atfve to Phe MVA: see table 3) and

heat ed under reflux. This corresponds|in general to a solution tenperature
of 90C. After atinet (see table 3) I LA he boiNdOOhg point of
thes solution, there is an increasing ri ~The 5 solution is
cool ed, the viscous oil is dissolveddn 10 m of chloroform and
precipitated, by drgopw se addition, f[fom 300 nL i ce-cool ed n-hexane, and
the solid obtained i i ThHe *PMMVA obt ai ned i s washed
repeat edly w taCg S Ass Ny a v§Eﬁhn1drying
cabinet 10 at 60C o an be distilled off fromthe
precipitation filtrfate, again for the _
pol yneri zati on. W t] i pss of 5% to 27% for
t he base/isocyanate 3y s see 15table 3.
General procedure for 4 paxatjive exanples O to
C4 Mxture A (for co oducdld into a 20 25 nL
round-bottom fl ask andN§Pirred at 25C KBGO external cooling
usi ng an ice/sodium chloride m xture and i nuous stirring, the

m xture B is added to the fla%§3 After 18 hourswith stirring at 25C, the
m xt ure obtained is dissol ved |R 15 nmL of

solution is 25 then purified by precipitath by dropwi se addition, from
300 nmL of ice-cool ed nethanol. The PMVA forfieehis obtained as a white
solid, and is isolated by filtration, WaShed thfé&e tines with nmethanol, and
dried to constant mass in a vacuum dryi ng cabinet at 60C and 20 nbar. This
white solid can only be 30 PMMA. Verification is made by neans of 1H NWR
spect roscapyal dhecdyesence ffr M ewidernee efnglyrterdrzelt i on havi ng

t aken pl ace. Separate characterizatjon of,theéfohynE{s obt ai %9 was not
carri RRAT | FEQFANRERS such as dodecyl isocyanate 34) cor ethyl

1  isocyanate (35):

NCO

(34) (35)
/\/NCO

Alternatively to the iscocyanates it is also possible to use
carbodiimides. These are compounds featuring the structural
15 element (Rz)-N=C=N-{Rz’), in accordance with the structure

already outlined, as given for the organic bases that can be



‘WD 2011/ 085856PCT/ EP2010/ 068363 19 Exanples 39 to 42 and conparative

exanpl agFoiifssdsgach use 2.5 g (2.65 nL, 25 mol) of petmr2078l08856y! at e.
Thi s correspongs to 6 nol ar equival enjs, and on this basis, in each case, 1
nol ar equi val ent of hexanet hyl ene diisocyanate (HDI, 5 29) and 1 nol ar

equi valent of 1,1, 3,3-tetranethyl guanidine (TM5 18) or

1, 8- di qzahy cyel ehRab1Ql WideCviveraiiBde Ak A eaised Jsd resyltaxesee
table 4. General procedure for exanples 37 to 42 10 2.5 g (2.65 m., 25
mol ) off redeylenasesadsy IddtisopvvRy Laadbedl 181igle didO4dnet hyl guani di ne ( TMG,
(18), nolar ratio relative to the MVA: see table 5) are introduced into a
25 nmL round-bottom flask and stirred at 25C. Acconpani ed by external
cooling with an ice/sodiumchlortde m xture and by continuous 15 stirring,
hexanet hyl ene 1, 6-dii socyanate (HDI, (%@),Hwalar ratio relative to the MVA:
see table 5) is added tod&ge ask. After 7 days with stirring at 25C, the
m xture obtained is diss ed i 15 nL of chlqroformand filtered. The
solution is subsequently purifie h&zg;egi 'tat™am, by dropw se addition,
20 from 300 nL of ice-cool ed hexane. 1he BMVA is obtained as a white solid,
andsis isolated by filtration, washed three tines with hexane, and dried to
constant mass in a vacuum drying cabinet at 60C and 20 nbar. For results
see taBPReone PADtA0Y1AG8SRREPETLEP2010FD68363¢25 1 PRHMEI9EX. Base | so-

o PWRT OB 1A (B8] Ror I LoR6"Che1d) 3 B0-119800 " LorheLtalPh T Eld

this embodiment it is algo not necessaxry for one of the two

components to be added to the system with a time delay, and

10 so, in this exceptional version, the initiator system is a

one-component system.

