Chiral
Reactions

in
Heterogeneous
Catalysis

Edited by
Georges Jannes and Vincent Dubois



Library of Congress Cataloging-in-Publication Data

On file

Proceedings of the First European Symposium on Chiral Reactions 1n Heterogeneous Catalysis,
held October 25-26, 1993, in Brussels, Belgtum
ISBN 0-306-45110-7
© 1995 Plenum Press, New York
A Division of Plenum Publishing Corporation
233 Spring Street, New York, N Y 10013
10987654321
All nghts reserved
No part of this book may be reproduced, stored 1n a retrieval system, or transmitted n any form or by any

means, electronic, mechanical, photocopying, microfilming, recording, or otherwise, without written

permission from the Publisher

Printed in the United States of America



ORGANIZING COMMITTEE

A Baukens

V Dubots

G Jannes

J P Puttemans
P Vanderwegen

SCIENTIFIC COMMITTEE OF THE CENTENARY

Prof J Vandegans, chairman
Prof A Blondeel, treasurer
Prof A Debourg

Prof P Dysseler

Prof G Jannes

Prof J Hanuise

Prof T Lepoint

Prof C A Masschelein

Dr JP Simon



PREFACE

It was a great honor for us to organize ChiCat, a symposium devoted to Chiral
Reactions in Heterogeneous Catalysis and to be the hosts of more than 120 scientists coming
from everywhere in the industrialized world, to celebrate together one century of existence
of Institut Meurice. ‘

This school was established in 1892 when an industrial chemist, named Albert Meurice,
decided to educate practical chemists according to the perceived needs of the industry of that
time. This is exactly what we are still trying to do. It is the reason why, thirty years ago, we
started a research activity in catalysis, and why we progressively devote this research to the
applications of catalysis in the field of fine chemicals. In this respect, we are very close to
another initiative of Albert Meurice, who started the first production of synthetic
pharmaceuticals in Belgium during World War 1. This business later on became a part of the
Belgian corporation UCB, still very active in pharmaceuticals today.

The school created by Albert Meurice merged in the fifties with another school that had
been created to meet the same needs in the field of the food industries, mainly distilleries
and breweries. This merger was done in the frame of the establishment of CERIA. For
people in catalysis, ceria stands for cerium oxide, but for those who engineered the concept,
CERIA stood for Center of Education and Research for the-Food and Chemical Industries.
Our center was created to stimulate the rebuilding of these industries in the province of
Brabant, ruined by the war. Today it plays a prominent role in the development of -
technopoles in the new region of Brussels organized in federal Belgium. This explains the
financial support we received from Brussels Ministry of Economy for the Centenary of
Institut Meurice.

However, this symposium is probably the last meeting of the old fashioned Contact
Group — Catalysis as supported by the National Science Foundation. The structure of
financial support to scientific research has also been modified. We hope that it will not result
in further diminishing the contribution of the national and local governments to the
necessary endeavor of Belgium in research and development.

Twenty years ago, the Société Royale de Chimie founded its Catalysis Division. The
first president of this Division, Professor Delmon, accepted that the first event organized by
the division should help celebrate the twenty-fifth anniversary of CERIA : it was the First
International Symposium on the Relations between Homogeneous and Heterogeneous
Catalytic Phenomena, a series that is still going on. Nowadays, for the centenary of Institut
Meurice, we are pleased to organize this meeting in the frame of the Catalysis Division of
the Soci¢té Royale de Chimie. It is good to have some traditional friends when celebrating
anniversaries.

A newcomer in the Belgian Catalysis community is the Catalysis Committee of the
Royal Belgian Academy Council of Applied Sciences. This Committee has issued a report
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on Modemn Catalysis that has received positive echoes in Japan as well as in the United
States : we hope that it will not remain without answer in Belgium. The Royal Academy
Council has accepted to give its patronage to our symposium ; it is a great honor, and we are
thankful for this.

Finally, I would like to acknowledge the fantastic work done by my co—workers and to
publicly thank them. I am proud to have them as co—workers and friends. Vincent Dubois
did a huge part of the long term organization, sacrificing more than six months of his Ph.D.
research to prepare this event. Anne Baukens, Danielle Philip, Maryse Talbot, Pascal
Vanderwegen and Jean—Pierre Puttemans also devoted time and energy to make attendance
as effective and pleasant as possible. Thanks are finally due to the staff of our Institute, to
the Scientific Committee of the Centenary, and to some colleagues in our Center, especially
in the hotel school.

Georges Jannes
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INTRODUCTION

During the last decade, demand for enantioselectivity has grown, and increasing force
and funding have been directed toward preparing pure chiral compounds.

Catalysis, especially heterogeneous catalysis, is probably the most desirable means of
attaining that objective, but it has still to demonstrate its full ability to reach that aim.

It was a daring enterprise to launch ChiCat, a symposium on chiral heterogeneous
catalysis. The topic was, and still is, very mobile, and controversial. That is the reason why
we decided to also invite lecturers from outside the field of heterogeneous catalysis, to help
us to better understand the general context.

