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Conference Reports

U.S.-Japan Seminar

“Synthesis, Properties
and Reactions of Specialty

Polymers”

Hiroshi Sumitomo#
and Otto Vogl®

*Faculty of AE’ﬂcul'ture. MNagoya University, Chikusa, Nagoya 464, Japan

"Polytechnic University, Brooklyn, NY 11201

The U.S.-dapan Seminar on Polvmer Synthesis, now the
fourth of the series, was held from July 20-July 24, 1987 at
the Napa Valley Lodge, Yountville, CA 24538, It was or-
ganized by Professor Hidefumi Hirai, University of Tokvo
and Professor Eli M. Pearce, Polviechnic University: the
program consisted of thirteen speakers and nine observers
from the Ametican eido and thirteen speakers and seven
obzervers from the Japanese side.

The meeting place, the Napa Valley Lodge, provided
a pleasant surrounding, which allowed, in additlon to the
excellent lectures, a congenial way for people to gel “ac-

Napa Valley Lodge

qualnted, to exchange scientific and persomal views and,

generally speaking, to provide an atmosphere of inspiration.
The meeting was opened by Professor Pearce, who re-
viewed the program and discussed the rules of the meetings.
With T. Saegusa 25 the session chairman in the morning
of the first day on the subject of Synthesis of Specially
Polymers Shohel Inoue, University of Tokyo, presented
his work “From Living to ‘Tmmortal’ Polymerization.” In
his lsboratory it was found that Hving polymerization of
cyclic but also of some vinyl monomers can be carried
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out with aluminum porphyrin initiating systems. They
are ¢xcellent initistors for a varely of monomers such as
cpoxides, [Flactones, T-lactoncs, efactones and lactides,
The alternating copolymerization of epoxide and evelie acd
anhydride or carbon dioxide gave polymers and copolymers
with narrow molecular weight distribufion, The most |m-
portant new development in this area |s the polymerlzztion
of methacrylic esters; it proceseds in the presence of radiztion
with visible light and ai room temperature, This polymerizs-
tion seems fo have some similarities with the group transfer
polymerization of methacrylates with silicone compounds as
part of the initiating systems. The polymerization of methyl
methacrylate with this initiating eystem proceeds via the
{porphyrinatojaluminum enolate as the growing species;
visible light is not only needed for the initiation reaction but
is also necessary for every step of the propagation reaction
(addition of the enolate to the methacrylate). Although the
polymerization of the epoxide with this initiating system is
of nucleophilic or anionic nature with (porphyrinatojalu-
minum alkoxide & the growing species, it is not easily
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terminated in the presence of protonic compounds or hydro-
getn chioride. Regular and constant chain tranifer b obstrvid
during this polymerization which gives this polymerization
an immoral nature,

William J. Balley described the work of his group on
“Recent Advances in Free Radical Ring Opening Poly-
merization.” Free radical ring opening polymerization &
comparatively rare. Although certain ketene acetals are
convenient for introducing an eiter group into the backbone
of an addition polymer, thess soetali are not very reactive
in copolymerizations. Various cyvclic serylates ame highly
reactive and can undergo nearly complete ring opening.
W. Balley also described polymerization of splrocyciohexs-
di¢nes; the driving force for this ring polymerization ks the
formation of an aromatic ring. The resulting polymens ane
thermally very stable but exhibit greater solubility.

Takayuki Otw of Ohaka City University described the
“Synthesis, Characterization and Application of Poly(Sub-
stitioted Methylenes).” The polymerization of 1.2-carboxyl
ate substituted carbor-carbon double bonds are relatively
rare, Profesor Oun’s group found that dialkyl fumarates
homopolymerized with radical Inftiators. The yield and
molecular weight of the polymers increased with the bulki.
ness of the ester substituents. Dbopropyl and ter-butyl
fumarale eslers are prime candidates for theie polymerina.
thons and gave polymits that are rod Hke and have high
stability against ultra.violet light and hydrolysis. The poly-
mers have no glass traniltion temperature and have [nbevest-
ing propertics as polential lens materials, |t was found that
maleates do nol polymerize but can b+ isomerized during the
polymerization procedures (Monomér iomerization Radical
Polymerization) with such bawes as morpholine; the fumas-
stes Inithally are thea the monomer for the poly-
meerization. M-Substitutes maleimides polymerize also readily
with radical initiators and are also readily copolymerized
wilh other vinyl monomers.

