I I —————————S

0O 068 887 Pescription Technical Field This invention relates to a process |
for poI ymeri zing pol ar a-ol efinic. nmononers to "livi ng" polynmers 5 and to |
the "I 7Pving" polymers produced by such a process. Background The 1:1 |
addition of "[err]-unsaturated esters, ketanes, and nitriles to activated
" donor " conpounds, for exanple, siji pgg-g88y tin-containing "donor’

(of o] nds, is well known. Such reactions may be referred to 10 a ael
ty “ addPesBPHMeact i ons and are cat al yzed by bases, such as a fluaqLi or
cyani de, 19dhnRy FlefM S acids, such as zinc chloride, boron trifluoride,
titani um t etdigeitntén datesGUa prgebisOBe folrh@iing Bolarta-olSicgBondinedlto | nvﬁibemlymers
Letters, add to63"I{ib§7Bdlyrairswbdised byhsuch abrocessret hyl vi nyl ket one or

cycl ohexenone i s enpl oyed as a M chael acceptor in the presence of

O si |yl aeHaieu mﬂ.@&s@ﬁiﬁa&s roh okt ks AR iR ated ABnGISShdh fduct
i s obtai QW HritiRlcststaim E:Q hds, mmm@uogu b adlio re %
poI ymefo \%g%lr:glligél t\;%Eagéd;tmﬁaéaﬁbnnéand aiemtal\fz:dad/ ifaaeh, SIRBASa i;roedmreednnﬁea} ;f/ Deéwis

m ni m zi Agdy, h@hbyﬂ edhide, bwnwtyprﬁ? gwmeetnawwe m'lde‘!geaéhmel de catal yst
by includin tﬁ}mhahﬁacc t rlntHepresen)e § V%% tepe ac alé{g’n etc;pﬁgcgcl elﬁ? %ﬁ
717, 057 QLAEH S e ok Yl 2b yrhiric St b5 Tile gotjmidhbfad
Use asss ndoRk Iicféht&féd laRd nB#hs RFeSdistiosdd fe.nmm mifiey awsroamlw Modityg MeOstaidm On.
sofpolyrraschniechtayaby tuludigebswithienien teteisomofve fitdatd: errf: s grvderaierd er" z
.ment hyl . R US$.R. Batent 727,96 disglpsep e'igpqosﬂ'mwcﬂaiﬁ gftpefgrmya U.S. S R Patent - -
715,583 dlsclosestrlrrethyIsH%M 0f,)theforrrula[err] useful ;
S T ntgrmedi at esTinTt e mandfacture naI§ piasticizers, and o
pol ymer s anditdirase agintebriddidtdsah tlﬁ&&&daﬁ‘dtldeaf ﬁﬁdm?@ﬁﬁmﬁ% @odlictioh df @otmers and
menedf act diotionvagantsi whiteinsR wgsglarcaux GHECEH; ChirrGCRHI)S of mamthylaRKigl Ci-3@lkyl or

5 H( ; '
1595525 fgﬂ:v%&eﬂa ?ﬁt@nfﬁii *%rf"s%‘gﬁﬂf }f}"‘gjﬁtfﬂ% l'a?a*ﬁ%tﬁ@ o Ralfive s f?ﬁn? e

" pol yrrerl zation of "si rrpl e AN Ky naKLc ,(mz@: ‘their enol at e ions during”
M chael addition reactions. The use of trialkylsilyl groups as tenporary
~protect awsgulfaenntﬂyvdwmyh themanufagture, of mediginalk, pipgticizadssand welvmens)and G#p@'\cgﬁurqls*" -
wel | kﬂ,owgstmc ides "ﬁ}"mu?’@ Rgufaguf WISt X4t oxvoRp or G aehBif fon! Sy g7,

(1980) '°"i§'r'§2"ﬂs¢" '°"és'¥ e ib e ) iBot BY1 W8S AsNIREL Sy RstoRleCBArbval fhe

"1iving" degmgfition Jf REnply SMGERSY| RIS Uis el oRBIRE RS dWMink Midhad| additichtrearaarer di nat e

“or gano- Si F | Tieruse ofitdpakyBivil proyips as renpoGavTocteréankseion fudmp(bfuymns eatova by subsﬁquerat or
- cont-ai n| dratvs"f'esa\sﬁe" '@ﬂ fnihe ?'&fq’ 9 "§’i‘9cr SUW‘ E’rr,r’ 0'3, i

—saurce®af_hihg 'J ';[\ ?ﬁt é%pa' b

'_.___LeWI s ac':\aono dgﬁﬁ Ql; Q UtFaéso cf'lm e h 869}9 _ m,' %%E,

“pr oces s o.imap& cHEBIhInG mngast .mam;ma aﬁda( :)ewoedamtwmch ) sgrrcum befmaeclesﬂuoﬁge.
45+ cyamde, and azide ions or a suitable Lewis acid. [ err ] 50 7 -

| @pt ],,,.5{—3@ éﬁﬁ ure °E§§ S :Ehff ©0f<: WO iRt dbrrme @H’—’&IG( O X - Q) K 60
Yis -H] _
isioH.- Orof er r icl F\lh]e p%%\é Bﬁggmenﬂmwﬁﬁonowgsglg fgc}mr ﬁ%rgmgo@ ggmg i

|nae/pendently sel ected from [err] -alkyl and [err] aryl . or al karyl; Ris
[err] # kyl, alkenyl; or-al kadi enyl:- &#2F€¥¥%} - cycl oal kyl-, aryt, al k-ary-l -or
aral kyl, any of said groups optional]ly containing one or nore ether oxygen
atons within aliphatic segnents thereodnyae optionally 65 containing one or
more functional substituents that are unrdactive under polynerizing -

condi t$¥ons; and = . 0=¢ C=0

and mixtures thereof
whereln o _ _
Lo - X is —CN, —CH CHC(O)X’ r—ClO)X' o B
" 60 “Yis —H, —-CH-,;, —CN or —CO,R, provided, however, when X is -—CH CHC(O)X’ Y is —H or —CH:,,
' © . X" is —OSIi(R")y, —R, —OR or —NR'R"; -~ - _ _
‘each R! is independently selected from C,- 5o alkyl and C.,_,., aryl or. alkaryl N RN !
"R is Cy-z alkyl, alkenyl, of alkadienyl or Cg_5 cycloalkyl, aryl, alkaryl or aralkyl any of said groups T

optlonally containing one or more ether oxygen atoms within aliphatic segments thereof and optionally

."" 65 containing one or more functional substituents that are unreactive under polymerizing conditions; and




0 068:887 each of R and R' is |ndependently selected from([err] alkyl
ontactlng the one or nore nononer g noﬁessyolyner|2|ng conditions wth:

thé injtiater of the fornmula [err mhereln is as defined above; 5
rdepcselopted Yj
S an actrvateiaqlvg>f§u49§tﬁ”t'weﬁﬁpe p gte psi sting of
I o GO N )
[efr}-35 40 an@ 'h Lﬁ wherein: X 1is as defined above {or-the

nmoBoer; each ofis £r€£di at.a@ehbgtanen} sanateumdepmdemmoys'sebett ed fromH, [erT

?yl and al kenyl; [err] aryl, alkaryl, and aral kyl; any of said groups

-ex@ept H optlonally containing one or nore ether oxygen atoms within

al gphati c segnents thereof and om?% onal | y dh ai ning one or nore funct i onal

suéstltuengs that are unreactive junder 50 E ner|2|ng conditions; Z is O
N, mis 2, 3 or 4; n i<, 4 B and” , Sn, or Ge, provided,

ho -ver, mhen Zis 55 [err] orl [ erk3 NIIS Sn or CGe; and 65 (ii) a
cofcatal yst which is a source of ?Iuorlde cyani de or azide ions or a
sugtable Lgwi s acid, for 0 068 887 exanple, zinc chloride, bromde or

i ofli de, boron trifluoride. alkyl | um num gxi de & an al kyl al um num
chtoride, or a source of |quoq|de ions [lerr], |t o produce "I|V|ng" polyner
haV|ng repeat units of thg_ane qg_nore HDQQ#EH?C{W "l'i ving" poLyner is

 reant war polyaer ‘ofrthe-ihyent i or-whi€ h=cofitains lan-act:ive 4er mnal: group T :
and.is 5° capable of pol y&erizing furtherlin the presence -of nmonormer ( s) and
colcatalyst It will be uﬁafrs od. by one d in the art that the |ast
fo@r menbers of the afores otp firom whi cF®the activating substituent Z
is’selected are the respective ketene inine or enol forns of the previous

" f oy membe¥s of the group. The mixtufes of such nmenbers which are operable

_het ein include, but are not | i mRfed to. the corresponding. cyano.im.ne.ar...

kefo-enol mi xtures. 10 The polyders produceﬂ:bg gdhe proqg&&:eéa%he _

o e

“in{ention are "living" polPe? 5 Sf t he formjl'a} 15 | - [err] 20
25 mhereln” Z'is selected fromthe group COMSR%tlng of [&rr]
35
40 L .
g e et o ey - e et N
.-:.:!:-'--)-q-.‘-ﬁ .1-._*_-._;.-_.-.-...,--::-. - ._--n«_.and mlxtures thereof S e e UL gt WS e T L e T LA e T v LR et ey "-W-"::.:;';-.~4.=_.t~'-_.;u-:.-._,a-w‘_-'.:.;-,,_.-‘—‘.,-_.,_..;
: 45 wherein: b cor th .
P . X' is as defined above for the monomer;
% eaéh of R? and R? is independently selected from H; Cq_qo alkyl and alkenyl; Ce_1o aryl, alkaryi, and

! : roups except H optionally containing one or more ether oxygen atoms within aliphatic
- s;aglrtxye!n:: Zh:t:glfda?ld ogtlonalls contglmng one or more functional substituents that are unreactive under
'5 s0 polymerizing conditions; -

1 Z'isQorN; o

mis 2, 3oré4;

nis 3, 4 or 5; and

M is Si, Sn, or Ge, provided, however, when Z is

: ' R : : o R -
\ 1
: _ o —~0C—=——=CR*~ e ¢c——C—
6o . - . . ’ . l ) . or ,' L» J ]
o R 0 CHA
. Mis Sn or Ge; and '_ ' ‘ :
- 65 . (n) a co-catalyst whlch is a source of fluonde, cyamde or azlde lons ora sultable LeW|s acld or o
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;-CN ¢ [err] -, [err] , [err] and err]
h of a and. b i s independently selected fromO or a nunber in the rd & 1
B about 100, 000, provi ded 40 however, &g + b) is at least 3; Qis the

[ 2l ent radical selected fromthe gro 8fting of [err] : [err]

- 4 ] , exan{p%r Side Mbribi€ ofdmide or iodide, borbf trifliofde, ARMhIFININ bRge SN HQfalundlih

o j emai Ni NYcHYHIB.Dr § sdlr& oRBiflGkeEE RATHED@\ERodutd “livingT iGher Yavinppeestinitd dfalte dneer

gc’ nenber s wbretrhaogesup defl n| ng Z" are the sane as the first five 65

jvers of the @ \é@%lp e'z &ep gofzheq g @%‘W"R@W%‘QTWP%’%W%"S

al'so is apf)aﬂ bi rs a'l%y e skill d gg?he lzsl(tyc}uplgemz)égifwa&géa;d group from

fgVi ded by hrﬁnclﬂh@ﬁ&tﬂvﬂﬁhg JEHIOEHE 2 isQ le&télﬁr@ih@?e@ﬁ&tn@ keteMEmind\6EéHol fafns cithe previous

@ oi nal | y depiuchetbebaie,graip. The otixtures df sidh mentbesmbich ate operatiiehdrgn imcludenbut are not

i nal gr oufimftasite,|theggorregpending syprpgmins e kesg-enohmiysesyer i s attached to

Bbon i f the ao’“&@%’h’f“’@pﬁﬁt"t‘*d P¥the fraogss of e Svensiepereaiing’ eoly™rEoE M8 fmulh (o

MmN if the adj acent Qunlt Isinits enol form Both tautoneric fornms may

2 xi st in a given "living" polyner )Qf the 5 invenTion. The."living"

Syner of the invention can be a hofrogol yner or a copolyner dependi ng on

> nmononer® or nononers sel eét’ eHCHoIC Lrge—t GHtHre ChirodessAMR ) he i nventi on. _
eover, as W II be di scussed nore Glly hereiraftgr, the "living" polyner

N be: L ARET: or. ‘branchedsand; - dependt it ngs ];?C& getamon =of o X¥or 2 s Farthe s

@ mul a, can be used to prepare crosslijnged) r4..and bl ock copol yners.

' Mo#omers which are suitable forluse th thé’ﬁractlce of this

W ention are, in genheral, known compoyrds and inclgde; but are not Iini t ed
the follow ng: nmethyl nethacrylate;l-butyl nethaerylate; sorbyl acrylate
gnet hacryl ate; lauryl methylacryl ate; ethyl acrylate; ~butyl acrylate;

: yI oni tri4 ewherechacrylonitrile; 2-ethylhexyl nethacrylate; ... . ...
di met hyl am n&’ ei#ﬂelctemmammlmtcens'szﬂqeﬁ net hyl - am nol et hyI acryl at e;
- di et Hoxypropyl “acryl'ate; 3= netHyacr yl'oxypr opyl™ acryl at e; B
cetoxyethyl 15 nethacrylate; p-tolyl metgacrylgte; R2
B 3, 3;4; 494, - héptaf | vor obut yl acrylate; rret@yt ‘enegl’ nal ohoni t I"I I e; |et hyl -
yanoacryl ate; N, N-dinmetgyl acrylghpde enyl acr g-ateiC—
@et hacryl oxyet hyl acrylale and Ilholleate ropyl{ vinyl ketdne; ¢thyl,
Ehl oroacryl ate; gP¥ei dyron®¥hacry$al¥;. 3- nét hoxy ropy"}"drr'et acr Iate
(T-propesyTy oxy] et hyl ngs hacryT ag® “and ack tg, phenyl "ackgh 2
B trimethylsiloxy)ethyl nmethacrylate; -and all: yﬁ 2d%krylate and et Hacryl at e.
ef.erred mononer.s...incl-ude..nethyl .oet.hacryl.at.e....glycidyl et hacryl.at € .-
byl net hacryl t [
T s LT EI b i o) e o Bl B o 260 B woes..
rcet-oxyet hyi rmtshﬁé:dnydléht ﬁdncﬁ@de&ed(fd*rnmé bbbhpcmm)oet hyl methacryl ate: :
hyd-.pet-hacr ytat-e~i.s- nost--pr ef-er red.— -As«i-npdi-cat-ed-above-in-t-he- defi bt 1D
Rin the formulas for the nononer, substituents havi ng oxygen-,
R rogen-, or silicon-containing groups which are devoi. " of react>|<| ve
frogen atons, under polygerizing 25, conditionsy,ahe ggerabl e. ggroups
h as [err] and ' CONH2 ar¢ nonreact|"e under . suc| condltlons an{f, - :
grefore,. can be tol efGed- .On t+aH,0CHer har@H,e¢-0lps such RHFEFY], and O—I
e reactivyg under polyner{zing conditions. In orderfor nononers contalnlng
JEh groups on the R substituent to be useful in the invention process, the
bups nust be chemically protected, i.e. deactivated. Mnonmers containing
h deactivated groups are useful in the preparatlon of pol ynmers which,:
)n treatent to renove t he Prqtecti ve grod HT3 functional sites
png t he pol yner chai n. Monorgers ich containgsuffecpently sterically
dered ami ne and al cohol gyboys #Rgt " remain Qe(t/under reaction

