
EP 0244953 B1 Description This invention relates to a process for
polymerizing polar a-olefinic monomers to "living" polymers and to the
'living" polymers produced by such a process. 5      The technology known
as group transfer polymerization is described in U.S. Patents 4,417,034 -
Webster and 4,414,372- Farnham and Sogah, both granted in 1983, and in
4,508,880- Webster, granted April 2, 1985. The former claims "living"
polymers and their preparation from acrylic-type or maleimide monomers
using defined organosilicon, -tin, or -germanium initiators and a catalyst
which is a source of fluoride, cyanide or azide ions or a suitable Lewis
acid. The latter is similar but uses as a co-catalyst a to source of
bifluoride ions. Both disclose various suitable solvents for the catalyst
including acetonitrile used in amounts including 19 moles per mole of
catalyst and more; acetonitrile is also used in even larger quantities as a
general solvent for the polymerization. By "living" polymer is meant a
polymer of the invention which contains at least one active terminal group
and is capable of polymerizing further in the presence of monomer(s) and
co-catalyst. The words 15  "living" and "livingness" are used herein in
quotation marks to distinguish from any biological connotations. In
attempts to use group transfer polymerization to better advantage, it would
be desirable to find ways to increase or enhance the duration of the
"livingness" of the polymerization. This would involve somehow decreasing
the proportion of termination to further polymerization events. This could
lead to higher 20 molecular weight, lower polydispersity, and better
control and predictability of molecular weight. Related applications
include EP-A-0 145 263 and 0 186 330 and USSN 673,926, filed November 21,
1984. Also, U.S. Patent 4,588,795 - Dicker et al., granted May 13, 1986,
discloses and claims the use of certain types of oxyanion catalysts in
group transfer polymerization, and 4,622,372- Dicker et al., granted 25
November 11, 1985, discloses and claims livingness enhancement of such
oxyanion catalyst using acetonitrile or silylated acetonitrile, but that
may sometimes involve tying up some catalyst and thereby slowing down
polymerization compared to the rate if all the catalyst were available. The
disclosures of the above-mentioned patents and applications are hereby
incorporated by reference. 30 Summary of the Invention The present
invention provides a process of preparing a "living" polymer comprising
contacting under polymerization conditions at least one polar acrylic-type
alpha olefinic monomer with (i) a tetracoordinate organosilicon, organotin,
or organogermanium polymerization initiator having at least one activating
35 substituent or activating diradical attached thereto and optionally
having one or more substituents that are inert under polymerizing
conditions, (ii) a catalyst which is a salt comprising an oxyanion or
bioxyanion whose conjugate acid has a pKa(DMSO) of 5 to 24, and a suitable
cation, characterized by also contacting with (iii) a polymerization
livingness enhancement agent which is selected from the group consisting of
o- silylated ester or ether modification of an oxyanion compound whose
conjugate acid has a pKa (DMSO) of 40 5 to 24, which is not a
polymerization initiator, having no activating substituent or activating
diradical attached thereto, containing at least one equivalent of
[err]-group per mole of said compound, wherein R is hydrocarbyl of up to 20
carbon atoms, optionally containing one or more ether oxygen atoms within
aliphatic segments thereof, and optionally containing one or more
functional substituents that are unreactive under polymerizing conditions.
45     Preferably, the catalyst is tetra (n-butyl) ammonium
3-chlorobenzoate (TBA-CB) or tetra (n-butyl ammonium bi-3-bichlorobenzoate
(TBA-biCB) and the enhancement agent is a trimethyl silyl ester of 3-
chlorobenzoate. The preferred concentration of the enhancement agent is in
the range of at least 0.1, or 0.1 to 1000 moles per mole of catalyst, more
preferably 0.1 to 200, sometimes optionally 5 to 25 or 0.2 to 2.5. 



50     The preferred conjugate acid of the oxyanion catalyst has a
pKa(DMSO) of 6-21, more preferably 8-18. Preferably the pKa of the
livingness enhancement agent is equal to or lower than the pKa of the
catalyst. 55 Detailed Disclosure In the process of the invention, the
polymer produced is "living" in that the polymerization is characterized by
the presence, in the growing and in the grown polymer, of a moiety
containing the aforesaid metal at "living" ends and the activating
substituent or diradical, or a tautomer thereof, at "nonliving" ends of the
polymer. 60     Monomers which are useful herein are of the formula
CH2=C(Y)X wherein: X is -CN, -CH=CHC(O)X' or-C(O)X'; Y is -H, [err], -CN or
[err], provided, however, when X is -CH=CHC(O)X', Y is -H or -CH3; X' is
[err], -R, -OR or -NR'R"; each [err], independently, is H or a hydrocarbyl
radical which is an aliphatic, alicyclic, aromatic or mixed
aliphatic-aromatic radical containing up to 20 carbon atoms, 65 provided
that at least one [err] group is not H; 2    EP 0 244 953 B1 R is a
hydrocarbyl radical which is an aliphatic, alicyclic, aromatic or mixed
aliphatic-aromatic radical containing up to 20 carbon atoms, or a polymeric
radical containing up to 20 carbon atoms, any of said radicals optionally
containing one or more ether oxygen atoms within aliphatic segments
thereof, optionally containing one or more functional substituents that are
unreactive under polymerizing 5 conditions, and optionally containing one
or more reactive substituents of the formula -Z'(O)C- [err] wherein Y' is H
or [err] and Z' is 0 or NR'; and each of R' and R" is independently
selected from [err] alkyl. The initiator used in the polymerization of this
invention is a silicon-containing initiator of U.S. Patents, 4,414,372,
4,524,196, 4,417,034 and 4,508,880 supra, and copending application Serial
No. 673,926 and 10 EP-A-0 145 263 and 0 186 330. Initiators which are
preferred for use herein are of the formula selected from  [err] and [err]
wherein: [err] is as defined above; Z is an activating substituent selected
from the group consisting of [ERR] -SR, [err]   and mixtures thereof
wherein R, [err], R', R", X' and Z' are as defined above; Z' is the
activating substituent -OC=C-R2; 50
I    I X' R3 m is 2,3 or 4; n is 3, 4 or 5; M is Si, Sn or Ge, provided,
however, when Z is [ERR] M is Sn or Ge; and 65     each of R2 and R3 is
independently selected from H and hydrocarbyl, defined as for R above; 3   



EP 0 244 953 B1 (a) at least one of any R, [err] and [err] in the initiator
optionally containing one or more initiating substituents of the formula
[err] wherein M and [err] are as defined above; [err] is an activating
diradical selected from the group consisting of 0-R [ERR] and mixtures
thereof, wherein [err], X', Z', m and n are as defined above provided
however when [err] is [ERR] M is Sn or Ge, 40    (b) [err] and [err] taken
together are 45 [ERR] if Z is (c) X' and either R2 or [err] taken together
are [ERR] 4    EP 0 244953 B1 if Z is [ERR] and/or [err] is By conjugate
acid is meant the acid formed by protonating the catalytic oxyanion; for
example, the 15  conjugate acid of acetate anion is acetic acid, and the
biacetate anion is acetic acid dimer. By pKa(DMSO) of the conjugate acid is
meant the negative logarithm of the acidity constant of the conjugate acid,
measured in. dimethylsulfoxide (DMSO) at [err]. Methods for measuring pKa
values of various acidic compounds, including oxyacids, are abundantly
described in the literature, for example, by F. G. Bordwell et al., J. Org.
