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FOREWORD BY TREVOR LAIRD

I first came across the work of Rolf Carlson in the early 1980’s, when I was interested in
statistical methods of optimisation as an important technique in process R&D. In fact
when I wrote articles on chemical development issues [1,2] I often referred to Rolf’s work,
since it was published in journals which not everyone would have read (e.g. Acta Chem
Scand) and I wished to spread the news that Rolf was a radical thinker with lots of new
ideas.

I was therefore delighted when the first edition of “Design and Optimization in Or-
ganic Synthesis” was published in 1992. It was always on my list of recommended books
for development chemists. In the 1990’s, the popularity of using factorial designs and
other statistical methods to optimise organic chemical reactions and processes increased,
and became “standard practice” in many organisations. These methods are now used
routinely in most pharmaceutical companies for optimisation, fine tuning and in valida-
tion programmes.

I first had the opportunity to meet Rolf when he visited the UK to give a talk at the
annual SCI Process Development Symposium; I witnessed for the first time his unique
lecturing style. Later on I visited Norway and met him several times and observed that
he is always pushing into new territory. His publications in the 1980’s on principal
component analysis were ahead of their time and have only recently been taken up in
industry, where they have proved of value in many areas.

It was during a visit to Norway that Rolf asked me if I would write the foreword for
the new edition; I had no hesitation in accepting. His work has had a great impact on
industrial chemistry; it is regrettable that the methodologies he has helped to develop
are not taught more widely in universities especially outside Scandinavia!

It is 12 years since the first edition of “Design and Optimization in Organic Synthesis”
and there have probably been more publications on statistical methods of optimisation
applied to organic chemistry in the last decade than all previous decades put together.
The journal “Organic Process Research and Development”, has provided a forum for
papers discussing optimisation using statistical methods.
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The revised updated edition of “Design and Optimisation in Organic Synthesis” is
most welcome, and timely and I hope it will be even more successful than the first
edition. It is appropriate that his son has been involved in the revision and updating.
The new edition should help to continue spreading the word about the value of “design
of experiments” in organic chemistry.

Trevor Laird
Scientific Update and Editor,
Organic Process R&D journal

References:

[1] Laird, T, The neglected science of chemical development, Chemistry in Britain, 1208
(1989)

[2] Laird, T, Development and scale up of processes for the manufacture of new phar-
maceuticals, in Comprehensive Medicinal Chemistry, P G Sammes and J B Taylor (eds),
Pergamon Press, Vol. 1, p. 321
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PREFACE TO THE SECOND EDITION

Objectives

The first edition was intended as an introductory textbook on how to use statistically designed
experiments and multivariate methods in experimental synthetic organic chemistry.

This is also the objective of the second edition. We have maintained the didactic style used in the
first edition in the second edition. When the book was first published twelve years ago, statistically
designed experiments in synthetic chemistry were not very well known in the academic world
and it was felt that an introductory textbook for synthetic chemists was needed. Unfortunately,
the situation in academia is much the same today [1]. In process organic chemistry, however, the
situation is different. Over the past decade, there has been an increasing use of statistically
designed experiments and multivariate modelling for the development of new synthetic procedures
and for optimising reaction conditions. It was felt that an upgraded text was needed, both as a means
for evangelisation in academia and as a textbook for chemists engaged in process development.

After some discussion, it was decided that the new edition should be written by two authors:
Rolf Carlson and Johan E. Carlson. We, the authors, wish to explain the reason for this: Rolf
Carlson has a Ph.D. degree in organic chemistry. He is professor of organic chemistry (organic
synthesis) at the University of Tromsg, Tromsg, Norway. Johan E. Carlson has an M.Sc. degree
in computer science and engineering and his Ph.D. degree in electrical engineering. He is assist-
ant professor at Lulea University of Technology, Luled, Sweden. His research is in the field of
statistical signal processing and data analysis for ultrasonic measurement systems. We are fam-
ily, father and son, and our vivid discussions on multivariate problems at the dinner table have
brought us to the conclusion that our competencies and experimental backgrounds are comple-
mentary and that this might cross-fertilise a new edition of the book.

New in the second edition

The new edition of the book has been revised and enlarged. We have been able to keep the length
of the book similar to the first edition. This is due to: (a) A stricter typography, where the text has
been produced by LATEX, with the typefaces Computer Modern and Helvetica. (b) Data tables
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of descriptors for different classes of compounds have been removed from the book and placed as
Excel and text files on the CD that accompanies the book.

The contents of the old chapters have been upgraded and explanatory comments and new
examples have been added. New sections have also been included. A section on the use of
Ishikawa diagrams for identifying variables in a process has been added to Chapter 4. A section
on links between a theoretical model and the experimental response surface has been added to
Chapter 12. Three new chapters have been added: Chapter 13 which describes how kinetic
parameters can be estimated by sequential response surface modelling. Chapter 19 which
presents an new strategy for designing combinatorial libraries. Chapter 20 which summarises
some techniques that can be used for optimisation when there are several response variables.

A CD accompanies the book and includes programs and data files.

® Programs: MATLAB routines for: Canonical analysis, extraction of kinetic data from
response surfaces, and PLS modelling.

