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{a) Institute of Polymers of the Bulgarian Academy
of Sciences, BG-1113 Sofia, Bulgaria and

(b) Palytechnic University, Six MetroTech Center,
Brooklyn, NY 11201, U.S.A.

Ivan M. Panayotov Christe B. Tsvetanov

Over 110 scientists pamicipated a1 the Alth S}mpm'mm on
Cationic Polymerization and Related lonic Processes which was
held from July 5 to 8§, 1993, in Borovets, Bulgaria. The
Symposium was organized under the auspices of the Institoe of
Polymers of the Bulgarian Academy of Sciences and the IUPAC
and was sponsored by the Bulgarian Academy of Sciences, the
National Science Foundation of the U.S. and a nember of
industrial companies.

The mecting constisted of 27 invited lectures; 13 shon
communications and 24 communications which were presented
in poster form, The chairman was Professor Ivan M. Panayotov
and the Secretnry was Dr. R. V. Berlinova, assisted by an
Tntemarionsl Scientific Comminiee, The Local Organizing and
ﬁngmm f_‘umluillw was if e hands of Prolesaor Chnigto B.
Tsveianow,

The moeting was opened by the Chairman of the mecting,
Professor Panayetov, and by the Chairman of the Instituie of
Polymers, Professor Schopov, The greetings from the JUPAC
wus preseniod by Professor Pierre Sigwalt, 3 long-1eem active
member of the Macromolecular Division of 1UPAC.
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Peter H. Plesch of Mew Castle, Stafforshire, LLE. -discussed
the “Development in Cationic Polymerization — a Personal
View” which described the early discoverics and the discoverers
of catiomic polymenzation from the carly forties. when catiodnie
polvmerization was first properly recognized and the cocatalysis
for Friedel-Crafi catalvsis was discovered — (o few theoretical
ideas which originated cither in response to new facts, like
psendocationic polymerization and its relation to living
polymerization,

Mitsuo Sawamoto of Kvoto, Japan prescnied his work of
“The Nature of the Growing Species ia Laving Calionic
Polymerization”™, He discussed the 1otal analysis of growing ends
by muoltinuclear MMR spectroscopy including proton, carbon,
Muorine and 1in NMR spectroscopy covering living and non-
living polymers. The structunss of the polymers obtained by this
technique, involves initiation with un tetrachloride with some
phospharic acids.

Seanislav Pencrek, of Lodz, Poland, now of Pans, France
discussed “Determination of Struciure and Concentration of
Active Species in lonic Polymerizstions - the “P Method”, He
showed that il is now possible by introducing phosphorous atoms
ax end groups and determine by “P NMR spectroscopy their
structures and concentrations down to 10 which allows this
method to be used also for modecular weight determinations of
rather large molecular werght polymers. {The P NMR chemical
shift changes with the degree of palymenzation ).
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Kreysziof Maryjasrewski of Pinsburgh, US.A. presented his
work of “Salt and Solvent Effects in Living Cationic
Polymerizations"”. Recenl progress in cationic polymerizations of
alkenes enables us 1o make well defined polymen, with contnol
of molecular weight and functionalites. Sall and solvem cffects
play important roles in these polymerizations by shifling
equilibria and by controlling the dynamics of the exchange
reactions. The effects were partscularly emphasized for the living
polymeerization of styrene, a-methyl styrene and vinyl cthors,

“Studies of Ligand-Interactions with fons and lon Pain™ was
the subject of the talk by Johannes Smid of Syracuse. NY,
LLS.A. Ligands have been used 1o mflucnce the course of jonic
palymenzation processes especially of aniodic polymerizations
for some time. It has now been shown that the technigues
conpcentrating on chromophores can be utilized 1o probe ligand-
ion and ligand-ton pair interactions.

