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Preface

To the Student

As you begin your study of organic chemistry, you might feel overwhelmed by the
number of compounds, names, reactions, and mechanisms that confront you. You
may even wonder whether you can learn all this material in a single year. The most
important function of a textbook is to organize the material to show that most of
organic chemistry consists of a few basic principles and many extensions and ap-
plications 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 reactions and mechanisms in this book, but I can work
them out by remembering a few basic principles, like ‘‘alcohol dehydrations usu-
ally go by El mechanisms.”’

Still, some facts and fundamental principles (probably about ten to twenty) in
each chapter must be learned to serve as the working ‘ ‘vocabulary’’ of that chapter.
As a student I learned this the hard way, when I made a D on my second organic
chemistry exam because I had neglected to learn the important terms. 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, in studying nuclear
magnetic resonance one might memorize thousands of chemical shifts, but Table
12-3 lists only about a dozen representative values that can be learned and used to
solve most problems.

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
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 having to look up something 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.  Before the next lecture, review your notes and the book, and do the in-chapter
problems. Also, read the material for the next lecture.

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

4. To study for the exam, begin by reviewing each chapter and your notes, then
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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 prob-
lems show where you need more work.

Study Aids
Several kinds of study aids are provided to emphasize and review the most impor-
tant points.

Summary Tables. Whenever a large amount of material lends itself to a concise
summary, a summary table (highlighted by a blue background) is provided to
compare and contrast this material. For example, a summary table on p. 266 com-
pares the factors affecting Syl and Sy2 reactions, and another summary table
(p. 281) contrasts E1 and E2 reactions.

Reaction Summaries. At the conclusion of each section on syntheses or reactions
of a functional group (‘‘Reactions of Alkenes,”” for example), a summary table is
provided for efficient review. Each summary, highlighted by a blue background,
includes cross-references to reactions that are discussed elsewhere.

SUMMARY: The Reactions of Alkenes

XX

1. Electrbphilic’ddditions
a. Addition of hydrogen halides (Section 8-3) ;
N P

Ce=C. " & H—X % e O
ab [ ]
~ (HX = HCI, HBr, or HI) ; H X
Markovnikov orientation
(anti-Markovnikov with
HBr and peroxides)
Example
; CH,
CH3—'-('3--CH3
" no peroxides
CH, Br
‘ ‘ t-butyl bromide
CH.—C=(H. . + Jibr (Markovnikov orientation)
2-methylpropene CH
peroxides 3

CH,—CH—CH,Br

isobutyl bromide
(anti-Markovnikov orientation)
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Problems. The in-chapter problems appear right after the relevant sections of the
text. These problems provide immediate review and reinforcement of the material
as it is learned, helping to make sure you understand each section well enough
before moving on to the next. Later, end-of-chapter problems promote additional
review and practice. Your instructor may choose to assign specific problems that
reflect the emphasis of the lectures. Problems with red stars () are more difficult
problems that require extra thought and perhaps some extension of the material
presented in the chapter.

Solved Problems. Where appropriate, solved problems (highlighted by a gray
background) are provided to show how you might approach a particular type of
problem and what kind of answer is expected. For example, a solved problem might
work through a mechanism to show how it is broken down into individual steps and
how red curved arrows show movement of electrons.

SOLVED PROBLEM 8-4

A norbornene molecule labeled with deuterium is subjected to hydroboration—
oxidation. Give the structures of the intermediates and products.
exo (outside) face

) D BH;: THF P w0, -on I
— ———
aD D
/ D D D

endo (inside) face alkylborane alcohol
deuterium-labeled norbornene (racemic mixture)

SOLUTION The syn addition of BH; across the double bond of norbornene takes
_place mostly from the more accessible outside (exo) face of the double bond. Oxida-
tion gives a product with both the hydrogen atom and the hydroxyl group in exo
- positions. (The less accessible inner face of the double bond is called the endo face.)

Glossaries. Each chapter ends with a glossary that defines and explains technical
terms introduced in that chapter. New terms defined in the glossary are printed in
boldface the first time they appear in the chapter. The glossaries serve not only as
dictionaries, but also as study aids for reviewing the material. They will help to jog
your memory as you go over the definitions and make sure you understand and can
use all the new terms.

