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New to This Edition

1	 NEW! Expanded coverage of Acid/Base Chemistry 
in chapter 2 and separation of the chapter on 
Substitution and Elimination into two distinct 
chapters allow students to build upon their 
existing knowledge and move through their first 
mechanisms with greater clarity and with more 
opportunities to test and apply their understanding 
without getting overwhelmed by organic chemistry. 
New problem-solving strategy spreads have 
been added to both corresponding chapters for 
additional support.

2	 NEW! Reaction Starbursts/Reaction Maps 
appear before the end of every ‘reaction-based’ 
chapter to help students better understand 
and mentally organize reactive similarities and 
distinctions.

3	 NEW! Visual Guides to Organic Reactions place 
the reactions covered in each chapter within the 
overall context of the reactions covered in the course.

4	 NEW! Problem Solving Strategies have been 
added and explicitly highlighted in several chapters, 
including new strategies for resonance, acid-base 
equilibria, and multistep synthesis.

5	 NEW! Over 100 New Problems include more 
synthesis problems and problems based on 
recent literature.

6	 NEW! Green Chemistry is emphasized with 
presentation of less toxic, environmentally friendly 
reagents in many situations, such as oxidation of 
alcohols with bleach rather than with chromium 
reagents.

7	 NEW! Chapter Openers focus on organic 
applications, with introductions and images for a 
more enticing, contemporary presentation.

8	 20 Key Mechanism Boxes highlight the fundamental 
mechanistic principles that recur throughout the 
course and are the basis for some of the longer, more 
complex mechanisms. Each describes the steps of the 
reaction in detail with a specific example to reinforce 
the mechanism and a concluding problem to help 
students absorb these essential reactions.

9	� NEW! Explanations and Annotations to 
Mechanisms help students better understand how 
each mechanism works.
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Brief Chapter-by-Chapter Changes

Global Changes

Every chapter begins with a new chapter-opening photograph showing an interesting, real-world application of the material 
in that chapter. New Problem-Solving Hints and new Applications have been added to each chapter, and all of the chapters 
have gone through a careful revision process. All of the structures have been updated to the new IUPAC recommendations 
for showing stereochemistry. Green curved arrows are used to show the imaginary flow of electrons in resonance forms, in 
contrast to the red curved arrows used to show the actual flow in reactions.

Chapter 1  Structure and Bonding
●	 The material on structure, bonding, and molecular 

geometry has been consolidated into one chapter. A 
revised discussion of resonance includes a Problem-
Solving Strategy, a Problem-Solving Hint on the types 
of arrows used in organic chemistry, and several new 
problems.

Chapter 2  Acids and Bases; Functional Groups
●	 The presentation of acids and bases has been moved from 

the previous Chapter 1 and greatly enhanced to become 
the main subject in the new Chapter 2. The new material 
includes sections on inductive, hybridization, resonance, 
and solvent effects on acidity and basicity; a section 
and Problem-Solving Strategy on predicting acid-base 
equilibrium positions; new Problem-Solving Hints;  
new figures; new applications; and 18 new problems.

Chapter 4  The Study of Chemical Reactions
●	 The values of bond dissociation enthalpies have 

been updated to the most recent experimental results 
throughout the chapter. A revised discussion of 
Hammond’s postulate includes a figure that has been 
revised for clarity.

Chapter 5  Stereochemistry
●	 This chapter includes a revised summary of types of 

isomers, with revised figures for clarity. There are 
new Problem-Solving Hints on stereocenters, Fischer 
projections, and relative versus absolute configurations.

Chapter 6  Alkyl Halides; Nucleophilic Substitution
●	 The sections on E1 and E2 eliminations have been moved 

to Chapter 7. A new graphic showing the strengths of 
common nucleophiles has been added, and the summary 
of nucleophilic substitution conditions has been 
expanded. Several Problem-Solving Hints have been 
added on nucleophiles and bases, acid-base strength in 
the SN1 reaction, and carbocation rearrangements.

Chapter 7 � Structure and Synthesis of Alkenes; 
Elimination

●	 This chapter now contains expanded sections on E1 
and E2 eliminations. Several Problem-Solving Hints 
have been added, as well as graphics on the competition 
between substitutions and eliminations. Several new 
problems have been added, including two solved 
problems.

