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Preface
WHY I WROTE AN ORGANIC 
CHEMISTRY TEXTBOOK, 
BY DAVID KLEIN

Students who perform poorly on organic chemistry exams often 
report having invested countless hours studying. Why do many 
students have difficulty preparing themselves for organic chemistry 
exams? Certainly, there are several contributing factors, including 
inefficient study habits, but perhaps the most dominant factor is 
a fundamental disconnect between what students learn in the lecture 
hall and the tasks expected of them during an exam. To illustrate the 
disconnect, consider the following analogy.

Imagine that a prestigious university offers a course entitled 
“Bike-Riding 101.” Throughout the course, physics and 
engineering professors explain many concepts and principles 
(for example, how bicycles have been engineered to minimize 
air resistance). Students invest significant time studying the 
information that was presented, and on the last day of the course, 
the final exam consists of riding a bike for a distance of 100 feet. A 
few students may have innate talents and can accomplish the task 
without falling. But most students will fall several times, slowly 
making it to the finish line, bruised and hurt; and many students 
will not be able to ride for even one second without falling. Why? 
Because there is a disconnect between what the students learned 
and what they were expected to do for their exam.

Many decades ago, I noticed that a similar disconnect 
existed in traditional organic chemistry instruction. That is, 
learning organic chemistry is much like bicycle riding; just as 
the students in the bike-riding analogy were expected to ride a 
bike after attending lectures, it was often expected that organic 
chemistry students would independently develop the necessary 
skills for solving problems. While a small percentage of students 
have innate talents and are able to develop the necessary skills 
independently, most students require guidance. This guidance was 
not consistently integrated within existing textbooks, prompting 
me to write the first edition of my textbook, Organic Chemistry. 
The main goal of my text was to employ a skills-based approach to 
bridge the gap between theory (concepts) and practice (problem-
solving skills). The second and third editions further supported 
this goal by introducing hundreds of additional problems based 
on the chemical literature, thereby exposing students to exciting, 
real-world examples of chemical research being conducted in real 
laboratories. In the fourth edition, the treatment of synthesis 
was strengthened throughout the text, with a greater focus on 
retrosynthetic strategies. The phenomenal success of the first 
four editions has been extremely gratifying because it provided 
strong evidence that my skills-based approach is indeed effective 
at bridging the gap between theory and practice. 

The new, fifth edition has many exciting improvements (a 
partial list is provided below), but most exciting is that Professor 
Laurie Starkey is now a coauthor on the 5th edition. Laurie and I 

have collaborated together for many years, and we are thrilled to 
share this new edition with you and your students.

Laurie and I firmly believe that the scientific discipline of 
organic chemistry is NOT merely a compilation of principles, but 
rather, it is a disciplined method of thought and analysis. Students 
must certainly understand the concepts and principles, but more 
importantly, students must learn to think like organic chemists . . . 
that is, they must learn to become proficient at approaching new 
situations methodically, based on a repertoire of skills. That is the 
true essence of organic chemistry, and that must be the primary 
focus of teaching and learning organic chemistry. 

A SKILLS-BASED APPROACH

To address the disconnect in organic chemistry instruction, I have 
developed a skills-based approach to instruction. The textbook 
includes all the concepts typically covered in an organic chemistry 
textbook, complete with conceptual checkpoints that promote 
mastery of the concepts, but special emphasis is placed on skills 
development through learning modules called SkillBuilders. Each 
SkillBuilder contains three parts:

Learn the Skill contains a solved problem that demonstrates a 
particular skill.

Practice the Skill includes numerous problems (similar to the 
solved problem in Learn the Skill) that give students valuable 
opportunities to practice and master the skill.

Apply the Skill gives the student an opportunity to apply the skill 
to solve real-world problems (as reported in the chemical literature). 
Apply the Skill problems include conceptual, cumulative, and 
applied problems that encourage students to think outside of the 
box. Sometimes problems that foreshadow concepts introduced in 
later chapters are also included.

At the end of each SkillBuilder, a Need More Practice? note 
suggests end-of-chapter problems that students can work further 
to practice the skill.

The SkillBuilder approach provides students with a greater 
opportunity to develop proficiency in the key skills necessary to 
succeed in organic chemistry. Certainly, not all necessary skills can 
be covered in a textbook. However, there are certain skills that are 
fundamental to all other skills.

As an example, resonance structures are used repeatedly 
throughout the course, and students must become masters of 
resonance structures early in the course. Therefore, a significant 
portion of Chapter 2 is devoted to pattern-recognition for drawing 
resonance structures. Rather than just providing a list of rules and 
then a few follow-up problems, the SkillBuilder approach provides 
students with a series of practical skills, each of which must be 
mastered in sequence. Each skill is reinforced with numerous 
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practice problems. The sequence of skills is designed to foster and 
develop proficiency in drawing resonance structures.

The skills-based approach to organic chemistry instruction 
is a unique approach. Certainly, other textbooks contain tips for 
problem solving, but no other textbook consistently presents skills 
development as the primary vehicle for instruction.

WHAT’S NEW IN THIS EDITION

Coauthor Laurie Starkey
Laurie has been teaching organic chemistry lecture and labo
ratory courses at California State Polytechnic University, Pomona 
(aka Cal Poly Pomona) since 1996. She authored Introduction to 
Strategies for Organic Synthesis, a textbook for senior undergraduate 
and beginning graduate students, and she contributed to the third 
and fourth editions of David Klein’s Organic Chemistry. Laurie is 
excited to bring these experiences to her collaboration with David, 
as a coauthor on the fifth edition. After so many years of working 
closely with a diverse student population, she has developed many 
successful approaches to teaching various topics, and these have 
been infused throughout the fifth edition. As an enthusiastic user 
of the Klein textbook for five years, Laurie was also able to identify 
potential SkillBuilder revisions, opportunities for improved clarity 
or efficiency, and improvements to the way certain chapters are 
organized.

A Focus on Student Motivation
Organic chemistry is a tough subject, and the struggle is real. 
For many high-achieving students, this course is the first major 
challenge they have faced in their entire academic career. In 
addition to the sheer volume of content and the required breakneck 
pace, students are challenged by the novelty and cumulative nature 
of the material and the requirement for spatial awareness. They 
are learning an entirely new language to solve problems without 
plugging numbers into random equations, and the answers cannot 
be simply memorized and regurgitated and then forgotten. And 
so, as with learning any difficult skill, the learner must stumble 
and must make mistakes. This is a necessary part of the learning 
process, and all growth involves discomfort. 

No one knows how a given student will respond when they 
face an obstacle, but is there anything we can do to help them 
persist? Indeed, there is! A motivated student is more likely to keep 
working on a challenging problem, put in the required hours, and 
bounce back after a setback. The desire to pass the class is certainly 
an extrinsic motivator, but there are concrete ways to increase the 
student’s intrinsic motivation. The best way to motivate students 
is to illustrate the purpose and relevance of the course content. As 
such, the fifth edition of Organic Chemistry is infused with hundreds 
of new visual “hooks” that tie into the students’ majors, the world 
around them, and everyday life. If the student is interested in the 
course, they will be more motivated to do the coursework. For 
some of these students, that interest might develop into a lifelong 
passion, like it did for their professor! There are two additional 
factors that are key to motivating learners: encouraging a growth 
mindset and promoting a sense of belonging. The student-friendly 

language and the skill-building approach already reinforces these 
attributes. The fifth edition has also incorporated study tips, 
mnemonic devices, pronunciation guides, visual representations 
of information, highlights of people and careers, inclusive 
applications, and a supportive tone throughout.

Peer Review
Peer review has played a very strong role in the development of 
the previous editions of Organic Chemistry. The manuscripts for 
the prior editions were reviewed by several hundred professors 
and several thousand students! In preparing the fifth edition, peer 
review has continued to play a prominent role. We have received 
a tremendous amount of feedback from faculty and input from 
the market, including surveys, class tests, diary reviews, and phone 
interviews. All of this input has been carefully evaluated and has 
been instrumental in identifying revisions for the fifth edition.

New to the Fifth Edition
✓✓ Over 400 new images have been added to visually represent 
information, provide a molecular model kit image, or to point 
out the purpose and relevance of the course content. Nearly 
every SkillBuilder in 5e now has an image with a caption to 
accompany the Apply the Skill literature-based problem. 
✓✓ The following SkillBuilders are either new or have been 
significantly revised.
•	 Chapter 1 – Redesigned SkillBuilders 1.1 (identifying 

rather than drawing constitutional isomers) and 1.2 (added 
a systematic approach to drawing Lewis structures based on 
filling octets)

•	 Chapter 2 – Drawing 3D Structures (NEW)
•	 Chapter 2 – Identifying Lone Pairs on Oxygen and Nitrogen 

Atoms (consolidated, more efficient, improved problem-
solving strategies)

•	 Chapter 5 – Identifying Chiral Molecules (NEW)
•	 Chapter 5 – Interconverting Bond-Line Drawings and 

Fischer Projections (NEW)
•	 Chapter 5 – Drawing Stereoisomers (NEW)
•	 Chapter 7 – Drawing the Mechanism and Predicting the 

Product of an SN1 Process (NEW)
•	 Chapter 7 – Revised SkillBuilder 7.1 to include drawing 

the mechanism in addition to predicting the product of an 
SN2 process, and to introduce a stepwise problem-solving 
approach.

•	 Chapter 7 – Revised SkillBuilder 7.7 Predicting the Products 
of Substitution and Elimination Reactions to include a 
problem-solving approach, based on a decision tree.

•	 Chapter 8 – Revised SkillBuilder 8.3 Predicting the Product 
and Drawing a Mechanism for an Acid-Catalyzed Hydration 
(expanded to include predicting the product)

•	 Chapter 14 – Revised SkillBuilder 14.1 Analyzing an IR 
Spectrum by introducing a novel, five-step, systematic 
approach to interpreting an IR spectrum.
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•	 Chapter 14 – Predicting Fragmentation Patterns and 
Analyzing Fragments in a Mass Spectrum (NEW)

•	 Chapter 15 – Revised SkillBuilder 15.3 Predicting 
Chemical Shifts by introducing a novel, simple calculation 
for estimating chemical shifts.

•	 Chapter 15 – Revised SkillBuilder 15.8 Analyzing a  
1H NMR Spectrum by introducing a novel, systematic, 
five-step approach to solving a proton NMR spectrum.

•	 Chapter 21 – Expanded SkillBuilders 21.1 (Drawing 
Enolates) and 21.2 (Predicting the Products of an Aldol 
Addition) by including the drawing of mechanisms.

✓✓ Complete Redesign of Chapter 5 Stereoisomerism

•	 Two new sections: Chirality and Chiral Centers (5.2) and 
Stereoisomeric Relationships and Physical Properties (5.6) 

•	 Two new SkillBuilders: Identifying Chiral Molecules and 
Drawing Fischer Projections

•	 Revised and simplified SkillBuilder 5.4 Drawing an 
Enantiomer – two problem-solving options are presented

•	 Simplified assigning R/S configurations (#4 on dash, #4 
on wedge, #4 in plane, Fischer projections) and provided 
multiple problem-solving options

•	 Presented an application of polarized light in photography, 
with images

•	 Expanded coverage of enantiomeric excess, including several 
graphics to illustrate the composition of various mixtures

✓✓ Complete Redesign of Chapter 20 Carboxylic Acids and 
Their Derivatives

•	 The material has been completely reorganized to reflect a 
mechanism-based approach:	
1.	 Carboxylic acids (nomenclature, properties and 

preparation)
2.	 Nomenclature of carboxylic acid derivatives 
3.	 Introduction to Acyl Substitution reactions, with an 

emphasis on acid- vs. base-catalyzed mechanisms.
4.	 Irreversible reactions (review of hydride and Grignard 

nucleophiles)
5.	 Hydrolysis of carboxylic acid derivatives
6.	 Reactivity of carboxylic acid derivatives (with a new 

subsection on leaving group abilities)
7.	 Preparation of carboxylic acid derivatives
8.	 Preparation and reactions of nitriles
9.	 Selective reagents [DIBAL-H, LiAl(OR)3H, R2CuLi]

10.	 Synthesis strategies
11.	 Spectroscopy 

•	 Additional revisions: Expanded IUPAC coverage to include 
oxo substituents, and to provide more examples of systematic 
names; Added a MolyMod molecular model to illustrate 
delocalized electrons in the resonance hybrid of acetic acid; 
Added a discussion of reactivity of ketones vs. esters and 
the selectivity of NaBH4; Micelle material moved here from 
Chapter 1 to be with saponification reaction; Streamlined 

the Review of Reactions at the end of the chapter; Fifteen 
new problems added (research-based predict the product, 
research-based provide the reagent, determine the direction 
of an acyl substitution equilibrium).

✓✓ New Sections, and Mechanism-Based Reorganizations
•	 Chapter 3 – New section: Acids and Bases in Living 

Systems to introduce pH, indicators, Henderson-
Hasselbalch equation, and various functional groups at 
physiological pH (amines, carboxylic acids and amino acids)

•	 Chapter 7 – New section: Competing Pathways:  
SN2 vs. E2 

•	 Chapter 9 – Reorganized material to place Acidity 
of Alkynes and Alkylation of Terminal Alkynes to be 
consecutive and towards the end of the chapter.

•	 Chapter 11 – New section: Natural Product Synthesis 
introduces the field, explores the motivating forces and the 
history of organic synthesis, and expands on the existing 
BioLink to tell the remarkable story of the synthesis of 
Vitamin B12.

•	 Chapter 14 – New section: Characteristic Signals of 
Functional Groups

•	 Chapter 14 – New section: Analyzing Isotopes, with new 
pie charts to represent the abundance of Br and Cl isotopes, 
and a reduced focus on the M+1 peak (SkillBuilder 14.3 in 
the fourth edition has been removed)

•	 Chapter 19 – Reorganized material to begin with 
irreversible nucleophilic additions (a review of hydride 
and Grignard nucleophiles, followed by Wittig reagents) 
before moving into reversible reactions (oxygen and 
nitrogen nucleophiles). The distinction between reversible 
and irreversible reactions is presented in Section 19.4 
“Introduction to Nucleophilic Addition Reactions.”

•	 Chapter 19 – New section: Reduction of Aldehydes and 
Ketones to Alkanes to review prior content (Clemmenson) 
and introduce additional methods (reduction of thioacetals 
and Wolff-Kishner). 

•	 Chapter 21 – Reorganized material to introduce alpha 
alkylation as the first enolate reaction (simple backside 
attack). Also, the acetoacetic ester synthesis and malonic 
ester synthesis have been relocated to the Synthesis Strategies 
section, and these topics are now used to introduce the 
concept of synthetic equivalents.

