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PREFACE
Including “Hints for Passing Organic Chemistry”

Do you want to pass your course in organic chemistry? Here is my best advice,
based on twenty-plus years of observing students learning organic chemistry:

Hint #1: Do the problems. It seems straightforward, but humans, including
students, try to take the easy way out until they discover there is no short-cut. Unless you
have a measured IQ above 200 and comfortably cruise in the top 1% of your class, do the
problems. Usually your teacher (professor or teaching assistant) will recommend certain
ones; try to do all those recommended. If you do half of them, you will be half-prepared
come test time. (Do you want your surgeon coming to your appendectomy having
practiced only half the procedure?) And when you do the problems, keep this Solutions
Manual CLOSED. Avoid looking at my answer before you write your answer—your
trying and struggling with the problem is the most valuable part of the problem. Remember
that the primary goal of doing these problems is not just getting the right answer, but
understanding the material well enough to get right answers to the questions you haven’t
seen yet.

Hint #2: Keep up. Getting behind in your work in a course that moves as quickly
as this one is the Kiss of Death. For most students, organic chemistry is the most rigorous
intellectual challenge they have faced so far in their studies. Some are taken by surprise at
the diligence it requires. Don’t think that you can study all of the material the couple of
days before the exam—well, you can, but you won’t pass. Study organic chemistry like a
foreign language: try to do some every day so that the freshly-trained neurons stay sharp.

Hint #3: Get help when you need it. Use your teacher’s office hours when you
have difficulty. Many schools have tutoring centers (in which organic chemistry is a
popular offering). Here’s a secret: absolutely the best way to cement this material in your
brain is to get together with a few of your fellow students and make up problems for each
other, then correct and discuss them. When you write the problems, you will gain great
insight into what this is all about.

So what is the point of this Solutions Manual? First, I can’t do your studying for
you. Second, since I am not leaning over your shoulder as you write your answers, I can’t
give you direct feedback on what you write and think—the print medium is limited in its
usefulness. What I can do for you is: 1) provide correct answers; the publishers,
Professor Wade, Ms. Meisenheimer (my reviewer), and I have gone to great lengths to
assure that what I have written is correct, for we all understand how it can shake a
student’s confidence to discover that the answer book flubbed up; 2) provide a considerable
degree of rigor; beyond the fundamental requirement of correctness, I have tried to flesh
out these answers, being complete but succinct; 3) provide insight into how to solve a
problem and into where the sticky intellectual points are. Insight is the toughest to
accomplish, but over the years, I have come to understand where students have trouble, so
I have tried to anticipate your questions and to add enough detail so that the concept, as
well as the answer, is clear.

It is difficult for students to understand or acknowledge that their teachers are
human (some are more human than others). Since I am human (despite what my students
might report), I can and do make mistakes. If there are mistakes in this book, they are my
sole responsibility, and I am sorry. If you find one, PLEASE let me know so that it can be
corrected in future printings. Nip it in the bud.
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SYMBOLS AND ABBREVIATIONS

Below is a list of symbols and abbreviations used in this Solutions Manual, consistent
with those used in the textbook by Wade. (Do not expect all of these to make sense to
you now. You will learn them throughout your study of organic chemistry.)

BONDS
e

ARROWS

R

F )

D))

a single bond

a double bond

a triple bond

a bond in three dimensions, coming out of the paper toward the reader

a bond in three dimensions, going behind the paper away from the reader

a stretched bond, in the process of forming or breaking

in a reaction, shows direction from reactants to products
signifies equilibrium (not to be confused with resonance)
signifies resonance (not to be confused with equilibrium)
shows direction of electron movement:

the arrowhead with one barb shows movement of one electron;

the arrowhead with two barbs shows movement of a pair of electrons

shows polarity of a bond or molecule, the arrowhead signifying the more
negative end of the dipole

SUBSTITUENT GROUPS
Me a methyl group, CH;
Et an ethyl group, CH,CHj;
Pr a propyl group, a three carbon group (two possible arrangements)
Bu a butyl group, a four carbon group (four possible arrangements)
R the general abbreviation for an alkyl group (or any substituent group not

under scrutiny)

continued on next page
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Symbols and Abbreviations, continued

SUBSTITUENT GROUPS, continued

Ph a phenyl group, the name of a benzene ring as a substituent, represented:

O~ < O

Ar the general name for an aromatic group

Ac an acetyl group: ﬁ
CHa——{
Cy a cyclohexyl group: < :
Ts tosyl, or p-toluenesulfonyl group: ﬁ
-
0)
Boc  a r-butoxycarbonyl group (amino acid and peptide chemistry):

