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EP 0244953 Bl Descrl ption This |nvent|on reI at es to a process for
poI yrngrlzmg pol &f &-ol efinic monomers to:*living" polyners and to the

"1 Vi pol ypers produced by suc The technol ogy known
as gr%%fo tranrsq‘aer pol ymeri zati on Eﬁ(ﬁé@ﬁ%q'n U S. Patents 4,417,034 -
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50 The preferred conjugate acid of the oxyanion catalyst has a
pKa(DMBO) of 6-24, ‘nmore preferably 8-18. Preferably the pKa of the

- liviAgness enhancenent agent is equal to or |ower than the pKa of the
catalyét. 55%Detailed Disclosur &R D244 99 B%s of the invention, the

pol ymer pr Oﬁtr&mdr?arbrr radicdGvhidnls Lmr,h b%..&alcyararsmr iR Ar.ahﬁ.bgroﬁﬁr.eaa.zard by
t he Pr esedvntdini 80 &t attEhsP6th doﬂ/rﬁe ragicd? \Abhtdhhg/ iPt6 20 Bdrbeh dIEMEShNY of said
cont ai ni n@dltélEoﬁt oadlly Sdhdinigtane axtmdrk iethien giygem d®maneithirhdiphatici segrhenty) thereof,

subst i t uesrtionally ¢pntaiging zone qyrmere tfunstionsk subistitaentsy that gre "'rrm'wevtm#g' palymessiziod t he

pCIC-)||2y g(EI’Ys) )g dltlons, c‘- ; k‘i'qé‘a% ce'gfaélaqt%g‘e% ?{L gﬁ’é"r N& g@a%h ’tltt.ta ﬂ? m ‘L e?":ﬂ‘::abN

[err], pr oV|T ma Qwed’ﬂﬁhe poR@Brizftidnof mﬂrﬂw&%ﬁ @)aanrcon¥oiltSmmHnﬂ|§tor$H$ Pafentd, S
[err], -R}4148R, 4524198 ﬂ‘17 0342emkd 4{508,88D supra.cepg @orboding gpplicationSerial No.[9y3i926@ad by |

r adi calo wER-cAr9 s a6 ﬁeﬁOdmﬂaprs teh pee prefgresrhinrivge hgyeimarg githe formula selected

al i phatrcf’%[‘l’&ﬁr)ﬁ"(‘? g!éﬁﬁ é‘l‘d(e%'ﬂﬂ( "h to 20 carbon atoms, 65 provided
that at Iea%tls Qnﬁm ubet@ﬁpsde&e@ﬂam%e gfoup comsistifg k44 953 Bl Ris a
hydrocar byl radi cal Ich is an al |£hat|c alicyc g aromatic or m xed

al i phat4 c-aromatic radi cal contairRhg up to 20 caRbonQatons, or a polyneric
radi cal containing up to 20 carbon} atonms, any of $ai dll r adi cal s optionally
cont ai ni ng one or nore ether oxyg-em--fmbrrs withi n=8++8XR4ii c segnents :

t heeeof , optional |y e@Ntai ning onel r nore functi dgal substituents that are
tnreackd ve under pol yneri zing 5 cdhdr ti'ons, and oBtionally containing one
or nore reactive substituents of the forrrula -Z' (O C ﬁrr] wherein Y' is H
or [err] and Z' is O or §R ; arg? each of R andgR' is Rhdependently

sel ected from[err] alky|. The || nitiator used iff the pplynerization of this.
i nventjon is a silicon- con.tar.mm-g initiator of Ce&e- ents, 4,414, 372,

. 4,524,196, 4,417,034 ‘and|4, 508, B80 supra, and c pend;ﬁ; appl i cation Seri al
No. 673,926 and 10 EP- A-®' 145 3eand 0 186 330\ lnitfators which are
preferred for use herein é(@_’l mthe formul a sel e&?’ézi),irom [err] and [err]
-whereif: [err] is as defined above;, Z is an activating substituent selected
‘fromthe group consistgtg of [ERR] -SR, [err] - and m xtures thereof
Evvherern R [err], R, R, X and Z' ‘are aszdefrned above; Z' i9 t.he
activating substi tygegc_gi:zc R2; 5Q0Ca==C-R ] -0C3==='===cR
| 1, X R3mis 2,3 or 4, nis 3, 4 on,5; MrsSr,ShorGe provrded

howevesrs when Zis [ERR] Mis Sn or @& Band 65 c& and R3 is
Li ndependent |y selected fromH and hydr ocar byI defr hed a:ﬁzam R above; 3
\ 40 2 '
1 o - «QCz=====CR" -
(CHz)n