•	 Chapter 23 – New section: Asymmetric Catalysis 
introduces Wilkinson’s catalyst and shows the catalytic cycle 
for the hydrogenation reaction

✓✓ Expanded and redesigned content in every chapter

Throughout the text, figures and artwork have been improved 
with annotations and color. Explanations and SkillBuilder 
instructions have been clarified. In many cases, the narrative 
has been expanded and examples have been added, but there 
were also opportunities to streamline certain material for a more 
efficient presentation. A detailed list of changes for each chapter 
can be found online in WileyPLUS
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✓✓ Global revisions and features: 
•	 Revised pKa of H3O+ (0.0) and H2O (14.0)
•	 Expanded IUPAC rules and examples, added problems with 

multiple functional groups
•	 Revised labels for all proton transfer steps in mechanisms to 

read as Protonate or Deprotonate
•	 SkillBuilders are now listed in the Table of Contents at the 

beginning of each chapter
•	 Green Chemistry icon is used to highlight relevant content
•	 “Hello my name is…” beaker images to identify name 

reactions
•	 Introduced a common pattern observed in acid-catalyzed 

reaction mechanisms: P.A.D. (Protonate, Nucleophilic 
Attack, Deprotonate). The P.A.D. pattern applies to acid-
catalyzed hydration of alkenes and alkynes, acid-catalyzed 
epoxide ring opening reactions (with water or ROH), and 
formation of a hydrate or a hemiacetal.

•	 Added a discussion of study strategies in Chapter 8 by 
providing examples of effective flash cards. Three flash 
cards can be prepared for a given reaction (missing product, 
missing reagents, missing substrate). In later chapters, 
students are reminded of the study strategy, and examples 
of flash cards are given.

TEXT ORGANIZATION

The sequence of chapters and topics in Organic Chemistry, 5e does 
not differ markedly from that of other organic chemistry textbooks. 
Indeed, the topics are presented in the traditional order, based on 
functional groups (alkenes, alkynes, alcohols, ethers, aldehydes and 
ketones, carboxylic acid derivatives, etc.). Despite this traditional 
order, a strong emphasis is placed on mechanisms, with a focus on 
pattern recognition to illustrate the similarities between reactions 
that would otherwise appear unrelated. No shortcuts were taken 
in any of the mechanisms. All steps are clearly illustrated and 
annotated, including all proton transfer steps.

Two chapters (6 and 11) are devoted almost entirely to skill 
development and are generally not found in other textbooks. 
Chapter 6, Chemical Reactivity and Mechanisms, emphasizes skills 
that are necessary for drawing mechanisms, while Chapter  11, 
Synthesis, prepares the students for proposing syntheses. These two 
chapters are strategically positioned within the traditional order 
described above and can be assigned to the students for independent 
study. That is, these two chapters do not need to be covered during 
precious lecture hours, but can be, if so desired.

The traditional order allows instructors to adopt the skills-based 
approach without having to change their lecture notes or methods. 
For this reason, the spectroscopy chapters (Chapters 14 and 15) 
were written to be stand-alone and portable, so that instructors can 
cover these chapters in any order desired. In fact, five of the chapters 
(Chapters 2, 3, 7, 12, and 13) that precede the spectroscopy chapters 
include end-of-chapter spectroscopy problems, for those students 
who have covered spectroscopy earlier. Spectroscopy coverage 

also appears in subsequent functional group chapters, specifically 
Chapter 17 (Aromatic Compounds), Chapter 19 (Aldehydes and 
Ketones), Chapter 20 (Carboxylic Acids and Their Derivatives), 
Chapter 22 (Amines), Chapter 24 (Carbohydrates), and Chapter 25 
(Amino Acids, Peptides, and Proteins).

WileyPLUS 

Discover an Easier Way to Learn
WileyPLUS gives you the freedom and flexibility to tailor curated 
content and easily manage your course in order to engage and 
motivate students. To assist instructors with heavy workloads, 
WileyPLUS offers easy ways for students to keep up with the 
learning curve, such as:

Flexible, Linear Learning Paths organize materials, include 
eTextbook content, videos, animations and practice questions into 
customizable modules—easy to access and follow for instructors 
and students.

Reports and Metrics provide insight into each student 
performance as cumulative class metrics, allowing you to identify 
and address individual needs in a timely manner.

An Easier Way to Get Started and Get Help
Instructors and students shouldn’t spend time on technology 
questions, which is why Wiley is by your side all the way. Here are 
just some of the ways we can help you:

The Customer Success Team helps guide instructors through the 
implementation, course setup, ongoing support, and engagement 
process.

Tech Support is available to instructors and students 24/7, because 
we know teaching and studying is not a 9–5 job.

The features and design of WileyPLUS are molded by what 
instructors and students need to succeed. Here are just a few tools 
that will help drive achievement in the classroom:

What Makes WileyPLUS Exceptional, and 
What’s New for Organic Chemistry, 5e?
Students regularly report that they prefer to work with eBooks 
and online problems. The ability to receive instant feedback and 
always have access to course materials.. With WileyPLUS, students 
can interact with all (>5,000) problems that appear throughout 
the textbook, both within each chapter (SkillBuilder problems 
and Conceptual Checkpoints problems) and at the end of each 
chapter (Practice, ACS-style, Integrated, and Challenge problems). 
All  WileyPLUS problems have been carefully designed to be 
as efficient as possible, with a focus on the learning objectives. 
Exceptional features of the online textbook problems include:

•	 SkillBuilders can be assigned as a whole, so students are 
presented with the complete learning module (Learn the Skill, 
Practice the Skill, Apply the Skill with literature citation and 
a relevant visual hook)
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•	 Students should not spend more time learning how to use 
a drawing tool than they do learning organic chemistry. For 
the 5th edition, the focus is on student success, with intuitive 
drawing questions powered by Alchemie, a fully accessible, 
auto-gradable experience designed for chemistry education. 
These tools provide a seamless drawing experience that allows 
students to focus on chemistry content rather than trying 
to get arrows and bond placement to work. These drawing 
questions provide immediate feedback as students explore 
content, gaining the deeper connections needed for long-
lasting learning. 

•	 Clear instructions are provided, and no unnecessary drawing is 
required. In most cases, predict-the-product problems provide 
a copy of the starting material in the sketch box, so students 
can focus on the reactive functional group(s). 

•	 Synthesis problems are open-ended to better reflect classroom 
assessments. 

•	 Advanced problems are scaffolded with guided inquiry to 
model problem-solving. For example, challenging synthesis 
problems begin with a retrosynthetic analysis, and mechanism 
problems might begin with an overview before moving into 
arrow-pushing.

•	 Making learning accessible to all is one of Wiley’s biggest 
priorities, both as a company and as people who are passionate 
about education. Accessible products aim to ensure that all 
learners have equal access to information, learning tools, and 
functionality regardless of age, ability, or situation. We are 
dedicated to implementing accessible features in WileyPLUS 
and measure accessibility according to the standards set by 
the Web Content Accessibility Guidelines (WCAG), Revised 
Section 508 of the US Rehabilitation Act, and EN 301 549. 
To learn more about the accessibility of our platform, eBook, 
and resources, visit our WileyPLUS Accessibility Statement at 
https://www.wiley.com/en-us/education/wileyplus/accessibility

In addition to providing students with an exceptional 
opportunity for practice and formative assessment, WileyPLUS 
offers engaging videos and interactive graphics. David Klein created 
over 100 lightboard videos to cover each of the boxed (numbered) 
mechanisms appearing in the text. In concise videos (5–10 minutes 
in duration), each step of the mechanism is described in detail, 
and the student sees the entire mechanism unfolding in a step-
by-step fashion. The author shows how to draw the resulting 
intermediate and how to decide what happens next when drawing 
the mechanism. The reason for each step is explained, and 
experimental observations (regiochemical and stereochemical) are 
justified. The function of each reagent is explained, and curved 
arrows are drawn one at a time, with a discussion of how each arrow 
should be drawn. These videos bring to life the dynamic nature of a 
reaction mechanism, and they are designed to foster a solid grasp of 
the skills necessary for drawing mechanisms. For the fifth edition, 
and with the same careful attention to detail, David created a 
lightboard video to accompany every SkillBuilder (approximately 
200) throughout the text. By modeling problem-solving, these 
videos provide students with a step-by-step explanation of the skills 
that are foundational to the study of organic chemistry. In total, 

there are now 300 lightboard videos, covering all mechanisms and 
all SkillBuilders in the text.

ADDITIONAL INSTRUCTOR 
RESOURCES

Testbank Revised for this edition by Ashley Steelman, University 
of Kentucky

PowerPoint Lecture Slides and Clicker Questions Revised 
for this edition by Dr. Todd J. Eckroat, Penn State Behrend and 
Dr. Mike Cross, Snow College

STUDENT RESOURCES

Student Study Guide and Solutions Manual Authored by David 
Klein. The fifth edition of the Student Study Guide and Solutions 
Manual to accompany Organic Chemistry, 5e contains:

•	 More detailed explanations within the solutions, with 
hundreds of new images 

•	 Concept Review Exercises
•	 SkillBuilder Review Exercises
•	 Reaction Review Exercises
•	 Mechanism Review Exercises
•	 A list of new reagents for each chapter, with a description of 

their function.
•	 A list of “Common Mistakes to Avoid” in every chapter.

Molecular Visions™ Model Kit To support the learning of organic 
chemistry concepts and allow students the tactile experience of 
manipulating physical models, we offer a molecular modeling kit 
from the Darling Company. The model kit can be bundled with 
the textbook or purchased stand alone.

CONTRIBUTORS TO ORGANIC 
CHEMISTRY, 5E

We owe special thanks to all of our contributors over the years 
for their collaboration, hard work, and creativity. Several of the 
new BioLinks and WorldLinks application boxes throughout the 
fifth edition were written by Ron Swisher, Oregon Institute of 
Technology.

ACKNOWLEDGMENTS

The feedback received from both faculty and students supported 
the creation, development, and execution of each edition of Organic 
Chemistry. We wish to extend sincere thanks to our colleagues (and 
their students) who have graciously devoted their time to offer 
valuable comments that helped shape this textbook.
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A Review of 
General Chemistry
ELECTRONS, BONDS, AND MOLECULAR PROPERTIES

DID YOU E�ER WONDER . . .
what causes lightning?

 Believe it or not, the answer to this question is still the subject of 
debate (that’s right … scientists have not yet figured out every-

thing, contrary to popular belief ). There are various theories that 
attempt to explain what causes the buildup of electric charge in clouds. 
One thing is clear, though— lightning involves a flow of electrons. By 
studying the nature of electrons and how electrons flow, it is possible 
to control where lightning will strike. A tall building can be protected 
by installing a lightning rod (a tall metal column at the top of the 
building) that attracts any nearby lightning bolt, thereby preventing a 
direct strike on the building itself. The lightning rod on the top of the 
Empire State Building is struck over a hundred times each year.

Just as scientists have discovered how to direct electrons in a bolt 
of lightning, chemists have also discovered how to direct electrons in 
chemical reactions. We will soon see that although organic chemistry 
is defined as the study of compounds containing car-
bon atoms, its true essence is  actually the study 
of electrons, not atoms. Rather than 
thinking of reactions in terms of 
the motion of atoms, we must 

1

continued >
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recognize that reactions occur as a result of the motion of electrons. For example, in the follow-
ing reaction the curved arrows represent the motion, or flow, of electrons as one bond breaks 
and a new bond forms. This flow of electrons causes the chemical change shown:

HO CH

H

H

C HHO

H

H

++
−−

Throughout this course, we will learn how, when, and why electrons flow during reac-
tions. We will learn about the barriers that prevent electrons from flowing, and we will learn 
how to overcome those barriers. In short, we will study the behavioral patterns of electrons, 
enabling us to predict, and even control, the outcomes of chemical reactions.

This chapter reviews some relevant concepts from your general chemistry course that 
should be familiar to you. Specifically, we will focus on the central role of electrons in form-
ing bonds and influencing molecular properties.

1.1  Introduction to Organic Chemistry

In the early nineteenth century, scientists classified all known compounds into two categories: Organic 
compounds were derived from living organisms (plants and animals), while inorganic compounds were 
derived from nonliving sources (minerals and gases). This distinction was fueled by the observation 
that organic compounds seemed to possess different properties than inorganic compounds. Organic 
compounds were often difficult to isolate and purify, and upon heating, they decomposed more read-
ily than inorganic compounds. To explain these curious observations, many scientists subscribed to 
a belief that compounds obtained from living sources possessed a special “vital force” that inorganic 
compounds lacked. This notion, called vitalism, stipulated that it should be impossible to convert inor-
ganic compounds into organic compounds without the introduction of an outside vital force. Vital-
ism was challenged in 1828 when German chemist Friedrich Wöhler demonstrated the conversion of 
ammonium cyanate (a known inorganic salt) into urea, a known organic compound found in urine:

Heat

Ammonium cyanate
(Inorganic)

NH4OCN C

O

Urea
(Organic)

H2N NH2

Over the decades that followed, other examples were found, and the concept of vitalism was grad-
ually rejected. The downfall of vitalism shattered the original distinction between organic and inor-
ganic compounds, and a new definition emerged. Specifically, organic compounds became defined 
as those compounds containing carbon atoms, while inorganic compounds generally were defined as 
those compounds lacking carbon atoms. There are a few exceptions to this general definition. For 
example, ammonium cyanate (seen on this page) is still classified as inorganic, despite the pres-
ence of a carbon atom. Some other carbon-containing compounds that are considered to be inor-
ganic are carbon dioxide (CO2), sodium carbonate (Na2CO3), and potassium cyanide (KCN).

Organic chemistry occupies a central role in the world around us, as we are surrounded by 
organic compounds. The food that we eat and the clothes that we wear are comprised of organic 
compounds. Our ability to smell odors or see colors results from the behavior of organic com-
pounds. Pharmaceuticals, bug sprays, paints, adhesives, and plastics are all made from organic 
compounds. In fact, our bodies are constructed mostly from organic compounds (DNA, RNA, 
proteins, etc.), and the responses of our bodies to pharmaceuticals are the results of reactions 
guided by the principles of organic chemistry. A deep understanding of those principles enables 
the design of new drugs that fight disease and improve the overall quality of life and longevity. 
Accordingly, it is not surprising that organic chemistry is required knowledge for anyone enter-
ing the health professions.

c01AReviewOfGeneralChemistry.indd   2 09/12/24   10:08 AM



��������      CHAPTER  <CN>      <CT> 1.2      Constitutional Isomerism      3

Organic Food vs. Organic Chemistry
You have undoubtedly encountered the term “organic” before taking this course. Food that is labeled 
“organic” is grown and processed according to defined standards. For example, organic foods con-
tain only natural additives, and organic farming restricts the use of certain pesticides and fertilizers. 
Now that you have learned the definition of organic chemistry, you can see that the word “organic” 
depends heavily on context. Afterall, many pesticides are in fact organic compounds! With this 
newly acquired lens, you will find that organic compounds, products, and materials can be found in 
every part of our lives. Many organic materials are made by nature, and others are synthetic (made 
by humans), but they are all part of the story of organic chemistry. Perhaps you can identify some 
examples of organic chemistry in the photos below? You certainly have an exciting journey ahead, as 
we explore this fascinating world together. In the meantime, visit the Student Solutions Manual to 
learn more about what can be found in these photos.