Chem., 45,3305 (1980); 46,4327 (1981); 47, 3224 (1982); and 49, 1424
(1984). 20 Explanation of Livingness Enhancement with Silylated Oxyanions
Group transfer polymerization (GTP) is a "living" polymerization in that
monomer units successively add to the end of a growing polymer chain and
there is no chain transfer and ideally no termination. Such a process gives
us the ability to make monodisperse polymers [err] approaches 1.0) and
block copolymers 25  of well controlled architecture, but only if
self-termination reactions can be controlled. Such -a self- termination
reaction results in premature termination of polymer chains, which causes
various effects in the resultant polymers. For example, the molecular
weight distribution of linear polymers will broaden (dispersity will be
greater than 1). Linear polymers made with multiple monomer feeds may
exhibit multi-modal molecular 30  weight distributions, where the molecular
weight of each peak seen in the distribution corresponds to the amount of
living polymer which remains at the start of each successive monomer feed.
In star block copolymers (monofunctional monomer blocked with small amounts
of difunctional monomer to provide crosslinking of the living chains of
monofunctional polymer) there-will be an amount of low molecular weight
polymer which corresponds to the amount of polymer chains which terminated
before addition of 35  difunctional monomer at the star forming step.
Similarly, in linear block copolymers some homopolymer of the first monomer
will be present at the end of the polymerization. Acetonitrile and
silylated acetonitrile have been shown to enhance the livingness of some
GTP 



polymerizations when used in controlled quantities. The silyl ethers or
esters of oxyanion GTP catalysts are also capable of controlling the
livingness of GTP polymerizations and are much more effective in this 40
function than either acetonitrile or silyl acetonitrile, especially at
higher polymerization temperatures. For some purposes, it is desirable but
not necessary to match the silylated oxyanion material with the appropriate
oxyanion catalyst. For example, trimethylsilyl 3-chlorobenzoate is
preferably used with tetra(n- butyl) ammonium 3-chlorobenzoate catalyst. An
example of a silylated modification of an oxyanion compound which is an
initiator and therefore 45  excluded from section (iii) of the claims are
silylated (2-trialkylsilyl)acetate esters. In the following preparations
and comparisons, the weight average and number average molecular weights of
the polymer products [err] and [err] respectively were measured by gel
permeation chromatography (GPC). The polydispersity of the polymer is
defined by [err]. The peak molecular weight (Mp) determined by GPC is also
reported in various instances. The degree of polymerization (Dp) is 50
also reported for various monomers used. Unless otherwise specified, any
"living" polymer products which were obtained were quenched by exposure to
moist air or methanol before molecular weights were determined. All
temperatures are in degrees Celsius. All parts, proportions and percentages
are by weight except where indicated otherwise. 55
Preparation 1 Preparation of Trimethylsilyl-3-chlorobenzoate A 250 ml round
bottom 3-neck flask equipped with a condenser, thermocouple, N2 inlet and
polytetrafluoroethylene (PTFE) coated magnetic stir-bar was charged with
38.05 grams of 3-chlorobenzoic acid and 56.53 grams of
hexamethyldisilazane. This mixture was heated to reflux and refluxed for 8
hours, 60  until ammonia evolution ceased. Excess hexamethyldisilazane was
stripped from the reaction mixture through a sidearm condenser at 50 mmHg
until the temperature of the flask contents reached [err]. Comparison 1
Preparation of MMA//EGDM (Dp-100//Dp-4) Star Polymer (Dp = degree of
polymerization) 65     Monomers and solvents used were prepared as follows.