Chapter 8  Reactions of Alkenes
●	 Several diagrams, applications, problems, and starburst 

summaries of reactions have been added. The new visual 
Guide to Organic Reactions is introduced in Chapter 8, 
and further updated in Chapters 11, 17, 18, 21, and 22.

Chapter 9  Alkynes
●	 New examples and a new starburst summary have 

been added. A new Problem-Solving Hint summarizes 
oxidative cleavages of alkynes.

Chapter 10  Structure and Synthesis of Alcohols
●	 The material on lithium dialkylcuprates has been 

expanded into a new section. New Problem-Solving 
Hints on Grignard reactions and organometallic reactions 
have also been added. A new starburst reaction summary 
has been added.

Chapter 11  Reactions of Alcohols
●	 A newly revised discussion of oxidizing agents 

emphasizes “green” reactions with sodium hypochlorite 
and acetic acid, or TEMPO, rather than toxic chromium 
reagents. A new interim summary compares alcohol 
oxidations with and without chromium reagents, and a 
new Problem-Solving Hint discusses ring-size changes 
and rearrangements. Two new starburst reaction 
summaries have been added.

Chapter 14  Ethers, Epoxides, and Thioethers
●	 New material and a new graphic have been added to 

clarify the regiochemistry of the opening of substituted 
epoxides. Several new problems have been added.
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Chapter 15 � Conjugated Systems, Orbital Symmetry, 
and Ultraviolet Spectroscopy

●	 Several figures have been revised for clarity, and new 
applications have been added.

Chapter 16  Aromatic Compounds
●	 New to this chapter are a Problem-Solving Hint on 

drawing energy diagrams for the MOs of cyclic systems, 
plus new applications and problems. A new starburst 
reaction summary has also been added.

Chapter 17  Reactions of Aromatic Compounds
●	 A new Problem-Solving Strategy has been added to 

explain multistep synthesis using electrophilic aromatic 
substitutions. The discussion of the Suzuki reaction 
has been expanded, including its mechanism. New 
applications, two new starburst reaction summaries, and 
several problems have also been added.

Chapter 18  Ketones and Aldehydes
●	 The discussion of syntheses of ketones and aldehydes 

has been revised to emphasize oxidations that use less 
toxic reagents such as bleach and TEMPO. Several new 
applications have been added, as well as a starburst 
reaction summary and several new problems.

Chapter 19  Amines
●	 A Problem-Solving Hint on pKa of amines has been 

added, plus new applications and several new problems.

Chapter 20  Carboxylic Acids
●	 New problems and applications have been added as well 

as a starburst reaction summary.

Chapter 21  Carboxylic Acid Derivatives
●	 Several new problems and applications have been added, 

as well as a starburst reaction summary.

Chapter 22 � Condensations and Alpha Substitutions of 
Carbonyl Compounds

●	 A new Problem-Solving Hint on ketone and ester 
carbonyl groups has been added, plus a new starburst 
reaction summary. Several applications and problems 
have been added as well.

Chapter 23  Carbohydrates and Nucleic Acids
●	 This chapter has been updated with a new application on 

glycoproteins. Some of the obsolete older reactions have 
been dropped.

Chapter 24  Amino Acids, Peptides, and Proteins
●	 The material on solid-phase peptide synthesis has been 

updated to use current techniques, and some of the 
obsolete, older methods have been deleted.

Chapter 26  Synthetic Polymers
●	 The organization of the chapter has been revised to 

emphasize chain-growth versus step-growth polymers, 
rather than addition versus condensation polymers. A 
new section has been added on the recycling of plastics, 
plus applications on 3D printing and PEX pipes.
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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 might 
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 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 
reactions 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 I 
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. Similarly, the Guide to Organic Reactions appears in six chapters 
that contain large numbers of new reactions. This guide outlines the kinds of reactions 
we cover and shows how the reactions just covered fit into the overall organization. 
Spectroscopy is another area in which a student might feel pressured to memorize 
hundreds of facts, such as NMR chemical shifts and infrared vibration frequencies. 
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 having 
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 
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 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, and 
reviewing any reaction summaries to make sure you can recognize and use those 
reactions. The “starburst” summaries are most useful for developing syntheses, 
since you can quickly glance at them and see the most useful conversions for that 
functional group. Then concentrate on the end-of-chapter problems. In each chapter, 
the Essential Problem-Solving Skills (EPSS) outline reviews the important concepts 
in the chapter and shows which problems can be used to review each concept. Also 
use old exams, if available, for practice. Many students find that working in a study 
group and posing problems for each other is particularly helpful.

