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“IT"S ORGANIC CHEMISTRY!”

That's what we want students to exclaim after they become acquainted with our subject. Our
lives revolve around organic chemistry, whether we all realize it or not. When we understand
organic chemistry, we see how life itself would be impossible without it, how the quality of our
lives depends upon it, and how examples of organic chemistry leap out at us from every direction.
That's why we can envision students enthusiastically exclaiming “It’s organic chemistry!” when,
perhaps, they explain to a friend or family member how one central theme—organic chemistry—
pervades our existence. We want to help students experience the excitement of seeing the world
through an organic lens, and how the unifying and simplifying nature of organic chemistry helps
make many things in nature comprehensible.

Our book makes it possible for students to learn organic chemistry well and to see the marvel-
ous ways that organic chemistry touches our lives on a daily basis. Our book helps students develop
their skills in critical thinking, problem solving, and analysis—skills that are so important in today’s
world, no matter what career paths they choose. The richness of organic chemistry lends itself to
solutions for our time, from the fields of health care, to energy, sustainability, and the environment.
After all, it’s organic chemistry!

Guided by these goals, and by wanting to make our book even more accessible to students
than it has ever been before, we have brought many changes to this edition.

NEW TO THIS EDITION

With this edition we bring Scott Snyder on board as a co-author. Were very excited to have Scott
join our team. Scott brings a rich resource of new perspectives to the book, particularly in the arena
of complex molecule synthesis. Scott has infused new examples and applications of exciting chem-
istry that help achieve our goals. In addition to adding his perspectives to the presentation of core
chemistry throughout the book, Scott’s work is manifest in most of this edition’s chapter openers
and in all of the chapter closers, couched in a new feature called “Why do these topics matter?”.

“Why do these topics matter?” is a new feature that bookends each chapter with a teaser in
the opener and a captivating example of organic chemistry in the closer. The chapter opener seeks
to whet the student’s appetite both for the core chemistry in that chapter as well as a prize that
comes at the end of the chapter in the form of a “Why do these topics matter?” vignette. These
new closers consist of fascinating nuggets of organic chemistry that stem from research relating to
medical, environmental, and other aspects of organic chemistry in the world around us, as well as
the history of the science. They show the rich relevance of what students have learned to applica-
tions that have direct bearing on our lives and wellbeing. For example, in Chapter 6, the opener
talks about the some of the benefits and drawbacks of making substitutions in a recipe, and then
compares such changes to the nucleophilic displacement reactions that similarly allow chemists
to change molecules and their properties. The closer then shows how exactly such reactivity has
enabled scientists to convert simple table sugar into the artificial sweetener Splenda which is 600
times as sweet, but has no calories!

Laying the foundation earlier Certain tools are absolutely key to success in organic
chemistry. Among them is the ability to draw structural formulas quickly and correctly. In this
edition, we help students learn these skills even sooner than ever before by moving coverage of
structural formulas and the use curved arrows earlier in the text (Section 3.2). We have woven
together instruction about Lewis structures, covalent bonds, and dash structural formulas, so
that students build their skills in these areas as a coherent unit, using organic examples that
include alkanes, alkenes, alkynes, and alkyl halides. One could say that its a “use organic to
teach organic” approach.
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WHY DO THESE TOPICS MATTER?

New opening vignettes prepare the students and
foreshadow the relevance of chapter content,
asking the question “Why do these topics matter?
Closing vignettes answer the question by relating
real world or historical aspects of organic
chemistry.

NUCLEOPHILIC SUBSTITUTION AND
ELIMINATION REACTIONS OF ALKYL HALI

Not all substitutions are a good thing; for instance, we wouldn't want to accidentally use salt in place of the

needed amount of sugar in a batch of chocolate chip cookies. But with some substitutions, we get something even by
organic chemistry that is often the case, since nucleophilic substitution reactions (which we will learn about in this ch:
allow the conversion of functional groups within a given molecule into entirely different functional groups, leading to n:
compounds with distinct properties. Moreover, nature utilizes a number of specifi¢ substitution reactions that are requ

[ WHY Do These Topics Matter?

SUBSTITUTING THE CALORIES OF TABLE SUGAR

As we shall see in more detail in Chapter 24, simple carbohydrates, or monosaccharides, can exist in the form of a six-
membered ring system with a chair conformation. The name carbohydrate derives from “hydrated carbon” since most carbon
atoms have an H and OH attached. In the examples below, the structural differences of the monosaccharides glucose, man-
nose, and galactose are based on the change of one or more chirality centers through what we could formally consider to be
an inversion reaction. As such, all of these carbohydrates are diastereomers of each other. Based on what you already know
about torsional strain from Chapter 4, it should come as no surprise that D-glucose is the most common monosaccharide:
D-glucose has the least strain because all of its substituents are in equatorial positions. All other six-carbon sugars have at
least one axial group, and thus possess some 1,3-diaxial strain. Standard table sugar, or sucrose, is a disaccharide, since it
combines a molecule of D-glucose with the slightly less common carbohydrate called D-fructose.

for i oH
or lfe.
OH OH
HO S

IN THIS CHAPTER WE WILL CONSIDER: OH OH OH_OH o

* what groups can be replaced (i.e., substituted) or eliminated OH HO |

« the various mechanisms by which such processes occur HO R H HO © ° H o

Ho o HO OH  ho o
« the conditions that can promote such reactions OH OH

[ WHY DO THESE TOPICS MATTER? ] At the end of the chapter, we will show an example where just a few D-glucose D-mannose D-galactose Sucrose

substitution reactions can convert table sugar into a sweetener that has no calories—a sugar substitute that is not sal
but is in fact 600 times sweeter than sugar itself!

Al carbohydrates taste sweet, though not equally so. D-Fructose, for example, tastes approximately 1.5 times sweter
than the same amount of simple table sugar, while D-glucose is only about 0.75 times as sweet. Irrespective of their individual
degrees of sweetness, however, it is the fact that they are all sweet that lets us perceive their presence in foods whether they are
found naturally or have been added (often from corn syrup or cane sugar) to create a more unique flavor profile. Either way, their

priora caepi: (sugar bow]) Sylvie Shirazi Photography/Getty Images (sl pouring) Tom Gill Gery Images (sugar pouting) Tom GrillGetey Images
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Getting to the heart of the matter quicker Acid-base chemistry, and electrophiles and
nucleophiles are at the heart of organic chemistry. Students cannot master the subject if they do
not have a firm and early grasp of these topics. In this edition, we cut to the chase with these
topics earlier in Chapter 3 than ever before, providing a streamlined and highly efficient route to
student mastery of these critical concepts.

Improving a core area: substitution reactions All organic instructors know how
important it is for their students to have a solid understanding of substitution reactions. This is
one reason our text has proven its lasting value. In this edition we have even further enhanced
the presentation of substitution reactions in several ways, including a revised introduction of Sy1
reactions (Section 6.10) through the classic hydrolysis experiments of Hughes, and a newly orga-
nized presentation of solvent effects on the rate of substitution reactions.

