ADVANCES IN

Polymer Chemistry and ke
Methods Reported |
B n Recent US Patents

THOMAS F. DEROSA |

 @WILEY



CONTENTS

PrEEaCE . en ittt e e e xix

1. ADDITIVES
Controlled Radical Acrylic Copolymer Thickeners ............ccooevevvveeennnn.. 1
Polymer-Filler Coupling Additives ........ccoceeeeieiein e, 5

II. ADHESIVES
(Meth)acrylate Block Copolymer Pressure Sensitive Adhesives ............. I
Absorbable a-Cyanoacrylate Compositions.........coeeeeviieeeeiieinininnnn, 15
Use of Polybenzoxazoles (PBOS) for Adhesion.........ccoooovveviiiivnniinnnnnn. 20

III. BIOACTIVE

A. Bioabsorbables
Segmented Urea and Siloxane Copolymers and Their

Preparation Methods ..o e 25
Functionalized Polymers for Medical Applications ............coovvvvnnn.. 28
Degradable Polyacetal Polymers ...........coeviiiiiiiiiee i 31
Lactone Bearing Absorbable Polymers......cc.cccvvvveeeiieeeenn, 35

B. Contact Lenses
Low Polydispersity Poly-HEMA Compositions ............cc......coeuve..n. 40

C. Drug Delivery
Amphiphilic Block Copolymers and Nanoparticles

Comprising the Same .......coooooviiiii 44
Heterofunctional Copolymers of Glycerol and Polyethylene

Glycol, Their Conjugates and Compositions ...............eeeee oL 48
Polyalkylene Glycol Acid Additives ............c.ocoiiiiiniec 51
Thermosensitive Biodegradable Copolymer .............ccocccceeiiivinn.., 55
Polyamide Graft Copolymers .. ....ccooccviiviiiviiiiieiieenieisii e, 58
Bioerodible Poly(Ortho Esters) from Dioxane-Based

Di(Ketene Acetals) and Block Copolymers Containing Them ....... 61

Water-Soluble Polymer Alkanals ......cc.ooooviiiiiiinn oo, 65



Biodegradable Aliphatic Polyester Grafted
with Poly(Ethylene Glycol) Having Reactive Groups

and Preparation Method Thereof ...l 69
Coumarin End-Capped Absorbable Polymers ........ooooeevnniiinnn, 72
Block Copolymers for Multifunctional Self-assembled Systems........ 76
Methods of Making Functional Biodegradable Polymers ................. 30
Monofunctional Polyethylene Glycol Aldehydes ..........coceeiiiinnn. 84

IV. COATINGS

A. Anionic

Glycopolymers and Free Radical Polymerization Methods ............... 89
B. Aqueous

Method of Making Novel Water-Soluble

and Self-doped Polyaniline Graft Copolymers ........cccoooeeeierneneeen. 93

OXYIIUOTINALON ...ceiiiiiiiii e e e 97

Aqueous Dispersions of Crystalline Polymers and Uses................... 99
C. Fluorine

Multifunctional (Meth)Acrylate Compound,
Photocurable Resin Composition and Article ... 102

. Hydrophilic

Polyoxyalkylene Phosphonates and Improved
Process for Their Synthesis ..., 105

. Hydrophaobic

Polymers and Polymer Coatings ..o 108
Photochemical Crosslinkers for Polymer

Coatings and Substrate Tie-Layer.,.....cccooeeviiiiiiniiienn. 112
Use of Poly(Dimethyl Ketone) to Manufacture Articles

in Direct Contact with a Humid or Aqueous Medium................. 116
Thermally Stable

Polyaryleneetherketone Phosphine Oxide Compositions
Incorporating Cycloaliphatic Units for Use as Polymeric
Binders in Thermal Control Coatings and Method
for Synthesizing Same.......ccoovviviiiini 118

. Vapor Deposition of Polymers

Functionalization of Porous Materials by Vacuum
Deposition of Polymers ............oooooooi e 121



VL

VIIL.

H. Succinic Anhydride Derivatives
Light Absorbent Agent Polymer for Organic Anti-reflective
Coating and Preparation Method and Organic

Anti-reflective Coating Composition Comprising the Same .......

COSMETICS

Water-Soluble or Water-Dispersible Graft Polymers,

Their Preparation and Use........ovviiieiiic e

DENTAL

A. Cement
{(Meth)Acrylate-Substituted Iminooxidiazine

DHOME Derivatives o v i iiii et aar v r et ar s r e nnn

B. Dental Composites

(Meth)Acrylic Ester Compound and Use Thereof .........................

