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PREFACE

A USER’S GUIDE TO
“ORGAN STRY: STRUCTURE AND FUNC

e o e A AR i

Structure and Function Motif — e R TS

FI‘()O many students find that organic chemistry is an overwhelming parade
of facts. Our goals are to dispel this notion and, more important, to help stu-
dents learn and understand organic chemistry. The best way to do this is to
provide a framework, or scaffolding, around which students can organize
their thoughts. The framework that we provide is the accessible notion that an
understanding of structure will lead to an understanding of function.

A Uniform Organization Emphasizes the Relation Between Structure and
Function

Much like a language, in which grammar would be dangling without the
“meat” of vocabulary, the text develops material as a juxtaposition of struc-
ture and function. Thus, Chapter 1 provides the fundamentals of structure and
bonding, specifically as they will become useful in understanding organic
chemistry. Chapter 2 then follows with an introduction to the structural fea-
tures of the alkanes and how they “function” in the simplest sense—namely,
conformational mobility. Chapter 3 relates bond-dissociation energies to the
lead reaction: radical halogenation (functionalization) of alkanes. Chapter 4
repeats the motif of Chapter 2 but with cycloalkanes as its center of focus.

The structure of the haloalkanes and how it determines their fate in its
nucleophilic substitution and elimination reactions are the topics of Chapters
6 and 7. Each subsequent functional group is covered according to the same
scheme: naming, structure, spectroscopy, preparations, reactions, and biolog-

ical and other applications. Silver fir tree cone

Students Are Given the Structural “Tools” They Need to Understand Function

The interplay between structure and function that gives a hierarchy to individual
chapters also confers a hierarchy on the text as a whole. This is why we introduce
stereochemistry in Chapter 5. Students learn about stereochemical principles so that
they are prepared to understand the substitution and elimination reactions of halo-
alkanes (Chapters 6 and 7) and the addition reactions of alkenes (Chapter 12). Moreover,
this hierarchy allows the mechanistic discussion of all new important reactions to take
place concurrently rather than being scattered in different places throughout the text.
Such a unified presentation of mechanisms benefits the student enormously.

Orange peel
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Alcohols (Chapters 8 and 9) with the simplest oxygen-containing function are
treated early because their chemistry sets the stage for understanding their central role
in synthesis. Similarly, carbocations (and their rearrangements; see Section 9-3)
appear before a discussion of the Markovnikov rule, alkenes (Chapter 12) before con-
jugated polyenes (Chapter 14), and conjugated polyenes before aromatic systems.
Early coverage of spectroscopy reinforces the interplay between structure and func-
tion. This organization allows students to apply spectroscopic techniques in the con-
text of the functional group. Infrared spectroscopy, for example, is introduced in
Chapter 11 on alkenes.

The Lead Reaction: Radical Halogenation of Methane

The first, more detailed discussion of a reaction and its mechanism, the “lead
reaction,” is presented very early in Chapter 3. For several reasons, the best (most log-
ical) choice is the chlorination of methane. First, all chemical reactions
require bond making and bond breaking. The radical halogenation of
methane allows the introduction of the concepts of bond-dissociation
energies and the stability and structure of the ensuing radicals. This
leads to an understanding of the thermal stability of the simplest organ-
ic bonds, C—H and C—C, and, hence, of why organic materials are
Starting materials capable of existence. The students learn that to “activate” a C—H bond,
a reactive agent 1s required. Second, the lead reaction, because it pur-
posely does not include ionic species, can be analyzed thermodynami-
cally by calculating enthalpies of the overall process, as well as individual steps. This
exercise 1s fundamental and gives the student the basic tool of “eyeballing” the rela-
tive feasibility of all future transformations. It also serves as a first application of
potential energy diagrams to a chemical process. Third, the generalization of the chlo-
rination of methane to the halogenation of other alkanes permits the simple introduc-
tion of the concepts of reactivity and selectivity, a feeling for the statistics needed to
deal with molecules endowed with several equally reactive sites, and practical appli-
Rl cations of these principles.
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A Book for Real Students

We are aware of the challenges this course presents to students. Our students
have taught us what these challenges are and we have applied this understanding in
the following ways:

Early Coverage of Acids and Bases

We have moved the

Lewis Acid-Base Reactions discussion of acids and

HY + 0—H —» H—0—H bases to Section 2-9 and

a CH a (ISH;, expanded‘ it to provide the
Cl—Al + :N—CH; —> Cl— Al—N*-CH, student with an early review
(’:1 (|3H3 & éHJ of this aspect of general
(- Yo | chemistry as it applies to
S e e fi)* CH,CH; | organic systems. This treat-
F CH,CH;, F CH,CH; ment now includes explicit-

ly Lewis acids and bases
and sets the student up for a
general understanding of
the similarity between such




diverse processes as nucleophilic trapping of carbocations and solvation (e.g., of
Grignard reagents or by crown ethers or ionophores) and for the role of metal halides
in Friedel-Crafts alkanoylation.

Improved Presentation of Reaction Mechanisms

The presentation of reaction mechanisms has been improved by the increased use
of arrows to better show
electron flow. The introduc-
tion of icons for a “reaction™
and its “mechanism” serves al f \)
to emphasize the “vocabulary- \/
grammar’ duality of the two
types of schemes. In addi-
tion, we have added a new
section on electron-pushing
arrows (Section 6-4) to

Infermedinlas

familiarize the student Curved-Arrow Representations of Several Common Types of Mechanisms
ex liCitl With this teCh- _‘q | - Nucleophilic substitution | - = Compare with Bronsted
_ P y =i T=hs > —C—OH+(l acid-base reaction
nique.
| Dissociation |, B Reverse of Lewis acid—
*(':T__C,I B (|: +Cl Lewis base reaction
B
_'f_, - Nucleophilic addiien L _ Only one of the two bonds
H—0: + CTB ' (i: O between C and O is cleaved

PREFACE e

New Ways to Visualize Organic Chemistry

We have now included computer-generated pictures of ball-and-stick and
space-filling models. These pictures encourage students to build actual models. They
also provide students
with lowest-energy con-
formations, guiding them
in the construction of real-
istic assemblies. Finally,
space-filling  renditions
create a more accurate
impression of size, shape,
and the extent of orbitals.

The first and second
editions emphasized the
importance of building
molecular models as an
aild in visualizing three-
dimensional structure and
dynamics. We have highlighted this emphasis by a new icon at numerous loca-
tions. Ball-and-stick model kits are available for purchase through the publisher.

4
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Innovative Approaches to Problem Solving

e New  Chapter Integration
Problems are solved problems that

Bt e st e spprand o vbn gl 6 s . emphasize concept integration both
S g - o . 8- At 5 ety Bt . Seasd, & s . within and between chapters. The solu-
e ek ikl st oeh s i, ey . tion is worked out step-by-step, teaching
Tt ot e oot sowo i e¥siyee Irtotnect f Sevion 25 . the art of problem solving in general and
S . specifically demonstrating how one set
M . of learned skills builds on and interacts
’ \J/\ . with preceding ones. Particular empha-
P B c . sis is placed on problem analysis, deduc-

OH M

0 . ‘ . ;
. tive reasoning, and logical conclusions.

YN

/\\./M

o The Team Problem is

Team Problem . also new to each chapter. Team
47. Consider the general substitution-elimination reactions of the bromoalkanes. Problems encourage discussion
. and collaborative learning

among students. Although these

R—Br mﬂ} R—Nu + alkene

How do the reaction mechanisms and product formation differ when the struc- Problems could be assigned 1n a
ture of the substrate and reaction conditions change? To begin to unravel the | ) )
nuances of bimolecular and unimolecular substitution and elimination reactions, classroom settmg, they are writ-
focus on the treatment of bromoalkanes A through D under conditions . .
(a) through (e). Divide the problem evenly among yourselves so that each of ten so as to be perfECt]y WOl'k-
you tackles the questions of reaction mechanism(s) and qualitative distribution . able in an unstructured. casual
of product(s), if any. Reconvene to discuss your conclusions and come to a con- [ | . >
sensus. When you are explaining a reaction mechanism to the rest of the team, Settlng, such as a hbrary, coffee
use curved arrows to show the flow of electrons. Label the stereochemistry of |
starting materials and products as R or S, as appropriate. ShOp, Smdy ha]—L or home. The
D D . 1dea is to stimulate “cross-talk,”
e ol P Bt . an exchange of information
7N gy Br Br >< . and ideas, and support among

A B L D

students.