In an alternative embodiment it is also possible for an adduct
to be formed first from the two components, isocyanate and

15 organic base, this adduct being able itself in turn to
initiate a polymerization. Such intermediates can alsc be
igolated, and so can be used as alternative initiators. An
example of such an adduct isg the reaction product (36) of two

mcelecules of TMG {(18) and HDT (29):

N{CH3)» O
R T
0

(36) N(CHg):

20

(CHa)z

The method of the invention for initiating a polymerization is
in principle independent of the polymerization method used.

25 The method for initiation and the subsequent polymerization
may be carried ocut, for example, in the form of a solution or

bulk polymerization. The polymerization may be carried out in



69 2 (35) 2/1/1 18 bulk 267 000 53 3 (34) 6/1/1 48 bul k 209 000 51 4
(25) 6hkOLOLS/085kde 141 000 28 5 (15) (29) 6/1/1 34 CHCIBI'P/EP20:4/0683B0 60 6
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batch mode or continuously. The polymerization, furthermore,
may be carried out over the entire customary temperature
spectrum and under superatmospheric, atmospheric or

subatmospheric pressure.

A particular aspect of the pregent inventicn is that the
polymers obtained from the method are produced in a very broad
molecular weight range. In a GPC measurement against a
polystyrene standard, these polymers may have a molecular

10  weight of between 1000 and 10 000 000 g/mol, more particularly
between 5000 and 5 000 000 g/mol, and especially between

10 000 and 2 000 €00 g/mol.

15 The vinylic monomers M are monomers which have a double bond,
more particularly monomers having double bonds which are
radically and/or anionically polymerizable. Such monomers are
more particularly acrylates, methacrylates, styrene, styrene-

derived monomers, o-olefins or mixtures of these monomers.

20

The (meth)acrylate notation stands hereinafter for alkyl

esters of acrylic acid and/or of methacrylic acid.

In general the monomers are selected from the group of the

25 alkyl (meth)acrylates of straight-chain, branched or
cycloaliphatic alcohols having 1 to 40 C atoms, such as, for
example, methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, tert-butyl
(meth)acryiate, pentyl (meth)acrylate, 2-ethylhexyl

30 (meth)acrylate, stearyl (meth)acrylate, lauryl (meth)acrylate,
eyclohexyl (meth)acrylate, isobornyl (meth)acrylate; aryl

{meth)acrylates such as, for example, benzyl (meth)acrylate or



(34) 6/1/1 48 bul k >400000 73 (18) (25) 2/1/1 18 bulk n.d. 56 8 (29)
2/2/ 1 W0 hotisosssds 89 9 (19) (29) 1/1/1 18 bulk >400 0BCTIBPOI0/QGHS)3

10

15

20

25

30
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phenyl (meth)acrylate, which may in each case be unsubgtituted
or have aryl radicals substituted 1-4 times; other
aromatically substituted (meth)acrylates such as, for example,
naphthyl (meth)acrylate; mono (meth)acrylates of ethers,
polyethylene glycols, polypropylene glycols or mixtures
thereof having 5-80 C atoms, such as, for example,
tetrahydrofurfuryl methacrylate, methoxy (m) ethoxyethyl
methacrylate, l-butoxypropyl methacrylate, cyclohexyloxymethyl
methacrylate, benzyloxymethyl methacrylate, furfuryl
methacrylate, 2-butoxyethyl methacrylate, 2-ethoxyethyl
methacrylate, allyloxymethyl methacrylate, l-ethoxybutyl
methacrylate, l-ethoxyethyl methacrylate, ethoxymethyl
methacrylate, poly(ethylene glycol) methyl ether

(meth) acrylate, and poly{propylene glycol) methyl ether

(meth)acrylate, together.