I
(CH3)3C'_O_ C—

Z,or acarbobenzoxy (benzyloxycarbonyl) group (amino acid and peptide chemistry):
CbZ O
Il

Oronol

REAGENTS AND SOLVENTS
DCC dicyclohexylcarbodiimide <:>— N=C=N —<:>
0]

DMSO dimethylsulfoxide ISI
N
H;C CH;

continued on next page
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Symbols and Abbreviations, continued

REAGENTS AND SOLVENTS, continued

ether diethyl ether, CH;CH,OCH,CHj,
MCPBA meta-chloroperoxybenzoic acid Cl o
Il
C—O0—O0OH
MVK methyl vinyl ketone ﬂ
C =~
H, C/ \/

NBS N-bromosuccinimide

(0) N (0)

I
Br
o 7\
PCC pyridinium chlorochromate, CrO; < HCl * N
Sia,BH  disiamylborane ?H3Iil Iil Iil (|3H3
T

CH; CH; CH; CH;

THF tetrahydrofuran o)
SPECTROSCOPY

IR infrared spectroscopy
NMR nuclear magnetic resonance spectroscopy
MS mass spectrometry
uv ultraviolet spectroscopy
ppm parts per million, a unit used in NMR

continued on next page
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Symbols and Abbreviations, continued
SPECTROSCOPY, continued

Hz
MHz
TMS

s,d, t,q

nm

m/z

[a]p

hertz, cycles per second, a unit of frequency
megahertz, millions of cycles per second
tetramethylsilane, (CH3),4Si, the reference compound in NMR

singlet, doublet, triplet, quartet, referring to the number of peaks an
NMR absorption gives

nanometers, 10~ meters (usually used as a unit of wavelength)
mass-to-charge ratio, in mass spectrometry

in NMR, chemical shift value, measured in ppm

wavelength

frequency

axial (in chair forms of cyclohexane)

equatorial (in chair forms of cyclohexane)
highest occupied molecular orbital

lowest unoccupied molecular orbital

no reaction

ortho, meta, para (positions on an aromatic ring)

when written over an arrow: "heat"
when written before a letter: "change in"

partial positive charge, partial negative charge
energy from electromagnetic radiation (light)

specific rotation at the D line of sodium (589 nm)

Xiv
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5-21

COOH COOH COOH COOH
@ H—1+—OH HO—1—H H—+—OH HO—1+—H
a
H—1+—Cl Cl—1+—H Cl—+—H H—1+—Cl
CH,3 CH; CHj; CH;
A B C D
enantiomers: A and B; Cand D
diastereomers: A and C, A and D, B and C, B and D
COOH COOH COOH
b H——OH plane of H——OH HO—1—H
® H OH Syaumetry HO H H OH
MESO
COOH COOH COOH
E F G
enantiomers: F and G
diastereomers: E and F, E and G
COOH COOH COOH COOH
© H—+—OH HO—1—H HO—1—H H—+—OH
H—1—OH HO—+—H H—+—OH HO—r—H
H—1—2Br Br—1—H H—1—Br Br—t—H
COOH COOH COOH COOH
H I J K
COOH COOH COOH COOH
HO—+—H H—1+—OH H—1+—OH HO—1+—H
HO—1+—H H—1—OH HO—1—H H—1+—OH
H—1—Br Br—t—H H—1—Br Br—1—H
COOH COOH COOH COOH
L M N 0]

enantiomers: Hand I, Jand K, L and M, N and O
diastereomers: any pair which is not enantiomeric

102



5-21 continued

d OH OH

CH,

CH, H H
P Q

enantiomers: P and Q

CH,

diastereomers: Pand T, P and U,
QandT,Qand U, Tand U

5-22

OH OH
CH,3 CH; H H
H H
H H CH;3 CHj;
plane of plane of
symmetry symmetry
MESO MESO
T U

Any diastereomeric pair could be separated by a physical process like distillation or
crystallization. Diastereomers are found in parts (a), (b), and (d). The structures in (c)
are enantiomers; they could not be separated by normal physical means.

5-23

-

CH,CH;3
O+ H
(0) A /

H—1—OH

CH,

HO—1—H

COOH
/' (5)-2-butyl (R,R)-tartrate

diastereomers

(.

