The palm at the end of the mind,
Beyond the last thought rises....

" Of Mere Being" (1957)
Wallace Stevens
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July 2, 1997

Dear ISOM 12 Participants:

On behalf of the symposium organizers and the Division of Polymer Chemistry of the
American Chemical Society, | would like to welcome you to the 12th International
Symposium on Metathesis and Related Chemistry (ISOM 12). This symposium will be a
continuation of the very successful series of international meetings which has served as a
primary source of information on this emerging field of polymer science. The upcoming
program includes a spectrum of technical lectures ranging from the organic chemistry of
metathesis reactions, catalysis, metathesis and other olefin coordination polymerization
reactions, to properties and applications of the materials produced. The setting is in the
beautiful city of St. Augustine, one of the most historic in the United States. We anticipate
that the relaxed atmosphere of the Flagler College campus will provide an excellent location
for both technical discussions as well as enjoyment.

1SOM 12 will be one of the largest meetings in this series. 140 people representing
2 countries will attend. Another attractive feature is the unusually large additional
participation by graduate students (31 students!).

The Division of Polymer Chemistry of ACS is delighted to host what promises to be
an excellent conference here in the United States. Mrs. Neta Byerly will remain on-site
throughout the meeting to assist in organization and registration.

We wish you a fruitful week and we hope the week's discussions will lead to new

collaborations and innovative technology.
Sincerely,
Chair, Div. of Polymer Chemistry, ACS
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FLAGLER COLLEGE

OFFICE OF THE PRESIDENT

June 9, 1997

Dear Participant:

On behalf of Flagler College I would like to welcome you to our campus. We are
pleased to have the opportunity to host the ISOM 12 Conference. The first thing
that you will notice about Flagler is the unique beauty of our campus, and the
charm of St. Augustine.

Flagler was founded in 1968 as a liberal arts college. We provide students with a
quality education at a reasonable cost. It is part of our purpose to be a small
college which fosters meaningful relationships among students, faculty and staff,
and promotes an atmosphere of friendliness, respect, and collective concern. Asa
small college, we know the value of dedicating our resources to carefully selected
majors and minors—focusing on our strengths.

Like the Flagler campus, St. Augustine is historically and aesthetically distinctive
with its fascinating architecture and scenic beauty. Since its founding in 1565, St.
Augustine has flown the flags of Spain, England, and the Confederacy. The old
fort, city gate, and the Fountain of Youth are just a few of the reminders of St.
Augustine’s unique cultural heritage.

T wish you success during the conference, and hope you have time to enjoy our
community.

Cordially,

Willidnt L. Proctor, Ph.D.
President

WLP/ss

3
P.O. BOX 1027 + ST. AUGUSTINE « FLORIDA 32085-1027 » 904-829-6481




» UNIVERSITY OF

'FLORIDA

Department of Chemistry July 13, 1997 , PO Box 117200
‘ Gainesville, FL 32611-7200

Dear Participant:

We organizers of ISOM 12 welcome you to Flagler College, St. Augustine, and the State
of Florida! We hope our version of the biennial ISOM meeting will live up to your
expectations, and that you also will take the time to enjoy the area.

The meeting this year has been expanded beyond ROMP and ADMET polymer chemistry,
for the subject is catalyst oriented, and similar catalysts are capable of numerous chemical
conversions. Further, catalysts for related polymerizations, such as addition chemistry to
produce cyclic and other polyolefins, are of equal interest to us. Consequently, we have
included many new presentation and poster "faces" to the ISOM scene. ‘

We think you will be pleased with the venue, for Flagler College has a rich history and is
well positioned to host this meeting in the nation's oldest city. The main building was
originally a luxury hotel, indeed the vacation site for presidents and other dignitaries in the
early part of the century.

Further, the college is centrally located amongst some of the nation's most interesting sites
for tourism. There are many ways to tour St. Augustine - vehicle, bicycle, horse and
carriage, walking, etc. The bay is near the college, and the Atlantic Ocean/beach is about
three miles away.

We have left the afternoons free so that you might become familiar with the surroundings.
Take advantage of them. And we look forward to your active participation in the lectures
and posters as well.

Wt e oM,

Ken and Margaret Wagener ~ Bob Grubbs

University of Florida California Institute of Technology
Chdas frell. izt oo [

Drew Bell and Brian Goodall

BF Goodrich '

Equal Opportunity / Affirmative Action Institution
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ISOM 12 PLANNING MEETING
FOR ACCOMPANYING GUESTS

Monday, July 14, 1997
8:20 a.m.

Flagler College Cafeteria

If you are interested in talking about activities for accompanying guests, please join us in the
cafeteria at 8:20 a.m. on Monday. Possibilities include the St. Augustine Outlet Mall, Anastasia
State Park (the beach), antique shopping, Marineland, a pool party, or anything advertised in your
packet. Think about what you would like to do and come with ideas.




Thank you for attending the International Symposium on Metathesis and Related Chemistry
(ISOM 12). In an effort to keep your week running smoothly, we have prepared this guide
for you. We hope the information answers many of the questions you might have during

your stay. To avoid any confusion or uncomfortable situations, please read this handbook
carefully upon your arrival.

Havé an enjoyable week!!

SECURITY Wi
Security personnel are on duty 24 hours a day, seven days a week. Y S
The security office is located in the Rotunda of Ponce Hall. For 2y
your safety, the exterior doors of Lewis House will be locked each
night at 12:00 am. and unlocked at 6:30 a.m. You may exit these
doors at any time, however, you cannot reenter. . v

) MEDICAL SERVICES
Emergency assistance is available by calling 911. Also, 24 hour security personnel are on
campus, and the information desk personnel and house parents are in radio contact at all
times. =S -

D >
FIRE CONTROL AND ESCAPE ROUTES
The fire control system includes an ADT fire detection and warning system, an extensive
water sprinkler system, and masonry encased with steel fire escape tOWETS. The ADT
system incorporates heat signals and smoke detectors providing simultaneous sound and
visual signals of fire at both the College and the ADT operation center. The entire system is
checked and tested on a monthly basis. Also, regular and periodic fire drills are conducted.
Escape routes are posted in each room. Fach hall is equipped with several fire
extinguishers in accordance with the fire safety laws and are regularly inspected.

SMOKING PoLICY
Smoking is not p_exmitted in any of the common areas such as the sleeping rooms,

classrooms, or dining hall.

PARKING
Plenty of parking is available in the lots adjacent to the Lewis House.
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FACILITIES

The Dining Hall, where you will be taking all of your meals, is located in Ponce
Hall. All meals are buffet style.

DINING

Be sure to wear your ISOM 12 name badge for entrance to the Dining Hall.

CaMPUS MAIL ROOM
The Flagler College mail room is located in the Breezeway between Kehan and

Ponce Halls and is open Monday through Friday, 8:00 a.m. to 4:30 p.m. You may
post your letter at our campus mail room (stamps are not available for sale).

2

/

The US Post Office is located directly across from the campus on King Street. You
may purchase stamps here.

BANKING
The city of St. Augustine has several banks within walking distance of Flagler

College. These banks include: Barnett Bank, First Union National Bank, and
SunTrust Bank. =

SuNpAY CHECK-IN
Check-in will take place in the Lewis House Lobby from 2:00 p.m. to 6:00 p.m. Room
keys, name badges, and a packet of general information will be distributed at that time.

FrRIDAY CHECKOUT
Check-out will be conducted in the Lewis Hall Lobby on Friday from 12:00 noon to 2:00
p.m. If you plan to leave earlier than 12:00 noon on Friday, please deposit your key in an
envelope with your name on it and leave it at the ISOM 12 information desk.

PLEASE NOTE
Housing is NOT available after the ISOM 12 program has ended. If hotel accommodations
are needed for a late departure, please call the Chamber of Commerce for hotel

recommendations.
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HOUSING INFORMATION
You will reside on the Flagler College campus in the Lewis House dormitories, double
room occupancy (unless otherwise requested), shared baths. If you are traveling alone, we
will do our best to room you with a compatible hosteler of the same sex.

Public areas (bathrooms and hallways) are cleaned each weekday by Flagler College staff.
There is no “in-room” maid service. However, housekeeping staff will pick up trash if you
place your trash can outside of your door in the morning. A

Linens, blankets, pillows and towels are provided once during your stay. You may wish
to bring additional towels if you plan to swim or go to the beach.

LAUNDRY FACILITIES
There are self-service laundry facilities on campus with coin operated washers and dryers
available. ; I

VENDING MACHINES
Snacks and soft drinks are available from coin-operated machines situated at various
locations on campus.

RECREATIONAL FACILITIES INCLUDE:
SwIMMING PooL
Our outdoor pool is located on the West Lawn. Pool hours will be 10:00 am - 8:00-
pm Sunday-Friday (July 13-18).

GAME ROOM/LOUNGE
Game rooms are located on the 1st-3rd floors of the Lewis House. To use the coin
operated pool tables you must get the key from the ISOM 12 house parent.

TENNIS COURTS -
Our lighted tennis courts are located adjacent to Markland House. %
To use the tennis courts you must check out the key from the o
Security Office.

/ 3
7
Vol - /7
d N e d 3 i D
-~ /, ICE -
A cooler of clean ice for beverages will be located in the lobby of Lewis House. Clean ice
will be replenished each afternoon.

10
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THE DIVISION OF POLYMER CHEMISTRY
ISOM 12 ADMINISTRATION

OFF-SITE ADMINISTRATION

Neta L. Byerly

Business Office Manager
Virginia Tech 201 Hancock Hall
Blacksburg, VA 24061

Phone: (540) 231-3029.

Fax: (540)231-9452

E-mail: nbyerly@vt.edu

ON-SITE ADMINISTRATION

fOrllfe in St. Augustine, all correspondence and/or telephone inquiries should be made as
ollows:

Flagler College

ISOM 12

P.O. Box 1027

St. Augustine, FL 32085-1027 |

Phone: (904) 829-7481 ext. 205

Fax: (904) 825-3639

E-mail: chambers@aug.com

Website: www.flagler.edu

ON-SITE COORDINATOR

Tracy Litzinger
Markland House, 2nd Floor
(904) 829-6481 ext. 282

HoUSE PARENTS

Regina Schitter - Room 147
Mark Watson - Room 146

11




International Symposium of Metathesis
and Related Chemistry

ISOM 12
Flagler College
St. Augustine, Florida USA

Thursday Evening Banquet - Program Of Events

7:00 PM
Welcome & Dinner............... revearessinessssasasnrne K. Wagener
Recognition
e OfDr. N.Calderon.........cocoeveenenienenne. R. Grubbs
o OfISOM 12 SPONSOIS +.vevvrneereneorsneraeiaenens D. Bell
o Of Professors Ivin & Mol........cccceeeeeee B. Goodall
Short Presentations.....cc..cccveieueeriiiinececneeniennnn. K. Wagener

e By Dr. Bill Abare, Flagler College Executive Vice
President and Dean of Academic Affairs

« By Dr. Karen Holbrook, University of Florida Vice

President of Research and Dean of the Graduate
School

12
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ISOM 12
|

LECTURES AND POSTERS DURING THE WEEK

Schedule fOr the WEEK ....ovvviriririreniieetneieiiiatiiaeieieseeetaieitiittisiraaaasuees 14

Lectures by Alphabetical Order of Speakers.........ooouviiiiiniiiireenininiii. 15

Lecture by Order of PIESERALION. ...vevvrvesrsessesssseessensensacnssnsssessnaresasnsens: 16

LeCture ADSTIACES...cuuvernirrernernsereeetneetieruernineasresermietuierireiieriraetisaniesses 19

Posters by Alphabetical Order of Presenters (includes location number) ........o.eennen 46

POSEET ADSIACES ... e v eeineesenreeereneatessnessensassnsnearssssssscreostonensonsuesnsnssscessses 50
13
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SPEAKERS LIST

Lectures by Alphabetical Order of Speakers

SPEAKER

Prof. Jean-Marie Basset
University of Lyon, France

Dr. Drew Bell
B. F. Goodrich, USA

Prof. Lajos Bencze
University of Veszprem, Hungary

Prof. J. Bercaw
California Institute of Technology, USA

Prof. J. M. Boncella
University of Florida, USA

Prof. Maurice Brookhart
University of North Carolina, USA

Prof. Michael T. Crimmins
University of North Carolina, USA

Prof. William E. Crowe
Emory University, USA

Prof. E. Finkelshtein
Russian Academy of Sciences

Dr. Brian Goodall
B. F. Goodrich, USA

Prof. Robert Grubbs
California Institute of Technology, USA

Prof. Ken Ivin
University of Durham, England

Prof. Richard Jordan
Univ. of Iowa, USA

Dr. Don Kelsey
Shell Corporation, USA

Prof. Laura L. Kiessling
University of Wisconsin, USA

Prof. Ezat Khosravi
University of Durham, England

Prof. Toshio Masuda
Kyoto University, Japan

Dr. Andreas Miihlebach
Ciba Specialty Chemicals, Switzerland

Dr. Richard Pederson
Bend Research, USA

Prof. John Rooney
University of Belfast, Ireland

Prof. Richard Schrock
Massachusetts Institute of Technology, USA

Prof. Marc Snapper
Boston College, USA

Prof. Franz Stelzer
University of Graz, Austria

Prof. Emma Thom-Csanyi
University of Hamburg, Germany

Prof. Ken Wagener
University of Florida, USA

Prof. Robert Waymouth
Stanford University, USA

Prof. Karin Weiss
University of Bayreuth, Germany

LECTURE TITLE

Metathesis of Alkanes Catalyzed by Silica Supported Transition Metal Hydrides: A
New Catalytic Reaction

Telene " RIM Polymers: Industrial Chemistry and PolyDCPD Applications
Structural Evidencies of the Reaction Mechanism of Olefin Metathesis

Mechanisms of Stereocontrol for Isospecific and Syndiospecific Polymerizations of
Propylene :
Linked Cyclopentadienyl Borate Ligands for Zwitteronic Metallocenes

Ni(I)- and Pd(II)-Based Catalysts for Olefin Polymerizations and Copolymerizations
Ring Closing Olefin Metathesis in the Asymmetric Synthesis of Natural Products
Molybdenum Catalyzed, Metathetical Cross-Coupling Reactions of Alpha Olefins with
Styrenes, Allylsilanes, and Acrylonitrile ’

Synthesis of Natural Compounds via Olefin Metathesis Route

New Group VIII Transition Metal Catalysts for the Addition Polymerization of
Norbornene-type Monomers: Catalyst Types, Mechanisms and Polymer Microstructures
Synthesis of Organic Molecules and Materials Using Ruthenium Carbene Complexes
Some Recent Applications of Metathesis in Organic Synthesis

Cationic Aluminum Alkyl Complexes: Transition-Metal-Free Single-Site Olefin
Polymerization Catalysts

Poly(cyclohexenylnorbornene): Synthesis and Properties A

Exploring Cell Surface Interactions with Ligands Synthesized by ROMP

Synthesis of Novel Polymeric Materials via ROMP

Polymerization of Substituted Acetylenes and Cycloolefins by Novel Catalyst Systems
Latent Ruthenium Catalysts for the Bulk Polymerization of Cycloolefins

Using Olefin Metathesis to Produce Fine Chemicals

Microstructural Détails of Ring-Opened Metathesis Polymers of Cycloalkenes

The Polymerization of Terminal Olefins by Group 4 Metal Complexes that Contain
Diamido/Donor Ligands

Synthetic Applications of New Olefin Metatheses

Novel Heterogeneous Metathesis Catalysts

‘Recent Findings Concemning the Thermodynamically Controlled Metathesis Product

Spectrum in the Cyclobutene and 1-Methylcyclobutene Systems
Precise Structure Control via ADMET Polymer Chemistry

Synthesis of Stereoblock Polymers with Metallocene Catalysts

New Resuits in Metathesis Polymerisation of Alkenes and Alkynes

15
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Lectures by Order of Presentation

PRESENTATION # SPEAKER TITLE ‘

Sunday Evening. July 13
1.

Monday Morning. July 14
2.

Monday Evening
7.

Tuesday Morning, July 15
9.

10.

Ken Ivin

Robert Grubbs

Maurice Brookhart

Andreas Muehlebach

Eugene Finkelshtein

Jim Boncella

Toshio Masuda

William Crowe

Richard Schrock

Franz Stelzer

16

Some Recent Applications of

Metathesis in Organic Synthesis

Synthesis of Organic Molecules and
Materials Using Ruthenium Carbene
Complexes

Ni(I)- and Pd(IT)-Based Catalysts
for Olefin Polymerizations and
Copolymerizations

Latent Ruthenium Catalysts for the
Bulk Polymerization of Cycloolefins

Synthesis of Natural Compounds via
Olefin Metathesis Route

Linked Cyclopentadienyl Borate

- Ligands for Zwitteronic Metallocenes

Polymerization of Substituted
Acetylenes and Cycloolefins by
Novel Catalyst Systems

Molybdenum Catalyzed, Metathetical
Cross-Coupling Reactions of Alpha
Olefins with Styrenes, Allylsilanes,
and Acrylonitrile

The Polymerization of Terminal
Olefins by Group 4 Metal
Complexes that Contain
Diamido/Donor Ligands

Novel Heterogeneous Metathesis
Catalysts
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Tuesday Evening
11.

12.

Wednesday Morning. July 16

13.

14.

15.

16.

17.

A Wednesday Evening

18.

19.

Thursday Morning. July 17
20.

21.

