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Preface

Since the publication of Organic Chemistry in 2005, chemistry has witnessed a rapid growth in its
understanding of the biological world. The molecular basis of many complex biological processes
is now known with certainty, and can be explained by applying the basic principles of organic
chemistry. Because of the close relationship between chemistry and many biological phenomena,
Organic Chemistry with Biological Topics presents an approach to traditional organic chemistry
that incorporates the discussion of biological applications that are understood using the funda-
mentals of organic chemistry.

The Basic Features

Organic Chemistry with Biological Topics continues the successful student-oriented approach
used in Organic Chemistry by Janice Gorzynski Smith. This text uses less prose and more dia-
grams and bulleted summaries for today’s students, who rely more heavily on visual imagery
to learn than ever before. Each topic is broken down into small chunks of information that are
more manageable and easily learned. Sample Problems illustrate stepwise problem solving, and
relevant examples from everyday life are used to illustrate topics. New concepts are introduced
one at a time so that the basic themes are kept in focus.

The organization of Organic Chemistry with Biological Topics provides the student with a logi-
cal and accessible approach to an intense and fascinating subject. The text begins with a healthy
dose of review material in Chapters 1 and 2 to ensure that students have a firm grasp of the
fundamentals. Stereochemistry, the three-dimensional structure of molecules, is introduced early
(Chapter 5) and reinforced often. Certain reaction types with unique characteristics and terminol-
ogy are grouped together. These include acid—base reactions (Chapter 2), oxidation and reduction
(Chapters 12 and 20), radical reactions (Chapter 15), and reactions of organometallic reagents
(Chapter 20). Each chapter ends with Key Concepts, end-of-chapter summaries that succinctly
organize the main concepts and reactions.

New to Organic Chemistry with Biological Topics

While there is no shortage of biological applications that can be added to an organic chemistry
text, we have chosen to concentrate on the following areas.

e Chapter 3 on functional groups now includes an expanded section on four types of
biomolecules—amino acids and proteins, monosaccharides and carbohydrates, nucleotides
and nucleic acids, and lipids. This material augments the discussions of vitamins and the cell
membrane, topics already part of Organic Chemistry in past editions. Phosphorus-containing
compounds such as ATP (adenosine triphosphate), the key intermediate used in energy trans-
fer in cells, are also introduced in this chapter.

e Chapter 6 now uses biological examples to illustrate the basic types of organic reactions,
and the energetics of coupled reactions in metabolism is presented. The discussion of
enzymes as biological catalysts is expanded, and a specific example of an enzyme’s active
site is shown.

¢ Chapter 17 now applies the discussion of aromatic heterocycles to the bases in DNA, the
high molecular weight molecule that holds the encrypted genetic instructions for our devel-
opment and cellular processes. In addition, new material has been added on the synthesis of
female sex hormones with the aromatase enzyme, which has resulted in the development
of drugs used to treat estrogen-dependent breast cancers.
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e Chapter 19 contains a section on the Henderson—Hasselbalch equation, a mathematical
expression that allows us to tell whether a compound exists as an uncharged compound or
ion at the cellular pH of 7.4. A section on phosphoric acid esters has been added, and the
ionization of amino acids is now explained using the Henderson—Hasselbalch equation.

e Chapter 22 contains additional material on two common carboxylic acid derivatives—acyl
phosphates and thioesters. The role of these functional groups in the biosynthesis of amino
acids and the metabolism of fatty acids is discussed.

e Chapter 24 contains a new section on biological carbonyl condensation reactions. Topics
include the biological aldol reaction in the citric acid cycle, the retro-aldol reaction in the
metabolism of glucose, and the biological Claisen reaction in the biosynthesis of fatty acids.

In addition, the later chapters of the text are now reorganized to emphasize the connection of
biomolecules to prior sections. The chapter on Amino Acids and Proteins (Chapter 26) now
directly follows the chapter on Amines (Chapter 25), followed by the remaining chapters on
biomolecules, Carbohydrates (Chapter 27) and Lipids (Chapter 28).






Tools to Make Learning Organic Chemistry Easier

Illustrations

Organic Chemistry with Biological Topics is supported by a
well-developed illustration program. Besides traditional
skeletal (line) structures and condensed formulas, there are
numerous ball-and-stick molecular models and
electrostatic potential maps to help students grasp the
three-dimensional structure of molecules (including
stereochemistry) and to better understand the distribution
of electronic charge.