ELECTROACTIVE

A. Charge Transport Materials

Hole Transport Polymers and Devices Made with Such Polymers ...
Acrylic Polymer and Charge Transport Material ..........................

B. Dielectric Materials

Thermosetting Aromatic Dielectric Material ..........coooovviiinniiinnn.

C. Donor-Acceptor Complexes
Polyester Having m-Conjugated Group in Side Chain

and Charge Transporting Material Using the Same ...................

D. Electroconductive
Halogenated Thiophene Monomer for the Preparation

of Regioregular Polythiophenes ............ccoooeeiiiiiin

Electrically Conductive Polymeric Biomaterials, the Process
for Their Preparation and Use in Biomedical and -

Health Care Fields ...co.ooviiiiiiniinniiieen e SOTUUPT
Dibenzodiazocing Polymers ...,

Redox-Active Polymer and Electrode

Comprising the SAME ......oovvviiviviimiriani e

133

161

. 164



VIII

IX.

Use of Sulphonic, Phosphonic and Phosphoric Acids
as Dopants for Polyaniline and for Conductive

Polyaniline-Based Composite Materials ......................ccoos 172
3,4-Alkylenedioxy-Thiophene Copolymers ..........ccccvveeeeeeennn.. 177
E. Electroluminescence
Electroactive Polymer, Device Made Therefrom and Method ...... 180
Polymers and Oligomers, Their Synthesis, and Electronic
Devices Incorporating the Same.......cccccvvvveiiiie o, 185
Process for Preparing Poly(Arylene Ethers) with Pendant
Crosslinkable Groups ........cocviiiiiii e 190
E. Semiconductors
Mono-, Oligo-, and Polythieno[2,3-b]Thiophenes ...................... 196
Poly(Arylene Ether) DielectricS. ..o 201
Polythiophenes and DeviCes .....cccceeevviiiiiiiiii i 205
Mono-, Oligo- and Polymers Comprising Fluorene
and Aryl GIOUPS . .vvvvieiiiis e e 211
ENERGETIC POLYMERS

“Glycidyl Dinitropropyl Formal, Poly(Glycidyl Dinitropropyl
*Formal), and Preparation Method Thereof ...........occcvoiiivvviviiinnnnn, 217
Synthesis of Energetic Thermoplastic Elastomers

Containing Both Polyoxirane and Polyoxetane Blocks .....oooou...... 220
FIBERS
Rigid-Rod Benzobisazole Polymers Incorporating
Naphthalene-1,5-Diy] Structure Units ...........o.oooooiiiiiiiiinneennnne. 223
Polybenzazole Fiber and Use Thereof ....ovovveee e, 227
FLUORINE
A. Critical Polymerization
Process for Producing Fluoropolymer .......o.coeevieveonnnneii, 231
. High Strength
Fluorinated Terpolymer............ccoiiiaannn i 234

. Low Molecular Weight

Directly Polymerized Low Maolecular Weight Granular
Polytetrafluoroethylene ............coooooii i 237



XL

XIL

XIIL

Fluoroelastomers Containing Copolymerized
Units of VInY]I BSIEIS oooeiviiiii e 241

D. Low Surface Energy
Amorphous Polyether Glycols Based on bis-Substituted
Oxetane and Tetrahydrofuran Monomers......oovccvvvininvieenenss 244

E. Silicon Fluids
Cyclic Siloxane Compounds and Making Method ...................... 247

F. Surfactants
Fluorinated Organosilicon Compounds
and Fluorochemical Surfactants ........coceeviviiiiiiiiiciiii e 251

GELS

A, Gelling Agent
FFerrocene-Containing, Organic Gelling Compound,
and Gel and Cast Film Using the Same .....o.oocoeeviiiinineniionnns 255

B. Hydrogels
Randorm Block Copolyimers oo veeiniii e eenen 259
(Meth)Acrylic Este?rs of Polyalkoxylated Trimethylolpropane...... 262
Prepolymers for Improved Surface Modification of

Contact Lenses ... 265
Preparation of High Molecular Weight Polysuccinimides............. 269
Degradable Crosslinkers and Degradable Crosslinked

Hydrogels Comprising Them........ooooooiiiiiiiiiiie . 272

C. Sol-gel

Thermosensitive Poly(Organophosphazenes), Preparation
Method Thereof and Injectable Thermosensitive
Polyphosphazene Hydrogels Using the Same ..........ooooeeeennn, 278