RPN

ditions may be used.’ dir@&t!|yNwitHut deac®ivation  Initiators which are
ful in the invent.ion process lncl ude, but.are not limted to, the -~
| owi ng: : : _ S _ : L

and mixtures thereof; and all remaining symbols are as defined above. - - '
-1t is readily apparent that the five members of the group defmmg 2"’ are the same as the flrst f‘ ive ..
65 members of the aforesaid group defining Z and are cyano or keto forms of Z. it also is apparent that Q is a
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o~

( - fret hyl - 1- propenyl ) oxyl t ri met hyl si | ane; X,
2-(t hyl silyl)isobutyronitrile; eighves 8g7 3° fQ
(tri ‘yIS|IyI acetate met hyl 2- met hyl - 2- trlbutylstannyl)propanoa
[ (2-.ngLhyl - 1-cy Eﬂ%ggﬂw %ee ;:;’idr VD‘HQE 'Ps't’a praers Ptthrreto rst th rn:fq;tonll as@ngm:u\;
$ e livin
][njf’ hyf 2- et hy| the pdirhdr fEtk LL@% cgﬁé&iﬁh S}aﬁwﬁr is :-:irelsine%g etero atom (go oernN)c:f

Y )oxy] tr Itﬁﬂi djackrd 0l LA B in its enol form. Both tautomeric forms may coexnstma rven lv i fth
[(‘?‘*. Et hyl - 12 prioysetest i dene) bi s(oxy)] bi s[trimethylsilane]; % ' mg poImfro °

(et Hoxynet hoxy) el |"919 19 ipvepion anelterry hqmqpalmeer mmwvmer dependmg on the
[(2-get hyl - 1- (trFrg:-‘ e 4:3?"; é Eﬁf rr%ggﬁ& o'f‘ rgj n%‘&asial an. Moreover as will be discussed
[ (1- @ret hoxynmetdrxyy A fdm el okSk Inrk Jﬁf% G%aﬂé’é’ iﬁgtﬁﬂecnonofx

[err]-1940 Wonstdrs |wmh I"ajé Stluiaylle )Yorlus3, in-the praciite dfltﬁgﬁ’ﬂvaﬁtﬂn 8¥dral, known
a, a' bi s(tri matqQY‘PSW P d—'ﬂ"'@‘*b@ﬂ!@ﬂ’@df'ﬂtﬁét@ﬁ@ follalwiry: memvrmethmwmel butyl methacrylate;

, 5- h@xadi ene 1, a3 afem gqhglia fﬁe ethvl acrvlate. butvl acrylate; acrylonitrile;
[ (2- $thyl - 1- pr o et ac i I hacryltate 2-{dimethyl-
a
i met hyl st aﬁaydcmi@pmate&ac ul 232£§, ,4), 8, Mri ﬁinré 3 ﬁ ﬁ?:ﬁ:y :::z:
[ (2-frethyl -1- [Rrvenvaérvidend 'Qémwya)ci'vhhﬁ{et I‘4Irf|imﬁ°bwn$“ C ; ,2 methacrytoxyethyl acrylate and

2-(thi rret hyl Si %’i 8%3 ‘PYérY nyh ketqme; ethy| ch(qrqacmatehwl levlnra chylaten Sertaitiaxypropyl meth-
tg met

)@yﬂet Ryl SFY Igqu‘?ﬂt jmethyigiloxy)ethyi
'.ttyt S f:tor : 3&, e tm o Crylate: Sorbyl SEIs o e
L 2-(tiiethylsil wléﬁmetyahethaablatat étha% l?étﬁ;(l Taérwerﬁt % é%:hsﬂ:%bé%acg Y O (”m:::z:
[ (2-Fnmet hyl - 1- entyjdte. erﬂu'l mEbiayie ganost preferred

- [7( 1- et hyI oxy-2 b a 'Elé‘ﬁg % r?@rmsmgltmm%neen wﬂ:stntuents having oxygen-, "~
) ymerizi
(2 pethyl - 1g] I?gmm e b 38§‘§'t’} {bst d:,e,fﬁgam Z‘?’:*ﬁélfggﬁﬁﬁtb&éﬂggs%@ﬂi%ﬁ Hions and
n the other han Qu
_[(1-pet hoxy- 2- rpelylmetizin-coiditpes) Y ordut foir hbhdiﬂrs’bbhﬁgllofngsl&cgr::ps or21 th:r;t substrft::ntntaoacb}evjs:fz‘ljrer:,.
[ (2- Jret hyI p prth%)'eYﬁy'Wden@?#a iﬂte(mgnf miust tiercherpicdily [protertadairee figactiviated.| MgHoshets\tontaining
=nitrfles: h. deactivated groups are useful i in. the preparatlon of polymers which, upon treatment to remove the * "

r-lig ctive h ve
[(2-bret hyl - 1° [ St wentR el 1 {E‘wc RTHELRGT conanesigenty
~Fri npthytsilyl d‘re&tlptdrtaodtaealamﬂor%df% erre i ni pg ors ’6'%%' ; J %ﬁns may.be used. ..
I nve 1t I on ar e e| t hneiatobenmm\ rousstuliindise |0Venﬁca:f’prb®s in r!ﬁnlarbyxoddmm tdyeeHa@®ing: {(1-

f ronf known mfspenwoxvlﬁe‘erfwlsranat or s? (tﬁ"ﬁ"ee"vabeh}@’mn'tf"e Ethv' 2-
b S A R s
—avar] 46T e T “Telrahy® ;,sy]tg ﬁla \ E l,%v h‘zm"%] rﬁézﬁ dro-2—
err] 60 6s (methotyff trﬁmétmm b;ﬂaﬁyl lernetuymrame mahﬁrte mdtiBO IRFimnethy lawmy) -pro- -

:...Q,_,.Qﬁi 887 Jerr] penvl)omlacetate dﬂr( eﬁiomrhem-mﬁethve1-dremnmmw§rsneeﬂyw@ecanm%vl aalals ..

_prephred fr &h mraﬁn hry@-rd1 J ate “vR thylgl(yl)-g,g-[ygrtzprtegta te; [1,6-di-
camdpsTTert] [er hi;l st ny) pg t -5 ::;;Ild‘l‘:v ”
2 ﬁl‘ﬂ'ﬁét | | mt "nle ;

“for =xarml €, (ékmllﬂﬂtn e{h thylgermanyl)-
E i F eacf i-oNn -t h- eacétale: clel -(Ofdet-De th E!’-ﬂir mt)omhernemls{raaér phamdl - brdthel-2lkdbutyl-:. -
- as defi ned a‘SO\F@""Y'MQPP%GF s‘efbfl 2t(wethd$lbﬂe>siateddlﬁ@ﬁﬁtﬂ@lﬁm@eevls\er mvﬂ) exgnedioate; [(2-

[egr] is [err] SO ey eﬁf e A e tf W“’é’“ﬁ?!:‘l?t&-
. proCedures. I:Or[(1 I.aro ofiylfrﬁrdﬂgéuépég g‘ eth\I- % (o ) methyl-
E[err IS as defsiael @ B)VSﬂyltlﬁtrlpé-OdtdICm- aehyii- [Mﬁﬁ&bﬂhnl&y’e@lo J’ﬂp opzlg{l)bﬂl]tﬁtn Isilane.
- anot her net H8d Trmvarl\eﬁieﬂer ledwomrtfereetdors trialkylsilyl nitriles can be
red in situ a ;{%EE ;theb ;’Uﬁ“‘iﬂé‘ﬂgg ﬁ%,PF" @S@F‘EW '“‘0;‘":

de ion erFﬁnQ:hé iyfné% té’ rcr \Eﬂ tn%!a?%s ﬁﬁf‘h ?g heﬁ:nn Ys
ual cyanide 1on can serve as a co-cata yner| za H
be understood that the useful initiators incl ude n|tr| | es, esters
s, and ketones, and their 25 corresponding ketene imne- and enol
, all of which are active in the ol ymeriz Con process of thi's
2Qtion. Mreover, the initiators whereigythe.agtiyating noiety Z
fins R doerr]., and/or [erfr].can al $o. have |kext he nmononer, one.or. -
egf uncti onal substltuents attached B0 -an af om=esa| d R group, provided -
chf§substituents do not intérfere wit h pol erEI’I zation. Functional '
Qi tuents whi'ch are useful include, "but” aré not Ilmted_ to, 30°

65 or the correspondmg ketene lmme or enol |somer|c forms R I

—
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[

solvent is fd

[err] ,{err] -OC(OR, -NRR', -CONRR', -CN, -OCH(ROR, OC(R) (R OR,
[err] ,.[err] ,: -CH-[err],.[err]=[err] and -SR Such substituents, .either
directly or- after treatnent, for exanple, hydrolysis, provide functi I
sites along 40 or at' the end of-polyner chains suitable for crosi@g,
chai n extension, chain branching, or for nodifying properties such ter
sorption, UV absorption, and the |iKe0688n88de practice of this in ron,
as described bel ow, an initiator igty forms onegend of a polyner chain
and hence said polynmers can be ter m'?nal l'y functionpalized by appropriate
initiator selection and pol ymerjteatment,, Theoceccatal ysts used in the _
i nvention process are either known conpounds orlc be prepared by 45 known
met hods ¥ rom known corrpounds Suitable, that isX Bffective, co-catal ysts
which are umglollx istehid@ ab MEOSEINDE pebars@ﬁ&n hitHidsURPRRGAHRN, i, fonel 0P Nibdftute@Nd

chl oride, oides (RAKRICHICEIX yhateinX' sy defred dBove bdrrabdeﬁlmthabtmmmmfgwtﬂ&ﬁum or
tris(dimnet h?i%ﬁ'ﬁmf%!amﬂ fatvedtoy trastion Mthet\ih';lh gfithe fomuga (R');MCl wherein R! and M are

tris(dirét ﬁi[ mtors o¥§| orels%'ig]f X\a]n (aer’e E yhar ;;Ej,l T C afrom tﬁé monomers
tris(dimet hyhodp gf@éﬁh\lé ENFErex leb t 3MHwherenR‘|sas
bi s(di al kyldafiruahwai@mbalesrn‘mz @herbih iz Juor ether at e, al
fluorides, alkali_nmetal cyanjdes, _alkall 50 netal azrdes

[@as é('éf"mﬂ??'r AR -NEFSUT o am = dRtisgorotgt Pheny st anmat e —ret“rabtﬂ—yi SNTIDT
fl-.uori de, - tetranet hyl amoni um fl uori de la dxt et raet hyl ammoni um cyani de
Preferred co-catal ysts include sources. pf “flUoride ions, especrally
tris(dinet hyI am no)sul foni um di f1'uorot resnet Ayl ~'si I'i cat e &nd tetras
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¢hl.ori de. ( Gtididg Blertig ht1h xtMe Wasﬂéﬂwitﬁ' Pirdee soav@r’t erm wa?l:tcl’ond Tﬁ:Seru e

c i ned Wt Irerpaingd g0lPofrpatylbety) methadwfdte) M, €100, M, mdoomiloyladr chI or orret hane at
(100 m ;94. 4 ol es). was added and. the sol utlon ‘was stirred-at room

_texperature PoEidli SR of BIEH U4b e vmth water, then diluted = -
wi {h hexane to plaAfplaliv @@5%9 @éam ffea '1 BRM pidoB b

40 50  Grams of poly(buty! acerylate) 3vag isolated wEb(o tgrzc%dapény%msﬂzé&@%@ig&é&rﬁﬁ%ﬂ 50
Methacrylate Initiated by MIS and [err] To a mxture of 220 mM (10 mmol es)-

of | MIS and 2. P%@“%;'z(a 0 m /ew} if{j'g.né &.ﬁi of di chl or o- rret hane was

ion th lum

sl owl y added b e es§ tri Qlt‘mméﬂ 453&(7 %Pél lo omLtf ne’at )\(N%g thLn

wa$ not ed.ss AfEtIBﬁmoléédfWéﬂeﬂ@ueﬁﬁﬁtﬁﬁh@@&tlrk €h ereﬁere\éﬁ& f RS Ghs §d
the sol vent WAMAf180mmelds)iwps atidsd drbpwitd. AM0° efciese was noted immediately and cooling was required

: to maintain the temperature at 27—28°. The solution was stirred 1 h, then heated at 45° to 1 h. The solution

- was washed with 0.1 N'HC! and the solvent was removed under reduced pressure to glve 9. 7 g of PMMA

_ _M 700, M,, 173000, D 247. . . .. .-

60’ _ B. The experiment of Part A was repeated except that no water was added to make the oxide. 5. 7
. Grams of PMMA was rsolated M, 1500, M,, 3200, D 2.13. - :

_ T Example 10 - . :
- Polvmerrzatlon of MMA wrth MTS and Dusobutyl Aluminum Chlonde .
. 68 To a solutnon of 2.0 ml (10 mmoles) of MTS 2 mi (19 mmoles) of MMA and 30 ml of- dlchloromethane
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18. 4. Exanpl e ‘& Pol yneri zati on of Butyl Acrylate Initiated by MIS and ZnB

Exanpl e 7 was repeat-ed using 100 P P -butyI acrylate in place of t

n- batyl met hyacrylate. 9.0 50 G ans 0 butyl acrylate) was isol ated

wi th:an [eraS]ad‘tﬁﬂ1@80@00051'710!@)%#"32‘3809'"'"[!)%°2'8"deem [tesnrg faPtSr y%;?m@amw of
ar'le a

VOURLRl - etk ihabipRes sl T o d’gw
added 55 5.0 mrol es of water. The mxtaotareprwms sti rred 1 h at room

10. 0 ol e&§*5f
t enper at urfealmedzahﬁn of VWD |IritBated bM‘lSVlmvadzdwdnvlmmn tmwammrr é@ d\é@radded
dr opwi se. $@ AL frelesbef EaBre: ' ﬂ&f MES 1

tggrzzi;tzéao r‘t‘%ﬁ il Al I hined ess T Jottt‘?

sol vent was rermved under reduced pressure to gi ve 9.7 g of PNNA [err]
700, Jerr] 173000 247 60 B. emeﬁx riment of Part A was repeated

except t haftot i acrylatey
isolate .,rsr:tg*‘:: eeﬁf ‘3%7 e R
with afafpérhtufe®Ridivy-10°0A ftHiﬂvEerﬂﬂ rnl re d Solidtiof 61 11l @IOT0 rmSledib

..mmol. es) of inGASHI, ¢t MMA (rL8fieuntyl mssage indebVérgamaved Beural mmrda)cahdt &4 ovref htavleac@late

~ 0068887 wasnfad@waisa%wﬁer rgon svmrtet,)aluoinaums@ﬂs!a# ;Jserﬂftmmnemoamt r!t.e,,att i

45 renmined 8.0 g of poly(butyl methacrylate), [err] 8100, [err] 149000,@
2
e

roomt e%p ercart t%l: l:::’fa: rem er ccE:f ePrrj‘gS‘ﬁHs:rj:i‘ \dex ution. 529 g%s' wa'gﬁ @gvgfth

~over ol e.)enar@a b (il AU Grdsbid “‘L’" .

washed wi t\ruamk 90,131l b B btsinscerh dfo.s@uyﬁbryl&hﬁacgyraé) ofthe' T
ferr] 3500gro t@t(ro fir8 160 the abseAcedkd MMA polymer repeat units in the poly(ethyl acrylate) GPC M, 500, M,,