1.2  Constitutional Isomerism

As we explore organic compounds in the following chapters, an extraordinary variety of chemical 
and physical properties will be revealed. What makes every organic compound unique is not only 
the number and types of atoms from which it is composed (its molecular formula), but the way in 
which the atoms are connected. As an example, consider the following two compounds:

H C

H

H

O C

H

H

H

Dimethyl ether

H C

H

H

C O

H

H

H

Ethanol
Boiling point = –23°C
Gas at room temp.
Found in a can of spray paint

Boiling point = 78.4°C
Liquid at room temp.
Found in a bottle of wine

These compounds have the same molecular formula (C2H6O), yet they differ from each other in 
the way the atoms are connected—that is, they differ in their constitution. As a result, they are 
called constitutional isomers. Constitutional isomers have different physical properties and differ-
ent names. The first compound is a colorless gas used as an aerosol spray propellant, while the sec-
ond compound is a clear liquid, commonly referred to as “alcohol,” found in alcoholic beverages.
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alcohol preparation, 623–629
alcohol protection, 629–631
and alcohols, 670
and aldehydes/ketones, 997–998
carbon-carbon bond formation, 650–653
carboxylation, 1051
and esters, 1063–1064
and ethers, 670
and nitriles, 1084
reactions involving, 1219t
regioselective functionalization, 696–700

Griselimycin derivatives, 215
Ground states, 844f, 861f, 871f
Growth point, 1409
Grubbs, Robert, 1248
Grubbs catalysts, 1248–1249
Guanidine, 1212
Guanine, 1302–1304, 1306f
N-Guanylhistamine, 1198

H
Halides

see also Organohalides
acid, 1051, 1118
alkyl see Alkyl halides
allylic, 367
aryl, 331, 367, 368–369
benzylic, 367, 910
dihalides, 487, 491, 583–584
methyl, 331f, 506, 1005
tetrahalides, 491

Haloalkanes, 333
Haloform reaction, 1119–1120
Halogen abstraction reactions, 535
Halogenated organic compounds see Alkyl halides
Halogenation, 933–937

see also Hydrohalogenation
acid-catalyzed, 1117–1118

Functional groups (continued)
bond-line structures, 72–75, 73t
chemical shifts, 793t
Grignard reagents, 696–700
installing two adjacent, 694–696
interconversion of, 647–650, 647f, 651–653, 

1027–1028, 1028f, 1086–1089, 1087f
IR spectroscopy, 725

Functional group transformations, 647–650, 647f, 
1027–1028, 1028f, 1086–1089, 1087f

carbon–carbon bond formation, 651–653
and synthesis, 569–573

Funk, Casimir, 576–577
Furanoses, 1285
Furans, 973, 986

G
GABA (γ-amino butyric acid), 544, 1317–1318
Gabriel synthesis, 1178–1179
d-Galactose, 1297
Galantamine, 642
Gas chromatograph-mass spectrometers,  

762–763, 762f
Gases, free expansion of, 285, 285f
Gasoline, 180, 181–182
Gauche conformations, 188
Gauche interactions, 188, 188f, 200, 200f
Gauss (unit), 780
Geckos, 43
Geminal dibromide, 583
Geminal dihalides, 488
Geminal protons, 801
Generic names, 177
Geology, mass spectrometry in, 748
Geometry

of alkynes, 482–483
of amides, 1072f
of amines, 1169–1170
of peptide bonds, 1330, 1345f
of radicals, 522–523, 523f
VSEPR theory, 32–35, 34t

Geosmin, 811
Geraniol, 413, 829
Geranyl pyrophosphate, 1387–1388
GFP (green fluorescent protein), 1355
GHB (γ-hydroxybutyric acid), 809
Gibbs free energy

addition vs. elimination reactions, 417–418
chemical reactivity, 286–289
and concentration, 290, 290f
halogenation reactions, 533, 535
and Keq, 290, 291t

Gilman, Henry, 1220
Gilman reagents, 1086, 1220–1223
Glass, 1395, 1414
Glass transition temperature (Tg), 1412
Globular proteins, 1348
d-Glucaric acid, 1290
d-Glucitol, 1288–1289
Gluconate, 672–673
Gluconic acid, 147, 1289
d-Glucopyranose, 1280–1281, 1286–1289, 1301
β-D-Glucopyranose pentamethyl ether, 1286
β-D-Glucosamine, 1300
Glucose, 213, 1311

as a cyclic hemiacetal, 1013
in drug metabolism, 636
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catalytic see Catalytic hydrogenation
heat of, 839–840, 840f
triglycerides, 1364–1365

Hydrogen bonding, 39–40f, 39–41, 42f
Hydrogen bromide (HBr), 419–420, 545–548

radical addition, 490
Hydrogen deficiency index (HDI),  

764–766, 812
Hydrogen iodide (HI), 331
Hydrogen nucleophiles, 996–997
Hydrogenolysis, 1226
Hydrogen sulfide (H2S), 125
Hydrohalogenation

alkenes, 419–426
alkynes, 489–491
carbocation rearrangements, 424–425
cationic polymerization of polystyrene, 426
mechanisms, 420–423
regioselectivity, 419–420, 422
stereochemistry, 423–424, 423f

Hydrolysis
acetals, 1020–1023
acid-catalyzed, 1067, 1083
acid chlorides, 1069–1070
base-catalyzed see Base-catalyzed hydrolysis
defined, 1020
esters, 1067
imines and enamines, 1020–1022
nitriles, 1050–1051, 1083–1084
of triglycerides, 1366–1368

Hydroperoxides, 553–554, 562, 679, 1365
Hydrophilic region, 46f

of alcohols, 608, 608f
of soaps, 1066
and solubility, 46

Hydrophobic region, 45f
of alcohols, 608, 608f
of soaps, 1066
and solubility, 45

Hydroquinone, 122, 533, 645
Hydroxide

acid-base reactions, 113
as leaving group, 331, 569
leveling effect, 145
nucleophilicity, 343
SN2 reactions, 338

Hydroxide groups, movement of, 462–464
Hydroxyaldehydes, 1278–1279
para-Hydroxybenzoic acid, 161
γ-Hydroxybutyric acid (GHB), 809
β-Hydroxy carboxylic acid, 1415
Hydroxyl group, 603, 610–611
Hydroxymethylfurfural, 78
Hyperconjugation, 307, 307f

I
Ibuprofen, 255
Icosane, 754, 754f
Ignarro, Louis, 295
Imidazole, 1198
Imines, 325

formation, 1013–1017, 1014f, 1015f
hydrolysis, 1022

Iminium ion, 325
Impurity analysis, proton NMR, 811
Induction

acidity, 129–131

Human immunodeficiency virus (HIV), 164, 192
Hund’s rule, 20
HWE see Horner–Wadsworth–Emmons reaction
Hybridization, IR signals, 728–729
Hybridized atomic orbitals, 23–31

acetylene acidity, 502
acidity, 132–133
bond strengths and lengths, 31
double bonds, 25–26
methane, 23–25
relative shapes, 132, 132f
state identification, 30–31
triple bonds, 27
VSEPR theory, 32–35

Hydrates, 1005–1006
Hydration reactions, 427

acid-catalyzed see Acid-catalyzed hydration
alkenes, 427–439, 589
alkynes, 491–497
base-catalyzed, 1005
hydroboration-oxidation, 433–439
oxygen nucleophiles, 1005–1006
oxymercuration-demercuration, 431–432
rules for drawing, 1006–1007

Hydrazone, 1017
Hydride agents, 996–997, 1063
Hydride ions, 307, 372
Hydride reductions, 619–623

lithium aluminum hydride, 620–621
sodium borohydride, 619–620

Hydride shifts
carbocation rearrangements, 307, 313, 313f
hydrohalogenation reaction, 424
SN1 reactions, 364

Hydroboration-oxidation
alcohol preparation, 615
alkenes, 433–439
alkynes, 495–496
electronic effects, 435
regioselectivity, 435
stereospecificity, 437–439
steric effects, 435

Hydrocarbons
see also Alkanes
boiling points, 42–43, 42t
cracking, 181–182, 557
polycyclic aromatic, 906, 906t
saturated, 165

Hydrochloric acid (HCl), 148, 424–425
Hydrocracking, 557
Hydrofluoroalkanes (HFAs), 552
Hydrofluorocarbons (HFCs), 552
Hydrogen

see also Hydrogenation reactions
alcohol deprotonations, 611
bond-line structures, 16
carbon-hydrogen bonds, 732
electron configuration, 20f
energy and internuclear distance, 6, 6f
overlapping atomic orbitals, 22, 22f

Hydrogen abstraction
in autooxidation, 554
radicals in, 527
selectivity of, 536, 536f

Hydrogenation reactions
aromatic compounds, 914–915
1,3-butadiene, 840–843f

Hexanal, 600
Hexane, 42, 145
1,6-Hexanediamine, 1405
2,5-Hexanedione, 600
Hexanoic acid, 1045
3-Hexanol, 44
Hexatrienes, 843–844, 844f
trans-2-Hexen-1-ol, 707
(E )-2-Hexenal, 600
1-Hexene, 765
(Z )-Hexenyl acetate, 600
Hexyl butanoate, 653
Hexylresorcinol, 610
HFAs (hydrofluoroalkanes), 552
HFCs (hydrofluorocarbons), 552
HI (hydrogen iodide), 331
Highest occupied molecular orbital (HOMO), 

23, 843
conjugated dienes, 864f, 866f
conjugated trienes, 863f, 864f
molecular orbital theory, 860–862, 861f
photochemical electrocyclic reactions, 865–867
SN2 reactions, 337
thermal electrocyclic reactions, 863–865

High-resolution mass spectrometry, 760–762
Histamine, 99–100, 1198
Histidine, 235
Histrionicotoxins, 483
HIV see Human immunodeficiency virus
HMX, 108
1H NMR spectroscopy, 780–817

acquiring spectra, 780–781
aldehydes and ketones, 1031–1032
analyzing spectra, 812–817
aromatic compounds, 918–920
carboxylic acids and derivatives, 1092
chemical shifts, 788–795
compound analysis, 809–811
drawing spectra, 807–809
impurity analysis, 811
multiplicities of signals, 799–807
number of signals, 782–788
signal integration, 795–797
spectral characteristics, 781–782

Hodgkin, Dorothy Crowfoot, 591
Hoffmann, Roald, 593, 860, 863
Hofmann elimination, 1186–1188, 1187f
Hofmann product, 349, 462
Holton, Robert, 594
HOMO see Highest occupied molecular orbital
Homogeneous catalysts, 442
Homolytic bond cleavage

enthalpy, 281, 281f
radical, 522f, 527, 528, 528f, 530f

Homopolymers, 1398
Homosalate, 874
Homotopic protons, 783
Hooke’s law, 726–727
Hopkins, Gowland, 575
Hormones, 1380–1381
Horner–Wadsworth–Emmons (HWE) reaction, 1003
Host-guest chemistry, 672
H2-receptor antagonists, 1198–1199
H2S (hydrogen sulfide), 125
H2SO4 (sulfuric acid), 145, 1007
Hückel’s rule, 897–900
Hughes, Edward D., 335–337
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Isotactic (term), 1411
Isotopes, carbon, 750–751
Isotopes, mass spectrometry, 750–751
Isotretinoin, 1045
IUPAC see International Union of Pure and Applied 

Chemistry
Ixabepilone (Ixempra), 237

J
Jackson, Michael, 49
cis-Jasmone, 838
(+)-Jatrophone, 1232
Jaundice, neonatal, 259–260
Johnson, Ben, 1382
Johnson, W. S., 108
Juvabione, 1089
J value see Coupling constant

K
k (rate constant), 292–294
Ka, definition, 116
Kekulé, August, 893
Keq see Equilibrium constant
Kerosene, 181
Ketamine, 237
Keto-enol tautomerization, 493–494
Ketohexoses, 1273
Ketones, 989, 1030–1032

acid-catalyzed halogenation, 1117–1118
from acid-catalyzed hydration, 493–494, 496
from alcohols, 638, 641
Baeyer–Villiger oxidation, 1026–1027
base-catalyzed halogenation, 1118–1120
base reactions, 1116f
and carbon nucleophiles, 997–1005
deprotonation, 1115f
from enols, 493–494
fragmentation, 756
Grignard reagents, 625–626
and hydrogen nucleophiles, 996–997
IR spectroscopy, 1031
and nitrogen nucleophiles, 1013–1020
NMR spectroscopy, 1031–1032
nomenclature, 991–993
nucleophilic addition reactions, 994–996
and oxygen nucleophiles, 1005–1013
pKa values, 1111, 1111t
preparation, 993–994, 994t
protonation, 306
reduction, 619–621
resonance structures, 729
spectroscopic analysis, 1030–1032
structure and uses, 990
in synthesis strategies, 1027–1030

Ketoses
aldoses vs., 1273
configurations, 1276–1277, 1277f
oxidation, 1289–1290

Kevlar, 1081, 1397
Kiliani, Heinrich, 1292
Kiliani–Fischer synthesis, 1292
Kinetic energy, 293f
Kinetic enolates, 1114
Kinetic isotope effects, 397–398
Kinetics

conjugated pi systems, 847–851
E2 reactions, 347

Intramolecular proton transfers, 114
Inversion of configuration, 337
Iodide, 331, 367
(Iodomethyl) zinc iodide, 1224
Ionic bonds, 13, 13f, 1216
Ionic reactions

see also specific reactions
definition, 111
nucleophiles and electrophiles in, 299–304

Ionization
alkyl halides, 361–368
desorption electrospray, 748
electron impact, 746
electrospray, 763
percent, 153
solvent effects, 396
unimolecular reactions, 368–369