Striking a strong balance of synthetic methods Students need to learn methods of
organic synthesis that are useful, as environmentally friendly as possible, and that are placed in the
best overall contextual framework. In this edition we incorporate the Swern oxidation (Section 12.4),
long held as a useful oxidation method and one that provides a less toxic alternative to chromate
oxidations in some cases. We also restore coverage of the Wolff-Kishner reduction (Section 16.8C)
and the Baeyer-Villiger oxidation (Section 16.12), two methods whose importance has been proven
by the test of time. The chemistry of radical reactions has also been refocused and streamlined by
reducing thermochemistry content and by centralizing the coverage of allylic and benzylic radical
substitutions (including NBS reactions) in one chapter (Sections 10.8 and 10.9), instead of distribut-
ing it between two, as before. The addition of sulfuric acid to alkenes and the Kolbe reaction have
been deleted from the text, since these have little practical use in the laboratory. Toward the inclusion
of modern, though mechanistically complex, methods of organic synthesis, we introduce catalytic
oxidation methods (e.g., Sharpless and others) in special boxes, and provide coverage of transition
metal organometallic reactions (Heck, Suzuki, and others) in Special Topic G.



Maintaining an eye for clarity With every edition we improve the presentation of topics,
reactions, and diagrams where the opportunity arises. In this edition some examples include
improved discussion and diagrams regarding endo and exo Diels-Alder transition states, the effect
of diene stereochemistry in Diels-Alder reactions (Section 13.10B), and improved mechanism
depictions for aromatic sulfonation and thionyl chloride substitution.

Resonating with topics in spectroscopy The authors have incorporated new figures
to depict shielding and deshielding of alkenyl and alkynyl hydrogens by magnetic anisotropy,
and clarified the discussion of shielding and deshielding in NMR chemical shifts (no longer
invoking the terms upfield and downfield). The discussion of chlorine and bromine isotopic
signatures in mass spectra has been enhanced, and presentation of mass spectrometer designs

has been refocused.

Showing how things work A mechanistic understanding of organic chemistry is key to
student success in organic chemistry. Mechanisms have always been central to the book, and in
this edition the authors have added a mechanistic framework for the Swern and chromate alcohol
oxidations (Section 12.4) by presenting elimination of the carbinol hydrogen and a leaving group
from oxygen as the common theme.

TRADITIONAL PEDAGOGICAL STRENGTHS

Solved Problems Knowing “where to begin” to solve organic chemistry problems is one of
the greatest challenges faced by today’s students. By modeling problem solving strategies, students
begin to understand the patterns inherent in organic chemistry and learn to apply that knowl-
edge to new situations. In this edition we have added even more Solved Problems. Now over 165
Solved Problems guide students in their strategies for problem solving. Solved Problems are usu-
ally paired with a related Practice Problem.

Practice Problems Students need ample opportunities to practice and apply their new found
strategies for solving organic chemistry problems. We've added to our rich array of in-text Practice
Problems to provide students with even more opportunities to check their progress as they study.
If they can work the practice problem, they should move on. If not, they should review the
preceding presentation.

® SOLVED PROBLEM 3.3

Identify the electrophile and the nucleophile in the following reaction, and add curved arrows to indicate the flow of
electrons for the bond-forming and bond-breaking steps.

‘0" :0:
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STRATEGY AND ANSWER: The aldehyde carbon is electrophilic due to the electronegativity of the carbonyl oxygen.
The cyanide anion acts as a Lewis base and is the nucleophile, donating an electron pair to the carbonyl carbon, and caus-
ing an electron pair to shift to the oxygen so that no atom has more than an octet of electrons.
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PRACTICE PROBLEM 3.4  Use the curved-arrow notation to write the reaction that would take place between
dimethylamine (CHg),NH and boron trifluoride. Identify the Lewis acid, Lewis base,
nucleophile, and electrophile and assign appropriate formal charges.

SOLVED PROBLEMS
model problem solving
strategies.

PRACTICE
PROBLEMS provides
opportunities to check
progress.



End-of-Chapter Problems As athletes and musicians know, practice makes perfect. The
same is true with organic chemistry. The End of Chapter problems, categorized by topic, provide
essential practice for students and help them build mastery of both concepts and skills pre-
sented throughout the chapter. Many of the End of Chapter problems are cast in a visual format
using structures, equations, and schemes. In addition, we still provide Challenge Problems and
Learning Group Problems to address myriad teaching goals and styles. Learning Group Problems
engage students in synthesizing information and concepts from throughout a chapter. They can
be used to facilitate collaborative learning in small groups, and can serve as a culminating activity
that demonstrates student mastery over an integrated set of principles. Supplementary material
provided to instructors includes suggestions about how to orchestrate the use of learning groups.

. - ) ) . END-OF-CHAPTER
7.44 Provide a mechanistic explanation for each of the following reactions:
@ NNy ) N © PROBLEMS are grouped and
A

(major product) )>< % >:< labeled by tOpiC. Students and

instructors can more easily select

(major product)

(b) problems for specific purposes.
OH @pp  p
acid (cat.) Ph EtONa _
A \, EIOH, A > \
“H Ph Ph

(major product) (Z only)

INDEX OF HYDROGEN DEFICIENCY LEARNING GROUP PROBLEMS

o . ) 1. () Synthesize (35,4R)-3,4-dibromo-1-cyclohexylpentane (and its enantiomer, since a racemic mixture will be formed) from cthyne,

7.45 What is the index of hydrogen deficiency (IHD) (degree of unsaturation) for each L-chloro-2-cyclohexylethane, bromonmethane, and any other reagents necessary. (Use ethyne, 1-chloro-2-cyclohexylethane, and bromo-

o methane as the sole sources of carbon atoms.) Start the problem by showing a retrosynthetic analysis. In the process, decide which atoms

of the target molecule will come from which atoms of the starting reagents. Also, bear in mind how the stercospecificity of the reactions
you employ can be used to achicve the required stercochemical form of the final product.

(a) (b) CgHgBr, (b) Explain why a racemic misture of products results from this synthesis.

(©) How could the synthesis be modified to produce a racemic misture of the (3R4R) and (35,48) isomers instead?

2. Wrrite a reasonable and detailed mechanism for the following transformation:

7.46 Caryophyllene, a compound found in oil of cloves, has the molecular formula C5
phyllene with an excess of hydrogen in the presence of a platinum catalyst produces a coj % + H,0
(a) double bonds and (b) rings does a molecule of caryophyllene have?

OH

A Mechanism for the Reaction Understanding mechanisms and the ability to recognize pat-
terns among them is a key component in determining student success in organic chemistry. We provide
A Mechanism for the Reaction boxes that show step-by-step details about how reactions take place so
that students have the tools to understand rather than memorize organic reactions.