‘Exarpl e_ 1141 fthesa M- Yn1089- MVA I nititated by '

RNE 1~Wﬁex+&~@wpenytmyltr iethylsi. MES). and ZnBr2 A mxture of o
2..25. 9. (10cdpoyietiRtdn Sfeth¢Bindate &d%o%y(%é%frg}e mol es) of MIES T M {94

mol es) of MwATandtirdd miktuaf of disZ lal (0 NS rivine) ofasTSSdnd0Osedl @t Af @fstdmdtiofanndy =
~The reacti %!lfom\lmtddlueromtmélmamommlwtﬂérmlaﬂdnhVIﬂl@U@ ahvr-'lrpfqr 'endemson was

oncent'?"at?fde‘ut’fﬂé 's‘?'édﬁ?.’ ah“ %Sﬁ"%% @? A aﬁ;;';:;,
M% vl % ¥ een 35°

e

[err] 300 retg qaol

~Acrylate | JhdMEeT rear&mg SoiGtfon ed 6t 1baerar1ttaéneteaqa nd &eatrsétéaw. exane,

. .solut.i.on..ofiviBg 28redpite. oboilylpolydher whiahl ves yagied fhEéH)ttdleeMtIWexaneracd drigd endommimo g’dﬁb rrt

'Of anhy#r o8 PSPdﬂT‘Q‘,’hT‘JOfF’B‘FﬁEIPH@M @‘eLH?UE\e' @‘VQCHJ? Ovgfany treqpies 'BR!’GE‘G"! 2‘930!}"&%? ig i
ng

, 20 mmipfizeelve AT peeppifsipds g vBh pexp jed atf0
- t S——— ﬁrﬁ?h%}l spect l§t9 monipf?l prer;s vl}jdega)g %%t: gmera W ??e gposm
- of .MVA..(.pu150b,iIM 05809, m&mg& M eoooar gon. over neutr a um na) and 5
et hyI aex yI atBeA fon b egbfihe emndendmgomsmwpomemmmbnm ioE hwafs‘ RS

'_added drop ‘hV 'é'iG'c é’?@ﬁﬁcﬁﬂtetﬁl:? mﬁef‘giag"{ﬁha&@r’“' %’\y gf’ tm

. add.ed. a’ é QE \g#gléa a‘g%ﬁ: ﬁﬁgjt q‘ira %rdn s‘ggf
addi tion het,. Bied 83 1 Ee,, orrer—rnrtrator o) u I on. e resu |ng
mx:ur esanas washed with water drr ed [err] and evaporated under reduced

pressure |n a rotary evaporator AfterEXPen*e\?&I of voI atr I es at 0.1 nmthere

0 ization of, |
was obtai n ?:P LK:% ﬁ f:{t{grw#tl a‘y rép %’( o|ut|on oft trab ty am%ur%elu rJe
of the pr OQH'QQV an ﬁcléth ﬁ@urq Qr‘ﬂrce b
pol y( et by filgeddy larﬁi fh frlt was| dilifell with Gin e[q&dl rv])lurﬂllQﬂanhWraus?T HH 18 eywe a MrﬁUge

25 Copol yrrwutrpabf R Mabtrabity tnnﬁommlfm:edeand Sorbyl Acrylate A. To a stirred

m xture of Q rr§dlsohqtron o te 'dizg rr% lu grige{THE fn of anhydrous THF at
a }
T (o m R r&gﬁi PR e o
m  of a@hydurrom& tE:ﬁerﬁ Mh@ Boi fnt adr(hg 'iheV)ﬁ&tl After tl H%E‘éb&&l tb oot
m Xt ur e of tempdrature, {t 0Os ervmdra&) in Gécuetrhglliqumcés)duaflves c(:gsulrred‘m dichidympaseagewashed
t hr oug h nemtlp whter, dried (MgS0,), and evaporated in vacuo to give 7.6 g of liquid poly(ethyl acrylate/MMA). The

MR spectrum at 90 MHz after drying at 0.1 mm showed a polymer composition of 71 mole % ethyl

"acrylate polymer repeat umts and 29 mole % MMA polymer repeat umts GPC: M 400 M 700, D 1 75
60 : .

' ' : Example 15 -
Copolymenzatron of Methyl Methacrylate ‘and Sorbyl Methacrylate
_ 7 Using the procedure of Exampie 14 a solution of 1.74 g (10 mmoles) of dimethylketene in 4.2 g of MMA :
.. -.."and 7°g of sorbyl methacrylate was polymerized. After washing with hexane there was obtained 3.2 g of
65 solid poly{MMA/sorbyl methacrylate} comprised of 61 mole % and 30 mole % of the respective polymer
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"'_-_ :;j'_'?na under argon) and 6.97 g (6.8 m, 50 mmvl es) of sorbyl acrylate ;
rgpared by Tysor[err] catal yzed reactlon of sorbyl al cohol with nethy
acrij’ate). at a rate such that the tenmrgggurgg1 emai ned between 35 and 4

. Th\-;resultlng sol uti on was stirred for at arrb_Lent_te u
Fat'ed wit h riyeatamas. Toe &qmpgﬂmnpvae@ﬂpﬂﬂt"mdé’ywpoﬁf?a %&%ﬁ% nﬁ,@pﬁ {l{'& I8 gtoragen%?g

thiee tinmes wreeks inaixahrerolymer Breprelingtiukly it afRRe S poI yIer .
Tojgfurther purify the polynmer and renpveggmpidhsr eact ed nonomer, the poI yner
wag di $s0l yechgiheHiatbH cQW@Wﬂnﬁb’m&wlaﬁrremvnﬁuotvanmlatmdmnﬁebaam@rvM/&@he

hejane, and drolv&&éh plodamreaﬂmanwemalzolm% @cﬁlﬂm'rﬁavm’ﬂo PR W o?,’,“,\m‘f
sh d the absened obMMmmymgﬁ me Iggpﬁﬁgg Epﬂ hio %Mn@ Dunng the
s ﬁg Va1 (edryat. eoqopl yer

r byl acryl épfp‘iﬁ th
eat uni f,s.P p of RW Emgpolﬁe&zﬁﬁn it dveaupherd bty 2QDSYad of grgon,
A sol uti onu 2&,@0 F,tuhweaaep@hqsme acefatePagive Al.B0 df PMMA #ier pyarqrpion the g3gtiop
ht henat e i mixareriGAC:LMA40G, M2:52001 D 36 {iheon MeWat®®ce| | 0sol ve acet at e-t ol uene
coated on gI ass with a 20 ml doctor ‘%Qérﬁ;ﬁ @s an air-dry finish. After 1
the clgar iy AoAith BAIRYDateaittion ef Mdkotrers 5
s the ciat PR V'“‘*",,"““Bﬂ“ Seot %tgﬁféﬂam ngﬁm‘&f“ mﬁpmner-dmudemnw ip Fgmple 14
e had occugﬁdacugM ENRO rﬂmmleﬂlofsMTShle3¢mk@fﬁn*l'var°@ﬁ’é'$*‘s"“6?’af%é 3 rtonglv%%Aj: g:'e
;_-,n:egsur £d-as; A ﬁ‘mﬁhgqpmoqsommwéat AE M;\(%E &MABE:"( Epgy ition of each portion
Metihacr ylate @HW'E‘! yenge: nselﬁ %ﬂ bUpd b B8 nex@ PorfiH Whd B@He8. The resulting
f1doride s8lu :‘ﬁéﬁg‘ R%@ ?jy j;yedggédrgrésglqe% 4 rd\@ﬁb&b’pbn@mr The residue was dlssolved in
of tlet r abut y!-aFaRENsMEn unsshd@mtrmétetdrnamsmuararev(p‘o'mre)davm rm:taﬁd hind
untfi I hydr ogegoplytletTh© NMR&dectramrindj a@é&@e@“'%@"‘rﬁ"ﬁgr‘ﬁ Xf@ ' d ° g&j
d the filtr achemeraepestunits and Saimofe %A LQYRET TGRFPLIES S s to gl VA
rmgeneéﬁs"%l ution of 0.5 M tetrabutytamsRnsumLl. UD.I’.LdB . T0..2 sunwed ~~~~~ S—
t O Of ™ T pymetizalionof MbthatrylcHHIb YAtRZF ety il liscbutydeitid-#Ad Fiyortly laf) of. e
drous THF: atA[ﬂrrfr}uetbmarsoautgmmmasammt}dﬂv \f\ﬁ"ﬁ’e"“a p@g‘f‘jﬁ:{}é?” ? jution o

Mn-
m, 11.4 30@gfeRd)m odﬁowgprqﬁvlsmwe q,(@%ﬁsgmﬁf

T e R L e
ng 20 55 jﬁe ta ¥vas i deé§ Qﬁgpﬁﬂﬁﬁ {n‘:@ n‘id&erebﬁhs filtagd rnﬁdldﬂtargdu rand ghet fitate was
tion. Aftegado Fheedsm Vdélio t@la sblaﬂvlﬁm(waeé(tutacted withethee apsfitated The filfrate gas evaporated in

ted ivel30es1 bx %) of 2rttsigietuisilviisabuty gy gl Anal .
.%ghgd»-;ﬁﬁnfgm'geﬁéjwsy?l% %ﬁﬁ % 99‘ giffﬁ%gﬂ ,jmcgﬁ Hﬁi?éw o
i qU| d poI J?eg gh, ﬁ? °€z BfrbhiieAtH f/tﬁ'buajﬂHj‘lun% -

3 aneo he &ngﬁédditleﬁlom 7-d- fB mcmo%m ] ofamﬁt hra([oeltr | Y
o] N, ﬁﬁaﬂhdsaZQOﬁge:&;ga CdpMﬂ&(r)q, ; pobn) nﬁrexp@ggmastg?sqr@dd the[ gdp dﬁ.‘tﬁ‘ Whe the‘
| o om . a itrile was - -
Sor gyl Met hacr eqnaqr@t% solu on ygv@g ;33 %?(%f;% era§%aH&rht@ﬂ\mQ§cu$to7 gh “e\Cg 1.
(10}mml es) _of 'ﬁgv e)a a Jeliowdo 200, ﬁ’ :gou)b 12.0thadr. MW 670):"

met acryl ate was yrrerl z After. washi ng with hexane there was obt ai ned

3.21g of .-65550I|d pon(IVNNsorb I r‘rethac@#'ﬁ'@*’gﬂgt?rls({a " nole % and
ggér f

30 \qul e % of t Palymesiz ;@m Eﬂ@/‘ Eﬁgﬂs é vl 2-}:“ uhe B

f i ddbk Sand I8 of the 0.5 M
CONYosi t | On Wa? L SR e lbe ,14 | 58 QRhydidu TAF wAS tacded

storlage fo gﬁlgl’g m;t nFRGISITET etk safrae |(mﬁtﬁd@hrealumnac'ﬁlembmdwﬂ%was

the devel oprgengxoq{enﬁi&aﬁalg sk e amﬁpbmdlﬁfaﬁora@olozmﬂql%lat‘ inyacugmavgdi g of polylethyl-

Met hacryl at e i merflabl 6BGMiG0nIH12000eD 39| hetit MMN0%®hd Dry Air (B) A Using the

prodedure -of Exanple 14 a solution of 0.87 gnkdo81, 5 moles) of MISin 10

g (10.8 m, 10@, ‘Z%ﬁ)’l o%et%emylagkh’mfs a7nQd'né(ﬂlmgﬁylHﬁ\m&)&ulfbﬁlhhmmbmmheﬂ‘ll

acetht e, mgseg U%Pr to glve .6 g of PMVA, after preci |tat|on w t h

met hpnol fol | owedrrbwmmwmmd)sutf dqﬂmrotapheovi stan %g t FF&W@ ?mmlth
7

her
t he pol yneri zat-°>l|1nelhp<7cf1msltaeﬂ’k%@:Z n-ty? Eg' monc:;s| e T,::i It d to-room"
6300} D 1.61 (td erYlt?.lre We pgt aye d filt re un h Mﬂfé%ﬂbﬂ’uet (96% W&rd) m%ltmg at

MVA Yias pol ygenhs eardc;ystaln&tneafebnoicean usi ng:'20:

mM of THF, insteat ﬂtlr@@kdhﬁiﬁﬂbﬂms mg dn‘.Bahmpl) ¢faristplimethyidmigo)epifpsiup i yI stannate |
ev ap br at i on of ahéh@87 el otli5ammoles) of MTS in 20 ml of anhy?'g)us acetonitrile Under argon was adtgJ dropwise 12 :
g (10.8 ml, 100 mmoles) of MMA (punf‘ ied over alumina). During the addition the temperature rose from 24

to 72°. Evaporation of the solutlon m vacuo. gave 8 7 g of solld PMMA GPC M 6800 M., 15 000, D 2 21

.. 65 (theor:M.W. 2000). °
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i xture. GPC: [err] 1400, [err] 5100, D 3.64 (theor. MW 2000). Exanple 17
5 Copol ynmeri zation of Methyl Methacrylate and Ethyl Acrylate by Ater 2}\
&

B ddition of Mnoners To a stirred solution of 1 nl of the 0.5 M

et rabutyl anmmoni um f | uori de/ THF described in Exanple 14 and 1.74 g (2
@0. mol es) of MIS in 30 mM of anhydroug @éB ggper argon were added fiv
21.08 m, 10 rmmol es) portions of ethyI acryI ate (EA) and f|ve 1 g (1 08 m,
Ommles) portlons of MVA n.the MVA; EA,

A MVA  MVA, t H M gﬁ FI fon
. PE'A cedure snm ar toﬁg ? lgrl:]s ggn‘#éower &zﬂ?&' asin u%&? on oles) of MMA,
Bermer at ure uas SRR e,m%en@dﬁm'ﬂﬁaenof MES fntedcof by (tﬁmﬁqrsm& otd) ¥ mi of
@ortion wag afdd oIhﬁ;ffresm 5|1 fefPgbufyRiridtdniiim msampam&heﬂtxunaaem Thééa&bbtained
flir essure in 2.15@tad PYMAY ARG Ma58000, Mh@&ﬁ@sbd@e(tMS I\quZﬁmWed in

i chl oronet hane, washed with water, dri egr and evaporated at 0.1 mm

0 9.4 g of
opol yneri ¢ éﬁéﬁﬁgf{,‘iﬁ«‘ﬁﬁﬁ* “qetwr?,ﬁ%ﬁ 22@) ofh yfy éﬁwwﬁwlﬁﬁgﬁ%ﬁﬁﬁ s and
@5 nol e % EA pofry#aiired am&iah olTiatgy2 mGRGnmbes)ro} MBOEhd 1[n@ ibf 1 M Ir3@inethyiatnifb)sulfonium
it heor. MW dzsloroymylsnhmw mtrﬂamﬂ@ml Qifanﬂvetohaﬁﬁunohwtgpm ves aglfleddropwise a mixture

- ( trimet hyI II%yethyl methacrylate (prepared by the
§ e S i e A igeg%r?ae‘ Wi e
O 3-S5t 11T ediveal leeHQHd@u sohlioR wds .(eﬁhxz&)fo ap@fati6H ih mw Sy zamgraecobaryr‘ﬂaﬁhaﬁmn
Bl THF under saecgrom ofavehichcktiedlecalt td) edntdliB41 1 - olDthe TesiBallMrimethBSiyl buteyting group due to

@i t hi unl hexariecomplets ma‘uaeolsmﬁhq mp'ettheetb e'FaetSU‘Pféhﬁtﬂ%d r Weg f asfefw{ogﬂ h .

