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Hiroyuki Nishide and Otto Vogl, Japan-U.S. Seminar on Polymer Synthesis, Polymer

News, 16(7), 217-223 (1991)

Conference Reports

Japan-U.S. Seminar
on Polymer Synthesis

Hiroyuki Mishide® and Otto Vogl®

* Department of Polymer Chemistry, School of Scienc
and Engineering, Waseda University, Shinshuku-ku,
Tokyo 169, Japan and

® Polytechnic University, 333 Jay Streat, Brooklyn, NY
11201 U.S.A.

A seminar on Polymer Synthesis entitled ~ Advanced Materals
Based on Macromolecules” was held from October 19 -
November 2, 1990 at the Tokyo Garden Palace Hotel which is
located in the Ochanomizu section of Tokyo. The seminar was
spomsored by the Japan Society for the Promotion of Science and
the National Science Foundation, USA, and was under the
cochairmenship of Professors Eishun Tsuchida and David A.
Tirrell.

The seminar was the Sth of 2 sertes that was conceived over 20
years ago. The first meeting was held in Japan at the Fuji View
Hotel on Lake Kawaguchi in Hakone in 1974; it was entitled “New
Aspectsof Tonic Polymerization™ and was under the cochairmenship
of Junji Furukawa and Otto Vogl. The second seminar entitled
“Functional Polymers” was held in Pingree Park in the Rocky
Mountuins at the lodge of Colorado State University, 9,000 feet
ahove s2a level, It was under the cochairmenship of Joseph P,
Kennedy and Takeo Sacgusa and was held in 1979, The next
seminar, the 3rd of the series, was held at the Shin Osaka Hotel in
Orsaka, Japan in 1983; it was under the cochairmenship of Koichi
Havyashi and John K. Stilleand was entitled * Synthesis and Reactions
of Oligomers and End-Reactive Polymers”, The last meeting was
held in Yorkville in the Napa Valley in California and was under
the cochatrmenship of Eli M. Pearce and Hidefumi Hirmi: it was
entitled “Synthesis, Properties and Reactions of Specialty
Polymers".

This most recent seminar in Tokyo consisted of 24 lectures, As
in the previous seminars, attendance was by invitation only; it
consisted of the speakers and abour 20 observers from Japan and
two from the United States.

The seminar started on Sunday night with the review of the
program and the introduction of the participants followed by a
welcoming reception, The actual seminar started with a lecture by
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Robert H, Grubbs (California Institcte of Technology) entitled
“Applications of Organometallic Reagents im Polymer Synihesis™.
He mentioned that numerous reactions in organometallic chemistry
in the past few years that are applicable to the synthesis of new
polymers with controlled structures have been discovensd. Many
of the best defined systems nvolve catalysts for nng opening
metathesis polymerizations (ROMP). These well defined catalyst
systems can be used to polvimerize a vanely of monomers. An
excellent route to polyacetylenc was found in the bulk polymeriza-
tion of cyclooctatetrasne. This route provides a solution (o many
of the fabrication problems associated with the standard routes for
the preparation of insoluble and infusible polyacetylenc and nllows
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Tokyo Garden Palace Hotel, location of the seminar.
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S Seminar on Polymer Synthesis

Eishun Tsuchida, David A, Tirrell, co-chairmen of the seminar.

the preparation of a vaniety of derivatives and copolymers 1o be
prepared. Catalysts have also become available that are capable of
polvmerizing functional monomers and will oven function for
pobvmenzations i Sgoeous solulhon,

“Silica Gel-Organic Polymer Hybrid — Principle, Symhesis

and Applications™ was discussed by Takeo Saegusa, Kyow
University. A polvmer hvbind is defined as a blend of properties of
woor more polymenc componcents at the molecalar level, Specifi-
cally, hybrids between silica gel and organic polymers consisting
of N.N-dialkyl or N-alkyl carboxylic amides were discussed, They
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Japan-US Seminar on Polymer Synthesis, 1990 Tokyo
Speakers of the Japan-U.5. Seminar on Polymer Synthesis.
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were prepared from orthosilicate exters. a procursor of silica gel in
aso-called sol-gel procedure. The original products are soluble in
orpanic solvents, they are transparent glasses and the hybrids of
silica gel with crganic polymers with up to 50% silica have been
prepared. On pyrodysis of these materials 5t 600 C highly porous
silica gels with controlled pore size have been olstained,