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 improved, 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 fuels 
used 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.

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. I wanted a book that 
presents organic chemistry at the level needed for chemistry and biochemistry majors, 
but one that presents and explains the material in ways that facilitate success for all the 
many different kinds of students who take the course. Subsequent editions have extended 
and refined these goals, with substantial rewriting and reorganizing and with many new 
features. This ninth edition adds several new features to help students organize types of 
reactions and mechanisms for easier learning and better understanding, as well as for 
reference.

New to This Edition
To help students organize functional group reactions, new Starburst Summaries have 
been added that provide visual links between synthetically related functional groups. 
This new feature is particularly useful when students are developing multistep synthe-
ses, when the visual links help them to see the possible reactions moving forward from 
a reactant or synthetic intermediate. The new Guides to Organic Reactions will help 
students to organize mentally the many new reactions they are learning, and where 
those reactions fit within the overall scheme of the types of reactions we use in organic 
chemistry. Chapter-opening photographs, with captions that explain how the photo-
graph relates to the chemistry presented in that chapter, have been added to all of the 
chapters. We have tried to select photos that are remarkable in some way or another and 
that grab the viewer’s attention.
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All of the features of the earlier editions have been retained in this ninth edition. 
In many cases, those that were introduced in earlier editions have been expanded and 
refined. Many updated applications have been added, including those relating to medi-
cine, green chemistry, biochemistry, and other contemporary areas of interest. Green 
chemistry is emphasized in many areas, most notably in the use of methods that avoid 
chromium reagents, which are known to be toxic and carcinogenic. The older, more 
toxic reagents are mentioned, but they are no longer given as the first choice for a 
reagent. Mechanisms have been provided for the newest reactions, such as the Suzuki 
coupling, when they are relevant to the material and studied well enough to be confident 
they are correct.

Key Features
Expanded Coverage of Acids and Bases: After reviewing the basics of bonding, 
hybridization, and molecular structure in Chapter 1, Chapter 2 is centered around 
acids and bases and how these concepts apply to organic compounds. The Arrhenius, 
Brønsted-Lowry, and Lewis definitions are introduced and explained. The uses of pKa 
and pKb are described, followed by a discussion and a Problem-Solving Strategy feature 
on predicting the position of an acid-base equilibrium reaction. Factors that affect acid-
ity and basicity are explained, including solvent effects, size, electronegativity, induc-
tive effects, hybridization effects, and resonance effects. Lewis acid-base reactions are 
discussed, with a careful discussion of the correct use of the curved-arrow formalism.

Separation of Substitution and Elimination Reactions: The crucial chapters on sub-
stitution and elimination have been revised, with substitutions covered in Chapter  6 
and eliminations in Chapter 7. This organization allows students to become more com-
fortable with the differences between SN1 and SN2 substitutions before the possible 
reaction pathways are expanded to include eliminations. Chapter 7 presents complete 
coverage of the competition between substitutions and eliminations, and how one can 
predict what mechanisms and products are most likely.

Organic Synthesis: Many new synthetic problems have been added, some of them com-
ing from the recent literature. The material on organic synthesis and retrosynthetic analy-
sis has been supplemented, with particular attention to multistep aromatic syntheses.

Nomenclature: We have tried to stay as current as possible with the constantly changing 
IUPAC nomenclature, and this edition reflects some of the most recent changes. Begin-
ning with the eighth edition, we have used the 1993 IUPAC positioning of the locants in 
names (e.g., but-1-ene), while also showing the names using the older positions of the 
locants (e.g., 1-butene). We have also carefully defined stereochemical terms (such as 
stereocenter and chiral center) correctly and precisely, and we have endeavored to use 
the most precise term in each case.

In this edition, we have adopted three of the newest changes in the IUPAC rules: 

1.	 In showing stereochemistry, IUPAC now recommends the “reverse perspective” 
(closer end is smaller) version of wedged dashed bonds. Wedged solid bonds are 
still drawn with normal perspective, with their closer end larger. 

2. IUPAC now defines hydroxyl as referring only to the radical, not the functional 
group. The functional group is the hydroxy group. We have changed these terms 
where needed to conform to this rule. 

