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Conference Reports

IUPAC 7th

International Symposium
on Cationic Pclymerization
and Related Processes

Dietmar Lohmann and Otto Vogl*

Technical University, Dresden
DDR-8027 Dresden, G.D.R.

and

Polylechnic Instifute of New York
Brooklyn, NY 11201, US.A.

The Tth International Symposium on Cadonic Polymeriza-
tion and Related Procesies, under the sponsorship of [UPAC
was held from August 12 to August 15, 1985, in Jena,
G.DLH. The meeting was organized by the Friedrich Schiller
University in Jena and its Department of Polymer Chemistry
and was under the chairmanchip of Professor G. Heubleln:
in cooperation with Dr. M. Merek of the Instltute of Macro.
maolecular Chembstry of the Czechoslovakian Academy of
Selence, Prague, Crechoslovakia,

This was the first meeling in this sequence of Cationle
Polymerization Symposia that was held In Eastern Europe;
it was attended by over 220 participants from 18 countries,
almost half of the participants were from the host country.
The meeting was divided into three paris consisting of:
Cationic Polvmerization, Complex-Coordinative-Polvmeriza:
tion and Anionle Polymerization, and conslsted of main
lectures, leclumes, communications and poster presentations,

In addition to the regulsr presentations some additional
socizal activities had been planned to bring the participants
closer together, to provide mechanisms of informal discus-
slons and to leam something about the Friedrich Schiller
Univertity in Jena,

On Sunday evening, a reception was held at the University
for the participants after thev had arrived in town. On
Monday evenidg, the President of the University held a reccp.
tion for the main lecturers and the organizers of the meeting
at the “Black Bear' vestaurant which is located near the Unl-
versity's main building. On Tuesday a quartet recital was held
in the Aula (the main suditorium) of the University. Wednes-
day afternoon was reserved for an excursion fo the City of
Jena and a sightseeing trip to Welmar, which was for cen-
turies the seat for the Thuringian counts and also the seat of
the Weimar Republic, the Capital of Germany between the
First and Second World War, A visit to the Memorial of the
concentration camp of Buchenwald, which is near Weimar,
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was alzo included in this program. In the evening, the recep-
tion &nd banquet was held al the “Fuchs Turm™ Restaurant,
a landmark near Jens, on fop of one of the steep hills which
Is part of the famous Thuringian Forest; this restaurant i
part of a medieval castle, The banquet included grilling of
vartous meats outdoars; the reception and entertninment was
provided by a band of hunting hom players followed by a
maore formal indoor banguet.

The scientific meeting was held at the Doshereiner Hall,
ke main lecture room of the University. It was opened by
the Vice-President of the Friedrich-Schiller University, Pro-
fezsor Unanpst who welcomed the participants of the Tih
Cationle Sympodum to Jena. The official re ntathve
of the IUPAC, Professor T. Saegusa of Kyoto, Japan, chair-
man-elect of the Diviston of Polymer Chemistry of the [mter-
natlonal Unfon for Pure and Applied Chemistry provided
the greetings of IUPAC. Additional greetings were brought
by the President of the Chemical Society of the G.D.R.,
Professor B, Philipp.

The first plenary lecture was given by Professor J, P.
Kennedy, who presented hiz falk “A New View of Carbo-
eationie Polymerizations.” Confinued research into the
fundamentals of cationic olefin polymerizations led to the
discovery of a famlly of new initiating systems that effective-
Iy induce rapid living polymerization of isobutylene under
surprisingly mild conditions.
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the pnl,mrrl: versus Lthe monomer concentrations were linear
and could be éxtrapolated back to the origin. The best of the
ntw initiating svstems are boron trichloride complexes. In
addition to this, homopolymerization of isobutylene, and
random copolymerization of lsobutylene with isoprene has
also been developed, The “Structure of Active Specles in the
Polymerization of Lectones [nitisted by Trity] Salts™ was dis-
cussed by Dr. M. Manclova: In this short communlcation,
she described the structure of the active specles of several
lactone polymers that have beon studied by jontrapping
with triphenylphosphine: this work showed that the propaga-
tion procevded by alkyloxygen bond scission and the active
spocies were tertiary oxonium fons,