Laura Kiessling

Michael Crimmins

Brian Goodall

Ezat Khosravi

Drew Bell

Richard Pederson

Richard Jordan

Marc Snapper

Karin Weiss

John Bercaw

Ken Wagener

17

Exploring Cell Surface Interactions
with Ligands Synthesized by ROMP

Ring Closing Olefin Metathesis in
the Asymmetric Synthesis of Natural
Products

New Group VIII Transition Metal
Catalysts for the Addition
Polymerization of Norbornene-type
Monomers: Catalyst Types,
Mechanisms and Polymer
Microstructures

Synthesis of Novel Polymeric
Materials via ROMP '

Telene™ RIM Polymers: Industrial
Chemistry and PolyDCPD
Applications

Using Olefin Metathesis to Produce
Fine Chemicals

Cationic Aluminum Alkyl
Complexes: Transition-Metal-Free
Single-Site Olefin Polymerization
Catalysts

Synthetic Applications of New
Olefin Metathesis

New Results in Metathesis
Polymerisation of Alkenes and

Alkynes

Mechanisms of Stereocontrol for
Isospecific and Syndiospecific
Polymerizations of Propylene

Precise Structure Control via
ADMET Polymer Chemistry




22.
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Presentation #1

Some Recent Applications of Metathesis in Organic Synthesis

K.J. Ivin
12, St. Michael's Gardens, South Petherton, Somerset, TA13 5BD, U.K.

A review is given of a selection of papers published in the past year in this rapidly
expanding field. Such papers may be divided into four groups: (i) those in which ring-
closing metathesis (RCM) has been used as a key step in the total synthesis of a natural
product, for example, (R)~(+)-lasiodiplodin! derived from the fungus formerly known
as Lasiodiplodia theobromae, dactylol? from the mollusc Aplysia dactylomela, (-)-
stemoamide3 first isolated from the roots and rhizomes of Stemonaceous plants, and
epothilone A4 obtained from the myxobacteria Sorangium cellulosum strain 90; (ii)
those in which RCM has been used to make a sub-unit of a natural product, for
example, the marine toxins brevetoxin B3 derived from the algae Gymnodinium breve
Davis, and maitotoxin® from Gambierdiscus toxicus; (iii) those in which RCM has been
used to make compounds of known biological activity, for example, fluvirucin (Sch
38516)7, an antifungal agent active against the influenza A virus; (iv) those in which
metathesis reactions have been used to make compounds of potential synthetic
importance, for example, crown ethers8, aza sugars (polyhydroxylated pyrrolidines), p-
lactams!®, chromenes!!, and aminoacids!2.

The preferred catalysts have been one of the four metal carbene complexes now readily
accessible: the Schrock catalyst Mo(=CHCMe.Ph)(=NC¢H;-2,6-i-Pr))[ OCMe(CF3),],,
the Grubbs catalysts Ru(=CHCH=CPh,)Cl,(PCy,), and Ru(=CHPh)Cl,(PCy,),, where
Cy = cyclohexyl, and the Tebbe reagent which behaves as Ti(=CH,)Cp,, where Cp =
cyclopentadienyl. These will be referred to as Mo-1, Ru-1, Ru-2, and Ti-1 respectively.
Ti-1 is especially useful for effecting RCM by the carbonyl-olefination reaction®, while
the RCM of enynes?, catalyzed by Ru-2, is another valuable metathesis reaction.

1. Fiirstner, A.; Kindler, N., Tetrahedron Lett., 1996, 37, 7005.

2. Firstner, A.; Langemann, K., J. Org. Chem., 1996, 61, 8746.

3. Kinoshita, A.; Mori, M., J. Org. Chem., 1996, 61, 8356.

4, Yang, Z.; He, Y.; Vourloumis, D.; Vallberg, H.; Nicolaou, K. C., Angew. Chem.
Int. Ed. Engl., 1997, 36, 166.

5. Clark, J. S.; Kettle, J. G., Tetrahedron Lett., 1997, 38, 123, 127.

6. Nicolaou, K. C.; Postema, M. H. D.; Yue, E. W.; Nadin, A., J. 4m. Chem. Soc.,
1996, 118, 10335.

7. Xu. Z.; Johannes, C. W.; Salman, S. S.; Hoveyda, A. H., J. 4m. Chem. Soc., 1996,
118, 10926.

8. Konig, B.; Hom, C., SYNLETT, 1996, 1013.

9. Huwe, C. M.; Blechert, S., SYNTHESIS, 1997, 61.

10. Barrett, A. G. M.; Baugh, S. P. D.; Gibson, V. C.; Giles, M. R.; Marshall, E. L.;
Procopiouy, P. A., Chem. Commun., 1996, 2231; 1997, 155.

11. Harrity, J. P. A.; Visser, M. S.; Gleason, J. D.; Howveyda, A. H,, J. .4m. Chem.
Soc., 1997, 119, 1488.

12. Miller, S. J.; Blackwell, H. E.; Grubbs, R. H., J. Am. Chem. Soc., 1996, 118,
9606; Rutjes, F. P. J. T.; Schoemaker, H. E., Tetrahedron Lett., 1997, 38, 677.
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Presentation #2

Synthesis of Organic Molecules and Materials
Using Ruthenium Carbene Complexes

by

R. H. Grubbs
Arnold and Mabel Beckman Laboratories of Chemical Synthesis
Division of Chemistry and Chemical Engineering
California Institute of Technology
Pasadena, California 91125 USA

Over the past few years, transition metal catalysts for the metathesis of olefins have been
developed. In addition to a family of early metal complexes, a series of bisphosphine-
dihaloruthenium carbene complexes have been discovered [1]. These catalysts can be used
in the synthesis of fine chemicals by ring closing metathesis (RCM) [2] as well as in the
ROMP of cyclic olefins to prepare block copolymers [3]. More recently, these catalysts
have also been used in the modification of polypeptides by RCM [4] and the synthesis of
polycyclic olefins by tandem metathesis [5]. A new class of water soluble phosphines have
been prepared which yield active water soluble catalysts which allow olefin metathesis to be
carried out in water and methanol as well as the facile recovery of the catalysts by extraction
with water [6]. In order to facilitate the use of these catalyst systems, a number of new
routes for their synthesis have been developed.

1. S. T. Nguyen, R. H. Grubbs, and J. W. Ziller, J. Am. Chem. Soc. , 1993, 115,
9858-9859; P. Schwab, M. B. France, J. W. Ziller, and R. H. Grubbs, Angew. Chem.
Int. Ed. Engl. 1995, 34, 2039-2041. Schwab, R. H. Grubbs and J. W. Ziller, J. Am.
Chem. Soc. 1996, 118, 100-110.

2. R. H. Grubbs, S. J. Miller, and G. C. Fu, Acc. Chem. Res. 1995, 28, 446-452; 1081;
S. J. Miller and R. H. Grubbs, J. Am. Chem. Soc. 1995, 117, 5855-5856.

3. M. Weck, P. Schwab, and R. H. Grubbs,Macromolecules 1996, 29(5), 1789-1793; S.
Kanaoka, R. H. Grubbs, Macromolecules, 1995,28, 4707-4713P.; B. Maughon and R.
H. Grubbs,Macromolecules 1996, 29, 5765-5769; B. R. Maughon, M. Weck, B. Mohr,
and R. H. Grubbs, Macromolecules 1997, 30, 257-265.

4. S. J. Miller, H. E. Blackwell, and R. H. Grubbs, J. Am. Chem. Soc. 1996, 118 (40),
9606-9614.

5. W. J. Zuercher, M. Hashimoto, and R. H. Grubbs, J. Am. Chem. Soc. 1996, 118
(28), 6634-6640. :

6. B. Mohr, D. M. Lynn, and R. H. Grubbs, Organometallics 1996, 15 (20), 4317-4325.
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Presentation #3

Ni(II)- and Pd(II)-Based Catalysts for Olefin
Polymerizations and Copolymerizations

M. Brookhart*, Lynda K. Johnson, Christopher M. Killian, Daniel J. Tempel, Stefan
Mecking, and Steven A. Svejda, Department of Chemistry, University of North Carolina,
Chapel Hill, NC 27599-3290

A series of Pd(II) and Ni(II) complexes of general structure 1 will be described
which serve as initiators for the polymerization of ethylene and a-olefins as well as the
copolymerization of ethylene or a-olefins with acrylates to high molar mass polymers.
Details of these catalytic systems will be presented including the synthesis of initiators,
NMR spectroscopic studies of the mechanism of polymerization, and a general description
of the polymerization reactions including variation of catalyst activities and polymer
structures with metal, ligand structure, monomer concentration and temperature. Living
polymerization of a-olefins using Ni-based catalysts will be described together with the
properties of diblock and triblock polymers produced from these living polymerization
systems. Ligand variations which allow the efficient synthesis of a-olefins will be
described as well. ,

R R |+ BArs~ Ar=35CgHs(CFa)2

Ar—N/ \N—-Ar Ar=
N,/ R=H,MeorR,R=
M\ RH
{ M = Pd or Ni

R'=alkyl R"=H oralkyl

Polymerization of ethylene by these catalysts yields polymers varying in structure
from almost completely linear, high density polyethylene to amorphous, hyperbranched
materials constituting a completely new class of polyethylene. a-Olefins undergo chain
migration during catalysis and are incorporated to give poly(a-olefins) with fewer branches
than expected from simple 1,2 monomer enchainment. In addition, living polymerization
of a-olefins using certain Ni(II) catalysts can be achieved which allows synthesis of unique
o-olefin block copolymers.

Random copolymerization of olefins with acrylates using Pd(II) complexes gives
highly branched polymers with acrylate incorporation occurring predominantly at the ends
of branches. Variable temperature NMR spectroscopy has been used to elucidate various
aspects of the mechanism including relative binding constants and relative rates of insertion
of methyl acrylate and ethylene.

Activation of Ni(II) complexes bearing less bulky diimine ligands in the presence of
ethylene results in the formation of oligomers rather than polymer. Under appropriate
reaction conditions these catalysts selectively produce linear c-olefins at rates faster than
those reported for SHOP catalysts.

References:
1. Johnson, L. K.; Killian, C. M.; Brookhart, M. J. Am. Chem. Soc. 1995, 117, 6414.
2. Johnson, L. K.; Mecking, S.; Brookhart, M. J. Am. Chem. Soc. 1996, 118, 267.

3. Killian, C. M.; Tempel, D. J.; Johnson, L. K.; Brookhart, M. J. Am. Chem. Soc.
1996, /18, 11664.
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Presentation #4

Latent Ruthenium Catalysts for the Bulk
Polymerization of Cycloolefins

A. Muehlebach, A. Hafner and P. van der Schaaf

Ciba SC Recherche Marly SA, Additives Research, PO Box 64,
CH-1723 Marly 1, Switzerland

In contrast to early transition metal catalysts used in the (photoinduced) ring opening
metathesis polymerization (P)ROMP of dicyclopentadiene (DCPD) and other cyclo-
olefins, ruthenium based complexes are water stable and tolerant towards most
functional groups. Therefore, we developed recently the first Ru based catalysts for
PROMP by generating [Ru(H:0)s]*" from [Ru(7’-arene),)* complexes through a
photoinduced arene dlsplacement reaction. However, turn-over frequencies (TOF)
were low (ca. 10" s, norbornene polymerization, 60°C) and the cationic character of
these complexes resmcted their applicability to polar environments.

In contrast, arene ruthenium phosphine complexes of the type [Ru(p-cymene)Clx(PR3)]
(R=Cy, 1, iPr, 2; nBu, 3) are soluble in pure monomers (i.e. hydrocarbons) and
showed TOF’s of ca. 2 s (norbornene polym., RT.). Coincidentally, we found that
complex 1 is a very efficient initiator for the thermal, solvent-free polymerization of

technical DCPD. Flgure 1 shows DSC scans of the DCPD polymerization initiated
with 1.

Integration

A\ Delta H 2232 my
A a) Integration A b) Peak a;z}g :(:
o Delta H 1821 mJ ) 5 8 mw
= 384.1 J/g > 4 e
o Peax  130.2°C LM i
16,1 mW H
g g |
3 g /
L . (] ii
! i
T T T H L T T T T T
50. 100. 150 . 209 3. 10 20. 30. a0. 50.
Temperature (°C) Time (min)

Fig. 1: Polymerization of tech. DCPD with 0.3 wt.% 1. a) Dynamic (10°C/min.) and
b) isothermal (100°C) DSC scan.

Solutions of 1 in DCPD are stable for weeks at RT. At temperatures >80°C, a fast
curing reaction takes place, leading to a crosslinked network with physical properties
(Tg, E-modulus, max. elongation, etc.) comparable to the commercial RIM processed
material (e.g. Telene®). We believe, that nng-opemng of the cyclopentene ring is the
predominant crosslinking mechanism, since *C-CP/MAS NMR spectra of the material
revealed integrated intensities of the olefinic vs. aliphatic °C signals of exactly 2:3. The
crosslink densnty is estimated from swelling experiments to be 10-20%.

Due to the amazing tolerance of 1 towards impurities and water, almost any type of
fillers, (e.g. SiO;, Al(OH)s, Al-powder, CaCO;-powder, etc.) can be incorporated in
amounts up to 70 wt%, preserving the good electrical and mechanical properties of
poly(DCPD) Also, it is possible to run dispersion polymerizations of DCPD and other
cycloolefins in polar, protic solvents like water.

Our work to improve catalysts and polymer systems as well as novel applications in the
field of electro casting, insulation and tooling will be described.
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Presentation #5

Synthesis of Natural Compounds via Olefin Metathesis Route
by
E. Sh. Finkelshtein and V. L. Bykov

Topchiev Institute of Petrochemical Synthesis of Russian Academy of Sciences
29, Leninsky prospect,
117912 Moscow, B-71, Russia

The paper is devoted to development of reliable general strategy of synthesis of various
natural compounds on the basis of catalytic metathesis as a key reaction using
accessible initial materials such as cycloolefins and linear o-olefins. Original Mo-
containing supported catalyst systems acting effectively and selectively under mild
conditions have been used /1,2/. The needed skeletons of target natural compounds can
be achieved by varying the size of cycloolefin rings and the length of linear olefins
involved in the cometathesis. High regio- and stereo-selectivity of the catalysts used up
allowed the preparation of target structures having proper position, quantity and Z/E-
content of double bonds. The cometathesis stage has been combined with further
selective hydroboration-oxidation of dienes and polienes obtained. It has led to desired
long-chain alcohols, aldehydes, ketones and esters. If necessary, the basic combination
“cometathesis-hydroboration-oxidation” can be subjoined with homologization or
hydrogenation reactions. As a result sets of functionalized linear mono- and polyenes
have been prepared as well as linear long-chain saturated alcohols and cyclic ketones.
Thus, complete synthesis of a great variety of insect sex pheromone components, plant

. growth regulators and fragrant components have been effectively realized. It should be

mentioned, however, that biological activity of artificial pheromone and growth
regulator compositions dramatically depends on their isomer content. The elaborated
Mo-catalysts and cometathesis reaction conditions allow to control Z/E-ratio in such a
way that the final products are equivalent to corresponding natural compositions. This
makes the proposed metathetical synthetic approach utilizing commercial
petrochemical raw materials and three stage technique as a technologically prospective
general method which is competitive enough to classic “acetylenic” or “Wittig” routes
for construction of many interesting natural compounds.

In the paper some correlations of the cometathesis reaction such as the influence of
type of catalyst and initial cycloolefins, starting concentrations, extent of conversion
etc, on the regio- and stereo-selectivity, and yields of the target mono- and polyenes
are discussed.

This work was supported by the INTAS Foundation (Grant No 94-541).

References:

1. E.Sh Finkelshtein, V.I.Bykov, E.B.Portnykh, J. Mol.Catal,, 76 (1992) 33.
2.V.1Bykov, T.AButenko, L.UKelbakiani, and E.Sh Finkelshtein, Doklady

Chemistry, No 1-3, pp 168-171 (Translated from Doklady Akademii Nauk, Vol 349,
No 2, 1966, pp 198-201).
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Presentation #6

Linked Cyclopentadienyl Borate Ligands for Zwitterionic Metallocenes
by

J. M. Boncella
Department of Chemistry and Center for Catalysis
University of Florida .
Gainesville, Florida 32611-7200

The use of methyl aluminoxane (MAO) activated group 4 metallocenes and related

compounds as catalysts for the polymerization of ethylene and other a-olefins has
resulted in a revolution in the synthesis of polyolefins. While it is generally agreed that
the function of the MAO is to generate a cationic alkyl complex which serves as the
active catalyst, the way in which the cationic metal center and the MAO derived
counterion interact are poorly understood. Given that these reactions are carried out in
nonpolar media, it is likely that ion pairing interactions play a crucial role in the behavior
of these catalysts.

The synthesis of a zwitterionic complex should provide a way to investigate the role of
jon pairing in metallocene catalyzed olefin polymerization reactions via controlling the
cation-anion separation. While zwitterionic metallocene complexes! have been prepared
and demonstrated to be active catalysts for olefin polymerization, these complexes have
the weakly coordinating borate anion directly bonded to the Cp ring, attached to the
growing polymer chain, or linked to the Cp ring via an sp> carbon-boron bond. As will
be discussed during the talk, there is evidence that the zwitterionic nature of these
catalysts may not be retained under catalytic reaction conditions.

In order to study the effect of ion pairing phenomena in the catalysis of o-olefin

polymerization reactions, we have been interested in the synthesis of zwitterionic group 4

metallocene complexes in which a weakly coordinating borate anion is tethered to the

cyclopentadieny! group via a chemically robust bridge.2 The synthesis of the ligand, 1,

will be discussed as will its use in the synthesis of anionic and zwitterionic metallocenes.
Me Me

HO\,

Si F
Li*(MeO(CH,),0Me)s
F =—CgFs

F CeF
1
CeFs 65
References:

1. (a) Bochmann, M.; Lancaster, S. J.; Robinson, O. B. J. Chem. Soc. Chem. Comm..
1995, 2081. (b)Temme, B.; Erker, G.; Karl, J.; Luftman, H.; Frohlich, R.; Kotila, S.
Angew. Chem. Int. Ed. Engl. 1995, 34, 1755. (c) Ruwwe, J.; Erkar, G.; Frohlich, R.
Angew. Chem. Int. Ed. Engl. 1996, 35, 80. (d) Sun, Y.;v. H. Spence, R. E.; Piers, W. E.;
Parvez, M.; Yap, G. P. A. J. Am. Chem. Soc. 1997, 119, 5132.

2. Miller, H. J.; Strickler, B. S.; Abboud, K. A.; Boncella, J. M.; Richardson, D. E.
Organometallics, 1997, 16, 1628. .
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Presentation #7

Polymerization of Substituted Acetylenes and Cycloolefins
by Novel Catalyst Systems '

Toshio MASUDA
Department of Polymer Chemistry, Kyoto University
Kyoto 606-01, Japan.