Tetrahydrofuran (THF) was prepared (purified) 5    EP 0244953 B1 by
distillation from sodium/benzophenone just prior to use. Methyl
methacrylate (MMA) and ethylene glycol dimethacrylate (EGDM) were prepared
by passage through columns of neutral anhydrous alumina, and the MMA was
subsequently distilled at 100 mmHg from calcium hydride and stored at [err]
for less than 1 week. 1-trimethylsiloxy-1-methoxy-2-methyl propene was
prepared by 2 spinning-band distillations (50 5  mmHg). A 250 ml round
bottom 3-neck flask equipped with a condenser, thermocouple, N2 and vacuum
inlets and a mechanical stirrer was dried under vacuum (5 mmHg) with a heat
gun and allowed to cool under N2 purge. This apparatus was placed in a 50C
water bath and charged with 117.5 grams of THF, which was allowed to
equilibrate to [err]. After equilibration, the flask was further charged
with 1.015 grams of 1- 10 trimethylsiloxy-1-methoxy-2-methyl propene and
0.325 ml of a 0.353 molar solution in THF of tetra(n-butyl) ammonium
3-chlorobenzoate. A 30 minute feed of 60.08 grams of MMA was started 2
minutes after charging the tetra(n-butyl)ammonium 3-chlorobenzoate to the
reaction flask. The reaction temperature was maintained at [err]  [err]
throughout the feed. The contents of the flask were maintained at [err]
[err] for 30 minutes following the completion of the MMA feed. At this
time, 4.45 grams of EGDM was fed into 15 the reaction flask over 10
minutes. The contents of the reaction flask were maintained at [err]  [err]
during the EGDM feed. Methanol (5 ml) and toluene (0.432 grams) were
charged to the flask 1 hour after the end of the EGDM feed. No detectable
by high pressure liquid chromatography (HPLC) EGDM or MMA remained after
addition 



of the methanol and toluene. The resulting molecular weight distribution by
gel permeation 20 chromatography (GPC) was bimodal, with a low molecular
weight fraction (11,000 Mp) comprising 40% of the polymer by weight and a
high molecular weight fraction (180,000 Mp) comprising the remaining 60%.
Example 1 Preparation of MMA//EGDM (Dp-100//Dp-4) Star Polymer with TMS-CB
25     Monomers and solvents used were prepared as follows. THF was
prepared by distillation from sodium/ benzophenone just prior to use. MMA
and EGDM were prepared by passage through columns of neutral anhydrous
alumina and the MMA was subsequently distilled (100 mmHg) from calcium
hydride and stored at 0C for less than 1 week.
1-trimethylsiloxy-1-methoxy-2-methyl propene was prepared by 2 spinning-
band distillations (50 mmHg). 30     A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets and a
mechanical stirrer was dried under vacuum (5 mmHg) with a heat gun and
allowed to cool under N2 purge. This apparatus was placed in a 50C water
bath and charged with 116.01 grams of THF, which was allowed to equilibrate
to 50C before the subsequent addition of 0.325 ml of a 0.353 molar solution
of tetra(n-butyl)ammonium 3-chlorobenzoate in THF, 1.023 grams of
1-trimethylsiloxy-1-methoxy-2-methyl 35 propene and 1.140 ml of a 0.0961
molar solution in THF of trimethylsilyl-3-chlorobenzoate (TMS-CB). A 30
minute feed of 58.46 grams of MMA was started 2 minutes after the addition
of TMS-CB. The reaction contents were maintained at 50C  [err] throughout
the feed and for 30 minutes following the end of the MMA feed. A 10 minute
feed of 4.61 grams of EGDM was started 30 minutes after the end of the MMA
feed. The reaction contents were maintained at [err]  0.5C during this
feed. Methanol (5 ml) and toluene (0.444 40 grams) were added to the flask
1 hour after the end of the EGDM feed. Conversions of EGDM and MMA were
determined (by HPLC) to be 99.7% and 99.0%, respectively. The resulting
molecular weight distribution (by GPC) was bimodal, with a low molecular
weight fraction (7,890 Mp) comprising 26% of the polymer by weight and a
high molecular weight fraction (134,000 Mp) comprising the remaining 74%.
This compares with 60% high molecular weight fraction in Comparison 1. 45
Example 2 Preparation of GMA//MMA (Dp-4//Dp-100) copolymer with TMS-CB
Monomers and solvents used were prepared as follows. THF was prepared by
distillation from sodium/ benzophenone just prior to use. MMA was prepared
by passage through a column of neutral anhydrous 50 alumina and was
subsequently distilled (100 mmHg) from calcium hydride and stored at 0C for
less than 1 week. GMA was distilled (4 mmHg) and inhibited with 100 ppm
t-butyl-hydroxymethyl-phenyl sulfide. 1- trimethylsiloxy-1-methoxy-2-methyl
propene was prepared by 2 spinning-band distillations(50 mmHg). A 250 ml
round bottom 3-neck flask equipped with a condenser, thermocouple, N2 and
vacuum inlets and a mechanical stirrer was dried under vacuum (5 mmHg) with
a heat gun and allowed to cool under N2 55 purge. This apparatus was placed
in a 50C water bath and charged with 67.65 grams of THF. The solvent was
allowed to equilibrate to 500C before addition of 0.539 grams of
1-trimethyl-siloxy-1-methoxy-2-methyl propene, 0.032 grams of
trimethylsilyl-3-chlorobenzoate, and 0.128 ml of a 0.466 molar solution in
THF of tetra(n-butyl)ammonium 3-chlorobenzoate. After agitating 2 minutes,
1.74 grams of GMA were added to the flask all at once. A [err] exotherm was
noted. A 30 minute feed of 30.25 grams of MMA was started 15 60 minutes
after the GMA was added. The flask contents were maintained at 50.4C  [err]
throughout the MMA feed and for 10 minutes thereafter. Methanol (5 ml) and
toluene (0.442 grams) were added to the flask 1 hour after the end of the
MMA feed. Conversions of GMA and MMA were determined (by HPLC) to be 100%
and 84.0% respectively. The resulting molecular weight distribution (by
GPC) exhibited a low molecular weight tail ([err] = 1.982), with the 65 low
molecular weight fraction (1,500 Mp) comprising 2% of the polymer by weight
and a high molecular 6   



EP 0 244 953 81 weight fraction (22,000 Mp) comprising the remaining 98%.