Design of Macromolecular Struciures”™ was descnibed by Ono
Vogl (Polytechnic University), L. Steven Caorley, William J
Simonsick. Jr. and K. Hatada. For the past decade the authors have
been working on the development of rules that govern the synthesis
of helical polymers and have used the polymerization of trichloro-
acetaldehyvde and other perhaloaldehydes as the most promising
examples. Most of these polymers form ngid helical structures.
Discussed were the mitiation of chloral polymenzation and the
oligomerization with achiral and chiral imtiators, the detniled
characterization of individual oligomenic species and the deter-
mination of thetr absolute conligurations. Combination of GC,
high resolution NMR spectroscopy u S00 MHz and K+IDS mass
spectrometry s well as single erystal analysis of individual com-
pounds allowed the determination of the structures of all stereoi-
somers of teriary butoxide and bomyl oxide mitiated, ncctate

endcapped. Nuoral, chloral and bromal oligemens uptothe pentamens
and in some cases to the decamers. 11 was found that the instiation
wa not stereospecific, but in the case of chloral and bromal
polymenization, after the formation of the linear irimer, the oligomers
are essentially stereospecific, ane formed by exclusive meso addition
and gives oligomers which already exist in the form of righd helical
SIrLCTWres,

Esshun Tsuchida (Waseda University) presented his work on
the “Svathesis of Polvphenylene Thicethers through Cationic
Oxidative Polymerization™. Polyphenylens ethers have in the pasi
been preparced from: p-halothiophenoxides and have now been
commercially produced from p-ichlorobenzene and sodium sul-
fide. This polymerization is camed ouwl under pressure and ot
elevated lemperaturcs. [t has now been found that diphenyldisulfide
can be oxidatively polvmerized to polyi{p-phenylenesulfide) by
cattoric mechanism using electrical or chemical oxidations,
Polymers were produced in high punty and high yecld i the
presence of equimalar zamounts of oxidizing agents such s quinone
of with calalytic amownts of vanadylacetylacetonate under oxygen
atmosphere. From the mechanixtic point of view it s likely that the
polymerization procecds via the pheaylbis {phenylihio) sulfonium
cation which is prodeced by oxidation of diphenyldisullide in
acidic medium.

Donald T. Dix (Dow Chemical Company, Midland, M) de-
scribed Dow's work on " Benocyclobutenes: A New Class ol High
Performance Polymers™. Benrocyclobutenes constitute the basis
o anew and versatile approsch tothe synthesis of high performance
polymers for applications in the eloctromics, adhesives, and acrno-
space industries. The basic technology Involves o family of
thermally polymerizable monomers which comain one or more
henrocyelobutens groups permobecule. The polymenzalion consists
[+ ;1I;tn1'|:|:t||}. nsteated Fing OpenEng of 1he 'I‘n:"n.rug':. clohsene (O a
o-gquinodimenthane intermediate.  The subseguent fate of this
intermediale depesids largely o the type and number of other
functional groups present in the monomer molecule. One example
of the use of benzocyclobutens polvmers is as a dielectnc loyer in
miultichip modules.