f5 nin. 20, f?glf,vaf?%)a’;ﬁfz Wﬁ{ RO RClo tae v i i
Rin, 47. 3‘9 g:t g‘% : Q&Iopf’ AN y xﬁo%ﬁe%ﬁvgmﬁ% %5, m%md

S b at rooml-tyempﬁrna.hburrezsstzhe(em.o@wﬁ 49aslel% hfdedx@éthyl fhécrﬁitlﬁdﬂyrﬁé’i K@nits and

i | trate was S0k MMA polymeraeneat units.a_sol i d whi.ch.was..ext.racted. .wih BE-R @ F e s
;nd” Tllterr'r%ta The filtrate weas evaporated in vacuo tq give.30.81 g (74%

BT 2-(tri il "gflg [5.Sensi.t
olid. Anal . r%égf% zgat%n éﬁ&ﬁ IX/{e % lrgeweéh téﬁg et l¥§6bu%€étanﬁyl péopgléoa Ouﬁlaond& N

9. 60; ‘H, - T1-67A. Mbthd. 27n4ethﬂl-2-ﬁrn[nﬁﬂ£t$nnyl?ﬂ%n6‘d% (e Pleparedity El'ﬂl’fﬁllowmbzrﬁ&eﬂﬁério a

err]. NVR ( $Orrddide tlo céiﬂr 9(01Z®I FNTS[ine 100 pfa e;drqusIHBEldér@fdon ﬁt@rwa]s)add@&‘sml

B sol uti on3°o1‘° mplp *Hm’w?é yar F?ﬁi M}?%%Fqﬂaro Aggbiwl in.
f anhydr Ous lde %% :é % m Iﬁw de' preclpltated ST

{(832=mt miturd R ﬂ%&!h%k brgd 8nd bl ke tb%s ¥t|l|9@-ﬁn§ﬁg€a band
: I um na undemolanhgmrg)ive 74 oetenathse,nm mysebs?mrzxmd antlezi1pef m&eyladiitrtyl-z;munfylst Byl)-

oirst 0.8, :pﬂmpmpamte. b. H?eﬁof/@. /@h F!!Clr $-e25¥08-mm. fpal.falcd. 1oy Qi $ra 6B A7a 29 Gm

B uori de/ 52.h 0% ©° NMB shqwed the Nk 8'396 '2-.,“
R ot orrwas T, ?Sf’g,éin ygvga}i RO RN i A

Bhe resul ti ng smlwralsm?ed saﬁ.t.afof\ms g8 @mbies) lbf).a&hwenmyai-w‘tﬁtwsmmemmetaa@lo5
3N vacuo. t@ gl ok 1. 3 - tis(dinediylapdriojsGfieriuna difiydratrimbthylbiticateagetanitylie lin 20/mEof| anbiydrda@THF ™
B-rr] 300, [ &pg [ agepwas qui rop %EW@@MO 8ynh/§o0 es) g piified pyep plupinal-Bxeyiermic
o ate it Ag} %“E‘Egi’,-\ﬁ‘ég i B roblnors w1
i oMt i on - of m’mles -(trimethyisilyl)acetate -

Bhd 2 nl oés the O 5 M t et rabut yl anmoni unEidmwa*ude/ THF descri bed in Exanple

B in 20 ni GP'YE'H?'F}@PWMG'FHIMWSW'&&M l(&mw's@dm@xgw()@@hf@umstan&ﬂ@ anmﬁb\hoelgé

¥ cthyl acryth e b8LaQuek galy ) o) y
fornelm ool SR B R LAl B .
fpcuo gavesolluﬁs)gmeﬁ‘eacpsﬂry ethyaﬁ-(tbrthﬂm nnylfprépanda® th 95943,0 afell

0 (theor. mmmwoﬁummmommeormwm zation of Methyl Met hacryl ate
@l th MI'S and Tris(di methylam no)sul fonium Di fl uorotri phenyl 55 Stannat e

i s(di net hy'F%anF?Qaﬁé” SRk Q orﬂ”/I 3@@@' 2§,£|ea{g)nat e was prepared by
B eating aad T ensh kitd sblﬂuog gl 75')’}'11%ar i, & Fioled) FTVIBU 0 A of dhiVRIC0Y T ina @Sl ch Was
B fluori de ( Ad@edg,miéf M tristdirh@By Asisubiian cyahideVadetohitile: Wprecipitate formed. Then 10 g {10.8

[ et hyl ani nd‘ﬂ'ﬁo )OSMMMan@e dver durgina) s Eidathadrbewgiye; thie tenip@ratuféreserbrte S0%and

s varned t ‘ii’r‘éfte"§tt"["|‘9r '8,% %‘i;‘; Hered, and the
b R e b
s confi.rmed-by-NWR: alfter recrysta I'izati on: f.rom acétone. To a.stl rred .

D! ution. of! 276 My (OB Bl ) - of EFIS i iERdninyd 2817 NOY-sut-f Oni um

8¢ | Uorot ri pihel iﬁﬁm @vlam\ %3'" gt N b lu%igem%?:éﬁ:qum of1 ;
B hydr ous
ol es) of %é? jf)‘ur;l% over a d‘r%mnr"?ethv acaq:/acegﬁgtlela t"f'sgn Y1dr°L{s aﬁ%%'}’tg?lﬂaé

@se from24 to 72. Evaporatlon of the sol utlon i n vacuo gave 8.7 g of
i d PMVA GPC:. [err] 6800, [err]. 15 000," D2 21 65 (theor MW 2000). 1



87 Exanple 21 Pol ynerization of Methyl Methacrylate to High
ar Weight with MIS and Fluoride lon A procedure simlar to that
19: was fol lowed at [err] using 2@ @eg’gg7zmol es) of MVA, inste
‘§acrylate,-0.16 m (0.8 mmol e) of MS, Instead of et hyl

met hyl si |Z§4 a&% ge mI ﬂg@mmolegfof yIMAq(pFlfre ﬁ@rgu dl;v?l&qtefn gatgregls as observed for
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hydroxy PMVA. NMR, HPLC and GPC anal ysis confirned the structure.
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D and [err]. The exotherm persisted throughout the nonomer addition. Then,

4 M of nethanol was added and thEeaiBAMir e \AXS'9NEENed with water, dried

‘Werr]) and evaporated to 15 g of Qidso The NVRgspecturm of the crude

§ oduct ghowed unpol yneri zed nononer present. The crude product was

@ ssol ved in methylene chloride andsedded to hexane to give a precipitate

@ 2 g of viscous anber poly(2-net hacryl oxyet h%‘é acrylate. The NMR

dpect urm of the Pol yner showed nmonotfeYi ¢ et ha | at e pendant groups, and
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L(Z net hyt = 1apropenyti-dene)-biistaxy)f-bis{ L i et Ryl sr]anej‘ PR Bom 20 of FR

HFwasz%ddedOSM of a 1 Msolutibn of tr|s3H -

di met hyl @i no) sul f oni undi f I'uor ot r.i mét Isrlrc 45 J TASF) in acetonrtrlle_ :
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Pol ycaprol actone [err],[err]-diacrylate was prepared as follows. A solution %
of 50 g of commercial poly- caprolactone [err]-diol (MW - 1000) in 3
.of toluene was refl uxed under a Dean and Stark water separator for 18 ~ k
Theh, 20 ml (150 mmol) of triethylam ne was added, and 10.2 g (9.1 nl, e

) of 55 98% acrylyl chloride wi 088887at a rate so as to keep thelu

tenperature from exceedjn AL |dldntiiee tb@peratlre @rappeat to RZr Thien, thehe
sol uti on EESEGH '%?f,fglfﬂf ’Lﬂ*ﬁﬁ%&ﬁﬁ‘ evfséﬁﬁgﬁasoﬂmm&mmpm s e kG 4t ed
. iop yessel wa d't peid A h © Coe n'%rg Sis.
in vacuo ﬁfﬁ, ,ﬂﬁ@dgnpa&.%&aarﬁwwyn&nmlg,lms oHftaineauTriswvesaupipstaede Grdd VSRR The
NVR spect I Unwrs wished &t sdniard asdiha eisisnmentsd pepks S ABNEP S 6% by wei ght of
pol ycapr ol act one di acryl ate and 32.4%toluene, with a formula wei ght of
992. GPC. [err] 1250, [err] 2200, D 1.76. GOqS' C5H To a solution of 0.6 g
(0.75 M, 6.04 mmol) of trimethyl §Myyl nit ATUHsld 0.5 M of 1IMtetra-
et hyl ammoni um cyani de/ acetonitrile in 89_-_ of acetonitrile, under argon,
was added 4.44 g (3.02 mmol ) of 67. 6% a‘p‘ | act one di acrylate. After 20
mn, 10.8 m (100 mmol ) of nethyl hacryl eHMaS added. An exotherm
occurred 90 min after addition of 4t Re net hyl methacrylate. After 18 h, 2 n
~of nethanol was added, and the solution was evaporated in vacuo to 13.5 g

of solig polymer. GPC. [err] 4120,.__[grrh%%tgé&%@@js. 65 NVR shows 4.24

et hyl et haer y¥ate -uni ts/capFYPYti on&” 486y k5 0 068887+ T
Exanpl e 40 Pol ymerization of Bdtyl Acrylat@ebé® Narrow Ml ecul ar Wi ght
Distribution Polynmer with Diisobutylal um num Chloride and MIS This exanpl e
denonst pates the formation of ewlstanti al I PoAbnodi sperse pol yacrylate. 5.
To~a, solution of 0.87.g (1 m, 5 _mmol) of %i n 20 mM of nethyl ene
chhoride at -78, under argon, &8 added 0.2%'m (1 nmol) of _

- dilsobutylalum.num.chloride.. Tkeq...12.8. 06634584 .. 100 mmol)_of n-hutyl. . . ...
acryl atg,was added at a rate so that the tenperature did not exceed -70.

. The exot hiermc reaction pef'si sCed throughou®?Phe addition.of nonomer. The

i solution was warned to rogomt erature i 1 vhrifilzed@5Hor diets decudring

| of bty st bty s e oAb SO -

the pol ygef"cupi‘:‘ f Mﬁ%‘é; ckttdl Aigionat | OW tenperature had become deactivated

toward furffer"addition of nononer at roomtenperature. Methanol. (1 m) was
added, and the solution was evaporated in vacuo to gi%e 13.8 g of

poly(biityl acryIare) . GPG Torr] 3370 TerT] 255 bR 08 (theor, TerF] ™ "7
2660) . Exanpl-e-41 15 Pol yneri zaHgon @iz -Met hyl Met h/a(: yl3at e This exanpl e
i-=-In=L-u-s&-¥~a?c§e&-.-_-f@-h&a_pr_=ep&|a-atui-.=ﬁnd&g—:gﬂ[bm. —olaHres. W-ch--can--befdf tRef e e
pol ynerized after 20 h. PoPynmerfzat?pn is8ni%ijated by MIS in the presence =
of tetraethylantroni 'ﬂ'fﬁ"’_‘(iyéhiﬂ'a‘éf“_Q"I&{Bi"S@GAm@i_fr'"’é’é"_f"’bﬁt"f'aeivmgﬂl-g)gwﬁn'i'ur'n'C'y"éni de '
(TEAC)" (16 ng, 0.1 mmol) was~tr ansf"erred"‘t'b“'a'r;‘ea'ctt)r' yia -~ a

dr y«-box-thder~argon;-t-et+ahydrof-uran (-2 -m-);--acetonit ri-lke-(2-m),~MF& (2.0 - - -
m, 10 mmol) and MVA (3.0 20 mM, 28 mmvl) were added to the reactor.
Tefrperature rose rapidly to [e€apon TheCradghieidine ure was allowed to cool
to-21.8 and stired for 45 mn. pMbre MVA (3. g5, 34 nmmol ) was added and the
tenperatdfe rose to [err]. The Solution turned slightly anber. "After .

allowing the reaction mixture tg—ool and st#&%ing for 30 min, a third

Mportion of MVA (4.0 m, 38 mmol) was added. éjter an exothermto [err] had
subsi ded, the mxture was stirr&tS3for 18 h. % inal addition of MMA (5.0

m, 47 m#el) was then added andthe 25 tenpeggiure rose fromf[err] to 31.2.
@The solution was stirred for 6 h, nethanol was added, and the m xture was

8t hen evaporated, yielding a resichse of 16. 11t ofb pol y(nethyl nethacryl ate).
WGPC. [err] 728, [err] 15570’ D 2.15 (theorhjoéﬁ%’h cérg%g?ndm;%qmapoof}gm&gofme

-0l yner i zat Asshoys a Jtingleeaes BeHIr ! & o6Burred between 175.and 176 ppm as
T i net hoxysicﬁﬁ. fin %@?ﬁ%&gfﬁ%m@mm{é&cﬂmma degreergfanlymeyfzation of
gCarbon-13 N By Bbisted bdhind? (I WaSdiablved ih yﬂ.mmrlﬁgdf@ﬁﬁ?&%ﬁw'@i{sﬁggﬁmﬁ@g-
B! i ving" polugsmevapsrepanetkriys, 8 oppahvess wagttaingd SHCy Ve il bl ol B Bl e
yc "o ! SOsoat abb.Falenies tg@prp@dmpﬁﬁﬁlﬁhtt;%:‘{) su?;g't(?&‘ ﬁkﬁf ide, 1.0 ml of MTS, and 2.7 mi of ethyl

: o Y peaks in the C—13 NMR is shown below:, .~

- reaction of 20 mg (0.1 mmol) of tris(dimet!
* acrylate in 5 ml of THF. The assignment 0
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gt r aet hyl ammoni um cyani de (16 ng, 0.1 mmol ) in a reactor was heat ed
gen{_f'y under. vacuumto 35 200 to. renove noisture. After cooling- under~:
ar gqgn, tetrahydrofuran (THF) (20 m) and MIS 82 O m, 10 nmol) were af
he reactor. MVA (10.6 m, 100 mmol P @68 88ded dropwi se over 30 ni
_durrng which time the t eraturedﬁﬁeeto —chhe react igmem Xture
a‘LJ._vved to cool to [errj%mg sol yént Was rpgﬁgéredm der vAcuunfwhile the
rea¢t.or was mai ntai ned at aboutc[err] The white resiaue which resulted was
tra-sferred into a dry-box./#An 188@ ng sanple was r vea\ di ssolved in

deuf er ochl drof orm [err], 3H40 rr1) & anal yzed by RC-13 NVROEY. 6 g of the

reg due was anal yzed by GPC. eI [err] 777, [err] i'glﬁ(‘) D 1.30. G13 NWR
C- ¥3 shiel ding peaks as foll Peak (ppm %gv t 45

154. 99 'C-1 89.78 G2 54.28 povietel =S " 2

C4 5542 " C5 55 -0.11

60 [err] 65 16 0 068 887 In the afoleSHEErasI P Mor ¢ he polymer, nis
ut 9. The remaining shielding peaks, Cob&s POLGhyBes 0 carbon atons of the
ymer are consistent w th published-C 13—NVR speet+a of pol y(net hyl

mef hacryl af®) (J. Schaefer, Macronotetul eds4ld, 3847¢1977); J. C. Randall,
"Ppl ymer Sequence Determ nation é— n 13 NVR Mt hod" Academ ¢ Press,. New
Yofk, 1977). .The-above assignnents thé h i mingPe group- i:n-t e 5 -polyrei

