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Conference Report

Japan-US Seminar: Macromolecular
Architecture and Engineering

Shin-Ichiro Shoda® and Otto Vogl®**

*Department of Materials Chemisiry, Graduate School of Enginearing, Tohoku University, Sendai, 980,
Japan; "Monbusho Professor, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 808, Japan®

Otto Vogl

The US-Japan Seminar on Polymer Synthesin was keld in
Japan from Ociober 38 1o October 31, 1996; the location was
Semlai, Miyagi Prefecture.

Since about 1600 AD. the city of Seadai has flourished as the
castle own of Date Masamune (1567-1636), the great fewdal
lord of the noithern Japan region who reigned thene supseinely.
The temple complex of the mausoleum of Date and his
successors, called Zuiho-den, was built on Kvogpamine, a
beautsful rdge. covered with old cedar trees. 11 is now an
extraordinary. culmination of the architechioral stvle of the
Aruchi Momoyama period,

Today, Scodai, with a popalation of aboul onc million
inhabitants, is the political, economic and cultural center of
Japan"s Tohoku (nomheastern) district.. Sendan 13 known ax the
Ciry off Learning. Thete are 8 universities in the city with abwout
40,000 students from Japan and abroad. Toboku University ix the
major University: it has 30 rescarch institutex and laboratories
affilisted with it inclading the Institute for Materials Ressarch.

This 11.5.-Japun Seminar on Polvmer Synthesis was the
Tith Seminar of the series and was held ai the Washington
Hotel in Sendai with Shohel Inoue and Krzysziofl
Matvpaszewski as the Co-Chainmen. Much of the organizition
was done by the upcoming Chairman of the Japanese side, Shiro
Kobavashi, with the able assistance of Shin-lchiro Shoda and
Hiroshi Uvama. The meeting was sponsored by the Japan

i

Shiro Kobayashi Krysxiof Matyjaszewski Shohel Inoue

Shun-Ichiro Shoda Hiroshi Uyama  Richard Turner

Society for the Promotion of Science and the US National
Science Foundation,

Az in Scminars of similar Kind, the attendance was by
invitation only; there were 12 invited Japanese academic invited
speakers, 8 US invited academic and & Industrial invited
speakers, § Japanese and 2 US observers,
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Head o Head Polymters by Otto Vogl, Kyoto, Japan and
Brooklyn, NY, USA

Pure head o head (H-H) addition polymers, such as H-H
polyolefing, H-H acrylates and H-H polyivinyl halides), Rave
been of interest in the understanding of part of the
structure/properties relationship of polymers, The palymer
stractures have provided challenges of synthecs, chanscterization
and of the measerements of their mechanical and rheological
propertics. H-H polvivinyl halidexiwere synthesized by
improved halogenation techniques from poly(l.4-butadiene) and
have made H-H poly(vinyl chloride) and H-H polyivinyl
bromide) easily accessible for a more éxfensive charscierization
of these polymers. Blesds were prepared with polveaprokictones
and palvimethyl methacrylate) and hetween the polyvivinyl
halides). The thermal behavior and the thermal degradation
behavior of these blends wene investigated.

Svathesis and Chiral Recognition of Helical Palvmers, by
Yoshio Okamoto, Nagoya, Japan

Many stercorcgular polymers have helical conformation in
the solid state and some of them can maintain the Yroctune even
in solution A belical structure is chiral and therefore 3 one-
handed helical polvmer is optically sctive. Helical polvmers are
interesting bocause they show chirl recogninion for ennntiomers
and several helical polymers, including polymethacrylates and
polysaccharide derivatives, have been practically used ax
stutionary phases 1o sepanile a wide range of cnantiomers, Helix-
sense-selective radical and anionic pelymenzation of vanous
MOBOMErs were investigated.