James McGrath of the Virginia Polytechnle Instilute and
Siate University déscribed the work of his group on “New
Polymerimtions for New Polymeric Material,” One of the
fate through a covalent ester species, while with methyl
of multiphase copolymers, primarily via living polymeriza-
tion or step resction copolymerization. Considerable work ix
also devolted to polydimethylhiloxane. Various aspects of
anbonic group tranafer, coordinated anionic and coordinated
ringopenlng polymerization, the (polymerimtion that had
been described carlier by S, Inoue) were also presented.

Three subprcts were divcussed Wednesday alternoon. The
first presentation was by Takeo Saeguss of Kyoto Univer-
fity. He deicribed “Polymerimation of 2-Oxazolines and
Functional Folymer: Dended From Them.”™ The polymer-
jzation mechanksms of 2-oxazolines wire diicussed, épé-
cally the polymerization of 2-perflucroalkyl-2-oxazolines.
“With methy! toaviate as the initiator theis monomens propas
gate through a covalent ester species, while with melthyl
triflate through lonlc species. The difference of the mature
of the propagating species is ascribed to the diffesence in the
nucieophilic reactivity between the counter anion and the
monomer. In addition, several other systems of palymeriza-
tion have been found, in whichk the propagation proceeds via
electrophilic covalent spedes. Some important examples of
polymerization roactions of other kinds of monomers were
mentioned which were exprested meither by Lhe scheme of
the conventional “cationic™ mor “snlonic™ polymerization.
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On the bases of the recxamination of Lhese observations a
new concept of schematization of the so-alled “jonic poly-
merization™ reactions has been proposed which involves
lonie/lonlec, lonle/dipolar and dipolar/dipolar Interactions
of monomer and growing species. Functionally subitituted
poly(2-oxazolines) and crosslinked polymers have alio been
prepared. The polymen from 2-oxsrolines Bave exeellent
blending properties because they have the “dialky]l amide™
group as part of the polymer chain,

Kolchire Hayashi of Osaka Univensity discussed “Resction
Mechanksm of Encymes Studies by Pulse Radiolysls Tech-
pique.” The reduction mechanism of biopolymen such a
hemoproteind and Mavoprofteins were elucidated by the
use of fast observation techalques such as pulse radiolysis.
Particularly investigated were the radiation induoed reduc
thon mechanism of myoglobin, hemoglobin, earth worm
bemoglobin and horie radish peroxidase. It was found that
this technique bt useful for investigating electron transfer
reaction in & variety of blological svitema,

In the last presentation of the aftemoon, Otto Vogl of the
Polytechnic Univensily discusted “Helical Polymers: Optical
Activty Based on Macromolecular Asymmetry,” Increated
sophiitication in polymer synthesie has allowed some opti-
mim and thoughts that it might be possible, at least In some
mses, not only lo control a) configuration duriag the sym-
thesis (stervospeciflic polymeriation) but also control or at
least inflvence b) conformation during the synthesls of the
macromolecular chain. With better undemtanding of the
conformation of the macromelecules and with higher sophis
tication in polymes degipn and synthetic kil it has become
feasible to plan the synthesis of macromolecules In thelr
secondary structure, It has been known for a long time that
miuch of the blological sctivity of some macromolecules
depends pol only on the proper arrangement of the mono-
mer wquences but also on the correct conformation of the
macromolecules and the lertiary structuses. Hellal confor-
mations are common in auclelc acids and in atervorsgular o+
tactlc polymers of olefing and aldehydes.

A numbsér of optically active polymer Bave bevn mcaured
in the solid state as films. Inorganic materials such as sodium
chlonate, sodium bromate, quartz, sodium periodate, benzil
and other solids kave been medsuned i dngle crystals. O,
Vogl's laboratory has now developed a method to determine
reliably the optical activity of solids in suspension. He
deicribid the comparhon of the measurements of Inofganlc
solids as crystaly and in suspension and two types of hellcal
polymers In supension and solution. The values in the opti-
cil rotatlon In the sogle crystal and sipenidon of the
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inorganic maberiali were the same. In polymeric svstems, the
values in suspension and solutions were also identical,

Using chiral initiators for the initiation of chioral poly-
merizatlon, polychloral samples with high optical rotations
have been oblained. The numeric value of the optical rola-
tion of these polvchloral samples depended on the stereo-
specificily of the addition of the first monomer or the first
few monomer units on {o the chiral initiating anion, Con-
fidence was expressed thal eomplete stereochemical control
will be achieved In the not too distant future which would
lead to the synihesis of perfect helices of one handedness
with high optical rotation.