3. At one time, the IUPAC banished the term ketal. It has now been reinstated as a 
subclass of acetals, and we have resumed using it.

This ninth edition also includes a new Nomenclature Appendix, which serves as a com-
pact reference to the rules of naming organic compounds. This feature should make it 
easier for students to name compounds without always having to find the discussion 
pertaining to that particular functional group.



The Keys to Organic Chemistry 

Wade & Simek’s ninth edition of Organic Chemistry presents key principles of organic chemistry in the context of 
fundamental reasoning and problem solving. Written to reflect how today’s students use textbooks, this text serves as a 
primary guide to organic chemistry, as well as a comprehensive study resource when working problems and preparing 
for exams. 

340    CHAPTER 7    Structure and Synthesis of Alkenes; Elimination

 Among the elimination products, Zaitsev’s rule tells us that the product with the most substituted double bond will predominate. 
That is the same product for both the initial carbocation and the rearranged carbocation. However, a substitution product might 
be the major product. Which one depends on whether the rearrangement is faster than attack by the methanol solvent. If the 
rearrangement is faster, then we see more rearranged product. This complicated reaction shows why E1 and S N 1 reactions of 
alkyl halides are rarely used for synthesis. 
  Follow-up question:  Show the mechanistic steps that are omitted in the solution to (b) shown above.   

   PROBLEM-SOLVING STRATEGY      Predicting Substitutions and Eliminations 

 Given a set of reagents and solvents, how can you predict what products will result and which 
mechanisms will be involved? Should you memorize all this theory about substitutions and 
eliminations? Students sometimes feel overwhelmed at this point. 

 Memorizing is not the best way to approach this material because the answers are not absolute 
and too many factors are involved. Besides, the real world with its real reagents and solvents is 
not as clean as our equations on paper. Most nucleophiles are also basic, and many solvents can 
solvate ions or react as nucleophiles or bases. 

 The first principle you must understand is that  you cannot always predict one unique product 
or one unique mechanism . Often, the best you can do is to eliminate some of the possibilities 
and make some accurate predictions. Remembering this limitation, here are some general 
guidelines:  

1. The strength of the base or nucleophile determines the order of the reaction.  
 If a strong nucleophile (or base) is present, it will force second-order kinetics, either  SN2  or E2. 
 If no strong base or nucleophile is present, you should consider first-order reactions, both  SN1
and E1. Addition of silver salts to the reaction can force some difficult ionizations.   

2. Primary halides usually undergo the   SN2   reaction, occasionally the E2 reaction.  
 Primary halides rarely undergo first-order reactions, unless the carbocation is resonance-
stabilized. With good nucleophiles,  SN2  substitution is usually observed. With a strong base, 
E2 elimination may occasionally be observed.  

3.  Tertiary halides usually undergo the E2 reaction (strong base) or a mixture of S N 1 and 
E1 (weak base).   
 Tertiary halides cannot undergo the  SN2  reaction. A strong base forces second-order kinet-
ics, resulting in elimination by the E2 mechanism. In the absence of a strong base, tertiary 
halides react by first-order processes, usually a mixture of  SN1  and E1. The specific reaction 
conditions determine the ratio of substitution to elimination.   

   4. The reactions of secondary halides are the most difficult to predict.  
 With a strong base, either the  SN2  or the E2 reaction is possible. With a weak base and a good 
ionizing solvent, both the SN1 and E1 reactions are possible, but both are slow. Mixtures of 
products are common.  

   5. Some nucleophiles and bases favor substitution or elimination.  
 To promote elimination, the base should readily abstract a proton but not readily attack a 
carbon atom. A bulky strong base, such as  tert -butoxide  [-OC(CH3)3],  enhances elimination. 
Higher temperatures also favor elimination in most cases. To promote substitution, you need 
a good nucleophile with limited basicity: a highly polarizable species that is the conjugate 
base of a strong acid. Bromide  (Br-)  and iodide  (I-)  are examples of good nucleophiles that 
are weak bases and favor substitution.   