Problem-Solving Strategies. The problem-solving strategies (highlighted by a
green background) suggest methods for approaching complicated problems, such
as those that require proposing mechanisms and developing multistep syntheses.
Students often have trouble seeing how to approach problem solving, and these
strategies are meant to help you break the problem down into simpler pieces. Al-
though organic chemistry cannot be broken down into a rote process that guaran-
tees an answer, experienced chemists instinctively approach problems in ways
that are more likely to lead to solutions. The suggestions in the problem-solving dis-
cussions approximate what an experienced chemist is likely to do in approach-
ing these problems. They serve as a starting point, not a guaranteed route to the
answers.
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PROBLEM SOLVING: Organic Synthesis

} ﬂy conv 'éd to other functional groups Tins ﬁexxbﬂlty makes alkyl hahdest
useful as reagents and intermediates for orgamc synthesis. Orgamc synthesis is

desired ptoduct There are obvious one-step anSwers to some of these problems

Problem-Solving Hints. These suggestions (green boxes in the art column at the
left of the page) are provided to remind you of facts or principles that are likely to be
Look for a hydrogen trans to useful for solving common types of problems. These are the tips I give my own
the leaving group; then see if  students when I help them work problems and review for exams. These hints high-

the hydrogen and the leaving  light material that is sometimes overlooked but plays an important role in solving
group can become diaxial. problems.

Essential Problem-Solving Skills. This list is provided at the end of each chapter
to remind you of the kinds of skills needed to solve typical problems associated with
the material in that chapter. When you finish a chapter, this list can point out
concepts you might need to review, or it might suggest types of problems and
solutions you might not have considered. Reviewing the problem-solving skills is
often a good prelude to doing the end-of-chapter problems.

Four-Color Printing. This book is printed with four colors of ink to help you find
and organize the material. Color is used to highlight major features for easy loca-
tion. For example, the blue backgrounds of summary tables and reaction summaries
were shown above. The gray background for solved problems, the green back-
ground for problem-solving strategies, and the green boxes for problem-solving
hints and essential problem-solving skills were also shown above. Other features
that are set off by color:

1.  Key definitions and rules are in blue type.
MARKOVNIKOV’'S RULE The addition of a proton acid to the double

bond of an alkene results in a product with the acid proton bonded to the
carbon atom that already holds the greater number of hydrogen atoms.

2.  Curved red arrows are used throughout for ‘‘electron pushing,”’ to show the
flow of electrons through the course of a reaction.

e R e e

o, -

cyclopentene oxide H trans-1,2-cyclopentane diol
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3.  Important general reactions are highlighted by a check mark in the margin.
Nucleophiles are often printed in blue and electrophiles in green.

7/\
' Iﬁ | B---H, i
v ) S // S - v
—C—C— — C==C — C=C + B—H + X-
[ (] 2N S
X
transition state
E2 rate = £ [R—X][B7]

The variety of available colors makes it possible to highlight and distinguish
key aspects of reactions, structures, and molecular drawings, to distinguish atoms
and bonds within molecules and transition states.

back-side attack transition state primary product
Supplements Solutions Manual

Brief answers to many of the in-chapter problems are given at the back of this book.
These answers are sufficient for a student on the right track, but they are of limited
use to one who is having difficulty working the problems. The Solutions Manual,
prepared by Jan W. Simek of California Polytechnic State University, contains
worked-out solutions to all the problems. These solutions also give helpful hints on
how to approach each kind of problem. This supplement is a useful aid for any
student, and it is particularly valuable for students who feel they understand the
material but need more help with problem solving. The Solutions Manual also
includes an Appendix summarizing the [UPAC system of nomenclature.

Molecular Models

Every organic chemistry student needs a set of molecular models. These models are
used to demonstrate a multitude of principles, including stereochemistry, ring
strain, conformations of cyclic and acyclic systems, and many others. Many differ-
ent kinds of models are available. Framework models have the advantage of flexible
bonds that can form strained systems, with the amount of bend in the bonds giving a
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qualitative idea of the amount of strain. Space-filling models do a better job of
showing steric effects with bulky substituents. In most cases, instructors help stu-
dents choose models that effectively illustrate the most important principles.