CH,CH,
H (@)
‘ N
e, T
H——
HO—+—H

OH

COOH
(R)-2-butyl (R,R)-tartrate

mirror

mirror

103

enantiomers \‘

CH,CH,

H (0)
\°
CH, -

HO—1—H
H—1—OH

COOH
(R)-2-butyl (S,5)-tartrate ‘\

diastereomers

CH,CH, ‘/

O H
CH,

HO——1—H
H—7—OH

COOH
($)-2-butyl (S,S)-tartrate



5-24

CH; CH,
KOH . —
(a) BreC-=H ———» He=C-=QH inversion of configuration
: H,0 :
CH,CH, CH,CH,4
R S
CH,CHj; CH,CH; CH,CHs
(b) CHym—C—aBr SHCHOH_ oy o 8 wOEt  + EtOmC==CH,
A
CH,CH,CH,4 CH,CH,CH;,4 CH,CH,CH,
S S R
racemization
R _H R_H
(c) N 40H NELC
SOCl,
——
¢ h YCHS s H YCH;

retention of configuration

5-25 The Cahn-Ingold-Prelog priorities of the groups are the circled numbers in (a).

o Jo o
@ @ H, AVIOBNO)
H C CH ——» H C CH
NP N Nen ~ SN TN e,
S\ W] S\
H H CH, H H CH,
® G ® G
(R)-3,4-dimethyl-1-pentene (8)-2,3-dimethylpentane

(b) The reaction did not occur at the chiral center, so the configuration of the chiral
center has not changed—the reaction went with retention. What did change was the
priority of the groups in the R,S system of nomenclature, which resulted in a change of
designation of configuration. The designations R and S cannot be used without thought
to determine whether configuration has changed in a reaction.

(c) There is no general correlation between R and S designation and the physical
property of optical rotation. Professor Wade's poetic couplet makes an important point:
do not confuse an object and its properties with the name for that object. (Scholars of
Shakespeare have come to believe that this quote from Juliet is a veiled reference to
designation of R,S configuration versus optical rotation of a chiral molecule.)
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5-26 Refer to the Glossary and the text for definitions and examples.

5-27
@) H (b) CH,OH
(|:* H—}—O0OH
Clu\\‘“ ~
HO/ CH, CH,
R R
chiral chiral
H
H
d %, - ,CH3 (l: (e)
x
CH3//>¢ \/ CH,
S H CH,
chiral
® S CH,Br ® S CH;
H—1+*—Br H—1*—Br
Br7*—H P7—TOH
s 7 CH,Br r” CHs
chiral chiral
@) Br\C_.C_C““Br ()]
T TN

chiral molecule, but
no chiral centers

(k)
O~

achiral

plane of symmetry

105

©H g H
%C/ 2 /
- g \* S \B
S/Vs“ T
H OH
chiral
S CHzBr
H—T—Br  plane of
H——n: symmetry
R / CH,Br
meso; achiral
(h) s \CH3
H—*—OH
S /H\‘—*—OH
H—+*—OH
5 / CH,CHj
chiral
Br
\S
chiral



5-27 continued

CH3 CH3 H.C
3 CH3
) H ,
P
1\
S plane of symmetry .
meso; achiral chiral
(n) CH, (p)
H;C—*
< / NH, 0
R —Yi, .
& (NH2 is group 1, Chlral
CHj is group 4)
chiral
5-28 CH,
(a) CH; (b) CHj; CH, (©) s
: CH, Bre—(C-=H
H o g - (] o |
z H Brw—(C-=H
CH,CH; z
(d (¢) CH,CH, ()  CH,CH; CH,CH,
H-—(;:—-OH H-—(F-OH H0-(?<H
+
Hw»C-=0OH HO=C-=H Hw»C-=OH
CH,CH, CH,CHs, CH,CHs
meso racemic mixture
5-29
(a) CH,OH (b) CHO (©) CH,OH (d) CH,OH
H OH H+Br H——Br HO——H
CH; CH,3 HO—1+—H H—+—OH
CH; CH;3
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530 cooH CHO CH,OH
(@) (b ©)
N'H \OH N/Cl
CH; NH, HOCH, H CH;4 Br
all Hp;
(d X
CH; CH,0OH
5-31
(a) same (meso) (e) enantiomers
(b) enantiomers (f) diastereomers
(c) enantiomers (g) enantiomers
(d) enantiomers (h) same compound
5-32 CHO
€)] CH; (b) CHO ©) HO——H
Br H HO—+—H
H '"uB
Cl CH,OH HO—t—K
CH,OH
@ CH,3 (e)
““\\CH:; CH3
Q c—c—c""
O / \Br
1 H
I
() plane of symmetry—no enantiomer (€9)
(0)
CH;
h i CH
(h) ® u 3
M "
HO z
= H,C
N
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