¥ _sn, —OP(NR'R""),, —OP(OR"),, —OP[OSi(R")]. and mixtures thereof wherein R, R', R’, R"", X" and Z’ are

as defined above; .
Z' is the activating substituent

—OC=C—-F|C’:
|
50 X R®
mis 2, 3oré4;
nis3,4o0r5;
M is Si, Sn or Ge, provided, however, when Z is
55
0 R’
2 Il l
«QCan==2==CR C C-

2"n

) 60 k / or ) \ J .
i (CH ' (Cﬁz n

M is Sn or Ge; and
65 _ each of R? and R?® is independently selected from H and hydrocarbyl, defined as for R above;
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EP 0 244 953 B1 ('a) at least one of any R [err] and [err] in the initiatorg
optionally contai ning one or nore initiating substituents of the fornula

[errkr wherein Mand [err] are j ve; [err] is an activating 4
di ratfittal selected fromthe grgépggd@sg?laﬁg of 0O-R[ERR] and mxtures -~ °
t her eof , WaghElesst [bRE 61 anyR,,R*Znd RPirame inltiasreoptisnathe Eontrininan RSV PI'B 1 1EAYRS
however substituefite bf the fosmlERRF—MRIswBIeior Ge, 40 (b) [err] and [err] taken
t oget her aMend§’ fERR]‘efi"?d_ﬁW%i % donednd e ther B2 or [err] taken together
are [ERR] # isan pquvaing gisagkcs sB'f"“f“Z“fé’g[qE"ﬂﬁT"sancﬁ or [errd is By conjugate
acid is neant the acid fornmed by protonatin@ the catgllyti c oxyani on; for
exanpl e, the 15 conjugate d(%cﬁ acet gte nion is lacletic acid, and the
bi acetate ani on i s ageCkC(RT) (R ne~C(BY )pRE( VS ' -G he conjugate acid is
meant ,4 he negative | ogéarithm of the dci di ty constant 3 the conjugate acid,
measured in. dinmethyl sG+foxide (DVSO at [err]. Metho for neasuring pKa
val ues of various acidic conpounds, including oxyacids, are abundantly
described in the literature, forQexanple, by F. G Bordwell et al., J. Og.
Chem ,,545,3305?(1980); 46, 4327 ( |981); 7, 3224 (1982)ge.and.4B. 1424
(1984). 20-CkBT bee® it orr of Livi ngrf&SS Enfjancehent with i |yl at ?d Oxyani ons

p

G oup transfer polynerization (GER) is "l'iving" polymprizatifon in that
monomer units suc®essi vel y add to\the end of a grow ng p\ﬁl chai n and i
there js no chain transfer and i dedCHglgo ternination. S %mprocess gi ves
us the ability to make nonodi sperse polyners [err] approaches 1.0) and

bl ock copolgners 25 of well controlled architecture, but only if

sel f-term nption reactions can be controlled. Such 22 selfgzii@iddgrati on
reacti on regults-+Q-preemature ter aranSof *pol § sk chalr ns, which causes
vari ol efffcts.in)Jthe.resultant. ppl ymers/ For ex gr! e, the nolecul ar

wei ght distkibutigh of |Iinear poly ‘rg% ¥I1 broaden (dispersity wll be
greater than((l:ylz) i near polynmers ma i“ah mul ti pl e -nononer feeds nmay

exhibit nmulti-nodal nolecular 30 weight distributions, where the nolecul ar
wei ght%of _each Redlrese GRerbil R, RE X8izS inf drdui droas detmedebpemdyidedhovreeriiSTiAt ' of
l'iving poTymer which remains at the start of each successive nononer feed.