Ionophores, 1375–1376
Ions

see also Anions; Carbocations; Cations; specific ions
alkoxide, 610
aromatic, 902
aryl diazonium, 1191–1197
carboxylate, 1319
counterions, 146–147
enolate, 495, 1114–1115, 1139, 1144
molecular, 746, 755
nitrosonium, 1189
oxonium, 428
parent, 746
sizes of, 125f

IR see Infrared
Iron, chelation, 672–673
Iron tribromide, 934
Irreversible reaction arrows, 316–318
Isobutylene, 38, 1401
Isocoumarin, 573
Isocyanate, 1409
Isoelectric point (pI), amino acids, 1321
Isolated dienes, 838, 838f
Isomers

see also cis-trans isomerism; Stereoisomers
atropisomers, 268
categories, 219
constitutional see Constitutional isomers
definition, 219
meta, 891, 947–953
ortho, 891, 947–953
para, 891, 947–953

ortho isomers, 891
anisole nitration, 949–950
chlorobenzene nitration, 953
nitrobenzene nitration, 951–952
toluene nitration, 947–948

para isomers, 891
anisole nitration, 949–950
chlorobenzene nitration, 953
nitrobenzene nitration, 951–952
toluene nitration, 947–948

Isoniazid, 100
Isopentenyl pyrophosphate, 1387–1388
Isopentyl acetate, 1052
Isoprene, 829, 851, 1385
Isopropanol (2-propanol), 61, 607, 727f
Isopropyl acetate, 808
Isopropyl group, 170, 804, 804f
Isoroquefortine C, 887

Induction (continued)
alcohol acidity, 613
NMR spectroscopy, 790, 790f
nucleophilic addition reactions, 994
polar covalent bonds, 12–15

Infectious proteins, 1347
Infrared (IR) signals

intensities, 730–732
shapes, 728–729
wavenumbers, 726–730

Infrared (IR) spectrometers, 725
absorption spectra, 725
and light/matter in spectroscopy, 722–724

Infrared (IR) spectroscopy, 722–746
aldehydes and ketones, 1031, 1031f
amines, 1200
analyzing spectra, 741–746
aromatic compounds, 917–918, 918t
carboxylic acids and derivatives, 1092
compound analysis, 739–740
diagnostic region, 727, 727f, 738t, 741–746, 742f
fingerprint region, 727, 727f, 738t
functional group identification, 725
intensities, 730–732

Infrared (IR) spectrum
analyzing, 741–746
diagnostic region of, 727, 727f
fingerprint region of, 727, 727f
intensity of signals, 730–732
shape of signals, 728–729
vibrational excitation, 724
wavenumber of signals, 726–730

Infrared (IR) thermal imaging, 724
Ingold, Christopher, Sir, 335–337
Inhibitors

protease, 243
radical, 533

Initiation steps, 529, 530f
addition of HBr, 546
autooxidation, 554
chlorination, 530
polymerization, 549

Initiators, radical, 533
Inorganic compounds, 2
Insect pheromones, 413–414
Insulin, 1344f, 1345f
Integration, of 1H NMR signals, 795–797
Intensities, IR signals, 730–732, 730f
Interference, 21, 21f
Intermediates

alpha carbon reactions, 1106–1113
aromatic substitution reactions, 974
energy of, 297–298, 298f
ester reduction, 621
HBr additions, 546
hydrohalogenation, 489
olefin metathesis, 1250
tetrahedral, 995, 1056

Intermolecular forces, 38–44
Internal alkynes, 486

acid-catalyzed hydration, 494
International Union of Pure and Applied Chemistry 

(IUPAC), 165–166, 333, 415–416
Internuclear distances, 6, 6f
Inthomycin C, 868
Intramolecular aldol reactions, 1132
Intramolecular Claisen condensations, 1134
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levitation in, 777
nuclear resonance, 778–779
strength of, 780

Magnetic moment, 778, 778f, 779f
Magnetic resonance imaging (MRI), 825
Major products

Diels–Alder reactions, 859
electrophilic additions to conjugated dienes, 

849–850
of syntheses, 584

Malonic acid, 1097
Malonic ester synthesis, 1149–1151
Maltose, 1294
Mandelate esters, 610
d-Mannose, 1288, 1292
Markovnikov, Vladimir, 419
Markovnikov additions, 419, 420

acid-catalyzed hydration as, 427, 491
hydrogen bromide, 545
hydrohalogenation, 489
mechanism, 420–423
oxymercuration-demercuration, 431–432

Markovnikov vs. anti-Markovnikov addition, 435f
Mass spectra, 747
Mass spectrometers, 746–748, 746f
Mass spectrometry, 746–764

amines, 1201
analysis, 753–757
common fragments, 757t
concepts, 746–748
gas chromatography combined, 762–763
high-resolution, 760–762
and hydrogen deficiency index, 764–766
large biomolecules, 763
(M)+• peak, 748–749
medical applications, 763–764

Mass-to-charge ratio, 747
Matter

and light, 724
nature of, 723

Maytansine, 1030
MCPBA see meta-Chloroperoxybenzoic acid
Meclizine, 908
Medicine

see also Drugs
chelating agents, 672–673
magnetic resonance imaging, 825
mass spectrometry, 763–764

Meisenheimer complexes, 970
Melatonin, 105, 667, 1055
Melt transition temperature (Tm), 1412
Menthol, 213, 1385
Menthyl chloride, 357
Meperidine (Demerol), 70–71
Mercapto group, 702
Mercuric acetate, 431
Mercuric cation, 431
Mercurinium ions, 431–432, 446, 453, 492
Merrifield, R. Bruce, 1342
Merrifield synthesis, 1342–1344
meso compounds, 252, 440–441
Mestranol, 222
Metabolic analysis, newborns, 763
Metabolism

of drugs, 636–637, 682–683
of glucose, 289, 393
of morphine, 637, 1137–1138

Linamarin, 1000
Lind, James, 575
Lindane, 205, 333
Lindlar’s catalyst, 498
Linear geometry, 34, 34f, 37
Linear polymers, 1411
Lipid bilayers, 1373–1374, 1374f
Lipids, 1358–1394

classifications, 1359–1360, 1359f
phospholipids, 1372–1376, 1374f
prostaglandins, 1382–1384
simple and complex, 1359–1360
steroids, 1376–1382
terpenes, 1385–1388
triglyceride reactions, 1364–1365
triglycerides, 1361–1372
waxes, 1360

Lipitor (atorvastatin), 889, 1379–1380
Lithium, 20f, 1216
Lithium aluminum hydride (LAH), 620–621, 1061, 

1063, 1085
Lithium dialkyl cuprates, 1086
Lithium diisopropylamide (LDA), 1112, 1130
Lithium tri(t-butoxy) aluminum hydride, 1085
Living polymers, 1403
Living systems

acids and bases in, 149–153
Localized lone pairs, 98–99
Locant, 172
Location of NMR signals, 782
London, Fritz, 42
London dispersion forces, 42–43
Lone pairs of electrons, 8

allylic, 86
aromaticity, 905–906
bond-line structures, 75–78
curved-arrow notation, 311
delocalized, 98
localized, 98–99
resonance structures, 86–91, 97–100

Longifolene, 587
Lorazepam, 1055
Lovastatin, 1379
Lowest unoccupied molecular orbital (LUMO), 

23, 23f
as frontier orbital, 843
molecular orbital theory, 760f, 860–862, 861f
SN2 reactions, 337, 338f

LSD see Lysergic acid diethylamide
l-sugars, 1273–1274
Luciferin, 925
LUMO see Lowest unoccupied molecular orbital
Lycopene, 875, 1386
Lysergic acid diethylamide (LSD), 1206
Lysine, 1321

M
(M)+• peak (mass spectrometry), 748–749
M–18 signal, 755
Maalox, 115
McIntire, Ray, 426
McLafferty rearrangement, 756
Magnesium, carbon bonds with, 1216
Magnesium hydroxide, 115
Magnetic fields, 778f

energy gap of spin states, 779f
induced, 779f, 790f

hydrohalogenation reaction, 489–490
and reactivity, 291–296
SN1 and E1 reactions, 366–367
SN2 reactions, 336–337
thermodynamics vs., 296–297

Kishner, N. M., 1025
Klarer, Joseph, 941
Knocking, 182
Knowles, William S., 707
Kodel, 1418
Kroto, Harold, 921
Kumepaloxane, 234, 334

L
Labile (term), 807
β-Lactamase, 1082
Lactic acid, 147, 1045, 1297
Lactones, 1027
Lactose, 1296
Lactose intolerance, 1297
LAH see Lithium aluminum hydride
Lambda max (λmax), 872, 873t
Lansoprazole, 889
(3E)-Laureatin, 334
LDA (lithium diisopropylamide), 1112, 1130
l-Dopa, 118, 484, 941, 1326
Lead modification, 70
Leavening agents, 111, 147
Leaving groups

alcohol substitutions, 632, 633
aromatic substitution reactions, 974
arrow-pushing patterns, 305–306
carbanions as, 998
E2 reactions, 368–370
elimination reactions, 331, 331t, 347, 

382–383, 1186
hydrides as, 997
hydroxides as, 463, 569
nucleophilic acyl substitution, 1056, 1060
reversible/irreversible reaction arrows, 316
SN1 reactions, 361–362, 363–364
SN2 reactions, 336

Le Châtelier’s principle, 428, 1010, 1078
Lecithins, 1360, 1373
Lehn, Jean-Marie, 672
Leucine enkephalin, 1331
Leukotrienes, 1384
Leustroducsin B, 1111
Leveling effect, 145
Levitation, in magnetic field, 777
Levorotatory, 246
Lewis, Gilbert, 6
Lewis acids, 148–149
Lewis bases, 148–149
Lewis structures, 6–8, 61–62
Lexan, 1406
Lidocaine, 1207
Life, and entropy, 289
Ligands, 1227
Light

and matter, 724
nature of, 722
plane-polarized, 244, 244f
unpolarized, 244f
as waves, 244f

Lightning, 1–2
Limonene, 413, 1360, 1394
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Molina, Mario, 551
Monensin, 1376
Monocarboxylic acids, 1045–1046
Monomers, 1396, 1406–1407
Monosaccharides

aldoses, 1275–1276
classification, 1272–1275
configurations, 1275–1277, 1276f
cyclic structures, 1278–1285
ketoses, 1276–1277
reactions, 1286–1293

Monosubstituted alkenes, 348f, 1249
Monosubstituted benzene rings, 890–891, 963
Monosubstituted cyclohexane, 199–200
Monovalent elements, 8
Morphine, 1166

conformation, 191
ether group, 667
metabolism, 637, 1137–1138
nomenclature, 165
pharmacore, 70–71

MOs see Molecular orbitals
MRI (magnetic resonance imaging), 825
MTBE (tert-butyl methyl ether), 674, 796
Multiplets, 806
Multiplicity (1H NMR signals), 799–807

complex splitting, 805–806, 806f
coupling, 799–803, 801t
coupling constants, 803
pattern recognition, 804
protons without coupling constants, 807

Multi-step synthesis, 582–587
Muscalure, 413
Muscles, energy in, 1105, 1124
Mutarotation, 1281
Mylanta, 115
Myoglobin, 1346f
Myrcene, 1385

N
n+1 rule, 800
NAC (N-acetylcysteine), 556
NAD+, 643, 643f
NADH, 643–644, 643f
Nakanishi, Koji, 877
Nandrolone, 1382
Nanotubes, 920–921
Naphthalene, 890, 929
Naproxen, 266
Naringenin, 614
Natural product synthesis, 589–594
Natural rubber, 851
Natural sources

alkenes, 413–414
alkynes, 483–484
amino acids, 1316–1318, 1317t
antioxidants, 557
carboxylic acid derivatives, 1052
cyanohydrin derivatives, 1000–1001
epoxides, 679
ethers, 667

NBS (N-bromosuccinimide), 542
Neat samples, 725
Negative charge(s), atomic, 124–126
Negishi, Ei-ichi, 1238
Negishi coupling, 1238–1243

mechanism, 1240

Methyl substrates, SN2 reactions with, 341, 341f
N-Methylwelwitindolinone C isothiocyanate, 976
Metiamide, 1199
Mevacor (lovastatin), 1379
Micelles, 49, 49f, 1368
Michael acceptors, 1137, 1137t, 1139, 1402
Michael donors, 1137, 1137t, 1402
Michael reactions, 1136–1138
MIDA boronates, 1269
Mietzsch, Fritz, 941
Migratory aptitude, 1027
Miscible (term), 608
Mitchell, Peter, 645
Mitragynine, 1206
Mixed (crossed) aldol reactions, 1129, 1129f
Mixtures, racemic, 260, 539
Moderate activators, 954
Moderate deactivators, 955
Molar absorptivity, 872
Molecular cages, 898
Molecular dipole moments, 36–37, 36f, 37t
Molecular flexibility, 164
Molecular formulae

definition, 61
from high-resolution mass spectrometry, 760–762
from mass spectra, 750–751

Molecular ions, 746, 755
Molecular model sets, 16
Molecular orbitals (MOs), 22–23

see also Antibonding molecular orbitals; Bonding
benzene, 897f
bond-line structures, 95
1,3-butadiene, 842–843
conjugated pi systems, 841–844
cycloadditions, 860–862
cyclooctatetraene, 899f
frontier orbitals, 843, 860–862, 861–862f
Frost circles, 898–900
hexatriene, 843–844, 844f
molecular orbitals acidity, 132–133
pi (π) bonds, 896f
theory, 22–23

Molecular polarity, 35–38
Molecular representations, 60–110

bond-line structures, 63–70
condensed/partially condensed, 61–62
curved arrow notation, 81–83
drawing, 86–91
formal charges, 75, 83–85
functional groups, 72–75
lone pairs, 75–78, 97–100
relative importance of, 91–95
resonance structures, 79–100
three-dimensional bond-line structures, 65–70

Molecular rigidity, of drugs, 484
Molecular structure

degree of unsaturation, 764–766
from DEPT 13C NMR spectra, 822–824
from 1H NMR spectra, 812–817
and physical properties, 39–41

Molecular weight, from mass spectrum, 749
Molecules

see also Molecular representations
constitutional isomers, 3–4
Lewis structures, 7–8
retrosynthetic analysis, 388–392
rotating, 231–232

meta directors, 952
Metaformaldehyde, 1042
meta isomers, 891

anisole nitration, 949–950
chlorobenzene nitration, 953
nitrobenzene nitration, 951–952
toluene nitration, 947–948

Metal alkylidenes, 1248
Metal catalysts, 440, 440f
Metathesis, 1248–1254
Methadone, 71, 191, 1209
Methandrostenolone, 1382
Methane

chlorination, 530–533
geometry, 23f, 32, 32f
mass spectrum, 746–748, 747f
oxidation states, 616
sp3-hybridized orbitals, 23–24, 24f