“Cationic and Coordinative Polymerization of Functional
Epoxides. Olefins and Substituted Tetrahydrofurans™ was
the subject of Profemor (ilo Vogl's talk, who discussed
the polymerization of functional epoxides by coordinative
anlonic polymerization using tralkyislominumwater scetyi-
scetone syitemi, In some cates cationlke tralkvisluminum )
water systems were used, Copolymerization and terpolymer-
ization Involving functional epoxides and functional 1.3-
dioxolanst with trioxans were alio discused wing purely
cationle initistors, such as triflic acid derivatives; clasical
cationic ringopening copolymenralion with substituted
tetrakvdrafurans was ahuo divcossed. [t bad been found that
both the homo- and copolymerization of functionslly sub-
stituted o-olefing was also possible and gave homopolymens
and eopolymess of functional olefing with other a-olefing and
even with ethylene,

In his lecture “RingOponing Polymerzation of Nitrogen-
and Phosphorus-Contsining Monomers,” Professor Takeo
Sacguia describod four types of monomens having nitrogen,
oxygen, shosphorus and even sullur atoms in the five or six
membered rings. He had shown the propagation proceeded
via two different species, lonic and covalent, depending upon
the counter anion which was derived from the nltiator. With
trifiate s the anion, propagation proceeded, for cyclic phos-

m monomers, primarily by cationic propagating
species, but, If for example, benzy] chloride was added to the
yemerization Lhe rate determining step was a dipol-dipal

g PrOCEL.

In the aftemnoon, Dk, 0. Nuvken, described “Detailed
Studies of the Inifer Techniques.” This paper is only part of
numerous publications which bave appeared describing
the syntheiis of telechelic monomers wsing the “inifer”™
technique which still has some unexplained sspects of the
polymerization mechanism. Some of the questions are: 2)
stability of the initiator, b) interaction between the initiator
and the Lewis seid (BCly ), ¢) sell-lonization of the Lewis
acid, d) importance of iransfer lo initiator and e) reversi-
bility of the termination reaction. The “Cationic Polymeriza-
tion af Vinyl Ethers &5 Synthetic Path to Diphylic Palymers
and Potential Complexants™ was discussed by Professor 5.
Skorokhodov. Polymers with universal solubllity characteris-
tics (similar to a polymerie form of the dimethylether af
ethylene glyeol) were synihesized by cationle polymerization
of cis-1,2-dimethyoxyethylene and/or pdioxene. Polymers
of very high molecular welght and relatively low polvdis-
persity were obiained. Improved procedures for the cyclo-

polymenzation of divinylethen of mono-, di-, and triethyl-
enegiveols were alio described, as were soluble crownether
type polymen. Two short communications were presenied
from the Laboratory of Professor E. J. Goethals, involving
the *‘Cationic Polymerization of 1,2-Disubsituted Azindine:
the “Srerene of their Ring-Opening Reaction™ and
the “Synthesis of Polyamine Networks using Polyil-Ter
tiarvbutyl Aziridines).” Again, as in many other cationic
polvmerizations the counter anlon was the triflate lon.

A most Intercsting invited maln lecture was given by
Professor 5. Penczek oo ** Activated Monomer Propagation in
Catlonle Polymerizatlon.” The absence of cvelization and
some unosual kinetlc features of the cationic ring-opening
polymerization of oxocyelle monomers conducted in the
presence of actlve prolon conlalnlng compounds (especially
glvcols) are the basis of this newly proposed mechanism of
propagation in cationle polymerization called the “activated
monomer.” A predeceisor of this mechanlim had besn
known for the anlonic polymerization of lactams and had
also been proposed for cationic polvmerization of lactams. In
contrkst o the wsual sctive chaln end propagation, known
aad accepted for classical catioaic ring-opening polymeriza.
tlons, thls mechanism suggested that a charped monomer
adds (6 the electrically neutml but active polvmer chain end.

Professor G, Saurel discumed the “Multiplicity of Active
Centres in the Cationie Polymerization of p-Methoxysty.
reae.” Mis group studied the catioale polvmerization of
p-methoxysiyvrene initiated by trityl salts in methylene
chloride ai varfoss temperatures. The mate constants for
inltistlon, propagation and chals transfer (o monomer were
determined. The most siriking feature of this polymerization
syitem was the apparent negative activation energy: this was
sttributed to an equilibrium between active species of dif-
ferent reactivities, the most reactive being favored at low.
temperntures. “Living Cationic Polymerization of Vinyl
Monomers: Mechanivm and Synthesis of New Polymen' was
the subject of Dr. M. Sawamoto’s talk. Dr. Sawamoto of
Profrsor Higashimuras group discussed cationic polymeriza
tion 32 & new route for symthesizing mudkpm“lmu"
polymers of vinyl ethers. The scope and the mechanism of
this Important and novel type of living polymerization uses
HI'l; as Initisting systems and [t k= wed for the synthesis of
new block copolymers and ielechelic polymers. Polymer
molecular weight can be controlled by megulating monomer|
ieitlator ratio and converdon, The monomers were primanly
alkyl vinyl cthers and the procecded not
oaly in nonpolar butl alio in polar solveats soch as methyl-
ene chlotide. The effect of solvent polarity on the “living
process’ are now being investigated to clarfy the dissocia-
tion state of the living ends.