Polymerization of substituted acetylenes by group 5 and 6 transition metal
catalysts! proceeds with metal carbenes as the propagating species like ring-opening
metathesis polymerization of cycloolefins. Here we report on the polymerization of
substituted acetylenes by two types of novel catalyst systems, i.e., i) MoOCly-based
living polymerization catalysts, and ii) metal carbonyl-based catalysts. '

1) MoOCl4-Based Living Polymerization Catalysts

The MoOClg—n-
BusSn-FtOH catalyst po- Table I. Living Polymerization of 0-CF3-phenylacetylene

lymerizes various substi- by MoOCl4-Based Catalysts (in anisole, 30°C)
tuted acetylenes in a living Catalyst My /M, [P*)/[Cat]
fashion.2 Not only n-

BusSn but also EtzAl, MoOCly—n-BusSn-EtOH (1:1:1)  1.03 0.40
EtZn, and n-Buli have  n\oQCI,-Et;Al-EtOH (1:1:4) 1.02 0.20

recently proved useful as
cocatalysts in the MoOCls-
based system (Table I). MoOCls—n-Buli (1:1) 1.02 0.02
The ratios of catalyst

components should be properly chosen, while anisole is preferable as polymerization
solvent. It is noteworthy that the polydispersity ratios of poly(o-CF3-phenylacetylene)
are as small as 1.03 to 1.02. Quite interestingly, the MoOCls—n-BuLi system does not
need EtOH. Block copolymers of 0-CF3- and o-MesSi-phenylacetylenes can be
obtained by using MoOCls—-Et3Al-EtOH.

MoOCl,~EtyZn—EtOH (1:1:3) 1.03 0.08

2) Metal Carbonyl-Based Catalysts

UV irradiation and CCl (as solvent) are necessary for the polymerization of
phenylacetylene and norbornene by M(CO)6—CCls-hv (M= W, Mo). In contrast, only
a few equivalents of PhoCClz to M(CO)s is needed as cocatalyst in the M(CO)s—
PhyCClp-hv system.3 Metal carbonyl complexes, MCl(CO)3(AsPh3)2 M =W, Mo)
polymerize not only cycloolefins but also substituted acetylenes. The complexes work
" alone and do not need either of organic chloride as cocatalyst and UV irradiation.

References _

1) Shirakawa, H; Masuda, T.; Takeda, K. In The Chemistry of Triple-Bonded Functional
Groups, Patai, S. Ed.; Wiley: Chichester, 1994; Chap. 17.

2) e.g., Masuda, T.; Tachimori, H. J. Macromol. Sci., Pure Appl. Chem., 1994,A431,1675.

3) Tamura, K.; Misumi, Y.; Masuda, T. Chem. Commun., 1996, 373.
25




Presentation #8

Molybdenum Catalyzed, Metathetical Cross-coupling Reactions of
Alpha Olefins with Styrenes, Allylsilanes, and Acrylonitrile

by
William E. Crowe
Department of Chemistry
Emory University
Atlanta, GA 30322

Metathetical cross-coupling reactions of o. olefins with styrenes,! allylsilanes,? and

acrylonitrile3will be presented. These reactions are catalyzed by the Schrock
molybdenum imido-alkylidene catalysts Mo(CHCMe,Ph)(NAr)(OR3)2 (Ar =2,6-i-
Pr,CgHj3 or 2,6-MezCgH3; R = CMe(CF3); or CMezCF3).

Acrylonitrile is an example of a directly functionalized olefin which had eluded all
previous attempts at productive olefin metathesis. Cross-metathesis of acrylonitrile with

a. olefins is proposed to arise from a pathway where alkyl substituents are selectively
incorporated into the B position and cyano substituents are selectively incorporated into

the o position of metallacyclobutane intermediates (Figure 1). The key to successful
olefin metathesis reactions of acrylonitrile appears to be the presence of an electron-rich
olefin in the reaction mixture to intercept the cyano-substituted alkylidene intermediate
(electron-deficient acrylonitrile being too weak a Lewis base to fulfill this role). Another
interesting feature of the acrylonitrile cross-metathesis reactions is the high selectivity for
the less stable cis olefin product. :

The results of mechanistic experiments aimed at determining the kinetic origin of
cross-metathesis selectivity will be presented. The influence of catalyst and substrate
structure on reaction outcome (e.g., olefin geometry and cross-metathesis selectivity) will
also be discussed. :

Rz

& c

M=CH, =——= M

NZ]*\H -
O v,

CN
Vs
R

Figure 1. Acrylonitrile Cross-Metathesis
References:

1. Crowe, W.E.; Zhang, Z. J. J. Am. Chem. Soc. 1993, 115, 10998-10999.
2. Crowe, W. E.; Goldberg, D. R.; Zhang, Z. J. Tetrahedron Lett. 1996, 37,21 17-2120.
3. Crowe, W. E.; Goldberg, D. R. J. Am. Chem. Soc. 1995, 117, 5162-5163.
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Presentation #9

The Polymerization of Terminal Olefins by Group 4 Metal Complexes

that Contain Diamido/Donor Ligands.

by

R. R. Schrock, R. Baumann, F. Schattenmann, S. Reid, Y. Schrodi, and D. Graf
Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachr.lsetts 02139

Addition of Lis[(t-Bu-dg-N-0-CgH4)20] (Lio[NON]) to TiClp(NMey); yields TiiNONJ(NMey)o,
from which Ti[]NON]Cl, was prepared by addition of Me3SiCl. Alkylation of TifNON]Clp with 2
equivalents of MeMgCl affords [NON]TiMe; (1). An X-ray study of 1 shows that it has a
trigonal bipyramidal structure with O and one Me group in axial positions. [NONJ]ZrMe; (2) can
be prepared in a manner related to that employed to synthesize 1. Addition of B(CgF5)3 to 2 yields
{INON]ZrMe }[MeB(C¢F5)3] (3a), an X-ray study of which shows that the borane has partially
abstracted the "apical" methyl group. Addition of [PhNMe,H][B(CgFs5)4] to 2 in bromobenzene-
ds generates "{[NON]ZrMe(PhNMe2)][B(CsFs5)4]" (3b). 3b is an active catalyst for the
polymerization of up to 500 equivalents of 1-hexene. The polydispersities and molecular weights
of poly(1-hexene) prepared in reactions run at 0°C suggest that the polymerization is living.
Related chemistry involving other metals, ligands, and substrates will be discussed as time
permits.

X-ray structure of {{[NON]ZrMe}
{MeB(C¢Fs)3} (3a).
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Presentation #10

Novel Heterogeneous Metathesis Catalysts
by

F. Stelzer
P.Buchacher, E. Eder, R. Podolan, P Preishuber-Pfliigl,
Institute for Chemical Technology of O‘rganic Materials, Technical University of Graz,
Stremayrgasse 16, A-8010 Graz, Austria. e-mail: stelzer@ictos.tu-graz.ac.at

Heterogeneous catalysts are a requirement (or at least very helpful) for the implemen-
tation of many chemical reactions in technological processes. Some processes based on
olefin metathesis have got industrial relevance (e.g. SHOP, FEAST, polyoctenamer,
polynorbornene, polydicyclopentadiene). Most of them run with a heterogeneous catalyst
or a "classical” catalyst. until now no industrial process uses the well defined catalysts.

One reason for this might be the high price of the catalyst (if used as initiator for
polymerisations) or the lack of heterogeneous systems. We target both problems in trying
to develop heterogeneous catalyst systems which can be used in ROMP and in low
molecular petrochemical processes as well. Three systems will be presented:

1. Similar to Ziegler catalysts MgCl2 is used as activating support. Two years ago we
reported the activity of MgCly itself. The activity and reproducability was too poor to be
useful as an industrial catalyst.

- By using MgCl2 as the support for Mo-carbenes the activity could be enhanced

drastically. Thus the use of the "precursor” Mo-triflate was enabled. Some details on the
activity of this category of catalysts will be presented in the first part.

2. Coming from the industrial side of the application of metallocenes the necessity of
heterogenisation of these systems was known. Several support materials have been used
for that purpose. We show the possibility of using a carrier basing on crosslinked MAO
supported on alumina or silica for binding a Mo-carbene of the Schrock type. These
catalysts can be used for the polymerisation of a variety of cycloolefins. The activity can
be influence by varying the crosslinking compound (usually a diol) and the crosslinking
and surface bonding procedure. The activity is high enough to use a-olefins as transfer
agents.

3. Finally we report on most recent experiments to heterogenize Ru-carbenes on inorganic
carriers. Thus the advantages of the robust Ru-systems and of inorganic supports should
be combined. First results show the possibility of binding ruthenium benzylidene
complexes via appropriate spacers to a silica support.

The advantages of all materials are a very low transition metal concentration leading to
high monomer/catalyst ratio, high purity of the polymers, stereochemical features
different to homogeneous initiators and compatibility with existing processes.

The work was supported by PCD-Polymers (Linz, A), Ivoclar-Vivadent (Schaan, FL) and
Forschungsforderungsfonds der gewerblichen Wirtschaft (,, FFF“, Vienna, A)
: 28




Presentation #11

Exploring Cell Surface Interactions with Ligands Synthesized by ROMP

M. Kanai, L. L. Kiessling*
The Departments of Chemistry and Biochemistry
University of Wisconsin-Madison
1101 University Avenue
Madison, WI 53706

Protein-carbohydrate interactions facilitate critical biological processes involving cell — cell
recognition, including fertilization, bacterial and viral pathogenesis, and the immune
response. Despite their importance in biology, monovalent protein — saccharide complexes
are of low affinity (e.g. K,= 10*M). An important feature of the carbohydrate ligands that
facilitate these interactions is that these epitopes are generally presented in multivalent
arrays, either on cell surface glycoproteins or glycolipids. Because of the complexity of

such interactions, little is known about the underlying features that give rise to high affinity
and specific binding events or about how these interactions might be controlled.!

To address these issues, we used the ring-opening metathesis polymerization (ROMP) to
generate a variety of polymers bearing multiple saccharide residues. Using ruthenium car-
benes, monomers containing a variety of functional groups can be polymerized under ho-
mogeneous or emulsion conditions. This approach has been used to generate potent in-
hibitors of biologically and medically relevant proteins that bind cell surface saccharides.'”

OSaccharide

1 OSaccharide 2 OSpacer 3 OSaccharide OSaccharide OSpacer OSaccharide

Figure. Saccharide-substituted polymers with varying numbers of repeats were generated by varying

the ratio of catalyst to monomer. Block copolymers were also synthesized to explore protein —

saccharide binding. :
The synthesis of saccharide-substituted polymers of different lengths, generated by varying
the catalyst to monomer ratio, and block copolymers, possessing clusters of saccharide
recognition elements separated by varying distances, has been accomplished (Figure).
Various features of the monomer template bearing the appended saccharide residues were
found to be critical to the production of materials possessing the desired properties. These
unique tools have provided new insights into the origins by which multivalent ligands
achieve high affinity binding. Importantly, the saccharide-substituted polymers also serve
as leads for the creation of new materials with tailored biological properties.

1. Kiessling, LL; Pohl, NL Chem. Biol. 1996, 3, 71.
2. Manning, DD; Hu, X; Beck, PJ; Kiessling, LL J. Am. Chem. Soc. 1997119, 3161.
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Presentation #12

Ring Closing Olefin Metathesis in the Asymmetric Synthesis
of Natural Products

by

Michael T. Crimmins
Venable and Kenan Laboratories
Department of Chemistry
University of North Carolina at Chapel Hill
Chapel Hill, NC 27599-3290

The efficient, diastereoselective and enantioselective synthesis of molecules
containing acyclic stereochemical arrays has advanced greatly in the past 10 to 15 years.
There are now useful, general methods for asymmetric aldol condensations, alkylations,
dihydroxylations, crotyl boronate additions, allyl boronate additions and others. In
contrast, there are fewer general strategies available for the diastereoselective and
enantioselective synthesis of cyclic compounds containing one or more stereogenic carbon
atoms. One excellent example is the asymmetric Diels Alder reaction which is limited to the
preparation of six membered rings with specific substitution patterns and stereogenicity.
There are even fewer methods for the construction of five, seven, and larger rings and they
are limited to highly specific substrates.

A general strategy for the diastereoselective and enantioselective construction of
various ring sizes with some flexibility with regard to substitution and stereogenicity will
be presented. This strategy relies on the realization that the combination of reactions which
provide high acyclic stereocontrol with the Grubbs ring closing metathesis reaction! can
provide rapid entry into functionalized, enantiomerically pure carbocycles and heterocycles.

An example which provides rapid, efficient entry into carbocyclic nucleosides is
shown below.2 This and other ongoing synthetic applications of this strategy will be
presented.

o 9 Bu,BOTE , i-Pr,NE oH O )oL ClACy3P)Ru=CHPh
o N o
e \‘H“H

~H"“ ZCHO, CHyCh 97%
PhH,C H H 77% PhHL H H

W 9§ stops e YH
@’“ﬁ ~ONY
% (o) _— \
. H HO N
A% N§(
PhH2C H

1. "Ring Closing Metathesis and Related Processes in Organic Synthesis” Grubbs, R.H,;
Miller, S.J., Fu, G.C. Acc. Chem. Res. 1995, 28, 446-452.

2. "A Efficient Asymmetric Approach to Carbocyclic Nucleosides: Asymmetric Synthesis
of 1592U89, a Potent Inhibitor of HIV Reverse Transcriptase,” Crimmins, M.T. and
King, B.W. J. Org. Chem. 1996, 61, 4192-4193.

(-) - 1592U89 NH
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Presentation #13

New Group VIII Transition Metal Catalysts for the Addition
Polymerization of Norbornene-type Monomers: Catalyst Types,
Mechanisms and Polymer Microstructures

by

Brian L. Goodall, Dennis A. Barnes, George M. Benedikt, Lester H. MclIntosh and Larry
F. Rhodes. The BFGoodrich Company, 9921 Brecksville Road, Brecksville, Ohio 44141

The polymerization of strained cyclic olefin monomers, such as norbornene, finds its
roots in the 1950's with the work of Andersen and Merckling who discovered polymers
produced via the ring-opening metathesis polymerization (ROMP) of norbornene.

If we ignore carbocationic and free-radical initiated reactions (which are known to yield
only oligomers) there are 3 different mechanisms by which norbornene can be
polymerized, ROMP and the "addition" polymerization of norbornenes, both
homopolymerization (on which this paper will focus) and copolymerization with
a-olefins which forms the basis of EPDM technology, although more recent work is
aimed at generating high T, polymers.

We now report the discovery of a broad family of new single component catalysts for
the addition polymerization of norbornene-type monomers.

Using these catalysts we have been able to synthesize a new family of poly(norbornene)s
in which the homopolymer of norbornene was found to have a T, of 380-390°C which
can be conveniently tailored by copolymerization. The molecular weights can be
controlled from a few hundred to several million by use a novel chain transfer
technology, affording novel olefin-terminated polymers. The new catalysts have such a
high tolerance toward functional groups (such as carboxylic acid and esters thereof) that
it is also possible to homo- and co-polymerize a wide variety of norbornene monomers
bearing functional groups.

Aspects of the polymerization mechanism will be discussed as well as evidence for at
least two different polymer microstructures; nickel catalysts giving highly soluble atactic
polymers while palladium analogs afford virtually insoluble diisotactic polymers.
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Presentation #14

Synthesis of novel polymeric materials via ROMP
by

E. Khosravi, W.J. Feast, V.C. Gibson, R.M. Towns,
C. Redshaw, C.Bilton, J. Maas, A. Kilbinger, and D.-J. Liaw

IRCin Polymér Science and Technology,
University of Durham,
South Road, Durham DH1 3LE, UK.

Abstract

The use of well-defined initiators allows living polymerisation and control over the
cis/trans vinylene content and, in favourable cases, tacticity. Poly(bistrifluoromethyl
norbornadiene), PBTFMND, has been particularly well studied. Polymers with virtually
all cis and all trans vinylenes are now readily accessible (1, 2). The all trans polymer is
found to be 92% tactic and it was assigned as syndiotacic with the aid of dielectric
spectroscopy (3). The all cis polymer is found to be 75% tactic. Schrock and coworkers
have shown that PBTFMND can be prepared >99% cis and >99% tactic using chiral
Molybdenum alkylidene initiators (4). In this paper we discuss our approaches to
increasing the tacticity of the all trans polymer which has interesting technological
possibilities.

Living chain growth polymerisation allows the possibility of making block copolymers
via sequential addition of monomers. Block copolymers in which blocks derived from
the same monomer but having different microstructures have been prepared via anionic
(5) and metallocene (6) methods and in this paper we demonstrate that this is also
possible using ROMP. Blocks in stereoblock copolymers may be incompatible leading to
the possibility of morphology control and hence bulk property control in a material
derived from one monomer.

References:

1. G. C. Bazan, E. Khosravi, R. R. Schrock, W. J. Feast, V. C. Gibson, M. B.
O’Regan, J. K. Thomas and W. M. Davis, J. Am. Chem. Soc., 1990, 112, 8378.

2. W. J. Feast, V. C. Gibson, and E. L. Marshall, J. Chem. Soc., Chem. Commun.,
1992, 1157.

3. G.R. Davies, H. V. St. A. Hubbard, I. M. Ward, W. J. Feast, V. C. Gibson,
E. Khosravi and E. L. Marshall, Polymer, 1995, 36, 235

4. R. O’Dell, D. H. McConville, G. E. Hofmeister and R. R. Schrock, J. Am. Chem.
Soc., 1994, 116, 3414.

5. S. Poshyachinda, H.G.M. Edwards and A.F. Johnson, Polymer, 1991, 32, 334.

6. G.W. Coates and R.M. Waymouth, Science, 1995, 267, 217.
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Presentation #15

Telene™ RIM Polymers: Industrial Chemistry
and PolyDCPD Applications

Andrew Bell
Telene Products Division, BFGoodrich Specialty Chemicals
9921 Brecksville Road, Cleveland, OH 44141-3289

BFGoodrich is the largest supplier of dicyclopentadiene (DCPD) based RIM polymers in
the United States. Since their introduction in 1990, Telene RIM Polymers has expanded
\ from a research program to include a formulations business as well as a molded parts
- maufacturing operation in Elyria, OH. In 1996, BFGoodrich started production of high

: purity DCPD in Calvert City, KY. Markets for Ultrene™ 97% DCPD include specialty
- resins, catalyst systems, and processes requiring consistent, high purity DCPD. As part of
- a worldwide commercialization effort, we are engaged in a joint venture with TOTAL

(Telenor, France) and have a licensing agreement with Nippon Zeon (Japan).