Besides the (meth)acrylates set out above, it is also possible
for further unsaturated monomers to be polymerized. Such
monomers include, among others, l-alkenes, such as l-hexene,
1-heptene, branched alkenes such as, for example,
vinyleyeclohexane, 3,3-dimethyl-1-propene, 3-methyl-1-
diisobutvlene, 4-methyl-l-pentene, acrylonitrile, vinyl esters
such as, for example, vinyl acetate, styrene, subgtituted
styrenes having an alkyl substituent on the vinyl group, such
as, for example, c-methylstyrene and o-ethylstyrene,
substituted styrenes having one or more alkyl substituents on
the ring, such as vinyltoluene and p-methylstyrene,
heterocyclic compounds such as 2-vinylpyridine, 3-
vinylpyridine, 2-methyl-B-vinylpyridine, 3-ethyl-4-
vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinylpyrimidine,
9-vinylcarbazole, 3-vinylcarbazole, 4-vinylcarbazole, 2-
methyl-1-vinylimidazole, vinyloxolane, vinylfuran,

vinylthiophene, vinylthiolane, vinylthiazoles, vinyloxazoles,



1/1/2 18 bulk 13 000 24 11 (17) (29) 6/1/1 18 bulk 66 000 64 12 (1) (29)
% 1/ 1 8ok k/08885900 80 13 (35) 6/1/2 18 bul k 106000 FLTEPROD)/06SWEE 2/ 1/ 1
15 '

and isoprenyl ethers. Other monomers are, for example,
vinylpiperidine, 1-vinylimidazole, N-vinylpyrrolidone,
2-vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, hydrogenated

5 wvinylthiazoles, and hydrogenated vinyloxazoles.

The polymers prepared by the innovative method can be used in
many fields of utility. Without wishing to restrict the
invention in any form whatsoever with these examples, such

10 fields include acrylic glass, molding compounds, raw materials
for other injection-molding or extrusion applications, films,
including mirror filme, packaging films, and £ilms for optical
applications, laminates, laminate adhesives, foams, inciuding
sealing foams, foamed materials for packaging, gynthetic

15 fibers, composite materials, film-forming binders, coatings
additives such as dispersing additives or particles for
scratch-resistant coatings, primers, binders for adhesives,
hotmelts, pressure-sensitive adhesives, reactive adhesives or
sealants, heat-sealing varnishes, packaging materials, dental

20 materialsg, bone cement, contact lenses, spectacle lenses,
other lenses, in industrial applications, for example, traffic
markings, floor coatings, plastisols, underbody coatings or
insulations for wvehicles, insulating materials, materials for
use in pharmaceutical formulations, drug delivery matrices,

25 oil additives such as flow improvers, polymer additives such
as impact modifiers, compatibilizers ox flow improvers, fiber
spinning additives, particles in cosmetic applications, or as

a raw material for producing porous molds.



bul k 161 000 25 15 (11) (29) 2/1/1 18 bulk 107 000 100 16 6/1/1 18 bul k
203 00Qy82017/0858%/ 1/ 1 18 bul k >400000 73 18  3/1/1 6P(MEE®261@06®3683000
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Examples

The weight-average molecular weights of the polymers from
examples 1 to 38 were determined by means of GPC (gel

5 permeation chromatography). The measurements were carried out
with a PL-GPC 50 Plus from Polymer Laboratories Inc. at 40°C
in THF against a polystyrene standard. The measurement limit

for M, is gituated at around 400 000 g/mol.

10 The weight-average molecular weights of the polymers from
examples 43 to 48 were determined by means of GPC (gel
permeation chromatography) in a method based on DIN 55672-1.
The measurements were carried out with a GPC from Polymer
Laboratories Inc. at an oven temperature of 35°C, in THF, with

15 a run time of 48 minutes, and against a polystyrene standaxd.
The measurement limit for M, is situated at above

15 000 000 g/mol.

The yields were determined by weighing the isolated polymer
20 after drying to constant weight in a vacuum drying cabinet at

60°C and 20 mbar.

