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i PREFACE

To the Student

As you begin your study of organic chemistry, you might feel overwhelmed by the num-
ber of compounds, names, reactions, and mechanisms that confront you. You might
even wonder whether you can learn all this material in a single year. The most impor-
tant function of a textbook is to organize the material to show that most of organic chem-
istry consists of a few basic principles and many extensions and applications of these
principles. Relatively little memorization is required if you grasp the major concepts
and develop flexibility in applying those concepts. Frankly, I have a poor memory, and
I hate memorizing lists of information. I don’t remember the specifics of most of the reac-
tions and mechanisms in this book, but I can work them out by remembering a few basic
principles, such as “alcohol dehydrations usually go by E1 mechanisms.”

Still, you’ll have to learn some facts and fundamental principles to serve as
the working “vocabulary” of each chapter. As a student, I learned this the hard way
when [ made a D on my second organic chemistry exam. I thought organic would be
like general chemistry, where I could memorize a couple of equations and fake my
way through the exams. For example, in the ideal gas chapter, I would memorize
PV = nRT, and I was good to go. When I tried the same approach in organic, I got
a D. We learn by making mistakes, and I learned a lot in organic chemistry.

In writing this book, I’ve tried to point out a small number of important facts
and principles that should be learned to prepare for solving problems. For example, of
the hundreds of reaction mechanisms shown in this book, about 20 are the fundamental
mechanistic steps that combine into the longer, more complicated mechanisms. I've
highlighted these fundamental mechanisms in Key Mechanism boxes to alert you to their
importance. Spectroscopy is another area where a student might feel pressured to mem-
orize hundreds of facts, such as NMR chemical shifts and infrared vibration frequen-
cies. I couldn’t do that, so I've always gotten by with knowing about a dozen NMR
chemical shifts and about a dozen IR vibration frequencies, and knowing how they
are affected by other influences. I’ve listed those important infrared frequencies in
Table 12-2 and the important NMR chemical shifts in Table 13-3.

Don’t try to memorize your way through this course. It doesn’t work; you have to
know what’s going on so you can apply the material. Also, don’t think (like I did) that
you can get by without memorizing anything. Read the chapter, listen carefully to the
lectures, and work the problems. The problems will tell you whether or not you know
the material. If you can do the problems, you should do well on the exams. If you can’t
do the problems, you probably won’t be able to do the exams, either. If you keep hav-
ing to look up an item to do the problems, that item is a good one to learn.

Here are some hints I give my students at the beginning of the course:

1. Read the material in the book before the lecture (expect 13—15 pages per lecture).
Knowing what to expect and what is in the book, you can take fewer notes and
spend more time listening and understanding the lecture.

2. After the lecture, review your notes and the book, and do the in-chapter prob-
lems. Also, read the material for the next lecture.

3. If you are confused about something, visit your instructor during office hours im-
mediately, before you fall behind. Bring your attempted solutions to problems
with you to show the instructor where you are having trouble.

4. To study for an exam, begin by reviewing each chapter and your notes, then
concentrate on the end-of-chapter problems. Also use old exams for practice,
if available.



Remember the two “golden rules” of organic chemistry.

1. Don’t Get Behind! The course moves too fast, and it’s hard to catch up.
2. Work Lots of Problems. Everyone needs the practice, and the problems show where
you need more work.

I am always interested to hear from students using this book. If you have any
suggestions about how the book might be made better, or if you’ve found an error,
please let me know (L. G. Wade, Whitman College, Walla Walla, WA 99362: E-mail
wadelg @whitman.edu). I take students’ suggestions seriously, and hundreds of them now
appear in this book. For example, Whitman student Brian Lian suggested Figure 21-9, and
University of Minnesota student (and race-car driver) Jim Coleman gave me the facts on
the use of methanol at Indianapolis.