I am always interested in hearing 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). I take students’ suggestions seriously, and hundreds of them now appear in
this book. For example, Whitman student Brian Lian suggested Figure 21-20, and
University of Minnesota student (and racing driver) Jim Coleman gave me the facts
on methanol use 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.

XXiv

To the Instructor

Preface

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. The second
edition extended and refined that goal, with substantial rewriting and reorganization
and with the addition of several new features. This third edition incorporates even
more refinements than the second, with major revisions in the organization, writing,
and graphics. Some of the more obvious changes are:

1.  The chapters are reorganized to place stereochemistry earlier, allowing its use
throughout the other chapters, and particularly in the chapter on nucleophilic
substitutions and eliminations.

2.  Much of the writing has been revised to enhance clarity and simplicity, and to
eliminate unnecessary repetition. Several new topics have been added, and
others have been expanded and updated.

3.  The graphics are entirely new, with computer-generated art used throughout
the book. I hope the new art will help students to get more of a tangible,
intuitive feel for the molecules and processes represented by the art.

4. The popular problem-solving essays introduced in the second edition have
been rewritten and expanded to enhance consistency and cover more topics.

5. New features have been added, including about 140 problem-solving hints

that alert students to facts and principles that make it easier to solve particular
kinds of problems.

6. More problems and solved problems have been added, with emphasis on
road-map problems, problems using stereochemistry, and challenging starred
problems.

The entire book has been microedited, with many large passages rewritten to
enhance clarity. As in the first edition, each new topic is introduced carefully and
explained thoroughly. Whenever possible, illustrations help students visualize each
physical concept, and many in-chapter problems give immediate reinforcement as
students work through each chapter.



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 stereochemis-
try 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 func-
tional groups. Reactions are emphasized, beginning with Lewis acid-base reactions
in Chapter 1, continuing with thermodynamics and kinetics in Chapter 4, and cov-
ering 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 11 and
12, so that they will be covered in the first semester. 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 determina-
tion. 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 in 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 '*C NMR spectroscopy, ultraviolet
spectroscopy, conservation of orbital symmetry, nucleic acids, and the special
topics 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 conju-
gated 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. Many of the newer synthetic techniques are also included,
such as the Birch reduction, DIBAH reduction of esters, alkylation of 1,3-dithianes,
and oxidations using pyridinium 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
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used to predict mechanisms. Problem-solving sections develop basic techniques for
approaching 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
‘“arrow pushing’’ to illustrate these individual steps.

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 halogena-
tion allows a clearer treatment of kinetics and thermodynamics, as long as its
disadvantages as a synthetic reaction are carefully discussed and the student is
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 empha-
sized, and the student learns to work backward from the target compound and
forward from the starting materials to find a common intermediate. Several new
problem-solving discussions of organic synthesis have been added, emphasizing
how one approaches a multistep synthesis.

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 reaction to be a fixed characteristic just as the melting point of a compound is
fixed. In practice, 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 character-
istic spectral features. The most useful and dependable characteristics are summa-
rized into a small number of rules of thumb that allow the student to interpret most
spectra without looking up or memorizing large tables of data. For reference use,
extensive tables of NMR and IR data and a more complete version of the Wood-
ward-Fieser rules for UV are provided as appendices.

This approach is particularly effective with ultraviolet spectroscopy,
3CNMR, and 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 intuitive feel for using spectroscopy to solve structural prob-
lems.

Nomenclature

IUPAC nomenclature is stressed throughout the book, but common nomenclature is
also discussed and used to develop students’ familiarity. Teaching only the IUPAC
nomenclature might be justifiable, 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 #-butyl ether, y-aminobutyric acid, and e-caprolactam. This book em-
phasizes why systemic nomenclature is often preferred, yet it encourages familiar-
ity with common names as well.

Instructor Supplements

Transparencies, demonstration models, and a test (computerized and in manual
format) bank are available for instructors using this textbook. Contact your Prentice
Hall representative for details.

I’ve enjoyed working on this new edition, and I hope it’s much better than the
second 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) Errors can be fixed quickly, in the next printing. I've
already started a file of possible changes and improvements for the fourth 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 I wrote it.
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