Micro-to-Macro lllustrations

Unique to Organic Chemistry with Biological Topics are micro-
to-macro illustrations, where line art and photos combine with
chemical structures to reveal the underlying molecular structures
giving rise to macroscopic properties of common phenomena.
Examples include starch and cellulose (Chapter 5), adrenaline
(Chapter 7), partial hydrogenation of vegetable oil (Chapter 12),
and dopamine (Chapter 25).

Spectra

Over 100 spectra created specifically for Organic Chemistry
with Biological Topics are presented throughout the text.
The spectra are color-coded by type and generously labeled.
Mass spectra are green; infrared spectra are red; and proton
and carbon nuclear magnetic resonance spectra are blue.

Mechanisms

Curved arrow notation is used extensively to help students
follow the movement of electrons in reactions.

Xvi

Figure 21.9
The key reaction in the
chemistry of vision

NN SN 0psin
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+ nerve impulse

The nerve impulse travels along

—plasma

the optic nerve to the brain.

membrane
11-cis -retinal
bound to npsin}

@&
¥
disc i
‘membrane
rod cell in
thodopsin in a rod cell the retina cross-section of the eye
. psin s a light-sensiti located in the of the rod cells in the retina of

the eye. Rhodopsin contains the protein opsin bonded to 11-cis-retinal via an imine linkage. When
light strikes this molecule, the crowded 11-cis double bond isomerizes to the 11-trans isomer, and
anerve impulse is transmitted to the brain by the optic nerve.

Figure 12.4  Partial hydrogenation of the double bonds in a vegetable oil

; Q Unsaturated vegetable oil
N « two C=C's
o N + lower meltin
A + liquid at room temperature
H
Add H, to one @ H, )
=G oni equiv)
C=C only. | Saut
Partially hydrogenated oil in margarine
N « one C=C
« higher melting
H « semi-solid at room temperature
H
HOH

= an allylic carbon—a C adjacent to a C=C

« Decreasing the number of degrees of unsaturation increases the meiting point. Only one long chain of the triacylglycerol is drawn.
* When an ol is partially hydrogenated, some double bonds react with H,, whereas some double bonds remain in the product.
« Partial hydrogenation decreases the number of allylic sites (shown in blue), making a triacylglycerol less susceptible to oxidation,

thereby increasing its shelf life.

Figure 13.5
Identifying fragments in the
mass spectrum of hexane

Relative abundance
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+ Cleavage of G- G bonds (iabeled [1]-{4]) in hexane forms lower molecular weight fragments that
correspond to lines in the mass spectrum. Although the mass spectrum is complex, possible
structures can be assigned to some of the fragments, as shown.

Q Mechanism 9.2 Dehydration of a 1°

N
S~TUOH + hoosoH T

HSO4~

ROH—AnN E2 Mechanism

VOQHQ T NS+ WO+ HSO,
H good
leaving group

1 Protonation of the oxygen atom converts the poor leaving group ("OH) into a good leaving group (H;0).
2 Two bonds are broken and two bonds are formed. The base (HSO or H,0) removes a proton from the B carbon; the

electron pair in the § C~H bond forms the

new r bond and the leaving group (H,0) departs.




Problem Solving

Sample Problems

Sample Problems show students how to solve organic
chemistry problems in a logical, stepwise manner. More
than 800 follow-up problems are located throughout the
chapters to test whether students understand concepts
covered in the Sample Problems.

How To’s

How To’s provide students with detailed instructions on
how to work through key processes.

Applications and Summaries

Key Concept Summaries

Succinct summary tables reinforcing important principles and

concepts are provided at the end of each chapter.

Margin Notes

Margin notes are placed
carefully throughout

the chapters, providing
interesting information
relating to topics covered
in the text. Some margin
notes are illustrated

with photos to make the
chemistry more relevant.

All soaps are salts of fatty
acids. The main difference
between soaps is the addition
of other ingredients that do not
alter their cleaning properties:
dyes for color, scents for a
pleasing odor, and oils for
lubrication. Soaps that float are
aerated, so that they are less
dense than water.

Sample Problem 41 Giehe UPAG name o e akoingcompound
;/\T,,\ -

Solution

boxin or
highlght the atoms of the ong chain. Every ather carbon ato then becomes a substiuent that
needs ts own name as an alkyl roup.

step

\ tortbuyat 05

/;)/\( /iﬁ/{mn aica

9C' nthe ongest chaln

| . « Agrabetze: 1o b of butyl
AN before the m of methy!
B ‘Answer: Stert-butyl-3-methyinonane

it substiuentat G5

Problem 4.7 Give the IUPAG name for each compound.