A MECHANISM FOR THE
REACTION Stepped out
reactions with just the right Reaction

[A MECHANISM FOR THE REACTION - Mechanism for the Sy1Reaction ]

f : CH, CH.
amount of detail provides the e b .
CH;7—C—Cl: + 2H,0 —> CHz—C—OH + H0" + :CI
tools for students to under- \ \
CH, CH,
stand rather than memorize .
Mechanism
reaction mechanisms Step 1 CH
3 CH, Step 1 f
[~ slow / AG( is much
CH;—C—ClI CH,—C* + :ClI Transition larger than
[ - Uz \ state 1 AGH, or AGHg,
CHg CH, hence this is
the slowest step
Aided by the polar solvent, This slow step produces
a chlorine departs with the the 3° carbocation interme-
electron pair that bonded diate and a chloride ion.
it to the carbon. Although not shown here,
the ions are solvated (and Reaction coordinate
stabilized) by water
molecules.
Step 2 CH, CH, Step 2
.. fast [ . -
(ST oI N G Transition
3 \ I 3 ‘ I state 2
CH; H CH; H
AGHp
A water molecule acting The productis a
as a Lewis base donates tert-butyloxonium ion
an electron pair to the (or protonated
carbocation (a Lewis acid). tert-butyl alcohol). . _
This gives the cationic Reaction coordinate
carbon eight electrons.
Step 3
B (‘:HB C‘DHS Step 3
. N fast = A4
CHaf(‘;ic‘)JH ax :C‘),H =— CHG—(‘:—C‘M + H—O*H Transition
tate 3
CH, H H CH, H H ‘=
A water molecule acting The products are tert-butyl
as a Bronsted base alcohol and a hydronium AGH
- accepts a proton from ion. @
XXIvV the tert-butyloxonium

ion. Reaction coordinate




Key Ideas as Bullet Points The amount of content covered in organic chemistry can be over-
whelming to students. To help students focus on the most essential topics, key ideas are emphasized
as bullet points in every section. In preparing bullet points, we have distilled appropriate concepts
into simple declarative statements that convey core ideas accurately and clearly. No topic is ever
presented as a bullet point if its integrity would be diminished by oversimplification, however.

“How to” Sections Students need to master important skills to support their conceptual
learning. “How to” Sections throughout the text give step-by-step instructions to guide students
in performing important tasks, such as using curved arrows, drawing chair conformations,
planning a Grignard synthesis, determining formal charges, writing Lewis structures, and using
3C and 'H NMR spectra to determine structure.

The Chemistry of . . . . Virtually every instructor has the goal of showing students how
organic chemistry relates to their field of study and to their everyday life experience. The authors
assist their colleagues in this goal by providing boxes titled “The Chemistry of. . .” that provide
interesting and targeted examples that engage the student with chapter content.

Summary and Review Tools At the end of each chapter, Summary and Review Tools provide
visually oriented roadmaps and frameworks that students can use to help organize and assimilate
concepts as they study and review chapter content. Intended to accommodate diverse learn-
ing styles, these include Synthetic Connections, Concept Maps, Thematic Mechanism Review
Summaries, and the detailed Mechanism for the Reaction boxes already mentioned. We also
provide Helpful Hints and richly annotated illustrations throughout the text.

SUMMARY AND REVIEW TOOLS Visually
oriented study tools accommodate diverse [concerT mar]
learning styles. Curvecearrow notation

(Section 3.2

is used to show

Reaction mechanisms
B
[SUMMARY AND REVIEW TOOLS] [Acis ] (Section 32) ases
. . . can be often involve can be
Synthetic Connections of Alkynes, Alkenes, Alkyl Halides, and Alcohols ; o 'L" Vi )
E2 Elimination Bronsted-Lowry acids Lewis acids Lewis bases Bronsted-Lowry bases
Ry—CH,—CH—R, ————— > Ry— CH=CH—R, (Section 3.1A) }T’{ (Section 3.3) ‘ (Section 3.3) area (Section 3.1A)
‘ Alkenes y Y
LG X, of of
Alkyl halides are a are are
and alcohols Ry

H X \
\ ‘ (2)-Alkene H/C - C\

Proton
acceptors

re
Proton Electron pair Electron pair
donors acceptors donors

R—C—C—R, H
J( I—‘I contain/have are can be are contain/have
Vicinal dihalide indlar'
Hp, Lindlar's catalyst Small or negative pK, Electrophiles Nucleophiles Large and positive pK,
or NiB H,, catalyst* values and large K, values (Sec(ionpe ) (Semionps 4A) values and small K, values
NaNH; (2 equiv.) (Section 3.5) - . (Section 3.5)
are associated with can be can be are associated with
NaNH, _ . R—LG _ H,, catalyst*
R— C=C R—C=C—R, —2——> R;— CH,— CH,—R, Carbocations Carbanions
Alkynide anion Internal alkyne Alkane
have
NaNH, (2 equiv.) Hy, catalyst”
(1) Li or Na Weak conjugate bases Weak conjugate acids
in NH; or EtNH,
« Alkyl halides/alcohols H Cl @NHCI With respect to the conjugate base
to alkenes | An inductive electron-withdrawing
9
« Alkenes to alkynes R—C—C —R, R M ‘ Resonance ‘ group or electronegative atom
« Alkynes to higher alkynes | —
C=C
* Aldehydes/ketones i H (E)-Alkene / \
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+ Alkenes/alkynes to alkanes PCls
*Hydrogenation
H o catalyst = leads to
[ Pt, Pd, Ni
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or Ru or Rh
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ketone
For the atom bearing a potentially acidic hydrogen

4‘ Greater s orbital character in carbon hydridization
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periodic table (bond strength effect)
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COVERAGE

Throughout the book, we have streamlined or reduced content to match the modern practice of

organic chemistry, and we have provided new coverage of current reactions, while maintaining

our commitment to an appropriate level and breadth of coverage.

® Chapters on carbonyl chemistry that are organized to emphasize mechanistic themes of nucleo-
philic addition, acyl substitution, and reactivity at the a-carbon.

® Presentation of the important modern synthetic methods of the Grubbs, Heck, Sonogashira,
Stille, and Suzuki transition metal catalyzed carbon-carbon bond-forming reactions in a practi-
cal and student-oriented way that includes review problems and mechanistic context (Special

Topic G).

ORGANIZATION — An Emphasis on the Fundamentals

So much of organic chemistry makes sense and can be generalized if students master and apply
a few fundamental concepts. Therein lays the beauty of organic chemistry. If students learn the
essential principles, they will see that memorization is not needed to succeed.

Most important is for students to have a solid understanding of structure—of hybridiza-
tion and geometry, steric hindrance, electronegativity, polarity, formal charges, and resonance
—so that they can make intuitive sense of mechanisms. It is with these topics that we begin
in Chapter 1. In Chapter 2 we introduce the families of functional groups—so that students
have a platform on which to apply these concepts. We also introduce intermolecular forces,
and infrared (IR) spectroscopy—a key tool for identifying functional groups. Throughout the
book we include calculated models of molecular orbitals, electron density surfaces, and maps of
electrostatic potential. These models enhance students’ appreciation for the role of structure in
properties and reactivity.

We begin our study of mechanisms in the context of acid-base chemistry in Chapter
3. Acid-base reactions are fundamental to organic reactions, and they lend themselves to
introducing several important topics that students need early in the course: (1) curved arrow
notation for illustrating mechanisms, (2) the relationship between free-energy changes and
equilibrium constants, and (3) the importance of inductive and resonance effects and of sol-
vent effects.