  SN2 + E2 SN1 + E1

strong
Nuc:/base

weak
Nuc:/base

alkyl halides

  

H

H

SN2 no reaction

strong
Nuc:/base

weak
Nuc:/base

R XC1° alkyl halide

  

R

R

E2 SN1  +  E1

strong
Nuc:/base

weak
Nuc:/base

R XC3° alkyl halide

R

H

SN2  +  E2 SN1  +  E1

strong
Nuc:/base

weak
Nuc:/base

R XC2° alkyl halide

7-18  Alkene Synthesis by Dehydration of Alcohols    343

  Like other E1 reactions, alcohol dehydration follows an order of reactivity that 
reflects carbocation stability: 3° alcohols react faster than 2° alcohols, and 1° alcohols 
are the least reactive. Rearrangements of the intermediates are common in 
alcohol dehydrations. In most cases, Zaitsev’s rule applies: The major product is usually 
the one with the most substituted double bond.     

   SOLVED PROBLEM    7- 7   
     (a)  Propose a mechanism for the sulfuric acid-catalyzed dehydration of  tert -butyl alcohol. 

    SOLUTION   
 The first step is protonation of the hydroxy group, which converts it to a good leaving group. 

   

C

CH3

H2SO4H C OCH3

CH3

O

CH3

CH3

CH3

H

H

HSO4+ + −+

 
 The second step is ionization of the protonated alcohol to give a carbocation. 

   

C O

CH3

CH3

CH3

H

H

CCH3

CH3

CH3
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 Abstraction of a proton completes the mechanism. 
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CH3
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H
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  (b) Predict the products and propose a mechanism for the acid-catalyzed dehydration of 1-cyclohexylethanol. 

    PARTIAL SOLUTION:   
 Protonation of the hydroxy group, followed by loss of water, forms a carbocation. 

   

CH3

OH
C

H

CH3

C

H
O

H

H
CH3

H2O

carbocation1-cyclohexylethanol

H OSO3H +
+

HSO4
–

+

+
C

H

H

 
 The carbocation can lose a proton, or it can rearrange to a more stable carbocation. 

   unrearranged 2° carbocation

˜H

rearranged 3° carbocation

H H

–CH3

+
+C

H

H

CH3

C

 
 Complete this problem by showing how the unrearranged 2° carbocation can lose either of two protons to give two of the following 
products. Also show how the rearranged 3° carbocation can lose either of two protons to give two of the following products. 

        

  PROBLEM-SOLVING HINT  

 Alcohol dehydrations usually go 
through E1 elimination of the 
protonated alcohol. 

 Reactivity is: 3° 7 2° 77 1°
Rearrangements are common. 

 Protonated primary alcohols 
dehydrate at elevated temperatures 
with rearrangement (E1), or the 
adjacent carbon may lose a proton 
to a weak base at the same time 
water leaves (E2). 

The resources in this book 
include Problem-Solving 
Strategies throughout, plus 
Partially Solved Problems, 
Reaction Summaries, new 
Starburst Summaries, and new 
Reaction Guides. Through a 
careful, refined presentation 
and step-by-step guidance, this 
ninth edition gives students 
a contemporary overview of 
organic chemistry with tools 
for organizing and understand-
ing reaction mechanisms and 
synthetic organic chemistry.
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Principles, Preparation, and Problem Solving

NEW! Starburst Reaction 
Summaries appear before 
the end-of-chapter material 
of “reaction-based” chapters 
to help students mentally 
organize the reactions and 
recognize their similarities 
and differences.

8-17  Olefin Metathesis    415

  SUMMARY  Electrophilic Additions to Alkenes  

 Methylcyclopentene is an alkene that displays orientation and stereochemistry of addition reactions. New atoms are shown 
in color. When reactions create chiral products from achiral reactants, racemic mixtures are produced.  N/A  means “Not 
Applicable to this reaction.” 

CH3

H

CH3

BH3 • THF

NaOH

metal
Pt or Pd or Ni

and enantiomer

H

H

Br
CH3

H

OH

H

CH3

H

OH

H

CH3

H

OH

X

CH3

H

H

H

CH3

H

OR

H

and enantiomer

and enantiomerCH3

H

X

X

CH3

H

H

OH

CH3

H

X

H
H Br

H

X = Cl,
Br, I

X = Cl,
Br

X

H H

Hg(OAc)2

Hg(OAc)2

H OR

H OH

H OH

NaBH4

NaBH4

H+ catalyst

HO OHX X
X XH OH

RO OR

hydrobromination with peroxides—
anti-Markovnikov orientation; 
stereochemistry N/A; no rearrangement 
Section 8–3B