General procedure for examples 1 to 21

2.5 g (2.65 mL, 25 mmol) of methyl methacrylate (MMA), the

25 base (base uged + molar ratio relative to the MMA: see table
1), and, optionally, a solvent (3 mL; see table) are
introduced into a 25 mL round-bottom flask and stirred at
25°C. Accompanied by external cooling using an ice/sodium
chloride mixture and by continuous stirring, the isocyanate

30 (isocyanate used + molar ratio relative to the MMA: see table
1) is added to the flask. After a reaction time t (see table
1) with stirring and at 25°C, the mixture obtained is

disgolved in 15 mL of chloroform and filtered. The sclution is



83 19 (7) (29) 6/1/1 67 CHC13/3.00 113100 65 20 6/1/1 20 THF/2.21 77 800
57 21 23noi8sseel/ 1 24 bul k 229 000 58 21 Table 2 EPCBEP2016/66858Aat e
MWW Base/ |socyanate t [h] M5 [g/ ol ]gy

then purified by precipitation, by dropwise addition, from 300
ml. of ice-cooled methanol. The PMMA is obtained as a white
solid, and is isolated by filtration, washed three times with
methanol, and dried to constant mass in a vacuum drying

A cabinet at 60°C and 20 mbar. For results see table 1.

General procedure for examples 22 to 27

2.5 g {2.65 mL, 25 mmol) of methyl methacrylate (MMA) and the
bage (base used + moiar ratic relative to the MMA: see table
10 1) are introduced into a 25 mL round-bottom flask and stirred
at 25°C. The solution is admixed with the isocyanate
{isocyanate used + molar ratio relaﬁive to the MMA: gee table
2) and heated under reflux. This corresponds in general to a
solution temperature of 90°C. After a time t (see table 2) of
15 stirring at the boiling point of the solution, there is an
inereasing rise in viscosity. The solution is cooled, the
viscouag oil is dissolved in 10 ml of chloroform and
precipitated, by dropwise addition, from 300 mL of ice-cooled
n-hexane, and the solid obtained is isoclated by filtration.
20 The PMMA obtained is washed repeatedly with n-hexane and dried
to constant mass in a vacuum drying cabinet at 60°C and
20 mbar.
n-Hexane can be digtilied off from the precipitation filtrate,
and the resultant residue used again for the polymerization.
25 With this type of work-up, a loss of mass of 5% to 27% for the

base/isocyanate system can be expected. For results see

table 2.

General procedure for examples 28 to 32

30) The base (base used + molar ratic relative to the MMA: see
table 3) is dissolved in 3 mL of CHCl:; in a 25 mL round-bottom
flask. The solution is admixed with 2.5 g {2.65 mL, 25 mmol)

of MMA and the isocyanate (isocyanate used + molar ratio



Yiel dof PMMA% 22 (2) (29) 2/1/1 6 167 000 69 23 (3) (29) 6/1/1 6 229 000
47 2411 0 202Pps34sk 1 6 88000 74 25 (26) 2/1/1 6 >4000LDEP261G/B6336329)
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relative to the MMA: see table 3) and heated under reflux.
This corresponds in general to a solution temperature of 90°C.
After a time t (see table 3) of stirring at the boiling point
of the solution, there is an increasing rise in viscosity. The
solution is cooled, the viscous oil ig dissolved in 10 ml of
chloroform and precipitated, by dropwise addition, from 300 mL
of ice-cocled n-hexane, and the solid obtained is isolated by
filtration. The PMMA obtained is washed repeatedly with
n-hexane and dried to constant mass in a vacuum drying cabinet
at 60°C and 20 mbar.

n-Hexane can be distilled off from the precipitation filtrate,
and the resultant residue used again for the polymerization.
With this type of work-up, a loss of mass of 5% to 27% for the

base/isocyanate system can be expected. For results see

table 3.