Telene 1100 and 2100 RIM Polymers are thehnoset olefins formulated with DCPD-based
comonomers polymerized via ROMP. Telene 1100 polymer is a multipurpose product
which provides an excellent combination of sﬁiffness, impact strength and heat deflection
temperature with a low specific gravity. Theiimpact resistance of Telene RIM polymer is
maintained at a relatively high level even at temperatures as low as -40 °F, thus making the
- material suitable for non-structural Class A parts, such as snowmobile hoods. Telene
" products are unique in that they are available in fast or slow formulations. The slower gel

time developed for Telene 2100 RIM Polymers is of particular importance for producing

non-Class A industrial parts, such as chlorine cell covers weighing over 900 Ibs.

X This presentation will cover (i) the general aspects of the DCPD business and related
‘ chemistries, (ii) the ring-opening metathesis polymerization and reaction injection molding
v of polycyclic olefins, (iii) the development of Telene RIM polymer activator and procatalyst
-~ chemistries, and (iv) demonstrate how Telene RIM polymers meet performance
requirements across a number of different applications.

“ References

Minchak, R.J. US Patent 4,426,502 (1984).

Janda, D.J.; Stricharczuk, P.T.; Minchak, R.J. US Patent 4,426,502 (1990). .
Stricharczuk, P.T.; Minchak, R.J.; Kettering, T.J.; Janda, D.J.; Gribble, G. R. US
Patent 5,438,093 (1995).

Sugarwara,T.; Kudo, S.; Okumura, K. US Patent 5,463,002 (1995).

Mazany, A. M. US Patent 5,585,510 (1996).
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Presentation #16

Using Olefin Metathesis to Produce Fine Chemicals
by

Richard L. Pederson
Bend Research Inc.
64550 Research Road
Bend, Oregon 97701

Kris Terry
Consep Inc.
213 SW Columbia St.
Bend, Oregon 97702

Our research is directed at the development of novel processes to produce fine chemicals.
Olefin metathesis' holds promise in lowering the cost of producing biologically active

, compoundsz, a class of fine chemicals. The use of biologically active compounds has

grown rapidly in recent years as the technology has become accepted in agriculture and as
fewer insecticides are available for use. Despite the advantages of using biologically
active compounds (including greatly reduced environmental impact relative to that of
pesticides), their use has been limited to due to high production costs. If the cost of .
producing biologically active compounds can be reduced, cost-effective insect-control
products can be produced that are more environmentally benign than conventional
pesticides.

Our approach has been to use Grubbs’ olefin metathesis catalyst3 in acyclic diene
metathesis (ADMET) reactions to produce biologically active compounds. This talk will
be directed at the synthesis of E,E-8,10-dodecadienol. E,E-8,10-Dodecadienol is used in
mating pattern disruption of the Codling moth, a major pest in fruit orchards.

\/\/\/\/\X+R/\/\/ > e /\/\/\/\/\/\OH

R =H or CH3 E,E-8,10-dodecadienol
Biologically active compound

References
1. Ivin, K.J., Olefin Metathesis, Academic Press, San Diego, California 1983.

2. Henrick, C.A., Tetrahedron, 1977, 33, 1845.
3. Schwab, P.; Grubbs, R.H.; Ziller, J.W., J. Am. Chem. Soc., 1996, 118, 100.
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Presentation #17

Cationic Aluminum Alkyl Complexes: Transition-Metal-Free Single-
Site Olefin Polymerization Catalysts.

Richard F. Jordan

Department of Chemistry, The University of lowa, lowa Cit);, Towa, 52245 USA.

Olefin polymerization catalysts derived from Cp2ZrX> and other metallocene complexes are highly
active and, with proper tuning of the Cp ligand structure, highly selective. The active species in
these catalyst systems are Cp2Zr(R)* cations, which can be generated from Cp2ZrX»2 pfecursors
by alkylation and R-/X- abstraction. Studies of model complexes suggest that Cpa2Zr(R)* species
coordinate and polarize the olefin, thus promoting insertion into the Zr-C bond. These advances
have prompted the development of new classes of LaMX2 and LyM(R)* transition metal
compounds which incorporate the key features of metallocene systems but which contain new
metal/ligand combinations. Can this approach to catalyst design be extended to main group
compounds? In this lecture we will describe studies of cationic aluminum amidinate alkyl
complexes of general type {RC(NR')2} AI(R)*, which are active for ethylene polymerization.
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Presentation #18

Synthetic Applications of New Olefin Metatheses
- by

Marc L. Snapper
Merkert Chemistry Center
Department of Chemistry

Boston College
Chestnut Hill, MA 02167

The introduction of structurally defined, metathesis-active catalysts, such as
alkylidenes 1 and 2,! has allowed for the development of new, synthetically useful
transformations in organic chemistry. In this regard, our studies on a highly selective
cross-metathesis between cyclic and acyclic alkenes (eq 1) will be presented.?

ROM
Ring Opening Metathesis
1 R=Cy.R'=Ph

/=R R = Cy. R’ = HC=CPhy 1 _
3 EIDR3CI 2R ; CE vl (eg 1)
R -

R

The utility of the reaction will be highlighted with the efficient construction of several
important natural product ring systems. In addition, questions regarding the mechanism of
the transformation will also be addressed. For example, the ruthenium alkylidenes
involved in the selective ROM catalytic cycle will be identified (Scheme 1). Moreover. the
auxiliary nature of one of the two phosphine ligands found in catalysts 1-2 will be
discussed. The structural information provided will also yield insight into the metathesis-
active termini of relevant living polymers, as well as offer novel ruthenium complexes with
differing but useful catalytic properties.

Scheme 1. Which catalytic cycle is responsible for selective ROM?
Mechanism 1 ED Mechanism 2 ED

CY3PRq—- /\< 'E CY3PRL‘|—
R ! R/=RuPCy3 | DD =RuPCy3

R B @
Understanding the structural and electronic features at work in ROMP and ROM
processes, such as described above, should prove useful in applying metathesis toward

new synthetic challenges, as well as for developing the next generation of metathesis
catalysts.

|
Q

References:

I. For example, see: Schwab, P.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc.
1996, /18, 100 and references cited therein.

2. Randall, M. L.; Tallarico, J. A.; Snapper, M. L. J. Am. Chem. Soc. 1995, 117,
9610. Snapper, M. L.; Tallarico, J. A.; Randall, M. L. ibid. 1997, 119, 1478.
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Presentation #19

New Results in Metathesis Polymerisation of Alkenes and Alkynes

Karin Weiss ‘
Laboratorium fiir Anorganische Chemie der Universitit Bayreuth
~ D-95440 Bayreuth, Germany

Metathesis polymerisations of alkenes, like ROMP or ADMET reactions, are
well known since many years. Very active catalysts are Schrock type carbene
complexes. We found that also Schrock type carbyne complexes are active
catalysts in metathesis polymerisation reactions.

n RHC=CHR Lb
+ 2 n RCH=CHR' . . tn
+ L W=C'Bu —>
n RHC=CHR n

CH,=CH
+n ) + n HC==CH
CH,=CH /
:%CUC% + n HyC=CH, :%CH HC%

L, = Cly(dme) ; Npy : ('8u0),

Schrock type carbyne complexes polymerise 1-alkynes. Internal, noncon-
jugated diynes give polyalkynes with (tBuO);WCtBu in an ADMET like
condensation reaction and conjugated diynes produce PPE derivatives with
high molar masses.

Reference:

K.Weiss, A.Michel, E.Auth, U.Bunz, T.Mangel and K.Miillen, Angew. Chem.
1997 (109) 522.
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Presentation #20

Mechanisms of Stereocontrol in Isospecific and Syndiospecific
Polymerizations of Propylene '

|
by

John E. Bercaw
Arnold and Mabel Beckman Laboratories of Chemical Synthesis
California Institute of Technology
Pasadena, CA 91125

Single component yttrocene catalysts have been prepared in enantiopure form (below) for the
purpose of investigating the mechanism of stereoselective chain growth for isotactic
Ziegler-Natta o-olefin polymerizations. Isotope effects and stereochemical probes have been
used to define the transition state structure for 1-pentene insertion into yttrium-hydrogen and
yttrium-pentyl bonds. The findings have identified the most important interactions that
stereodifferentiate between the enantiofaces of « olefins in chain propagation.l

HD D
Me;Si CD ’
SO o it
3=si Y—R -

./ Me;Si 2
Basing our design on the transition structure for isospecific catalysts, we have developed a new
class of metallocene catalysts (below) capable of producing highly syndiotactic polypropylene
(PP) (R = CHMe;).2 The number and types of stereoerrors produced as a function of
temperature and propylene concentration, as well as deuterium isotope studies have been used to
probe the mechanism of syndiotactic control. An "ambi-specific" catalyst (R = CHMeCMe3) has
also been prepared that produces moderately syndiotactic PP at high propylene concentration,
switching to moderately isospecific at low propylene concentration.

R

. \ Cl propylene
Me-Si %
MejSi Zr\ » polypropylene

' ? Cl MAO = (AlOMe),

References:

1. Gilchrist, J. H.; Bercaw, J. E. J. Am. Chem. Soc. 1997, 48, 12021.
2. Herzog, T. A.; Zubris, D. L.; Bercaw, J. E. J. Am. Chem. Soc. 1997, 48, 11988.
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Presentation #21

Precise Structure Control Via ADMET Polymer Chemistry

Ken Wagener, Dom Valenti, and Jim Konzelman
The George & Josephine Butler Polymer Research Laboratory
Department of Chemistry
University of Florida
Gainesville, Florida 32611

We have begun a study using acyclic diene metathesis polymerization in the synthesis of
precise macromolecular structures. ADMET chemistry lends itself well to this sort of
venture, as it is mechanistically clean and amenable to facile reaction conditions.

For example, perfectly alternating copolymers can be created by taking advantage of steric
deactivation of olefins within hydrocarbon monomers.! Trisubstituted dienes are inactive
in the presence of the tungsten version of Schrock's catalyst, and so while the terminal
olefins of 5-methyl-1,5,9-decatriene are ADMET active, the internal olefin is not. This
monomer condenses to a perfectly alternating copolymer of butadiene and isoprene.

Perfectly regular polyalcohols also can be made via ADMET chemistry.2 Symmetrical alpha
omega diene monomers possessing primary, secondary, or tertiary alcohols on the "center"
carbon can be condensed into their requisite polymers using Grubb's ruthenium catalyst
system. These polymers possess perfect regularity in the placement of the alcohol groups
and offer potential as drug delivery backbones for pharmaceutical use.

Be NMR

CHy

.
-

13C NMR of Perfectly Imperfect Polyethylene

The alcohol group can be replaced by a methyl group, and the saturated version of these

polymers produces a "polyethylene” with methyl branches on each and every 9th carbon.?
These model polymers are being used to better understand the effect of branching on
polyethylene, the world's largest volume polymer.

References:
1. Konzelman, J; Wagener, K. B.;Macromolecules, 1996, 29, 7657.
2. Valenti, D. J; "Acyclic Diene Metathesis (ADMET) Polymerization: The Synthesis

of Well Defined Model Polymers For Polyolefin Materials", PhD Dissertation,
University of Florida (1997).

3. Wagener, K. B.; Valenti, D. J.; Hahn, S. F. "ADMET Modeling of Branching in

Polyethylene. The Effect of a Perfectly-Spaced Methyl Group"; accepted in
Macromolecules, 1997.
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Presentation #22

Metathesis of Alkanes Catalyzed by Silica Supported
Transition Metal Hydrides: a New Catalytic Reaction

V. Vidal, A. Théolier, J. Thivolle-Cazat and J.M. Basset
Laboratoire de Chimie Organométallique de Surface, UMR CNRS-CPE 9986
43 Bd du 11 Novembre 1918, 69616 VILLEURBANNE, Cédex, France

We have reported recently[1] that Ta(-CH,CMe3)3(=CHCMe3) 1 reacts with the
OH groups of a silica dehydroxylated at 500°C to form a mixture of two surface
species: (=Si-0-)xTa(-CHyCMe3)3 x(=CHCMe3) 2a (=65%; x=1) and 2b (=35%;
x=2). Upon treatment under hydrogen at 150°C overnight, these two complexes lead
mainly to a surface tantalum(III) monohydride (=Si-O-Si=)(=Si-0O-),;TaH 3 (noted
[Ta]s-H) which has been fully characterized by IR spectroscopy, EXAFS,

microanalysis and quantitative chemical reactions[2].

The [Tals-H complex 3 reacts at room temperature with cyclic alkanes
(cyclopentane to cyclooctane)(2,3], via a C-H bond activation to form
stoechiometrically tantalum(III)-cycloalkyl species with evolution of one equivalent of
hydrogen:

[Tals-H + (cyclo-RH) —— [Ta]s-(cyclo-R) + Hj ' (1)

The [Ta]s-H complex 3 catalyzes at moderate temperature (25-200°C) the
metathesis reaction of acyclic alkanes, to form the higher and lower homologues. For
instance, ethane was transformed at room temperature into propane and methane in
comparable amounts with some traces of n- and 1sobutanes (Fig. 1).

'05 30 - Methane

o 25 1 Propane

e 204 P

Ew® 151

~

" 10+

% 51 Butane +

= 0 : & jlsobutane
0 50 100

Time (h)

Higher and lower homologues were also obtained from propane, butane, pentane as
well as from branched alkanes such as isobutane or isopentane. The mechanism of the
step leading to C-C bond cleavage and formation very likely involves a four-centered
transition state between a tantalum-alkyl and a C-C o-bond of a second molecule of

alkane.
To our knowledge, the alkane metathesis is a new unprecedented catalytic

reaction which can be described by the general equation:

2CpHon+2 —— Cn+iH2(n+)+2 + Co-iH2(@-)+2  (2)
where i=1,2,..n-1, but withi= 1 generally favored.

1. .M. Basset et al., J. Am. Chem. Soc. 1}7, 4288 (1995).
2. J.M. Basset et al., J. Am. Chem. Soc. 118, 4595 (1996).
3. J.M. Basset et al., J.C.S. Chem. Commun. 991 (1995).
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Presentation #23

Poly(cyclohexenylnorbornene): Synthesis and Properties

by
Donald R. Kelsey,* Hoe ﬁ Chuah, Robert H. Ellison,
Dale L. Handlin, Jr., and Betty M. Scardino

New Chemical Product Development

Westhollow Technology Center
Shell Chemical Company
Houston, TX 77082

Cyclohexenylnorbornene [CHNB; endo- and exo-5-(3-cyclohexen-1-yl)bicyclo-[2.2.1]-
hept-2-ene] is prepared efficiently by Diels-Alder cycloaddition of vinylcyclohexene with
cyclopentadiene. Ring-opening metathesis polymerization [ROMP] of CHNB using in
situ catalysts has been found to produce a lightly crosslinked polymer which has several
attractive characteristics.

polyCHNB

The extent of participation by the cyclohexenyl group is estimated to be <<0.5% based on
copolymerizations with norbornadiene dimer. Certain elastomers added to polyCHNB
afford composites with excellent impact resistance. The size of the rubber particles
generated during polymerization is important and the effective morphology is quite different
than that observed for rubber-modified poly(dicyclopentadiene). Also, the oxidative
stability of rubber-modified polyCHNB is improved over that of dicyclopentadiene-based
polymers.
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Presentation #24

STRUCTURAL EVIDENCIES OF THE REACTION
MECHANISM OF OLEFIN METATHESIS
by
ROBERT K. SZILAGYI and LAJOS BENCZE
Miller Laboratory
Department of Organic Chemistry

University of Veszprém
POB. 158, H-8210, Veszprém, HUNGARY

Elementary steps of the reaction mechanism of the olefin metathesis and ring-opening
polymerisation are well known and generally accepted [1]. The catalytic cycle involves
three intermediates, namely, the carbene-, alkene-carbene-, and the metallacyclobutane
complexes. The interconversion of these intermediates is still under experimental [2]
and theoretical investigations [3a].

We have already published a structural model for several penta-coordinate
tungstacarbenes, as a part of this work. The molecular mechanical model was found to
be applicable for studying steric effects, since it can reproduce experimental structures
within the accuracy of the X-ray diffraction method [3b].

The aim of this work is to collect, categorise and structurally analyse the
available experimental structural information of intermediates. A comprehensive
crystallographic and structural survey was performed, therefore, based on the
Cambridge Crystallographic Database [4]. The compilation contains 305 complexes
classified into 17 categories.

The analyses of the crystal structures shows that the size of crystal cells of
molecules varies statistically, but the packing motif is rather limited. More than 80% of
them have P2,/c and P 1 type space group from the possible 235 different combination.
Some selected internal coordinates (W-Cearene, W-Cearbene=X, Y-W-Cearbene=X; W-ﬂz C,
n? C-W-n* C, W-n? C-n* C; puckering of metallacycles, etc.) of the molecular
structures were analysed statistically. »

This collection, as a structural database, can be used in experimental or

theoretical studies to understand the intimate details of the mechanism.