Methanol
acid-base reactions, 114
biological oxidations, 644
bond angles, 669
oxidation states, 616
partial charges, 14
physical properties, 607

Methapyrilene, 908
Methdilazine, 908
Methenamine, 1023
Methine groups, 793
Methionine, 345
Methionine enkephalin, 1331, 1355
Methoxide, 113–114
Methoxymethane, 39, 219
(S )-5-Methoxy-2-[(4-methoxy-3,5-dimethylpyridin-

2-yl)methylsulfinyl]-3H-benzoimidazole, 177
7-Methyl-3-octyne, 506
Methyl 4-methylpentanoate, 601
Methylation, 345
4-Methylbenzylidene camphor, 874
Methyl bromide, 334, 337, 340, 340f

SN2 reactions, 337
3-Methylbutanal, 600
2-Methylbutane, 43
Methyl butanoate, 1052
Methyl chloride, 300, 300f, 530–531, 1215
Methyl-α-cyanoacrylate, 1403
Methylcyclohexane, 200
5-Methylcyclopentadiene, 525
Methylene chloride, 531, 532, 781
Methylene chloride-d2, 781
Methylene groups, 793
Methyl D-glucopyranoside, 1287
Methyl groups, 188–189, 188f, 793
Methyl halides, 330f, 506, 1005
2-Methylheptadecane, 169
Methyl iodide, 345
Methyl ketones, 494, 496
Methyllithium, 300, 300f, 1215
N-Methylmorpholine N-oxide (NMO), 450
Methyl phenyl sulfide, 705
Methyl phenyl sulfone, 705
Methyl phenyl sulfoxide, 705
Methyl radicals, 523
Methyl shifts

arrow-pushing patterns, 307
carbocation rearrangements, 313, 313f
SN1 reactions, 364
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nitrogen, 1013–1020
organometallic compounds, 1219
oxygen, 1005–1013
pi bonds, 301, 411

Nucleophilic acyl substitution, 1044,  
1055–1061

Nucleophilic addition reactions, 994–996
carbon nucleophiles, 997–1005
hydrogen nucleophiles, 996–997
nitrogen nucleophiles, 1013–1020
oxygen nucleophiles, 1005–1013

Nucleophilic aromatic substitution, 970–971
Nucleophilic attack

acid-catalyzed ring opening, 689
alcohol substitutions, 632, 633
arrow-pushing patterns, 304–305
curved-arrow notation, 312
electrophilic additions, 845
nucleophilic acyl substitution, 1056, 1060
nucleophilic addition reactions, 996f
reversible reaction arrows, 316
SN1 reactions, 361–362
SN2 reactions, 336–337

Nucleophilicity
eliminations vs. substitutions, 371–372
SN2 reactions, 343–346
solvent effects, 395

Nucleosides, 1301
Nucleotides, 1303
Nutrition, 1318
Nylon-6,6, 1080, 1405

O
Observed rotation, 245
Ocimene, 838
Octane, 181f
(S )-2-Octanol, 408
Octet rule, 7, 82–83, 89, 311
2-Octyl-α-cyanoacrylate, 1403
Octyl methoxycinnamate, 874
(R )-2-Octyl sulfonate, 408
Odors, 228
Off-resonance decoupling, 818

of substituents, 954–955, 956t
Oils, 444–445, 1367t
Olah, George, 315
Olanzapine, 889
Olefin metathesis, 1248–1254

biodiesel improvement, 1253–1254
catalysts, 1248–1249
mechanism, 1250–1251
products of, 1249
ring-closing and ring-opening, 1252–1253

Oleic acid, 514, 1361, 1361f, 1363
Oleic acid methyl ester, 1254
Oleoyl residues, 1366
Oligomers, 1409
Omeprazole, 889
One-step syntheses, 459–462, 568–569
Operating frequency, 780
Opioids, 70–71
Opium, 70
Optical activity, 243–247
Optically active compounds, 245
Optically inactive compounds, 245
Optically pure (term), 260
Orange #1, 939

alkyl halides, 331–335
alkynes, 485–487
amines, 1167–1169
benzene derivatives, 890–893
bicyclic compounds, 174–177
carboxylic acid derivatives, 1052–1054
carboxylic acids, 1045–1046
chiral compounds, 235
chirality centers, 221
common names, 170
diols, 623
drugs, 177, 177t
epoxides, 679–680
ethers, 667–669
ketones, 991–992
parent chains, 166–167
phenols, 605
substituents, 168–171
sulfides, 704–705
synthetic polymers, 1396–1398
thiols, 702–703

Nonactin, 1375
Nonaromatic (term), 901
Nonbonding molecular orbitals

allylic carbocations, 95, 95f
theory, 898, 899

Nonpolar groups, 1066, 1368, 1369
Nonsedating antihistamines, 907–908
Nonsuperimposable images, 221, 221f
Nootkatone, 322
Noradrenaline, 346, 1166
Norbornane, 207
Norethindrone, 1381
Norvasc (amlodipine), 889
Noyori, Ryoji, 707
N terminus, of peptide chains, 1328, 1328f
Nuclear magnetic resonance spectroscopy (NMR), 

777–825
acquiring spectra, 780–781, 818
aldehydes and ketones, 1031–1032
amines, 1201
analyzing spectra, 812–817
aromatic compounds, 918–920
carboxylic acids and derivatives, 1092
characteristics of spectra, 781–782
chemical shifts, 788–795, 818–821
compound identification, 809–811
13C spectroscopy, 818–825
DEPT, 821–824
drawing spectra, 807–809
1H spectroscopy, 780–817
impurity analysis, 811
integration of signals, 795–797
magnetic resonance imaging, 825
multiplicity of signals, 799–807
number of signals, 782–788
principles, 778–780

Nuclear resonance, 779
Nuclear spin, 778
Nucleophiles, 300–301, 303t

ambident, 1109
carbon, 997–1005
definition, 300
epoxide ring opening, 683–685
halogenation reactions, 933
hydrogen, 996–997
intramolecular aldol reactions, 1132

organozinc reagent preparation, 1240
products of, 1241–1243
reagents and scope for, 1238–1239
in synthesis, 1241

Nemotin, 31
Neomenthyl chloride, 357
Neomycin C, 1302
Neon, electron configuration, 20f
Neonatal jaundice, 259–260
Neopentane, 43
Neopentyl bromide, 341, 364
Neoprene (trans-1,4-polychloroprene), 851
Neosporin, 1271
Neotame, 1298
Newman projections, 183–185
Newton, Isaac, Sir, 875
Nexium (esomeprazole), 1197
Nicolaou, Kyriacos C., 594, 665
Nicotine, 55, 100, 120, 237, 1166
Night vision goggles, 721
Ninhydrin, 1322
Nitration reactions

anisole, 948–950, 949f, 950f
benzene, 939–940
nitrobenzene, 950–952, 951f, 952f
toluene, 946–948, 947f

Nitric acid, 1189
Nitriles, 1082–1084

α-amino, 1325–1326
carboxylic acids from, 740
hydrolysis, 1050–1051
nomenclature, 1054
preparation, 1082
reactions of, 1084
structure of, 1052

2-Nitroaniline, 967
Nitrobenzene, 950–952, 951f, 952f
Nitroethylene, 885
Nitrogen

curved-arrow notation, 311
electron configuration, 20, 20f
HDI of compounds, 765
lone pairs, 76t, 77–78

Nitrogen heterocycles, 1197–1200
Nitrogen nucleophiles, 1013–1020
Nitrogen rule, 749
Nitroglycerin, 287, 294–295
Nitro groups, 89, 943
Nitronium ions, 939
1-Nitropropane, 806, 806f
N-Nitrosamines, 1189–1190
Nitrosobenzene, 985
N-Nitrosodimethylamine, 1190
Nitrosonium ions, 1189
N-Nitrosonornicotine, 1190
N-Nitrosopyrrolidine, 1190
Nitrous acid, 1189–1191
NMO (N-methylmorpholine N-oxide), 450
NMR see Nuclear magnetic resonance spectroscopy
Nobel, Alfred, 294–295
Nobel, Emil, 294
Nodes of orbitals, 19
Nomenclature

alcohols, 603–607
aldehydes, 991
alkanes, 165–177
alkenes, 414–417
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sequencing, 1333–1336
structure, 1327–1333
synthesis, 1336–1344, 1337f

Pepto Bismol (bismuth subsalicylate), 115
Percent ionization, 153
Pericyclic reactions, 852–871, 852f, 852t

cycloadditions, 860–862
definition, 852
Diels–Alder reactions, 852–859
electrocyclic reactions, 862–868
sigmatropic rearrangements, 868–871

Periodic table, 1226f
group numbers, 7f
trends in conjugate bases, 124–125, 124f
trends in sizes, 126f

Periodinane intermediates, 641
Periplanar conformations, 352–353
Periplanone B, 679
Peroxides, 532–533
Peroxyacetic acid, 680
Peroxy acids, 452, 680
PET see Poly(ethylene terephthalate)
PETN see Pentaerythritol tetranitrate
Petrochemical industry

cracking, 181–182, 557
radical reactions, 557
reforming, 182

Petroleum, 181–182, 181t, 557
PGA (polyglycolic acid), 83
PGE2, 1383
PGF2β, 1360
pH

amino acids, 1320–1321
imine formation, 1015f
physiological, 1049–1050, 1174, 1319

PHA (polyhydroxyalkanoate), 1415
Pharmaceutical industry, mass spectrometry, 748
Pharmaceuticals see Drugs
Pharmacophores, 71
Phases, of atomic orbitals, 19, 20f
Phenacetin, 1211
Phenanthrene, 929
Phenindamine, 908
Pheniramine, 936
Phenolate ion, 612
Phenols

acidity, 610–613
from ethers, 678
in nature, 603
nomenclature, 605
oxidation, 645
pKa, 611–612
preparation, 631–632

Phenoxide ion, 612
Phenylalanine, 799, 1327
Phenyl carbocations, 1191
Phenyl group, 891
Phenylketonuria, 1298
Phenylpropanolamine, 1174
3-Phenylpropyl acetate, 600
Phenylthiohydantoin (PTH) derivative, 1333
Pheromones, 169, 413–414
Phosgene, 1098, 1405
Phosphatidic acid, 1373
Phosphoglycerides, 1373
Phospholipids, 1372–1376, 1374f
Phosphonium salts, 1002

electron configuration, 20f
HDI of compounds, 765
lone pairs, 75–78, 76t

Oxygen nucleophiles, 1005–1013
Oxymercuration-demercuration, 431–432, 595, 615
Oxytocin, 1332
Ozone, 454, 550–552, 551f
Ozonides, 454
Ozonolysis

alkenes, 454–456
alkynes, 501
changes in carbon skeletons, 574

P
Paclitaxel (Taxol), 593–594
PAHs (polycyclic aromatic hydrocarbons),  

906, 906t
Paliperidone, 1068
Palladium compounds, 1226–1227
Palmitoyl residues, 1366
para isomers, 891

anisole nitration, 949–950
chlorobenzene nitration, 953
nitrobenzene nitration, 951–952
toluene nitration, 947–948

Parent chains
alcohols, 604
alkanes, 166–167, 166t
alkynes, 485
complex substituents, 170–171

Parent ions, 746
Parkinson’s disease, 481, 484, 941
Partial charges, 14–15
Partially condensed structures, 61–62
Partially hydrogenated fats and oils, 444–445
Partners for Heck reaction, 1246–1248
Pasteur, Louis, 245, 263
Pathogenic bacteria, identification, 763–764
Pattern recognition

1H NMR signals, 804
resonance structures, 86–91

Pauli exclusion principle, 20
Pauling, Linus, 24
PBr3 (phosphorus tribromide), 633
PCBs (polychlorinated biphenyls), 334
PCC (pyridinium chlorochromate), 639
Pedersen, Charles J., 671
PEEK (polyether ether ketone), 122
Penicillin, 1081
Penta-O-acetyl-β-d-glucopyranose, 1286
1,4-Pentadiene, 885
Pentaerythritol tetranitrate (PETN), 287
Pentane

dipole-dipole interactions, 43, 43f
fragmentation, 753–755, 754f
mass spectrum, 748f, 749, 753–755, 754f

3-Pentanone, 797
1-Penten-3-ol, 600
Pentyne, 515
Pepcid (famotidine), 1165, 1199
Peptidases, 1334
Peptide bonds, 1315

formation, 1336–1337
geometry, 1330, 1345f

Peptides, 1327–1344
definition, 1316
drawing, 1329–1330

Orbitals see Atomic orbitals; Molecular orbitals
Orbital symmetry, conservation of, 860
Organic chemistry, 2
Organic Chemisty, 254
Organic compounds, 2
Organoaluminum compounds, 1238
Organoborane, 1233
Organoborate anions, 1235
Organoboron compounds, 1232, 1234–1235
Organocopper compounds, 1215
Organocuprates, 1220–1223, 1220t
Organohalides (alkyl halides)

from alcohols, 635–636
amine synthesis, 1175
coupling reactions, 1221–1222
definition, 334
as synthetic precursors, 335
uses of, 334

Organolithium compounds, 1216–1220
Organomagnesium compounds, 1216–1220
Organometallic compounds, 1214–1270

Heck reaction, 1243–1248
Negishi coupling, 1238–1243
olefin metathesis, 1248–1249
organolithium and organomagnesium compounds, 

1216–1220
properties of, 1215–1216
Simmons–Smith reaction, 1224–1225
Stille coupling, 1226–1232
Suzuki coupling, 1232–1238

Organometallic reagents, 1085, 1238
Organostannanes, 1229
Organotin compounds, 1232
Organozinc compounds, 1224–1225, 1238, 1240
Organozirconium compounds, 1238
ortho isomers, 891

anisole nitration, 949–950
chlorobenzene nitration, 953
nitrobenzene nitration, 951–952
toluene nitration, 947–948

ortho-para directors, 948, 952–953
Osmium tetroxide, 450
Oxalic acid, 672
Oxetane, 713
Oxidation

see also Autooxidation
alcohols, 638–642
Baeyer–Villiger, 1026–1027
at benzylic position, 909
monosaccharides, 1289–1290
phenols, 645
thiols, 703

Oxidation-reduction (redox) reactions
alcohols, 638–642
NAD+, 643, 643f
NADH, 643–644, 643f