Atom Tronsfer Radical Polvmerization as a Tool for Svatkesis
af Well-Defined Polvmers, by Krzysztol Muatyjaszewski,
Pinsburgh PA, USA

Atom Transfer Radical Polymerization is onc of the most
successful methods enabling control of radical polymerization of
vanous monomers and allows the synthesis of polymers with
mew topologics, compositions and functionalitics. Atom Tranfer
Radical Polymenization s based on the reversible atom transfer
between progugating radicals and darmant macromoloculer alkyl
halides catalyaad by tmnsition metils, It can be used for a large
variety of monomers including stvrencs, (methiscrylics. dienses
and acrylonitrile. Well defined (cojpolymers with low
polydispersitics with reasonable molecular weights have been
prepared.

Metal Complex-Mediated Living Rudical Polymerizanion, by
Mitsuo Sawamoto, Kvoto, Japan

One type of living radical polymerization is based on
transition metal-mediated radical formation from alkyl and
related halides. A combination of a ruthenium( 1} chloride
complex with a n-alkyl halide in the presence of an aluminem
alkoxide has proven 1o be most effective. The feateres of these
living radical polymerizations include: a,) wide range of
initiatons: b)) uxe of metal complenes of rothenium, iron and
nickel: ¢} tolerance of water and other protic agents; d.)
feasibility of precision synthesis of block. random and end-
fanctional polymers

Frowm ne-Iimensions! fo Three-Dhimensional Polvmers, by
Virgll Peréee, Cleveland, OH, USA

Flexible palymer chains exhibit statisticnl 3-dimensional
shapes which are based on a random-coil conformation in
sclution and in the amorphous state or a lamellar structore i the
crystalling state, Rigid-rod like polymers display a worm-like
shape in solution, in the amorphous. in the erystalline or i the
liepsid crysealline stute. If the molecular weight of the polyvimers s
lower than their persistence length, they exhibit a one
dimensional shape. The design of rigid-rod one dimensionzl
polymers and icosahedral three dimensional polvaer stnctunes
were disgutsed.

Preparation of New Types of Block Capalvmers by
Radical/Cation Transfarmation Polvmerization, by Mikiharo
Kamachi, Tovonaka, Osaka, lapan

Radical polymerization is the most urilized method in
indusiry for the preparstion of high pelymers from vinyl and
diene compounds. Sequence control and structure control arc
difficult in radical polymerization. Radical-promoted cationic
polymerization, carmied oot in the presence of clectron transfer
agents ¢an transfer certain propagating radicals o the
cormesponding catrons. This technigqee allows the preparation of
homo and block copolvmers from vinyl mosomers and cvelic
compounds by radicalication ransformation polymerization,

Mikihasu Kamachi

Joseph Wirth

Hefin Pelvmerizanons and Copolvmerisations Using New
Pl and Nyif-Based Catalysts, by Mavrice 5. Brookhart,
Chapel Hill, NC, USA

A serics of PA (1) and Xi(11) complexes serve as initiatoe for
the polymenzation of cthylene and @-olefins as well as the
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copolymerization of ¢thylens and methylacrylate te high
milecular weight polymers. The polymerization is infloenced by
e strocture of the initintor and type of motal, ligand structure,
monomer concentration and temperature, The polymesization of
a-obefins with nickel initiators has living character and di-and
triblock polymers have been prepared. Not all the polymer
structurcs have the strueture of the linear structure based on the
monoimer bt exlensive rearrangements can occur which lead o
highly branched structures from cthylene and copolymers of the
ar-olefin with ethylene even though no cthylene is present in the
polymenzation.

Anionic Pofymerizarion of N.N-Dialkylacrylamides in the
Presence of Diethyl Zinc, by Selichl Nukahnma, Tokyo, Japan

Anionic polvmerization of N.AN-dimethyl, §.N-dicthyl- and
N.N-diisopropyl acrylamide were carried out with see-
butyllithium/ diphenylethylens in the absence and prescoce of
dieahyl zine. In the absence, the molecalar weight is generlly
broad because of slow initistion and extensive transfer reaction.
In the presence of dicthyl zinc the molecular weight is
predictable. Similar resulis were obtained in the anionic
polymerization of methacrylates, Dicthyl zing seems 1o
eoordinate with the growing anion and control side reactions.