REFERENCES

1. Hérisson J.L., Chauvin Y.: Makromol. Chem., 141 (1971) 161

2. Ivin KJ. and Mol J.C.: Olefin Metathesis and Metathesis Polymerisation,
Academic Press, San Diego, 1997

3. a)Bencze L., Szilagyi R.: J. Mol. Catal., 76 (1992) 145; b) Bencze L., Szilagyi R.:
J. Organomet. Chem., 475 (1994) 183 '

4. Allen F.H., Kennard O.: Chemical Design Automation News, 8 (1993) 1
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Presentation #25

Synthesis of Stereoblock Polymers with Metallocene Catalysts

Robert Waymouth
Department of Chemistry

Stanford University -

Stanford CA 94305

The impressive stereospecificity of homogeneous metallocene catalysts present an
unprecedented opportunity for the molecular design of new polymer structures. We have
recently developed a class of 2-Arylindene metallocene catalysts for the production of
elastomeric polypropylene. These catalysts were designed to isomerize between chiral and
achiral coordination geometries during the polymerization reaction to produce atactic - isotactic
stereoblock polymers. The metallocene precursor (2-PhInd),;ZrCl, in the presence of
methylaluminoxane polymerizes propylene to yield rubbery polypropylene. The physical
properties of this polymer are most readily explained in terms of a stereoblock structure
consisting of isotactic sequences that can crystallize and provide physical crosslinks for the
amorphous atactic stereosequences. The nature of the catalyst precursor and the
polymerization conditions have a large effect on the structure and resulting physical properties
of the polypropylenes produced.

We have also investigated catalysts for the production of novel ethylene propylene
copolymers and will decribe some of our recent efforts to produce alternating ethylene /
propylene copolymers with metallocene catalysts.
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Presentation #26

Microstructural Details of Ring-Opened Metathesis Polymers
of Cycloalkenes.

by -

B. Al-Samak, V. Amir-Ebrahimi, D. Corry, J.G. Hamilton, J.J. Rooney’
and G. Thompson.
School of Chemistry, The Queen’s University of Belfast,
Belfast BT9 5AG, N. Ireland.

Numerous ring-opened metathesis polymers of norbornene, norbornadiene and
derivatives, including 5,6-disubstituted (CO,R, CFs, CH; etc.) and 7-oxa analogues
have been synthesised using a vanety of metal chloride based catalysts and their
microstructures determined usmg BC NMR spectroscopy

The occurrence in high cis polymers either of # double bond pairs or extended 4,
blocks (n>2) frequently noted previously' is now observed more extensively using the
7-oxa monomers and is associated with a strong chemical shift asymmetry for the
carbon resonances of the olefinic triads #c, #t, ctc, and ctt. The previous explanation
based on a conformational aberration effect on the ¢ junction carbon atom placed
immediately after a series of ¢ units is reinforced.

The tacticities of poly(norbornene)s and of many other polymers especially those of the
symmetric 5,6-disubstituted dienes have been established beyond any doubt, espec1ally
via the procedure of fully hydrogenating and analysing the saturated products®. High
cis polymers may be completely isotactic or syndiotactic depending on the catalyst and
solvent etc. The novel high-cis syndiotactic directing catalyst, OsCl; / Phenylacetylene,
has proven to be invaluable for this work. High frans polymers are either atactic or
biased towards isotacticity, but a syndiotactic bias has never been observed. All other
things being equal substituted polymers tend to be more stereoregular than
poly(norbornene) itself. A systematic general picture in this area, a major goal of the
Belfast group, is emerging.

Using group VIII metal catalysts and special solvents almost alternating copolymers of
norbornene and cyclopentene have been synthesised. This remarkable result is
explained by the opposing steric and electronic factors which accompany the
propagation of each monomer. '

References:

1. Amir-Ebrahimi, V.; Carvill, A.G.; Hamilton, J.G.; Rooney, J.J.; Tuffy, C. J Mol.
Catal., 1997, 115, 85.

2. Al-Samak, B.; Amir-Ebrahimi, V_; Carvill, A.G.; Hamilton, J.G.; Rooney, J.J.
Polym. Inter., 1996, 41, 85.
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Recent Findings Concerning
the Thermodynamically Controlled Metathesis Product Spectrum
in the Cyclobutene and 1-Methylcyclobutene Systems

by

Emma Thorn-Csanyi* and Klaus Ruhland
Institute of Technical and Macromolecular Chemistry, University of Hamburg,
Bundesstr.45, 20146 Hamburg, Germany

As reported at ISOM 11 in Durham our results' about the thermodynamically controlled

product spectrum of cyclic oligomers in the cyclobutene system are in contrast to earlier

literature data*™.

To support our findings with quantitative thermodynamic data the determination of the

ring chain equilibrium in dependence on feed concentration, temperature and solvent was

carried out.

The most important findings are :

e Additionally to the sub-equilibria known until now the existence of a solvent dependent
solution/precipitation equilibrium was observed at low temperatures (s. Scheme?).

e The reason for the strongly preferred formation of the all-trans CDT is enthalpic
origin. As consequence the cut-off point is temperature dependent.

e The solvent influences the concentration as well as the configuration sub-equilibria.

Kk R=" =g cut-off-point

Y, N S
Degradation ADMET Enthalpic
+ R=R - R=R — influence y

i ﬁ cDT tetramers

or e
ROMP back-biting Equnhbr{um ?etween

) — all ring sizes
i n ROMP

== 14-8R ’ N\

coo Schulz-Flory-distribution

22
ﬂ Jacobson/Stockmaver-distribution

Precipitation/ | ____= | Configuration equilibrium ] A
Solution equilibrium| for the chains Configuration equilibrium
for every individual ring size

Precipitation
temperature

Results (incl. the 1-methylcyclobutene system) and their relevance for basic research as
well as industrial application will be presented and discussed.

(1) Thorn-Csanyi, E.; Hammer, J.; Pflug, K.P.; Zilles, J.U. Macromol. Chem. Phys. 1995,
1043,196

(2) Chauvin, Y.; Commereuc, D.; Zaborowski, G. Rec. Trav. Chim. Pays-Bas 1977, M131, 96

(3) Suter, U.W.; Hécker, H. Makromol. Chem. 1988, 1707, 177

(4) Chen, Z.-R.; Claverie, J.P.; Grubbs, R.H.; Kornfield, J.A. Macromolecules 1995, 2147, 28

(5) Thorn-Csanyi, E.; Ruhland, K.Abstracts, 36th IUPAC Macro Seoul 96, August 4-9, 1996;
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Ruthenium-Catalysed Olefin Metathesis:
a Quantum Molecular Dynamics Study

by

Olav M. Aagaard, Wil J. Belt, and Robert J. Meier
DSM Research
P.O.Box 18
6160 MD Geleen
The Netherlands

Recently Grubbs et al. have reported some interesting experimental results
regarding the mechanism of ruthenium-based olefin metathesis [1]. They propose a
catalyst structure CL.(PCyc¢;),Ru=CHR with the two chlorines in a cis configuration
for the first step of the reaction, whereas the subsequent step requires one of the

phosphine ligands to leave.

We present results from a quantum molecular dynamics study on this mechanism.
The feasibility of a full quantum molecular dynamics simulation to study catalytic
reactions was first demonstrated in 1994 {2]. This approach is now extended to the
Ru phosphines. We have investigated the reaction of ethylene with the bis-
phosphine Cl,(PH,),Ru=CH, complex (1) and with the mono-phosphine
C1.PH,Ru=CH, complex (2). Both complexes have the chlorine atoms in a cis

position.

Ruthenium complex (1) is unstable and is rapidly transformed to a trans chlorine
complex during a dynamics run. Then, even at a simulation temperature of 1000°C
the chlorines remain in their trans state. Alternatively, during that run one of the
phosphine-ruthenium bonds is getting longer. With respect t0 the proposals of
Grubbs et al. [1], our results confirm that the leaving of a phosphine is likely to be

a prerequisite for further reactions. However, it is noted that an initial cis position
of the chlorine atoms seems to be unlikely. :

As a function of a given surplus of energy in the Ru-P bond in combination of the
temperature of the reaction, simulations on complex (1) with ethylene were found
to reveal different reaction patterns. Either no reaction occurs, insertion to an
intermediate metallacyclobutane structure, or insertion to the cyclobutane
intermediate and subsequent dissociation to either the initial complex, or to the real
metathesis reaction. On the contrary, simulations on complex (2) and ethylene show
directly a real metathesis reaction where the cyclobutane structure is more a

transition state.

References:

| Dias, EL.. Nguyen, S.T; Grubbs, RH. J.Am.Chem Soc., 1997, 119, 3887 |
2. Meier, R.J.; Van Doremaele, G.H.J.; larlori, S.; Buda, F. J.Am.Chem.Soc. 1994,

116, 7274,
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The Reactivity of a-Olefins Containing Perfluorocarbon Segments
with Well Defined Metathesis Catalysts

by

J. D. O. Anderson, K. Brzezinska, R. Schitter, and K. B. Wagener
The George & Josephine Butler Polymer Research Laboratory
Department of Chemistry, University of Florida
Gainesville, Florida 32611

Structure/reactivity relationships for the successful ADMET polymerization of
fluorinated a-olefins were elucidated by study the reactivity of monomers with a varying
number of methylene spacers between a fluorocarbon segment and a terminal vinyl group.
Semi-empirical calculations were carried out using both AM1 and PM3 parameter sets on a
series of model compounds with fluorinated alkyl and aryl segments. These calculations
show that insertion of one methylene spacer between a fluorocarbon segment and a vinyl
group results in almost a 1 eV increase in the orbital energy of the vinyl group (Figure 1).

2 El

Mechylens Spacers (n )

Figure 1. Comparison of orbital energies for model fluorinated olefins
CF3(CH2)nCH=CH3 (I) and C¢F5(CH2)n CH=CH2 (II).

This clearly illustrates the pronounced inductive effect of the fluorinated groups on
the relative & electron density of the vinyl double bond. Such effects are important in
relating the ability of olefins with fluorinated segments to ©-complex to the metal carbene of
various metathesis catalysts. At three or more methylene spacers between the fluorinated
segment and the vinyl double bond, the orbital energy of the vinyl group remains virtually
unchanged.

Early investigations into the reactivity of fluorinated alkenes with Ziegler-Natta
catalysts systems! and of fluorinated norbornenes with metathesis catalysts? demonstrated
the necessity of "spacing” fluorinated groups away from the reactive olefinic bond. NMR-
scale and bulk reactions of these fluorinated olefins with Schrock's molybdenum-based
catalyst, [(CF3)2CH3CO]2(N-2,6-CgH3-i-Pr2)Mo=CHC(CH3)2Ph and Grubbs' ruthenium
catalyst, RuClo(=CHPh)(PCy3)2, support the findings of the computational study.

References:
1. Overberger, C. G.; Khattab, G. J. Polym Sci., Polym Chem. Ed. Al 1969, 7, 217-
235.

2. Feast, W. J.; Wilson. B. Journal of Molecular Catalysis 1980. 8. 277-296.
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Alkene Metathesis In The Synthesis Of Novel B-Lactams
by |

A. G. M. Barreit,2 S. P. D. Baugh,2 D. C. Braddock,2 K. Flack,2 V. C. Gibson,2
M. R. Giles,2 E. L. Marshall2 and P. A. Procopiou?

a  Department of Chemistry, Imperial College of Science, Technology and
Medicine, London SW7 2AY, UK.

b Department of Medicinal Chemistry, Glaxo Wellcome Research and
Development Ltd, Gunnnels Wood Road, Stevenage, Hertfordshire SG1 2NY ,
UK.

The recent development of a number of stable and highly active alkene metathesis
catalysts by Schrock and Grubbs have meant that whole new areas of chemistry are
now possible to access. We have previously described the synthesis, via cross-
metathesis, ring-closing metathesis and enyne metathesis, of a wide range of novel

B-lactams containing the basic backbones 1-3!-3 and continuations to this work will
be presented.

X
X | X = CH,
l NI\J N Me OCH;
S o NTsCH,
1 2

References:

1. Barrett, A. G. M.; Baugh, S. P. D.; Gibson, V. C.; Giles, M. R.; Marshall, E.
L.; Procopiou, P. A., Chem. Commun., 1996, 2231.

2. Barrett, A. G. M.; Baugh, S. P. D.; Gibson, V. C.; Giles, M. R.: Marshall, E.
L.; Procopiou, P. A., Chem. Commun., 1997, 155.

3. Barrett, A. G. M.; Baugh, S. P. D.; Flack, K.; Gibson, V. C_; Procopiou,
P. A., Chem. Commun., 1997, in press.
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The Synthesis of Triblock and ‘Link-Functionalized’ Polymers with
Samarium(III) Bisinitiators

by
L. S. Boffa' and B. M. Novak*
Department of Polymer Science & Engineering
Materials Research Science & Engineering Center
University of Massachusetts at Amherst
Ambherst, MA 01003

Bimetallic complexes of the type (C;Me;),Sm-R-Sm(C. Me;), were used for the “living”
bisinitiated polymerization of methyl methacrylate and e-caprolactone, giving polymers
with discrete functionalities at the center of the backbone (‘link-functionalized’). PMMA
containing internal olefin units could be prepared in this manner from allyl initiators,
although slow and/or inefficient initiation is seen when R is a bulky or heteroatom group.
In contrast, the synthesis of poly(s-caprolactone) incorporating sterically hindering and
electron-rich moieties, such as aromatic. cumulene. and amine/imine groups, is
successtul.

: Sm-{LINKER]-Sm, — LINKER P,

A method for generating a bifunctional organolanthanide(III) initiator in situ from a
(meth)acrylate monomer and a divalent samarium precursor. (C;Me;),Sm or
(CsMe,),Sm(THF),, has been developed. This process involves one-electron transfer
from the Sm(II) species to monomer, forming radical anions which couple to give a
bimetallic Sm(III) enolate that acts as a bisinitiator tor “living” polymerization. Well-

~ defined. highly syndiotactic ABA triblock copolymers containing both methacrylate and

acrylate segments were prepared in two monomer addition steps with this methodology.

References:

" Current address: Air Products & Chemicals Inc.. Allentown, PA 18195
1. Boffa. L. S.: Novak, B. M. Macromolecules 1994. 27. 6993-6995.
Boffa. L. S.: Novak, B. M. Macromolecules 1997. 3(). 3494-3506.

. Boffa, L. S.; Novak. B. M. Tetrahedron. in press.
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Organomolybdenum Complexes with C,N-Chelating
Ligands as One-Component ROMP Catalysts

L.A.M. Brandts?, J. Boersma?2, A.L. Spek® and G. van Koten?

4Debye Institute, Department of Metal-Mediated Synthesis and b Bijvoet Center for
Biomolecular Research, Crystal and Structural Chemistry,
Utrecht University, Padualaan 8, 3._584 CH Utrecht, The Netherlands.

The living character of ring-opening metathesis polymerization (ROMP) catalysis
makes it possible to synthesize well-defined block copolymers. From an applicational point
of view it would be useful to develop catalyst systems that are latent at room temperature and
that show high polymerization activity at elevated temperatures. Examples of alkylidene
complexes based on tungsten that have such properties are already known.!Similar
complexes with molybdenum as the active metal center would be desirable because higher
catalytic activity can be expected and molybdenum is cheaper.

Molybdenum alkylidene complexes can act as active, one-component homogeneous
catalysts in the polymerization of strained cyclic olefins. Moreover, the catalytic properties of
these systems can be tuned by variation of the surrounding ligands.

To that end, we have recently developed several new molybdenum(VI) bis(imidoaryl)
complexes that contain an anionic aminoaryl ligand that is C,N-chelating as well as an alkyl
or aryl group. These air and thermally stable complexes react with alkyl- and aryl- lithium
species to give lithium molybdate complexes which subsequently decompose thermally to
form a species that is an active ROMP catalyst. (eq. 1)

AT
Mo(NAr1),(C-N)R + RLi — [Mo(NAr),(C-N)RR'Li] — ROMP catalyst eq.1

Ar = 2,6 diisopropylphenyl R =Me, Et, Bu, Ns, p-tolyl, C:N
C-N=CgHy(CH;NMey)-2  R'=Me, Bu, p-tolyl

We will report the synthesis and characterization of the new molybdenum(VI)
complexes as well as the corresponding lithium molybdates. Some preliminary results of
polymerization experiments of strained cyclic olefins with the in situ prepared catalysts will
also be presented.

1 a) P.A. van der Schaaf, R.A.T.M. Abbenhuis, W.P.A. van der Noort. R. de Graaf, D.M. Grove,
W.J.J. Smeets, A.L. Spek. G. van Koten, Organometallics. 1994. 3. 1433.
b) P.A. van der Schaat, R. de Graaf, D.M. Grove. W.J.J. Smeets, A.L. Spek, G. van Koten,
Organometallics, 1993, 12, 3955-3963.
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Acyclic Diene Metathesis (ADMET) Polymerization. The Synthesis
of 5-Hexenylmethoxydimethylsilane Terminated Telechelic
Polyoctenamers

by
K.R. Brzezinska, J.D. Anderson, K.B. Wagener™
The George & Josephine Butler Polymer Research Laboratory
Department of Chemistry
University of Florida
Gainesville, Florida 32611

and G. Burns
Advanced Polymeric Systems Laboratory, Dow Corning Corporation
Midland, MI 48686

We found that acyclic diene metathesis (ADMET) polymerization is viable route towards the

- synthesis of linear unsaturated telechelic oligomers. Earlier we report the synthesis of 1,4-

polybutadiene telechelic possessing diester, disilylether, and diimide end groups via
depolymerization of polybutadiene.!

To demonstrate the synthesis of the o, - difunctional polymers via ADMET polymerization with a
chain limiter, we performed a reaction of 1,9-decadiene with 5-hexenylmethoxydimethylsilane
using ruthenium based catalyst, RuClo(=CHPh)(PCy3); [Ru],2 (Figure 1).

CHj,
\(CH2)6\/ + 2 AN StOCH;

(L

(.:H3 CH:;
CH;051 7 N\ StOCH :
CM(CHZ)(X\/\/\/ o, 3 + CH,=CH,

Figure 1. ADMET polymerization of 1,9-decadiene using 5-hexenylmethoxydimethylsilane as
chain limiter

The measured molecular weight Mp, of the polymer is equal to calculated values within the limit of
an experimental error, where the final My, value is dictated by the initial ratio of 1,9-decadiene to
the chain limiter. ADMET polymerization of 1,9-decadiene in the presence of 5-
hexenylmethoxydimethylsilane offers a simple route to prepare 5-hexenylmethoxydimethylsilane
terminated telechelic polyoctenamers with the functionality close to 2.0.