X

How To Name an Ester (RCO,R') Using the IUPAC System 4—

Example Give a systematic name for each ester:

Step [1]

Step[2]

o
a. jio/ b. O)\OX

Name the R' group bonded to the oxygen atom as an alkyl group.
« The name of the alkyl group, ending in the suffix -/, becomes the first part of the ester name.
o
o X
L o
o tert-butyl
ethyl group group
Name the acyl group (RCO-) by changing the -ic acid ending of the parent carboxylic acid to the suffix -ate.

« The name of the acyl group becomes the second part of the name.

3. o

derived from

acetic acid —--- acetate derived from

acid ——-—

Answer: ethyl acetate Answer: tert-butyl cyclohexanecarboxylate

KEY CONCEPTS

e

Alkanes

General Facts About Alkanes (4.1-4.3)
« Alkanes are composed of tetrahedral, sp® hybridized C atoms.
« There are two types of alkanes: acyclic alkanes having molecular formula C,H, , 2 and
cycloalkanes having molecular formula G,Ha,.
« Alkanes have only nonpolar G- C and C H bonds and no functional group, o they undergo
few reactions.
« Alkanes are named with the suffix -ane.

Names of Alkyl Groups (4.4A)

CHy- = —3 CHCH,CH,CH- = - "N
methyl butyl
CHCH- = N CHiCHGHH, = /Y
ethy! sec-butyl o
CHgCH,CHp- = /\/E (CH3),CHCH- = )\/E
propyl isobutyl
(CH,CH- = )\ (CHg),C- = %\
isopropyl E tert-butyl §

Conformations in Acyclic Alkanes (4.9, 4.10)

« Alkane conformations can be classified as eclipsed, staggered, anti, or gauche depending on
the relative orientation of the groups on adjacent carbons.

eclipsed staggered anti gauche
W H CHs H
ﬁ H $ H H i H H $ H
H H
H H H H H H H CH3
H CHy CHy

« dihedral angle = 60° « dihedral angle of two

CHg groups = 180°

« dinedral angle of two
CHg groups = 60°

« dihedral angle = 0°

« Astaggered conformation is lower in energy than an eclipsed conformation.
« An anti conformation is lower in energy than a gauche conformation.
Types of Strain
« Torsional strain—an increase in energy caused by eclipsing interactions (4.9).
« Steric strain—an increase in energy when atoms are forced too close to each other (4.10).
« Angle strain—an increase in energy when tetrahedral bond angles deviate from 109.5° (4.11).

Two Types of Isomers
[1] Constitutional isomers —isomers that differ in the way the atoms are connected to each other
@.1A).
[2] Sterecisomers—isomers that differ only in the way the atoms are oriented in space (4.138).
o

/fﬁg

1 constiutionat | 1 8
Isomers stereoisomers
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Tools to Make Learning Organic Chemistry Easier

Learning Resources for Instructors and Students

The following items may accompany this text. Please consult your McGraw-Hill representative
for policies, prices, and availability as some restrictions may apply.

Presentation Tools

Within the Instructor’s Presentation Tools, instructors have access to editable PowerPoint lec-
ture outlines, which appear as ready-made presentations that combine art and lecture notes for
each chapter of the text. For instructors who prefer to create their lecture notes from scratch, all
illustrations, photos, tables, How To’s, and Sample Problems are pre-inserted by chapter into a
separate set of PowerPoint slides. They are also available as individual .jpg files.

Photos, artwork, animations, and other media types can be used to create customized lec-
tures, visually enhanced tests and quizzes, compelling course websites, or attractive printed sup-
port materials. All assets are copyrighted by McGraw-Hill Higher Education, but can be used by
instructors for classroom purposes. The visual resources in this collection include:

* Art Full-color digital files of all illustrations in the book can be readily incorporated into
lecture presentations, exams, or custom-made classroom materials.

* Photos The photo collection contains digital files of photographs from the text, which can
be reproduced for multiple classroom uses.

» Tables Every table that appears in the text has been saved in electronic form for use in
classroom presentations and/or quizzes.

* Animations Full-color animations illustrating important processes are also provided.
Harness the visual impact of concepts in motion by importing these files into classroom
presentations or online course materials.