Dr. Polastro put the question in a market perspective: he opened the symposium with
a revealing look on the future market of the chiral chemicals we are striving to prepare in
optically pure states. Professor Reisse warned the catalysis people not to reinvent the
wheels that organic chemists have labored over many years. Professor Ghosez challenged
the attendees by showing that the enantiomeric excesses that organic synthesis is able to
achieve set up ultimate goals that will not be easy to attain by heterogeneous catalysis, and
that, moreover, enantioselective heterogeneous catalysis is not only limited today in its
performances, but also in its capabilities: (little C — C bond formation, if any...).
Homogeneous catalysis is offering performances and concepts that are very stimulating for
our future developments: they have been outlined by Professor Brunner. Different
strategies are developed to get enantioselectivity in heterogeneous catalysis: use of a chiral
modificator on the surface, grafting of a chiral catalytic complex on a solid (the so-called
heterogenized homogeneous catalysis), and homogeneous formation of a chiral complex
before surface reaction. We invited pioneers in the field to detail these strategies: Professor
Webb, Professor Pini, Dr. Blaser and Professor Tungler. We thank them all for their kind
acceptance and excellent and stimulating lectures. We also appreciate the quality of the
contributed posters and recognize the special effort the authors made in trying to fit as
precisely as possible the topics of the symposium. A special session was devoted to short
presentation and discussion of these posters, giving the audience an overview of the last
developments of chiral catalysis, in terms of new catalytic systems and new substrates as
well. We are very grateful to the chairpersons for their kind authority in maintaining a
correct timetable. :

The members of the Scientific Committee of ChiCat helped us to build a program with
the best contributors we could hope to have. They were faced with the difficult task of
keeping the program focused. They are all most sincerely thanked for the outstanding job
that they accomplished.

The symposium delineated what is really at stake. And different routes are paved to
attain the goal. But are we sure that those routes will go so far?



2 INTRODUCTION

Hydrogenation reactions remain the mainspring of the field, with alkanones and o~ or
B—ketoesters as preferred substrates, and nickel-tartatic acid and platinum-cinchona as
preferred catalytic systems. Extrapolation to other substrates: aromatic ketones, acids, and
ethers, steroid ketones, Schiff bases,... has been attempted, with increasing success. On the
other hand, substantial work has been devoted to the discovery and the interpretation of the
effective parameters: nature of the metal, effect of the modificator, place where the enantio-
determining step arises, hydrogen pressure, influence of the support. Knowledge gained in
this way has been applied to vicinal reactions: dihydroxylation, for instance, and to
reactions that are considered as more challenging, at least in heterogeneous systems:
dehydration epoxidation, and cyclopropanation.

Very fine catalyst preparations, using for instance organometallics and zeolites as
building blocks, and inclusion methods! were also described.

Perhaps, the very classical approach should be tried again: looking at the global
problem. Chemical engineering studies, namely of the mass transfer in the reactor, could
contribute to the definition of the exact amount of co-reactant, hydrogen for instance, that is
needed at the surface of the catalyst. Anyway, this will be necessary if we want to be able
to scale up our laboratory achievements. Solution chemistry will help us to better
understand the way a prochiral molecule may be complexed before its adsorption, but also
to discover some side effects of the modification process, metal leaching, e.g., and their
effects on the process. Surface science sheds some light on the manner in which the catalyst
surface can be chemically modified to build a chiral site. Adsorption studies will lead to a
better picture of the modification process and of the activation process as well. As
mentioned, the choice of special supports and the preparation of engineered supports also
provide possible ways to reach this goal.

During the symposium, we had an informal dinner to discuss the future of ChiCat: the
decision was taken to give a follow-up to the symposium. We strongly believe that we
need another place to meet than in the frame of the broader Chirality meetings, or in big
Heterogeneous Catalysis Congresses. Instead of starting a new series of symposia, the
participants to the discussion preferred the formation of a ChiCat Group, inside which we
will try to find the best way to interact, to cooperate, and to exchange ideas, in a more
informal way. This would also be the place to stimulate young scientists' mobility. This
group could meet as a satellite to well-chosen symposia, of vicinal but broader topics. The
next symposium on Heterogeneous Catalysis and Fine Chemicals, which will be organized
in Switzerland by Dr. Hans Blaser could be a good instance of the opportunities we are
looking for, The idea is open to all those who are interested. What ChiCat started as a
symposium, ChiCat group will take over!

V. Dubois
G. Jannes

1 This contribution, by R. Selke, P. Bathelemy and J.P. Roque, is not included in the Proceedings.
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COMMERCIAL OUTLOOK FOR CHIRALITY. QUO VADIS ?

E. Polastro

Arthur D. Little
Bd. de la Woluwe 2
B-1150 Brussels, Belgium

ABSTRACT

Over the past few years the field of chirality (defined as chiral synthesis and chiral fine
chemicals) has attracted considerable interest from scientists, industrialists and more
recently also investors.

It is interesting to see emerging similar patterns between this recent interest in chiral
synthesis and the developments the financial, scientific and industrial community has
experienced in the late 70's — early 80's with the advance of genetic engineering and modem
biotechnology.

Such similarities are somewhat puzzling, given the numerous successes but even more
numerous failure stories of ventures in the field of modermn biotechnology. A more focused
approach and more realistic hopes could have been expected for ten years later in the field of
chirality.

Indeed, while the future development potential offered by chirality is highly promising,
several key questions remain to be addressed, such as :

Who will ultimately cash in from development in this field ?
Where lies the value added ?
What level of integration will be required ?

Probably an in-depth objective analysis would yield to a major reassessment of the
strategies followed by many players in the field of chirality.

A FIELD ATTRACTING CONSIDERABLE INTEREST

Since several years already, it is almost impossible to find a single issue of a journal
dealing with fine chemicals or organic synthesis that does not contain at least an article on
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