In the session on Biomedically Relaled Polymers the first
spraker on Wednesday morning, Hireshi Sumitomo described
the “Oligossccharide-Carrying Styrene-Type Macromers,
Polymerization and Specific Interaction Between the Poly-
mers and Liver Cells.” Convenient high-yvield synthetic meth-
ods hive beén developed for oligossccharide-substituted
styrent tvpe macromers and their polymers. The oligosac-
charide carrving polvstyrenes were found to function & spe-
cifle mcognition markers for proleins and cells. Especlally,
g2lactose-carrying polystyrene strongly enhanced adhesion
and the visbility of liver cells (hepatoeytes) in culture,
which was attributed to the galactose-specific interaction
between the polymer molecule and hepatocytes. Carbo-
hydrates, especially oligosaccharide chaing play basic roles in
Iinformation, recognition and regulation of living organisms.
Synthetic polymers endowed with informational oligo-
saccharides, even with commercially available samples are of
interest and importance in connection with pharmacolog-
ical and biomedical applications.

“Synthess and Properties of Novel lon- Containing Poly-
mers” were described by Joseph C. Salamone of the Uni-
versity of Lowell. The preparations, solution properties of
unususl fon containing polymers were described. These
polymers include polyampholytes derived from lon-pair
comonomers and polvaminimides with dipolar ions in either
the main chain or in the side chain. In addition, ampholytic
jonomers derved from the polymerization of an jon.pair
comonomer with a nevtral comonomer were also discussed.
Of particular Intérest was a new charge transfer polymeriza-
tion from an ion-pair comonomer. This latter svitem is
believed to have implications for the understanding of the
mechanism of inilistion of charge transfer polymerization.

“Design and Synthesis of Biocompatible Polymoric Ma-
terials™ wes deseribed by Yukio Imanbbi of Kyoto Univer-
sity. Two imporiant approaches have betn considered in
designing biocompatible polymeric materials. One B to
scquire the blocompatibility by contralling interactions with
the living system through the control of surface properties
of polymeric material. The other is to attain the biocom.
patibility of the hybridization of polvmene malerials with
bialogically active substances or living cells, [manishi's group
synthesized o new class of polyetherurethaneureas to which
heparin was bound by electrostatic interaction or by covalent
bonding. The authors also grafted on vartous surfaces appro-
priately svathesized polvallylamine spacer contalning poly-
mers and connected the tetfapeplide Arg-Gly-Asp-Ser lo &
polydimethylsiloxare film blended with polvdimethyisilox-
ane carrying primary amino groups.

David A. Tirrell of the Univemsity of Masachuietts de-
scribed “Macromolecular Signaling Processes in Synthetic
Bilayer Membranes.”" In his laboratory functionalized poly-
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electrolyte chaimg have been prepared that cam be anchored
irmeversibly onto the surface of synthetic bilayer membranes.
By control of the conformational states of thess surface-
bound chalns, Tirmells group was able to manipulate the
structural and (unctional properties of the membrane as a
whole, This approach allows to mimic some of the most
interesting charactenstics of natural bilayer membranes, and
to formulate vesicular systems that will release their con-
tents rapddly and quantitatively in response (o selected chem-
jcal and physical signals, The preparation, properties and
potential utility of this system has been discussed.

Wednesday afterncon was left for open discussions and
excursions in the neighboring towns in the Napa valley
including wisits to some local wineries to taste their produce.

0On Thursday morning the session started with a talk on
Conductive Polymers by Hideki Shirakawa, University of
Tsukuba, entitled “Synthesis, Characterization and Proper-
ties of Aligned Polyacetylene Films.” Polyacetvlens is the
simplest conjugated polymer consisting only of CH units
in which each carbon alom has one m-electron forming a
linear chain of = electrons. Large elecirical conduction along
the polymer chain has been observed due Lo the large anizo-
tropy in electrical properties. 5Study of the intrinsic one
dimensional properties of orented polyacetylene film by
uniaxial stretehing or direct polyvmerization of the mono-
mers in the aligned form are essential, The author described
the direct synthesis of aligned Mlms by polymerization of
acetylene in @ matrix of nematic liguid crysials. Partial
alignments of the fibrils have been observed and conducliv-
ithes of 1.2 ¥ 10° S/em were obtalned.

Yoshivuki Okamoto of the Polytechnic University
degeribed  “Hecent [nvestigations of Electroresponsive
Polymers; Structure, Characterization and Properties of
Poly(carbon dichalcogenides).” He described polymers of
carbondlielenide and catbondisulfide. Depending on the
polymerization conditions the products show vanous elec-
tronic properties; insulators, semiconductors, and metallic
conductars. The polymerization process under various con-
ditions was investigated; it was also found that the initial
polymers upon heating sometimes decompose Into various
pelymerle and composiie materials.