Oxidation states, 616–617, 617f
Oxidative addition reactions, 1229, 1245
Oxidative cleavage reactions, 454, 501
Oximes, 1017, 1293
Oxiranes, 679
Oxonium ions, 362, 380, 428
Oxybenzone, 874
Oxybutynin, 237
Oxycodone, 71
Oxygen

curved-arrow notation, 311
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conjugated dienes, 838f
cyclobutadiene, 898f
cyclooctatetraene, 899f
determining energy levels, 900f
electrophiles, 301
hyperconjugation, 307
phases, 20
pi bonds, 220f
pyridine, 99f, 903–904, 903f
pyrrole, 904, 904f
resonance, 98, 99f
sulfur-oxygen bonds, 937, 937f

Porphyrin rings, 592
Porritoxin, 108
Position of equilibrium, 120–122, 141–143
Positive charge(s)

curved-arrow notation, 87
resonance structures, 87–88

Positrons, 393
Potassium bitartrate, 147
Potassium cyanide, 2
Potassium permanganate, 451
Potassium phthalimide, 1178, 1182–1183
Potassium tert-butoxide (t-BuOK), 349
Pravacol (pravastatin), 1379
Preparation

acetals, 1007–1011
acid anhydrides, 1075
acid chlorides, 1074–1075
alcohols, 615–623
aldehydes/ketones, 993–994, 994t
alkenes, 1004–1005
alkynes, 487–488
amides, 1079
amines, 1175–1182
azo dyes, 1196–1197
carboxylic acids, 1050–1051, 1050t
conjugated dienes, 839
diols, 623
dipeptides, 1340–1342
epoxides, 680–683
esters, 1075–1076, 1078
ethers, 674–677
Gilman reagents, 1220–1221
nitriles, 1082
organoboron compounds, 1234–1235
organolithium compounds, 1217
organomagnesium compounds, 1217–1218
organostannanes, 1229
organozinc reagents, 1240
phenols, 631–632
sulfides, 704–705

Prevacid (lansoprazole), 889
Prilosec (omeprazole), 889
Primary alcohols, 605

aldehyde synthesis, 638–641, 647
antibacterial properties, 610
oxidation, 638
SN2 reactions, 630–631, 632–633

Primary alkyl halides, 332, 506
Primary amines

and aldehydes/ketones, 1013–1020
and nitrous acid, 1190–1191
nomenclature, 1167–1168
synthesis, 1183

Primary carbocations, 307, 489, 1401
Primary isotope effect, 397–398

Polychlorinated biphenyls (PCBs), 334
Polychlorination, 531
trans-1,4-Polychloroprene (Neoprene), 851
Polycyclic aromatic hydrocarbons (PAHs), 906, 906t
Polycyclic systems, 207
Polyesters, 1080
Polyether antibiotics, 1375–1376
Polyether ether ketone (PEEK), 122
Polyethers, 671
Polyethylene, 182, 548, 1412
Poly(ethylene oxide), 1421
Poly(ethylene terephthalate) (PET), 1080, 1405, 

1409, 1415
Polyglycolic acid (PGA), 83
Polyhydroxyalkanoate (PHA), 1415
Polyisobutylene, 1412
Polymerization

anionic, 1402–1403
cationic, 426, 1401
efficiency, 1403–1404
ethylene, 182
radical, 548–550, 550t, 1400

Polymers, 182, 426, 1395–1421, 1396t
addition, 1399–1404
amorphous, 1412
amylopectin, 1300
amylose, 1299
biodegradable, 1415–1416
biological, 1299–1301
branched, 1410–1411
chain-growth, 1408–1409
chitin, 1301
classification, 1399–1414
condensation, 1404–1407
copolymers, 1398–1399, 1398t
cross-linked, 1412
crystalline, 1412
homopolymers, 1398
linear, 1411
living, 1403
modes of assembly, 1408–1410
nomenclature, 1396–1398
properties, 1413–1414
reactions, 1399–1408
recycling, 1415–1416
starches, 1299–1300
step-growth, 1409–1410
structure, 1396, 1410–1412
uses, 1397t

Polymyxin B, 1333
Polynucleotides, 1304
Polypeptide antibiotics, 1332–1333
Polysaccharides, 1299–1300
Polystyrene, 411, 426
Polysubstituted benzene rings, 891–892

directing effects, 957–959
steric effects, 960
in synthesis strategies, 967–969

Polyurethanes, 1409–1410
Poly(vinyl acetate), 1421
Poly(vinyl alcohol), 1421
Poly(vinyl butyral) (PVB), 1414
Polyvinyl chloride (PVC), 550
p orbitals, 20f

amides, 98f
benzene, 895–896, 896f
carbocations, 95, 95f, 301f

Phosphorus tribromide (PBr3), 633
Photochemical electrocyclic reactions, 865–867, 866t
Photochemical reactions, 843
Photochromism, 885
Photoisomerization, 260
Photons, 722
Phototherapy, 259–260
Phthalimide, 1178
Physical properties

see also specific functional groups...
intermolecular forces, 38–44
molecular structure, 39–41

Physiological pH, 1319
amines, 1174
amines at, 151–152
carboxylic acids, 149–151, 1049–1050

Phytol, 607
pI (isoelectric point), of amino acids, 1321
Pi (π) bonds, 26, 26f

see also Conjugated pi (π) systems
acetylene, 27f
addition reactions, 418, 527, 528, 528f, 530f
alkyne acid-catalyzed hydration, 493
bases, 411
changing positions of, 464–466
conjugated, 87–88, 90
degrees of unsaturation, 765
E2 reaction stereospecificity, 351
electronegativity, 89
lone pairs, 98–99
molecular orbitals, 896f
nucleophiles, 301, 301f, 411
oxymercuration-demercuration, 431
p orbitals, 220f

α-Pinene, 413, 439, 1385
Pinnatoxin A, 1016
Pivampicillin, 1099
pKa

acidity, 116–118
aldehydes, 1111, 1111t
amino acids, 1318–1319, 1319t
ammonium ions, 1173t
basicity, 119–120
common compounds, 117t
drug distribution, 153–154
ketones, 1111, 1111t
para-substituted benzoic acids, 1049t
position of equilibrium, 120–122
solvent effects, 146
strong acids, 611–612

Plane-polarized light, 244, 244f
Planes of symmetry, 223, 223f
Plasticizers, 1413
Plavix (clopidogrel), 889
Poisoned catalysts, 498, 498f
Polar aprotic solvents, 394–395
Polar covalent bonds, 12–15, 13f
Polar groups, 1066, 1368, 1369
Polarimeters, 245, 245f
Polarimetry, 245
Polarity, molecular, 35–38
Polarizability, 301

SN2 reactions, 343
Polarization, 244
Polar reactions, 299
Polyamides, 1080
Polycarbonates, 1405–1406
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Pyrrole, 1198
electrostatic potential map, 904, 904f
p orbitals, 903, 904f

Pyruvic acid, 1124

Q
Quantized energy, 18
Quantum mechanics, 18
Quartet peaks, 799, 800, 800f, 806f
Quaternary ammonium hydroxide, 1187
Quaternary ammonium iodide, 1187
Quaternary ammonium salt, 1177, 1183
Quaternary structure, of proteins, 1347, 1347f
Quintet peaks, 799

R
Racemic mixtures, 260, 539
Radiation, electromagnetic, 722f
Radical additions

hydrogen bromide, 545–548
to pi bonds, 527, 528, 528f, 530f

Radical anions, 499
Radical bromination

at benzylic position, 910
chlorination vs., 535, 536–538
cyclohexane, 541–544
regioselectivity, 536–537, 538t
stereochemistry, 541
in syntheses, 545

Radical chlorination
bromination vs., 535, 536–537f
methane, 530–533
regioselectivity, 536–537, 538t
stereochemistry, 539–540
in syntheses, 544

Radical inhibitors, 533
Radical initiators, 532–533
Radical polymerization, 548–550, 550t, 1400
Radical reactions, 521–558

allylic bromination, 541–544
arrow-pushing patterns, 527–530
atmospheric, 550–552
autooxidation, 553–557
halogenations, 531–532, 544–545
hydrogen bromide additions, 490, 545–548
methane chlorination, 530–533
in petrochemical industry, 557
polymerization, 548–550, 1400
as synthesis techniques, 544–545

Radicals, 281, 522–527
allylic, 524–526
bond dissociation energies, 523f, 524, 524f, 526f
geometry, 522–523, 523f
identifying weakest C–H bond, 526–527
mass spectrometry, 746
methyl, 523
primary, 423, 526, 755
resonance structures, 524–526
secondary, 523
stability, 523, 523f
structures, 522–523
tertiary, 523, 524
vinylic, 525–526

Radiolabeled compounds, 393–394
Ramelteon, 107
Random copolymers, 1399
Ranitidine (Zantac), 1165, 1199

acetals, 1011–1012
for amino group of amino acids, 1337f, 

1338–1340
for carboxylic acid group of amino acids, 1340

Proteins, 1344–1349
amino acids, 1315f
complete, 1318
definition, 1315
and diseases, 1347
fibrous, 1348
functions of, 1348–1349
globular, 1348
infectious, 1347
misfolded, 1347
structural, 1348
structure, 1344–1347, 1344f
transport, 1348–1349

Protic solvents, 394–395
Protium, 397
Protonations, alcohols, 382
Proton NMR. see 1H NMR
Protons

acidic, 1109
atomic weight, 760–761
axial, 788
diastereotopic, 784
enantiotopic, 783
equatorial, 788
geminal, 801
homotopic, 783
magnetic moments, 778–779
relationships in compounds, 784–785
shielded and deshielded, 779–780
vicinal, 801
without coupling constants, 807

Proton transfers
acid-catalyzed ring opening, 689
alcohol reductions, 619–621
alcohols, 382
arrow-pushing patterns, 306
E1 reaction, 368–370
electrophilic additions, 844–845
elimination reactions, 347
ester reductions, 621
mechanisms, 112–115
nucleophilic acyl substitutions, 1060
reagents for, 144
reversible/irreversible reaction arrows, 317
in substitution reactions with alcohols,  

632–633
Proximity effect, 848
Prusiner, Stanley, 1347
trans-PST-1, 1197
PTH (phenylthiohydantoin) derivative, 1333
Putrescine, 1171
PVB (poly(vinyl butyral)), 1414
PVC (polyvinylchloride), 550
Pyramidal inversion of amines, 1170f
Pyranose rings, 1279–1285
Pyridine, 1200

electrostatic potential map, 904, 904f
lone pairs, 99
p orbitals, 99f, 903–904, 903f

Pyridinium chloride, 1076
Pyridinium chlorochromate (PCC), 639
Pyrilamine, 908
Pyrimidine, 1200

Primary radicals, 523, 526, 755
Primary structure of proteins, 1344, 1344f
Primary substrates

SN2 reactions, 341, 341f
substitution vs. eliminations, 360
synthesis strategies, 384f

Prions, 1347
Probability, 284–285
Prodrugs

discovery, 941
esters as, 1067–1068
methenamine, 1023

Products
of aldol addition reactions, 1122–1123
of aldol condensation reactions, 1127–1128
of alkene addition reactions, 456–459
of allylic bromination, 543–544
anti-periplanar, 352–353, 354
of Birch reduction, 916–917
of catalytic hydrogenation, 440f, 441–442
of Diels–Alder reactions, 855–856
of E2 reactions, 349–359, 349t
of electrocyclic reactions, 867–868
of electrophilic addition to conjugated diene, 

849–850
of elimination vs. substitution reactions, 371–379
endo, 857–858, 858f
exo, 857–858, 858f
of Hofmann elimination, 1188
of hydroboration-oxidation, 438–439
of Negishi coupling, 1241–1243
of olefin metathesis, 1249
of oxidation reactions with alcohols, 642
of ozonolysis, 455–456
retrosynthetic analysis, 388–389
of SN2 reactions, 338–339
of Stille coupling, 1231–1232
of strong nucleophile and epoxide, 685–686
of Suzuki coupling, 1236–1237
of triglyceride hydrolysis, 1367–1368

Progesterone, 108, 990
Progestins, 1380, 1380t
Proline, 235
Promethazine, 908
Prontosil, 941
Propagation, 529, 530f

autooxidations, 554
chlorinations, 531
hydrogen bromide additions, 546
polymerizations, 549

Propane
boiling point, 670, 1170
conformational analysis, 186–187, 186f
radical halogenation, 536–538

Propanol, 61, 124, 727f
see also Isopropanol

Propanolol, 667
Propofol, 49
Propranolol, 118
Propylamine, 40, 1170
Propylene, 134, 417f
Propylene glycol, 624
Prostacyclins, 1384
Prostaglandins, 1077, 1104, 1382–1384, 1382f
Prosthetic groups, 1348
Protease inhibitors, 243
Protecting groups, 629–631
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Ribonucleosides, 1301, 1305f
Ribonucleotides, 1305f
Ribose, 643, 1274, 1275, 1301, 1310
Rickes, Ed, 591
Rigidity of drugs, 484
Rilpivirine, 161, 192
Rimantadine, 1208
Ring-closing alkene metathesis, 1252–1253
Ring flip, 199, 199f
Ring-opening reactions

acid-catalyzed, 689–692
epoxides, 683–693
olefin metathesis, 1252

Rippertenol, 917
RNA (ribonucleic acid), 1304–1305, 1305f
Robinson, Robert, 1141
Robinson annulation reaction, 1141
Rods (photoreceptors), 877
Rofecoxib (Vioxx), 218
Rolaids (calcium carbonate), 115
Roquefortine C, 519, 887
Rotation

conrotatory, 864, 864f, 866f
dextrorotatory, 246
disrotatory, 864, 864f, 866f
levorotatory, 246
mutarotation, 1281
observed, 245
specific, 245–247

Rowland, Frank, 551
Rubber, 851, 1412
(R )-(+)-Ruthenium(BINAP)Cl2 catalyst, 1327

S
Sabatier, Paul, 439
cis-Sabinene hydrate, 1268
Saccharin, 1298
S-Adenosylmethionine (SAM), 345
Safety, of drugs, 218–219, 811
Safety glass, 1414
Salicin, 1312
Salicylic acid, 161
Salmeterol, 889
Salt plates, 725f
SAM (S-adenosylmethionine), 345
Samuelsson, Bengt, 1077
Sandmeyer reactions, 1191–1192
Saponification, 1065–1066
Saran, 1398
Saturated

compounds, 765
coordinately, 1227
hydrocarbons, 165

Saudin, 1267
Savinin, 1243
Sawhorse drawings, 183f
SBR (styrene-butadiene rubber), 851
Schrock, Richard, 1248
Schrock catalysts, 1248–1249
Schrödinger, Erwin, 18
S configurations, 232, 235, 249
Scorzocreticin, 1042
Secondary alcohols, 605, 632–633, 638, 641
Secondary alkyl halides, 332
Secondary amines

and aldehydes/ketones, 1018–1020
and nitrous acid, 1189–1190

Refining of petroleum, 181
Reflectional symmetry, 223
Reforming petroleum, 182, 557
Regioselectivity, 419

acid-catalyzed hydration, 428
alkyne hydration, 496
Diels–Alder reactions, 858–859
E1 reactions, 370
E2 reactions, 349–351
electrophilic substitution reactions, 961–962
halogenation, 435–538, 438t
halohydrin formation, 447–448
hydroboration-oxidation, 435
hydrogen abstraction, 536
hydrohalogenation, 419–420, 422
radical addition HBr, 545
ring-opening reactions, 685
substitution vs. elimination reactions, 376, 376t
unimolecular reactions, 370

