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Preface

I

To the Student

Imagine that you are listening to a recording of a Beethoven piano sonata by the late
Artur Rubinstein, one of the greatest pianists of the 20th century, and thoroughly
enjoying the experience. If you had studied the piano and perhaps even played the
piece, in addition to simply enjoying the music, you would most likely marvel at
Mr. Rubinstein’s technique and appreciate his unique interpretation of the work. If
you were yourself a composer or a student of composition, you would appreciate
the performance at yet another level, and that would be the structure and musical
development of the composition itself. A similar case can be made for the appreciation
of any art form or craft. Viewing a great masterpiece, be it a painting, a sculpture, a
porcelain bowl, a cathedral, or the production of a great play, is an entirely different
experience if you have ever painted, attempted to create a great sculpture, studied
architecture, or written, performed in, directed or produced a play. It is generally true
that the more we know about the way things work or are made, the more we can
appreciate the product that results.

In the same way, a study of organic chemistry will allow you to gain an
understanding of and appreciation for the detailed processes that are involved in the
function of even the simplest forms of life. An understanding of the fundamental
principles that govern these processes will give you an appreciation and reverence for
life that cannot be obtained in any other way. While this study may require
considerable effort on your part (and what worthwhile endeavor does not?), that effort
will be amply rewarded by a new-found awareness of the beauty embodied in a
condition that is so infinately complex, yet so delicately balanced, that the exchange of
but one amino acid in a protein containing hundreds of amino acids can cause a disease
as serious as sickle-cell anemia (Chapter 13). As your understanding of organic
chemistry develops and you begin to relate this understanding to biochemical systems,
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you will more fully comprehend the magnificent order and exquisite organization that
evolved as matter was transformed from chaos to LIFE. _

The first twelve chapters of this book contain the fundamental principles of organic
chemistry, most of the basic reaction types used by cells, and biochemical illustrations
of many of these. When you have mastered this material you will have the
understanding and appreciation alluded to above and something more, for you will
have laid a foundation upon which you can continue to learn and increase your
understanding of the chemical behavior of living systems. This knowledge and
understanding will be essential to you professionally if you are planning a career in the
health field. Tt will also be useful to you as a member of our present-day society. In an
age when scientific research is giving humans a growing ability to gain control over all
aspects of the life process, there will be grave moral and ethical decisions to be made.
The chemistry you learn here will give you a firm base from which to reach reasoned
conclusions.

There are many different ways to use a textbook, and some methods are much more
effective than others. The following suggestions are offered to help you to use this book
in both an efficicnt and effective manner.

1. Note the study aids that are provided for you:

a. Important terms are printed in the text in boldface and their definitions are shown
in italics. These terms are also listed, by section, under the heading “Key Terms”
at the end of each chapter.

b. Each chapter has a detailed summary that is extensively cross referenced.

¢. Questions and problems that test your understanding of the material discussed in
a section are listed at the end of the section.

d. Answers to the questions or parts of questions whose numbers are printed in
color are included in the text.

2. Begin your study of each chapter by first reading it casually just for content.

3. Follow this by rereading the chapter section by section. Make an outline in which
you translate all of the major ideas that are presented into your own words. If you
cannot complete the chapter at one sitting, check your mastery of the material you
have studied by attempting to answer some of the related questions, especially those
for which answers have been provided in the text. It is also very helpful to write
down any questions you have about the material as these questions arise, so that
you will not forget them before you have an opportunity to ask your instructor
about them.

4. Use the chapter summaries as a study guide when you are reviewing for an
examination.

S. Take your textbook to class with you so that if figures and tables from the text are
used you will have them at hand for notes and comments.

. You may feel the need to see more detailed answers than those provided in the text
where only the briefest answers have been provided. In addition, you may also want
to work the exercises for which no answers are given in the text. If so, you may want
to purchase the Solutions Manual-Study Guide which provides answers, with
explanations, to all the questions in the text. The Solutions Manual-Study Guide
also includes a variety of additional study aids, several short quizzes for each
chapter (with answers), and a comprehensive Dictionary of Terms.
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To the Instructor

This text is designed to introduce students to the science of organic chemistry by means
of a gradual and logical development of the powerful underlying generalizations that
are the necessary foundation for an understanding of both organic chemistry and
biochemistry. The title, Understanding Organic Chemistry, is the key to the choice of
topics and examples, and to the order in which these are presented. Each new chapter
builds on the foundation laid in the preceding chapter or chapters. Extensive cross-
referencing helps the process by giving students ready access to the connecting ideas. In
this way, as students progress through the text they begin to see that there are concepts,
such as the relative stabilities of intermediate carbocations, that can be used to explain
many facts that on the surface do not appear to be related at all.