“Direct Syntheses of Poly(phenylens) and Polvipyrrolylens)
using Catzlysis” was discussed by Maoks Toshima (Universaty of
Tokyo). Polvi 1 3-phenyiene ) and poly(2.5-pyrmolylene ) are known
as heat-resistant and electrically conducting polymers, They have
in the past been relatively inacoessible because of the methods used
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Maokl Yoshioka, Kayoko Nemoto, and Hiroyuki Nishide.

fior their preparation. A number of CuCl-AICHL -0, catalyst systems
have been developed for the preparation of thews (wo tvpes of
polymers. Systems that contain as an additional component
pyridine as well as a polar solvent were used for the polymerization
which wis found to be most elfective: polvmers with relatively
high conductivity were prepared. “Advances m Amionic Synthesis
of Functionalized Polymers™ wis described by Raderie P. Quirk
{University of Akron). Alkyllthium-initiated anionic polymeriza-
tions of styrene-type derivatives, particularly those with protecting
groups, can be performed without the mcursion of spontaneous
terminations or chain-transfer reactions. The polyi{styryl Hithiums
have stable carbanionic chain ends, which can be convened into a
diverse armay of functional endgroeps, for example by such long
estalilished reactions as carbonation and amination, These poly-
mers are uselul for o varely of Turther reactions including cham
extension, branching, and block copolymerization.

Hidefumi Hirai (Science Universily of Tokyo) discussed the
“Sequence Regulation m Radical Copolymerizations of Methyl
Methacrylate and Siyrene”™. Radicsl copolymerization of styrene
and methyl methacrylate produces sequence distributions accond-
ing 1o first-order Markovian sintistics. In the presence of metal
halides, the radical copolymerization of polar vinyl monemers
such as methyl methacrylate and acrylonitrile with electron-domnat-
ing monomers such as styrerse and butadiene gave 1:1 altemnating
copolymers. The amhors undertook a stushy of 4 guantitative
comparison between the alternation-regulating abilities of varioos
metal halides as complexing agent for methyl methacrylale in the
copolymerization of methyl methacrylate and styrene.  Boron
trichloride was found 10 have the largest aliemation-reguiaring
cffect. It was found that by lowering the polymerization temperatune
from -60° C to -95° C the cobeterotacticity of these copolymers
goes up from TO% 1o 89% which is the highest value of
cohcterotacticity ever reporied.

Samuel L Swpp (University of Mlinots a1 Urbana-Champaign)
described the “Synthesis of Matenals with Self-Ordering Chiral
and Functionalized Macromolecules™, He mentioned that the
malecular construction of homologows linear palymers with irans-
lational polar symmetry reveals 3D structures ranging from ghasses
to liguid crystals (o crystals. These transformations are observed
with remarkahie sulble changes in structune such as the disordering
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in the handedness of chiml dipoles appended 10 a8 maolecular
backbope or the removal of 3 methylene groups inad5-atom repent
unit. The ordering of funcoonalized monomers and their
combpolymers has also been discussed. Combmacromolecales
can alloy the molecule propertics of their stems and teeth and are
also podential precursors for the dimensionality of the macromaol -
ecules in lincar polymers. Il the teeth had ansometric sel f-onderimg
behavior it is possible that “functionalized™ versions of these
polymers may serve 1o spatially orpanize chemical functions.

“Movel Synthesis of Polyimides and Model N-Substituted
Phihalimides™ was described by 5. Richard Tumer (Eastman
Kodak Company ) and Roben J. Perry. Polyimides ane perhaps the
moil important class of commercial thermally siable high tem-
perature polymers. A large effort has been made in resesrch and
development and continues 10 be made for the synthesis, character-
tration, and structareproperty relationships of these technobogically
imporiant materials. They are basically prepared by reactions of
dianhydrides and diamines or from the reactions of diisocyanates
and diznhydrides. The authors have found that o-dikaloaromatic
compounids react with primary amines in the presence of a suitable
palladium catulyst, carbon monoxide, and base to give N-
substitused phihalimides in high yields. This resction can also be
used for the preparation of polymers using tetrahaloaromatic
compounds and amomarse diamines,