After functionalization of the epoxy groups with benzoic acid (Preparation
2), a bimodal molecular weight distribution (D = 3.422) was detected by UV
detection on a GPC. The low molecular weight fraction (2,800 Mp) contained
43.5% of the benzoic acid while the high molecular weight fraction (19,000
Mp) contained the remaining 56.5%. The same sample 5  exhibited a molecular
weight distribution (by RI detection on a GPC) similar to that of the
original sample. Therefore, only 43.5% of the GMA homopolymer had
terminated before the MMA addition, compared with 100% of the GMA in
Comparison 2. Preparation 2 10 Reaction of GMA//MA (Dp-6//Dp-100) copolymer
with Benzoic Acid The GMA//MMA copolymers (prepared by Example 2) were
functionalized with benzoic acid as follows. A 500 ml 3-neck flask equipped
with a thermometer, fractionating condenser and PTFE-coated magnetic
stir-bar was charged with 67.4 grams of GMA//MMA copolymer solution
(prepared in Examples 4 and 5), 9 grams of benzoic acid, 100 ml toluene and
100 ml propylene carbonate. This solution was heated 15 with a heating
mantle to reflux. Approximately 110 ml of solvent was stripped off until
the reflux temperature reached [err]. The remaining contents were refluxed
for 3 hours at [err]. At this point, 98.8% of the original epoxy content
had disappeared (by epoxy titration). Comparison 2 20 Preparation of
GMA//MMA (Dp-4//Dp-100) copolymer Monomers and solvents used were prepared
as follows. THF was prepared by distillation from sodium/ benzophenone just
prior to use. MMA was prepared by passage through a column of neutral
anhydrous alumina and was subsequently distilled (100 mmHg) from calcium
hydride and stored at 0C for less than 1 week. Glycidyl methacrylate (GMA)
was distilled (4 mmHg) and inhibited with 100 ppm t-butyl- 25
hydroxymethyl-phenyl sulfide. 1-trimethylsiloxy-1-methoxy-2-methyl propene
was prepared by 2 spinning-band distillations (50 mmHg). A 250 ml round
bottom 3-neck flask equipped with a condenser, thermocouple, [err] and
vacuum inlets and a mechanical stirrer was dried under vacuum (5 mmHg) with
a heat gun and allowed to cool under N2 purge. This apparatus was placed in
a 50C water bath and charged with 68.20 grams of THF. The solvent 30 was
allowed to equilibrate to 50C before addition of 0.543 grams of
1-trimethylsiloxy-1-methoxy-2-methyl propene and 0.128 ml of a 0.466 molar
solution of tetra(n-butyl)ammonium 3-chlorobenzoate. After agitating 2
minutes, 1.63 grams of GMA were added to the flask all at once. A [err]
exotherm was noted. A 30 minute feed of 30.05 grams of MMA was started 15
minutes after the GMA was added. The flask contents were maintained at
50.3C  [err] throughout the MMA feed and for 10 minutes thereafter. 35
Methanol (5 ml) and toluene (0.443 grams) were added to the flask 1 hour
after the end of the MMA feed. Conversions of GMA and MMA were determined
(by HPLC) to be 100% and 87.0%, respectively. The resulting molecular
weight distribution (by GPC) was bimodal ([err] = 4.675), with a low
molecular weight fraction (1,700 Mp) comprising 6% of the polymer by weight
and a high molecular weight fraction (95,000 Mp) comprising the remaining
94%. .40     In order to distinguish epoxy containing polymer
(GMA-containing) from block copolymer and homo- MMA polymer, the residual
epoxy groups in the polymers were reacted with benzoic acid (Preparation
2). Ultraviolet (UV) techniques will only detect the benzoate esters
located on the GMA-containing polymers, while refractive index (RI)
techniques will detect all polymer species present. The use of both UV and
RI techniques simultaneously on a GPC output stream enables determination
of the amount of homo-GMA 45 and block copolymers which exist in the
polymer mixture. After functionalization of the epoxy groups with benzoic
acid a unimodal molecular weight distribution ([err] = 1 A21) was detected
by UV detection on a GPC. The molecular weight of this material was 2,700
Mp. The same sample exhibited a bimodal molecular weight distribution
detected by RI on a GPC, similar to that of the original sample. Therefore,
all the GMA homo-polymer terminated before the MMA addition. 



50 Comparison 3 Preparation of MMA (Dp-200) Linear Homopolymer by Multiple
Monomer Feeds MMA was prepared by chromatographing through neutral
anhydrous alumina and was stored at 0C uninhibited for less than 2 weeks.
THF was prepared by distillation from sodium/benzophenone just prior to 55
use. 1-trimethylsiloxyl-1-methoxy-2-methyl propene was prepared by two
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets, an addition
funnel, a heating mantle and a mechanical stirrer was dried under vacuum (5
mmHg) with a heat gun and allowed to cool under N2 purge. This apparatus
was charged with 104.01 grams of THF and 60  heated to reflux (67.9C). Once
at reflux, 0.8 ml of a 0.1036 molar solution (in THF) of trimethylsilyl
acetonitrile and 0.172 ml of a 0.466 molar solution of tetra(n-butyl)
ammonium 3-chlorobenzoate (TBA-CB) (in THF) were charged to the flask. The
flask was further charged with 0.6750 grams of 1-
trimethylsiloxyl-1-methoxy-2-methyl propene initiator. A 20 minute feed of
19.85 grams of MMA was started immediately after the initiator was charged.
The reflux temperature increased from 68.0 to 68.30C 65 over the course of
the monomer feed. The reaction mixture was held at reflux [err] for 60
minutes before 7    EP 0 244 953 B1 a sample (A) was taken for molecular
weight determination and a second MMA feed (20.20 grams over 20 minutes)
was started. The reflux temperature rose from 67.8 to [err] over the course
of the monomer feed. The reaction mixture was again held at reflux [err]
for 60 minutes before a sample (B) was taken for molecular weight
determination and a third MMA feed (20.15 grams over 20 minutes) was
started. The 5  reflux temperature increased from 69.6 to [err] over the
course of this monomer feed. Again the reaction mixture was held for 60
minutes at reflux (71.50C) before taking a sample (C) for molecular weight
determination and starting a fourth MMA feed (20.25 grams over 20 minutes).
The reflux temperature increased from 71.6 to [err] over this monomer feed.