References:
1. Marmo, J.C.; Wagener, K.B. Macromolecules 1995, 28, 2602.

2. Schwab, P.; France, M.B.; Ziller, J.W.; Grubbs, R.H. Angew. Chem. Int. Ed. Engl. 1995,
34, 2039. '
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Ring-Opening-Metathesis Polymerization (ROMP) for
the preparation of new materials in separation chemistry
by
M. Buchmeiser, N. Atzl, M. Mupa, G. Bonn
Institute of Analytical Chemistry and Radiochemistry
University of Innsbruck, Innrain 52a, A-6020 Innsbruck,
AUSTRIA

ROMP was used for the modular, molecular design of
stationary phases. New materials for solid-phase extraction (SPE)
as well as for air and water clean-up have been prepared by ring-
opening metathesis suspension copolymerization of the cross-linker
1,4,4a,5,8,8a-hexahydro-1,4,5,8-ex0-endo-dimethanonaphtalene
with a large variety of functional monomers, using well-defined
Schrock-catalysts. The resulting crosslinked polymers have been
investigated in terms of influence of the polymerization sequence as
well as of the stoichiometry on particle shape, particle size, swelling
behavior, surface area, capacity, accessability of the functional
groups, and their possible use in SPE, respectively. In order to
obtain further information about the new resins, the microstructure
of the polymers was determined by NMR-techniques.

Using this convergent synthetic approach, an almost unlimited range
of functionalities might be introduced leading to a family of high-
performance stationary phases exhibiting novel retention
characteristics due to their unique structure of a molecular fur
carrying the selective functions. So far, the new polymers of high
adsorption capacity with functionalities (e.g. 1,4-dicarboxylic acid,
dipyridyl amide), which are stable over the entire pH-range, were
employed mostly in the area of solid-phasé extraction (SPE). Their
capacity, up to 10 mequiv/g, is much higher than that of most known
high-capacity sorbents in SPE. They were used for the selective
enrichment of various types of organic analytes, as well as transition
metals and lanthanides. Recently, following this new concept, new
stationary phases for use in HPLC have been prepared successfuily.
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Metathesis of Terminal Oleans over Tin-modified Silica-alumina

Marcelo J. D. M. Jannini,' Regina Buffon,' Marco de Wit® and Johannes C. Mol®
! Institute of Chemistry - State University of Campinas - P.0.Box 6154, 13083-970
Campinas - SP, Brazil
? Faculty of Chemistry - University of Amsterdam, Nieuwe Achtergracht 166,
1018 WV Amsterdam - The Netherlands

Silica-alumina (Akzo, 24.3 wt.% AlLOs, calcined at 550°C) modified with a small
amount of R4Sn, where R = Me, Et or‘

several terminal olefins such as hex-1-ene, oct-1-ene and dec-1-ene. Conversions as

n-Bu, is able to bring about the metathesis of

high as 80 % are achieved. Selectivity, however, is low due to isomerization through
double-bond migration followed by cross-metathesis reactions. Dimerization also
appears to be a competitive reaction: during metathesis of hex-1-ene equal molar
amounts of Cyo and Cy; olefins are d‘etevcted.‘ Isomerization can be circumvented by
doping silica-alomina thh cesium hydroxide. Preliminary results concerning the
metathesis of hex-1-ene in presence of 11' wt.% Bu,Sn/Cs/Si0,-ALO; showed that,
although the conversion deoroziéed to ca. 20%, the selectivity was improved, i.e. no
isomers of dec-5-ene were detected, but dimerization was not prevented.

In order to gam some inls-ight»on the role of the alkyltin compound, some studies using
Bu;SnH and Ph,Sn wefe'performed. Alth_ough reported studies concerning the surface
organometallic chemistry of tin suggest that the reaction between BusSn or Bu;SnH
with silica-alumina should lead to the same surface species, =SiOSnBus, " our results
show that the resulting systems present a quite different catalytic behavior: using
Bu;SnH, conversion decreoses and dimeﬁiation is largely favored. Moreover,
BmSn/SiOi, under our experimental conditions, has no catalytic activity. If the role of
the tin compound was to provide alkyl ﬁgmds which, through a-H-elimination, would
lead to the formation of a carbene species, PhySn should promote no metathesis at all.
Preliminary results suggest that this is indeed the case.

Financial support from FAPESP (Brazil) is gratefully acknowledged.

References:

1. Nédez, C.; Theolier, A.; Lefebvre, F.; Choplin, A.; Basset, J.-M.; Joly, J.F.; J. Am.
Chem. Soc, 1993, 115, 722.
2. Nédez, C.; Choplin, A.; Lefebvre, F ; Basset, J.-M.; Inorg. Chem., 1994, 33, 1575.
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Synthesis, Characterization, and Mechanical Properties of
ROMP Polymers

by

K.C. Caster*, C.G. Keck, R.D. Walls, and M.E. Righettini
Lord Corporation
Thomas Lord Research Center
405 Gregson Drive
Cary, NC 27511-7900
ken_caster@lord.com

Olefin metathesis polymerization offers excellent methodology to control polymer
microstructure which potentially leads to interesting and useful mechanical properties. In
this poster, we will describe recent results in our laboratories related to the synthesis of
polymers via Ring-Opening Metathesis Polymerization (ROMP) of substituted norbornene
and benznorbornene monomers and mechanical testing of the resulting polymers.
Monomers synthesis by Diels-Alder cycloaddition chemistry to alkene and benzyne
dieneophiles will be highlighted. ROMP of these monomers by ruthenium and
molybdenum initiators will be described and their reactivities toward these initiators
addressed. Mechanical properties (tensile, dynamic mechanical) on free standing films
prepared from these polymers will be described, thus providing information on cis/trans,
benzannulation, functional group, and strength vs M,, relationships.

Stress, o

Strain, ¢

Figure 1. Representative Tensile Mechanical Data Plot
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The Polymerization of Dicyclopentadiene:
An Investigation of Mechanism

by
T. A. Davidson and K. B. Wagener
The George & Josephine Butler Polymer Laboratory
Department of Chemistry

University of Florida
Gainesville, Florida 32611

Mechanistic investigations of the polymerization of dicyclopentadiene were
conducted with a classical metathesis catalyst, WClg/Et2AICI (1), and three preformed
alkylidenes, Schrock's molybdenum catalyst, Mo(N-2,6-CgH3-i-Pr)(CHC(CH3),Ph)
(OCCH3(CF3)2)2 (2), and Grubbs' ruthenium catalysts, Ru(CHPh)Cl(PR3),, where R =
cyclohexyl (3) or phenyl (4). Utilizing the model compounds 8,9-dihydrodi-
cyclopentadiene (5) and 5,6-dihydrodicyclopentadiene (6), insight was gained into the
mechanism that leads to crosslinked polydicyclopentadiene. Compound 5 underwent facile
metathesis, yielding a ring-opened product upon exposure to either classical catalyst 1 or
molybdenum catalyst 2. Compound 6 appeared to be nonreactive with molybdenum
alkylidene 2 and ruthenium catalysts 3 and 4, yet reacted via an olefin addition process
when subjected to catalyst 1. Additionally, dimers and trimers of compound 6 were
formed from heating in the absence of any catalyst.

o o 0o

&) (6) ©))

Linear polydicyclopentadiene was generated in solution with molybdenum catalyst
2. However, at higher concentrations of monomer, insoluble material was formed. When
heat was removed from the polymerization of dicyclopentadiene through dilution or by
cooling the solution, soluble linear polymer was formed. This finding supported the theory
that a thermally catalyzed olefin addition process is at least partly responsible for the
crosslinking reaction of polydicyclopentadiene.

Polymerization of dicyclopentadiene (9) with ruthenium alkylidenes 3 and 4
resulted in the formation of insoluble polymers, regardless of the concentration of the
solutions. This result was inconsistent with the experiments with compound 6 and the
ruthenium catalysts, where no metathesis was observed.

All attempts to crosslink oligomers of linear polydlcyclopentadlene with
molybdenum alkylidene 2 resulted in only the recovery of linear, soluble polymer. With
the classical catalyst system 1, insoluble material was obtained, which was assumed to be
crosslinked through olefin addition. These results disproved the idea that metathesis
crosslinking can be induced by a critical chain length or concentration of
polydicyclopentadiene. On the contrary, no indication of metathesis crosslinking was
observed whatsoever for these polymerization systems.

References:
1. Davidson, T. A.; Wagener, K. B.; Priddy, D. B. Macromolecules, 1996, 29, 786.
2. Davidson, T. A. Ph.D. dissertation, University of Florida, 1997.
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The Deactivation of Catalytic Metathesis Systems
by Oxygen Containing Compounds

JAK du Plessis, A Jansen van Rensburg and HCM Vosloo
Department of Chemistry
Potchefstroomse Universiteit vir Christelike Hoér Onderwys

POTCHEFSTROOM 2520, South Africa

Most of the metathesis catalytic systems are deactivated in the presence of compounds
containing functional groups [1]. The rhenium system, Re;04/S10,.A1,03/SnMey,
however is one of the few metathesis catalysts that are active in the presence of
functionalized alkenes such as unsaturated esters. We investigated the influence of
functionalized unsaturated hydrocarbons on the activity of different Re;O#/SiO,.
Al,03/SnMe; catalytic systems during the metathesis of 1-octene.

The oxygen containing Lewis bases and Bronsted acids deactivate the 3 % Re,O+/
Si0,.AL,03/SnMe, system in the following increasing order: butyl acetate, water, 2-
pentanone, butanol and then acetic acid. A2 % PO3 and/or 2 % Cs” containing 3 %
Re,04/Si0,.A1L,03/ SnMey is deactivated to a lesser extent by these compounds. In
the presence of the Bronsted acids a higher yield of cross metathesis products are
obtained than in the presence of Lewis bases. Water gives the highest yield of cross
metathesis products followed by butanol and acetic acid. In the case of the Lewis
bases 2-pentanone and butyl acetate little cross metathesis products are observed, but
in the presence of heptanal a high cross metathesis activity is observed, especially if
PO3" are incorporated in the catalyst system.

A relationship exists between the IR stretching vibration of the C=0 and O-H groups,
and the deactivation of the catalyst. A higher value of the stretching vibration
corresponds to a weaker deactivation of the catalyst system. The chain length of these
types of additives also has an influence on the deactivation of the catalyst. A direct
relationship was found between the chain length of the chain associated with the
Lewis base or Bronsted acid, the activity of the catalyst and the stretching vibration of
the functional group under investigation.

References:

[1] Ivin, K.J., Olefin Metathesis, Academic Press (London), 1983, p 1
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The syntheses and activities of silica supported ruthenium carbene
olefin metathesis catalysts

Elisabeth Eder, Peter Preishuber-Pfliigl, Franz Stelzer
Institute for Chemical Technology of organic Materials,
University of Technology, Graz
Stremayergasse 16, A-8010 Graz

Ruthenium carbene complexes [1] are mostly used catalysts in olefin metathesis because of
high stability toward functional groups and high activity. Active ruthenium carbenes surface-
bond [2] to a thermally and mechanically stable inorganic oxid backbone combines the
advantages of homogeneous catalysis with the possibility of separation of heterogeneous
catalysts.

The first step in the immobilisation involves the construction of phosphor ligands [3,4] on the
silica surface which are subsequently used to immobilize the ruthenium complexes via ligand
displacement. Thé high reactivity of lithium organic compounds exhibits a possible access to
attach phosphor ligands to a solid support (Fig. 1).

The metathesis activity of the new catalysts was tested.

7SS S

SiO;
Fig.1 Assumed structure of the heterogeneous ruthenium carbene

References:

1] Peter Schwab, Robert H. Grubbs, Joseph W. Ziller, J. Am. Chem. Soc., 1996, 118,100
[2]  SonBinh T. Nguyen, Robert H. Grubbs, J. Organometallic Chemistry, 1995, 497, 195
3] Maria G. L. Petrucci, Ashok K. Kakkar, Adv. Mater., 1996, 8, 251

4] Maria G. L. Petrucci, Ashok K. Kaléliar, J. Chem. Soc., Chem. Commun., 1995, 1557
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Cyclopentene Addition Polymerization Catalyzed
by Ni and Pd Catalysts

Jerald Feldman. Stephan J. McLain, Mark F. Teasley, Lin Wang,
Lynda K. Johnson,! Maurice Brookhart

DuPont Company, Central Research and Development, Wilmington, DE 19880-0328

'Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina 27599-3290

Although ring-opening metathesis polymerization of cyclopentene is facile, there are
few reports of addition polymerization of cyclopentene. A recent advance has been the
polymerization of cyclopentene with a C, symmetric metallocene catalyst by Kaminsky to
give a highly crystalline addition polymer with a melting point of 395 °C.! Further
characterization of this polymer by Collins revealed that it is highly isotactic with cis-1,3-
enchainment (eq 1).2 Other metallocene catalysts produce a range of structures including
atactic cis-1,3-polycyclopentene and polycyclopentene containing a mixture of cis and
trans-1,3-enchainment. All polycyclopentenes prepared with metallocene catalysts have
low molecular weights (M, < 2,000).

Q metalloceng H H H 0
catalyst H H H H

n

We report here that suitably modified Ni and Pd catalysts can polymerize
cyclopentene. Previous reports of cycloolefin addition polymerization catalyzed by late
metals have been confined to strained monomers that cannot undergo facile B-hydride
elimination, e.g. norbornene and 3,3-dialkylcyclopropenes.” However, this restriction is
lifted when Ni and Pd catalysts containing sterically hindered o-diimine ligands are
employed. These systems catalyze the addition polymerization of cyclopentene to give a
moderately isotactic, cis-1,3-enchained addition polymer that is melt processible (T, = 240
- 330 °C) and high molecular weight (M, up to ~100,000 vs. PE). Both well-defined,
single component catalysts and easily accessible, multicomponent catalysts such as
Pd(OAc),/a-diimine/AlEty/B(CFs), are effective. The effect of ligand sterics/electronics,
choice of metal, and choice of anion/cocatalyst on catalyst activity, polymer molecular
weight, polymer tacticity, and polymer melting point will be discussed.

! Kaminsky, W.; Bark, A.; Spiehl, R.; Moller-Lindenhoff, N.; Niedoba, S. In Transition
Metals and Organometallics as Catalysts for Olefin Polymerization; W. Kaminsky and H.
Sinn, Ed.; Springer-Verlag: Berlin, Heidelberg, 1988, p. 291.

2'Kelly, W.M.; Taylor, N. J.; Collins, S. Macromolecules 1994, 27, 4477.

3 (a) Sen, A.; Lai, T.; Thomas, R. R. J. Organomet. Chem. 1988, 358, 567; (b) Safir, A.
L.: Novak, B. M. Macromolecules 1995, 28, 5396; (c) Reinmuth, A.; Mathew, J. P.;
Melia, J.: Risse, W. Macromol. Rapid Commun. 1996, 17, 173; (d) Rush, S.; Reinmuth,
A.; Risse, W.; O’Brien, J.; Ferro, D. R,; Tritto, I. J. Am. Chem. Soc. 1996, 118, 12230.
4 (a) Johnson, L. K.; Killian, C. M.; Brookhart, M. J. Am. Chem. Soc. 1995, 117, 6414;
(b) Johnson, L. K.; Mecking, S.; Brookhart, M. J. Am. Chem. Soc. 1996, 118, 267; (c)
Killian, C. M.; Tempel, D. J; Johnson, L. K; Brookhart, M. J. Am. Chem. Soc. 1996,
118, 11664.
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Ring Opening Metathesis Polymerisation of Substituted Norbornenes
Bearing Functionalities of Biological Relevance

G. Davis?, V. C. Gibsonb, M. R. GilesP, M. North2and D. A. RobsonP
a) Department of Chemistry, University of Wales, Bangor, G\w'e)'nedd, LLS7 2UW,
UK ‘
b) Department of Chemistry , Imperial College, London, SW7 2AY, UK

In recent years there has been rapid progress in the controlled assembly of
polymers via living ring-opening metathesis polymerisation (ROMP) where well-
defined transition metal initiators allow control over many aspects of the polymer
assembly, including its molecular weight and molecular weight distribution, alkene
backbone configuration and tacticity. Animportant recent addition to the armoury of
initiators is the ruthenium system introduced by Grubbs which has been shown to
give the widest tolerance yet of key functionalities, including aldehydes, primary
amines and most significantly the Bronsted acid groups OH and COzH. Thus, it is
now possible to address the controlled synthesis of highly functionalised polymers
incorporating features of complex biological macromolecules.

Previously, we have reported! the polymerisation of the amino ester derived
monomers (1). Here we describe extensions of this work to amino acid (2),

penicillin? (3) and thymine3 (4) functionalised systems.
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1. (a) Coles, M.P.; Gibson, V.C.; Mazzarol, L.; North, M.; Teasdale, W. G.;

Williams, C.M.; Zamuner, D., J. Chem. Soc. Chem. Commun., 1994, 2505; (b)

Biagini, S.C.G.; Gibson, V.C.: Giles, M.R.; Marshall, E. L.; North, M., Polymer,

in press.

Bizl-l)gini, S.C.G.; Gibson, V.C.; Giles, M.R.; Marshall, E. L.; North, M., J. Chem.

Soc. Chem. Commun., in press. '

3. Gibson, V.C.; Marshall, E. L.; North, M.; Robson, D.A.; Williams, P.J., J. Chem.
Soc. Chem, Commun., in press.
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Acyclic Diene Metathesis Polymerization Using Aryloxo
Tungsten-Based Classical Catalytic Systems

Fernando J. Gémez and Kenneth B. Wagener*

The George and Josephine Butler Polymer Research Laboratories
Department of Chemistry and Center for Macromolecular Science and Engineering
University of Florida, Gainesville, FL. 32611-7200, USA

The synthesis of linear, soluble unsaturated polymers via ADMET polymerization by
means of classical systems under bulk conditions has been achieved. We have identified a
series of suitable catalytic systems for ADMET polymerization through the exploration of a
number of experimental conditions in the polymerization of 1,9-decadiene and high
molecular weight polymer can be isolated in all cases. From these studies, we have
observed that complexes 1-3 successfully catalyze the polymerization of hydrocarbon and
functionalized dienes in a clean ADMET process when activated by tin alkyls. (Fig.1).