Alternating Copolymers of 3.4-Epoxy-I-burene and
Derivatives with Maleic Anhyvdride. by 8. Richard Turner,
Kingsport. TN, USA

3.4-Epoxy-butene was prepared by selective oxidation of
butadiene. It confains two different polymenzable groups.
Cationic initiators readily ring open ihe epoxide o form
polyethers with pendant winyl groups. Free radical
homopolymerization is sluggish because of the allylic monamer
structure but gives readily alternating copolymers with maleic
anhydride with both 1.2 and | 4-enchainment of the 3.4-cpoxy-1-
hestene in the copolymer struciune,

Theoretical Smdv on Reactiviries of Ti-Metkyl Bonds in o
Methyiritaniun Complexes for hsertion of Ethylene: Analvsis I
“Paired Iniergcting Orbitali™ by Akinobu Shiga, Tsukuba,
Japan

Highlv active catalysts have modernized the manufactuning
process of polyolefins, Even higher sophisticiied catalysts are
expected to be developed o control molecular weight, and its
distribution, copolymerization rafios, fregio- and steren-
specificities 1o develop polymers with ullimate propertics, To

Akinobu Shiga  Jane C. Vogl
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develop such sophisticated catalysts it is indispensable to clarify
the relationship between the structure of the active site and the
catalyst performance on the basis of the precise and quantitative
undersanding of the polymenization mechanism.

N-Vinviformamide—Building Block for Novel Polymer
Seruectures, by Robert K. Pinschmidt Jr.. Allentiown, PA. USA

N-Vinylformamide, the lowest member of the N-vinyl amide
family, offers a unigue mix of physical and chemical propertics
which make it highly attractive as 3 precursor for amide and
amine functional polymers and for other monomers, oligomers
and fumctional polymers. N-vinylformamide has been known for
30 years but only recently has a commercially feasible synthesis
heen developed, N-Vinyvlformamide has attractive physical and
toxicological properties and high reactivity. It polymerizes and
copolymerizes readily 1o water soluble polymers of very high
malecular weight. The formamido geoup ks easily hydrolyzed w
the amine function.

Simple Lanthanoid Compoand ax [nitiator for the
.P'N:mrf;mfoﬂ o Polar Monomers, by Shohei Inove, Tﬂk}'ﬂ.

Lanthanoid oxides are very active initiators for the polymen-
zation of heterocumulenes such as isocyanales, ketenes and
carbodiimides, Polymeriztion of ketene gives the palymer with
the polycsier structure a8 reported previously for the polymen-
zalion with amonic initiators. It is believed that the polymeri-
zation proceeds through an enolate structure as the growing

Svathests. Characterization and Syadiotacric Styrene
Polvmerization Results of a Tiamiuwm (1) Comples,
Cp Tl OMe )y: Mechanism fmplications by Thomas H. Newman
and Michael T. Malanga, Midland ML USA

Syadiotuctic polystyrene is a semi-crystalling engineering
plastic synthesized via a homogeneous Ziegler/Nana catulyst.
The actual catalyst is 2 titaniumil1l) metallocene CpTiOMe):
which is prepared by reduction of CpTWOMe), with terr-butyl
lithium 2nd, for the polymerization of styrene, it is activated with
methylalumoxane, The results suppont the polymerization
mechanism invelving a TilliT) as the sctive sile.




At the Reception

Aramatic Polvmers: Synthesix via Nickel Caralvzed Coupling
of Ard Chivrides, by George T. Kwiatkowski, Naperville IL,
USA

A new polymerization techniqus for the formation of high
molecular weight aromatic polymers via the nickel coupling of
aromatic dichlorides his been discoversd, The polymerization
procecds in a dry aprotic solvent such as DMAC using cailyiic
amounts of sero-valenl nickel, triphenylphorphine or bipyridyl
Tigands snd an excess of rine metal. To oblxin high molecular
weight polymers, the reaction conditions must be ngorously dry
wsing small amounts of nickel. & high triphenviphosphine
nickel/ratio and moderate teenperatures, The (ype and amount of
legomd is eritical.