The reaction mixture was held for 10 minutes at reflux after the end of the
fourth monomer feed before the heating mantle was removed and the mixture
10 allowed to cool to room temperature for 60 minutes before 5 mls of
methanol and 0.444 grams of toluene were added and a sample (D) taken for
molecular weight determination. The molecular weight distributions of each
sample were determined by GPC and are summarized in Table 1 along with
results for Comparison 3A which used twice as much silylated acetonitrile
(TMS-[err]). 15 Example 3 Preparation of MMA (Dp-200) Linear Homopolymer by
Multiple Monomer Feeds with trimethylsilyl-3- chlorobenzoate (TMS-CB) MMA
was prepared by chromatographing through neutral anhydrous alumina and was
stored at [err] 20 uninhibited for less than 2 weeks. THF was prepared by
distillation from sodium/benzophenone just prior to use.
1-trimethylsiloxy-1-methoxy-2-methyl propene was prepared by two
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets, an addition
funnel, a heating mantle and a mechanical stirrer was dried under vacuum (5
mmHg) with a 25 heat gun and allowed to cool under [err] purge. This
apparatus was charged with 105.3 grams of THF and heated to reflux [err].
Once at reflux, 0.8 ml of a 0.1036 molar solution (in THF) of
trimethylsilyl acetonitrile, 0.8 ml of a 0.1104 molar solution (in THF) of
TMS-CB and 0.172 ml of a 0.466 molar solution of TBA-CB (in THF) were
charged to the flask. The flask was further charged with 0.692 grams of 1- 



trimethylsiloxy-1-methoxy-2-methyl propene initiator. A 20 minute feed of
20.08 grams of MMA was 30 started immediately after the initiator was
charged. The reflux temperature increased from 67.9 to [err] over the
course of the monomer fee. The reaction mixture was held at reflux [err]
for 60 minutes before a sample (A) was taken for molecular weight
determination and a second MMA feed (20.08 grams over 20 minutes) was
started. The reflux temperature rose from 67.7 to [err] over the course of
the monomer feed. The reaction mixture was again held at reflux [err] for
60 minutes before a sample (B) was taken 35 for molecular weight
determination and a third MMA feed (20.20 grams over 20 minutes) was
started. The reflux temperature increased from 67.9 to 70.5 over the course
of this monomer feed. Again the reaction mixture was held for 60 minutes at
reflux [err] before taking a sample (C) for molecular weight determination
and starting a fourth MMA feed (19.75 grams over 20 minutes). The reflux
temperature increased from 67.9 to 70.4C over this monomer feed. The
reaction mixture was held for 10 minutes at 40 reflux after the end of the
fourth monomer feed before the heating mantle was removed and the mixture
allowed to cool to room temperature for 60 minutes before 5 ml of methanol
and 0.442 grams of toluene were added and a sample (D) taken for molecular
weight determination. The molecular weight distributions of each sample
were determined by GPC and are summarized in Table 1 along with results for
Example 3A which omitted the silylated acetonitrile. These results show
that 45 the polymerization was living over all four monomer feeds, and that
significantly less polymer chains had died at both the first and second
monomer feeds than in Comparison 3 since the molecular weights were closer
to theory. 50 55 60 65 8    EP 0 244 953 B1 [ERR]    EP 0 244953 B1
Comparison 4 Preparation of MMAI/EGDM (Dp-100//Dp-4) Star Polymer with
TBAAC at reflux Monomers and Solvents used were prepared as follows. THF
was prepared (purified) by distillation from sodium/benzophenone just prior
to use. MMA and EGDM were prepared by passage through 5 columns of neutral
anhydrous alumina, and the MMA was subsequently distilled at 100 mmHg from
calcium hydride and stored at [err] for less than 1 week.
1-trimethoxysiloxy-1-methoxy-2-methyI propene was prepared by 2
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets and a
mechanical stirrer was dried under vacuum (5 mmHg) with a heat gun and
allowed to cool under N2 10 purge. This apparatus was equipped with a
heating mantle and charged with 60.6 g of THF, which was heated to reflux
[err]. At reflux, the flask was further charged with 0.550 g of
1-trimethylsiloxy-1-methoxy- 2-methyl propene, 0.575 ml of a 0.1 molar
solution (in THF) of tetra(n-butyl)ammonium acetate (TBAAC). A 30 minute
feed of 30.40 g of MMA was started 2 minutes after addition of the TBAAC.
The reaction was maintained at reflux throughout the feed and for an
additional 30 minutes beyond the end of the MMA feed. 15 At this time, 2.70
g of EGDM was fed into the reaction flask over 10 minutes. The contents of
the reaction flask were maintained at reflux during the EGDM feed and for 5
additional minutes. The flask was allowed 



to cool to room temperature over the next 55 minutes, at which point the
reaction was quenched with methanol (5 ml). Toluene (0.442 g) was added to
the flask at this time. Conversions of the MMA and EGDM and molecular
weight distributions are summarized in Table 2. 20 Example 4 Preparation of
MMA//EGDM (Dp-100//Dp-4) Star Polymer with TMS-AC and TBAAC at reflux
Monomers and Solvents used were prepared as follows. THF was prepared
(purified) by distillation from sodium/benzophenone just prior to use. MMA
and EGDM were prepared by passage through 25 columns of neutral anhydrous
alumina, and the MMA was subsequently distilled at 100 mmHg from calcium
hydride and stored at [err] for less than 1 week.