Sofia, Bulgarian Academy of Sciences
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“Active Center Structures i Andonic Polymerization™ was the
subject of Stanley Bywater of Ovawa, Canadu. Spectroscopic
determination of anionsc sctive cenlens give valuable insight into
polymerization mechanism, Use of “C ensiches models allowsd
to study concentrations down to the millimolar range.
Aggregalion has been demonsirated 1o occur ail high
concentrations; its cffcct on charge distribotion could he
imeasured.

Ao AL Arest-Yakubovich of Moscow, Russia described the
“Role of Bimetallic Active Centers in Anionic Polvmerization of
Hydrocarbon Monemers™, The active centers of anionic
polymerization of hydrocarbon monomers arc normally
considered individual metal-carbon boads: a kind of insertion
mechanism s concluded as the process of the polymenzation
reaction. Some kinetic and stereochemical processes can only be
explained by simuliancous participation of two of more metals in
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the complex active centers. These ane two types of metals such as
alkali metals and aluminum or zine. Some brdging mechanisms
have been proposed for the polymerization of these monomers.

“Influence of Magnesium Bromide on the Condoctance and
the Anionic Propagation of Dipolystyryl Magnesium in
Tetrahydrofuran™ by P. Jappens, M van Beyien and P. Huysken
of Heverlee, Belgium was presented by Marcel van Beylen.
Conductance measurements showed that in THF as the solvent
the symmetrical distyryl magnesivm salt (PStiMg is slightly
diszociated in single ions. From these conductance
measurements it can be concluded that the ansymmetnical salt is
less dissociated than the symmetrical one and that the (PS1Mg
irip ion becomes progressively transformed to PSIMgBr and
PSiMgBr jon upon further addition of MgBr.. triple anions
MgBr,” and apgregation of (PSLIMg ion pairs being negligible.
Polymerization under these conditions were chiefly rubed by the
remaining free polystyryl anions.

B. P. Quirk of Akron, LL5.A. discussed *Anionic Synthesis of
Chain-End and In-Chain Fonctionalized Polymers™. Anionic
polymerization produces living carbanionic polymers which
react with a variety of clectrophilic agents to form chain-cnd
functionalized polymers. Non-homopolymerizable mopnomers
and low ceiling tempermture monomers provide a methodology
for the synthesis of functionalized polymers via living co-
polymerization. The anionic system of in-chain, amine-
functionalized polymers was described. The extension of this

Sofia, The Aussian Church
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methodology to other living polymerizations was illustrated with
examples of the use of low ceiling temperatune monomers in
group transfer polymerization.

The Tuesday moming session was opencd by a leciure on
“Sicreoregular and Conformationally Regular Oligomers and
Polymers™ by O. Vogl, J. Bamus, K. Ute and K. Hatada, The alk
was presented by Otio Vogl of Brooklyn, NY, U.S.A. For a long
time it was belicved that the regulanity of a siereoregular polymer
depended exclusively on the coordination of the end of the
growing polymer chain with the in¢oming monomer guided by
very ipecific interactions with a coondination initiating system.
As more information was obtained 1t became clear thm the side
group size of the monomer became the predominating factor for
the configurational and confarmanional specificity of the palymer
chain. With larger side groop size, the polymer conformation
became locked in a rigid befical conformation. Specific examples
were described with polvchloral as the cxample.

“Synthetic Strategies (0 Well-Defined Polymers by lonic
Polvmerization™ was [he subject of B. Faust of Lowell, MA.
US.A Dering the past decade considerable advances have been
madde in carbocationic polymerization toward the synthesis of
well-defined polymers. Living cationic polymerization and
sequential copolymerization of isobulylene and styrene has been
achieved. Polyimethyl methacrylate)-g-polyisobutylene graft
copolymers have been prepared by the combination of living
cationic and group transfer polvmerization with an initiator-
coinitiator pair leading to counferions strongly interacting with
the growing center. The modulation of the fonicity of the
growing specics by the additon of 5 Lewis bass or by salt have
given new impetus o the onderstanding of living pohvmenzation
of such monomers as vinyl ethers, isobulvlene, stvrene and
styrene denivalives,




St. Petra from Epivat Church (15 Century)

A very interesting talk was presented by 1. P. Vamron of Pans,
France, The title was “The lonic Polymerization of Methyl
Glyoxalate™ coauthored by 1. P. Vairon. E. Muller and C. Bunel.
Methyl Glyoxalate can be polymerized in methylenechloride
solution either cationically or anionically o the comesponding
polyscetal. The polymenization has a ceiling temperature of 26°C
and the polymer has a ghass transition temperature of 37°C. Stop
flow technicises have been uied to follow the polymernzation.