Professor . C. Schulz presented his work on “Some New
Examples of Cationle Polymerization™ and discussed the
synthesls and properties of s and trans-methoxyvinyl
chloride. Both monomers could be polymerized by cationie
polymerimtion and copolymerzed with styrene and 13-
dioxolane. Ring-opening polymerization of conldine was
also studied and block copolvmers of stvrene and conidine
were prepared by a combination of anlonic and cationic
polymerization. “Copolymer Synthess Using the Activated
Maonomer Technlgue” was presented by Dr. E. Franta. The
cationic polymerization of cyclic acetals such as 1,3-dloxo-
lane B known to produce eyelle olipomers besides the linear
high molecular weight polymen. When the polymerization
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was initiated by strong protonic scids and carried out in
the presnece of a diol, hydroxy-terminated polymers were
prepared without the formation of cydic oligomers. This
method of polymerizing ectiveted monomers allowed the
synthesis of various new hydroxy-terminated copolymers.

Professor T. Higashimura, was unable to attend the sym-
posium, Dr. M. Sawamoto presented their work on “Vinyl
Ethers with a Functional Group: Living Cationic Polymeriza-
tion and Svnthesis of Monodisperse Polvmers.” “Living"
polymerization of vinyl monomers has thus far been econ-
firmed for anlonic polymerization processes, monomers with
polar substituents have so far been difficult to polymerize
under “living" conditions, Cationic polymerization of
alkylvinyl ethers initlated with H1'l: in nonpolar media led
to nearly perfect living polvmees, The “living™ end was pro-
tected by .the large trilodide counteranion and hence HI/I;
initistor produced living eationic polvmerization conditions
even when the monomer carried o polar pendant group which
normally interferes with classical cationic initiation and
propagation processes, For the first time, formation of living
polymerization conditions were established for functional
vinyl ethers which had chloroalkylphenyl ether, unsaturated
vinyl or even ester pendant groups. Using such systema,
block copolymers of monodisperse polyalcohols and poly-
(viny] ether) macromers with methacryloyl end groups were
prepared.

“Anlonie Ring Opening Polymerization by Alkali Metal
Solutions’™ was presented by Professor Z. Jedlinski. In this
work, studles were carried out on the nature of the active
species of alkeli metal salts complexed by crownethers in
such solvents such as THF. Some mechanistic aspecis of
the ring-opening polymerization of f-lactones and oxiranes
was also diseussed. “The Nature of Aetive Centers of Polar

Mopomers in Anionic Polyvmerization™ was presented by
Professor W, Berger. His group found that the nature of
active centers of polar monomers in the anionic polymeriza-
tion wes much more complicated when functional groups
were part of the monomer structure as compared to poly-
merlzations Involving only nonpolar monomers. The delocali-
zation of the negative charge between the C-atom and the
functional groups resulted in 2 partial intramolecular solva-
tion of the counterion. In the copolymerization of meth-
acrylonitrile and scrvionitrle, it was demonstrated that
lithium alkoxides not only were very effective initiators, but
also effective complexing agents which explained the high
efficiency of the initiators. AL very short reaction and very
low temperatures, living polyaerylonitrile exists which could
be shown by block copolymerization with methyl acrvlate.
“Functionalizadon of Living Polvmers—Resuliz  and
Problems” wis discussed by Dr. L. Weber. In spite of in.
tensive rescarch over the last few wears, living polymers
are specially products which are utilized commerncially
in specific coses. From some of the Hving polymers, telechelic
polymers with different functional groups at the ends of the
chains could be prepared. In bis laboratory, Dr. Weber
studied and prepared functional telechelie polymers of
a-methylstyrenes: attempts were also made to find suitable
applications for these meterials. The “Immortal” Anionic
Ring-Opening Polymerization by Metalloporphyrin Cotalysts'
was diseussed by Professor 5. Inouc. Ring-opening poly-
merization of epoxides with aluminum-porphyrin—protie
compounds gave polyethers where the number of the macro-
molecules were more than that required from the aluminum-
porphyrin complex initlating systems ezused by the rapid
exchange between aleohel and (porphyrinato)aluminum
slkoxide. The proton provides a temporary, dormant situs-
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tion for the growing polymer; this polymerization behavior is
in clear conteast with the classical snd well known “living"
polymerization. Professor H. R. Kricheldorf presented the
work of his groop on “Cationic Homo- and Copolvmerizs
tlon of Glycolide and Varlous w-Laciones” Homo: and
copolymerization of glycolide and other lactones was ini-
tinted by various methylsullonstes; methyitriflate was found
to be the most effective initinlor. The sequence of the
addition of the individual components |8 essential for the
aplimization of both reaction time and reaction temperatune,
At & polymerization lemperature of about 50°C copolyesters
were abtained with random sequences of comonomers.