Such understanding can only be achieved by teaching mechanism—not just by
laying out the elementary steps in a given mechanism but by an in-depth discussion. As
a result, students can understand why knowing the mechanism through which a given
reaction proceeds is the key that allows chemists to predict the differences in behavior
of specific compounds within a given class of compounds and thereby to control the
outcome of a reaction.

Some instructors consider the study of reaction mechanism both unnecessary and
too advanced to be included in a course for nonscience majors. In many instances this is
because these individuals were fortunate enough not to have studied organic chemistry
before the nineteen fifties. In those days almost all organic reactions were identified
by the name of the chemist or chemists who developed them; empirical rules were
memorized along with an extensive list of exceptions. Also there was little or no
emphasis on the teaching of systematic nomenclature, so that the connection between
the name of a compound and its structure was not always obvious. Organic chemistry
was mysterious, magical, feared by most of the students who had to take it, and looked
down upon by other chemists as being more of an “art” than a science. While no one
would claim that by teaching mechanism we can eliminate memorization, it can be
claimed that there is less to memorize and what is memorized will be retained longer, if
we teach the unifying theories, the reaction mechanisms, and show how they explain the
varying behavior of individual compounds.

Systematic J[UPAC nomenclature is emphasized, not because the students are
expected to become experts in the naming of organic compounds, but because it is an
effective way to train students to recognize the major structural features that must be
identified before they can predict the chemical behavior of the compound, because it
imposes a mental discipline that is necessary for an understanding of the subject, and
because it gives students a tool for understanding the nature of the chemicals with
which they come in daily contact. The Solutions Manual-Study Guide includes succinct
outlines of the rules governing the nomenclature of the classes of compounds studied,
designed for easy review.

Chapter 1 contains selected topics in inorganic chemistry, serves as an introduction
to the course, and provides the background material necessary for success in the course.
The material contained in this chapter is especially needed by students returning to the
classroom after a number of years away from school, or by those students who may
have had some chemistry, but not the traditional first semester college chemistry course
which is the usual prerequisite.
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Systematic nomenclature based on the rules contained in Nomenclature of Org_anic
Compounds, number 126 in the Advances in Chemistry series published by the American
Chemical Society is introduced in Chapter 2 and used throughout the text. All
compounds known mainly by their common names are also identified by their [UPAC
names.

Organic reaction mechanisms are introduced in Chapter 2 by means of the free
radical substitution mechanism. This mechanism was selected because it provides a
review of covalent bonding that is essential to an understanding of what is to follow.
(Remember that many students have had only one semester of general chemistry.)
Discussion of the free radical chain mechanism in this chapter is limited. Only the
basic steps are outlined. No attempt is made to discuss the difference in reactivity of
hydrocarbons, or of the halogens. (Some additional refinements are made after the
discussion of the relative stabilities of carbocations.) However, the discussion is
developed sufficiently to show that in this reaction many products can be formed, and
that it is an understanding of the reaction mechanism that allows the chemist to adjust
the conditions of specific reactions in order to maximize the production of one desired
product. This early introduction to reaction mechanism is the first step in a succession
of ideas that should ultimately give students an appreciation of the magnificance of
enzymes as catalysts. Through this process students will come to see that a study of
organic chemistry provides a path to the understanding and appreciation of life that
can be attained in no other way. Such an approach is also more likely to provide
students with a background in organic chemistry that will enable them to understand
the inevitable changes in chemical theory and practice that will occur throughout their
lives.

While there is much in the sequence of topics that is traditional, there are several
important variants. Cycloalkanes and alkenes are treated together in Chapter 3as a
way of introducing functional group isomerism and also geometric isomerism. Optical
isomerism is introduced in Chapter 5, long before the chapter on carbohydrates.
The early treatment of chirality not only permits a more complete discussion of
nucleophilic substitution, one that includes the stereochemical differences between the
Sn1 and Sy2 mechanisms, but also provides opportunity for reinforcement in sub-
sequent chapters. Then when Chapter 9, on carbohydrates, is reached the leap from
the discussion of simple monofunctional organic compounds to the much more com-
plex multifunctional aldoses and ketoses, which is usually quite a shock to stu-
dents, is not quite as difficult.