Student Study Guide/Solutions Manual

Written by Janice Gorzynski Smith and Erin R. Smith, the Student Study Guide/Solutions Manual
provides step-by-step solutions to all in-chapter and end-of-chapter problems. Each chapter begins
with an overview of key concepts and includes a short-answer practice test on the fundamental
principles and new reactions.
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List of How To’s

How To boxes provide detailed instructions for key procedures that students need to master. Below is a list of each How To and where it is

presented in the text.
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Alkynes
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List of Mechanisms

Mechanisms are the key to understanding the reactions of organic chemistry. For this reason, great care has been given to present mechanisms
in a detailed, step-by-step fashion. The list below indicates when each mechanism in the text is presented for the first time.

Chapter 7 Alkyl Halides and Nucleophilic Substitution
7.1 The Sy2 Mechanism 272
7.2  The Sy1 Mechanism 277

Chapter 8 Alkyl Halides and Elimination Reactions
8.1 The E2 Mechanism 312
8.2 The E1 Mechanism 318

Chapter 9 Alcohols, Ethers, and Related Compounds
9.1 Dehydration of 2° and 3° ROH—An E1 Mechanism 354
9.2 Dehydration of a 1° ROH—An E2 Mechanism 355
9.3 A 1,2-Methyl Shift—Carbocation Rearrangement During Dehydration 357
9.4  Dehydration Using POCI; + Pyridine—An E2 Mechanism 359
9.5 Reaction of a 1° ROH with HX—An Sy2 Mechanism 361
9.6  Reaction of 2° and 3° ROH with HX—An Sy1 Mechanism 362
9.7 Reaction of ROH with SOCl, + Pyridine—An Sy2 Mechanism 364
9.8  Reaction of ROH with PBr;—An Sy2 Mechanism 365
9.9  Mechanism of Ether Cleavage in Strong Acid—
(CH;);COCH; + HI — (CH;);CI + CH31 + H,O 371

Chapter 10  Alkenes
10.1  Electrophilic Addition of HX to an Alkene 407
10.2  Electrophilic Addition of H,O to an Alkene—Hydration 412
10.3  Addition of X, to an Alkene—Halogenation 414
10.4  Addition of X and OH—Halohydrin Formation 416
10.5  Addition of H and BH,—Hydroboration 419

Chapter 11 Alkynes
11.1  Electrophilic Addition of HX to an Alkyne 443
11.2  Addition of X, to an Alkyne—Halogenation 444
11.3  Tautomerization in Acid 446
11.4 Hydration of an Alkyne 446

Chapter 12 Oxidation and Reduction
12.1  Addition of H, to an Alkene—Hydrogenation 467
12.2  Dissolving Metal Reduction of an Alkyne to a Trans Alkene 473
12.3  Reduction of RX with LiAIH, 475
12.4  Epoxidation of an Alkene with a Peroxyacid 477
12.5 Oxidation of an Alcohol with CrO; 486
12.6  Oxidation of a 1° Alcohol to a Carboxylic Acid 486

Chapter 15 Radical Reactions
15.1 Radical Halogenation of Alkanes 584
15.2  Allylic Bromination with NBS 594
15.3  Radical Addition of HBr to an Alkene 599
15.4 Radical Polymerization of CH,=CHZ 603

Chapter 16  Conjugation, Resonance, and Dienes
16.1  Biological Formation of Geranyl Diphosphate 616
16.2  Electrophilic Addition of HBr to a 1,3-Diene—1,2- and 1,4-Addition 625

Chapter 18 Reactions of Aromatic Compounds
18.1  General Mechanism—Electrophilic Aromatic Substitution 688
18.2  Bromination of Benzene 690
18.3  Formation of the Nitronium Ion (*NO,) for Nitration 691
18.4  Formation of the Electrophile *SO;H for Sulfonation 692
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18.5  Formation of the Electrophile in Friedel-Crafts Alkylation—Two Possibilities 694
18.6  Friedel-Crafts Alkylation Using a 3° Carbocation 694

18.7  Formation of the Electrophile in Friedel-Crafts Acylation 695

18.8  Friedel-Crafts Alkylation Involving Carbocation Rearrangement 696
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Chapter 20 Introduction to Carbonyl Chemistry; Organometallic Reagents;
Oxidation and Reduction