IMAGING AGENT

Polymerization Method for the Synthesis of Polypeptide
IMaging AZENntS . ... 283

INK

Process for Preparing Chain Extended Thermoplastic
Guanidinium POLYMETS ..ot 289



XIV. LIQUID CRYSTALS

A, Liquid Crystal Aligner
Diamines, Polyimide Precursors, and Polyimides Produced
by Using the Diamines and Liquid Crystal Aligning Agents ....
Photosensitive Polyimides for Optical Alignment
of Liquid Crystals......oooiiiiiiiiviee e

B. Liquid Crystal Materials
Homopolymers That Exhibit a High Level of Photo-inducable
Bireflingence ..o e
Liquid Crystalline Compound, Liquid Crystalline
Composition, and Retardation Film ...
Perfluorcallyloxy Compound and Liquid Crystal
Composition Containing the Same .......cccooovvviiiiieeen
Liquid Crystal POLYITIEIS ... e

XV. NANOPARTICLES

XVL

A. Carbon Nanotubes

Method of Coating a Substrate with a Polymer Having

a Combination of Crown Ether and Carbon Nanotubes

Having Guanidine Groups .........covviirreereeerriviimiaee e,
Process for Derivatizing Carbon Nanotubes

with Diazonium Species ... e
Carbon Nanotube Adducts and Methods of Making the Same......
Modification of Nanotubes by Oxidation

with Peroxygen Compounds .......cccoeviiiviiiiinnnnmmiannin.
Arylcarbonylated Vapor-Grown Carbon Nanofibers...................

B. Inorganic Nanotubes
Polymeric and Carbon Compositions with Metal Nanoparticles ...
Metal Oxide Nanotube and Process for Production Thereof.........

C. Nanotube Dispersant
Methods for the Synthesis of Modular
Poly(Phenyleneethynlenes) and Fine-Tuning the
Electronic Properties Thereof for the Functionalization
of NANOMALEHALS 1ovvvvviiiine e

NEW SYNTHETIC METHODS

A. Compounds
Solid-Phase Preparation of ['®F] Fluorohaloalkanes ..................

357



XVIL

XVIIL

Vinyl Sulphone Modified Polymer................ccooiiiiiinicnnn 362
Ketone Peroxide Derivatives, Their Preparation and Use............ 367

B. Polymers

Simplified Method of Producing Biodegradable

Aliphatic POIYeSters . ....iveeuiiiiiiiiiin i 371
Hydroaminomethylation of Olefins ..., 373
Perdeuterated Polyiimides, Their Process of Preparation,

and Their Use as Materials Which Are Transparent within

the Region from 2500 to 3500¢m " .ovvvveiiveiiieceeecene, 376
Polybutadiene (Meth)Acrylate Composition and Method ........... 379
Soluble Aniline-Thiophene Copolymers .........oooovvveveeeciinneninnn. 381
Process for the Preparation of Di- and Polyamines

of the Diphenylmethane Series ..........coocceieiiin i 384
Methed for Preparing Polymer Maleimides................ooo. 386
Method for Preparing Polymers Containing

Cyclopentanone StruCtlIes ..........coociiiiiiiiiiiiiiriraneeee e 389
Polypropylene Having a High Maleic Anhydride Content .......... 392
Polyamide Graft Copolymers..........ccccvevviiiiie e 395
Guerbet POLYITIETS. ..ot rreie e ea e ee v eri s ea i eensrrrrenranens 398
Polymerization Method ... 401
Process for Producing Polymerizable Polybranched Polyester..... 406
N-Vinylformamide Derivatives, Polymers Formed Therefrom

and Synthesis Thereof ... 409
POLYIMETS .ottt e 413
Star-Shaped Polymer, Multiple Star Polymer, and Their

Preparation Methods ..o 417

OPTICAL MATERIALS

Second-Order Nonlinear Optical Materials
Polymers Having Pendant Nonlinear Optical Chromophores
and Electrooptic Devices Therefrom........cccoooovvivevviiiiinnnnnnne. 419

PHOTOACTIVE POLYMERS

A. Photoluminscence

Polymeric Compound and Organic Luminescence Device.......... 427
Electroactive Fluorene Copolymers and Devices Made

with Such Polymers .....ooooooivi e 432
Light-Emitting POLYIIETS ...evveiiiiiiiriee e 437

Modified Suzuki-Method for Polymerization
of Aromatic MOROIMETS ...vvviiiiiiiiiniinie s 444



B.