“arkconsi stent Wth the G 13 NVR spectrum of MIS: Peak (ppm) - Assi gnrrent
149. 50 20 C1 10 90.4 C— 2Exst®pli?5 - C—3 15 ,
16l61. 15.84 Polymer t no M yl Methacrylate ﬁ}i iflu tq
: ) ! S i eln ofa 0 itrile was
angl anal yzed 5‘§he§6§f2¥mﬁ§l?@-§z (aaﬁ?w%f 'ﬁg h%)@ JI {@T é‘g"g Fjﬁmn, with
mer. The r eiriig)uRger RRJod.MHen,f 1 abtm di MAIS@Q ixiteSwidstirred at room

r e§dr ned t# t lvepeamed for 18 Hwilered 3y additiapai 20 rh-HF rﬂ_eﬂ'@ncﬂﬂ%e vﬂ&:o&dﬂ@aﬂded\notﬂ’l of hexang .-~
- Stf-Fi-pg,- t-0-~BNIPS 9L ppimenwrsyereyered GPGN 1@9&9 VH. 21400, D8 ((thearcMw 20632 . - The
erature, originally 19, rose to- [err] nldlgatl ng that further

‘ po yrrer I zat i OﬁoIWﬁé'lzﬁfof'n%ﬁ/l@lqyl\Mem}cryQﬁ/ du*yYM@ﬂachﬁLWfﬁ% Sﬁﬂ\q afn& @ﬁrtfbrﬁgﬂﬂner ST S
" The m xtur® was Tot 4 klispehsioarof 20hmg ((DJ‘ERﬁ*bﬁbeVﬁli(ﬁlmBﬁﬁlE}aﬁ&EulkﬂlOmnﬂrf)uoawm 100 mi of

evapor at ed, yardrlvdno lﬂ:2(d66le frgrfn d)h rbenzopl@ﬁ@e lca])éw}@ ad@esr1r3p gﬂso(rhmdl) of [(2-
1. gz Exarrpl em&gw aag, 169 g (168.8
o frior e | o L i A B %n%g et e
pojynmers.-whi-¢ tﬁ@é%lu rUr'i TaR8iiqubiQ d’d?gfti\g&m%ﬂﬁé’s rSHVEd & {3hed

istini t i at ed 327}t détarntideahgrosseiaien off soliis{% salids)dhe red3Ns thaSolGtin@as araya‘ated #hd the
Tola stirred sqaslpeweﬂdohd #0.1mngHgrier 48 at 253 tadive 38.2 o otnelvenes | FHNM dﬁ%ﬁéﬁlﬁﬁlﬂs'sgavﬂhew -
“bifuorids” (AP?H)“M?P%"‘HT*&P% AOSD B $7G Mo 8710 BRI 1-PS 19 6 thepy: MrSRR2L:. .
aLgon was. @dded MES 42020 miot Y R Eghagty T T HG T0r 15 min

Preparation of Monodrsperse High Molecular Weight Poly(Methy! Methacrylate/n-Buty! Methacrylate)
Following the procedure of Example 46,. hydroxytermlnated methyl - methactylate {35%)/n-butyl

reeh e T U mathacrylate (BMA) (65%) copolymer was prepared using the following amounts of materials: {(2-methyl-
- 1-[2-(trimethylsiloxy)ethoxy]-1-propenylloxyltrimethylsilane, 0.51 g (1.856 mmol}); MMA, 11 ml (103.7

- 45 mmol); BMA, 30 ml (188.5 mmol); tris(dimethylamino)sulfonium bifluoride, 20 mg (0.1 mmol); THF, 100
‘\./ ml. Upon addition of the monomers the temperature rose to 48.6° from 20.6°. Evaporation of solvents and

drying of the resultant residue gave 38.6 g of copolymer. GPC: M, 22100, M,, 24500, D 1.11 (theor. M,,
20,215).

50 g Example 48
.Copolymerlzatron of MMA/BMA Catalyzed by Cesium Bifluoride Generated in Situ
.To a 3-necked 1-| flask fitted with an argon inlet, a stirrer and a thermometer were added 61 mg (0.4
mmol) of CsF and 2.0 mi of 0.1 M THF solution of isobutyric acid. After stirring for 15 min. 300 mi of
- tetrahydrofuran was added and the suspension was stirred for 1 h at room temperature. Then, [(2-methyl-1-
55 [2-{trimethyisiloxy}ethoxyl-1-propenyi)oxyltrimethylsilane (4.16 g, 15 mmol) was added. Using two syringe
pumps 50.7 gl (606.3 mmol) of MMA and 72 g {(606.3 mmol) of n-butyl methacrylate were simultaneously
added over a period of 1 h. The maximum temperature was 51°. The reaction was allowed to cool to room
. temperature and methanol (50 ml) was added. The mixture was then refluxed for two hours, cooled and -
evaporated to glve 127.1 g of copolymer GPC: M, 12, 100; M., 25, 000 D 2.06 {theor. M,, 8300).
60
. Example 49 -
Preparatlon of “Living” Poly(Methy! Methacrylate) and Subsequent Reactions Thereof -
This example demonstrates the preparation of “living’ poly{methyl methacrylate) contammg actlve e
termmal tnmethylsnloxy groups, and subsequent reactions thereof. . o
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A (21.5'm, 202 mmol ) was added. The m xture was stirred for 2 h, after
i ch.the tenperature rose to [err] from[err] The reaction tenperature
Bos allowed to-drop to 25.5 and nore & 47 mol s) was added,
@her eupon the tenperature rose again-t@ 0 8838'Zer a 15 mn period befor
[kl ing to room, 4 ganer yure was stirred at roomtenperaturr
ber ni ght Unde%@-ﬁ ro:%l; %ﬁgﬁ}%%&eﬂw [45"!méfbﬁS'@XYWthOX&BBPrnmhlf)omb[gnethyl-
fded. An exaiifiRirmoohl of'El-I‘Frv}asmcimdad(d"ﬂ'ﬂhyW@WWFf@H”’ﬁp'ﬂ'ﬂ e Thers 12
@ cool to [e:.r(ﬂ 0,mrhej) ¢f MAREAIIn3) mhf T iwamadgied dropyipe oy 3‘?%2 ans'ﬁﬁ@j@? 5%
Bbcuo of tkfe5§ é%??%‘?@’e "t&'“lj‘ggf‘" FRFERRYTSA MR Iat €).
|00, [err] TED! ng heor [err] 4152)..B. To a suspensmn of 283 ng
30 Mol ) Of il kbWt Bydniune &) Taahibo Mbrabibiidel uor i de in 20 m  of
hydrous THF wase aekdienk ifivofediare(sBovén eyt Jn abfeaparigns: Bifder ar gon. The
Bispensi on’as stirred fro 80 nin. 50 Then, 4.2 m (39 <g@crnlgdl) of MVA was
fided. Exotherm c reaction caused the terrper Fe to r rom-ferr] to
BErr]. Wen the m xture had cool d agditeonal o m (47 mmol)
I\/I\/A was added, causing the te%')tg'togﬁ 2'0 rijse toz[qa r]. The reaction
xture wadssti rred for 2 h and an additi onal SHgl (47ckhgyol ) of MVA was
Bided, producing a 290 exot herm The m xture was cooled to -78, stirred for
g mn-and: theﬁsfﬁl ‘Pn“\c?ed Qe :%ﬁrgxn%gte A e@bif St kel Tiving: doimeil ith theat1.1. m! aliquot: of .
@idi ti onal DAY u,é)ro ARS a ded. A [err] 55 exotherm ([err] to
) waszmbtal ned The m xture was .stirred overnight and 19 m (179 mml)
MVA was addéd. ‘The tenper at ur eR€idge t o [e s After*cooling to room -
i nperature the reacti on was quenche |ng 10 m of net hanol ; sol vent
s/ evaporated to give 36 g of poly(ne P met hacryl at &) . -8R [err]' 4300,

prr] 53002sD 1.24 (theor. [err] 4331 60 _ o
?& _.t .ﬁ«é.é? y|ogt(8 aﬁﬁa—"rga’l*é‘f‘r‘éﬁnb?w I T R P ARRYE © e aaheds < s et

arrpl e 44" Pol'ymeri zati on of  Net ﬁy
i ‘met hyl'si'l oxy- ended  Pol yner Thi's-‘exanpl-e denonst rat es: by neans of
ir bon- 13 NVR anal ysis the presence of silylenolate term nal groups in a
iving" pgbyner- prepafred-by the- acagess 0030%?»!33 ‘Faventi-on. A To -a .
spension of 20 ng (0.1 mmol.) of tr| I'am no) sul f oni um bi fl uori de
5 m of THFwas 65 added, =—omler arg 1 0 m (5 tmol PEEEHNES. Then, 2.7
(25 nol ) of MVA was added wher e \?
e Trom [ErT e 50 THE Tkt U eCllas st rsaont T e temperat ure
Mopped to [err]. Then, .the reaction.v )se_l. was..connected. to a vacuum
8 nand the solvents were. removed. at Qi)

.l ynmer, 3. 5 9, Waﬁe%a@dtr&qgtngpblyﬁem%eawan‘ﬁGﬁcﬁldt ﬁ'd?nﬁ'rtlﬁ B Rvanficysi S. IVH'S
sTised-asg; a“standard and t'he assigrment ot peaks~rg~ s‘hown ‘el ow 5510

rr] 15 C?grbon C~BQH hi el din C("gprr) “GF e o 0 149,50 -
, 17 AT T 661 15,84 G5 6=G ..-o 20 rrbstduTs‘unct and
peaks are those correspondle%PI o.the Jf%i)hyb“ di zed carbon at ons
' rring al 90.40 and 149.50 ppm e absorptlo #f the corresponding
S bon atons of the ."living" poI yrrer shoul d 30 occur in-about the sane
mectral region. .. C Eerr] Carbon G 13 Shi eI di ng (ppn) 45
. - '151. 1 °
g s0 - : _
—_— \: c/ +  CISi{CHy),
_.CH3 ' oncn3 : : '
55 R o
. - (B) o
. . (ili) Coupling: _
60 ' T ) -
R L (|3020H3<,:ozc|-13
A+B——+RCH —~C————C———CH,R + BITiCl

65 - - S CH;  CHy | -

e 17 0O 068 887 terrperature e

mmliquid.niteogen trap. A foamy. .. ...




) 88.5 C-3 59.6 50

A .- 28.1 C5 -1to -1.5 55 As shown above,
di ft| nct peaks occurred at 151.1 and 8 ﬁgg] corresponding to the car
atlgns of the C=C noiety. The C=0 abs@r%ﬁg f the ester groups of the

pqLynmer occur 0astHialon®e Boldm&rizatied mbdbre oM FAR ATUL T mipved Goled 02 gicattdated with 0B lge
8ks due t9 @nﬁbl)\pebrsmmwrﬁm@f tleeichiorogie tharedegme@ cofor ﬁltﬂpymdr azsyzturlmrofof

p
about 6. Thel 4 Bt AiChin frglicpigropthgpe 'eﬂr%enwre prateiformpd FRTmiYE witen
f Feat ed tz{]o w§r'm rat ré sid s |s in
W on d‘fro ‘identi bLc, wg
pol ymer vasarakipaideet di m Rfiboly)- B yerory bngerh TdreoM, 5 @wr 4466)8) -
B. F’023|. ow ng the procedure of Part A, trinet hyI si | oxy- ended

| y(et hyl r Iat was i solated fromthe reaction of 20 ng (0.1 mmol) of
i s(di npt hyl §yrﬁ%‘ 2P SRPURBTEF ((GPP'R®, 1.0 Ml of MIS, and 2.7 m of ethyl
crylate in 5 m of THF. The assignnent of peaks in.the C13 NMR is shown

el ow. 65 18 0068 887 R@fn]  OCH, [err] Model
fLi vi ng" pol y(ethyl acrylate) a£ C 13 Shi el di ngs ( o@ & fan Model
i ving PEA 15 en”” \051(CH3) C1 164. 2 167. 2

- 2 107. 2 108.8 20
anpl e 45 Pol ymeri zation of Methyl Methacrylate Wth.a Silane and
.Bi fluoride Lon:-Toa: suspensi:on of: 78 ny-(1 O=pmbhy of ~potassi-um Biftuoride. .." 50
“n100°ni of anhydrous acetonig¢tile was addedcH, C-CH _ . .
(2-met h’ﬁl -1-[2- (tr| met hyl si T oxy) efhoxyl - 1- propéaudf) tri. nmet hyl si | ane
41.38 g; 5-mol); =wi th stirring,: under -ar-gon.* Then; 106 - m (1.0 nol) ‘of MMA = =
s added. Thgmgﬁgugﬁem.@t*rﬁﬁigﬁt room?25 tenperature for 18 h,
OLI/OWEd by -addiatiquoni1tf mBof eriginaf polyertelizerion react hem&ﬂireﬁdml’amIMWasa:ddedtot—@?&bde}f
exane----;;rs:%; r'gg}tﬂlsgfssd@;_léﬂg pbb mébfomﬂs— T@éﬁg;veqﬂgg;ﬁ t;g?ggf 59%5{\' dgﬁ?@ﬂ@ e
"ferry2140 sulfoni ro eh Isn as ad |o irred a er. which was
et hyl- et haqsch@aPJ# "3; ﬁa Eh bRl
0 To mm@ae,a&uaﬂs vde z‘soa f vcmem ; am no) sul f oni um
i fl.uori¥@e-in- 100 -d--ef- anhydrous THF ¢ei- stl 11-ed-From sodi-um benzophenone -
etyl radi cal P- fesstiogyddd. 4Xvs88gmids 0 mol ) of. [(2-
thyl - 1-] 2- (trlnethyIS|ony)ethoxy] 1- propenyl )oxy] tri net hyl si |l ane, under
rgon. Then, 16.9 g (168.&H and 24.0 g (1 8 mMmol ) of butyl
t-hacryFate-were-added- si rru OUSI y Througr By T R gver 20 mn
Jhe tenperature rose to 6gy rorﬁ\?c;lﬁ gcconpan ed inérease.in the .
iscosity 35 - of the sol ut Pon An a |qw t3 L10..9) of the SOLULTON MAS. e
enoved and evapor ated and the resi due was vvel ghed (3.27 g) to det erm ne .
~ffhe ~concentrati-on-of “sol |ds (“% Sef¢ SH. T*rre =18 G o] R "'cﬁ?dl atiron*has™
~gvaporat.ed.and t he residus chor c:z,qtR[err] to: g| ve
.39. 2.9 .of .polyner....LerrL].. NIVR (22 é—,j; anal2 . a-ve."’..t%,_e ofyner..
onposition as 50% MVA and 50% BMVA™- 3GPC: [err] 9310 érr] 9890, D 1 06 Tg
0. (theas. [err] 8302). 40 - Exanpl e 47 :
r'epar ati on of Mnodi sperse Hi gh Ml ecuTar Ml‘éhQCHBbgy(I\/Et hyl
thacryl ate/ n-Butyl Methacryl at e) FoI | owi ng the- procedure of Exarrpl e 46,

ydr oxyt ermin ?d‘%ﬁ&ﬁ%%ﬁﬂg 1 &Zt/i n-butyl nethacryl (BMA) b of i
635 ool LS ST AR o B S b 1 hnr
(2-met hyl - d.ﬁ,tcﬁdxp’em WD a¥do; B1lE.openyl ) oxy| trimethylsi ané
.51 g (1.85 mmol); MVA, 11rr1 (103745 mmol); BMA, 30 ml (188.5 mmol);

rrl s(di met h§¢saMP Gartvingi QuiThsl Ifvention de, 20 (0.1 mmol); THF, 100

The best mode presently contemplated for carrylng out the invention is demonstrated by Examples 17,
55 22 26, 30, 31, 35-—38 41-—44, 47, and 49, .