“Synthesis of Viarous Types of Condensation Polymers by
Using Organosilicon Monomers Having Specific Reactivity™ was
presented by Yoshio Imai (Tokyo Instinue of Technology), Spe-
cific silicon chemistry and functional silicon-based polymers was
described. New symihetic methods of the preparation of poly-
amides and related condensation polvmers by using N-
tnimethylsilyl-substituied diamime monomers were described.
Panticularly mentioncd was the synthesis of new disilane-
contuning condensation polymers, the preparation of new zilica-
polyimide hybrid materials, and the synthesis of new siloxane-
bazed starburst polymers, Highly branched polysiloxane based,
starbursi polymer were synthesized starting from the initial gen-
eration of tris | (phenyidimethylsifoxy dimeshylsiloxylmethylsilane
and the bailding block of his[(phenyldimethylsiloxy)-
methylsiloxy|di-methylsilanol where the phenylsilane medcty
was a synthetic equivalent of N N-diethylaminosilane, a



suitable electrophilic silicon species.

“Sythesis and Charscierization of Polysilanes™ was also
discosied by Kreysrtof Matyjaszewski (Camnegie Mellon
University) Polymerization of disubstituted dichlorosilanes with
alkali metals via reductive coupling has the character of a chain
reaction process. Copolymenzation of various dialkyl substituted
dichlorosilanes by reductive coupling gave statistical copolymers.
Macrooligomers of cyclooligosilancs are by-products of this re-
ductive coupling reaction. Polymers of molecular weights [rom
10,000 1o 100,000 kave been prepared via anionic ring opening
polymerization of cyclotetmsilanes. Poly (di-n-alkylhsilylanss
show intriguing UV absorpiion properties bol the adsorption be-
havior depends strongly on the first link in the side chain: phase
transitions are belioved o be responsible for this behavior.

Setichi Nakahama [Tokyo Institule of Technology) described
“Synthesisof Block Copalymens with Hydroghilic and Hydrophobic
Segments”. He deseribed the synthesis of block copolymers
contmining hydroxy groups, as for cxample, in 4-hydnoxy. 3
hydroxyethyl and 2-hrydrox ymethyl-styrenes. The monomers were
prepared by protecting the hydroxyl group with irialkylsily] groups.
The synthesis of block copolymers contmning amino groups with
very narmow molecular weight distribution of the individual blocks
were also describod.

“Srereoapecific Polymerization with Group 4-Meuallocenes™
was presented by R, Wiymouth ( Stanford University ). Cyclopoly-
merization of 1.5-hexadicne with homogeneous Ziegher-Natta
catalysts gave primanily polyimethylene- 1. 3-cyclopenianc) with
very small amounis of wncyclhized monomer umis presentd,
Molecular weights are in (he range of 40.000. Under simmilar
condition, 1-hexene gave only oligomers.

Donald N. Schuls (Exxon Research and Engineering Company)
discussed “Synthesis and Properties of Associsting Polymers
Systems™. He descnibed the preparation and properties (especially
in solution) of some hydrocarbon and water soluble functional
polymers that develop their propenies primarily by selfl or inder
chain associntions. The hvdmocarbon assoctating polymer systeins
were based on functional alpha-olefins.  The polymers were
prepared by special Ziegler-Natta polvmerization methods that
overcome catalyst poisoning by using Lewis acid precomplexed
cater monomers. Another method revolves around monomers and
polymers with organoborine structisres. Polymers with hvdrocar-

bon backbones require H-bonding. polar and amonsc meraction
for associations, water soluble polymers can associale via
hydrophobic groups and rwilleniomc groaps,

Shobei Imoue (University of Tokyo) described the “Synthesis
and Properties of Novel Graft Copolymers Containing
Photoresponsive Polypeplides™. Conformational change of a
polypeptide controlled by external stimul: 15 known fo govern
hiological functions such s trunspori properties achoss i membrane
ar the mechanism of vision, It was found to be of interest 1o
corstruct a svetem in which a change in permesability across a
membrane was achieved by confermational change of the polypep-
tide in the membrane induced by the photoisomerization of the
chromophore antached to the polypeptide.  The authors have
investigated the circular dichroic and photoresponie properies of
grafl copolvmers composed of the polvasparate branch with the
pendant azobenzenc group attached 10 the poly(2-hydroxyethyl
methacrylaie) backbone in solution and in the membrane,