Relative atomic mass, 761, 761t
Relative atomic weight, 760–761, 760t
Relative rates, kinetic control, 849
Renewable feedstocks, 595
Replacement test, 783
Representations of molecules see Molecular 

representations
Resins, thermosetting, 1413–1414
Resolution, enantiomers, 263–265
Resolving agents, chiral, 264
Resonance

acidity, 126–129
alcohol acidity, 612
bond-line structures, 80
definition, 80
Friedel–Crafts acylation, 945
IR wavenumbers, 729–730
nuclear, in magnetic fields, 779
nucleophilic addition reactions, 994
radicals, 524–526

Resonance hybrids, 80, 93, 95–97
Resonance stabilization, 80
Resonance structures, 79–100

charges on atoms, 92
curved arrow notation, 81–83
drawing, 86–91, 90t
electronegativity, 89, 92
esters and ketones, 729
formal charges, 83–85
lone pairs, 86–91, 97–100
pattern recognition, 86–91
relative importance of, 91–95

Resorcinol, 610
Respiration, cellular, 645
Restoril (temazepam), 1055
Resveratrol, 564
Retention of configuration, 363–364
Retention time, 762
11-cis-Retinal, 877, 1017
Retinol (vitamin A), 104, 577, 877, 1017
Retro-aldol reactions, 1124
Retro Diels–Alder reactions, 853
Retrosynthesis, organocuprates, 1222
Retrosynthetic analysis, 388–389, 582–587
Reversible reaction arrows, 316–318
Rheosmin, 1162
Rhodopsin, 877–878, 1018
Ribonucleic acid (RNA), 1304–1305, 1305f

(–)-Rapamycin, 1267–1268
Rate constant (k ), 292–294
Rate-determining step (RDS), 362
Rate equations, 292, 292f
Rates of reaction see Kinetics
R configuration, 232, 235, 249
RDS see Rate-determining step
RDX (cyclotrimethylenetrinitramine), 287
Reaction arrows, reversible/irreversible, 316–318
Reaction coordinates, 283
Reaction mechanisms, 112–113

see also specific mechanisms and reactions
Reactive centers, 643
Reactivity see Chemical reactivity
Reagents

alcohol deprotonations, 611–612
carbenoid, 1225
for crossed aldol reactions, 1130–1131
determining function of, 371–373
functional group transformations, 569–570
Gilman, 1086, 1220–1223
green chemistry considerations, 595
Grignard see Grignard reagents
hydroboration-oxidation, 434
Negishi coupling, 1238–1239
organometallic, 1085, 1240
position of equilibrium, 141–143
proton transfers, 144
substitution vs. elimination reactions, 347, 347f, 

371–373
Suzuki coupling, 1232–1234
Wittig, 1001–1005

Rearrangement reactions
see also Carbocation rearrangements
arrow-pushing patterns, 307–308
Claisen, 869
Cope, 869
McLafferty, 756
sigmatropic, 868–871, 868f
unimolecular, 364–365

Receptors
drug interactions, 49–50
H2-receptor antagonists, 1198–1199

Recycling, synthetic polymers, 1415–1416, 1416t
Red #40, 938
Red blood cells, 1349f
Reduced mass, 726
Reducing agents, 616–623
Reducing sugars, 1290–1291, 1294–1296
Reductions

alcohol preparation, 616–623
aldehydes, 619–621, 996–997
alkynes, 497–500, 500f
aromatic compounds, 914–916
Birch, 914–916
Clemmensen, 945
definition, 616
diol preparation, 623
dissolving metals, 499
esters, 621, 1063
hydride agents, 620–621
ketones, 619–621, 996–997
monosaccharides, 1288–1289
nitriles, 1063
Wolff–Kishner, 1025–1026

Reductive amination, 1180–1182
Reductive eliminations, 1230, 1245
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Spectator ions, 147
Spectrometers

continuous-wave, 781
Fourier transform, 781–782, 781f
infrared, 725
mass, 746, 746f

Spectroscopy, 722–724
see also Infrared spectroscopy; Nuclear magnetic 

resonance spectroscopy
aldehydes and ketones, 1030–1032
amines, 1200–1201
aromatic compounds, 917–920
carboxylic acids and derivatives, 1092, 1092t
uses of, 723t
UV-Vis, 871–875

Spermaceti wax, 1360
Spermine, 1207
Sphingomyelins, 1393
sp hybrid orbitals, 27, 27f, 502
sp2 hybrid orbitals, 25–26, 26f, 98
sp3 hybrid orbitals, 23–25, 24f, 1170
Spin, 20, 778, 779f
Spin-spin splitting, 800
Spongian-16-one, 1226
(–)-Spongidepsin, 1043
Spontaneous processes, 286, 291–292

Gibbs free energy, 287, 288
Sports, anabolic steroids, 1382
Squalene, 1388
Stability

alkanes, 180–181
alkenes, 348
anions, 123–136
benzene, 894–900
carbocations, 307
chair conformations, 200–201, 203–205
conjugate bases, 123–136, 125f, 331t
conjugated dienes, 839–840
constitutional isomers, 180–181
lipid bilayers, 1374–1375
organostannanes, 1229
radicals, 523, 523f

Stabilization energy, 840, 895
Stabilized Wittig reagents, 1002–1003
Staggered conformations, 185

butane, 188, 188f
ethane, 185–187, 185f, 186f

Standard atomic weight, 761
Stanozolol, 1382
Starches, 1299–1300
Statins, 1379–1380
Stationary phases, 762–763
Stearic acid, 1361, 1361f, 1363
Stearoyl residues, 1366
Step curves, 796
Step-growth polymers, 1409–1410
Stepwise mechanisms

E2 reactions, 346
SN2 reactions, 336

Stereocenters, 221
Stereochemical control, 1411
Stereochemistry

acid-catalyzed hydration, 429, 429f
dihydroxylation reactions, 452–453
E1 reactions, 370
E2 reactions, 351–359
halogenation reactions, 539–540

Smith, Ronald D., 1224
Smoking, 666, 693
SNAr reactions see Nucleophilic aromatic substitution
SN1 reactions, 363–364

alcohols, 382–383, 632–633
alcohol synthesis, 615
E1 reactions vs., 368–369, 369f
mechanisms, 362–363
regiochemistry and stereochemistry, 376t
solvent effects, 396
stereochemistry, 363–364

SN2 reactions, 335–346
acid-catalyzed ring opening, 689–690
alcohols, 630–631, 632–633
alcohol synthesis, 615
drawing products, 338–339
epoxides, 684, 684f
ester synthesis, 1078
kinetics, 336–337
methylation, 345
nitriles from, 1082
nucleophilic strengths, 343–346
regiochemistry, 376t
solvent effects, 394–395
stereospecificity, 337–338, 376t
steric hindrance, 340
substrate effects, 339–342
tosylates, 379–380
transition states, 340–342

SN2-Si mechanism, 630–631
Soaps, 1066, 1369
Soap scum, 1369
SOCl2 (thionyl chloride), 633–634, 1074
Sodium, ammonia, 499
Sodium amide, 515
Sodium azide, 1182–1183
Sodium benzoate, 1048
Sodium bicarbonate, 115, 147
Sodium borohydride, 619–620, 1180
Sodium carbonate, 2
Sodium chloride, 395
Sodium cyanoborohydride, 1180
Sodium dichromate, 638
Sodium ethoxide, 611
Sodium hydride, 611
Sodium hydrosulfide, 702
Sodium lauryl sulfate, 1369
Sodium oxalate, 672
Solenopsin, 1175
Solubility, 45–49, 608, 1170
Solvation effects, alcohol acidity, 613
Solvent effects, 394–396

and pKa, 146
SN1 reactions, 396
SN2 reactions, 394–395, 394t

Solvent extraction, 1172
Solvents

dipole moments, 37t
green chemistry, 595
leveling effect, 145
NMR spectroscopy, 781
polar aprotic, 394–395
protic, 394–395

Solvolysis, 362, 364, 367, 368
Sonata (zaleplon), 1055
s orbitals, 20f
Specific rotation, 245–247

Secondary amines (continued)
nomenclature, 1168
synthesis, 1182–1183

Secondary carbocations
carbocation rearrangements, 307, 317
Friedel–Crafts alkylation, 943
hydrohalogenations, 421, 424, 425, 489

Secondary isotope effect, 397
Secondary radicals, 523
Secondary structure of proteins, 1345–1346, 1345f
Second-generation antihistamines, 908
Second law of thermodynamics, 289
Second-order rate equation, 292, 292f
Sedatives, 1055
Selectivity

see also Regioselectivity; Stereoselectivity; 
Stereospecificity

E2 reactions, 351–359, 353f
Selegiline, 484
Self-assembly, 109
β-Selinene, 1385
Sense of smell, 228
Separation of amino acids, 1321–1323, 1321f
Sequencing of peptides, 1333–1336
Serevent (salmeterol), 889
l-Serine, 1316
Sertraline, 889, 1174
Sex hormones, 1380–1381, 1380t
Shape

see also Geometry
of absorption spectrum, 725
of atomic orbitals, 728, 728f
of IR signals, 728–729
of NMR signals, 782

Sharpless, K. Barry, 706
Sharpless asymmetric epoxidation, 707, 707f
Shielded protons, 779
Shimomura, Osamu, 1355
Sickle-shaped red blood cells, 1349f
Side chains of aromatic compounds, 911–912
Side effects, of drugs, 1171
Sigma (σ) bonds, 21, 21f

acetylene, 27f
addition reactions, 418
ethylene, 26f
sigmatropic rearrangements, 868

Sigma complexes, 934
anisole nitration, 949f
azo coupling, 1193
chlorobenzene nitration, 953f
nitrobenzene nitration, 951f, 952f
toluene nitration, 947f, 948f

Sigmatropic reactions, 852
Sigmatropic rearrangements, 868–871, 868f
Sildenafil (Viagra), 295, 1171, 1197
Simmons, Howard E., 1224
Simmons–Smith reaction, 1224–1225
Simple lipids, 1359–1360
Simvastatin, 1380
Single bonds

bond-line structures, 63
interconverting double and triple bonds, 508–510, 

508f, 570, 647f
resonance structures, 81

Singlet peaks, 799, 919
Smalley, Richard, 921
Smell, 228
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polysaccharides, 1299–1300
reducing, 1290–1291, 1294–1296

D sugars, 1273–1274
l-sugars, 1273–1274
Sulfanilamides, 941
Sulfides, 704–705
Sulfonation, 937–939
Sulfones, 705
Sulfoxides, 705
Sulfuric acid (H2SO4), 145, 1007
Sulfur mustard, 329
Sulfur nucleophiles, 343
Sulfur-oxygen bonds, 937, 937f
Sulfur trioxide, 937f
Sunscreens, 874–875
Superglue, 1403
Superimposable images, 224, 224f
Suzuki, Akira, 1232, 1238
Suzuki coupling, 1232–1238, 1234t

mechanism, 1235
organoboron compound synthesis,  

1234–1235
products, 1236–1237
reagents and conditions for, 1232–1234
as synthesis reaction, 1236

Sweeteners, artificial, 1298–1299
Swern oxidation, 640
Symmetrical dienes, 858
Symmetrical dienophiles, 858
Symmetrical ethers, 668
Symmetric stretching, 736–737
Symmetry

axis of, 252
and chirality, 223–224
conservation of orbital, 860
dienes and dienophiles, 858–859
plane of, 223, 223f
reflectional, 223

Symmetry-allowed processes, 860
Symmetry-forbidden processes, 861
Syn addition, 433, 440–441, 1245
Syn-coplanar conformations, 352
Syn dihydroxylation, 450–451
Syndiotactic (term), 1411
Synthesis, 567–595

see also Preparation
acetoacetic ester, 1146–1148
addition reaction strategies, 459–465
alcohols, 647–653
with aldehydes and ketones, 1027–1030
alkyl halide strategies, 384–394
alkynes in, 508–510
alpha carbons, 1141–1146
amidomalonate, 1324–1325
amines, 1182–1184
amino acids, 1322–1327
aromatic substitution, 963–969
azides, 1177–1178
carbon–carbon bond formation,  

650–653, 651t
carboxylic acid derivatives, 1086–1091
changes in carbon skeletons, 573–575
difunctionalized compounds, 1141–1142
dipeptides, 1340–1342
epoxides, 693–701
functional group transformations, 569–573
Gabriel, 1178–1179

Streptomycin, 1302
Stretching of bonds, 724, 736–737
Strong acids, 331
Strong activators, 954
Strong deactivators, 955
Strong nucleophiles, 344
Structural proteins, 1347
(–)-Strychnine, 327
Styrene, 426, 851
Styrene-butadiene rubber (SBR), 851
Styrofoam, 411, 426
Substantia nigra, 481
Substituents

of alkanes, 168–171
of alkynes, 486
aromatic substitution effects,  

954–962, 974
axial, 197, 200f
bicyclic compounds, 175
carboxylic acids, 1049
complex, 170–171
definition, 166
equatorial, 197, 197f, 201f
SN2 reaction effects, 339–342
SN2 reaction rates, 339–342

Substituted cyclohexanes
di-, 201–205
E2 reactions, 355–357
mono-, 199–200

Substituted ethylene, 550, 550t
Substituted oxiranes, 679
Substitution reactions

see also Aromatic substitution reactions; SN1 
reactions; SN2 reactions

alcohols, 382–383, 615, 632–635
alkyl halide reactivity, 330–331
amine synthesis, 1176–1179
aryl diazonium salts, 1192
benzylic halides, 910
definition, 330
elimination vs., 371–379
nucleophilic acyl, 1055–1061
predicting products, 371–379
solvent effects, 394–396
in syntheses, 459
tosylates, 379–380

Substrates
definition, 330
elimination reactions, 360, 360f
front and back sides of, 337, 337f
ionization rates, 366–367
methyl, 341, 341f
primary, 341, 341f, 360, 384f
secondary, 341, 341f, 360
SN2 reactions, 339–342
structure and rates effects, 339–342
substitution reactions, 339–342, 360, 360f
tertiary, 360, 384f
unimolecular reactions, 366–367