\<

S oo

: Industrlal Applrcabrllty B _
* ' - Theinvention process provides useful and well known polymers contammg functronal substituents, for =
example, homopolymers and copolymers of acrylate and/or methacrylate monomers, such polymers
60  heretofore being made usually by anionic polymerization-techniques. The invention process also provides
a means for making certain commercially desirable, relatively monodisperse copolymers of methacrylate -
and acrylate comonomers, such copolymers being difficult or impossible to obtain by known processes
* such as anionic polymerization or free-radical polymerization. The invention process also provides “living” ---- -
o polymer which may be case or spun, for example, into a film or fiber, from solutlon (in an aprotrc solvent) T
S ' 65 "or isolated, processed, and then further polymerlzed -

21




m . Upon addi tion of the nononers the tenperature rose to [err] from/[erp}
Evaporatl on of sol vents and drying of the resultant residue gave 38.6 ¢
copol yner-. -[err] 22100, [err] D968 8871. 11 (theor. [err] 20,215).
Exanpl € 48 Co olyrreri zation of MVW BVA Catal yzed by Cesium Bi fl uoride
Gener at ed ‘fﬂ“‘grtu To a 3-necked 1-1 flask fitted with an argon inlet, a
stiwrer and 3. drsdEHEBL ReriaHal R AGHbAR: Electtl oM. tHe §FORI JonatingsFcrardviX,0 M of
0.1 MTHF solution of isobutyric acid. After stirring for 15 mn. 300 m of
t etrahydt of uran was added and the suspeggity was stirred for 1 h at room
tenperature. Then, [(2-nethyl-1- 55 | |
[ 2- (trimet hyl sil oxy)ethoxy]-1-propenyd38xy]% #Pnet hyl sil ane (4. 16 g, 15 :
mmol ) was added. Using two syringe punps d 7 gl (506.3 mmol) of MVA and 72
g (506.32mvol ) of n-butyl nethacryl ate welfe sinultaneously added over a
period of 1 h. The maxi mum tenperature wag 51. The reaction was allowed to
cool to roomtenperature and nethanol (50 nf) was added. The mixture was
t hen ref | uxfdnikares themeohour s, cooI ed and evaporated to give 127.1 g of
copol ynmes. whéén: [err] 12, 100; err] 25, 000; D 2. 06 (theor [err] '8300). 60
Exanpl e 49 Pr’(el arca‘trGH BHCIOIX o5 T1BIOM0| y ( Met hy | %r—fctﬁl( gnd ubs guent
il 3

React i ons Th Og']%f "i‘aj@% H’§‘L’ RpREr t"‘ﬂ’é" r‘sep
- pol y{ net éﬁw e’;sta abd}rots caq.,taweand [ fdrpak alkdrjiet-hylbsit @xv ;
gr oups, “2and Hib S QMY alke@dl; bi ﬁllilﬂlehyklel‘ enf,.cy@&aiky aryl alkar{) @3 aBB\1; Any of Isaldlgmgbs

Pol y( met hybptnaalllwamt fied @np offmore gthergixyden atame fvithin @liphaticgegmenteghereofsfand any of all the
[ ( 2- et hyl -8 'e PPPsrr%‘t“ "§ [CPXYNE PROXT Tore fb’f‘B‘b’@ SHPEHEYARES PR Ry Preactyq uer | n’
10 M of T b Leh gkrg;;t@_yl no) sul f oni um bi f uori de.
: Th\_D azsobsjdédnfbﬂnr@fthel&eg)r m&jegs brl‘imb onbitionf witiiF was added :
dr opwi se overli) $@ infiator oAfhba:rrmnlaeR‘tsmzmmhur e dropped to 5 [err]. LN e
- rreact o xtﬁirseGS@eﬂnealamlégg PVVK Was "Separat ed into three equal parts, . ... ...
under. .ar gon, -4 ®pn aikating sybsfituent gelected from t %ﬂ@]“b%"s'g'"gREactr on with Bromne
and Titgpi um Tetrachl ori de The reactions involved are shown below. In all
- equations; --R:is-10-fers] 15 (ig? Br- om TepZ* @act s ‘Wi t happroxi matel'y” oné-hal'f = 7
of the living. polymer in the [11.1 'm ||[quot of polynerization mxture

fromPart A: 20 RCH2 -CN, -C-CBGH3 —C—CX'.- [err] ' +

[err] 3Q,[err] g+ l, [err] 35 (A (ii).The . ...
 FerTRrNFRg vy potymer- Tt 11 TR AT GUGT T G Part A Teacts wit h

Tic4: 40 45 | L [err] + [err] [err] -+
lerr] 55 (B) ... S o S e

N R
I

EE -t

s _ -N=C=C-R” , -0C=C-R" , -0

-

. 65 and mixtures thereof o

22

= ¢ L M 5§ =




- Coupling: 60 A+ B[err] 65 20 0 068 887 One-third of the
_""'rlzatlon mxture fromPart A (11.1 m) was cooled to [err] and =

fed with 0.3 g.(1.9 mol ) of bromine in 5 m of 1,2-dichloreethane. .
dr the red brom ne col or di sappear 4,068 #8%;tion of 0.4 m of [err] @
@f 1, 2- di Gfab@ino- et hane was added, whereupon a precipitate formed. The

m%pure was al | yviesk defindticdbbyve: 0 room tenperature, stirred for 1 h, and then
evaporat ed. Theeackof Efwdwag 'ehesg@bmeéelﬁﬂedzf@"!)"’n?' oPlkyead B'P%‘Vhr‘rd-'o aryl, a"‘afy' and

R L B T

di hydoxy P ﬁrr [err] Reactl on with Benzyl
Br ofri de ( Cappi ngm)nsz,(.’sa[rerr] [err 20

[erf] R has thené@ngontand as in An aliquot (11.1 m) of original
pollymeri zafi on P"é%\ﬁ't?’bﬁ'ﬁf)??‘mdédfhf"ﬁ eF"éﬁhf'sz?/as cooled to -43 under 25

argon. To this was added 0.7 g of benzyl brom de. The sq] ution was stirred
and allowed to warmto roomtenperature. After sti rlngﬁ or 15 mn 3.5 n

of fa 1.0 Macetonitrile solutign of tJa s(dinet hyI _§ul foni um
difluorotr’Pmet hyl silicate was gdded.| rhe sol ution s irred at [err] for
[efr] h, after which was added {10 m{J of. met¥anol . he s | vents were

- evapor.at ed-and f.he:polymer was:preefpi-tat ed f rom heX 45255 el powdery -
solid polyrrer was recovered. GPC [err] 2300, [err] 3700 D 1 61. 30

. D React®on with_ 1, 4-X Brom de [err] _ [err] [err]
45! R has the s% é:%:ﬁ

i o ride e r a is
T T oof the ramt‘"m ol ézﬂ E’r@é £f ﬂﬁo eﬁ#-ﬁﬂ %g,ﬁto ﬂLB& i&agfslﬂ fﬁe o j.‘l g%ﬂ)
1,4-xyl yl --br and @eapable bf pg;l\m‘fenémg tﬁ(tﬁhr mhhyrbemm)r@udrﬁam dntico-catalyst) having repeat units

di f I uor ot r2e nef Ioawrrm,qwovw $ve 4.31 g of [err],[err]- masked-di hydroxy

“PMVA T GPCT T EFTE ?Af en"rg;[a o U‘O‘ “’De’i'“’ﬂfemﬂé@’t' NBd& Eor Carryi ng ToutTTRe T
|n yent i on--The-b %Lt I eDJfPaﬁ@ ﬁ?gléﬁpqpmemkﬁg%n;aﬂg GRS MrD Yealil o tuents of the
i nyention is R DYCHWHERINEB islH or €y and 2, is #efingd in Cldim 13 2andér - 44,

47} and- 430 - IndtnsatrleastlonAppdrmBamdnutﬁgnn‘ihnemituamewmamnopsrmmesmpam\glsdas usef ¢ | I
anfl wel | known pSHyinreT roheenptthaforguleiunct i onal substituents, for exanple,
hofropol yners and copol yners of acryl ate and/or net hacryl ate nononers, such
pofynmers 60 heretofore being made usually by anionjc

“pO} ymertzagTon-"techmn- queS’ “The T hvemtl b protessTars provit des ATTEAns T For T

maki ng certain commercially ge b relative m)no rse copol yners

Lof fethacryl ate and acryl at. egc%'&?‘b $.. _...c&cl; cb'srgow hile sfﬁ'g@s ng. difficult. or. ...
i npossi bi'e to obtain by known proce se; sdch as anl bni ¢ pol yneri zati on or

- free-radiggl -polymerization.” “THE ‘T hven| T giI\prd; BRSSO provitdes™ i A
pejyner. whi-ch may..beicase or spun, for iYtd a-fil'mor fiber, from

..sofution.(in.an aproti-c..sol vent) -65...0X..i.50l a[ited Jpyocessed,. and. t_hen_
fu ther pol yneri zed. 21 o | a '
Y |
wherein:

Z"” is selected from the group consrstmg of
50

0 A2

l [

85 S . R2 _ o ¢C—C-—
o Lo Ll 1 [ J

R3 R CH Y, CHg,,

S .. each of a and b is independently selected form 0 or a number in the range 1to about 100 000
: ' provided, however, (a + b) is at least 3; o
65 Q is the dlvalent radical selected from the group consustmg of

60

23

I




068 887 TWains 1. Process of polynerizing the nononer selected fromthe,

roup consisting of CH2=C(Y)X, [err] 10 and m xtures thereof 75 wherein;

-CN,-CH=CHC(O X or-C(OX; Yis -H,o[ﬁg] g7 CN or [err], provided,

wever, when X is -CH=CHC(O X, Y is - or?err] ' |s[err] -R,

NR'R'; each [err] is independently selected from[err,] al kyl a;pd [err]

r'W or alkaryl; 20 Frs [err] al kyI al kenyl , or Jal kadi eny] or [err]
' i

ycl oal kyl, aryl, alkaryl] or aral kyI ~any of safti-gress optro y

ont ai ni ng5 one or not@,eCher o -wg?n.ca.t(orrs widgdLa@l i phatic ‘?

hereof ; and any of aII %he afo ai d groups Sptronally conta ni 1 g one or

re funct I onal substituents that are unreactive -under polynerizing

onditions; and each of R and R' is independently selected from/[err]

| kyl- 25 B% contacting the one- ~m-)Tre- nonomner s’ dewker—gppl yneri zi ng -

onditions with: (i) the initiator the fornmul al [erd] wherein: [err] is

s defined above; Z is an acti I n ubsti tuent /el e fromthe group
dj ﬂ //35 rr

onsi sting of 30 -CN, [err o [err]
err] 50 s [err] [err] , | [err] 55 [err] 65
nd m xtures thereof 22 0 068 887 wherein: X isras defined above; each

f [err] and err] i s independently selected fromH, [err] al kyl and

| kenyl: ;. [eraJ“ "&i’]‘ﬁ: thereefapnd all remainiag syimbyls ‘arec8 YieftNed §didim 91 OUPS- BXCERL, Him s .
pti onal |gphqpmsﬁ¢,ﬁ a) g';f%ﬁ“ﬁﬁre fetq*rae? %wygen. aiteoatvelyi thBipBlyki RNet the f(;,ﬁinma_ .
egment s t her erfis caRdi or es rou s except Hoptionally
ont ai ni ng ornlengarp. fn%b;ﬁa(kuﬁpt‘it'd?@ LIle‘eEE&% ﬂgr@ : nalafg??léaepplmemmr of e
ol ymeri zin 'Eggma! ubgituents Mat are ubreadtivéNindd? pobymibrizi diftons! sggmeﬁ'tsd'i'e’?f am

6" Miss Si% '&pdirasicalaglected foap the drouh cosiseiig ofwhen s 1 -

[err] or [err] 20 Mis Sn or Ge; and (ii) aco catalyst

AT CHT8 ™8™ 50urce of T uori @, cyani deg azi de of, BifTuor ide™i"ons "or a™"
sui table Lew s acid; to- pro?ce i vi-fg" pol vy ~(by-4i @ -ng p(il ymer -

ant a gglyrrer vvhr chzc.cu"[b)alcn_s an ac[_bve term _I group

Ls . é‘o).).(.'...._._._ o L(.c ’)J C el

45 and mixtures thereof

O 2, R%R3, and X’ are as defined in Claim 1;
is a divalent polymerlc radical of the formula

>‘<.[_ R
~CH,~C e '
.2|—)5" GH

Y c C

/\/\

o L R
o wherelnx Y, Rt . ' '
"Q,aandb g and M are as defined in claim 1;

re
P s aninteger as defined in claim 3; and

' ra
65 provrded h°WeVer t:d is et least 2.

50

CH—1-

24
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TS capabl e of polynerising further in the presence of nononer(s) and
taI yst) ‘having repeat units 25 of the one or nore nononers. (a) R s a

. meric radical; (b) at |east one of any R group in the nmononer cont

orge-or nore- reactrve substituents of the fornula -Z'(0)G--C(Y")=CH2 (*

erein [err] is Hor [err] and Z s? 71 +ed in Caim1l; and/or 30
err

at | east one of any R, [err] and In the initiator contains oneg0or
Jre initiating sites. 3. "Living" pon of theforrrula [err] 45
[ Z" is selected from_th rZQup nsrstd ng of 50 -CN, [err],

' [err] and [err] each of nd B is independently
sqlected §orm 0 or a nunber in the rang&flu]zsjabout 100, 000, provided,
hgqwever, (a + b) is at least 3; 65 me divalent radical selected

frdom the group consi sti ng of 23 0 068 887 [err] [err], , _
Lerr], é : [err] '
[grr] andeni Xtﬁr’s ¥ ‘%ér efng AR Lvér SR mmawm]ca R RRE pqwenaclrarnm or
claimi1. 4. caisd yrng po yrner according to clarm 3 wherein,” alternatively

the pol yner |sa Gﬁlyméraaréperemb]/me%oc[eisrqf]:laWnsar einferr] is [err] al kyl ,

al kenyl , or ?}(?p"qg félhe Pﬁtg nf 43% 3im Sé'ﬁﬁYVI'"mapa?tﬁlswy?“t or a
ol yr’rerlc,sl’adl Ea g £ ,to é‘? ?ﬂ% *;e‘x,,%p‘fg E‘] g one or. npre_ether .
- JgXygen alons:: Wl g Besellatdd in édai:cefdf'@ﬁtrérﬂms is nic
subst i. tuent SIfItrJS\'éHecaJéﬁalwﬁr eact ive under pol ymeri zing conditions; Z3is a
diradi cal sel et Bdcebs mmrdigto§ fabu [0 Vdmremaaldrc payhd B&lseﬁ)nethylammo)sulfomumb leoride

| a]re as de?]"o| Réé:{:(é%h P pf?é;?ﬂ"'gf%t H‘I:gaggeé p@@:g; ogi:ﬂ prisj @F‘l’ ac,é:jé,g nei :'a':g

f-o\prul a 50-. Jremh. &RIof |flucﬁ| ﬂmrﬁr@eymded& abidE6nslon a ebm
J a and b amedas defined in claim3; and p.is anJmLeg,e_r .and.i.s..at. ,_L_pa':f B
""”65' ﬁ?‘b’\?r“d”ea‘ "HOWeVEr . tﬁat 24 0 068 887 Wnen [err] Lerr].
25 'patentanspriche. : o