P. Kubisa of Lodz, Poland presented his work on “Vinyl and
Ring-opening Cationic Polymerization Leading to lonic
Networks™, The presence of jons in polymers & an additional
structural parameters available for modification of
macromolecular systems through aggregation of jonic grodps.
Well known are ionomens where the jonic groups are statistically
distributed along the polymer chains. Less studied are polymers
having ionic groups located specifically an the chain ends.
Cationic polvmerization provides o convenient route for the
synthesis of polymers terminated at both ends with stable jonic
groups. The synthesis method based on termination of
bifunctional living polymers with suitable capping agents such a
tertiary, amines or phosphines or employing bifunctional chain
transfer agents with the subsequent transformation of the
appropriate ¢nd group was described.,

The afternoon session was opened with a walic by Ph. Hubert,
A. Soum, M. Fontanille and T. E. Hogen-Esch on “Kinctics and
Mechanism of Syndiospecific Polymerization of 2-
Vinylpyridine™. The paper was presented by M. Fontanille of
Talence, France, The living anionic polymerization of methyl
methscrylate proceeds with a syndiotactic placement when the
palymeriration was performed by alky! lithiumyimialicyLaluminum
in nonpolar solvents. A similar behavior was observed when 2-
vinyl pyridine was polymerized under similar conditions. The
authors concluded that the syndiotactic placement which is
favored under these conditions involved the hindrance of the
active centers which favored the syndiotactic placement,

A mosd interesting talk was presented by K. Hatads of Osaka,
Japan: it was entitled “Preparation of lsotactic and Syndsotactic

Paly(methyl methacrylate)s without Molecular Weight
Distribution and their Properties™, Synthetic polymers wsually
huve distribution of molecular weighi; the propertics of the
polymers are always described having average values. Hatada's
group has synthesized highly fsotactic and syndiotactic methyl
methacrvlate palymers of namow molecular weight distnbation
using methods that had been developed in Hatada's labaratory,
The polymer mixtures were subjected to supercritical fluid
chromaingraphy using liguified carbon dioxide as the mobile
phase and methanol or cibanol as the modifier on silica gel.
Individual fractions of aligemers could be obaained up 1o a DP of
10d), The 100 mer stercospecific with a molecular weight of
10,000 was isolated and characterized. Hatada also discussed the
stereocomplex. formation of these uniform polymers of isotactic
and syndioisctic polyimethy] methacrylate) of uniform
molecular weight, uniform because they have charcleristics
typical for proteins, nucleic acids and enzymes,

The next talk wis presented by Thico E. Hogen-Esch of Los
Angeles, CA, ULS.A. on “Synihesis and Characterization of
Macrocyclic Block Copolymers™. The formation of
monodisperse macrocyelic block copolymers was indicated by
the lower (15-30¢%) hydrodynamic value of the rings compared
1o that of the linear block copalymers. The preparalion of
polystyrene-b-poly(2-vinyl-pyridinc) and polystyrenc-b-
polydimethyliloxane was carried out by initiation of polystyrene
with lithium maphthalide followed by addition of 2-vinylpyreidine
or hexamethyl cyclotrisiloxane (D3). The polymers were
terminated, or coupled with bromomethylbenzene or
dimethyldichlorosilanc.