Block Copolymer and Polymeric Luminescent Element ............ 448

Soluble Poly(Aryl-Oxadiazole) Conjugated Polymers................ 453
Phetorefraction
Fullerene-Containing Polymer, Producing Method Thereof,

and Photorefractive Composition ...........ccoeereeeiiiiiiinnn, 458

XIX. POLYMERIZATION METHODS

A, Anionic
Method for Anionic Polymerization of Oxiranes .........cc......ccce. 463
Amido-Organoborate Initiator SyStems ......oooccovvviievevinicinnn 465
Process for Manufacturing Vinyl-rich Polybutadiene
RUbBEr ..vvvi i e 467
Catalyst for Synthesizing High Transpolymers............cccccvvunnee. 469
Method for the Preparation of Poly(a)-Methylstyrene ............... 472
Use of Sulfur Containing Inittators for Anionic Polymerization
Of MONOIMIBLS . .oeiiiiiiiiii e 474
Production Method of Polyisocyanate by End-Capping
with Acyl Chloride .....oviiniiiii 478
B. Catalytic Agents
Methods for Making Functionalized Polymers......................... 481
C. Cationic
Polymerization of i-Butene in Hydrocarbon Media
Using bis(Borane} Co-Initiators .............coovvivveiiinivniiierennnns 486
Copolymers of Tetrahydrofuran, Ethylene Oxide,
and an Additional Cyclic Bther.......ooooviiiiiiiiin, 489
D. Chain Transfer Agents
Dithiocarbamic ESters .....c.oovvvveiiiiiieiccci e, 492
E. Emulsifing Agents
Amphiphilic Copolymers Useful Especially as Emulsifiers........ 497

Anionic Copolymers Prepared in an Inverse
Emulsion Matrix and Their Use in Preparing
Cellulosic Fiber Compositions .........ooveeviniiiiiiiinnniinoan i, 501

Free Radical Pelymerization
Perfluorodiacylperoxides as Polymerization Initiators ............... 504

. Macroinitators

Polymeric Photoinitiators............coooiiinniivrerneaaneveinas 507



Radical Polymerization Method Performed

in the Presence of Disulfide Compounds .................coooeeeeei, 511
Copolymers of Maleic Anhydride by Stable Free
Radical Polymerization. ........coeeoiveeiieniiiiiii e, 514

H. Macromolecular Depolymerization Catalysts
Catalysts and Methods for Polymerizing Macrocyclic
OBZOMETS....eeiiiiiiiiiii e 317
Catalylic SYSIEIMS..oiii e 520

1. Metallocene Catalysts
Metallocene Catalysts Containing a Cyclopentadienyl Ligand
Substituted by a Siloxy or Germiloxy Group Containing
an Olefinic Residue...............ccoiiiiien, 523

J. Ring-Opening Metathesis Catalyst
Photochromic Polymers and Methods of Synthesizing Same...... 528
Synthesis of A,B-Alternating Copolymers by Olefin Metathesis
Reactions of Cyclic Olefins or Olefinic Polymers with an
Acyclic DIBNE wiviiii e, 533

K. Ziegler—Natta
High 1,4-cis Polybutadiene-Polyurethane Copolymer

and Preparation Method Thereof ... 539
Process for Producing Polymer ......ccoccevviiiiiiinieciineeeee, 542
Polymerization Catalyst Composition ...........cccccceciiiiineeeeee..., 546
Synthetic Polyisoprenes and a Process for Their Preparation ..... 550
Polymerization Catalyst...........ccocviiiiniiii e 552
Use of Stannylenes and Germylenes as Polymerization

Catalysts for Heterocycles.......cooooviiiiiiiinn 557
Process for Producing Polar Olefin Copolymer and Polar

Olefin Copolymer Obtained Thereby ......ooooovvvivieiiiiiinirinnnn, 560
Carborane Trianion-Based Catalyst........coccvvvveieevininreieeneeee... 565
Catalyst for Polymerization of Norbornene .................coovvninin 569

XX. REGULATORS

A. Chain Transfer Agents
Method for the Production of Homo-, Co-,

and Block Copolymers ..........ccereeiiiiiiniinrreirian e eecesionns 575
Method for Radical Polymerization in the Presence
of a Chain Transfer Agent..............ccooiiiiniiiii i, 577

Use of C,4-Cs-Polymercaptopolyols as Regulators
in Solution or Precipitation Polymerization ............ccocooevi.n 581



XXI.