1,20r3

+ BuySn \L/\/
R 7 R\ﬂb s
—_— 24
V2 VARVAN i
I ci
Q[o“,‘w."/cn 0, I \ClI

c1¥ o X v Ve (2) X=Ph
B cirircl
' Br Br o} (3) X=Br
X X
1

Figure 1. General scheme for ADMET polymerization using complexes 1-3

The experimental conditions and some insights into the effect of functionalization on the
polymerization outcome will be presented.

References:

1. Nugent, W. A.; Feldman, J.; Calabrese, J. C. J. Am. Chem. Soc. 1995, 117, 8992.

2. Quignard, F.; Leconte, M.; Basset, J.-M.; Hsu, L.-Y.; Alexander, J. J.; Shore, S. G.
Inorg. Chem. 1987, 26, 4272.
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VANADIUM COMPLEXES WITH O,N-CHELATING LIGANDS

“Catalytic Olefin Polymerization: Towards Well-Defined Ligand-Controlled Vanadium
Catalysts™”

H.Hagen!, J. Boersma!, G. van Koten! and A.L. Spek?
IDebye Institute, Department of Metal-Mediated Synthesis,
Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands

2Bijvoet Center for Biomolecular Research, Crystal and Structural Chemistry,
Utrecht University, Padualaan 8, 3584 CH Utrecht, The Netherlands.

Based on its position in the periodic table vanadium might form complexes which could
perform both Ziegler-Natta and Ring-opening Olefin Metathesis Polymerization (ROMP)
and thus provide catalytic systems that could allow the synthesis of new types of block co-
polymers.

Our primary objective is the development of well-defined homogeneous vanadium(IILIV or
V) aryloxy complexes. The ligand systems, which will be applied, are mono-anionic
potentially bi- or terdentate phenol derivatives with one or two amine functions.

We will report the synthesis and characterization of new vanadium(III) and vanadium(IV)
complexes. Various reactivity studies are in progress including polymerization tests, which
will be presented as well.

* This is a project of the Netherlands Institute for Catalysis Research (NIOK) and concerns
a collaboration with E.A.C. Brussee and J.H. Teuben, Groningen Center for Catalysis and
Synthesis, Groningen University and N. Peper and P.W.N.M. van Leeuwen, Department
of Inorganic Chemistry, University of Amsterdam.
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Volatile Alkene Metathesis in the Synthesis of Ferrocene-Vinylenes

by

Robert T. Hembre* and Hookun Lee”

*Eastman Chemical Company; Kingsport, TN 37662
* University of Nebraska; Lincoln, NE 68588-0304

Volatile alkene metathesis of vinylferrocene yields diferrocenylethylene and ethylene:
Fc
2 /= —> ,/~ +CH,
Fc Fc¢

Use of the related reaction of divinylferrocenes to prepare ferrocene-vinylene polymers
through volatile alkene metathesis polymerization (VAMP) has not been successful,’ but

we have found that the metathesis of divinylferrocene gives ready access to “ferrocene-

< W@—/

4

vinylene dimer” shown below.?

"ferrocene-vinylene dimer" "ferrocene-vinylene trimer"

Its optical and redox properties suggest that polymers based on the ferrocene-vinylene
structure would be delocalized (Robin-Day Class-II) materials. This proposal is
supported by the properties of the triferrocene, “ferrocene-vinylene trimer”, which can

also be isolated from the metathesis of divinyl-ferrocene.

U A. S. Gamble, J. T. Patton, J. M. Boncella Makromol. Chem., Rapid Commun. 1992, 13, 109-15.

210 Lee Ph.D. Dissertation, University of Nebraska; August, 1996.
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13C NMR spectra of tactic and atactic hvdrogenated ring-opened
polymers of enantiomeric and racemic endo,exo-5,6-dimethylnorbornene

K. J. vin®, A. M. Kenwright?, G. E. Hofmeister”, D. H. McConville®, R. R. Schrock”,
V. Amir-Ebrahimi®, J. G. Hamilton®, A. Carvill’, J. J. Rooney*
2LR.C in Polymer Science and Technology, University of Durham, DH1 3LE, U.K.
b Department of Chemistry, M.LT., Cambridge, Massachusetts 02139, U.S.A.
¢ School of Chemistry, The Queen's University of Belfast, BT9 SAG, UK.

All-cis and all-frans polymers of the title monomer, prepared using well-defined
molybdenum carbene complexes as catalysts.2. have been hydrogenated and their
structures examined by >C NMR spectroscopy. The hydrogenated polymer made from
the cis isotactic polymer of (+)-monomer shows a single set of 3¢ NMR lines as
expected for an isotactic (NX) sequence of endo (N) and exo ( X) substituents: (CDCly)
& 15.47 (C-8), 19.54 (C-9), 30.18 (C-3), 34.67 (C-2), 38.48 (C-7), 41.28 (C-4), 43.81
(C-5), 47.69 (C-1), 47.84 (C-6). C-1 and C-6 were distinguished by means of 'H-'H
and 'H-1*C correlation spectra.

8 9
(N) Me Me (X)

5 6
—E‘EH: N SH_]—

The hydrogenated polymer made from a cis isotactic polymer of (+)-monomer shows
additional fine structure arising from the random incorporation of both enantiomers in
the potymer chain: four equal lines for C-9, indicating orientational triad sensitivity, two
equal lines for C-3, C-4, and C-5 (NX/NN dyads). also for C-1 (XN/XX dyads), but
single lines for C-8, C-2, C-7 and C-6 (insensitive to the relative orientation of adjacent
repeating units). The hydrogenated polymer made from a frans atactic polymer of (+)-
monomer shows further fine structure due to the presence of both m and » dyads; that
made from a trans atactic polymer of (+)-monomer has 16 possible triad sequences and
gives a more complicated spectrum. A complete assignment was made for the first three
polymers and a partial assignment for the fourth.

Polymers made using non-carbene catalysts were also examined. Hydrogenation of an
all-trans precursor made from (+)-monomer using RuCly as catalyst gave an atactic
polymer, confirming previous observations’. Hydrogenation of a 61% cis, cis/trans
blocky, precursor made from (+)-monomer using OsCly/PhC=CH as catalyst, gave a
syndiotactic-biased stereoblocky polymer, indicating a c/r, t/m correlation. The cis
content of the precursor and the syndiotacticity of the hydrogenated product was
increased by premixing OsCl; with PhC=CH in THF in the original catalyst system.

1. ODell, R.; McConville, D. H.; Hofmeister, G. E.; Schrock, R. R., J. Am. Chem.
Soc., 1994, 116, 3414,

2. Sunaga, T.; Ivin, K. J.; Hofmeister, G. E.: Oskam, J. H.; Schrock, R. R,
Macromolecules, 1994, 27, 4043.

3. Greene, R. M. E.; Ivin, K. J.; McCann, G. M.; Rooney, J. J, Makromol. Chem.,
1987, 188, 1933.
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Novel Zwitterionic [CpM(n-allyl)2]* Complexes: Synthesis,
Structure, Polymerization and Decomposition Pathways
by '
G. Jiménez, M. Thornton-Pett and M. Bochmann
School of Chemestry, University of Leeds, Leeds LS2 9JT, U.K.

We describe here the synthesis and catalytic activity of the first examples of zwitterionic
Zr and Hf bis(r-allyl) complexes. The complexes M(allyl(CsH4R'R")Cp"]! react
cleanly with B(CgFs)3 to give the complexes [Cp"M"'(n3-allyl){n3-C4H4R'R"B'
(CeF5)3}1 {R'=R" =H, M = Zr(1); R' = Me, R" = H, M = Zr(2a), Hf(2b); R"=R" =
Me, M = Zr(3a), Hf(3b)} which contain a 14-electron [Cp"™M(allyl)2]* core stabilised
by agostic bonding of the B-CH2 methylene hydrogens. '
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These complexes are isoelectronic to the active species in metallocene based catalysts,
[Cp2MRI*, they polymerise ethene to give linear polyethene, in some cases of high
molecular weight (up to Mw = 1.3 x 106) and broad polydispersity. Uptake of propene
was not detected. ,

These mono-Cp compounds are able to undergo a facile C-H activation, with alkene
elimination and concomitant migration of a CgFs substituent from boron to metal, to
give the catalytically inactive boryldiene complexes [M(CgF5){n*CH,CR'CR"
CHB(CgF5)2}Cp"] {R' =R" = H, M = Zr(4); R' = Me, R" = H, M = Zr(5a), Hf(5b)}.
This novel catalyst deactivation pathway is unknown in related bis-Cp compounds.2
Fluxional behaviour of these compounds are discussed.

References:
1. G. Jimenez, M. Thornton-Pett and M. Bochmann, submitted.
2. B. Temme, J. Karl and G. Erker, Chem. Eur. J., 1996, 2, 919.
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Ring opening metathesis polymersiation (ROMP) of N3,2-di-(1-phenylethyl)-2-
azabicyclo[2.2.1]-hept-5-ene-3-carboxamide ‘
- Characterisation of oligomers with ESI-MS

Jocham Daniel, Robert Saf, Franz Stelzer, Klaus Hummel
Institut fiir Chemische Technologie organischer Stoffe
Stremayergasse 16/1, 8010 Graz
Austria

The development of well defined metall complex catalyst for the ROMP several years ago allowed the
polymersation of functionalized monomers in a Hliving polymerisation®.

In lliterature only a few examples of the polymerisation of amines or amides has been published so
far.'? '

We report here the synthesis of a highly functionalized norbornenmonomer containing an amin and an
amid function. The polymerisation of N3,2-di-(1-phenylethyl)-2-azabicyclo[2.2.1]-hept-5-ene-3-
carboxamide 1 with an molybdenalkylideninitiator leads to a new ,,poly-amino-acid™ 2, containing the
typically B-aminocarboxy-group.

MeO.
MOOC,  COOMe | MeO wd L
i N e
H H

ol 2. MM
2D TEE e -7
NH: F n

: BN ’ filisaaiin i 3‘—\‘“’ Ph l’):IF=A1~: 0

HN PH{AC)4 \ Bk N 2.) BF3 Et2
© ol e L o !

Ph
1 2

Scheme 1: ROMP-Polymerisation of 1 with a Scheme 2: Schematic reactionpath for 1

molybdenealkylidene-initiator
R'= (CH;):C, R*=C(CHa);

The monomer was synthesized in an Diels-Alder-reaction of the appropiate imine and
cyclopentadiene according to Scheme 2.

The polymerisation of 1 was carried out unter nitrogeneathmossphere because of the oxygen- and -
water sensivity of the initiator. After five minutes reactiontime a small amount of aceton was added to
the solution to quench the reaction and to cleave the metallcomplex from the polymer.

Because of the hydrophilic amine and amide group in the polymer it was possible to measure an
oligomersample with electrospray ionisation massspektroscopy.

We has been able to detect not only oligomers up to a molecularweight of 4000 Daltons, we has also
been able to confirm the suspected stucture of both endgroups of the oligomer.

This is a further confirmation of the generally accepted metathesismechanism.

The aim of this work is an optically active polymer which might be usable as a chirale HPLC-material
for the separation of racemic amino acids.

1 RM.E Schitter, T. Steinhusler, F.Stelzer, J. Molec. Catalysis A: Chemicals; 115, 11-20 (1997)
2 C. Fraser, R.H: Grubbs, Macromolecules, 28, 7248-7255, (1995)
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COPOLYMERIZATION OF CONJUGATED DIKETONES AND
A STRAINED CYCLOOLEFIN CATALYZED BY
A METATHESIS CATALYTIC SYSTEM

Christo Jossifov
Institute of Polymers, Bulgarian Academy of Sciences
1113 Sofa, Bulgaria

It has been shown in our previous papers that o,B-unsaturated carbonyl compounds can
polymerize under the influence of transition metal halides (WClg, MoCls), transition
metal oxohalides (WOC]Iy) and binary systems (WOC14+A1C13)1

The polymer formation was described as redistribution of atoms (C, O, W)
involving oxo- and carbene- transition metal complex intermediates and four-membered
metallacycle transition states2.

If the process does follow the upper route two conclusions could be drown:

1/ These catalytic systems are able to polymerize conjugated diketones;

2/ These catalytic systems are able to copolymerize conjugated diketones with
strained cycloolefins.

The first possibility was proved by benzyl polymerization3.

The present communication reports on the investigations carried out to prove the
second possibility.

Using the binary system TiCl3+AICl3 we succeeded in copolymerizing benzyl or
terephthalaldehide with norbornene. The products are oligomers with broad monomodal
molecular weight distribution; 1\71w ~ 4000. The IR bands are assigned to aromatic,
aliphatic and olefinic C-H vibrations. The products absorb in the visible range revealing
conjugated blocks in the backbone. Nevertheless, they are soluble in conventional organic

solvents (benzene, toluene, chloroform, etc.)

REFERENCES:

1. Jossifov, C.; Schopov, L. Makromoleculare Chem. 1991, 192, 857.

2. Jossifov, C. Eur. Polym. J. 1993, 29,9.
3. Jossifov, C. Eur. Polym. J. (in press)
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The Role of Alkyl Metal as Co-catalyst of Re,0~ / Al,O4
Catalyst in Olefin Metathesis

‘ .
Tadashi Kawai, Seiji Uejima, '#‘akehiko Suzuki and Tomokazu Iyoda

Department of Industrial dhemistry, Faculty of Engineering
Tokyo Metrchpolitan University
Tokyo 192-03, Japan

Re, O / Al,O5 catalysts are widly used due to their high activity and selectivity

for the metathesis of various kinds of simple alkenes. On the other hand, the

metathesis of olefin with functional group over Re,O / Al,O5 catalyst have been much

less studied. Although various kinds of ‘co-catalyst are used, systematic study on the

role of co-catalyst has not been reporte , and thus the role of co-catalyst is practically
-unexplored.

In the present paper the role of aﬂ‘kyl metal as co-catalyst have been investigated
in more detail in the metathesis of 4-bror1no-1—butenc. The effects of alkyl group and
metal in alkyl metal, and the treatment ccimdition of alkyltin on the catalytic activity of
Re,O5/ Al,O5 catalyst have also beenginvestigated.

The effects of alkyl group in al%kyltin on the catalytic activity was investigated
at reaction temperature -35°C and the resultts are shown in Fig.1. The selectivitics did
not affected by the kinds of alkyltin and;’ were almost 100%. The effectiveness

increased in the following order : Et- > Me-> Bu-.

30

Conv. (%)
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0 60 120 180 240 300

Time on stream (min)

Fig.1 Effects of alkyl group in tetraalkyltin on catalytic activity
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Poster #23

Photoluminescence Properties and Phase Behavior of
Dialkylsubstituted trans-p-Phenylenevinylene (PV) Oligomers
Synthesized by ADMET

by
O. Klockmann, J. Miiller, E. Thorn-Csanyi*

Institute of Technical and Macromolecular Chemistry, University of Hamburg,
BundesstraBe 45, D-20146 Hamburg

PPV (poly-p-phenylenevinylene) have attracted much attention since the discovery that
it can serve as acting element in light emitting devices'.
Well defined oligomers of it are not only important as model compounds. They provide

also valuable properties like photoluminescence by themselves™>.

We introduced metathesis (ROMP) ells a method for direct synthesis of PPV*.

A main problem of PPV is the lack of solubility and fusibility. A possibility to
overcome these problems is the introduction of flexible side chains’.

By now we are using the ADMET for the preparation of 2,5-dialkylsubstituted-all-
trans-PPV-derivatives (Scheme 1). The oligomers are soluble in common organic
solvents. They have a small molecular weight distribution and show apart from valuable
optical properties a sanidic structure (Scheme 2)°. After protecting the vinylic end
groups by introducing of substituents (R* = ethyl, butyl in Scheme 1), thermal stability

and thermotropic liquid crystallinity can be observed.

R2—-/ A R! /\’>/<A//\/>/<’\/\/>/<’\A
RIL /\’Y(A//vv/(/\/vv/b\

“n-1l
Scheme 1 Scheme 2

=z

3
S

Our latest work deals with the separation of the oligomeric mixtures into monodisperse
fractions.

We have examined the photooptical properties and the phase behavior as a function of
chainlength for various substituted PV-oligomers (R! = butyl, heptyl, decyl, cyclohexyl
in Scheme 1) by means of UV/Vis, fluorescence, DSC, MAX/WAX and optical
microscopic studies.

The results will be presented and discussed on the poster.

References

(1)  Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. N.; Mackay, K.; Friend, R. H,;
Burns, P. L.; Holmes, A. B. Nature 1990, 347, 539.
@) Drefahl, G.; Kiihmstedt, R.; Oswald, H.; Horhold, H.H. Makromol. Chem. 1970, 131, 89.
3) Bradley, D. D. C.; Miillen, K.; Campbell, T. W.Phys. Rev. B 1996, 54, 5516.
()] Thorn-Csdnyi, E.; Hohnk, H.-D. ISOM 9, July 1991, J. Mol. Catal. 1992, 76, 101.
&) Ballauf, M. Angew. Chem. 1989, 101, 261.
6) Thorn-Csényi, E.; Kraxner, P. Macromol. Symp., (in press).
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| |
Copolymerization of Carbon Monoxide and Norbornene

Derivatives with Ester Groups by a Palladium Catalyst -

Der-Jang LIAW, Jang-Shiang TSAI and Hui-Chuan SANG

Department of Chemical Engineering
National Taiwan Institute of Technology

Taipei, Taiwan 106, Republic of China

This work synthesizes the copolymers of norbornene derivatives
with ester group and carbon monoxide by Pd(CH;CN),(BF,), in
nitromethane at 60°C . Elementary analysis, infrared spectra and NMR
spectra indicate that 'copolymers contain ketone, ester and bicyclic
structures. Methanol functions as the coinitiator and chain transfer agent
in copolymerization. Decreasing the molar ratio of [CH;OH}/[Pd] causes

an increasing molecular weight and a decreasing yield of copolymer. The

number average molecular weight of copolymers ( Mn ) ranges from 3800
to 5300 and glass transition temperature (Tg) ranges from -32 to 99°C.
Thermal analysis reveals that both Td'°* and Td"* exceed 200 and 400
°C, respectively. Linear long-chain substituents such as n-C,,HVnC(O)-
0O-CH,- drastically reduce Tg to a value of -32°C . In general, copolymers
having a longer linear side-chain substituents of ester of norbornene have
a more desirable solubility. Moreover. the X-ray diffraction demonstrates
that the degree of crystallinity decreases with an increasing length of side

chain substituents.