V. N. Sgonnik of 51. Petersbarg, Russia descibed the
“Anionic Polymerization of Non-Polar Monomers by
Organolithivm Compounds™. The influence of the solvent nature,
the concentration of the living chains and monomers on the
microstructure of the polymer formed. the rate and the
dependence of the reaction order with reapect 1o initiator and
living chains were discussed. Stoichiometry of living chain
complexes with electron donors and the interpretation of the
experimental resulis related to this complexation reflects on the
parameters of the monomers and polymers of dicnes and
styrenes, The interpretation of the éxperimental results were
related to this complexation, mixed- and homogeneous
assoctates of the living chains and the initiating sysiems.
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“Controlled Copolymer Structures-via Anionic/Insertion
Palymerization of Cyclic Carbonates™ was presented by H.
Hoecker of Aachen. Germany. Cyclic carbonates were
polymenzed by rm;-opt—-nmg [ashion by means of anionke and
insertion type of imdtintors. Dnfferent bexacyehe carbonates werne
randomly copolymerized when both monomers were added
simultaneously (o the initiator. Block copolymens were abtained
when the monomers were adided in a sequential way. Various
pricedures were wsed for the preparation of copolymers with
lactams. The polycarbomate was first formed and factams and
lactones were then inserted inlo the carbanate bond to form
urcthane and ester bonds. Eventoally alternating
polyesterurethane bonds ane formed.

The Wednesday moming session was opened by a talk of
Emile Franta of Strashourg, France. The title was
“Functionalization of poly{1.3-dioxolane}” by E. Franta, P, Luiz
and L. Reibel and of M. Belbachir, N. Sahli and 5. Ould Kada of
Oran, Algeria. It was found possible 1o prepare polyil,3-
dioxolane) of controlled molecular weight. Il has also possible 1o
ose these hydroxy-terminated poly(l.3-dioxolanc)s of a
molecular weight range of 1,000 10 20,000 1o form networks
with polyisocyanates. Often metalated o w-dihvdroxylated
polyil 3-dioxnolnnes) had 1o be used to carry out the reaction in a
quantitative way.

“Block and Graft Copolymers of Oxazolines” was presented
by R. C. Schulz of Mainz, Germany in cooperation with A,
Dwaorak of Gliwice. Poland. The cationic ring-opening
polvmerization of 2-oxazolines was further studied.

Chloroformates, prepared from alcohols and phosgene were

Mmmmmmm
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found to be exceplionally good intintors. This type of initiator
allowed the preparation of two-block. three-block and grafi
copolymers ax well ax star shaped polvmers.

“Tailor-Made Polymers and Copolymers from Azindines and
I 3-Onacyclanes”™ was the subpect of the talk of R. 5 Velichkova
of Sofia, Bulgaria. This work was done i son with D. C.
Christova and V. B, Gancheva, Telechelic poly(tertiary-butyl
ariridines and 1.3.6-trioxocane)}s as well as their
macTomonomers were synthesized by living cationic techniques.
These polymers were studied for their molecular weight and end-
funciionality distribution. YVarous tailor-made polymers based
on unilom size ielechelics and macromonomers were preparcd,

“Some MNew Developments in Viayliether Polymerization™
was presented by E. J. Goethals of Ghent, Belgiom. The work
was done in cooperation with Li-Bing Peng and N, Haocourt.
Two zspects of the polymerization of vinyl ethers were repored.
The first is the use of acetals in initiation and trensfer reactions
of the polvmerization. The second described the use of
pehmerizable cyclic sulfides as carbenium fon stabilirers in the
acidfaulfide initiated polymerization, Pamicularly sodied wene
the acetals in vinyl polymerization and the polymenzable cyclic
sulfides as carbenium ion stabilizers.