20.1  Nucleophilic Addition—A Two-Step Process 777
20.2  Nucleophilic Substitution—A Two-Step Process 778
20.3 LiAlH4 Reduction of RCHO and R,C=0 782
20.4 Reduction of RCOCI and RCOOR' with a Metal Hydride Reagent 788
20.5 Reduction of an Amide to an Amine with LiAlH,; 790
20.6  Nucleophilic Addition of R"MgX to RCHO and R,C=0 796
20.7 Reaction of R"MgX or R"Li with RCOCIl and RCOOR' 805
20.8  Carboxylation—Reaction of RMgX with CO, 808
20.9 1,2-Addition to an o,B-Unsaturated Carbonyl Compound 810
20.10 1,4-Addition to an o,B-Unsaturated Carbonyl Compound 810

Chapter 21  Aldehydes and Ketones—Nucleophilic Addition
21.1  General Mechanism—Nucleophilic Addition 839
21.2  General Mechanism—Acid-Catalyzed Nucleophilic Addition 839
21.3  Nucleophilic Addition of "CN—Cyanohydrin Formation 843
21.4 The Wittig Reaction 847
21.5 Imine Formation from an Aldehyde or Ketone 851
21.6  Enamine Formation from an Aldehyde or Ketone 853
21.7 Base-Catalyzed Addition of H,O to a Carbonyl Group 856
21.8  Acid-Catalyzed Addition of H,O to a Carbonyl Group 856
21.9  Acetal Formation 859
21.10 Acid-Catalyzed Cyclic Hemiacetal Formation 863
21.11 A Cyclic Acetal from a Cyclic Hemiacetal 864

Chapter 22  Carboxylic Acids and Their Derivatives—Nucleophilic Acyl Substitution
22.1  General Mechanism—Nucleophilic Acyl Substitution 892
22.2  Conversion of Acid Chlorides to Anhydrides 896
22.3  Conversion of an Anhydride to an Amide 898
22.4  Conversion of Carboxylic Acids to Acid Chlorides 899
22.5 Fischer Esterification—Acid-Catalyzed Conversion of Carboxylic Acids to Esters 900
22.6  Conversion of Carboxylic Acids to Amides with DCC 902
22.7  Acid-Catalyzed Hydrolysis of an Ester to a Carboxylic Acid 904
22.8  Base-Promoted Hydrolysis of an Ester to a Carboxylic Acid 904
22.9  Amide Hydrolysis in Base 908
22.10 Biological Conversion of a Carboxylate to an Acyl Phosphate 911
22.11 Biological Conversion of an Acyl Phosphate to a Thioester 913
22.12 Hydrolysis of a Nitrile in Base 918
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22.14 Reduction of a Nitrile with DIBAL-H 919
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23.1 Tautomerization in Acid 937
23.2  Tautomerization in Base 937
23.3  Acid-Catalyzed Halogenation at the oo Carbon 948
234 Halogenation at the oo Carbon in Base 949
23.5 The Haloform Reaction 950

Chapter 24 Carbonyl Condensation Reactions
24.1 The Aldol Reaction 974
242 The Retro-Aldol Reaction 976
24.3  Dehydration of B-Hydroxy Carbonyl Compounds with Base 977
24.4  The Intramolecular Aldol Reaction 984
24.5 The Claisen Reaction 986
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Chapter 26

Chapter 27
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Chapter 29

Chapter 31

24.6  The Dieckmann Reaction 990
24.7  The Michael Reaction 995
24.8 The Robinson Annulation 997

Amines
25.1 The E2 Mechanism for the Hofmann Elimination 1039
25.2  Formation of a Diazonium Salt from a 1° Amine 1042
25.3 Formation of an N-Nitrosamine from a 2° Amine 1043
254 Azo Coupling 1048

Amino Acids and Proteins
26.1 Formation of an o--Amino Nitrile 1070
26.2 Edman Degradation 1081

Carbohydrates
27.1  Glycoside Formation 1128
27.2  Glycoside Hydrolysis 1129
Lipids
28.1 Biological Formation of Farnesyl Diphosphate 1172
28.2  Isomerization of Geranyl Diphosphate to Neryl Diphosphate 1173

Carbon-Carbon Bond-Forming Reactions in Organic Synthesis
29.1  Suzuki Reaction 1191
29.2  Heck Reaction 1194
29.3  Formation of Dichlorocarbene 1195
29.4  Addition of Dichlorocarbene to an Alkene 1196
29.5 Simmons—Smith Reaction 1198
29.6  Olefin Metathesis: 2 RCH=CH, - RCH=CHR + CH,=CH, 1200
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31.1 Radical Polymerization of CH,=CHPh 1245
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List of Selected Applications