Professor H. Sumitomo presented his work on **Sterieally
Controlled Propagalion in the Catlonle Ring-Opening Poly-
merization of Bicyelic Acefals.” In the cationic fng-opening
polymerization, bicyclic scetals were alwavs [nverted al or
below ~78°C and gave a stereorogular polymer entirely con-
sisting of exocydlic structural units. At higher temperatures
sterecimegular polymers contalning other structural wmit
were obtained. The ring-opening polymerization of the ame
cyclic monomer with conventional Lewis acid initiators has
been ihown to give stereoregular polyacetals which are rich
in botactlc dyads. For many years, Dr. M. Marek has been
involved in the work on “Complexes of Lewis Aclds in the
Cationie Polymerization of Olefins,” He summarized his
findings about the origin of donor-acceplor complexes be-
tween odelinic hvdrocarbons and selected Lewhs aclds. Dr,
Marek shio studied the steichiometry of complox formation
and determined it by a variation of titimetric methods,
measurement of equilibrium constants and the establish-
mentd of thermodynamic parameters. He concluded that the
complexes involved in these cases are weak and the ion-
radical particies are formed by the hydrolyss of thee
complexes under various experimental conditlons. Dr. V., AL
Ponomarenko discuzsed his work on “Regularities of Catl-
onic Palymerization of Substituted Azirldines.” He presented
some new and interesting work of his research group which is
somewhat different [rom the work on the polymerization of
aziridines that ks carred out in Ghent. The work on the
"Pﬂl}'l‘ﬂ!l‘h‘.lﬂm of N-Substituted Lactams™ wat presented
by Dr. J. Sebenda. He discussed the reaction mechanism and
the kinitle icheme for the polvmerization of N.acyl and
N-alkyllsctarns a5 well as model reaction of the cormvipond-
ing dialkylamides and discvlamine: with different types of
initistors. The rate of polymerization proceeded via an acti-
vated monomer, which is in agreement with the clectronic
structure of the amide group of the lactam,

Professor J. Ulbricht discussed ““The Mechanlum of Ethyl-
ene/Propylens Polymenzation with Supported Metal Organic
Compounds,” His group studied the reaction of tetrabenzyl-
srconlum with yalumina. The rate of polymerization of
ethylene/propylens depended on the pretreatment of the
yaluming, and depended on the amount of {etralbenzyl
greonium fixed on the support. By quenching the poly-
merization reaction, the concentration of active sites of
the polymerization was determined. The " Determination of
the Numbér of Active Centers in Ziegler-Maita Polymerza-
tions of Olefins” was also the subject of a talk by Dr, J.
Mejalik. The determination of the active centers was based
on a) labelling the initialing species (organometal compo-
nenti), b) inkibition of the polymerization, <) labelling of
growing chains and d) mbseellansous experiments. Profesior
W. Kamimsky disenssed the “Olefin Polymerimtion with

Prol. Johann Wollgang Doeberelnér {1780-1849) First
Chemistry Professor, University Jena

Highly Active Soluble Zirconlum Compounds. Using Alu-
minoxane &s [huul_','s.t_" The final (wo talks were given by
Professor K. Gehrke oo *“*Polymerization of Butadiene and
Styeeive wilh Ziegler-Natta-Catalvats” and by D, U, Schmldt
“On the Mechanism of Stereorcgulation on the Allyinickel
Complex Butadiens Polvmerzation,”

Over 60 other papers were prescnted as short talks or in
poster form on the following three subjecis: Cationic Paly-
merization; Coordinstion Polymerdzation snd  Anjonic
Palymerization.

This Tth Svmposium on Catlonle Polymerization and
Related Procegies has been considered by modt participants
85 an outstanding success. [t had been well organized; great
attention was given by the organizers and their organizations
for the proceedings of this meeting. It was decided that the
next meeling on Cationfe Polymerization and Related
Processes, the Bth Symposium, will be held in Munich,
Federal Republic of Germany, at the end of August 1987;
the chairmen will be Professors R, C. Schulz and 0. Noyken,
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