In Chapter 3 we present the first of many “A Mechanism for the Reaction” boxes, using an
example that embodies both Brensted-Lowry and Lewis acid-base principles. All throughout the
book, we use boxes like these to show the details of key reaction mechanisms. All of the Mechanism
for the Reaction boxes are listed in the Table of Contents so that students can easily refer to them
when desired.

A central theme of our approach is to emphasize the relationship between structure and
reactivity. This is why we choose an organization that combines the most useful features of a func-
tional group approach with one based on reaction mechanisms. Our philosophy is to emphasize
mechanisms and fundamental principles, while giving students the anchor points of functional
groups to apply their mechanistic knowledge and intuition. The structural aspects of our approach
show students what organic chemistry is. Mechanistic aspects of our approach show students how
it works. And wherever an opportunity arises, we show them what it does in living systems and the
physical world around us.

In summary, our writing reflects the commitment we have as teachers to do the best we can to
help students learn organic chemistry and to see how they can apply their knowledge to improve
our world. The enduring features of our book have proven over the years to help students learn
organic chemistry. The changes in our 11th edition make organic chemistry even more accessible
and relevant. Students who use the in-text learning aids, work the problems, and take advantage of
the resources and practice available in WileyPLUS (our online teaching and learning solution) will
be assured of success in organic chemistry.



[TEACHING AND LEARNING RESOURCES

WILEYPLUS FOR ORGANIC CHEMISTRY —
A Powerful Teaching and Learning Solution

WileyPLUS is an innovative, resecarch-based online environment for effective teaching and
learning. WileyPLUS builds student confidence because it takes the guesswork out of studying by
providing students with a clear roadmap: what to do, how to do it, if they did it right. Students
will take more initiative so instructors will have greater impact on their achievement in the
classroom and beyond.

Breadth of Depth of Assessment: Four unique silos of assessment are available to instruc-
tors for creating online homework and quizzes and are designed to enable and support problem-
solving skill development and conceptual understanding

WILEYPLUS ASSESSMENT «-ooeeeee | FOR ORGANIC CHEMISTRY

e
PLUS

REACTION EXPLORER 1S ; MEANINGFUL PRACTICE OF MECHANISMS AND SYNTHESIS

PROBLEMS (A DATABASE OF OVER 100,000 QUESTIONS)

IN CHAPTER/EOC ASSESSMENT Wi , 90-100% OF REVIEW PROBLEMS AND END OF CHAPTER

(EOC) QUESTIONS ARE CODED FOR ONLINE ASSESSMENT
PRE-BUIT CONCEPT MASTERY ASSIGNMENTS ( FROM
----------- 1
CONCEPT MASTERY DATABASE OF OVER 25,000 QUESTIONS)

----------- I RICH TESTBANK CONSISTING OF OVER 3,000 QUESTIONS

Reaction Explorer Students ability to understand mechanisms and predict syntheis reactions
greatly impacts their level of success in the course. Reaction Explorer is an interactive system
for learning and practicing reactions, syntheses and mechanisms in organic chemistry with
advanced support for the automatic generation of random problems and curved arrow mechanism
diagrams.

MECHANISM EXPLORER:
valuable practice with
reactions and mechanisms

SYNTHESIS EXPLORER:

meaningful practice with single

and multi-step synthesis

Mechanism Step Sketch and Submission
fle Edit View [nsert Atom Bond Stcture Tools Help
T i = |
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E] SR N=C Apply Mechanism Step to
E Generate Product(s)
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3 S N
\/ T N Mix Reactants, Aprotic \

Review Examples




PREBUILT CONCEPT
MASTERY ASSIGNMENTS

xXxviii

End of Chapter Problems. Approximately 90% of the end of chapter problems are included
in WileyPLUS. Many of the problems are algorithmic and feature structure drawing/assessment
functionality using MarvinSketch, with immediate answer feedback and video question assis-
tance. A subset of these end of chapter problems is linked to Guided Online tutorials which
are stepped-out problem-solving tutorials that walk the student through the problem, offering
individualized feedback at each step.

Prebuilt concept mastery assignments Students must continously practice and work
organic chemistry in order to master the concepts and skills presented in the course. Prebuilt
concept mastery assignments offer students ample opportunities for practice, covering all the
major topics and concepts within an organic chemistry course. Each assignment is organized by
topic and features feedback for incorrect answers. These assignments are drawn from a unique
database of over 25,000 questions, over half of which require students to draw a structure using
MarvinSketch.
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WHAT DO STUDENTS RECEIVE
WITH WILEYPLUS?

The complete digital textbook, saving students up to 60% off the cost of a printed text.
Question assistance, including links to relevant sections in the online digital textbook.

Immediate feedback and proof of progress, 24/7.

Integrated, multi-media resources that address students’ unique learning styles, levels of profi-
ciency, and levels of preparation by providing multiple study paths and encourage more active
learning.

WILEYPLUS STUDENT RESOURCES

NEW Chapter 0 General Chemistry Refresher. To ensure students have mastered the
necessary prerequisite content from general chemistry, and to eliminate the burden on instructors
to review this material in lecture, WileyPLUS now includes a complete chapter of core general
chemistry topics with corresponding assignments. Chapter 0 is available to students and can be
assigned in WileyPLUS to ensure and gauge understanding of the core topics required to succeed
in organic chemistry.

NEW Prelecture Assignments. Preloaded and ready to use, these assignments have been
carefully designed to assess students prior to their coming to class. Instructors can assign these
pre-created quizzes to gauge student preparedness prior to lecture and tailor class time based on
the scores and participation of their students.



Video Mini-Lectures, Office Hour Videos, and Solved Problem Videos In each
chapter, several types of video assistance are included to help students with conceptual under-
standing and problem solving strategies. The video mini-lectures focus on challenging concepts;
the office hours videos take these concepts and apply them to example problems, emulating the
experience that a student would get if she or he were to attend office hours and ask for assistance
in working a problem. The Solved Problem videos demonstrate good problems solving strategies
for the student by walking through in text solved problems using audio and a whiteboard. The
goal is to illustrate good problem solving strategies.

Skill Building Exercises are animated exercises with instant feedback to reinforce the key
skills required to succeed in organic chemistry.

3D Molecular Visualizations use the latest visualization technologies to help students
visualize concepts with audio. Instructors can assign quizzes based on these visualizations in

WileyPLUS.
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WHAT DO INSTRUCTORS RECEIVE
WITH WILEYPLUS?

® Reliable resources that reinforce course goals inside and outside of the classroom.

® The ability to easily identify students who are falling behind by tracking their progress and
offering assistance easily, even before they come to office hours. WileyPLUS simplifies and
automates such tasks as student performance assessment, creating assignments, scoring student
work, keeping grades, and more.

® Media-rich course materials and assessment content that allow you to customize your class-
room presentation with a wealth of resources and functionality from PowerPoint slides to a
database of rich visuals. You can even add your own materials to your WileyPLUS course.