Preprofessional Problems
e Preprofessional Problems will be appreci-
ated by students who are planning careers in med-

55. The enantiomer of

H_E‘_CH&H} icine or related ﬁel-ds. In a new multiple-choice
C-; o format, they are typical of those that appear on the
| MCAT, GRE, and DAT.
Cl
(a) is CH;CH;_-——(IZ,"Q—H (b) can exist only at low
(ll‘H;.; temperatures

(¢) is nonisomeric (d) is incapable of existence .
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New Reaction Summary Road Maps
From Chapter 8 onward, the chemistry of each functional group is shown in con-
densed form through two types of reaction summary road maps, providing “the
| | functional group
- M e e = N Ja T N T at a glance.” rl-he
first type depicts
the function as the
origin of multiple
reaction arrows,

-

Reactions of Alkyllithivm and Grignard Reagents section each labeled with a
particular reagent,
OH OH ; . .
. i R—C—R R#%_R. OH endlng ina spemf-
R RCELOH H R R'O" R K R'C=C: ic product. Section
A A A h A B B

| | | numbers indicate

| where the trans-
(87 | [ 83 88 N s B3 formation is dis-

‘ ‘ | cussed in the text,

5 0 :
(or DAO) H.C=0 | I R'OH EN o R'C=CH

- -

Preparation of Alcohols section number

Cul, O |
. " | Cul 0
RCH.P(C,H,), & CcO O [ R'C=N R.NH R’
| H_,C‘=C | R'CCI ‘ ‘ ‘ RfT':x {If c!*f (i:I; 0
. [
| R* RCH(R') RCH(R") RCH(R') R-H ROR ROC(CH )4 Z/_\s
1 |
| | |
17-12 18-11 [ 196 202 [ 205 | [ 208 [ 214 e . | H'. H:0 -
10,551 Hyph or or  Oxygenases HX i of
‘ i ‘ LiAlH:  R"Li deprotection NuH
Y Y Y
RCH=P(CH.} H N
: 1 4?0 ?
R_ﬁ‘_?_C\ RCOH

and color distinguishes past from future chemistry. This map
provides information about the reactions of the functional
group—that 1is, what it does. The second type of map is very

similar, but the reaction arrows are reversed—that is, pointing |
toward the functionality. This map provides information about H ‘ ‘

R"NH; HCN HO H-O,HO™ L

the function’s possible origins—that is, its precursor functional |
groups. Thus, a specific reaction A—B may appear in two i i i 9

‘R) RCH(R") RCH(R") RCH-.CH(R") CH,=CHCR R

separate schemes, one with A and the other with B as the
center. These maps are an important aid in synthetic-
retrosynthetic analysis and a check on the student’s “vocabu-
lary” of synthetic methodology.
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A Book for the Real World —

Modern Biological and Industrial Applications

In every chapter of this textbook you will find many references to biological,
medical, and industrial applications of organic chemistry. Much of this material 1s new to

In this chapter, we have seen that many of the organic compounds consists of the amino acids, which are the
molecules in nature are chiral. More importantly, most component units of pelypeptides. The large

natural compounds in living organisms not only are polypeptides in nature are called proteins or, when
chiral, but also are present in only one enantiomeric they catalyze biotransformations, enzymes.

form. An example of an entire class of such

Absolute Configuration of Natural Amino Acids and Polypeptides

LN\\ (”) O R* H g O
_C—COH H.N , N
R™ / S N :
H R'H H 0, RrR'H
Amino acid =y - %
(R variable) Amino Amino Amino
acid 1 acid 2 acid 3
Polypeptide
Being made up of smaller chiral pieces. enzymes have “pockets™ that, by virtue of their
arrange themselves into bigger conglomerates that stereochemically defined features, are capable of
also are chiral and show handedness. Thus, much as a recognizing and processing only one of the
right hand will readily distinguish another right hand enantiomers in a racemate. The differences in
from a left hand, enzymes (and other biomolecules) physiological activity of the two enantiomers of a

this edition. For instance, in
Chapter 3 there is a new
section on the effects of
chlorine compounds on the
atmosphere. In Chapter 35
you will find new Chemical
Highlights on chiral drugs
and the handedness of
nature. New material on
polyethers and their med-
ical uses 1s found in Chapter
9. We have expanded our
coverage of polymers,
including polymer synthe-
sis using dienes and nitriles
(Chapter 14), and biode-
gradable polyester plastics
(Chapter 19). Chapter 26
discusses the mechanism
of chymotrypsin activity.
Finally, in keeping with our

emphasis on synthesis,

throughout the text students are guided through the syntheses of many biologically
important compounds, including norethynodrel (Chapter 17), steroids (Chapter 18),

and Prozac (Chapter 21).