General procedure for examples 33 to 36 and for comparative

examples CI1 to C4

Mixture A (for composition see table 4) is introduced into a
25 mL round-bottom flask and stirred at 25°C. Accompanied by
external cooling using an ice/sodium chloride mixture and by
continuous stirring, the mixture B is added tc the flask.
After 18 hours with stirring at 25°C, the mixture cbtained is
dissolved in 15 mL of chloroform and filtered. The solution is
then purified by precipitation, by dropwise addition, from 300
mlL of ice-cooled methanol. The PMMA formed is obtained as a
white solid, and is isolated by filtration, washed three times
with methanol, and dried to constant mass in a vacuum drying
cabinet at 60°C and 20 mbar. This white solid can only be
PMMA. Verification is made by means of 'H-NMR spectroscopy. The
presence of PMMA is evidence of polymerization having taken
place. Separate characterization of the polymers obtained was

not carried out in this case.



363000 77 27 - 2/1 30 19000 12 Table 3 Ex. Bas.e | so- cyanate MVA/ Base

/1so-

syorateoksgds] Solvent/ clam[nol/L] M, [g/nol] WVEH/EPED1EHING363

[94 28 (2) (29) 6/1/1 19

10

15

20

Examples 39 to 42 and comparative examples Cl to C4 each use
2.5 g (2.65 mL, 25 mmol} of methyl methacrylate. This
corresponds to 6 molar equivalents, and on this basis, in each
cage, 1 molar equivalent of hexamethylene diisocyanate (HDI,
29) and 1 molar equivalent of 1,1,3,3-tetramethylguanidine
(TMG, 18) or 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU, 14) are

uged. For results see table 4.

General procedure for examples 37 to 42

2.5 g (2.65 mL, 25 mmol) of methyl methacrylate (MMA} and
1,1,3,3-tetramethylguanidine (TMG, {18), molar ratio relative
to the MMA: see table 5) are introduced into a 25 mL round-
bottom flask and stirred at 25°C. Accompanied by external
cooling with an ice/sodium chloride mixture and by continuous
stirring, hexamethylene 1,6-diisocyanate (HDI, (29), molar
ratio relative to the MMA: see table 5) is added to the flask.
After 7 days with stirring at 25°C, the mixture obtained is
dissolved in 15 mL of chloroform and filtered. The solution is
subsequently purified by precipitation, by dropwise addition,
from 300 mL of ice-cocled hexane. The PMMA is obtained as a
white solid, and is isolated by filtration, washed three times
with hexane, and dried to constant mass in a vacuum drying

cabinet at 60°C and 20 mbar. For results see table 5.



25 CHC13/3.66 n.d. 23 29

30

(29) 6/1/1 10 CHCL3/2.82 > 400 000 75

(5)

( 26y B0l bgdfseCHCL3/ 3. 76 > 400000 46 PCT/EP2010/068363
20

Table 1

Ex. | Base | Izo- MMA/Base/ | t Solvent/ M, Yvield
oyanate | Iso- [h] | Cpm [mol/L] [g/mol] of

cyanate PMMA
[%]

1 (29) 6/1/1 18 | CHC1l:/2.80 112 900 |69

2 (35) 2/1/1 18 |bulk 267 000 |53

3 ) (24) 6/1/1 48 |bulk 209 000 |51

4 (25) 6/1/1 18 | bulk 141 000 |28

5 (29) 6/1/1 34 | CHC1,:/2.83 >400 000 | 60

6 (15) (34) 6/1/1 48 |bulk >400 000 |73

7 (25) 2/1/1 18 bulk n.d. 56

8 (18) (29) 2/2/1 18 |bulk n.d. 89

9 (29) 1/1/1 18 |bulk >400 000 |30

10 (o) (25) 1/1/2 18 | bulk 13 000 24

11 | (17) | (29) |&/1/1 18 | bulk 66 000 64

12 (29) 2/1/1 18 |bulk 7% 000 80

13 (1) (35) 6/1/2 18 |bulk 106 000 |29

14 (10) (29) 2/1/1 20 |bulk 161 000 |25

15 2/1/1 18 |bulk 107 000 | 100

16 6/1/1 18 |bulk 203 000 |82

(11) (29) '