[Pd(CHsCN)s][BF:: —C—3
+ CO

0
CHzO—(‘J—R

=0

CHzO—é—R

R . CH'; y }’l-C4H9 s }'I-C7H|5 ) n'C()ng > n'C”H23 and C(,HS.
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Metathesis vs. Silylative Dehydrocoupling of Olefins with
Vinylsubstituted Silicon Compounds Catalyzed
by Ru and Rh Complexes

B.Marciniec, C.Pietraszuk, E. Walczuk-Gosciura, M Kujawa
Faculty of Chemistry, Adam Mickiewicz University, 60-780 Poznan, Poland

Evidence for the insertion of ethylene [1] and vinylsilane [2] into a Ru-Si bond
(and/or migration of the silyl ligand to vinylsilane bonded to the ruthenium complexes),
yielding vinylsilane and two (1,2- and 1,1-bis(silyl)ethene) regioisomers, respectively,
has shown that in the reaction referred as "metathesis” of vinylsilanes and their "co-
metathesis” with olefins, instead of C=C bond cleavage (formally characterizing alkene
metathesis) (equation A) a new type of olefin conversion was revealed - silylative
dehydrocoupling of olefins by vinylsilane (equation B).

METATHESIS
-ﬁnz __ﬁ[.’? H,C=CH, A
(I:H + (,I'H = +
L L, Hf,:(ﬂ (E+2)
R K
SILYLATIVE DEHYDROCOUPLING
' t
) H—+—CH
I I 2 M |
-(fH " HTIC D I(I;I * %ﬂ tc B
Si= R & | K si=
Si=
(E+2Z)

The reaction occurs through =C-Si and =C-H bond cleavage. In support of such a
mechanism is the catalytic inactivity of metalacarbene species in the metathesis of
vinylsubstituted silanes and siloxanes.

The communication reports - complementary examples for the silylative
dehydrocoupling of styrene, polybutadiene [3], vinylsubstituted siloxanes and other
olefins in the presence of complexes containing M-H and M-Si bonds (where
M = Ruy, Rh).

1. Wakatsuki Y., Yamazaki H., Nakano M., Yamamoto Y., J.Chem.Soc.,
Chem.Commun., 1991, 703.

2. Marciniec B., Pietraszuk C., J.Chem.Soc., Chem.Commun., 1995, 2003.

3. Marciniec B., Foltynowicz Z., Lewandowski M., Pietraszuk C., Polymer, 1997,
(accepted for publication) '
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Acyclic (Silicon-Containing)Diene Coupling (ADCOUP)
Oligomerization Catalyzed by Ru and Rh Complexes

B Marciniec, M. Lewandowski, E. Bijpost, E. Kwiatkowska
Faculty of Chemistry, Adam Mickiewicz University, 60--80 Poznan, Poland

Divinyl-derivatives of silicon compounds prove inactive in ADMET
Polymerization and in cyclization in the presence of traditional W, Mo and Re catalysts
[1]. However, their effective coupling occurs in the presence of ruthenium and
rhodium complexes to yield a mixture of oligomers - linear and cyclic unsaturated
carbosilanes [2] and carbosiloxanes [3] - according to the following scheme:

\/R\/ [Rh] or [Ruy] ‘/R\P\R}/P\R]/‘ +
x y
* \/R\%RHE“\F]/\ y =

Te e o
where R = ?i—O—Sli or Sli; x+y = 2-3; ntm = 1-25

Me Me Me

Under optimal conditions, polycondensation of divinyldimethylsilane and
divinyltetramethyldisiloxane gives silylene-vinylene (M[=1510) [2] as well as
siloxylene-vinylene (My =1815) [3] oligomers, respectively. The polymers were
identified by 1H and 13C NMR spectra as well as by the DEPT method to detect a
chain with trans 1,2-isomers as well as 1,1-disilyl(disiloxyl)isomers.

In the communication, mechanistic implications based on the isolation and
reactivity of the dimeric linear and cyclic intermediates of the divinylsiloxane
polycondensation have been presented.

Besides, diallyldiorganosilanes undergo the ADCOUP Oligomerization to give
silyl-propylene oligomers as a result of prior isomerization of diallylsilanes followed by
their heterocoupling with a parent compound.

1. Wagener K.B., Smith D.W. jr,, Macromolecules, 1991, 24, 6073. .

2. Marciniec B., Lewandowski M., J.Inorg. Organometal.Polym., 1995, 15, 115..
3. Marciniec B., Lewandowski M. J.Polym.Sci. Polym.Chem., 1996, 34, 1443.
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Poster #27

Preparation of Functional Polymers of Interest in Inorganic Crystal
Growth Regulation.

Joanna Megson®, Jim Feast’, Erwin Herzog’, David Snowden’,
Steve Rannard® and Brigid Heywood’.

*LR.C in Polymer Science and Technology, Durham University, South Road, Durham
City, DHI3LE, UK.

Courtaulds Research, P.O. Box 111, Lockhurst Lane, Coventry, CV6 3RS, UK.

*Birchall Centre for Inorganic Chemistry and Materials Science, Keele University,
Keele, Staffordshire, ST5 5BG, UK.

Natural organic/inorganic composites serve a variety of functions and are frequently
remarkable materials. One of the mechanisms by which they are believed to be
produced involves the deposition of a polymer matrix which is subsequently covered
with mineral. There is evidence that the matrix macromolecules and other water
soluble polymers present in the system have control over the crystal growth and
organisation.' A question which we are beginning to address is the possibility of
building entirely synthetic organic/inorganic composite materials in an analogous
way.

Water soluble polymers with various anionic, cationic and neutral pendant functional
groups have been synthesised via both non-aqueous and aqueous Ring Opening
Metathesis Polymerisation. Exo-exo, exo-endo and endo-endo bicyclo[2.2.1] hept-3-
ene-2;3-dicarboxylic acid dimethyl ester monomers were synthesised and then
polymerised using the well defined initiator, Mo(CH-t-Bu)(N Ar)(O-t-Bu),.> The
polymers were then hydrogenated by refluxing with p-toluenesulfonylhydrazide in p-
xylene and hydrolysed to give polymers with pendant carboxylic acid functional
groups. Three new functionalised norbornene derivatives have also been synthesised,
i.e. tetracthylene glycol mono (2’-norbornene-5’-exo-ylmethyl) ether, triethyl 6-(2’-
norbornene-5’-exo-yl methoxy) hexyl ammonium bromide and diethyl 6-(2’-
norbornene-5’-exo-yl methoxy) hexane phosphonate. The ROMP of the three
monomers was performed in a living aqueous emulsion polymerisation with the well
defined initiator, RuCL,[(C¢H,,);P1,[=CHPh].> All polymerisations proceeded in a
well-defined, living manner and molecular weights of the polymers ranged from Mn
5,000-200,000.

Calcium carbonate was crystallised from supersaturated calcium bicarbonate solutions
containing the polymers synthesised. In all cases, addition of polymer resulted in
regulation of the form and size of the calcium carbonate crystals grown.

References: :

1. Lowenstam H.A., Weiner S.,°On Biomineralisation’, Oxford University Press, Inc.,
1989.

2. Bazan G.C., Schrock R.R., Cho H.N., Gibson V.C., Macromolecules, 24, 4495-
4502, 1991.

3. Lynn D.M., Kanaoka S., Grubbs R.H., J Am.Chem.Soc, 118, 784, 1996.

76




R e

o ¥

&

oy e

ST sl S i ol U

b

Ao EOES

Sending leg (E°) Pe}

Poster #28
Ring Opening Metathesis Polymerisations Systems for Reaction
Injection Moulding ‘
M.A. Mohsin *, E. Khosravi °, W.J. Feast * and A.F. Johnson *
Interdisciplinary Research Centre in Polymer Séience and Technology,

* School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK
®Chemistry Department, University of Durham, Durham, DH1 3LE, UK

The aim of the study has been to find ROMP systems which might lend themselves to
reaction injection moulding methods for the direct fabrication of products with good
physical properties. Ethylidene norbornene and dicyclopentadiene have been
polymerised with a difunctional crosslinking monomer using a molybdenum-based
catalyst and alkylaluminum halide as a co-catalyst [1]. Varying the monomer
compositions used, as well as the monomer/catalyst ratio, gives products with a range
of mechanical properties. Experiments have been carried out using an instrumented
hand-casting mould in order to establish a2 methodology and formulation prior to using |
a computer controlled 4-stream reaction injection moulding (RIM) machine which is
designed for product and process research studies [2,3].

The results indicated a strong dependence of the thermomechanical properties on the
level of crosslinking agent used, polymerisation formulation and moulding conditions.
Figure 1 illustrates the increase in the glass transition temperature which can be
achieved by increasing the extent of crosslinking in the product. These data and others
will be presented together with a description of the novel reactive processing facilities
being used for materials and process development.
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Figure 1. Thermomechanical properties of Polyethylidene norbornene with different
levels of crosslinking agent.

References:

1. U.S. Pat., 4,426,502 Minchak, R.J., 1984,

2. Coates, P. D.; Johnson, A. F.; Sivakumar, A.L; Plast. Rubb. Process and Appl.,

1986, 6(2), 87.

3. Coates, P. D.; Johnson, A. F.; Plast. Rubb. Process and Appl., 1990, 13(2), 71.
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Poster #29

Stability and Thermal Degradation of Metathesis Polymers
A. Muehlebach, P. van der Schaaf, A. Hafner and F. Setiabudi

Ciba SC Recherche Marly SA, Additives Research, PO Box 64,
CH-1723 Marly 1, Switzerland

ROMP polymers, like poly(dicyclopentadiene), show a unique combination of excellent
physical properties (e.g. high impact strength, E-modulus, heat distortion temperature,

- low water absorption, efc.), far superiour to most other thermoplasts and duromers -

currently available on the market.! However, because of the high unsaturation of the
polymer backbone, oxygen and especially ozone may have a detrimental effect on the
polymer properties. Although a hard oxyde layer limits the oxygen diffusion rate into
the material and protects the underlaying material from fast oxydation,2 efficient
stabilizers against long term thermal and light induced oxydation are needed.

We investigatied the thermal stability of poly(DCPD) plates made with our proprietary
catalysts® by ageing them up to 1 year at 180°C in air (Fig. 1) or 360h in a weather-o-
meter. The surface roughness and microhardness of unstabilized and stabilized (0.1%
Irganox® 1520, 0.5% Tinuvin® 171) probes were determined by a Form Talysurf $3C-
50 or a Fischerscope H100 respectively. Stabilization leads to a thinner oxide layer
with finer cracks on the surface.

Furthermore, the chemiluminescence (CL) of films of poly(DCPD) (50-150um
thickness) was measured in a CL-apparatus under strong oxidative conditions (150°C,
pure O,). The results show that the material (stabilized and unstabilized) is extremely
resistant to oxidation, even if compared to saturated poly(ct-olefins) like PP.
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Fig. 1: Oven ageing of a 5 mm poly(DCPD) plate. Weight loss (%) vs. storage time
(days, logarithmic scale) at 180°C in air, compared with a standard epoxy resin.

If ROMP polymers are pyrolyzed at 670-800°C under inert atmosphere, mixtures of
cyclic and open chain unsaturated hydrocarbons are obtained. However, to our great
surprise, the pyrolysis of poly(norbornene) (Norsorex®) gives squalene in >90% yield.

! Kunststoffe 1996, 86, 11.

2 Mallet, S.; Chartier, B.; Autran, M.; Moreau, P.; Mortaigne, B. 11* IUPAC/FECS International
Conference on Polymers, Bratislava, 24.-28.6.96 (poster abstract).

3 Hafner, A.; van der Schaaf, P.; Muehlebach A.; WO 96/20235 (Ciba SC), 23.12.94. See also our .
abstract: “Latent Ruthenium Catalysts for the Bulk Polymerization of Cycloolefins.”
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SYNTHESIS OF NEW MAIN-CHAIN-LIQUID-CRYSTAL- AND
CONJUGATED POLYMERS VIA ADMET

by
Ruth Miillner, Berthold Winkler and Franz Stelzer
ICTOS, Institute for chemical technology of organic materials
and SFB electroactive materials, TU-Graz
Stremayrgasse 16, 8010 Graz, Austria

ADMET (acyclic diene methathesis) polymerisation offers a new method  to
polymerize o,@-dienes, which may contain several different functional groups und
elements of structure.

We are right now working on main-chain-liquid-crystal-polymers including variously
long elements of oligo-p-phenylen. Depending on the chemical structure amongst
those oligo-p-phenylenes these main-chain-polymers may show liquid cristalline and
new elctrooptical properties. '

In order to influence the monomers’ and polymers’ solubility the lenght of the different
spacers R is varied.

Ru- or Mo- Initiator
n /\R-—- O—R/\ —_—
m=2-4
%\R— o—RA} + nCoHy
m=24

R = -(CH2)8CO-, -(CH2)9-, -(CH2)2CO-
Figurel: Scheme of ADMET-Polymerisation

Also commercially available divinylbenzene was used to synthesize oligo(p-phenylene-
vinylene)s with different polymerization degrees providing photoluminescence from
Amax = 400 nm to 500 nm (form blue to green).

Polymerisations were carried out either in solution or in mass using well defined
methathesis initiators (Ru- and Mo-carbens).

The chemical structure of the monomers and polymers was charcaterized by 'H-NMR,
BC_NMR, IR and GPC, the liquid cristalline properties were characterized using
polarized microscopy and DSC and the electrooptical properties were investigated by

PL and EL.

References:
1. Wagener KB et al., Macromolecules 1993, 26, 249-53

2. Brzezinska K et al., Macrom. Chem. Phys. 1996, 197, 2065-74
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Poster #31

Addition and Ring Opening Metathesis Polymerization of Alicylic Olefins:
Routes to New Matrix Resins for 193 nm Photoresist Applications

by

U. Okoroanyanwu, T. Shimokawa, C. G. Willson
Department of Chemistry and Biochemistry, The University of Texas
at Austin, Mail Code A5300, Austin, TX 78712, USA

A series of chemically amplified, single layer, positive tone photoresists for 193 nm
lithography have been developed. The photoresist matrix resins are based on
cycloaliphatic co- and terpolymers of 2-methylpropyl bicyclo[2.2.1]hept-2-ene-5-
carboxylate), bicyclo-[2.2.1]hept-2-ene carboxylic acid, 8-methyl-8-carboxy tetracyclo-
[4,4,0.1%*,1"*]dodec-3-ene, 5-norbornene-2-methanol, and maleic anhydride, which were
synthesized by vinyl addition and ring opening metathesis polymerization techniques,
utilizing Pd(II)- and Ir(IV)-based catalysts, respectively. The polymers derived from ring
opening metathesis polymerization have been successfully hydrogenated to provide yet
another member of this group of materials. The cycloaliphatic polymer backbones
provide etch resistance, mechanical properties and stability to radiation. The lithographic
function is provided by carefully tailored pendant groups, which include an acid
functionality that is masked by protecting groups that undergo acid catalyzed thermolysis,
as well as polar groups that influence the adhesion, wetability and dissolution properties
of the polymer. The polymers are soluble in common organic solvents and have glass
transition temperatures ranging from 60°C to higher than 250°C depending on their
specific structure and mode of polymerization. They are as transparent at 193 nm as the
corresponding acrylics. Their dry etch resistance varies with the formulation, but the base
polymers etch more slowly than novolac under conditions typically used to pattern
polysilicon. When formulated with functionalized tert-butyl cholate-based dissolution
inhibitors and onium salt-type photoacid generators, these resists have demonstrated high
sensitivities, and 0.15um features have been resolved.
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Poster #32

Stability of Ruthenium Carbenes in the Synfhesis of Functionalized
' Polymers via ROMP

by

Mark A. Peters
Corporate Polymer Research

Bayer Corporation
Pittsbqrgh, PA 15205

The synthesis of functionalized and telechelic polymers via Ring Opening Metathesis
Polymerization has always been limited by the stability of the metathesis catalysts towards
polar functional groups. The first metathesis catalysts were based on early transition metals
with Lewis acid cocatalysts which were not stable in the presence of polar functionality.
The design of single component catalysts by Schrock and Grubbs created ROMP catalysts
whose reactivity could be tailored by choosing the correct ligands.! This was a major
innov?.;:ilon in metathesis and provided a simple process for synthesizing functionalized
materials.

B
PCy;
Cly, | u__<Ph Cb,,,vi?/‘\\\q Br
R
N ol N, B O Yo
ol L
ro» M .
Br
M=W or Mo

Schrock Grubbs Wagener

With the introduction of these new catalysts came the reinvestigation of the classical

~ systems. It was found that with slight modification of the cocatalysts, these classical

catalysts could also be used to synthesize functionalized and telechelic materials. Nubel
and Yokelson have shown that by utilizing a SnMe, cocatalyst with WCI,, telechelic
materials rivaling those made by the ruthenium catalysts could be made? Wagener has
shown that by eliminating the Lewis acids which contribute to addition reactions, two
comp.o:lex%t early transition metal metathesis catalysts can be used to synthesize well-defined
materials.

So what is the best catalyst system to make a functionalized or telechelic polymer? Recent
work at Bayer will help answer this question.

1 A) Schrock, RR.; DePue, R.T.; Feldman, J.; Schaverien, C.J.; Dewan, J.C.; Liu, A H. J. Am. Chem.
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