ADDITIONAL INSTRUCTOR RESOURCES

All Instructor Resources are available within WileyPLUS or they can be accessed by contacting
your local Wiley Sales Representative. Many of the assets are located on the book companion site,
www.wiley.com/college/solomons

Test Bank Authored by Robert Rossi, of Gloucester County College, Jeffrey Allison, of Austin
Community College, and Gloria Silva, of Carnegie Mellon University, the Test Bank for this edi-
tion has been completely revised and updated to include over 3,000 short answer, multiple choice,
and essay/drawing questions. The Test Bank files, along with a software tool for managing and
creating exams, are available online.



www.wiley.com/college/solomons

PowerPoint Lecture Slides PowerPoint Lecture Slides have been prepared by Professor
William Tam, of the University of Guelph, Dr. Phillis Chang, and Gary Porter, of Bergen
Community College. The PowerPoint slides include additional examples, illustrations, and
presentations that help reinforce and test students’ grasp of organic chemistry concepts. An
additional set of PowerPoint slides features the illustrations, figures, and tables from the text. All
PowerPoint slide presentations are customizable to fit your course.

Personal Response System (“Clicker”) Questions A bank of questions is available for
anyone using personal response system technology in their classroom. The clicker questions are
also available in a separate set of PowerPoint slides.

Digital Image Library Images from the text are available online in JPEG format. Instructors
may use these images to customize their presentations and to provide additional visual support
for quizzes and exams.

ADDITIONAL STUDENT RESOURCES

Study Guide and Solutions Manual (978-1-118-14790-0)

The Study Guide and Solutions Manual for Organic Chemistry, Eleventh Edition, authored by Jon
Antilla, of the University of South Florida, Robert Johnson, of Xavier University, Craig Fryhle,
Graham Solomons, and Scott Snyder contains explained solutions to all of the problems in the
text. The Study Guide also contains:

® An introductory essay “Solving the Puzzle—or—Structure is Everything” that serves as a bridge
from general to organic chemistry

® Summary tables of reactions by mechanistic type and functional group

® A review quiz for each chapter

® A set of hands-on molecular model exercises

® Solutions to the problems in the Special Topics sections (many of the Special Topics are only
available within WileyPLUYS)

MOLECULAR VISIONS™ MODEL KITS

We believe that the tactile and visual experience of manipulating physical models is key to
students’ understanding that organic molecules have shape and occupy space. To support our
pedagogy, we have arranged with the Darling Company to bundle a special ensemble of Molecular
Visions™ model kits with our book (for those who choose that option). We use Helpful Hint icons
and margin notes to frequently encourage students to use hand-held models to investigate the
three-dimensional shape of molecules we are discussing in the book.

CUSTOMIZATION AND FLEXIBLE OPTIONS
TO MEET YOUR NEEDS

Wiley Custom Select allows you to create a textbook with precisely the content you want, in a
simple, three-step online process that brings your students a cost-efficient alternative to a tradi-
tional textbook. Select from an extensive collection of content at http://customselect.wiley.com,
upload your own materials as well, and select from multiple delivery formats—full color or black
and white print with a variety of binding options, or eBook. Preview the full text online, get an
instant price quote, and submit your order; we'll take it from there.

WileyFlex offers content in flexible and cost-saving options to students. Our goal is to deliver
our learning materials to our customers in the formats that work best for them, whether it’s a
traditional text, eTextbook, WileyPLUS, loose-leaf binder editions, or customized content through
Wiley Custom Select.
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| TO THE STUDENT ]

Contrary to what you may have heard, organic chemistry does not
have to be a difficult course. It will be a rigorous course, and it will
offer a challenge. But you will learn more in it than in almost any
course you will take—and what you learn will have a special rel-
evance to life and the world around you. However, because organic
chemistry can be approached in a logical and systematic way, you
will find that with the right study habits, mastering organic chemis-
try can be a deeply satisfying experience. Here, then, are some sug-
gestions about how to study:

1. Keep up with your work from day to day—never
let yourself get behind. Organic chemistry is a course in
which one idea almost always builds on another that has gone
before. It is essential, therefore, that you keep up with, or bet-
ter yet, be a little ahead of your instructor. Ideally, you should
try to stay one day ahead of your instructor’s lectures in your
own class preparations. The lecture, then, will be much more
helpful because you will already have some understanding of
the assigned material. Your time in class will clarify and expand
ideas that are already familiar ones.

2. Study material in small units, and be sure that
you understand each new section before you go
on to the next. Again, because of the cumulative nature of
organic chemistry, your studying will be much more effective
if you take each new idea as it comes and try to understand it
completely before you move on to the next concept.

3. Work all of the in-chapter and assigned prob-
lems. One way to check your progress is to work each of the
in-chapter problems when you come to it. These problems have
been written just for this purpose and are designed to help you
decide whether or not you understand the material that has
just been explained. You should also carefully study the Solved
Problems. If you understand a Solved Problem and can work
the related in-chapter problem, then you should go on; if you
cannot, then you should go back and study the preceding mate-
rial again. Work all of the problems assigned by your instructor
from the end of the chapter, as well. Do all of your problems in
a notebook and bring this book with you when you go to see
your instructor for extra help.

4. Write when you study. Write the reactions, mechanisms,
structures, and so on, over and over again. Organic chemistry
is best assimilated through the fingertips by writing, and not
through the eyes by simply looking, or by highlighting mate-
rial in the text, or by referring to flash cards. There is a good
reason for this. Organic structures, mechanisms, and reactions

XXXVi

are complex. If you simply examine them, you may think you
understand them thoroughly, but that will be a misperception.
The reaction mechanism may make sense to you in a certain
way, but you need a deeper understanding than this. You need
to know the material so thoroughly that you can explain it to
someone else. This level of understanding comes to most of us
(those of us without photographic memories) through writing.
Only by writing the reaction mechanisms do we pay sufficient
attention to their details, such as which atoms are connected
to which atoms, which bonds break in a reaction and which
bonds form, and the three-dimensional aspects of the struc-
tures. When we write reactions and mechanisms, connections
are made in our brains that provide the long-term memory
needed for success in organic chemistry. We virtually guarantee
that your grade in the course will be directly proportional to the
number of pages of paper that your fill with your own writing
in studying during the term.

. Learn by teaching and explaining. Study with your

student peers and practice explaining concepts and mechanisms
to each other. Use the Learning Group Problems and other
exercises your instructor may assign as vehicles for teaching and
learning interactively with your peers.

. Use the answers to the problems in the Study

Guide in the proper way. Refer to the answers only in
two circumstances: (1) When you have finished a problem,
use the Study Guide to check your answer. (2) When, after
making a real effort to solve the problem, you find that you
are completely stuck, then look at the answer for a clue and
go back to work out the problem on your own. The value of
a problem is in solving it. If you simply read the problem and
look up the answer, you will deprive yourself of an important
way to learn.

. Use molecular models when you study. Because

of the three-dimensional nature of most organic molecules,
molecular models can be an invaluable aid to your understand-
ing of them. When you need to see the three-dimensional
aspect of a particular topic, use the Molecular Visions™ model
set that may have been packaged with your textbook, or buy a
set of models separately. An appendix to the Study Guide that
accompanies this text provides a set of highly useful molecular
model exercises.

. Make use of the rich online teaching resources

in WileyPLUS and do any online exercises that may be
assigned by your instructor.