Good luck with your study of organic chemistry. I’'m certain you will enjoy
this course, especially if you let yourself relax and develop an interest in how organic
compounds influence our lives. My goal in writing this book has been to make the
process a little easier: to build the concepts logically on top of each other, so they
flow naturally from one to the next. The hints and suggestions for problem solving
have helped my students in the past, and I hope some of them will help you to learn
and use the material. Even if your memory is worse than mine (highly unlikely),
you should be able to do well in organic chemistry. I hope this will be a good learning
experience for all of us.

L. G. Wade, Jr.
Walla Walla, Washington
wadelg @whitman.edu

To the Instructor

In writing the first edition of this text, my goal was to produce a modern, readable text
that uses the most effective techniques of presentation and review. Subsequent editions
extended and refined that goal, with substantial rewriting and reorganization and with
the addition of several new features. This seventh edition incorporates even more refine-
ments than the sixth, with revisions in the organization, writing, and graphics. Some of
the modifications made in the most recent editions are:

1. Mechanism Boxes. About 100 of the most important mechanisms have been
organized into mechanism boxes, with large blue headings for easy review. In this
seventh edition, these boxes have been refined to make the individual steps clearer
to students. I’ve tried to choose most of the standard mechanisms that nearly
everyone teaches; yet, in some cases, it seems that other mechanisms would be
good candidates. If there are additional mechanisms that should be boxed, or some
that should not be boxed, please let me know what you think.

In choosing the Key Mechanisms, I’ve used two major criteria. If the
mechanism is one of the fundamental mechanisms that make up the longer, more
complex mechanisms, then it must be a Key Mechanism. Examples are Sy1, Sy2,
El, E2, nucleophilic acyl substitution, electrophilic aromatic substitution,
nucleophilic addition to carbonyls, and so on. The other criterion is more subjec-
tive. If the mechanism is one of the ones I routinely expect students to do on
exams, then it is a Key Mechanism. Examples are formation of imines and acetals,
aldol and Claisen condensations, and so on. If you feel I have left one out or
included one that should not be a Key Mechanism, please let me know.

2. Updated Coverage. In the sixth and seventh editions, I've updated several terms
to those that have gradually received acceptance among organic chemists.
Examples are bond-dissociation enthalpy to replace the more ambiguous bond-
dissociation energy and the newer transliteration Zaitsev to replace the older Sayrzeff.
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I’ve continued the gradual transition to the newer IUPAC names with the revised
locations of numbers, such as in hexa-1,3-diene instead of 1,3-hexadiene. I've
also completed the transition from kcal to kJ as the primary energy units, since kJ
units are used in all general chemistry texts at this time.

I’ve added several sections to recent editions to cover new material or material of
current interest.

Chapter 4: A section on free-radical inhibitors was added to show students
how some of the common inhibitors break the free-radical chain reaction, and
their importance in chemistry and biochemistry.

Chapter 5: Using the Mislow and Siegel definition (J. Am. Chem. Soc.
1984, 106, 3319), I introduce the popular (but often incorrectly defined) term
stereocenter and explain the differences between this term and the IUPAC terms
chirality center and asymmetric carbon atom (or chiral carbon atom). The term
stereocenter is much broader than the more precise term asymmetric carbon atom,
and it assumes that one already knows the stereochemical properties of the mol-
ecule (to know which bonds will give rise to stereoisomers upon their inter-
change). The casual use of the broad term stereocenter where a more precise term
is required often results in logical fallacies (J. Chem. Educ. 2006, 83, 1793).
Therefore, I have continued to encourage students to identify the (immediately
apparent) asymmetric carbon atoms to use as tools in examining a molecule to
determine its stereochemistry.

Chapter 8: The Nobel Prize—winning asymmetric reduction work by Noyori
and Knowles is discussed, together with its implications for enantioselective drug
synthesis. Another new section has been added covering the mechanism and syn-
thetic uses of olefin metathesis, highlighting the work by Chauvin, Grubbs, and
Schrock that recently won the Nobel Prize.

Chapter 12: Fourier-transform IR spectroscopy is discussed, together with
the reasons why this technique gives improved sensitivity and resolution over the
dispersive method.