Novel Catalyst Svstemy for the Polvmerization of Sufeituted
Aeervlenes, by Toshio Masoda, Kvoto, Japan

Polymerization of substitied acetylenes by group 5 and 6
metnl calalysts proceeds with metal carbenes as the propazating
species like ring-opening metathesis polymerization of
cyvcloolefins. Two types of catalyst sysiems wene proven (o be
very efficient for the polymenization of substitutad acetylenes: &.)
MoOCl-cocatalyst-EXOH and b, j metal carbomyl-based catalysts.
Cocaalyss for the finst systems wene m-BuSn, EtAL EtZn and
m-Buli

Specinine Podvmers vi Enabling Technologies, by Joseph G.
Wirth. MenloPark. CA, USA

Specialty. polymers are allowing technology o design novel
componant syslems of prsCeises, Without such malerials ATy
of these novel systems do not work reliably and in a uscful
manner. These types of applications are very different from those
for which high volame commodity or enginecring polymer sre
psed, In such cases; performance is the overwhelming Concern
and the materials are highly specialized 10 achieve optimum
performaonce. Cost i of minor concern bocawse the mterial 5
wsed in small quantities and the value it adds 1o the end e is
exceedingly high,

Preparation and Charaeterization of Microcrystals of
Polvdiocervlenes, by Hachiro Nakanishl, Sendas, Japan

Compared to microcrystals of inorganic compounds and
metals, those of organic materials and polymers have nol been

extensively investipated. Microcrysials of a variety of organic
compoamnds can easily be obtained by simple reprecipitation
methods from their solution. Preparation of dizcetylene
microcrystals. their solid s1ate polymerization behavior and the
properties of the polydiacetylene microcrystals thus obained by
UY or y-ray irmadiation have been found to have highly
interesting and unexpected propertics.

Rare Earth Meral Initiated Living Palymerization of Polar
and Nonpolar Monomers, by Hajime Yasuda, Higashi-
Hiroshima. Lapan

Rare earth metal initisted polymerization of methyl
methacrylate was found o give high molecular weight polymers
with extremely low polydispersity. The polymerzation behaves
like a Tiving polvmerization. At low polvinenzation temperature.
highly syndiotactic polymers were obtnined. The mechanism wis
elugidated by studying the oligomerization of methyl
methacrylate with SmH(CiMeq);. Rare earth mefal complexes
such as SmMe{C,Me,). and YMe(C.Me;): and their THF
complexes also initiate the living polymerization of
alkvlacrvlntes,

Dendrite Metalloporphyring: A Challenge to Nanoscopic
Chemistry, by Takuzo Aida, Tokyo, Japan

Dendrimers are Byperbranched macromolecules with well-
defined three-dimensional shapes and can serve as building
blocks 1o explore nanoscopic chemistry. A new dendritic
structure has been developed in which the metalloporphyrin
functiopality ix covalenly encapsulated by an aryl ether dendritic
framework. The zinc porphynin dendrimers with onc to &
generations of arylethers have bheen synthesized and
charactenzed. The characterization of the kigher generations
indicuted an egg-like propery where the moleculnr motion of the
exterior dendrimer surface is frozen, while the interior
envinonimient remains flexible,

Formarion af Organized Structures through YVariation i
Malecular Architectnre and Chemical Compesition. by Coleen
Puph, Ann Arbor M1, USA

Chemical anisoiropy of amphiphilic molecules can be usad to
eontrol bath solution and solid state behavior and therefore
ennbles the synthesis of unusual molecalar arcliiteciure. Two
systems were studied: polynMasancs and the smectic mesophase
Behavior in side-chain licuid crystalline polymers.