S-(o,0/-Disubstituted-o"-Acetic Acid) Substituted
Dithiocarbonate Derivatives for Controlled Radical
Polymerizations, Process, and Polymers Made Therefrom ...... 584

B. Chain Transfer Processes
Chain Transfer Agents for RAFT Polymerization

in Aqueous Media........ooooiiiiiiniiiiiii 588
Hindered Spiro-Ketal Nitroxides........c...ccooviiiioeeviniiniinnenioneen 592
Controlled Polymerization ............ccooiiiiiiiiiiiinniee e 595
N-Alkoxy-4.4-Dioxy-Polyalkyl-Piperidines as Radical

Polymerization Inhibitors.........ccccooiiiiiin 600

C. Photolytic Regulating Agents
Method for Producing Polymers with Controlled Molecular
Weight and End-Group Functionality Using

Photopolymerization in Microemulsions .............oooevennvvennnnns 604
Ring-Opened Azlactone Photoiniferters for Radical
Polymerization .........ccooerviiiiiincin e 606
PHOTORESISTS

A. Fluorine Containing
Monomer Having Fluorine-Containing Acetal or Ketal
Structure, Polymer Thereof, and Chemical-Amplification-Type
Resist Composition as Well as Process for Formation

of Pattern with Use of the Same ..............ccooooiiinn, 611
Polymers, Resist Compositions, and Patterning Process ............ 616
Fluorine-Contatning Polymerizable Cyclic Olefin Compound .... 623
Photoresist COmMpPOSItion ........oeeviiiiiiniiiciiieccei e 627

B. Norbornene
Norbornene-Type Monomers and Polymers Containing
Pendent Lactone or Sultone Groups ......ccceceviviiiiiniiniiicinnnn. 632
Photoresists Containing Sulfonamide Component..................... 636

C. Adamantane
Tertiary (Meth)Acrylates Having Lactone Structure, Polymers,
Resist Compositions, and Patterning Process ... 642
Chemical Amplification Type Positive Resist Composition ........ 647

D. Diamantane Acrylate
Positive Photosensitive Composition and Pattern-Forming
Method Using the Same .........ccoovviiriiii e 651



XXII. SEPARATIONS

A. Gases
Dithtolene Functionalized Polymer Membrane
for Olefin/Paraffin Separation ..........coooeeeiiiiiiiiiiieii 657
B. Solutions
Tethered Polymer Ligands .......coooooiinniiiiiiiieeeeeee 662

Isolatable, Water-Soluble, and Hydrolytically Stable
Active Sulfones of Poly(Ethylene Glycol)
and Related Polymers for Modification of
Surfaces and Molecules .......ocoveiiiiiiiiiiien 665
Optically Active Maleimide Derivatives, Optically Active
Polymaleimide Derivatives, Process for Their Production,
Separating Media Comprising the Optically Active
Polymaleimide Derivatives, and Method of Separating

Optically Active Compounds Using Them...............coooee s 669
Polymeric Membranes and Uses Thereof .....ccoooooiiinnnnn. 674
Separating Agent Including a Polysaccharide Derivative

Having a Polycyclic Structure..........ooovvvviiiiiatiniiiinninnin s, 678
Functionalized Polymers for Binding to Solutes

in Aqueos SOIITIONS ...uciiiiiiiccceee e 683

XXIII. THERMOSETS

A, Poly(Ethyl u-Acetoxyacrylate)
Actylic COpoLYIMEr ...covviviiiiiiecii e 687

B. Polyethersulfone
High-Heat Polyethersulfone Compositions ........oooveiieieeernnnnnnn. 689

C. Polynorborene
Novel (Co)polymer, Process for Producing the Same,
and Process for Producing Carboxylated (Cojpolymer ........... 692

D. Polyformals
Polyformals and Copolyformals with Reduced
Water Absorption, Production, and Use Thereof.................... 695

E. Styrene and Zinc Diacrylaie Ionomers .
Branched Ionomers..........cccciiiiciieeeee . 699

F. Polycyclodiene
Copolymer of Conjugated Cyclodiene ... 702



G. e-Aromatic Ketones
Poly(Aralkyl Ketone)s and Methods of Preparing the Same....... 705

H. Polyimide Sulfones
Polyimide Sulfones, Method and Articles Made Therefrom ....... 708

I. Benzoxazine Resins
Method for Producing Benzoxazine Resin..................occis 712

J. Acrylonitrile
Block Copolymer . ..o 714

K. Polycarbonates
Aliphatic Diol Polycarbonates and Their Preparation ................ 717

L. Poly(Silarylene-Siloxane-Acetylene)
High-Temperature Flastomers from Linear

Poly(Silarylene-Siloxane-Acetylene} ... 721

Contributors
Academic COnTIDUIOS vt iei e rtrrrae e aa e et er e eaeeisaatiiaanes 725
Govefnrpent (@00} 111 10101 10) N EOTTOTT OO OTPPRN 725
Tndustrial ComtrIDULOIS . .. et r e e s et e et e e e rra e ereeeaenen 726