hydrohalogenation—
Markovnikov orientation; 
stereochemistry N/A; 
rearrangement can occur 
Sections 8–2, 8–3

catalytic 
hydrogenation—
orientation N/A; 
syn stereochemistry; 
no rearrangement 
Section 8–10

halohydrin formation—
Markovnikov orientation;
anti stereochemistry; 
no rearrangement 
Section 8–9

halogenation—
orientation N/A; 
anti stereochemistry; 
no rearrangement 
Section 8–8

hydroboration–oxidation—
anti-Markovnikov orientation;
syn stereochemistry; 
no rearrangement 
Section 8–7

alkoxymercuration–
demercuration—
Markovnikov 
orientation; 
stereochemistry N/A; 
no rearrangement 
Section 8–6

oxymercuration–
demercuration—
Markovnikov orientation; 
stereochemistry N/A; 
no rearrangement 
Section 8–5

hydration—
Markovnikov orientation; 
stereochemistry N/A; 
rearrangement can occur 
Section 8–4

 

NEW! Visual Guides to 
Organic Reactions place 
the reactions covered in each 
chapter within the overall 
context of the reactions 
covered in the course.

  

    
HOR ORNa Na+ H2

− 1
2+ +

   
  chromic acid reagent        (H 2 CrO 4 )  The solution formed by adding sodium or potassium dichromate (and a small amount of 

water) to concentrated sulfuric acid.  ( p. 508 )  

  chromic acid test:       When a primary or secondary alcohol is warmed with the chromic acid reagent, the orange color  
changes to green or blue. A nonoxidizable compound (such as a tertiary alcohol, a ketone, 
or an alkane) produces no color change.  ( p. 511 )  

  condensation       A reaction that joins two (or more) molecules, often with the loss of a small molecule such as water 
or an alcohol.  ( p. 530 )  

  DMP reagent       The Dess–Martin periodinane reagent, used to oxidize primary alcohols to aldehydes and secondary 
alcohols to ketones. The DMP reagent uses a high-valence iodine atom as the oxidizing species. 
 ( p. 512 )  

 (continued)
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GUIDE TO ORGANIC REACTIONS IN

CHAPTER 11
Reactions covered in Chapter 11 are shown in red. Reactions covered in earlier chapters are shown in blue.

Substitution Addition Elimination Oxidation/Reduction

Nucleophilic

at sp3 C (S
N
1, S

N
2)

   Ch 6, 10, 14, 22

at sp2 C (Nuc. Arom. Subst.)
   Ch 17, 19

at C “ O (Nuc. Acyl Subst.)
   Ch 10, 11, 20, 21, 22

Electrophilic

at sp2 C (Elect. Arom. Subst.)
   Ch 17, 19

Radical

at sp3 C (alkane halogenation)
   Ch 4, 6, 16, 17

at sp2 C (Sandmeyer rxn)
   Ch 19

Organometallic

Gilman
   Ch 10, 17

Suzuki
   Ch 17

Heck
   Ch 17

Nucleophilic

at C “ O (Nuc. Addn.)
   Ch 9, 10, 18, 22

at C “ C (conjugate addn.)
   Ch 22

Electrophilic

at C “ C (Elect. Addn.)
   Ch 8, 9, 10

Radical

at C “ C (HBr + ROOR)
   Ch 8

Pericyclic

cycloaddition (Diels-Alder)
   Ch 15

Oxidation

epoxidation
   Ch 8, 10, 14

Reduction

hydrogenation
   Ch 8, 9, 17, 18, 19

at C “ C (Carbene Addn.)
   Ch 8

Basic conditions (E2)

E2 dehydrohalogenation
   Ch 7, 9

tosylate elimination
   Ch 11

Hofmann elimination
   Ch 19

Acidic conditions (E1)

E1 dehydrohalogenation
   Ch 7

dehydration of alcohols
   Ch 11

Pericyclic (Cope elimination)

Ch 19

Oxidation

epoxidation
   Ch 8, 10, 14

oxidative cleavage
   Ch 8, 9, 11, 17, 22

oxygen functional groups
   Ch 11, 18, 19, 20

Reduction

hydride reduction
   Ch 8, 10, 11, 17, 18, 19, 20, 21

hydrogenation
   Ch 8, 9, 17, 18, 19

metals
   Ch 9, 17, 18, 19
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