Applications make any subject seem more relevant and interesting—for nonmajors and majors alike. The following is a list of the biological,
medicinal, and environmental applications that have been integrated throughout Organic Chemistry with Biological Topics. Each chapter
opener showcases an interesting and current application relating to the chapter’s topic. (Code: G = general; M = medicinal; B = biological;
E = environmental)

Prologue

Methane, the main component of natural gas

Ethanol, the alcohol in beverages

Trichlorofluoromethane, a CFC responsible for destroying the stratospheric ozone layer
Amoxicillin, a widely used antibiotic

Fluoxetine, the antidepressant Prozac

AZT, a drug used to treat HIV

Capsaicin, a compound found in topical pain relief creams

DDT, a nonspecific pesticide that persists in the environment

The antimalarial drugs quinine, chloroquine, and artemisinin
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Chapter Structure and Bonding

L-Dopa, a drug used to treat Parkinson’s disease (Chapter opener and Section 1.14)

Alendronic acid (Fosamax), a drug used to prevent osteoporosis (Section 1.5)

Enanthotoxin, a poisonous compound isolated from hemlock water dropwort (Section 1.7)

Vanillin, the principal component in the extract of the vanilla bean (Section 1.8B)

Structures of active ingredients in common sunscreens (Section 1.8B)

Ethane, a component of natural gas (Section 1.10A)

Ethylene, a hydrocarbon used to make the plastic polyethylene (Section 1.10B)

Acetylene, a gas used in welding torches (Section 1.10C)

Cucumber aldehyde, the compound responsible for the odor of freshly cut cucumbers (Section 1.10C)
Sinemet, a drug used to treat Parkinson’s disease that combines L-dopa and carbidopa (Section 1.14)
Vitamin Bg (Section 1.14)

Acids and Bases

Aspirin, a common analgesic and antipyretic (Chapter opener and Section 2.7)

The acid-base chemistry of morphine (Section 2.1)

The nasal decongestant pseudoephedrine (Section 2.5, Problem 2.17)

Glycolic acid, an o-hydroxy acid used in skin care products (Section 2.5, Problem 2.20)
Sulfuric acid, a major contributor to acid rain (Section 2.6)

Salicin, an analgesic found in willow bark (Section 2.7)
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Chapter Introduction to Organic Molecules and Functional Groups

Vitamin C, a water-soluble vitamin that is important in the formation of collagen (Chapter opener and
Section 3.5B)

Hemibrevetoxin B, a neurotoxin produced by algal blooms (“red tides”) (Section 3.2B)

Diethyl ether, the first common general anesthetic (Section 3.2B)

Sucrose and the antibiotic amoxicillin (Section 3.2B, Problem 3.3)

Dexamethasone, a synthetic steroid (Section 3.2B, Problem 3.5)

Spermine, isolated from semen, and meperidine, the narcotic Demerol (Section 3.2B, Problem 3.6)
The anticancer agent doxorubicin (Adriamycin) (Section 3.2B, Problem 3.7)

Thyrotropin-releasing hormone (Section 3.2C, Problem 3.8)

Tamiflu, an antiviral drug used to treat influenza (Section 3.2C, Problem 3.9)

Pyruvic acid, lipoic acid, and folic acid as examples of biological molecules with multiple functional groups
(Section 3.2C, Problem 3.10)

Biological phosphorus compounds (Section 3.2D)

How geckos use van der Waals forces to stick to walls (Section 3.3B)

ITonic, water-soluble biological compounds: isopentenyl diphosphate and acetylcholine (Section 3.4C)
MTBE, a high-octane additive in unleaded gasoline, and 4,4'-dichlorobiphenyl, a PCB (Section 3.4C)
Phenylalanine and 11-cis-retinal (Section 3.4C, Sample Problem 3.4)
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Adrenaline and estrone (Section 3.4C, Problem 3.17)

Progesterone and testosterone (Section 3.4C, Sample Problem 3.5)

Norethindrone, an oral contraceptive, and arachidonic acid, a fatty acid (Section 3.4C, Problem 3.18)
Vitamin A (retinol), a fat-soluble vitamin found in the vision receptors of the eyes (Section 3.5A)
B-Carotene, a precursor to vitamin A (Section 3.5A)