In star bl ock copol ynmers (nonofuncty onal noner bl ocked with small anounts
of difunctional nononer to provi de‘ rosslidiking of the living chains of

nonof ugkct i onal pol ymer) there-will o€ an gnount of |ow nol ecul ar wei ght '
pol ymer which corresponds to the a gf pol ynmer chains which termnated
before addition of 35 difunctional norforfer at the star formng step.
Simlarly, | ns%j‘g‘e@er’ bl ock copol ynmers sone honopol yner of the first nmononer

wi |l beo pr e R ar@lR® tdkén wodhenfret he pol yneri zation. Acetonitrile and

siYyl ated acetonitrile have been sﬁlg)ém é!pa enhance the livingness of sone

N | %
45 _ CH3 ~

ifZis
RZ O
I
% .—(l:—CX' or —OC=C(R?}R?)
o
andlor Z% is
55 . | o

--z'—c—c“:(R’)(R’)—. and

(c) X' and either R? or R* taken together are

! |
60 o 0

N/
c

. 1/\1
65 . R R
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,_I yneri zations when used in controlled quantities. The silyl ethers or
‘esters of oxyani'en *GTP catal ysts are al so capable of controlli ng the
I |V|n;gness of GIP polyneri zations and are much nore effective in this 40
function than either acetonitri F® &2448p8 Bletonitrile, especially at
hi gher polipzayeri zation tenperatures. For sone purposes, it is desirable but
not necessary to match the gtlgyl ated oxyanion nmaterial with the appropriate
oxyani on catal yst. For exanplqg, trimethylsilyl 3-chlorobenzoate is
preferably used with tetra(G—Csuen+pPcasi@dBPum 3- chl or obenzoate catal yst. An
exanpl e of a silylated nodi flgcatlon df an oxyani on compound whi ch is an
initiator and therefore 45 Rexcl uded®from section (iii1) of the clains are
silylated (2-trialkylsilyl )acetate egters. 1n the follow ng preparations
and cogpari sons, the wei ght averpge §nd nunber average nol ecul ar wei ghts of
t he pol ynyd,dprzagucts [err] and 4@RtH-CKespecti vel y ‘were nmeasured by gel
perneation chromatography (GPC). The pol ydi sperS| ty of the polymer is
defl ned’ by [Bgrr The_ eak mol ecul ar wei ght (Mp). det er m ned b GPC is al so
epor tgd i n.SY &Py 4" é‘i the aqid fo 0'61‘3" of F'V‘t“%’c’:’ﬁg 7"3F‘§'95\'J°
o Bl e 60, Lot Y
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3-chl or obamaﬂaérEobtAn&Gvd?a dijéﬁdhed wasipain meﬁt aiyfon Methariol anembcmrmbadware
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ot T e "ﬁng:rg Ay

xture
_by hi gh pressure chr omat ography HP - EGDM or MVA rerral ned after

addi tion Comparison 1
3 Preparation of MMA//EGDM (Dp-100//Dp-4) Star Polymer (Dp = degree of polymerlzatlon)
65 Monomers and solvents used were prepared as follows. Tetrahydrofuran (THF) was prepared (purified)




of the nethanol and tol uene. The resul ting nol ecul ar weight distribution by °
gel perneation 20 ehromatography (GPC) was binodal, with a | ow ol ecul ar :
wei ght fraction (11,000 M) conpgggi Bg 4%??0 t he pol yner by wei ght and a
hi gh "ol ecul &r wei ght fraction ( , nprising the remaining 60%
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at reflux during-the ECDM feed and for 5 additional mnutes. The flask was 1
allowed to cool to roomtenperature over the next 55 mnutes, at which
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of 5 to 24, which is not a pdgnerizatiog initiator, having no activating
substituent or activating dinradical attaghed thereto, containing at |east
one equival ent of [err]-gr oulg geE ng|. sdigl o@epgund, wherein Ris
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catalyst 30 = 9. The process of anygithef Pai Ms:f to 8 wherein the

catalyst (ii) is a suitable source d# 8p- %RI%DPobénzcat e and the enhancenent
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