“Genetically-Direcied Syniheses of New Polymeric Materials™
was described by David AL Tirmell (University of Massachuseqis).
Recent advances in the symbesis and expression of artificial genes
have cstablished a viable route 1o the preparation of structurally
homogenecous polymenic materials. Acritical process inmacromo-
fecular design, the sclection of an aming acud polymer that
expecied (o exhibi supenor properties providsd a target polymer
as sequence that is then in coded into complimentary sequences of
DNA. This sequence is then in turn rssembled (hrough the
combination of adomated solid phase synthesis and then eney-
matic ligation, Insertion of the artificial coding sequence into an
exprexsion vector and transformation of an iate: host or-
ganism then provides a basis for the synthesis and then for the
isolation of the targei. The state of the ans is such that gram
quantities of the target maserial can be isolaied from laboratory-
scale formentations, Much of the recent effort is focused on the
desdgn and enginecring of macromolecular erystals, [t was of
partioular importance to design polypepides with a siracture that
consists of 3 beta sheet postion of the chain which are expected to
assemble o regular amrays of crystalline siems linked at the
extrema by short f-tums. This strategy then leads 1o chain folded
lamellar crystals of prediciable thickness and suirface funciionaslity.

“The Preparation of Electro-Driven Chemomeochanical Systems
Using Polvmer Gels” was described by Yoshihito Osada (Tharaki

Excursion to Hakushu, Nagano Preficture.
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University). It wai found the polyelectrolyie pels undergo shape
changes by applying DC current. The velocity of thape change is
proportional to the charge density in the gel. This appears to be the
firsa mode] of an electrically activated anificial moscle working in
aerodic and aqueots modium systems because the gel contracts and
dilates reverably by an clectric stimulus under isothermal cond:-
tiom. The electrical control makes use of crosslinked polyelectrolvic
gels. The system is quite simple, and consists of a water-swollen
polvmer gel which is inserted between a pair of elecirodes which
i connected o a DC source. Paricularly studied was a poly(2-
acrylamido-2-methyl- | -propanesulfonic acid) gel. Electro-acti-
valed chemormechanical devices studied were antificial muscles,
chembcal valves, drug delivery systems and gel actuators,

Virgil Percec (Case Western Reserve University) discussed
“Molecular Engineering of Liquid Crystalline Polymers”™. Ther-
motropic and lyotropic low molar mass and polymeric liguid
crystals are responsible for the structure and function of many
biological systems. Molecular engineering of main chain, side
chain and branched polymers contaning cither flexible or calamitic
and disc-like mesogenic groups were discussed. The design of
min chain liguid crystalline polyethers which do not contain rigid-
rodl like mesogens demonsimte avenues to prodoce the nematic,
smectic and columnar meso phases, The molecular design of side
chain liguid crvstalline polymers comaining comventional rod-lile
mesogens andlor crown ethers obtained by living cationic poly-
merization and cyclopolymerization of functional vinyl cihers was
also discuvied,

“Chemical and Electrochemical Symihesis of Soluble Electro-
Conducting Poly(2.5-Thienylene) Derivatives™ was presented by
Hideki Shirakawa (University of Tsukuba), In onder to propare
soluble electro-conducting poly(2.5-thicnvlene) derivatives with
functional 3-phenylaliyl and 3-phenylalkyhhiophene groups were
synthesized by Grignard cross-0coupling reaction of 1-bromo-w-
phenylalkane with 3-bromothiophene in the presence of
dichlora| 1 3-bis{diphenyiphosphinopropanel-nickel 11 They were
studied from the viewpaint of electrochemical and chemical po-
lymerizations. ‘The chemical, electrochemical and electronic
propertics of these polymens were: discussed including initial
characterization, spectroscopy and electrachemical cyclic
valtammetry.