17 25/1/1 18 |bulk >400 000 |73

18 3/1/1 62 hexane/2.02 ! 63 000 83

19 6/1/1 67 | CHCL:/3.00 113 100 |65

20 ) (29) 6/1/1 20 | THF/2.21 77 800 57

21 | (227 ] (29) |z2/1/1 24 | bulk 229 000 |58




31 (24) (26) 2/1/1 54 CHC13/2.60 > 400 000 18 32 (22) (29) 2/1/1 71
=13/ 2. §60091/088856Tabl e 4 Exanple M xture A M xture BPRN/EREH1/068365 C
HDI (29)/ MA  no 02 DBU (14)/mmA 21

Table 2
Ex. Base | Isocyanate | MMA/Base/ o M, Yield of
| Isocyanate | [h]l | [g/mol] PMMA [%]
22 {(2) (29) 2/1/1 & 167 000 6%
23 (3) {(29) 6/1/1 6 229 000 47
24 (29) 2/1/1 6 88 000 74
25 e (26) 2/1/1 6 >400 000 {23
26 (29) 2/1/1 3 63 000 77
27 120) - 2/1 30 19 0090 12
Table 3
5
Ex. | Base | Iso- MMA/Base |t Solvent/ M, Yield
eyanate | /Iso- [hl | Can [g/moll of
cyanate {mol/L] PMMA
[%]
28 (2) {29) 6/1/1 25 CHCl3/3.66 |n.d. 23
29 {29) 6/1/1 10 CHC1,/2.82 | > 400 000 |75
3¢ =) (26} 6/1/1 i0 CHC1,/3.76 | > 400 000 |46
31 (24) (26} 2/1/1 54 CHC1l,./2.60 | > 400 000 |18
32 (22) (29) 2/1/1 71 CHCl:;/2.66 n.d. 24
Table 4
Example Mixture A Mixture B Polymerization
C1 HDI {29)/MMA - no
c2 DBU (14} /MMA - no
C3 DBU (14)/HDI (29.) MMA no
33 DBU (14)/MMA HDI (29) yes
34 MMA/HDI (29) DBU (14) ves
C4 TMG (18) /HDI (29) MMA o
35 TMG (18) /MMA HDI (29) yves
36 MMA/HDI (29) MG (18) ves




.no 03 DBU(14)/HDI (29) MVA no 33 DBU (14)/MVA HDI (29) yes 34 MVW HDI ( 29)
DBU ( 1%)0\0$1/045858G( 18) / HDI (29) MM no 35 TMG (18)/ nRCT/BPROIEZ08363s 36

10

15

20

25

22
Table 5
Example | MMA/TGM M,

(18) /HDI {29) [g/mol]

37 2/1/1 1 170 000
38 6/1/1 2 940 000
39 10/1/1 | 2 270 000
40 14/1/1 2 670 000
41 20/1/1 2 530 000
42 40/1/1 4 220 000

Examples 1 to 25 in table 1 show that the components A and B
of the invention can be used diversely, in some cases even
just at room temperature, in solution or in bulk, as

initiators for methacrylates.

Examples 26 to 32 (table 2) in turn show combinations of
components A and B which can be used as initiatorg in bulk at
relatively high temperatures. Examples 33 to 38 (table 3),
accordingly, show combinations in solution at relatively high
temperatures.

Example 20 here is a system where components A and B comprise
an identical carbodiimide, which is added in one batch.

In examples 23 and 24 a trithiocarbonate was used as base.

Examples 39 to 42 (table 4) show that the method of the
invention for initiating a polymerization operates in those
cases where the monomer and component A or B are introduced
initially and the other component in each case is added
subsequently. The initiation does not operate if either
component A (comparative example C2) or component B
(comparative example Cl) is missing. The initiation also does

not always operate if components A and B are introduced



MV HDI (29) TMG (18) yes WD 2011/ 085856PCT/ EP2010/ 068363 22 Table 5
Exanpl evdyMd4 T/ek¢<) / HDI (29) M4 Eg/nol] 37 2/1/1 1 170 MONEIR066/068363 940
000 39 10/1/1 2 270 000 40 14/1/1 2 60 000 41 20/1/1

initially and the mcnomer or monomers is or are added to this

mixture (comparative examples C3 and C4). An exception to

this, for example, is the initiation from example 32.