Chapter 13: The NMR spectra have been converted to high-field (300 MHz)
spectra from the excellent Aldrich collection. The expansion boxes have been re-
fined and clarified to make sure that the individual splittings are visible. The DEPT
technique has been expanded and used in more of the problems.

Chapter 14: The Nobel Prize-winning Sharpless asymmetric epoxidation
is discussed, together with the factors that selectively enhance the formation of one
enantiomer of the product.

Chapter 16: A section has been added that discusses the aromaticity of
Fullerenes and their relationship to other allotropes of carbon.

Chapter 24: A section has been added that discusses prions: proteins which
are thought to be infectious because of misfolding, resulting in clumping and
formation of plaques. This topic relates the topic at hand (protein conformations)
directly to the ongoing concern about mad cow disease. ‘

3. Electrostatic Potential Maps. Electrostatic potential maps are used in cases
where they might help students to visualize the charge distribution of a species in
a way that helps to explain the electrophilic or nucleophilic nature of a compound.
In introducing EPMs, I've emphasized their qualitative nature without stressing
their mathematical derivation. As a result, I’ve explained and used EPMs much
like they are introduced in the general chemistry textbooks. Several new EPMs
have been added in the seventh edition.

The entire book has been edited, with many sections reorganized and rewritten
to enhance clarity. As in the first edition, each new topic is introduced carefully and explained
thoroughly. Many introductory sections have been rewritten to update them and make them
more approachable for students. Whenever possible, illustrations have been added or mod-
ified to help students visualize the physical concepts.



The emphasis continues to be on chemical reactivity. Chemical reactions are introduced
as soon as possible, and each functional group is considered in view of its reactivity toward
electrophiles, nucleophiles, oxidants, reductants, and other reagents. “Electron-pushing”
mechanisms are stressed throughout as a means of explaining and predicting this reactivity.
Structural concepts such as stereochemistry and spectroscopy are thoroughly treated as
useful techniques that enhance the fundamental study of chemical reactivity.

Organization

This book maintains the traditional organization that concentrates on one functional group
at a time while comparing and contrasting the reactivity of different functional groups.
Reactions are emphasized, beginning with Lewis acid-base reactions in Chapter 1,
continuing with thermodynamics and kinetics in Chapter 4, and covering most of the
important substitution, addition, and elimination reactions in the three chapters following
stereochemistry.

Spectroscopic techniques (IR, MS, and NMR) are covered in Chapters 12 and 13,
so that they can be included in the first semester if desired. This early coverage is
needed to allow effective use of spectroscopy in the laboratory. Still, a large amount
of organic chemistry has been covered before this digression into structure determi-
nation. The principles of spectroscopy are practiced and reinforced in later chapters,
where the characteristic spectral features of each functional group are summarized and
reinforced by practice problems.

Key Features

FLEXIBILITY OF COVERAGE

No two instructors teach organic chemistry exactly the same way. This book covers all
the fundamental topics in detail, building each new concept on those that come before.
Many topics may be given more or less emphasis at the discretion of the instructor.
Examples of these topics are 13C NMR spectroscopy, ultraviolet spectroscopy, conser-
vation of orbital symmetry, amino acids and proteins, nucleic acids, and the special top-
ics chapters, lipids and synthetic polymers.

Another area of flexibility is in the problems. The wide-ranging problem sets
review the material from several viewpoints, and more study problems are provided
than most students are able to complete. This large variety allows the instructor to select
the most appropriate problems for the individual course.

UP-TO-DATE TREATMENT

In addition to the classical reactions, this book covers many techniques and reac-
tions that have more recently gained wide use among practicing chemists. Molecu-
lar-orbital theory is introduced early and used to explain electronic effects in
conjugated and aromatic systems, pericyclic reactions, and ultraviolet spectroscopy.
Carbon-13 NMR spectroscopy is treated as the routine tool it has become in most
research laboratories, and the DEPT technique is introduced in this edition. Many of
the newer synthetic techniques are also included, such as asymmetric hydrogena-
tion and epoxidation, use of sodium triacetoxyborohydride, Birch reduction, Swern
oxidations, alkylation of 1,3-dithianes, olefin metathesis, and oxidations using pyri-
dinium chlorochromate.