Not all aspects of electrophilic aromatic substitution are discussed in Chapter 4, the
chapter that deals with aromatic chemistry. Here only the basics of the reaction are
treated. Activation and deactivation are explained in a general way and the functional
groups that serve as activators or deactivators are identified. The explanations for the
reactivity and orientation of substitution of different classes of aromatic compounds
are then explained in detail in the sections on aryl halides, phenols, and the aromatic
aldehydes, ketones, acids, and amines. This provides both reinforcement of the
fundamental principles and an opportunity to point out the ways in which the presence
of one functional group effects the chemical properties of another.

Even though there is usually not enough time to cover it in depth, the chapter on
biochemistry, Chapter 15, is included for a number of reasons. First, it provides
students with a means of testing just how much they have learned in the course by using
their newly acquired understanding to learn new material, and this after all is why they
have taken or have had to take the course. If they have learned enough to pass the
course, they should be able to understand, at least in part, the discussion on me-
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tabolism, especially since most of them have already been exposed to these systems
in biology courses. Second, wherever possible, the biochemical transformations that
are shown are related to the organic reactions of the same type that were taught earlier.
One of the greatest satisfactions for an organic chemistry teacher comes when a student
suddenly realizes that biology has become much more comprehensible now that she/he
has learned organic chemistry. Both teacher and student are rewarded when the
student, often with a flash of insight, finally comprehends some aspect of molecular
biology which he/she has previously been taught but not really understood.

The brief discussion of spectroscopy in Chapter 16 is included to acquaint the
student with some of the tools that enable chemists either to identify known com-
pounds or to determine the structure of new compounds. This material is often best
covered in the laboratory section of the course.

At the end of each chapter there is a list of key words organized in chronological
order by section. In the chapter, each key word is printed in boldface and its definition
and/or explanation is printed in italics. In addition, each key word is printed in
boldface in the index and more fully defined in the Dictionary that is included in the
Solutions Manual-Study Guide. There is also a detailed and extensively cross-referenced
summary at the end of each chapter that can be used as a study guide when the student
reviews for examinations.

Each chapter has 15 or more questions and problems, some designed to develop
skills and others to test for understanding. Instead of interrupting the flow of ideas and
giving the pages of the text a cluttered appearance, the objective of giving students
quick access to questions that are related to the topic being discussed is met by listing
the related questions at the end of the section. Additional questions organized into
“end of chapter” quizzes that cover only one or two concepts are provided in the
Solutions Manual-Study Guide. Brief answers to selected questions, indicated by
numbers and/or letters printed in color, are provided in the appendix. The answers to
all of the questions in the text, with accompanying explanations where appropriate, are
provided in the Solutions Manual-Study Guide.
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Basic Concepts

Some of the material covered in this chapter will be a review of topics you have already
studied in your introductory chemistry course, and some will be new. These subjects are
included here so that you will have ready access to the background material essential to
your understanding of the organic chemistry and biochemistry you are about to learn,
whether or not they are formally covered in your class discussions.

1.1 The Building Blocks of Life

Figure 1.1
Levels of Organization of
Matter— An Overview

Since it is our aim to understand the structure, organization, and function of matter in
living systems, it might be well to look at the levels of organization of matter. These are
listed in Figure 1.1 together with the branches of the natural sciences that can be
involved in their study.

Figure 1.2, a portion of the periodic chart showing about one third of the known
elements, includes nearly all of the elements necessary for life. Of these, only carbon,
hydrogen, oxygen, nitrogen, phosphorus, and sulfur (shown in color) are constituents of
the basic molecules of which living matter is composed. Other elements (shaded)—Ca,
Cl,Co, Cr, Cu, I, Fe, Mg, Mn, Mo, K, Na, and Zn—are also essential to living systems,
but with three notable exceptions they are present in much smaller amounts, mainly as
ions. Calcium is one exception because it is a major component of exoskeletons (shells),
bones, and teeth and is therefore often present in fairly large amounts. Iron and iodine
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PHYSICS and CHEMISTRY

BIOLOGY

BIOCHEMIS T RY