New Chapter Introductions

hen you hear or read the word steroids, two things probably come to mind im-

The introduction to each chap-
. ter has been “spiced up” with

mediately: athletes who illegally “take steroids™ to develop their muscles and thought-provoking questions relat-

“the pill”" used for birth control. But what do you know about steroids aside from this ing the relevance of the chapter’s
general association? What is their structure? How does one steroid differ from an- . .

other? Where are they found in nature? material to cvery day cxperience.

An example of a naturally occurring steroid is diosgenin, obtained from the Mex- . These general qHEStiOI]S find

ican yam and used as a starting material for the synthesis of several commercial . answers on further reading, thus

steroids. Most striking is the number of rings in the compound.

A Book About Real Chemistry —

prompting the student’s interest
and participation.

Emphasis on Synthetic Strategy

The importance of synthesis is stressed starting on page 3, and the considerations
entering into the development of a good synthetic strategy and the avoidance of pit-
falls are developed throughout the text. Since the innovative introduction of Section
8-9 on retrosynthetic analysis in the first edition, this aspect of the text has received
much positive feedback from teachers and students. The present edition has added a



slightly more explicit treatment of linear versus conver-
gent synthesis to this section. Multistep partial and total
syntheses are pointed out where appropriate in the various
functional-group treatments. Particular emphasis is placed
on stereo- and regioselectivity (Chapter 12 and Section
16-5), biological and medicinal relevance (e.g., Sections
0-11, 12-16, 18-12, and 19-4 and Chapters 24 through 26),

and the importance of materials synthesis (e.g., Sections

Retrosynthetic
analysis simplifies
synthesis problems

Many compounds that are com- §

mercially available and inex-

pensive are also small, contain- §
ing six or fewer carbon atoms. §
Therefore, the most frequent §

task facing the synthetic plan-
ner is that of building up a

12-13 through 12-15, 13-11, 14-10, and 21-12). These dis-  larger. complicated molecule

from smaller, simple fragments. §

cussions are then extensively reinforced in the In-Chapter  The best approach to the prepa-

. . - ration of the target is to work :
Exercises and End-of-Chapter Problems and highlighted . el B i 06 2
in numerous Chemical Highlights.

per, an approach called ret- §
rosynthetic analysis® (retro, §
Latin, backward). In this analy- §

sis, strategic carbon—carbon

Early and More Unified Presentation of Spectroscopy

Our first edition broke ground by introducing spectroscopy right after alcohol
chemistry. Early coverage, beginning with NMR in Chapter 10, offers opportunities to
practice the application of spectroscopic methods to many kinds of compounds. After
NMR, we cover IR- and UV-visible spectroscopy in Chapters 11 and 14 in the context
of functional groups. Courses can include each of the principal types of spectroscopy
in the first half of the text.

Early coverage of spectroscopy reinforces the interplay between structure and
function. This organization allows students to apply spectroscopic techniques in the
context of the functional group. Infrared spectroscopy, for example, is introduced in
Chapter 11 on alkenes.

We have also added new discussions (e.g., Section 10-9) and problems that unify
the application of spectroscopic techniques in structure determination.

An Innovative Package:

SUPPLEMENTS AND LABORATORY MANUALS

The CD-ROM found in the back of this text is a multimedia learning tool de-
veloped by W. H. Freeman and Company in conjunction with Sumanas, Inc. All the
features of the CD function within the context of the book’s coverage. Many of the
structures mentioned in the book are depicted as three-dimensional animations with
multiple-display options through a molecular-modeling program. These animations
and many other molecular-level simulations bring the concepts of the book to life.
Practice tools, such as interactive quizzes in every chapter and a preprofessional
examination, help students review for exams. Spectroscopy and NMR exercises along
with other interactive exercises help students master difficult concepts. Presentation

software for instructors allows them to prepare a series of illustrations and animations
for lecture.

e The Study Guide is written by Neil Schore, providing a direct link from the
text to the supplement. Sample problems are worked out, and the solutions to the
End-of-Chapter Problems are given. “Keys to the Chapter” sections point out pitfalls

PREFACE *
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of faulty logic and help students visualize the solution steps for various exercises.
Tables summarize the spectral features associated with each functional group. A glos-

sary of key terms is also provided.

