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PREFACE

This seventh edition of March’s Advanced Organic Chemistry has been thoroughly

updated to include new advances in areas of Organic chemistry published between

2005 and 2010. Every topic retained from the sixth edition has been brought up to

date if there was activity in that area during that five year period. Changes also include a

significant rewrite of most of the book. More than 5500 new references have been added for

work published since 2005. As with the sixth edition, many older references were deleted

to make room for new ones, and in cases where a series of papers by the same principal

author were cited, all but the most recent were deleted. The older citations are usually

found by referring to the more recent publication(s). Many of the figures relating to

molecular orbitals dated to the 1960s. In all cases possible, they have been replaced by

molecular orbitals drawings using Spartan software from Wavefunction, Inc. The funda-

mental structure of the seventh edition is essentially the same as that of all previous ones.

The goal, as in previous editions is to give equal weight to the three fundamental aspects

of the study of organic chemistry: reactions, mechanisms, and structure. A student who has

completed a course based on this book should be able to approach the literature directly,

with a sound knowledge of modern organic chemistry. Major special areas of organic

chemistry: terpenes, carbohydrates, proteins, many organometallic reagents, combinatorial

chemistry, polymerization and electrochemical reactions, steroids, and so on, have been

treated lightly or ignored completely. The use of this book in the first year of graduate study

should help master the fundamentals. It is hoped that this book will lead a student to consult

the many excellent books and review articles cited for various topics in order to understand

the subject in more detail. Indeed, many of these topics are so vast, they cannot be

explained completely in this book.

The organization is based on reaction types, and a relatively few principles suffice to

explain nearly all of them despite the large number of organic reactions. Accordingly, the

reactions-mechanisms section of this book (Part II) is divided into 10 chapters (10–19),

each concerned with a different type of reaction. In the first part of each chapter, the

appropriate basic mechanisms are discussed along with considerations of reactivity and

orientation, while the second part consists of numbered sections devoted to individual

reactions, where the scope and the mechanism of each reaction are discussed. Numbered

sections are used for the reactions and are set in boldface. Since the methods for the

preparation of individual classes of compounds (ketones, nitriles, etc.) are not treated all in

one place, an updated and revised index has been provided (Appendix B) by use of which

the synthesis of a given type of compound will be found. It is important to note that the

numbers for each reaction in the 7th edition are different from editions 1–5 in many cases,

but are the same as found in the 6th edition. For this reason, a correlation table is included at

the end of this Preface that directly correlates the sections found in the 5th edition with the

new ones in both the 6th and 7th editions.
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The structure of organic compounds is discussed in Chapters 1–5 (Part I). This section

provides a necessary background for understanding mechanisms and is also important in its

own right. The discussion begins with chemical bonding (Chapt. 1) and ends with a chapter

on stereochemistry (Chapt. 4). Two chapters follow (Chapt 6–7) on reaction mechanisms in

general, one for ordinary reactions and the other for photochemical reactions. Part 1

concludes with two more chapters (Chapt 8 and 9) that give further background to the study

of mechanisms.

The IUPAC names for many organic transformations are included, first introduced in

the 3rd edition. Since then the rules have been broadened to cover additional cases; hence

more such names are given in this edition. Furthermore, International Union of Pure and

Applied Chemistry (IUPAC) has now published a system for designating reaction

mechanisms, and some of the simpler designations are included.

Appendix A is devoted to the literature of organic chemistry.

In treating subjects as broad as structure, reactions, and mechanisms of organic

chemistry, it is impossible to cover each topic in great depth, and this would not be

desirable even if possible. This book is intended to point the reader to the primary literature

of the areas it covers. To this end, there are >20,000 references to original papers.

Secondary literature sources including reviews, books, and monographs have been

included as well. Appendix A provides a brief introduction to using computer-based

search engines (e.g., Reaxys1 and SciFinder1).

Although basically designed as a reference text for a one-year course on the graduate

level, this book can also be used in advanced undergraduate courses, but only after

completion of a one-year course in organic chemistry. A one year course in both inorganic

and physical chemistry would be most helpful. It has been my experience that students who

have completed the first-year courses often have a hazy recollection of the material and

greatly profit from a representation of the material if it is easily accessible. The material in

the first nine chapters, particularly Chapters 1, 2, 4, 6, and 8 may be helpful for reviewing

such material when this book is used in connection with a course.

This book is probably most valuable as a reasonably up-to-date reference work.

Students preparing for qualifying examinations and practicing organic chemists will

find that Part II contains a survey of what is known about the mechanism and scope of

a large number of reactions, arranged in an orderly manner based on reaction type and on

which bonds are broken and formed.

For units of energy, IUPAC mandates joules, and many journals do use this unit

exclusively. However, organic chemists who publish in United States journals commonly

use calories. Virtually all energy values are presented in both calories and joules. Although

IUPAC does not recommend angstrom units for bond distances, but rather picometers (pm),

a vast number of bond distances published in the literature are in angstrom units, and this

book therefore uses angstrom units.

I would like to acknowledge the contributions of those chemists cited and thanked by

Professor March in the first-four editions, and those I thanked in the 5th and 6th editions.