Vitamin Bj and vitamin K; (Section 3.5B, Problem 3.19)

Avocados as a source of pantothenic acid, vitamin Bs (Section 3.5B, Problem 3.20)

Morphine and heroin (Section 3.7A, Problem 3.23)

The antibiotics nonactin and valinomycin (Section 3.7B)

The reactive features of isopentenyl diphosphate and pyruvic acid (Section 3.8)

The nucleophilic thiol of coenzyme A (Section 3.8)

Methionine, ATP, and S-adenosylmethionine (Section 3.8, Problem 3.28)

Amino acids and proteins (Section 3.9A)

Monosaccharides and carbohydrates (Section 3.9B)

Nucleotides and nucleic acids (Section 3.9C)

Lipids (Section 3.9D)

End-of-chapter problems: 3.33-3.35, 3.37, 3.38, 3.40, 3.48-3.57, 3.60, 3.61, 3.63-3.65, and 3.67

Chapter4 Alkanes

Oil slicks that result from crude petroleum being spilled into the ocean from oil tankers or oil wells
(Chapter opener)

The cockroach pheromone undecane (Section 4.1)

Cyclohexane, one component of mangoes (Section 4.1)

Allicin, a compound responsible for the odor of garlic (Section 4.3)

Systematic names, generic names, and trade names in over-the-counter drugs like Motrin (Section 4.3)
Fossil fuels such as natural gas and petroleum (Section 4.7)

The combustion of alkanes and how it contributes to climate change (Section 4.14B)

Lipids such as fat-soluble vitamins, phospholipids, waxes, prostaglandins, and steroids (Section 4.15)
Pristane, a high molecular weight alkane found in shark liver oil (Section 4.15, Problem 4.33)
End-of-chapter problems: 4.66 and 4.69

Chapter 5 Stereochemistry
M, B Paclitaxel (Taxol), a drug used to treat ovarian, breast, and other cancers (Chapter opener)
B How differences in the three-dimensional structure of starch and cellulose affect their shape and function
(Section 5.1)
M, B Identifying stereogenic centers in Darvon (an analgesic), ephedrine (a decongestant), and fructose (a simple
sugar) (Section 5.4A)
M  The three-dimensional structure of thalidomide, an anti-nausea drug that caused catastrophic birth defects
(Section 5.5)
B Identifying stereogenic centers in paclitaxel (anticancer agent) and sucrose (Section 5.5)
M Identifying stereogenic centers in gabapentin (a drug used to treat seizures and chronic pain), gabapentin
enacarbil, cholesterol, and Zocor (cholesterol-lowering drug) (Section 5.5, Problems 5.9 and 5.10)
M  Assigning R and S configurations in the drugs Plavix and Zestril (Section 5.6, Problems 5.14 and 5.15)
B
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The sweetener sorbitol (Section 5.9, Problem 5.24)
The specific rotation of MSG, a common flavor enhancer (Section 5.12D, Problem 5.32)
Chiral drugs and how mirror image isomers can have drastically different properties—the analgesic ibuprofen,
the antidepressant fluoxetine, and the anti-inflammatory agent naproxen (Section 5.13A)
B The sense of smell and how mirror image isomers (e.g., carvone and celery ketone) can smell different
(Section 5.13B and Problem 5.35)
M, B  End-of-chapter problems: 5.36, 5.43, 5.49, 5.50, 5.53, 5.55, 5.60, and 5.65-5.71

Chapter 6 Understanding Organic Reactions

Entropy changes in the metabolism of glucose (Chapter opener and Section 6.4)

A biological substitution reaction: the hydrolysis of a triacylglycerol to glycerol + fatty acids (Section 6.2A)
A biological elimination reaction in the citric acid cycle (Section 6.2B)

A biological addition reaction with a thioester, a key step in fatty acid metabolism (Section 6.2C)
Four enzyme-catalyzed steps in the citric acid cycle (Section 6.2C, Problem 6.2)

The air oxidation of vegetable oils (Section 6.3C, Sample Problem 6.1)

Examples of exothermic reactions: the hydrolysis of ATP and the oxidation of glucose (Section 6.4)
Coupled reactions in metabolism (Section 6.5C)

The reaction of gasoline with O, (Section 6.9A)

Refrigeration and spoilage (Section 6.9A)

Enzymes, biological catalysts (Section 6.11)

End-of-chapter problems: 6.27, 6.28, 6.32, 6.39, 6.41, 6.52, and 6.56
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