1-trimethylsiloxy-1-methoxy-2-methyl propene was prepared by 2
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets and a
mechanical stirrer was dried under vacuum (5 mmHg) with a heat gun and
allowed to cool under N2 30 purge. This apparatus was equipped with a
heating mantle and charged with 58.32 g of THF, which was heated to reflux
[err]. At reflux, the flask was further charged with 0.570 g of
1-trimethylsiloxy-1-methoxy- 2-methyl propene, 0.575 ml of a 0.1 molar
solution (in THF) of tetra(n-butyl)ammonium acetate (TBAAC) and 0.183 ml of
a 0.88 molar solution (in THF) of trimethylsilyl acetate (TMSAC). A 30
minute feed of 30.92 g of MMA was started 2 minutes after addition of the
TMSAC. The reaction was maintained at reflux 35 throughout the feed and for
an additional 30 minutes beyond the end of the MMA feed. At this time, 2.60
g of EGDM was fed into the reaction flask over 10 minutes. The contents of
the reaction flask were maintained at reflux during the EGDM feed and for 5
additional minutes. The flask was allowed to cool to room temperature over
the next 55 minutes, at which point the reaction was quenched with methanol
(5 ml). Toluene (0.442 g) was added to the flask at this time. 40
Conversions of the MMA and EGDM, and molecular weight distributions are
summarized in Table 2 along with the results for Examples 4a and 4b which
used different levels of TMSAC. These results show that the polymerization
was more living at the start of the EGDM feed when TMSAC was added to the
reaction since there is better molecular weight control, higher monomer
conversion and lower unattached arms (less low molecular material) than in
Comparison 4 where no IMSAC was used. These examples and 45 the comparison
show that improvements in molecular weight control, conversion and
unattached arms are dependent on the amount of TMSAC used. All examples (4,
4a and b) showed low conversions, and eventually gelled on standing.
Comparison 5 50  Preparation of MMA//EGDM (Dp-100//Dp-4) Star Polymer with
TBACB at reflux Monomers and Solvents used were prepared as follows. THF
was prepared (purified) by distillation from sodium/benzophenone just prior
to use. MMA and EGDM were prepared by passage through columns of neutral
anhydrous alumina, and the MMA was subsequently distilled at 100 mmHg from
calcium hydride and stored at [err] for less than 1 week.
1-trimethylsiloxy-1-methoxy-2-methyl propene was 55  prepared by 2
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets and a
mechanical stirrer was dried under vacuum (5 mmHg) with a heat gun and
allowed to cool under N2 purge. This apparatus was equipped with a heating
mantle and charged with 59.20 g of THF, which was heated to reflux [err].
At reflux, the flask was further charged with 0.70 g of
1-trimethylsiloxy-1-methoxy- 60  2-methyl propene and 0.150 ml of a 0.38
molar solution (in THF) of tetra(n-butyl)ammonium 3- chlorobenzoate
(TBACB). A 30 minute feed of 30.49 g of MMA was started 2 minutes after
addition of the TBACB. The reaction was maintained at reflux throughout the
feed and for an additional 30 minutes beyond the end of the MMA feed. At
this time, 2.60 g of EGDM was fed into the reaction flask over 10 minutes.
The contents of the reaction flask were maintained at reflux during the
EGDM feed and for 5 additional minutes. 65 10 



EP 0 244 953 B1 The flask was allowed to cool to room temperature over the
next 55 minutes, at which point the reaction was quenched with methanol (5
ml). Toluene (0.446 g) was added to the flask at this time. Conversions of
the MMA and EGDM and molecular weight distributions are summarized in Table
2. 5                                         Example 5 Preparation of
MMA//EGDM (Dp-100//Dp-4) Star Polymer with TBACB and TMSAC at reflux
Monomers and Solvents used were prepared as follows. THF was prepared
(purified) by distillation from sodium/benzophenone just prior to use. MMA
and EGDM were prepared by passage through columns of neutral anhydrous
alumina, and the MMA was subsequently distilled at 100 mmHg from 10 calcium
hydride and stored at [err] for less than 1 week.
1-trimethylsiloxy-1-methoxy-2-methyl propene was prepared by 2
spinning-band distillations (50 mmHg). A 250 ml round bottom 3-neck flask
equipped with a condenser, thermocouple, N2 and vacuum inlets and a
mechanical stirrer was dried under vacuum (5 mmHg) with a heat gun and
allowed to cool under N2 purge. This apparatus was equipped with a heating
mantle and charged with 58.20 g of THF, which was 15  heated to reflux
[err]. At reflux, the flask was further charged with 0.580 g of 1
-trimethylsiloxy-1-methoxy- 2-methyl propene, 0.150 ml of a 0.38 molar
solution (in THF) of tetra(n-butyl)ammonium 3-chlorobenzoate (TBACB) and
0.325 ml of a 0.88 molar solution (in THF) of trimethylsilyl acetate
(TMSAC). A 30 minute feed of 30.26 g of MMA was started 2 minutes after
addition of the TBACB. The reaction was maintained at reflux throughout the
feed and for an additional 30 minutes beyond the end of the MMA feed. At
this time, 2.55 g 20  of EGDM was fed into the reaction flask over 10
minutes. The contents of the reaction flask were maintained at reflux
during the EGDM feed and for 5 additional minutes. The flask was allowed to
cool to room temperature over the next 55 minutes, at which point the
reaction was quenched with methanol (5 ml). Toluene (0.445 g) was added to
the flask at this time. Conversions of the MMA and EGDM and molecular
weight distributions are summarized in Table 2. By 25  comparison of these
results to Comparison 5 it is shown that, in these circumstances, the
addition of a silylated oxyanion catalyst, which is made from a stronger
GTP oxyanion catalyst (higher pKa in DMSO) than that used for the
polymerization, does not improve the livingness of the GTP polymerization.