5 ©Examples 43 to 48 are capable of verifying that particularly

high molecular weights in particular can be realized with the

method of the invention.



2530 000 %éﬁéyggg)% 6220 000 Exanples 1 to 25 in tablg~ 'f‘lﬁﬁ%‘i‘bﬁ)@ 63t he

conponents A f the invention n be used divers I'n sone cases
even just at roomtenperature, in solution or in bulk, as initiators for
nmet hacryl ates. Exanples 26 to 32 (table 2) in turn show conbinations of 10
conmponents A and B which can be used as initiators in bulk at relatively
hi gh tenperatures. Exanples 33 to 38 (table 3), accordingly, show
conbinatiog %g solution at relatively high tenperatures. Exanpl e 20
here is a @é fh wher e conponents A and B conprise 15 an identica

car bodii mde, which is added in one batch I n exanples 23 and 24 a

trithi ocarbonate was used as base. nples_39 to 42 (table 4) show that

t he met hod ofl ¢+ ReMPhGeRt F6H FBFtPﬁF%PQtﬁn@oéyﬂéFﬁﬁéﬁﬂfétlon operates in

t hose 20 cases ﬁﬁgEchQ§ ;ppRoner and conponent A or B are introduced
initially and the other conponent in each case is added subsequently. The

i nitiation does natn ogeratihd fpcéjytt’rmrzzﬁo:rmneasﬁ A (conpar atdvenexdipl e 02)
or conponent B (conparative e SSi he |n|t|at|o al so
Goes 25 not - al way o D HE T COMPore R RIE B e S

2011/ 085856PCT/ EPZlQ-Q.Oc{}Qﬁ?&ﬁng%ﬁléﬂﬁ tAd ald yarandsdheanongr Hor nononers is or
are added to this mxture ((conparative exanples 03 and C4). An exception to

this, for exanpl e cdsPadieinifiaiation from exanple 32. 5 Exanples 43 to 48

are capable of verlfy t I r S
particul ar can be rea |ze#m%3¢§%ﬂé%¥:$%5%1Q?%%%e(%ﬁ%%% |0‘%’1‘fal ek
2011/ 085856 PCT/ EP2Z 168363 2 CldinorieX metdwd ddied Mdpataingla

pol ymeri zation, characterized 5in that the polynerization of a vinylic
monomer M is init iRy W R Tttt Q\WHRP%% onent B, in that
conponent A is an isocyanate or a carbodiimde, in that conponent B
is an organic base, and in that 10conponent A and conponent B are added
separ at el y fronirbee reatdtdier aso allssmmshofer Maim 1, characterized in

that the polymerization 1s initiated by adding
15 component B to a mixture of component A and a vinylic

monomer M.

3. The method as claimed in claim 1, characterized in
that the polvmerization 1s initiated by adding
20 component A to a mixture of component B and a vinylic

monomer M.

4. The method as claimed in at least one of claims 1 to
3, characterized in that component A is dodecyl
25 isocyanate, ethyl isocyanate, hexamethylene 1,6~
dilsocyanate {HDI}, an HDI trimer, cyclchexyl
isocyanate, tert-butyl isocyanate, phenyl isocyanate,
toluene diisocyanate {TDI), isophorone diisocyanate
(IPDI) or an IPDI trimer.
30
5. The method as claimed in at least one of claims 1 to

4, characterized in that component B is & tertiary



2. The ”EtﬁQf dinclaiml, characterized in

poI ynmeriza %é’flé&%sﬁs ated by addi ng %g;conponent B to%ﬁk?ﬁ}ﬂéﬂ%&@
conmponent A and a vinylic nononer The nethod as clainmed in claiml1,
characterized in that the polynerization is initiated by addi ng 20conponent