1 Verfahren zum Polymensleren des aus der aus ‘ s e e e e

' CH,=C(Y)}X,

et A A A R 8 B S 1 S5 A T .
CH==CH

B iR et A e S 0 £ A A PR, S A HE AT 2 27 \/ »

i et R AR RS D3 s R By S A Y ST £ et erend ran o A ta NS AT ST l B2
¢ Al PR e AR A S b S Ty ST E SR catits TR TR

und deren Mischungen bestehenden Gruppe ausgewéhlten Monomers, worin
% X —CN, —CH=CHC(O)X' oder —C{O}X' ist;
-/ . Y —H, —CH;, —CN oder —-COzR ist, jedoch mit der. MaBgabe, daB wenn X CH= CHC(O)X‘ ist Y —H
: " 45 oder—CH,ist; - : .
X' —O0Si(R");, —R, —OR oder —NR'R"’ ist;
- R' jeweils unabhéngig aus C;.,o-Alkyl und Cs_,o Aryl oder -Alkaryl ausgewadhlt ist;
R C,_xp-Alkyl, -Alkenyl oder -Alkadrenyl Ce-20-Cycloalkyl, -Aryl, -Alkaryl oder -Aralky! ist, wobei jede
dieser Gruppen gegebenenfalls ein oder mehrere Ether-Sauerstoff-Atome innerhalb ihres aliphatischen
50 Segments enthélt und sdmtliche der genannten Gruppen gegebenenfalls einen oder mehrere funktionelle
Substituenten enthalten, die unter den Polymerisationsbedingungen nicht reaktionsfahig sind; und -
R’ und R" unabhangrg aus C,_,-Alkyl ausgewdhit sind,
in der Weise, dal eines oder mehrere Monomere unter Polymerlsatronsbedrngungen mit
{i) dem Initiator der Formel (R');MZ, worin
55  R!die oben angegebenen Bedeutungen hatund ... . Cos
" Z ein aktivierender Substituent, ausgewihit aus der aus -

RZ, o
B S
—CN, -c,:—cN . ac—cCx’,
o R3 3

BT




Mis Sn ot Ge. 10 5. Process conprising quenching with an active

hydrogen source the "living" pol ymergopeg!ggm 3 or claim4. 6. Polyner
.prepared by the process of daimb5. 7. Solution of the polymer of d ai
C.,aim4, or daim6 dissoPved i 2an aprotmc sol nént 8. Shaped article
‘'t he polyner of CaimS3, aim4| or dainfi6. 9. Shaped article accordin

CLaim'8gM1mhmame —tToef—10. Pr Geording to Claim1l or Claim
2 wherein said source of Zblf|l1(;jjl de |ons s an ¢rganic bifluoride

im

8H

co-catalyst. 1 1. Process accorgling'to 10 wher ei n said conpound is
tr| s(di rret hyl am no) sul fo fluori de ocess of preparing a
“living’ polymer, the process corrprl si ng contalt | ng under pol yreri si ng 20
conditi Ons at |east one pol ar acrylic-type or nuleinide, alpha-olefinic,
nmononmer with (i) a tetra- coordiFﬁate organo-silicon, organo-tin, or
or gano- ger mahi um pol yneri sat i o i igitiator contai n| ng at | east one
initiating site and (il )‘H%‘b &afal yst wWhiOCk: ¢-sR% sourcgcof_pp? | uori de,
fluorid® cyani de, or azide ions or a sui tabl b, Lewis 25 ]Pate tansprf | che

' - . 1. Verfahren zum Pol yneri sieren des atts Bfer aus - Y). X, 30 35
O=C cC o0 .. R und deren M schungen bestehende Gu pe
ausgewat hl ten Mononers, worin X -CN, -CH= CHCCO X oder ist; Y -H

- CH3, . -®N -oder .- CRR:i.St., -pedoch mi.t_der. NaBgabe,. daB, - wenn: X- GH:GHC( 0) X ot

“ist, Y TH 45 Oder CHBlS X 08 (R1)3, -R -OR oder -NR R' ist;
jewe| | s unabhi n_g| g aus CI;TOA®Yl und C6..10-Aryl .oder -Al karyl
. ausgewi hlt tst; R Cl.: 20 ALI;ZI ,

F Al kenyt oder - Al kadi enyl ,
C6. . 20*€Yd oal kyI -AryI yI oder -Aral kyl ist, wobei j ede d| eser

Upen gegebenenf al | s-ei n odet "mehrere -Ether-Sauer stoff At ome i nnerhal b

I hres ali en 50 sSegments enthfilt und sdntliche der genannten. ... e
-~ Gr uppen-gegt gge f\,gf gn%fa ﬁ"%ﬂ@rumeht,emenfunktonel I"e "Substi t uent en

ent hal sen, d‘zendJRthalrl it %bﬂ’é?,%g ne,n B@dl ngungen ni cht reaktionsfghig

si nd; und'ARarVde -Ralknadtal ghignal a" :J“s AV iyt urgli-Aianyi, 0,1,

Vi se, aBefsPﬁésor@ﬁjenerrmwmsem. E" ﬁ falia ¢im s ewhieGHENHEN”

mt (i ) et Hogeaehenentays wobn smn)ea HAIE Sttt defi vorashennten

angege&senenzB@ Q’é‘%"i’"??&t"'cﬂ'rfaa'%°@hhlgakm underender Hhen ?u’g'f‘nar'te"'aﬂf‘stféﬁ/ahl t

aus der aus nfmander“ﬁgt R2 CN -- G O, -GCCX . 3
.~~BR3- -n 3,4 oder 5 ist, und - R T 0 068 887 [}

2 °N =C Jegoggssn';‘tsgeg‘;:rge'st _o=-CR -00--CR2 0 ~ ~ X R3-0

R 20 4. 289abe, daB, wennz -0C... JOROL 25, s i

"'KCI'—IZ)'”"U"’nd deren M schun gen bestehenden Gruppe |st V\Dl‘ll_l’_l._

Q. . g"’
[
—C
Lc"‘z’J

50
ist,

' L‘C ) _ ode.r
o H2 f
M Sn oder Ge ist, und

(i) einem Co-Katalysator, der eine Q
, uelle flr Fluond-
o geeignete Lewis-S3ure ist, in Kontakt gebracht wird, wo
_ Iebenden Polymer_wnrd ein Polymer verstanden,

Cyamd- Azid- oder Blfluond lonen oder eine
durch ein “lebendes” Polymer {unter einem
das eine aktive endstindige Gruppe enthalt und zur

. dadurch gek i .
{a) R ein polymerer Rest ist und/odar gekennzeichnet daR alternativ .

60 {b) wenigstens eine etwai . i
Sub ger Gruppen R in dem Monomer einen ode
a:g:;gl]aee:t:n der. Formel —z’ {O)C—C(Y")=CH,, worin Y' H oder CH, ist Jn:\ezl:re;e reaktlonsfahlge |
n Bedeutungen hat, enthdlt und/oder ' ? le n Anspruch 1 '

65 "Lebendes" Polymer der Formel '
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X % i m Vor st ehendj en angegebene Bedeutung hat, 30 2 3 odew
) pe, a, ' it as H. -
uol @erer eni sat bnsengunen behnicht Ge [ ndun 35 X 0di er Nm
Vstjhne; neeeeBduught .0 2n 3, _48%3§é§| 887
I SEhe- und 3f 4, [Ooder Nist; qc . oo

N ) .. MSi, Sn oder Ge ifst,| jedoch mt der abe, daB, wenn Z
AU . 40 01 45 Z"+CH2-01-—-°H——°H—TU0__ C -
C gder | ® l S~=~~~

~ ~+~H sCH2 50 ist, M Sn oder Ge ‘I{St N/O\EI nem Co- Kat al ysat or, der
eing Quelle for Fluorid-, Cyanid-, Azi ori d-1 onen oder eine
geef gnete Lew s-Saure ist, in Kontakt gebra t wi rd, wodurch ein "l ebendes”
mer (upger einem5 |ebenden PonnEr wi rggl ein Ral ymer verstanden, das
eine aktive endst andi ge Gruppe ent hal t=und zur weiteren Pol ynerisation in
Gegenwart von Mononer(en) und Co-Katal ysator befahigt ist) mt
W ¢der hol ungsei nhei t en aus dem ei nen oder den nehreren Mononeren gebil det
Swifd. 2. ng‘%{‘?fzer;ug%gguﬁnspr uch 1, dadurch gekennzeichnet daB alternativ
(a) Rein polynerer Rest ist und/ oder 60 (b) weni gstens eine etwai ger
G uppen R in dem Mononer einen oder nehrere reakti onsfl hi ge Substi tuenten
. der: Formel”.-Z' (O &€ Y})=CH2, "worin. Y. H oder CHI . [st und-Z- dle g
Anspruch 1 _angegebenen Becdeutungen hat, ent It u d/ oder (c)l weni stens

ei nen der & wa vor handenen Substitugpten R, R3 in dem lnitigtor ein
oder nehrere initiierencde TZent ren g aI t. . "Lebendgs" Pbl yrrer
der Fornel 26 | 111l L' Lg—on,F -c—-c und

~AeZ~~0- 068 887 70 . 3

|~ 8 39_,_, N R C -
7TRGS T der T aus C) T m—— 0 A 20~~~ R oG ---
“CiioN o oex' - R und 25

R . h(lil:lstz CH2 30 bestehenden
'-_@"Lppe ausg?BV\'@Hﬁfhe Gru;lasﬁ::;ﬁarv\va: au Oo“'e- gine Zahi im Bereich von 1 bis etwa 100 000 ausgewdhlt sind, ~
i dvﬁ und b j emgdot,gm a, Qaﬁgst@umZahl imBereich von 1 bis

et 100 000 éusg%hh, Hbrsduel jedoch mt der Ma~gabe, daB (a + b) wenigstens
3 1st, Q der aus der aus 35. _ _ ' '

Mo S 35 . ................................................'l;";';“.;";'.:LL:ZL;‘Z:’;:::Z;’:Z:‘ZJ:L?;T;:LZ‘L'.;"...':.;'.‘.‘.".‘;‘:Z:’.';.;':Z'_ _ " . X

CN-{ . ' CH CH | CO- Co- ' s

X CN—_ CH—CH = cI:o- CO-
-CH2—CI:- —CH,~C-Y, . . —CH,—C-Y, —CH,—C-Y ,

v_/ . 45

. féH—fCH; _ *TH_(iH
: ' ¢ C ' G C-0—
- AN LAY
R '. : R

65

: und deren. Mlschungen bestehenden Gruppe ausgewahlte zwelwertlge Rest lst, und alle ubrlgen Symbole
i ' die in Anspruch 1 angegebenen Bedeutungen haben.
' 4. "Lebendes” ‘Polymer nach Anspruch 3, dadurch gekennzelchnet daB alternatlvdas Polymer emes
o 60 der Formel Ro([Z3POM(R");)), ist, in der
‘ _ Ry Ci—20-Alkyl, -Alkenyl oder -Alkadienyl, Cs_zo—CycloalkyI ~Aryl, -Alkaryl oder -Aralkyl oder ein
) : polymerer Rest der Valenz p ist, der gegebenenfalls ein oder mehrere Ether-Sauerstoff-Atome innerhalb
des aliphatischen Segments desselben und/oder funktlonelle Substltuenten, dle unter Polymerlsatlons-
. _bedmgungen nicht reaktlonsfahlg sind, enthatt, ; e e e e e .
65 Z" ein aus der aus
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40 : | . VNB .1 -CH-C
_-CH: .cCY, -CH-CY -CH -CGY21 72

CY2- - Y. 45 -CH CH -CH'CH 50
' Grgppe ausgewl hite zwei wertljge Rest ls% und aI I e Qori gen Synbol e diein
en.

,\/\ OR" R % 0681 887 en- M schungen best ehend
nspruch 1 angegebenen Bedl &t ungen h %bendes'0 Pol y nach

AYSpruch 3, dadurch gekennz chne~t, dal3 aI t er hat i vdas llpol y ei nes 60
der Formel R ([Z3POVCRDHERCist: in~§ar R C=90-Arkyl S-A K rTy| bder
-Akadi enyl, Cs-.20-Cycloal g, -Aryl ¢ karyiggeder -Ar oder. ein
pol yner er Rest der Val enz p 1st, der ggebenenf all's ein odef Mrehrere
Et her - Sauer st of f - At one i nnerhal b des aI i phati schen Segnents dessel ben
und/ oder funktionelle Substituenten, @ e unter Pol ynerisations- bedi ngungen
ni cht reaktionsfihig sind, -enthdit, ' ' '

i 65 Z3 ein aus der aus 27 I"---¢C c-1 fl 0 068 887 R2
R R 0 | l S 1 HL
1 7z < (g | o -G - : Zc , G JCG R(OX - CN
H24 10~~~s~~~ 15 _ _ o K H und deren
M schungen best ehenden Gruppe ausgewAhit®%%pi r adi kal i st 220 72, R, R3 i
und . X. die.in Anspruch 1 angegebenen Bédeut ungen habtien:- Fei zwel vverfl ger
p0| yrrer er RGI% d&&erls:&LR?eln bgéehenden Gruppe ausgewahites Diradikal ist, r
20 Z', R% R%und X"_di€ in Anépruch + angegebenen Bedeutungen haben, - - . . | -+CH -"C e e

H- " CH _ 2. Pein yweiwertiger pol{chbr@(Rest der Formel Fl _ a
e ist, inder X, Y. R und Mdie in Anspruch 1 angegebenen
Bedeuwt ungen haben, > . .-- Q aund bdiein An-=pruch3

mebe%n Bedeutungen haben " UncKp dine ganze. Zahll.i.st. und-wenigstens 2 "7
] b e B 10 (o]0 I A N r Bdabe, ndaB, nr - 0273 Cc -
- - P I st 45 8? ,i!VH ' cI:We NnCH2-. M Sn oder Ge
i st . _ Y . _

o - _ Lo /\/\
I a
; 35,......»., P LR T

ist, in der X, Y, R' und M die in Anspruch 1 angegebenen Bedeutungen_ haben, . . . . ..o commrmsmm
- Q,aund b die in Anspruch.3 angegebenen Bedeutungen habén,ind
- p eine ganze Zahl ist und wemgstens 2 lSt: TS b e e N T T
.. jedoch. mit der-MaBgabe, daB, wenn- = ST T T