REACTION MECHANISMS

Reaction mechanisms are important in all areas of organic chemistry, but they are difficult
for many students. Students fall into the trap of memorizing a mechanism while not
understanding why it proceeds as it does. This book stresses the principles used to pre-
dict mechanisms. Problem-solving sections develop basic techniques for approaching
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mechanism problems, and they work to minimize rote memorization. These techniques
emphasize deciding whether the reaction is acidic, basic, or free radical in nature, then
breaking it down into Lewis acid—base interactions and using “electron pushing arrows”
to illustrate these individual steps. Important mechanisms are highlighted by placing
them in the Mechanism and Key Mechanism boxes.

INTRODUCTION TO MECHANISMS USING FREE-RADICAL
HALOGENATION

The advantages and disadvantages of using free-radical halogenation to introduce
reaction mechanisms have been debated for many years. The principal objection to free-
radical halogenation is that it is not a useful synthetic reaction. But useful reactions
such as nucleophilic substitution and additions to alkenes are complicated by
participation of the solvent and other effects. Gas-phase free-radical halogenation allows
a clearer treatment of kinetics and thermodynamics, as long as its disadvantages as a
synthetic reaction are discussed and students are aware of the limitations.

ORGANIC SYNTHESIS

Organic synthesis is stressed throughout this book, with progressive discussions of the
process involved in developing a synthesis. Retrosynthetic analysis is emphasized, and
the student learns to work backward from the target compound and forward from the
starting materials to find a common intermediate.

Typical yields have been provided for many synthetic reactions, although I hope
students will not misuse these numbers. Too often students consider the yield of a reac-
tion to be a fixed characteristic just as the melting point of a compound is fixed. In prac-
tice, many factors affect product yields, and literature values for apparently similar
reactions often differ by a factor of 2 or more. The yields given in this book are typical
yields that a good student with excellent technique might obtain.

SPECTROSCOPY

Spectroscopy is one of the most important tools of the organic chemist. This book develops
the theory for each type of spectroscopy and then discusses the characteristic spectral fea-
tures. The most useful and dependable characteristics are summarized into a small number
of rules of thumb that allow the student to interpret most spectra without looking up or mem-
orizing large tables of data. For reference use, extensive tables of NMR and IR data and a
more complete version of the Woodward-Fieser rules for UV are provided as appendices.

This approach is particularly effective with IR and NMR spectroscopy, and with
mass spectrometry. Practical rules are given to help students see what information is
available in the spectrum and what spectral characteristics usually correspond to what
structural features. Sample problems show how the information from various spectra is
combined to propose a structure. The emphasis is on helping students develop an intu-
itive feel for using spectroscopy to solve structural problems.

NOMENCLATURE

IUPAC nomenclature is stressed throughout the book, but common nomenclature is also
discussed and used to develop students’ familiarity. Teaching only the [IUPAC nomencla-
ture might be justifiable in theory, but such an approach would handicap students in their
further study and use of the literature. Much of the literature of chemistry, biology, and
medicine uses common names such as methyl ethyl ketone, isovaleric acid, methyl rert-butyl
ether, -y-aminobutyric acid, and e-caprolactam. This book emphasizes why systematic
nomenclature is often preferred, yet it encourages familiarity with common names as well.

I’ve enjoyed working on this new edition, and I hope that it is an improved fine-
tuning of the sixth edition. I've tried to make this book as error-free as possible, but
I’m sure some errors have slipped by. If you find errors, or have suggestions about how
the book might be made better, please let me know (L. G. Wade, Whitman College,



Walla Walla, WA 99362; e-mail: wadelg@whitman.edu). Errors can be fixed quickly
in the next printing. I've already started a file of possible changes and improvements for
the eighth edition, and I hope many of the current users will contribute suggestions to
this file. I hope this book makes your job easier and helps more of your students to
succeed. That’s the most important reason why I wrote it.
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