Lewis Acid
Reagents
A Practical Approach

Edited by
HISASHI YAMAMOTO

Graduate School of Engineering
Nagoya University

OXFORD

UNIVERSITY PRESS



The Practical Approach in Chemistry Series

SERIES EDITORS

L. M. Harwood C. J. Moody
Department of Chemistry Department of Chemistry
University of Reading University of Exeter



The Practical Approach in Chemistry Series

Organocopper reagents
Edited by Richard J. K. Taylor

Macrocycle synthesis
Edited by David Parker

High-pressure techniques in chemistry and physics
Edited by Wilfried B. Holzapfel and Neil S. Isaacs

Preparation of alkenes
Edited by Jonathan M. J. Williams

Transition metals in organic synthesis
Edited by Susan E. Gibson (née Thomas)

Matrix-isolation techniques
lan R. Dunkin

Lewis acid reagents
Edited by Hisashi Yamamoto

Organozinc reagents
Edited by Paul Knochel and Philip Jones



This book has been printed digitally and produced in a standard specification
in order to ensure its continuing availability

OXTFORD

UNIVERSITY PRESS
Great Clarendon Street, Oxford OX2 6DP
Oxford University Press is a department of the University of Oxford.
It furthers the University’s objective of excellence in research, scholarship,
and education by publishing worldwide in
Oxford New York

Auckland Bangkok Buenos Aires Cape Town Chennai
Dar es Salaam Delhi Hong Kong Istanbul Karachi Kolkata
Kuala Lumpur Madrid Melbourne Mexico City Mumbai Nairobi
Sdo Paulo Shanghai Taipei Tokyo Toronto

Oxford is a registered trade mark of Oxford University Press
in the UK and in certain other countries

Published in the United States
by Oxford University Press Inc., New York

© Oxford University Press 1999

The moral rights of the author have been asserted

Database right Oxford University Press (maker)
Reprinted 2003

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
without the prior permission in writing of Oxford University Press,
or as expressly permitted by law, or under terms agreed with the appropriate
reprographics rights organization. Enquiries concerning reproduction
outside the scope of the above should be sent to the Rights Department,
Oxford University Press, at the address above

You must not circulate this book in any other binding or cover
and you must impose this same condition on any acquirer

ISBN 0-19-850099-8
Printed in Great Britain by
Antony Rowe Ltd., Eastbourne



Preface

Lewis acids are becoming a powerful tool in many different modern reactions,
such as the Diels-Alder reactions, Ene reactions, Sakurai reactions, and Aldol
synthesis. In fact, the importance and practicality of Lewis acid reagents as
valuable means of obtaining a variety of organic molecules is now fully
acknowledged by chemists in the synthetic organic society. This prominence is
due to the explosive development of newer and even more efficient methods
during the last decade, and the numbered publications on these reagents is
actually increasing exponentially each year. Research on asymmetric synthesis
has become more important and popular in the total synthesis of natural
products, pharmaceuticals, and agricultural agents, and Lewis acid chemistry
plays a major role in this arena.

Comprehensive coverage of the literature on each area of Lewis acid is not
necessarily provided here. Rather, the aim of the book is to furnish a detailed
and accessible laboratory guide useful for researchers who are not familiar
with the benefits of Lewis acids. It includes information on reagent purifica-
tion, reaction equipment and conditions, work-up procedures, and other
expert advice. The primary goal is thus to dispel the mystery surrounding
Lewis acid reagents and to encourage more scientists to use these powerful
synthetic tools to maximum effect. The book contains 14 independently ref-
erenced chapters describing a variety of Lewis acids using different metals.
Each metal has different characteristic features of reagent preparation and
practicality which clearly described in that chapter.

I would like to thank Professor K. Ishihara for helping to check parts of the
manuscripts and for useful suggestions. I would also like to express my per-
sonal gratitude to all of the invited contributors who carefully honored the
deadlines and thus made the editorial job much easier.

It is my strong hope that this book will be found an invaluable reference
for graduate students as well as chemists at all levels in both academic and
industrial laboratories.

Nagoya H.Y.
October 1998
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