 The Test Bank, by Charles M. Garner and Kevin G. Pinney of Baylor
University, is new to this edition. With the Windows and Macintosh software of the
computerized versions, instructors can easily change and add questions as well as
import their own electronic drawings.

* The Maruzen Molecular Structure Model Set and Space-Filling Model Set are
also available for student purchase. These essential tools can be used to present
orbitals; single, double, and triple bonds; and locations of atoms.

* Experimental Organic Chemistry: Macroscale and Microscale. With these
texts by Jerry R. Mohrig, Christina Noring Hammond, Terence C. Morrill, and
Douglas C. Neckers, the laboratory becomes a place of discovery and critical think-
ing. Instead of simply following directions, students immerse themselves in the
. experimental process. Instructors will appreciate the versatility of the manuals’ bal-
. anced approach, with enough experiments to use macroscale glassware, microscale
o glassware, or a combination of both. Innovative discovery-based experiments and
multiweek projects encourage students in scientific investigation. A CD-ROM of
techniques accompanies both texts.

A KEY TO THE FUNCTIONAL USE OF COLOR

._ SRS e E S R
Ay SR i Aigsisye ey gl
: R T I b e
i TS S e e SR
el e tre - e Ca= it 1 e A .
F i _.‘?_fﬁ_ﬁ-_ o R O e T TR el et
L i ."-'l'.. Ak 'H.":?:} -’ Al L l-.'.'.; A, » It"- B

g Ry T e T

We use color consistently and functionally to help students master basic princi-
ples, including nomenclature, orbitals, sequence rules in stereochemistry, the relation
of spectral lines to functional groups, topological changes in molecular transforma-
tions, and the reactivity of functional groups. Color i1s suspended in exercises, chap-
ter reviews, and problems, however, because it is important to learn how not to rely

on it. In this edition, we have carefully reevaluated the application of color in reac-
tion schemes and simplified its use.

-----------
aieT

o bond 2p orbital

o bond For example, wherever possible, s orbitals
¢ are shown in red, 2p orbitals in blue, sp”
hybrids in purple, and 3p orbitals in green.

5 ls orbital
o bond sp” orbital

Color shows the relation of the names of organic molecules to their structures. In
the illustration shown at the top of the next page, which is from Chapter 11, the func-



tional group that gives the molecule its
unique chemical behavior and other
substituents are clearly differentiated

from the stem.

Color is used to
associate spectral fea-
tures with certain molec-
ular units. For example,
in the adjoining spec-
trum, the three colors
show how the three non-
equivalent hydrogens
give rise to three distinct
“peaks”—an observa-
tion that will help the
students identify a mole-
cule when they know its
spectrum.

OH
1 |2
CH3(|3H
3
Cl\ é é /CHCH;._CH3
AN
H;C H

(Z)-5-Chloro-3-ethyl-4-hexen-2-ol
(The two stereocenters are unspecified)

Start of sweep H—> End of sweep
|
900 Hz 750 600 450 300 150 0
CH;CH,CH,Br
3H
2H
(CH3)4Si
2H
| | 1 | B T

10

Color offers clues to a molecule’s stereochemistry, or the arrangement of its atoms
in space. The student will see in Chapter 5 that substituents in three dimensions can be
assigned a priority according to certain “sequence rules,” and this assignment has been

indicated, 1in diminish-
ing order of priority,
by red, blue, green,
and black.

Lowest—black

H

1 (|32
CIH,C*7 Br
CH-CH,
4 3

Optically active
2R

PREFACE »
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Most important, color frequently
shows how the functional groups trans-

STEP 4. Trapping by bromide form in the reaction mechanism.
Electron-rich, or “nucleophilic,” parts
are shown in red; electron-deficient, or

/ N : [‘3" : ~ “electrophilic,” fragments are blue; and

CHq(Jf = (|2CH1 + :Br: — CH:C ﬁ(‘jCHB’ radicals and leaving groups are green.

N - ] Red arrows in these transformations
H,C H H;C H | indicate the movements of electrons.
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