CHAPTER

The Basics

BONDING AND MOLECULAR STRUCTURE

rganic chemistry plays a role in all aspects of our lives, from the clothing we wear, to the pixels of our televi-
sion and computer screens, to preservatives in food, to the inks that color the pages of this book. If you take the time to
understand organic chemistry, to learn its overall logic, then you will truly have the power to change society. Indeed, organic
chemistry provides the power to synthesize new drugs, to engineer molecules that can make computer processors run
more quickly, to understand why grilled meat can cause cancer and how its effects can be combated, and to design ways
to knock the calories out of sugar while still making food taste deliciously sweet. It can explain biochemical processes like
aging, neural functioning, and cardiac arrest, and show how we can prolong and improve life. It can do almost anything.

IN THIS CHAPTER WE WILL CONSIDER:

e what kinds of atoms make up organic molecules

¢ the principles that determine how the atoms in organic molecules are bound together
e how best to depict organic molecules

[ WHY Do THESE TOPICS MATTER? ] At the end of the chapter, we will see how some of the unique organic struc-
tures that nature has woven together possess amazing properties that we can harness to aid human health.

PHOTO CREDITS: clothing: © Sandra van der Steen/iStockphoto; inks: © Andrey Kuzman/iStockphoto; drugs: © cogal/iStockphoto
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1.1 LIFE AND THE CHEMISTRY OF CARBON
COMPOUNDS —-WE ARE STARDUST

NASA/Photo Researchers, Inc.

Supernovae were the crucibles in
which the heavy elements were
formed.

Organic chemistry is the chemistry of compounds that contain the element carbon.
If a compound does not contain the element carbon, it is said to be inorganic.

Look for a moment at the periodic table inside the front cover of this book. More
than a hundred elements are listed there. The question that comes to mind is this: why
should an entire field of chemistry be based on the chemistry of compounds that contain
this one element, carbon? There are several reasons, the primary one being this: carbon
compounds are central to the structure of living organisms and therefore to the exis-
tence of life on Earth. We exist because of carbon compounds.

What is it about carbon that makes it the element that nature has chosen for living
organisms? There are two important reasons: carbon atoms can form strong bonds to
other carbon atoms to form rings and chains of carbon atoms, and carbon atoms can also
form strong bonds to elements such as hydrogen, nitrogen, oxygen, and sulfur. Because
of these bond-forming properties, carbon can be the basis for the huge diversity of com-
pounds necessary for the emergence of living organisms.

From time to time, writers of science fiction have speculated about the possibility of
life on other planets being based on the compounds of another element—for example,
silicon, the element most like carbon. However, the bonds that silicon atoms form to each
other are not nearly as strong as those formed by carbon, and therefore it is very unlikely
that silicon could be the basis for anything equivalent to life as we know it.

1.1A What Is the Origin of the Element Carbon?

Through the efforts of physicists and cosmologists, we now understand much of how
the elements came into being. The light elements hydrogen and helium were formed at
the beginning, in the Big Bang. Lithium, beryllium, and boron, the next three elements,
were formed shortly thereafter when the universe had cooled somewhat. All of the heavier
elements were formed millions of years later in the interiors of stars through reactions in
which the nuclei of lighter elements fuse to form heavier elements.

The energy of stars comes primarily from the fusion of hydrogen nuclei to produce
helium nuclei. This nuclear reaction explains why stars shine. Eventually some stars begin
to run out of hydrogen, collapse, and explode—they become supernovae. Supernovae
explosions scatter heavy elements throughout space. Eventually, some of these heavy ele-
ments drawn by the force of gravity became part of the mass of planets like the Earth.

1.1B How Did Living Organisms Arise?

This question is one for which an adequate answer cannot be given now because there
are many things about the emergence of life that we do not understand. However, we do
know this. Organic compounds, some of considerable complexity, are detected in outer
space, and meteorites containing organic compounds have rained down on Earth since it
was formed. A meteorite that fell near Murchison, Victoria, Australia, in 1969 was found
to contain over 90 different amino acids, 19 of which are found in living organisms on
Earth. While this does not mean that life arose in outer space, it does suggest that events
in outer space may have contributed to the emergence of life on Earth.

In 1924 Alexander Oparin, a biochemist at the Moscow State University, postulated
that life on Earth may have developed through the gradual evolution of carbon-based
molecules in a “primordial soup” of the compounds that were thought to exist on a
prebiotic Earth: methane, hydrogen, water, and ammonia. This idea was tested by
experiments carried out at the University of Chicago in 1952 by Stanley Miller and
Harold Urey. They showed that amino acids and other complex organic compounds are
synthesized when an electric spark (think of lightning) passes through a flask containing
a mixture of these four compounds (think of the early atmosphere). Miller and Urey in
their 1953 publication reported that five amino acids (essential constituents of proteins)
were formed. In 2008, examination of archived solutions from Miller and Urey’s original
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experiments have shown that 22 amino acids, rather than the 5 amino acids originally
reported, were actually formed.

Similar experiments have shown that other precursors of biomolecules can also arise
in this way—compounds such as ribose and adenine, two components of RNA. Some
RNA molecules can not only store genetic information as DNA does, they can also act
as catalysts, as enzymes do.

There is much to be discovered to explain exactly how the compounds in this soup
became living organisms, but one thing seems certain. The carbon atoms that make up
our bodies were formed in stars, so, in a sense, we are stardust.

1.1C Development of the Science of Organic Chemistry

The science of organic chemistry began to flower with the demise of a nineteenth century
theory called vitalism. According to vitalism, organic compounds were only those that came
from living organisms, and only living things could synthesize organic compounds through
intervention of a vital force. Inorganic compounds were considered those compounds that
came from nonliving sources. Friedrich Wohler, however, discovered in 1828 that an organ-
ic compound called urea (a constituent of urine) could be made by evaporating an aqueous
solution of the inorganic compound ammonium cyanate. With this discovery, the synthesis
of an organic compound, began the evolution of organic chemistry as a scientific discipline.

(0]
heat "
—_ C
H,N™ NH,
Ammonium cyanate Urea

THE CH EM'STRY OF Natural Products

Despite the demise of vitalism in science, the word “organic” is still used today by some people
to mean “coming from living organisms” as in the terms “organic vitamins” and “organic fertiliz-
ers.” The commonly used term “organic food” means that the food was grown without the use of
synthetic fertilizers and pesticides. An “organic vitamin” means to these people that the vitamin
was isolated from a natural source and not synthesized by a chemist. While there are sound
arguments to be made against using food contaminated with certain pesticides, while there may
be environmental benefits to be obtained from organic farming, and while “natural” vitamins may
contain beneficial substances not present in synthetic vitamins, it

is impossible to argue that pure “natural” vitamin C, for example, OH

is healthier than pure “synthetic” vitamin C, since the two sub- O PN /ClH—CHZOH
stances are identical in all respects. In science today, the study \C\ /CH

of compounds from living organisms is called natural products C
chemistry. In the closer to this chapter we will consider more HO/ \OH
about why natural products chemistry is important.

NH,*NCO~

Vitamin C

An RNA molecule

Vitamin C is found in various
citrus fruits.

FOODCOLLECTION/Image Source

1.2 ATOMIC STRUCTURE

Before we begin our study of the compounds of carbon we need to review some basic but
familiar ideas about the chemical elements and their structure.