® Data files: Excel and text files with descriptor data for: Solvents, aldehydes, amines,
ketones, and Lewis acids.

All models in the book have been recalculated to detect errors in the first edition. Formulae,
schemes and figures have been redrawn. Formulae were drawn using ChemDraw, graphs and plots
have been made with graphic routines of MATLAB, more “artistic” drawings were produced
using CorelDraw.

The examples given in the book have largely been taken from our own experimental studies.
This is not made to highlight our own results, there is another reason. With our own results we
know all the details, the past history, the observations made, which considerations were made in
the designs, as well as the analytical procedure. In examples from the literature, such details are
sometimes obscured.

Tromsg, September 2004
Rolf Carlson and Johan E. Carlson

References

[1] T. Laird, “Design of experiments (DoE)”, Org. Proc. Res. Dev., Vol. 6, No. 4, p. 337, 2002.



PREFACE TO THE FIRST EDITION

Short background to why this book was written

Organic synthesis is an important area in chemical research. New synthetic methods are invented
at an ever increasing rate which open up new ways to produce interesting chemical compounds.
These factors are of tremendous importance for the practical use of synthetic methods both for
academic research and for industrial applications.

All synthetic methods have emerged either as the result of an unforeseen observation or as
the result of innovative thought. However, it is rare that the first experiments along a new train of
thought give satisfactory results. Much tedious work is often required before a new idea can
become established as a synthetic method. It is necessary to explore the reaction conditions to
determine how they should be adjusted to obtain optimal results. It is also interesting to find out
whether the reaction can be used as a general method for a number of similar substrates. To this
end, it is necessary to determine the scope and limitations of the reaction. This in turn calls for
more experimentation.

Chemical phenomena are rarely the result of single causes. Instead, a number of factors are
likely to be involved and, unfortunately, their influence will depend on still other factors. In order
to be able to take such interactions into account, it is necessary to use multivariate methods which
allow all pertinent factors to be considered simultaneously, both for designing experiments and
for analyzing the result. Knowledge of multivariate methods is not, however, widely spread in the
community of synthesis chemists. Therefore, many new methods are still being investigated
through poorly designed experiments and hence, new procedures are not properly optimized.
Still, the most common method to carry out “systematic studies” is to consider “‘one factor at a time”,
although such an approach was shown by R.A. Fisher to be inappropriate over 60 years ago [1],
when several factors are to be considered.

I believe that the reason why organic synthesis chemists do not apply statistical principles in
their experiments is that they do not know how to use such methods. In general, they do not
bother to read text-books on statistics because such books rarely describe how statistics may be
relevant to their chemical problems. My personal experience may illustrate this: When I started
my chemical career some 20 years ago I was asked by my professor to study and optimize a



chemical reaction. I asked how to proceed and he answered me “You must do it by trial and
error”. My immediate reaction to this was that there must be a more systematic way. A friend
suggested that I should read a book on “Biological Analysis of Variance”.[2] However, I was
unable to translate Latin squares, crop variation, and effects of fertilizers into my world of three-
necked flasks, dropping funnels and mechanical agitation. The pioneering work by George E.P.
Box and coworkers published in the fifties [3] would have answered my questions at that time.
Unfortunately, their work was obviously unknown to my professor and to the academic circles
working with synthetic chemistry. The situation is probably the same today. I am therefore con-
vinced that there is a need for a book which spans a bridge between practical organic synthesis
and statistics. Such a book must describe chemical problems as they are seen by the synthesis
chemist and must introduce statistical tools so that the results obtained are chemically relevant to
the chemist.

The present book is a humble attempt to use these principles as guidelines. Professional
statisticians may complain that this is yet another introductory text on statistics, written by a non-
statistician. This is true, my devotion and professional training are in the field of synthetic
chemistry. However, in exploring this field I felt a need for statistical principles to guide my way.
This book is an attempt to transmit my personal experiences to my fellow colleagues. If anyone
among them should respond to the message and be stimulated to learn more about statistics,
I would feel that my mission as an evangelist had been successful.

The book is intended as an introductory text-book on multivariate methods in experimental
organic synthetic chemistry. I have tried to describe how various statistical tools can be applied to
common problems encountered when a chemical reaction is elaborated into a synthetic method.
The methods are illustrated throughout by examples from organic synthesis. Many of the examples
have been taken from my own experiments, not with a view to supporting our own results, but
because the reasoning behind the experiment is known in detail. In the examples furnished by
others, it is sometimes possible to trace the logic behind the experimental set-up, but quite often
certain details remain obscured.

Statistical principles will be presented in the context of chemical examples to show how stat-
istical inferences can be linked to chemical consequences. No previous knowledge of statistics is
required.

Some of the reasoning in the book uses matrix formalism. This is for the sake of convenience,
since some quantitative relations are more easily expressed in matrix language than otherwise.
Readers without any previous experience of matrix calculus may skim those paragraphs in which
matrix calculus is used without losing too much of the essential message. As matrix formalism is
used in many contexts in physical and theoretical chemistry, it is my hope that this will not be a
major obstacle to the reader. For those unfamiliar with matrix calculation, a short Appendix has
been included at the end of this book.

Umead, June 1991
Rolf Carlson
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