The Funchionadify rr_r Precise Moleeular Assemblies on the
Rasiy of Precive Svnthesis, by Yukio Imanishi, Nara, Japan

Functionality of proteins is exhibited on ihe basis of specific
tefiary structures, in which a polypeptide chain folds into o
specilic struchire of several polypeptide choins which associate
1 form ondered assemblies. Template-assisted synthetic protens
can construct a helix-bundle structure. Bilaver membranes or
monolayer membranes consisting of chromophonic amphiphilic
compounds can be synthesized where the chromophonc grougs
are placed based on the regular armangement of the amphiphilic
commpounds,

Reaciive Proceising of Polymers: o) Reactive Procesving of
Engincerimg Thermoplastics amd b.) Reaction Injection Molding
af Pady wrethanes, by H. Georg Schmelzer. Prusburgh, PA, USA

Enginsering thermoplastics have enjoved phenomenal
growth. The capital investment required to develop and introduce
a new engineering thermoplastic has increased dramatically,
Engincering resin producers have increased ther cfforts 1o
improve the performance of existing resins, One approach is 1o

Vol 22, No. 7. POLYMER NEWS 2355



Conference Report

Matsushima Islands

move the chemistey from reaction vessel into processing
equipment oficn referred (o a5 reactive processing. One Fertile
area that allows fexibility and o wide range of matenials s in the
area of polyurcthianes,

Recont Advances of High Performance Plastics—Eignid
Crvatalline Polvesters, by Toshihide Inoue, Nagoya, Japan

Liguid crystalline polyesters have some very excellent and
unuspal characteristics. Wew approaches al Toray under the
guidance of the MITI program has produced a new polyester
called SIVERAS.

Biorecaopnizable Folvmers: Svathesis, Structure and
Binactivity, by Jindrich Kopefel. Salt Lake Ciry, LT USA

The cvaluation of the structure -property relationship of
biorecognirible polymers roquines an interdisciplinary approach,
consisting of talor-made symthesis, detailed analysis of polymer
struciure, and characterization of physicochemical and biological
methods. The principles of this approach 1o polymer design,
synihesis and chorclenzation is demonsirted in the following
exumples: a.) targetable water-soluble carrers of biosctive
compounds; b.) suprumolecular struciure and blorccogmition amd
c.) soluble polymers as tools in analyzing biological processies.

Preparation and Application of Monodispersive Polvien
Camples Micelles Farmed through the Self-Association of
Charged Block-Copolvmers, by Kazunori Kataoka, Noda,
Chiba, Japan

Polymeric micelles from amphiphilic block copolymers. have
received much antention as powerfol drog camiers. It has been
shown that polymeric micelles that are stable in aqueots medisin
can incorporate hydrophobic anti-cancer drugs in their inner
core. allowing their delivery 10 the tmor in high efficiency.
These micelles are in the size mange of natural panticulie canriers
including viruses and lipoproteins and are not restricted o the
oligomer region. Even plasmid DNA and enzymes can be uscd
for the formation of associutes with block copolymers of
opposite charge.

The Direct Polvmerizasion of Vinl Alcokol and Vinsd Alcode!
Berivarives, by Bruce M., Novak, Amberst, MA, USA

A new approach has been made for the “direct synthesis™ of
polyivinyl alcobol) from the Meetng intermediate vinyl alcohaol,
the unstable eutomer of acctalichyde. While the homopolymer-
ization has pot been accomplished. copolymers with electro
deficient comonomers, spch s maleic Jnh:.-dridc, haive been
prepancd.
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Choroselective Enzymatic' Polyenerization for Palvsaccharide
Svrarfesis, by Shiro Kohayashi, Sendai, Japan

Nicleic acids, proteins and polyszccharides are three
important families of naturally occurring macromolecules.
Polysaccharides, such as cellulose, xylan, chitin, and amylose arc
conceptionally moch more difficult to synthesize nnd were a
challenge to polymer chemistry. Very recently. the first synthesis
of cellulose has been accomplished by polvcondensation of -
cellobiosyl Muoride substrate monomer with the catalysis
of cellolase, an extracellular enzyme, By applying this
enzymatic polymerization technique, xylan and chatin have also
heen synthesized for the first time. A Aew concept
“choroselectivity™ concerning the spacial direction in the
ordering of a macromolecular chain dunng polymenzation has
been ;
Using Biology re Control Molecular and Supramafecular
Structure i Palvmerie Materials, by David A. Tirrell, Amberst,
MA, USA

Two recent developments using biology for polymer
preparation were discussed: 1.) use of proicin engineering
technigues to prepare thermally reversible, pH-sensitive gels, and
it ) the fabrication of nanomeler-scule patteris and devices hased
on biomembrane templates, The design of reversible pels is
hased oa the controlled association of helical protein domains
relared 1o natural coil structeres. Such domains have been
incorporited as end blocky in triblock copolymers bearing
ceniral polvelectrolyte domains of controlled charge density. On
the nother project, long nanotubes of Muid-lipid bilayers can be
used to crepe templases for phoinchemical polymernization into
sofid state conduits and networks.