The results show that the polymerization was less living at the start of
the EGDM feed since the molecular weights and unattached arms were higher
than in Comparison 5 where no TMSAC was used; although, 30  monomer
conversions are comparable. Example 6 Preparation of MMA//EGDM
(Dp-100//Dp-4) Star Polymer with TMSCB and TBAAC at reflux Monomers and
Solvents used were prepared as follows. THF was prepared (purified) by
distillation 35  from sodium/benzophenone just prior to use. MMA and EGDM
were prepared by passage through columns of neutral anhydrous alumina, and
the MMA was subsequently distilled at 100 mmHg from calcium hydride and
stored at 0C for less than 1 week. 1-trimethylsiloxy-1-methoxy-2-methyl
propene was prepared by 2 spinning-band distillations (50 mmHg). A 250 ml
round bottom 3-neck flask equipped with a condenser, thermocouple, N2 and
vacuum inlets 40  and a mechanical stirrer was dried under vacuum (5 mmHg)
with a heat gun and allowed to cool under N2 purge. This apparatus was
equipped with a heating mantle and charged with 59.42 g of THF, which was
heated to reflux [err]. At reflux, the flask was further charged with 0.530
g of 1 -trimethylsiloxy-1 -methoxy- 2-methyl propene, 0.575 ml of a 0.1
molar solution (in THF) of tetra(n-butyl)ammonium acetate (TBAAC) and 1.3
ml of a 0.11 molar solution (in THF) of trimethylsilyl 3-chlorobenzoate
(TMSCB). A 30 minute feed of 45  30.43 g of MMA was started 2 minutes after
addition of the TBACB. The reaction was maintained at reflux throughout the
feed and for an additional 30 minutes beyond the end of the MMA feed. At
this time, 2.60 g of EGDM was fed into the reaction flask over 10 minutes.
The contents of the reaction flask were maintained 



at reflux during the EGDM feed and for 5 additional minutes. The flask was
allowed to cool to room temperature over the next 55 minutes, at which
point the reaction was quenched with methanol (5 ml). 50  Toluene (0.445 g)
was added to the flask at this time. Conversions of the MMA and EGDM and
molecular weight distributions are summarized in Table 2. By comparison of
these results to Comparison 4, it is shown that the addition of a silylated
oxyanion which is a weaker GTP oxyanion catalyst (lower pKa in DMSO) than
the oxyanion catalyst being used for the polymerization improves the
livingness of the GTP polymerization since the molecular weights obtained
55  are closer to theory and there are less unattached arms. 60 65    EP 0
244 953 B1 [ERR]    EP 0 244 953 B1 Claims 1. A process of preparing a
"living" polymer comprising contacting under polymerization conditions at
least one polar acrylic-type alpha olefinic monomer with (i) a
tetracoordinate organosilicon, organotin, or 5  organogermanium
polymerization initiator having at least one activating substituent or
activating diradical attached thereto and optionally having one or more
substituents that are inert under polymerizing conditions, (ii) a catalyst
which is a salt comprising an oxyanion or bioxyanion whose conjugate acid
has a pKa(DMSO) of 5 to 24, and a suitable cation, characterized by also
contacting with (iii) a polymerization livingness enhancement agent which
is selected from the group consisting of o-silylated ester or ether 10
modification of an oxyanion compound whose conjugate acid has a pKa (DMSO)
of 5 to 24, which is not a polymerization initiator, having no activating
substituent or activating diradical attached thereto, containing at least
one equivalent of [err]-group per mole of said compound, wherein R is
hydrocarbyl of up to 20 carbon atoms, optionally containing one or more
ether oxygen atoms within aliphatic segments thereof, and optionally
containing one or more functional substituents that are unreactive under 15
polymerizing conditions. 2. The process of claim 1 wherein the
polymerization initiator (i) is a tetracoordinate organosilicon species. 3.
The process of claim 1 or claim 2 wherein the enhancement agent (iii)
contains the same [err]-groups as the polymerization initiator (i). 20
4. The process of claim 1, 2 or 3 wherein the enhancement agent (iii)
consists of a silylated modification of the polymerization catalyst
oxyanion (ii). 5. The process of any one of claims 1 to 4 wherein the
enhancement agent (iii) concentraton percent is present at at least 0.1
moles per mole of catalyst. 6. The process of claim 5 wherein the
enhancement agent (iii) concentration is in the range of 0.1 to 200 25
moles per mole of catalyst. 7. The process of claim 6 wherein the
enhancement agent (iii) concentration is in the range of 5 to 25 moles per
mole of catalyst. 8. The process of claim 6 wherein the enhancement agent
(iii) concentration is in the range of 0.2 to 2.5 moles per mole of
catalyst 30    9. The process of any one of claims 1 to 8 wherein the
catalyst (ii) is a suitable source of 3- chlorobenzoate and the enhancement
agent (iii) is the trimethyl silyl ester of 3-chlorobenzoate. 



10. The process of any one of claims 1 to 9 wherein the conjugate acid of
the livingness enhancement agent (iii) has a pKa (DMSO) which is lower than
the pKa (DMSO) of the conjugate acid of catalyst (ii). 35 Patentansprlche
1. Verfahren zur Herstellung eines "lebenden" Polymers, welches, unter
Polymerisationsbedingungen, dos Inber0hrungbringen von wenigstens einem
polaren alpha-olefinischen Monomer vom Acryltyp mit (i) 40 einem
tetracoordinierten Organosilicium-, Organozinn- oder
Organogermanium-Polymerisationsinitiator mit wenigstens einem daran
gebundenen aktivierenden Substituenten oder aktivierenden Diradical und -
gegebenenfalls einem oder mehreren Substituenten, die unter
Polymerisationsbedingungen inert sind, (ii) einem Katalysator, der ein ein
Oxyanion oder Bioxyanion, dessen konjugierte Saure ein pKa(DMSO) von 5 bis
24 hat, und ein geeignetes Kation umfassendes Salz ist, umfagt, dadurch
gekennzeichnet, daG es auch 45 mit (iii) einem Mittel zur Vergr6sserung der
Polymerisationslivingness in Berohrung gebracht wird, welches aus der aus
0-silylierten . Ester- und Ethermodifikationen einer Oxyanionverbindung,
deren konjugierte Slure ein pKa (DMSO) von 5 bis 24 hat, die kein
Polymerisationsinitiator ist, keinen aktivierenden Substituenten und kein
aktivierendes Diradikal aufweist, die daran gebunden sind, wenigstens ein
Aquivalent einer R3Si-Gruppe pro Mol der Verbindung enthilt, worin R ein 50
Kohlenwasserstoffrest bis zu 20 Kohlenstoffatomen ist, der gegebenenfalls
ein oder mehrere Ethersauerstoffatome in seinen aliphatischen Segmenten
enthilt und gegebenenfalls einen oder mehrere funktionelle(n) Substituenten
enthilt, die unter Polymerisationsbedingungen unreaktiv sind, bestehenden
Gruppe ausgewihit ist. -    2. Verfahren nach Anspruch 1, worin der
Polymerisationsinitiator (i) eine tetrakoordinierte 55
Organosiliciumspezies ist. 3. Verfahren nach Anspruch I oder Anspruch 2,
worin dos Vergr6sserungsmittel (iii) die gleichen R3Si- Gruppen enthalt,
wie der Polymerisationsinitiator (i). 4. Verfahren nach Anspruch 1, 2 oder
3, worin des Vergrosserungsmittel (iii) aus einer silylierten Modifikation
des Polymerisationskatalysatoroxyanions (ii) besteht. 60     5. Verfahren
nach einem  der Anspruche 1 bis 4, .worin die prozentuale Konzentration des
Vergrosserungsmittels (iii) wenigstens 0,1 Mol pro Mol Katalysator betragt.