Hiroyuia Nishide (Waseda Universary) described the “Synthe.
sis and Magnctic Propenty of Conjugated Stable Polyradicals™. For
an organic molecule containing plursl radical mosetics, 3 magnetic
interaction among them could be expecied. The strength of the
mteraction is believed o depend on the chemical structure connect-
ing the radical moicties. ®=-Conjugated phenonyradicals bearing a
polvene backbone were chemically stable and their spin concen-
iration reached nearly Avogadro's aumber. While the bolk mag-
netism has not been realized, the profile of the magnetic interac-
tios coulbd be described as polymdicals with chemically elucidated
structure, Two types of polyradicaly, one with a delocalized and
one with a spin localized radical were discussed, Anantiferromag-
metic and a weak ferromagnetic interaction were observed for the
former and the laner polyradical, respectively. Mixing of both
types of spins in one palymer chain weems to lead (o 3 cooperative
magnetic phenomenon,

Yulio Imanishi (Kyoto University) discussed “Baocompasite
Materials for Promotion of Adkesion, Growth and Differentiation
of Cells”, Living bodies maintain and develop their life with
specilic recopnition of extermal and intemal signals with the aid of
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Visit to JEOL Research Laboratories and Production
Facilities, Akishima, Tokyo.

highly organized signal-sccepting and signal-transmission
sysiems in which many kinds of profeins and peptides take part.
The design of composite materials composed of synthetic polymer
membrane and biosignal molecules for enhancement of the signal
transmission function was investigated which involved peptides
with immobilized polymer membranes. Fibronectin with arginyl-
glycyl-aspartyl-sery] sequences as the core peplide was investi-
gated 35 receptors. Imanishi also described fature prospects of
biocomposite materials,

“Smodies on and with Functionalized Polystyrenes™ was presented
by Eli M. Pearce (Polyiechnic University). A variety of useful
functionalized polystyrencs having Muoorcalkyl ketone and
fleoroaliyl carbinol funciionalities have been prepared and siudied
a5 components that provide strong hydrogen bonding which pro-
vides the basis for miscible blends with a variety of H-bond
accepting polymers. Hexafluomoisopropanol-polystyrene copoly-
mers have been used ag compatibilizess for polystyrene blends with
polyethvlene oxide and polyamides. Polymers have also been
studicd for their capability of providing high char forming systiems
to reduce Rammability.

“Synthesss of Wood Plastic Composites by Radianon™ was
described by Koichire Hayashi (Osaka University). The polycon-
densation of tnmethylolmelamine by jonizing irrediation was
discussed. For the polycondensation, an additive such ax chioral
hydraie is needed because it forms a convenient radiolysis product,
namely a peolon which is the catalyvst for condensation of the
trimethylolmelamines. The formation of the proton and their yield
i proportional tothe radiation dose, Hayashi alsodescribed the use
of this reaction for the preparation of composite materials,

As it was the tradition in previous seminans on the thind day of
this meeting an excursion was underaken that ook ws (o the JEOL
rescarch laboratories and thelr production factbities in Akishima,
Tokyo. The bus tour took us also to the Suntory Distillery in
Hakusho, Nagoano and one of the most famous vi of Japan.
to Katsunuma in the Yamanashi Valley. This bus trip allowed
extensive interaction of the individual scientists. They became
miore acquainted with one another as people changed scat during
the trip 1o interact with another scientist while they exchanged their
scientific views and opinions. The evening was spentina Japanese
restaurant in the country side in Takao, Tokyo. The banquetl was
held on Thursday evening at the Tokyo Garden Palace Hotel.



The meeting pamicipants came away from the seminer with a
grean deal of sansfaction and fecling of accomplishment, The next
meeting on Polymer Synthesis between scientises of the US. and
Japan is planned in 2 years time in the United Siates.

Cme important factor became spparent during this meenng; the

average age of the panmicipants was significantly lower than in past
meetings which was found to be a very desirable situation. Selected
people were also invited this time to present their wiork which they
had dope duning the early period of their caresr,
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