This meeting provided an wausvally good mix of the
presentation of exciting and new scientific developments, but it
also provided an opportanity for exceflent personul and social
contcts.

Sunday evening the Welcoming Mixer was held in the
traditional Japanese style, m the Washington Hotel. Monday
evening the academic invited speakers wore mvited to the
Japanese restaurant “Nakajima™ for a superb get-together with

the local cursine



On Toesday evening there was also the inditional meeting of
the past chairmen of the mectings with dinner at the Sushi-har
Minozushi, one of the best in town,

Wednesday evening the banguet was held at the Washington
Hotel. The toast wis proposed by Professor M. Kamachi, ihe
President of the Socicty of Polymer Scicnce of Japaa. Several
shorter comments indicated how eathusiastic the participants
wiere abool the suocess of the mecting and, ot the same ume, the
foreboding of sadness was evident that the meeting would woon
come 1o a chose, All 36 participants lefi with an unusually good
feeling of accomplishment, full of new ideas and enthusisem, h
was felt thad this time, the industry both from Japan and the US
had been well represented. and ideas of indusirial realities had
been injected into the presentations from the forefront of
scientific endeavor

At the Banquet

On Tuesday afternoon an
excursion trip was scheduled.
This excursion had been a
tradition of LiS-Japan Scrminars
on Polymer Synithesis in the
past. The atiendees were laken
1o the mnin attraction in thix par
of Japan, Matsushima, the Pinc
Islands, Matsushima is known
as one of the “three most scenic
places in Japan”. Over 260
dniguely shaped isles which
were formed as the resull of
emxive actions of waves and
winds are scatlered in the
Matsushima Bay. Most jslex
are only rocks covered with

Japanese pine trees. In the hay
many varielies of sea-weed, /}H‘\fiﬂm\[\hﬁ\" 3y 3% ﬁi“ W
AN

delicacics in many Japanese
dishes, are also grown. The (H 1 H: I'? dl' e

participants of the mecting also ;

visited Znigan-ji a famous s R f}-\[\/\ /', \ ‘_\
Japanese Temple complex w2 Y 3 ) .'l| TY8

which was firss built in the vear 2

of 828, belonging to the Tendai -
sty i was then called Enprnka-

ji. It is the family remple of the 1. Hajime Yasuda 14, Hachino Nakanishi 7. ODsamuo MNishizawa
Diares and Mournshes as the moal ¥ lI't"il'}."'l-l Percec 15, Toshio Maseda 2R, Tomohiro Yorisoes
famous Zen temple in the 3. Mikihano Kamachi I Yoshio Okamoto 29. Robern ). Kumpf
Tohoku region, with many < Oto Vogl 17, Kazunor Kataoka 30. Yasuo Tsunogae
screens, scrolls and other 3 Shobei Inoue 18. 5. Richand Tumer 31. Roben K. Pinschmide, Ir
“j.q‘“i\up.‘ ﬂbjl.‘d'l-i'i\f orental an 6. Kreysetof Matyjasrewski 19, Setichi Nakahama 32, Maurnice 5. Brookhari

7. Shiro Kobayashi 20 Jindnch Kopecek 33, Takuzo Anda

8. David A. Tirrell 21, Mitsun Sawamaio 34, Hruce M. Novak

9. Yukio Imanishi 2% Coleen Pugh 35, H. Georg Schmelzer

10, George T. Kwintkowski 23, Hiroshi Sugimoto

11. Hiroshi Uyama 24, Shin-ichiro Shoda

12. Joseph G, Winh 25, Jun-ichi bmuta

13, Toshihide Inoue 26, Akinobu Shiga
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