® The compounds we encounter in chemistry are made up of elements combined
in different proportions.

® Elements are made up of atoms. An atom (Fig. 1.1) consists of a dense, positively
charged nucleus containing protons and neutrons and a surrounding cloud of electrons.

Each proton of the nucleus bears one positive charge; electrons bear one negative
charge. Neutrons are electrically neutral; they bear no charge. Protons and neutrons have

FIGURE 1.1 An atom is composed of a tiny nucleus contain-
ing protons and neutrons and a large surrounding volume
containing electrons. The diameter of a typical atom is about
10,000 times the diameter of its nucleus.

Electron cloud

Nucleus
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PRACTICE PROBLEM 1.2

nearly equal masses (approximately 1 atomic mass unit each) and are about 1800 times as
heavy as electrons. Most of the mass of an atom, therefore, comes from the mass of the
nucleus; the atomic mass contributed by the electrons is negligible. Most of the volume
of an atom, however, comes from the electrons; the volume of an atom occupied by the
electrons is about 10,000 times larger than that of the nucleus.

The elements commonly found in organic molecules are carbon, hydrogen, nitrogen,
oxygen, phosphorus, and sulfur, as well as the halogens: fluorine, chlorine, bromine, and
iodine.

Each element is distinguished by its atomic number (Z), a number equal to the
number of protons in its nucleus. Because an atom is electrically neutral, the atomic
number also equals the number of electrons surrounding the nucleus.

1.2A Isotopes

Before we leave the subject of atomic structure and the periodic table, we need to exam-
ine one other observation: the existence of atoms of the same element that have dif-
ferent masses.

For example, the element carbon has six protons in its nucleus giving it an atomic
number of 6. Most carbon atoms also have six neutrons in their nuclei, and because each
proton and each neutron contributes one atomic mass unit (1 amu) to the mass of the
atom, carbon atoms of this kind have a mass number of 12 and are written as '2C.

o Although all the nuclei of all atoms of the same element will have the same
number of protons, some atoms of the same element may have different masses
because they have different numbers of neutrons. Such atoms are called isotopes.

For example, about 1% of the atoms of elemental carbon have nuclei containing 7 neu-
trons, and thus have a mass number of 13. Such atoms are written '®C. A tiny fraction of
carbon atoms have 8 neutrons in their nucleus and a mass number of 14. Unlike atoms of
carbon-12 and carbon-13, atoms of carbon-14 are radioactive. The *C isotope is used in
carbon dating. The three forms of carbon, 2C, 8C, and C, are isotopes of one another.

Most atoms of the element hydrogen have one proton in their nucleus and have
no neutron. They have a mass number of 1 and are written "H. A very small percentage
(0.015%) of the hydrogen atoms that occur naturally, however, have one neutron in their
nucleus. These atoms, called deuterium atoms, have a mass number of 2 and are written
2H. An unstable (and radioactive) isotope of hydrogen, called #ritium (*H), has two neu-
trons in its nucleus.

There are two stable isotopes of nitrogen, *N and '®N. How many protons and neutrons
does each isotope have?

1.2B Valence Electrons

We discuss the electron configurations of atoms in more detail in Section 1.10. For the
moment we need only to point out that the electrons that surround the nucleus exist in
shells of increasing energy and at increasing distances from the nucleus. The most important
shell, called the valence shell, is the outermost shell because the electrons of this shell are the
ones that an atom uses in making chemical bonds with other atoms to form compounds.

® How do we know how many electrons an atom has in its valence shell? We look
at the periodic table. The number of electrons in the valence shell (called valence
electrons) is equal to the group number of the atom. For example, carbon is in
group IVA and carbon has four valence electrons; oxygen is in group VIA and
oxygen has six valence electrons. The halogens of group VIIA all have seven electrons.

How many valence electrons does each of the following atoms have?

(@ Na (b) CI (c) Si (d) B (e) Ne (f N
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1.3 CHEMICAL BONDS: THE OCTET RULE

The first explanations of the nature of chemical bonds were advanced by G. N. Lewis (of
the University of California, Berkeley) and W. Késsel (of the University of Munich) in
1916. Two major types of chemical bonds were proposed:

1. Tonic (or electrovalent) bonds are formed by the transfer of one or more electrons
from one atom to another to create ions.
2. Covalent bonds result when atoms share electrons.

The central idea in their work on bonding is that atoms without the electronic con-
figuration of a noble gas generally react to produce such a configuration because these
configurations are known to be highly stable. For all of the noble gases except helium, this
means achieving an octet of electrons in the valence shell.

® The valence shell is the outermost shell of electrons in an atom.

@ The tendency for an atom to achieve a configuration where its valence shell

contains eight electrons is called the octet rule.

The concepts and explanations that arise from the original propositions of Lewis and
K&ssel are satisfactory for explanations of many of the problems we deal with in organic
chemistry today. For this reason we shall review these two types of bonds in more modern
terms.

1.3A lonic Bonds
Atoms may gain or lose electrons and form charged particles called ions.
® An ionic bond is an attractive force between oppositely charged ions.

One source of such ions is a reaction between atoms of widely differing electronegativities
(Table 1.1).

e Electronegativity is a measure of the ability of an atom to attract electrons.

® Electronegativity increases as we go across a horizontal row of the periodic table

from left to right and it increases as we go up a vertical column (Table 1.1).

An example of the formation of an ionic bond is the reaction of lithium and fluorine
atoms:

L YN Loua.
7 R 4 N
! e >y o N,
(e + e s — +
L - AR (N} \ (] o & (N}
\ T, \ I/ . _id \ T /
k.

\\_,/ \..// \\..//

Lithium, a typical metal, has a very low electronegativity; fluorine, a nonmetal, is the
most electronegative element of all. The loss of an electron (a negatively charged species)

TABLE 1.1 ELECTRONEGATIVITIES OF SOME OF THE ELEMENTS

Increasing ele-

H
2.1
Li Be B C N o F
1.0 1.5 2.0 25 3.0 3.5 4.0 Increasing
Na Mg Al Si = s cl electronegativity
0.9 1.2 1.5 1.8 241 25 3.0
K Br

0.8 2.8

Helpful Hint

Terms and concepts that are funda-
mentally important to your learning
organic chemistry are set in bold
blue type. You should learn them as
they are introduced. These terms
are also defined in the glossary.

Helpful Hint

We will use electronegativity
frequently as a tool for understand-
ing the properties and reactivity of
organic molecules.
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by the lithium atom leaves a lithium cation (Li*); the gain of an electron by the fluorine
atom gives a fluoride anion (F").

® Jons form because atoms can achieve the electronic configuration of a noble gas by
gaining or losing electrons.

The lithium cation with two electrons in its valence shell is like an atom of the noble gas
helium, and the fluoride anion with eight electrons in its valence shell is like an atom of the
noble gas neon. Moreover, crystalline lithium fluoride forms from the individual lithium and
fluoride ions. In this process negative fluoride ions become surrounded by positive lithium
ions, and positive lithium ions by negative fluoride ions. In this crystalline state, the ions have
substantially lower energies than the atoms from which they have been formed. Lithium and
fluorine are thus “stabilized” when they react to form crystalline lithium fluoride.