Y. Yagei of Istanbal, Turkey, presented the work on “Direct
and Scnsiized Pholoinitinted Cationic Polvimerization using
Pyridinium Salix”. The work was done in cooperation with
W, Schnabel of Berlin, Germany. Cenain N-alkoxyvpyridinium
and N-alkoxyquinoliniom salts were found 1o be capable as
photoinitiaiors for the cationic polymerization of cyclic cihers
such as cyvclobexene oxide and vinylcthers soch as n=hatvl
vinvlether. Flash phololysis studies revealed that reactive
nitrogen-centered radical cations were formed upon direct
irradiation of these salis.

“New Living Cationic Pelymerization Sysiems: Effect of
Electron Donors and Salhs on Inifer Mechanism™ was the subject
of the talk by M. Zsuga of Debrecen, Hungary. in cooperation
with Gy. Deak and T. Kelen. The possibility of improving the
living character of carbocationic systems 13 based on both
extermnally added Lewis base or of the use of common ion effect
i shift the Winstein spectrum of ionicities loward nonionic
species. This way optimem conditions for living polymerization
of isobutylene could be defined. Technological aspects of
producing larger quantitics of ielechelics were also discussed.

The Thursday scssion started with a talk by 5. K. Ying of
Shanghai, China of “Some Aspecis of the Anionic
Copolvmerization”. The author discussed the relutionship of
ideal copolvmenization and the natore of the active species in
anionic polymerizations, Various aspects were alwo studied by
NMR spectroscopy. The kinetics and the mechanism of anionic
equilibrivm copolymerization of a-methylsiyrene - butadiens
and c-methylstyrene - styrene were also imvestigated,

“Synthesis of Star-Branched Oligomers by Reaction of
Oligobutadsenyl Lithium with Diesters and Epoxidized Sop o
by F. Schue, J. Couve, R. Dobreva, J. Sledr and P. Nicol was
presented by F. Schue of Montpellier, France. The
polymerization of well defined forms of branching has posed a
challenge to polvmer chemistry for many yeari. Anionic
polymernization can produce branches with low and narrow
molecular  weight Jdistinbution. By reacting an
oligobutadicnyilithium with a diester (dimethyl adipate, dicthyl
adipate, dimcthyl phihalate) #t is possible according to the ratio



of the living specics 1o the reacting species, 10 obtain diketones

0 a degree of coupling of 2 or & mixture of the
ketons and a tertiary alcobol (degree of coupling lasper than 2).
The reaction with an cpoxidired soja oil produces a very rapid
cleavage of the cster group, following by a slower rale of
addition onto the epoxide group.

The kst paper of the Symposiem was by Rugang Zhuang and
A. H. E. Muller of Mainz, Germany. It was entitled “Kinetics of
Growp Transfer Polymerization of n-Butyl Acrviate Catalyred by
Hg,Me,SiI™. Groop Tramifer Polymerization of n-boty] acrylate
unmmummﬂpﬁmmlﬂm-mhﬂm;al
(rrimethylsiloxy)-2-metkyl-l-propene 3« the initiator and with
mercenc lodide a5 the catalysi. Molecular weight control was
pood and the r had namow mokecular weight distnibution
althoogh a slight cyclization reaction leading 1o some
termination of the living polymer chains was observed, The
results were explained by exothermic formation by a 1:1
complex of trimethylsily] iodide and mercuric iodide. The
complex seema o work as a nocleophilic catalyst. A similar
behavior was found in dichloromethane as the solvent although
the rates were two onders of magnitude higher.

la addition to the inviled papers the following short
communicalions wene “Mechanism of [nitiation in the
S‘_mﬂu 2-Methvlpropene-Ferric chlonde in Non-polor Media™
“Living Polymerization of 2-Meth without Extermal
Electron Donors™; “Kinetic Model for Active Chain-End
Decomposstion and Comparison with Real Liviag Carbocationic
Polymerization Systcmi™; “Living Anioaic-Coordinative and
Radical Polymernization of Alkenes with Organcaluminum
Izitiating Systems™; “The Nature of End-groops in the
Polymeriration of 2-Methylpropene [nitiated by Di(l-arido-1-
methylethyl)-1,4-benzenc/Lewis Acididichloromethane
Systerm™; “The "Flash® Polvmeriration of Styrene™, “Cathonic
Polymerization in lodine/Liquid Sulfur Dioxide System™;
“Contro] of the Kinctics of the Polymeriration of Indenc. an
Approach o a Liviag System”, “Anlonx Polymenzation of
Acrylic Esters by Complexs Initiatiors™ ~Living Anionic
Polymerization of (MethiAcrvlates by Means of Ligated
Processes™; “Poly(styrene-g-ethylene oxide) Through Anionic
Graft Copalymerization of Ethylene Oxaide™; “The Role of
Complexation in Carbocationic Polymerization of sobutylene in