.0
’ 3 g Clt- s ist,
— © o 'L.*CHz*J

M Sn oder Ge ist.
- 50 B. Verfahren, umfassend das Abschrecken des “lebenden’ Polymers nach Anspruch 3 oder 4 mit emer
Quelle fir aktiven Wasserstoff. :
6. Polymer, hergestellt durch das Verfahren nach Anspruch 5.
7. Lésung des Polymers nach Anspruch 3, Anspruch 4 oder Ansprcuh 6, gelost in einem aprotlschen
Lésungsmittel.
s§5 - 8. Geformter Gegenstand aus dem Polymer nach Anspruch 3, Anspruch 4 oder Anspruch 6.
9. Geformter Gegenstand nach Anspruch 8, der eine Folie oder eine Faser ist. . :
10. Verfahren nach Anspruch 1 oder Anspruch 2, daduch gekennzelchnet daR die Quelle der Buﬂuond-
" lonen ein organischer Bifluorid- -Cokatalysator ist.
. 11. Verfahren nach Anspruch 10, dadurch gekennzelchent da die Verbmdung Trls-(dlmethylammo)-
60" sulfoniumbifluorid ist.
~ 12.Verfahren zur Herstellung eines “lebenden’ Polymers, bel dem unter Polymerlsatlonsbedlngungen
wenigstens ein polares, aipha-olefinisches Monomer des Acryltyps oder Maleimids mit (i) einem Tetra-
-koordinierten Organosulucnum- Organozinn- oder - Organogermamum- Polymensationsmltlator, der
~ wenigstens ein initiierendes Zentrum enthiit, und (ii) einem Co-Katalysator, der eine Quelle fir Bifluorid-,
65 Fluorid-, Cyanid- oder Aznd lonen oder eine geeignete Lewis-Saure ist, in Beruhrung gebracht wird.
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F 5. Verfahren, unfassend das Abschrecken des "I ebenden"” Pol ymers nach
ch 3 oder. 4 mt elner Quelle for aktiven Wasserstoff. 6. Polyner,
'st el I't- durch das Verfahren nach Anspruch 5. .7. Losung des Pol yner
“Anspruch 3,7 Anspruch 4 oder AnsppCcgBgbgafc! ost in einem aprotische
igsm ttel. 55 8. Cefornter Gegenstand aus dem Pol ymer nach Anspr
Bspruch Rkvemlsathﬁnspruch 6. 9. Gef_ormer Gegenst and nach Anspruch 8, der
5 Fol i e oder, ei ne, Faser X roder Anspruch
aduch geker]mpi%‘ieg%?le °?y'-"(f ?ai"méi‘jm m ogﬁfeFeg&é%{haanlgphdg??gﬁaﬁ%n%n ein
ni scher Bifl uorid- Cokat al ysat or _i st cHi=eyi¥er f ahren nach Anspruch 10,
dadur ch gekennzei chent, daB die Verbindung Tris-(dinet hyl am no) - 60 -
sulff oni unbi fluorid ist. 12. Verfahren zurhergfellung eines "I ebenden”
Ifymers, bei dem unter Pol ynerisati onsbeﬁl ngingen weni gstens ei-n pol ares,
‘pha- ol ef4 ni sches Mononer- des Acryltyms=QdercMl eimds nmt (i) einem
Tefra- koordinierten .Organosiliciunm . O gangzinn- oder O ganoger mani um _
Po}yneri sationsiniti at or, der wenigstens ei | initiierendes Zentrumenthalt,
1 (ii0O einem Co-Katal ysator, der eine QueRgle fO Bifluorid-, 65
Fljuorid-, ,Cyani d- oder Azid-lonen oder eine geeignete Lew s-Saure ist, in
Ber uhr ung ge&r@ﬁm,ewgegl ou28 | Ipj 1111211 111 1 1121112111211 1 0 068 887
“Revendi-cat i ons- Xlest Reoceda=CHe(@al gur-ciopdt i-on . du: nonenere : chdi-si ~dafs 48 <75 Liae:
groupe constj %e;:?arl -5CH3, —CN ou —CO,R, avec la condition, toutefois, que quand X est—CH= _CHC(O)X' alors
9

CH2=C( Y) Xy,

—CH, _

-1 | estl—OOSMR‘)s,-—— —OR ou—NR‘R’"; .~ . . Q':C C_O N e
et eur S ma IR Sest Ghoisi mdependamment Sarml les groupes alcoyles en Cyi—q €t les C?\Toupes a es ou '

X est CNcaryles en Ce_10; . ou. - o .. Y est-H -3, -

av‘eg/ | a cond| t iFoest urt grodpefatsowds, alqémlecpuaha:ﬂ@(vlesm CQ&:@H@(I@)'IX: aryle losrgle yu e'glbovld-den
ou Cs_zo, n an esq%, grourRs coma Ilﬂnent un ou plusieurs atomes d'oxygéne

ST Crade isnontdlDlt b af? e ﬁg‘%ﬁs p:ci;"“fiﬁbﬁ% R e A
n oi i p a

et I'es groupss me 168 Shou agsﬂyaﬁc,qlpapmis@encontact
al cenyl e ou a.l,mahsemnbae@mdaﬁida&onmyahkaabaﬁyéraanoaray al caryl e ou

—athl coyle en C(l)mrtlamﬂndepi)htreﬂt? B3eNkbs de ces gr oupes cont enant L e e
6vent uel | éfrent ﬁs‘dﬂulg 'gt es d oxygene —25t d' 6th er 'dansl 1eurs '
sepnents al i phd FHULE R b?f LAt ea\'/'seﬁtgﬁé’?f anEtYe ReL |

_pl psieurs-substituants - fonctionnels qui ne sont pas reactlfs dans les
“¢ohditions de "poi ynbrisation:” et % rR2.0 . Ret R"sont cHoi'sis T
chicun i.nd&pendament par m | es gloupes al doyﬂe en.C..4 par: mise en contact
~dul.ou..des..mnoner.es. dans.-.a&¥. condfrfiins.. de CrdiXnerisati.on avec *. . (i)...

I__' nitiateur deIaforrruIe(Rl)B 3 O. , R est tel que deflnl _
TCT dessus Z est” un substitaunt” act’ vant Cﬁm ST dans 18 "gi oupe’ constl tug™

paf ~~~~~ w2 Yos - f, - CA2°,0: .
i O g R2 .-ocni o R2 - GCX e e e
] (}: | |C| <'; A 558' |
----- A —_ —de C— <. ... ... - -
k"’é - 45 - R2 !, L
. z . - 1, s
. k"CH_ m CHZn
50 '
R2
| 3 2 a2
-N =C = C-R . -0?= C’J—R s -O,C= CR s
' % x* R3 z’ J
Sort,
60 _
-0C CR2
65 L‘CHZ')J
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2C-C  -C~~—~W 2 ' KCH2.1J 50 13 -N= C
c3 : -C GrRR , -C=CR2ii ~~~HR~~~"R602_____ ~%2
o ~ -~ . T R1111111111 0 ° 11 -C..::CR 63k

BSS87 et |leurs nelanges, ou X' est tel Thmme ci -dessus; R2 et R3 s
Bchof sis chagyq,d Resneadanment parm H, |es groupes al coyles et al cenyl en
, _,» O | es gr oupsadelaty s ci-adseadt y| es et aral coyl es en Céc,

"inporte. | escRiet R som cioisis oy PO spenémmewafwowt‘%srmeﬁ‘cev‘éﬂrﬂ‘e'éé'\‘/@?r?ﬂﬁ -wri®ou

pl usi eur s_agioHeEas afyiegx 10/ ft 598 ce tenant
ont enant egﬁﬂﬁ Ime )%%Ie rsa %‘aﬁ eﬁr:;i% he grggrs se ?s&ﬁ:%g: véégc &enant

%&tfé %E‘ §orﬂH|'onsn&h
sont pas re I'es con |t|ons de pol yrrerlsatlon et Z' est ou .
mest 2, 3 ou mgst]IbuN nest 3, 4ou5; et Mest Si, Sn ou Ge, avec la
: ondition, tou’t'estf?oiieﬂclue quand Z est 0 20~~~~~~~~~ alors Mest Sn ou Gg;

et (i) UA coqBhiPR Cuc. eatoune, SOULES, o S porur e, cyanure.

azot ure ou bi 1 Gordre ou un ac ew's opri 6, afin de produire.-un
polyntre -"vivant' (on appelle-polymere vivant un polynere qui- 25 contient -
n groupe termnal actif et est capabl e -de pol ymeoi sataon. suppl enentaire
BN presen€e d' un ou - plusiews res et d' uh coclat al yseur) ayant des

mai | | es. du ou-.des nononbres. 4. Protede-selon:la. eve |Catlon T dans™
equel al'ternativerment, (a) estéFn radi ®al pol ett.ou (b) au noins
| " un des groupes R dans le no % contient un o Cﬁk si eurs substituants

eactifs ae la 30 -formule 2 (0OCG Y1) =CH2 ou'Y' est Hou CH3 et Z' est

el que defi ?f’i’i dae?ﬁs | a Gr(gtevendl cation 1; et/ou (c) au noi ns I un des gr oupes
A et R3? Gk e AorBle USLRH, Sroftird §biflalld S @ 4R |
w_{iiY un cogatalys: SO c ortire, cyan Z0 u ede

¢ \‘ﬁo' yrrer € LeW \éaﬂi.»pnedéfrr ;frgé Ui % 4§§| 4'6 "vivant” {on- appelle“polymére- w\ﬁiltéun polymere A

CH: CH~=25 " contient un groupe termina thkst able de polymérisation supplémentaire en présence d'un & Cere e
PlusBuiE' mopginérehiesiddin coeatplyséue) ayprd Wpemaithessiviot des rpenorrﬁﬁaso

20 55 2. Procéde selon la revenp&aﬂon 1 dans equelp&teg\atwement

G _ (a) R est un radical polymére; et/ou

" {b) au moins {'un des groupes R dans le homomére contient un ou plusneurs substituants réactn‘s de la

30 formule —2'(0)C—C(Y'")=CH, ot1 Y' est H ou CH; et Z' est tel que défini dans la revendication 1; et/ou
{c) au moins 'un des groupes R, R? et R® dans I'initiateur contient un ou plusieurs sites d'initiation.
3. Polymére "vivant” de la formule: o
_ z":{—craz—clsl——-cr-:—-—cu-a—_——QM(FH)'3 S
‘ . b o
T B /‘I’ %
| e
5 i s L R s
ou: : : _
50 Z" est choisi dans le groupe constitué par
0 RZ o R2
55 o : C T o _ T ﬁ _ C C— ‘ G——C—
-oN, BRI et " L D
6o - S '. CH2 m rah

- aet b sont choisis chacun’ lndépendamment parmu 0 ou un nombre de 1 a environ 100 000, avec Ia
~ condition que, toutefois, {a + b) soit &tre ou moins 3;

65 Q est un radical divalent choisi dans le groupe constitué par
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R3 et K Sore I% quﬁ %%g}g, sselpgria revandicatien g sy R' i"e"]g“‘éeg‘tez%ﬁ '?°éyd“eée FSt dela
{ll aé@ny]% &élcadle le en C,_,0; cycloaicoyle, aryle, a(cé‘r@é ou Q’aﬂ:oyle en

Ji1 - 1.1 ©oN  --COCN -G GX,
i s 3C~i 60 a et b sont chobsbg gg.zun | ndependanment parm O
ou u monbre de- 1 3 environ 100 000, av g dition que, toutefois,

b) ss@-t etre ou-noins 3; 65 Q est un radical dival ext choi siXdans |£y
groufe constitue par 30 AR 0 0b8 887 Xl clzo- :

XI L% ON- )'(Y HE- | 5 ﬁz'CH=C°'?CH

-CH 2-CY, -CH e CH_ Gyl ~CH.~C-Y ,
e ¢ ‘EH ~C~ cH oAt : Yo e C 2 Co- R

R - et leurs mdl anges; et tyus Ies symbol es restants sont tels que- ,
d6f|3|s 61 -y I 20 4. PlnmrNvvn"slr IS reedcto ans
lequél , alternativenment, |e pglym-ie_est de | a_fprmutg R ([ZS?PQV( R1) 3l) .

o~i RP est Uh radical al coyl e,['al cgnyl e ou al cadi 6ny]je en CL.20; .
cycl oal coyle, aryle, alcaryle @u aral coyle en. 20 ©&Pun radi cal polynbre
de val ance p cont enant 6vent1/é|\e rﬁ\ ou un pé s atones d' oxygi ne' :
d' dt her dans ses. segnents f&hcti nnel® etfou Hes sp bstituants fonctionnels
qui sont nof’réactifs dans les *g .25 conditions ﬁie pol ynbri sation;. Z3
est ‘un diradi cal choisi dans |e groupe constitud par R2 -
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S . et leurs mélanges; et to\lﬁngyn@lesmtamssomselmueldew%a |
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tsque difi n| S d@mer dads 68 eeghEbhBadrictionndls et®u HeGubitituantstforiatidnh@hqul sont norégyls d@psyies
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“entier et est au MFtri’é? "Za‘ﬁ‘i?é‘&!mlsbdaé?‘i)ﬁcﬁ"f“ipﬁﬁ°"s? BUP%Ef oi s, que,_quand Z.. e_st,w,-m,m.,..

R
04 SR B R ] ST A - p2oman i,

30 _ R R2 o .' éz o | O.
| - R B 0 .

3 . |
: C(O)X CN H2
35 : . " o -
40 "t
45
g B et leurs mélanges;
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50C . - ~C_ ~ alors M est Sn 70 5. Proc~d6 conprenant 1' extinct
I on avec une saurce d' hydrog~ne actif du polymre "vivant" de la i5
revendi cat'ion 3 'ou de |la revendication 4. 6. Polynbre pr~par6 par le
proc~dd de | a revendication 5 - -970680887ion du polymre de la

revendi cati on 3, e ndlgat on cmmn | a revendi cation 6 cl ans.
 SOkvant ap OTFfﬂ-'sé’ § f‘?gﬁ f‘%r?iénf agdadmﬁymoes%a@na@/e%ndl catid
de | a rev a revendlcatlon 9. Article de

selon la revendication 8 qui est une pelllcule ou une-flbre. 10. Proc~d6 de
la reveéndication 1 ou la revendication 2 clans lequel - la source d'ions

bi f1 uorureest un-- cocatal yseur bifl{iorurgq organi que. 11. Proc~d6 selon |a
revendi cati on 10 dans | equel le co s6 egg | e bifluorure de

tris(di mht hyl amino) sul f oni um 25 12. [Proc~d62e&MAsePur at i on d' un

Pol ynbre "vivant", le procNBd conpr a mse en contact dans
des-c~o-'niti-oinis die "p. olyne risati @i d au mionms u~nrimkinornire de
typeacylique pol-air'e o'u "mal~i~md' e, -aph'a- -"""~-2 ol 6finique, avec

(1) un-initisap@tadé demprohanr Nextincian bven uo¢ gauNe-dtydiogérerctifaiugmiyonétt ‘avivantd e la
organo4gemwuﬂmﬁmn3ummbat@vmd@ﬂn64conten|ant au nmpins un site d'initiation

et (ii) un g \tn%ﬂr gﬂre el rllie? agglg ggeez:\tlo???%?t;mendlfagon élau uzfgérgié:a

~-cyanur.e..oy, S. appropr
8. Amcle de forme en polymere de la revendication 3, de la revendication 4 ou de la revendlcatlon 6
20 9. Article de forme selon la revendication 8 qui est une pellicule ou une fibre.

10. Procédé de la revendication 1 ou la revendication 2 dans lequel la source d'ions biftuorure.est un - -~ - -ean

cocatalyseur bifluorure organique.

\_/’l 11. Procédé selon la revendication 10 dans lequel le composé est le biﬂuorure de
tris{diméthylamino)sulfonium.
25 12, Procédé de préparation d'un polymére “vivant”, le procéde comprenant la mise en contact dans

tétracoordonné contenant au moins un site d’initiation et (ii} un cocatalyseur qui est une source d'ions
~ bifiuorure, fluorure, cyanure ou azoture ou un acide de Lewis approprié, _
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" des conditions de polymérisation d’al moins Uin monomere de fype acrylique polaire ou maléimide,” alpha-
oléfinique, avec (i) un.initiateur de polymérisation organo-silicium, organo-étain ou organo-germanium - . - ...
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