Subunits, proteins, 1347
Sucralose, 335, 1298–1299
Sucrose, 1298
Sugars

see also Monosaccharides
amino, 1300–1301
degradation of, 1273f
disaccharides, 1294–1299

hydroboration-oxidation, 434
hydrohalogenation, 423–424, 423f
photochemical electrocyclic reactions,  

865–867
radical addition of HBr, 547
ring-opening reactions, 685
SN1 reactions, 363–364
substitution vs. elimination reactions,  

376, 376t
thermal electrocyclic reactions, 863–865
unimolecular reactions, 363–364

Stereogenic centers, 221
Stereoisomers, 206, 218–279

atropisomers, 268
Cahn-Ingold-Prelog system, 229–237
categories, 248
chirality, 221–228
cis-trans isomerism, 206, 219–220
cycloalkanes, 206
definition, 206, 219, 248f
drawing, 235–237
E and Z configurations, 256
enantiomers vs. diastereomers, 248–251
Fischer projections, 238–243
optical activity, 243–247
resolution, 263–265
symmetry and chirality, 223–224
without chiral centers, 268–269

Stereoselectivity, E2 reactions, 353, 353f
Stereospecificity

catalytic hydrogenations, 439
E2 reactions, 351–359, 353f
halogenation reactions, 445
hydroboration-oxidation, 437–439
SN2 reactions, 337–338

Steric hindrance, 146
acid-catalyzed ring openings, 690
aromatic substitutions, 959–960
chair conformations, 200, 200f
hydroboration-oxidation reactions, 435
nucleophilic addition reactions, 995
rates of reaction, 294
SN2 reactions, 340

Steric numbers, 32
Steroids, 1376–1382

adrenocortical hormones, 1381
anabolic, 1382
carbon skeletons, 1377f
cholesterol, 1377–1380
sex hormones, 1380–1381
structures, 1376–1377

Steviol, 1298, 1299
Steviosides, 1299
Stilbene, 404
Stille, John, 1227
Stille coupling, 1226–1232, 1234t

mechanism, 1229–1230
organostannanes, 1229
palladium compounds, 1226–1227
products, 1231–1232

Stork, Gilbert, 1139
Stork enamine synthesis, 1138–1141
Strain

angle, 192
torsional, 186

Strecker synthesis, 1325–1326
Streptimidone, 234

bmindex.indd   23 09/12/24   9:59 AM



I–24      INDEX

oxidation, 703
sulfide preparation, 704–705

Thionyl chloride (SOCl2), 633–634, 1074
Third-order rate equation, 292, 292f
Three-center, two-electron bonds, 434
Three-dimensional bond-line structures, 65–70, 65f
l-Threose, 1274
Thromboxanes, 1384
Thymine, 874, 1302–1304, 1304f, 1305f
Thymol, 893
Thyroxine, 1317–1318
Timolol, 265
Titanium tetraisopropoxide, 706–708
Tm (melt transition temperature), 1412
TMS (tetramethylsilane), 789
TMSCl (trimethylsilyl chloride), 630, 630f
TNT (trinitrotoluene), 287
Tofacitinib, 17
Toluene

as an arene, 888
from coal tar, 890
nitration, 946–948, 947f
in synthesis reactions, 600

p-Toluenesulfonic acid, 380, 1007
Toolboxes of reactions, 578–579t, 648t, 651t, 5881
Torsional angles, 186
Torsional strain, 186
Tosylates, 379–380
Trade names, 177
Transesterification, 1134, 1369–1372
Trans fats, 444–445, 1365
Transition metal elements, 1226–1227, 1226f
Transition states, 297–298, 297f, 298f

halogenation reactions, 537, 537f
halohydrin formation, 448
hydrohalogenation reactions, 490
intermediates vs., 297–298
sigmatropic rearrangements, 868, 868f
SN2 reactions, 340–342

Transmetallation, 1229–1230
Transport proteins, 1348–1349
Triacontyl hexadecanoate, 1360
Triacylglycerides, 1254
Trichloroacetic acid, 129–130
Trichloroethanol, pKa, 613
Triethylamine, 349
Triflate groups, 1228, 1229
Triflates, 380, 1233, 1238, 1244
Trifluoromethane sulfonate, 1228
Trifluoromethanesulfonic acid, 380
(Trifluoromethyl) benzene, 969
Triglycerides, 1361–1372, 1361f

antioxidants, 555
autooxidation, 1365
fats and oils, 444
fatty acid properties, 1361–1364
hydrogenation, 1364–1365
hydrolysis, 1366–1368
lipid bilayers, 1374f
structure and function, 1361
transesterification, 1369–1372

Trigonal planar geometry, 34, 34f
Trigonal pyramidal geometry, 32–33, 32f
(+)-Trigonoliimine A, 278
Trimethylamine, 40, 1167f, 1171
Trimethylsilyl chloride (TMSCl), 630, 630f
Trimyristin, 1360

specific rotation, 246
variable, NMR, 788

Terephthalic acid, 1405, 1415
Terminal alkynes, 486

acidity, 501–503
alkylation, 506–508
conversions, 490
deprotonation, 503–504, 503t
hydration, 491–497
oxidative cleavage, 501
preparation, 487–488

Termination steps, 529, 530f
addition of HBr, 546
autooxidation, 554
chlorination, 530
polymerization, 549

Termolecular processes, 490
Terpenes, 466–470, 1385–1388, 1385t
Tertiary alcohols, 605, 632–633, 638
Tertiary alkyl halides, 332
Tertiary amines, 1168, 1183
Tertiary carbocations

carbocation rearrangements, 307, 317
cationic polymerization, 1401
from fragmentation, 755
hydrohalogenation reactions, 421, 424, 425
unimolecular processes, 367
from unimolecular rearrangements, 367

Tertiary radicals, 523, 524
Tertiary structure, proteins, 1346–1347
Tertiary substrates

substitutions vs. eliminations, 360
synthesis strategies, 389f

Tesla (unit), 780
Testosterone, 105, 207, 990
Tetrabutylammonium fluoride (TBAF), 631
1,1,1,2-Tetrafluoroethane (HFA-134a), 552
Tetrahalides, 491
Tetrahedral geometry, 32, 32f
Tetrahedral intermediates, 995, 1056
Tetrahydrocannabinol (THC), 603
Tetrahydrofuran (THF), 145, 670, 713, 1218
Tetramethylsilane (TMS), 789
Tetrasubstituted alkenes, 348f
Tetravalent elements, 7
Tg (glass transition temperature), 1412
THC see Tetrahydrocannabinol
Thermal cracking, 181
Thermal electrocyclic reactions, 863–865, 866t
Thermal imaging, 724
Thermodynamic enolate, 1114
Thermodynamics, 291f

addition vs. elimination reactions, 417–418
conjugated pi systems, 847–851
definition, 291
Diels–Alder reactions, 853–854
halogenation reactions, 533–535
kinetics vs., 296–297
second law, 289

Thermoplastics, 1413
Thermosetting resins, 1413–1414
THF see Tetrahydrofuran
Thiamine (vitamin B1), 577
Thioacetal, 1024–1025
Thiolate ions, 703
Thiols, 702–705

nomenclature, 702–703

Synthesis (continued)
green chemistry, 594–595
Kiliani–Fischer, 1292
malonic ester, 1149–1151
Merrifield, 1342–1344
natural product, 589–594
Negishi coupling, 1241
new pharmaceuticals, 1214
one-step, 568–569
peptides, 1336–1344, 1337f
problem solving, 577–582, 588
radical, 544–545
reactions see Biosynthesis
retrosynthetic analysis, 388–389, 582–587
Stork enamine, 1138–1141
Strecker, 1325–1326
Suzuki coupling, 1236
toolboxes, 578–580t, 588, 648t, 651t
Williamson, 675–676

Synthetic polymers, 1395–1421, 1396t
addition, 1399–1404
amorphous, 1412
biodegradable, 1415–1416
branched, 1410–1411
chain-growth, 1408–1409
classification, 1399–1414
condensation, 1404–1407
copolymers, 1398–1399, 1398t
cross-linked, 1412
crystalline, 1412
homopolymers, 1398
linear, 1411
living, 1403
modes of assembly, 1408–1410
nomenclature, 1396–1398
properties, 1413–1414
reactions of, 1399–1408
recycling, 1415–1416
step-growth, 1409–1410
structure, 1396, 1410–1412
uses, 1397t

Synthetic precursors, organohalides, 335
Synthetic rubber, 851
Systematic names, 166, 172–174

see also Nomenclature

T
Tagamet (cimetidine), 1165, 1198–1199
Tails, of curved arrows, 81
Tamoxifen, 667
Target molecules, retrosynthetic analysis, 388–392
Tartaric acid, 263
Tautomerization

acid-catalyzed, 493–494, 1107
base-catalyzed, 495, 1108
of enols, 1106–1108
keto-enol, 493–494

Tautomers, 493
Taxiphyllin, 1000–1001
Taxol (paclitaxel), 593–594
Taxotere (docetaxel), 594
TBAF (tetrabutylammonium fluoride), 631
Tegretol (carbamazepine), 682
Temazepam, 1055
Temperature

glass and melt transitions, 1412
rates of reaction, 294, 294f
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bond angles, 669
geometry, 33, 33f
hydrogen bonding, 39f
leveling effect, 145
nucleophilicity, 343
as a solvent, 145, 395

Wavelength, 246, 722, 725
Wave mechanics, 18
Wavenumber, 726–730
Waves

of light, 244f
phases, 19, 19f

Waxes, 1360
Weak activators, 955
Weak deactivators, 955
Weak nucleophiles, 344
Wedge and dash drawings, 183f
Wedges, bond-line structures, 65–68
Weight

atomic, 760–762, 760t
molecular, 749

Whitesides–House reaction, 1222–1223
Williamson, Alexander, 675
Williamson ether synthesis, 675–676
Willstätter, Richard, 897
Windshields, 1414
Wittig reaction, 1001–1005
Wohl degradation, 1293
Wöhler, Friedrich, 2
Wolff, Ludwig, 1025
Wolff–Kishner reduction, 1025–1026
Woodward, Robert B., 327, 587–588, 592, 860, 

863, 1212
Woodward–Fieser rules, 873

X
ortho-Xylene, 888

Y
Yellow #40, 938–939
Ylides, 1001

Z
Zaitsev, Alexander M., 349
Zaitsev products, 349, 462
Zaleplon, 1055
Zantac (ranitidine), 1165, 1199
Z conformations, 256, 1249
Ziegler–Natta catalysts, 1411
Zinc chloride (ZnCl2), 633
Zocor (simvastatin), 1380
Zoloft (sertraline), 889, 1174
Zolpidem (Ambien), 55, 1055
Zwitterion, 152
Zwitterions, 1320
Zyban (bupropion), 1171
Zyprexa (olanzapine), 889
Zyrtec (cetirizine), 908

Valence bond theory, 21
Valence shell electron pair repulsion (VSEPR) 

theory, 32–35, 34t
Valium (diazepam), 17, 957, 1055
Vane, John, 1077
Vanillin, 990
Variable-temperature NMR, 788
Vasopressin, 1332
Veisalgia, 602
Viagra (sildenafil), 295, 1171, 1197
Vibrational excitation, 724
Vibrational states, energy gaps, 724,  

724f, 725f
Vicinal dibromides, 583
Vicinal dihalides, 488, 583
Vicinal protons, 801
Villiger, Victor, 1026
Vinyl acetates, 1045, 1421
Vinyl boronic esters, 1233
Vinyl bromides, 1233
Vinyl chlorides, 1398
Vinyl halides, 330, 367
Vinylic groups, 869
Vinylic positions, 86
Vinylic radicals, 525–526
Vinylic (vinyl) carbocations, 367, 489
Vinylidene chloride, 1398
Vinyl iodides, 1239
Vinyl organozinc reagents, 1238
Vinyl triflates, 1231, 1233
Vioxx (rofecoxib), 218
Vision, 877–878, 1017–1018
Vitalism, 2
Vitamin A (retinol), 104, 577, 877, 1017
Vitamin B1 (thiamine), 577
Vitamin B12, 591–593
Vitamin C, 104, 557, 577
Vitamin D, 870–871
Vitamin D2 (ergocalciferol), 577, 870
Vitamin D3 (cholecalciferol), 222,  

870, 874
Vitamin E, 557, 667
Vitamin K1, 577
Vitamins, 567, 575–577
VSEPR see Valence shell electron pair  

repulsion theory
Vulcanization, 851
Vulcanized rubber, 851, 1412

W
Wald, George, 877
Walden inversion, 337
Warfarin, 494
Waste prevention, 594
Water

see also Hydration reactions
acid-base reactions, 113–114
acidity, 125

Trinitrotoluene (TNT), 287
Triolein, 1363, 1363f
Tripalmitin, 1363–1364
Tripalmitolein, 1363–1364
Tripelennamine, 908
Triphenylmethane, 561
Triple bonds

atomic orbitals, 482, 482f
bond-line structures, 16
interconvertions, 508–510, 508f, 570, 647f
sp hybridization, 27

Triplet peaks, 799, 800, 800f, 805f
Triprolidine, 908
Tristearin, 1363, 1364f
Trisubstituted alkenes, 348f
Tritium, 397
Trivalent elements, 7
Tropylium cation, 902
Trypsin, 1334
Tsien, Roger, 1355
Tums (calcium carbonate), 115
Twist boat conformations, 195
Tylenol (acetaminophen), 104, 556

U
Ubiquinones, 645
UDPGA (uridine-5'-diphospho-α-D-glucouronic 

acid), 636
Ultraviolet (UV) light, 874
Ultraviolet (UV) spectroscopy, 871–875
Ultraviolet-visible (UV-Vis) spectroscopy, 871–875
Undecane, 169
Unimolecular reactions, 361–370

carbocation intermediates, 361–366
E1 mechanism, 368–370
ionization rates, 366–367
kinetic isotope effects, 397–398
rearrangements, 364–365
regiochemistry, 370
SN1 mechanism, 362–364, 396
solvent effects, 396
stereochemistry, 370
substrates, 366–367

Unpolarized light, 244f
Unsaturated (term), 729, 1227
Unsaturation, degree of, 764, 812
Unsymmetrical ethers, 667
Unsymmetrical ketones, reduction, 620
Upfield, of NMR spectrum, 789
Uracil, 1305f
Urea, 2, 165
Urethanes, 1409–1410
Uridine-5'-diphospho-α-D-glucouronic acid 

(UDPGA), 636

V
Valderramenol A, 95
Valence, 7f
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