Lewis Acid/Ester Systems™ and “Cationic Polymerization of
Glyeidal™

The Xith Cationic Symposium of the Bulganian Academy of
Scicnces, Borovets, bosted by the Institute of Polymers was
copsidered by the participants 35 a preat succeds because the
schentific discussions were of excellent quality. On Sunday might
wan 2 recephion at the Hotel Samokov which broaght together the
scicnitists who had come from all over the world 10 this mocting.
maflhﬂhmq:htl&u wives, This mecting brooght topcther
3 world community of scientists interested in cationic
pﬂ;mwdmmuﬁﬂmmmhﬂunmnmm
important personal reunion of ofd and new sosentific (hends. Oa
Wednesday there was an excurion to the world famous Rila
Monestery which is one of the world's most renowncd

plaoci. Daring the week., excarsions were abo held 1o
Flovdiv, a very ancient town abogt 100 km from Borovets.

Borovets i located 5t 1,350 m in the central mountain chain
that crosics much of Bulgaria. A gondola ook panicipant of the
conference up to a 2,300 m elevation, which gave a beautiful
panorama over the lindscape of this region with the highest peaks
of nearly 3,000 m of the Balkon peninaula.

The bangoet was held on Tuesday evening. again to provide a
forum for more sientific talks in a most congenial atmonphere
amang the scientints,

As it is tradition in those Mectings, a veeTing Commitios met
under the chairmanship of O. Yogl to decide on luture mecting of
cationic polymerization and related jonic processes. The 121h
Symposium on Cationic Polymerization and Related lonic
Proceises was given 10 Professor Yesaf Japei, of the University
of Ixanbal, Ieanbal, Turkey. The mecting wall probably be beld
in September 1995,

A major coviation oocared alio during this mecting, It wa
decided that the net meeting after Iutanbol will be in Paris eader
the peneral chairmanship of Professors Pieme Sigwalt and Jean-
Pierre Vairon. There was an cusentially unanimous decision that
this mecting should be organiscd somewhat differeatly from
previous cationic mectings. Over the years the Symposia which
had first been called “Cationic Polvmerization™ and then
“Cationic Polymerization and Related lonic Processes™ have now
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Welcoming Reception

progressed into meetings where the cationic polymerization
aspect is now less than 50 of the overall contributions of the
meelings in addition to anionic contributions and contributions o
“and related ionic processes™. The committe concluded that it
would only b practical to recognize this reality. The mesting in
Paris will be called the meeting on “lonic Polymenzation™. This
decizion made those sciemtists involved primarily in anionic
polymerization very happy and this unifying concept was accepled

At the banguet

enthusinstically by the entire “jonic”” community including those
primarily mterested in “ring-opening” polymserization.

Based oo the decision of the comminee which included also
the leading members of the community of Anionic
Polymerization and of Ring-Opening Polymerization, it appears
that Trom 1997, the meeting in Paris, there will only be one
meeting on “lonic Polymerization™, rather than three meetings
that are pow in existence, Cationic, Ring-Opening and Anionic
Polymerization. It is befieved ihat such a2 meeting will bring
closer pogether scientists working in these arcas and will benclit
the progress of the entire field of “lonic Polymerization™ by a
miore active interaction of the scientists that are active in the
forefront of these developments.
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