A to a mxture of conponent B and a vinylic nmononer M 4. The nethod as
claimed in at |least one of clains 1 to 3, characterized in that conponent A

i s dodecyl 25isocyanate, ethyl c hexanet hyl ene dIISOC anate
(RUIDY  hn FLOTSTIRRES © AR B R ¥ 28 ayanabe, CLOvELbt=Y CBRVARG: ob
phenyl 'SOCyanaéﬁbéz@lzﬂﬂi\ﬁo@éﬂls&@N@I@tiﬁoﬁapl dr aseﬁh@mw@aﬂb@mwanate
(IPDI) or an IPD trimer. 30 WD 2011/ 085856PCT/ EP2010/ 068363 25 organic
base, preferably an organic base having a carbon- nitrogen doubl e bond, or a
trithi ocarbonat charact eri zed
i n 5t hat the%baf%einsie%krlioilm ne @falﬂgél‘ﬂ 3hg%ﬂa}as cl jaigrn%%@%ﬁi% %.I ?nﬁ
charactseri zed ithahathéh®a®3535|anahnnmazol|ne or an isoxazol one. 108. The
method as clained in claim5, characterized in that the base is a
thiazoline. 9. The nethod as clainmed in claim5, characterized in that the
base is an am dfine QLrRoGuaRi & Dened5id0:1d08 @EtBQQréétgiﬁkéﬁdlhn claims,
characterized in that the base is a carbodiim de. . The nethod as
claimed in claith®; charbeterizeshiox20thatet e @@ses®$aa@1®m$dazole. 12.
The nethod as clainmed in at | east one of the preceding clains,
characterized in that the polynerization is carried out as a solution

25pol yier i zagi. orhe btk O ydresi gahe®nin ead i 0R, pohyr®eteal oM, isuspensi on
pol yneri zati on, m ni enul sion polynerjzation or mi croemul si on

pol yneri zat i on. tIBOA 3t hehee st o ash 320 i n at | east one of the
precedi ngcl ai ms, characterized inthatthe isocyanate is a difunctional

i socyanate. WD 2011/085856PCT/ EP2010/ 068363 26 14. The nethod as cl ai ned
in at | east @nerlod méehqd exedd hayicddi ive, cthanatt echaedcieribad tthe pol yner

obtal ned from the yethod, in & GEC meastenent, agal pot g, pol ystyrene
i5

10. The method as claimed in claim 5, characterized in

that the base is a carbodiimide.

11. The method as claimed in claim 5, characterized in

20 rhat the base is an imidazole,

12. The method as c¢laimed in at least one of the
preceding claims, characterized in that the
polymerization is carried out as a solution

25 polymerization, bulk polymerization, emulsion
polymerization, suspension polymerization,

miniemulsion polymerization or microemulsion

polymerization.
30 13. The method as claimed in at least one of the
preceding claims, characterized in that the

igocyanate is a difunctional isocvanate.
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vinylic 10 nononers M are acryl ates, nﬁghacrylates, styrene,
styrene-derived nononmers, a-olefins or mxtures of these nononers. 16
met hod for initiating a polynerization, 15characterized in that the
pol yneri zation of a vinylic nononmer Mis initiated wwth a carbodiimd
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15.

16.

17.

18.

a2 QIIE Sy 369§§{§Q3n3r5g5é532%§ 9&g§@§sﬁe98§€ﬂ§$£rage

molecular weight of between 5000 and 10 0G0
000 g/mol.

The method as claimed 1in at Jleast one of the
preceding claims, characterized in that the wvinyiic
monomers M are acrylates, methacrylates, styrene,
styrene-derived menomers, o-olefing or mixtures of

these monomers.

A method for initiating a polymerization,
characterized
in that the polymerization of a vinvlic monomer M

ig initiated with a carbodiimide.

The method as claimed in claim 16, characterized in
that the polymer obtained from the method, in a GPC
measurement against a polystyrene standard, has a
molecular weight of between 5000 and 10 000
000 g/mol.

The method as claimed in either of claims 16 and 17,
characterized in that the wvinylic monomers M are
acrylates, methacrylates, styrene, styrene-derived

monomers, o-olefing or mixtures of these monomers.,

d as
t the
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