“A New Class of Polyconjugated Systems, Synthesis and
Properties of Polymethylevelophanes” was deseribed by
Shigeyoshi Mizogami, of the Idemitsu Hosn Company.
Polyconjugated systems so-called polymetacyclophancs hav.
ing [2,2] metacyclophane skeletons in the polymer chains
have been designed and syothesized. Oxidative coupling of
dihydroxy-| 2,2 | -metacyclophane calalyped by ferric chlo-
ride easily vielded polvmetacydophane. The conductivity of
these materfals §s low, but when doped with sulfuric acid
vapor, the conductivity was enhanced by seven orders of
magrdtude to about 107" Slem,

“The Synthesis of Organic Polymers Potentially Possessing
Electrically Conduetive, Piezoelectric and Nonlinear Optical
Propertles™ was diseussed by Henry K. Hall. Various poly-
condensation polymers based on anthragquinone and hetero-
eyelic quinomes wera prepared and examined for their
electrical conductivity. Mulliszoarvlene polymers were
symthesized by oxidative coupling of sromatic diamines.
Some of the materials were found to be borderline in con-
ductivity, Piezo-sclive polvmers [rom polyviviavlidene
fNuoride) macromérs weme synihesized by telomerization of
vinylidene [luoride with methoool. Films of poly(bicydo-
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“sy-Benzyl-L-Clutamate Graft Copolymers of Cellulose and
Poly{arylene ether sulfome)” was described by William H.
Daly of the Louisiana Stale University. Macroinitistors with
primary amino substituents were synthesized but one of the
following techniques: cyancethylation of cellulose followed
by meduction; nitration then followed by lithium aluminuem
hydride reduction to produce polyi{arylene ether sulfone):
phthalidmethylation followed by hydrazinolysis using molar
ratios of y-benzyl-L-glutamate ranging from 1 to 100 relative
to the aminé concentration: grafting is effected in anhydrous
THF at reom tempecature, The reactivity of these derivatives
was discussed.

The last two papers in the afternoon could be related to
Separation Processes, Tisato of Kyushu University
discusted “Polymer/Liquid Cryetal Hybrid Thin Films With
Unique Permselective Characleristics.” A polymer/iiquid
crystal hybrid flm is a blend of a thin film cast from a
polymer solution in & nematic liquid eryotals, Nematie liguid
crystals have the characteristics of very low viscosity and
high orientation of the lguid crystal molecules under an
imposed electric field. The hybrid thin film ¢an control
solubllity and diffusivity of permeating molecules, depending
on chemical structures andfor phyvsical properties of the
liquid erystalline material, the characterstic of such hybrid
systems to liguid membranes. Polycarbonate and poly{vinyl
chloride} were used as matrix polymers and various nematic
compounds as Uguid crvstalline materinls. When an clectrie
field was applicd during evaporation of the solvent, the
liquid crystalline molecules were orented preferentially

along the direction of the Imposed clectrie field. UV and
VIS light irradiation facilitaies or activates permeation of
potassium jons. This was belleved to be the first report of &
phote-induced active transfer of 3 metal cation through an
organic thin Mims.

The lmt paper of the meeling presented by Samuel J.
Huang of the University of Connecticut was entitled “Recent
Advances in Biodegradable Polymers.” The presence of
hydrelyzable sndlor oxidizable linkapes in the polymer
chains, the presence of suitable substituents correct stereo-
configuration, balance of hydrophobicity and hydrophilicity;
conformational Nexibility contribute to the Hndtfnﬁbmlr
of synthetic polymers. The morphology of the polymer sam
ples also greatly effects the rate of biodegradation. The bio-
degradation of hydrolyzable polymers proceeds with the
degradation of the amorphous region prior to the degrada.
tion of the cryvastalline regions. Linear and crosslinked poly.
mers containing one or more bydrolyzable funclional groups
have been synthesized and found to be biodegradable; they
showed promise in applications in biomedical snd sgricul.
fural areas.

The symposium was closew by Professor Hirsi who thanked
the speakers, the discussion leaders and the observers. This
vigorous and lively meeting was a demonstration of coopera-
tion betwecn the polvmer sciemtists especially in the svn-
thetie area between United States and Japan, [t was
concluded that a great deal had been learned from each other
end it was hoped that another meeting of a similar kind
would be held before long.
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