We represent the formula for lithium fluoride as LiF, because that is the simplest formula
for this ionic compound.

Ionic substances, because of their strong internal electrostatic forces, are usually very
high melting solids, often having melting points above 1000 °C. In polar solvents, such
as water, the ions are solvated (see Section 2.13D), and such solutions usually conduct
an electric current.

@ Jonic compounds, often called salts, form only when atoms of very different
electronegativities transfer electrons to become ions.

Using the periodic table, which element in each pair is more electronegative?

@ S,0 (®NC () CLBr (d)SP

1.3B Covalent Bonds and Lewis Structures

When two or more atoms of the same or similar electronegativities react, a complete
transfer of electrons does not occur. In these instances the atoms achieve noble gas con-
figurations by sharing electrons.

® Covalent bonds form by sharing of electrons between atoms of similar
electronegativities to achieve the configuration of a noble gas.
® Molecules are composed of atoms joined exclusively or predominantly by covalent

bonds.

Molecules may be represented by electron-dot formulas or, more conveniently, by formu-
las where each pair of electrons shared by two atoms is represented by a line.

® A dash structural formula has lines that show bonding electron pairs and
includes elemental symbols for the atoms in a molecule.

Some examples are shown here:

1. Hydrogen, being in group IA of the periodic table, has one valence electron. Two
hydrogen atoms share electrons to form a hydrogen molecule, H,.

Ho H-+‘H — H:H usually written H—H

2. Because chlorine is in group VIIA, its atoms have seven valence electrons. Two chlo-
rine atoms can share electrons (one electron from each) to form a molecule of Cl,.

Cl, :Cl- + C| E— =¢|=¢|= usually written =¢|—¢|:

3. And a carbon atom (group IVA) with four valence electrons can share each of these
electrons with four hydrogen atoms to form a molecule of methane, CH,.

: |
CH, C + 4H — H:é:H usually writen ~H—C—H
H }
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Two carbon atoms can use one electron pair between them to form a carbon—carbon
single bond while also bonding hydrogen atoms or other groups to achieve an octet of
valence electrons. Consider the example of ethane below.

s 1]
and as a A

CoHe HCH:gH dash formula c|; (|: H

H H

Ethane

These formulas are often called Lewis structures; in writing them we show all of the
valence electrons. Unshared electron pairs are shown as dots, and in dash structural for-
mulas, bonding electron pairs are shown as lines.

4. Atoms can share two or more pairs of electrons to form multiple covalent bonds. For
example, two nitrogen atoms possessing five valence electrons each (because nitrogen
is in group VA) can share electrons to form a triple bond between them.

N, :N:iiN: and as a dash formula :N=N:

Carbon atoms can also share more than one electron pair with another atom to form a
muldple covalent bond. Consider the examples of a carbon—carbon double bond in
ethene (ethylene) and a carbon—carbon triple bond in ethyne (acetylene).

C.H H', ,.H and as a H\ /H

2 .C::C, dash formula C=C
. / AN

H H H -
Ethene

H CnC: and as a C=C—

CH, H:CiC:H o H—C=C—H

Ethyne

5. Ions, themselves, may contain covalent bonds. Consider, as an example, the ammo-

nium ion.
H
+ |.-.|+ | +
NH, H:N:H and as a H—N—H
H dash formula |
H
D
Consider the following compounds and decide whether the bond in them would be PRACTICE PROBLEM 1.4

ionic or covalent.

(@ KCIl () F, () PHs  (d) CBr,

1.4 HOW TO WRITE LEWIS STRUCTURES

Several simple rules allow us to draw proper Lewis structures:

1. Lewis structures show the connections between atoms in a molecule or ion using
only the valence electrons of the atoms involved. Valence electrons are those of an
atom’s outermost shell.

Helpful Hint

The ability to write proper Lewis
structures is one of the most

important tools for learning organic

2. For main group elements, the number of valence electrons a neutral atom brings chemistry.

to a Lewis structure is the same as its group number in the periodic table.
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Carbon, for example, is in group IVA and has four valence electrons; the halogens (e.g.,
fluorine) are in group VIIA and each has seven valence electrons; hydrogen is in group IA
and has one valence electron.

3. If the structure we are drawing is a negative ion (an anion), we add one elec-
tron for each negative charge to the original count of valence electrons. If the
structure is a positive ion (a cation), we subtract one electron for each positive
charge.

4. In drawing Lewis structures we try to give each atom the electron configuration
of a noble gas. To do so, we draw structures where atoms share electrons to form
covalent bonds or transfer electrons to form ions.

a. Hydrogen forms one covalent bond by sharing its electron with an electron of another
atom so that it can have two valence electrons, the same number as in the noble gas
helium.

b. Carbon forms four covalent bonds by sharing its four valence electrons with four
valence electrons from other atoms, so that it can have eight electrons (the same as
the electron configuration of neon, satisfying the octet rule).

c. To achieve an octet of valence electrons, elements such as nitrogen, oxygen, and the
halogens typically share only some of their valence electrons through covalent bond-
ing, leaving others as unshared electron pairs.

The following problems illustrate the rules above.

®¢ SOLVED PROBLEM 1.1

Write the Lewis structure of CHgF.

STRATEGY AND ANSWER:

1. We find the total number of valence electrons of all the atoms:

44+31)+7=14
7

T
C 3H F

2. We use pairs of electrons to form bonds between all atoms that are bonded to each other. We represent these bonding
pairs with lines. In our example this requires four pairs of electrons (8 of the 14 valence electrons).

|
H—C—F

|
H

3. We then add the remaining electrons in pairs so as to give each hydrogen 2 electrons (a duet) and every other atom
8 electrons (an octet). In our example, we assign the remaining 6 valence electrons to the fluorine atom in three non-
bonding pairs.
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SOLVED PROBLEM 1.2

Write a Lewis structure for methylamine (CH3zNH,).
STRATEGY AND ANSWER:

1. We find the total number of valence electrons for all the atoms.

4 5 5(1) = 14 = 7 pairs

T 1Tt
C N 5H

2. We use one electron pair to join the carbon and nitrogen.
C—N
3. We use three pairs to form single bonds between the carbon and three hydrogen atoms.

4. We use two pairs to form single bonds between the nitrogen atom and two hydrogen atoms.

5. This leaves one electron pair, which we use as a lone pair on the nitrogen atom.

I
H—C—N—H
H H
OSSP S
Write the Lewis structure of CHzOH. PRACTICE PROBLEM 1.6

5. If necessary, we use multiple bonds to satisfy the octet rule (i.e., give atoms the
noble gas configuration). The carbonate ion (CO5%) illustrates this:

07 0.

2—

The organic molecules ethene (C,H,) and ethyne (C,H,), as mentioned earlier, have a
double and triple bond, respectively:

Cc=C and H—C=C—H

SOLVED PROBLEM 1.3

Write the Lewis structure of CH,O (formaldehyde).
STRATEGY AND ANSWER:

1. Find the total number of valence electrons of all the atoms:

2(1) + 1(4) + 1(6) = 12

T T 1
2H 1C 10

2. (a) Use pairs of electrons to form single bonds.

(continues on next page)