6. Verfahren nach Anspruch 5, worin die Konzentration des
Vergrosserungsmittels (iii) im Bereich von 0,1 bis 200 Mol pro Mol
Katalysator liegt. --7. Verfahren nach Anspruch 6, worin die Konzentration
des Vergrasserungsmittels (iii) im Bereich von - 65  5 bis 25 Mol pro Mol
Katalysator liegt.    - 13    I~~~~~~~~~ 1111111 111111 11111 11111 11 1111
EP  0 244 953 B1                                           * 8. Verfahren
nach Anspruch 6, worin die Konzentration des Vergrosserungsmittels (iii) im
Bereich von 0,2 bis 2,5 Mol pro Mol Katalysator liegt. 9. Verfahren nach
einem der AnsprOche 1 bis 8, worin der Katalysator (ii) sine geeignete
Quelle von 3- Chlorbenzoat ist und das Vergrosserungsmittel (iii) der
Trimethylsilylester von 3-Chlorbenzoat ist. 5     10. Verfahren  nach
einem  der Anspruche  1 bis 9, worin die konjugierte Saure des
Vergrosserungsmittels (iii) ein pka (DMSO) hat, der niedriger ist als das
pKa (DMSO) der konjugierten Siure des Katalysators (ii). Revendications 10
1. Un proc6de de preparation d'un polymere "vivant", comprenant la miss en
contact, dans des conditions de polymerisation, d'au moins un monomere
alpha-olefinique polaire du type acrylique avec (i) 



un initiateur de polym6risation du type compose organique du silicium, de
I'teain ou du germanium tetracoordonne, auquel est attache au moins un
substituant activateur ou diradical activateur et portent 15
facultativement un ou plusieurs substituants qui sont inertes dans les
conditions de polym6risation, (ii) un catalyseur qui est un sel comprenant
un oxanion ou bioxanion dont l'acide conjugue a un pKa (DMS0) de 5 a 24 et
un cation approprie, caract6ris6e par la miss en contact avec egalement
(iii) un agent d'exaltation de la vitalite de polym6risation qui est choisi
dans le groupe form6 par un ester ou.6ther 0-silyle d6rive d'un compos6
d'oxanion dont l'acide conjugu6 a un pKa (DMI0) de 5 a 24, qui n'est pas un
initiateur de '   20 polymerisation, auquel n'est pas attache de
substituant activateur ou de diradical activateur, contenant au moins un
6quivalent de groups R3Si par mole dudit compos6, ob R est un groups
hydrocarbyle ayant jusqu'A 20 atomes de carbone, contenant un ou plusieurs
atomes d'oxygene d'ether dans ses segments aliphatiques, et contenant
facultativement un ou plusieurs substituants fonctionnels qui ne sont pas
r6actifs dans les conditions de polym6risation. 25     2. Le procede de la
revendication 1, dans lequel l'initiateur de polym6risation li) est un
compose organique du silicium t6tracoordonne. 3. Le proc6de do la
revendication 1 ou de Ia revendication 2, dans lequel l'agent d'exaltation
(iii) contient les memes groupes R3 qus l'initiateur de polym6risation (i).
4. Le proc6de de la revendication 1, 2 ou 3, dans lequel I'agent
d'accroissement (iii) consiste en un 30 deriv6 silyle de l'oxanion du
catalyseur de polym6risation (ii). 5. Le proc6d6 de I'une quelconque des
revendications 1 a 4, dans lequel la concentration de l'agent d'exaltation.
(iii) represente au moins 0,1 mole par mole de catalyseur. 6. Le proc6d6 de
la revendication 5, dans lequel la concentration de l'agent d'exaltation
(iii) se situe dans l'intervalle de 0,1 3 200 moles par mole de catalyseur.
35     7. Le proc6d6 de la revendication 6, dans lequel la concentration de
l'agent d'exaltation (iiil se situe dans l'intervalle de 5 a 25 moles par
mole de catalyseur. 8. Le proc6de de la revendication 6, dans lequel la
concentration de l'agent d'exaltation (iii) se situe dans l'intervalle de
0,2 a 2,5 moles par mole de catalyseur. 9. Le proc6de de l'une quelconque
des revendications 1 A 8, dans lequel le catalyseur (ii) est une source 40
appropriee de 3-chlorobenzoate et l'agent d'exaltation (iii) est l'ester de
trimethylsilyle d'acide 3- chlorobenzoique. 10. Le procede de l'une
quelconque des revendications 1 a 9, dans lequel l'acide conjugue de
I'agent d'exaltation de vitalite (iii) a un pKa (DMSO) qui est inf6rieur au
pKa (DMSO) de l'acide conjugu6 du catalyseur (ii). 45 50 55 60 65 14    