This book would not be possible without their contributions. For the 7th edition, I thank

Lou Allinger for pointing out the deficiencies in the hyperconjugation section, and

graciously helping me write the new section appearing in this new edition. I thank Warren

Hehre for his invaluable help in calculating and presenting the molecular orbital drawings

using Spartan. I also thank Adrian Shell (Elsevier) for facilitating the transfer of material

relating to the program Reaxys, discussed in Appendix A. I thank the many people who

have contributed comments or have pointed out errors in the 6th edition that were
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invaluable to putting together the 7th edition. I thank Warren Hehre and Sean Ohlinger of

Wavefunction, Inc., Irvine, CA (www.wavefun.com ) for providing Spartan 10 Macint osh

(v. 1.0.1), allowing the incorporation of Spartan models for selected molecules and

intermediates. All structures and line drawings in this book were done using ChemDraw1

Ultra 11.0.1 (350440), graciously provided by CambridgeSoft Corporation, Cambridge,

MA (www.cambridge soft.com ).

Special thanks are due to the Interscience division of John Wiley & Sons and to Jonathan

Rose. Special thanks are also given to Kristen Parrish and Amanda Amanullah, at Wiley for

their fine work as editors in turning the manuscript into the finished book as well as

Sanchari Sil of Thomson Digital. I also thank Jeanette Stiefel for an excellent job of copy

editing the manuscript.

With gratitude, I acknowledge the work of Jerry March, upon whose work this new

edition is built, and who is responsible for the concept of this book and for carrying it

through four very successful editions. I used Jerry’s book as a student and it is an honor to

continue this tradition.

I encourage those who read and use the 7th edition to contact me directly with

comments, errors, and with publications that might be appropriate for future editions.

I hope that this new edition will due justice to the tradition that Professor March began

with the first edition.

My Email address is michael.smith@uconn.edu

and my homepage is http://orgchem.chem.uconn.edu/home/mbs-home.html

Finally, I want to thank my wife Sarah for her patience and understanding during the

preparation of this manuscript. I also thank my son Steven for his support. Without their

support, this work would not have been possible.

MICHAEL B. SMITH

May, 2012
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10-36 ! 10-24

10-37 ! 10-25

10-38 ! 10-26

10-39 ! 16-69

10-40 ! 10-27

10-41 ! 10-28

10-42 ! 10-29

10-43 ! 10-30

10-44 ! 10-31

10-46 ! 10-32

10-47 ! 10-33

10-48 ! 16-70

10-49 ! 10-34

10-50 ! 10-35

10-51 ! 10-37

10-52 ! 10-38
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10-53 ! 10-39

10-54 ! 10-40

10-55 ! 16-72

10-56 ! 16-73

10-57 ! 16-74

10-58 ! 16-75

10-59 ! 16-76

10-60 ! 16-77

10-61 ! 10-41

10-62 ! 10-42

10-63 ! 10-36

10-64 ! 10-42

10-65 ! 10-43

10-66 ! 10-44

10-67 ! 10-45

10-68 ! 10-46

10-69 ! 10-47

10-70 ! 10-48

10-71 ! 10-49

10-72 ! 10-50

10-73 ! 10-51

10-74 ! 10-52

10-75 ! 10-53

10-76 ! 10-54

10-77 ! 16-79

10-78 ! 16-80

10-79 ! 19-53

10-80 ! 19-57

10-81 ! 19-54

10-82 ! 19-58

10-83 ! 19-66

10-84 ! 19-56

10-85 ! 19-35

10-86 ! 19-59

10-87 ! 19-67

10-88 ! 19-70

10-89 ! 19-39

10-90 ! 19-40

10-91 ! 19-41

10-92 ! 10-55

10-93 ! 10-56

10-94 ! 10-57

10-95 ! 10-58

10-96 ! 10-59

10-98 ! 10-61

10-99 ! 10-63

10-100 ! 10-60

10-101 ! 10-64

10-102 ! 10-65

10-103 ! 10-66

10-104 ! 10-67

10-105 ! 10-68

10-106 ! 10-70

10-107 ! 10-71

10-108 ! 10-72

10-109 ! 10-73

10-110 ! 10-74

10-111 ! 10-75

10-112 ! 10-76

10-113 ! 10-77

10-114 ! 16-81

10-115 ! 16-82

10-116 ! 16-83

10-117 ! 16-84

10-118 ! 16-85

10-119 ! 16-86

10-120 ! 16-87

10-121 ! 16-88

10-122 ! 16-89

10-123 ! 16-90

10-124 ! 16-100

10-125 ! 16-101

10-126 ! 16-102

10-127 ! 16-103

10-128 ! 16-104

10-129 ! 16-105

11-1 ! 11-1

11-2 ! 11-2

11-3 ! 11-3

11-4 ! 11-4

11-5 ! 11-5

11-6 ! 11-6

11-7 ! 11-7

11-8 ! 11-8

11-9

11-10 ! 11-9

11-11 ! 11-10

11-12 ! 11-11

11-13 ! 11-15

11-14 ! 11-17

11-15 ! 11-18

11-16 - deleted

11-17 - deleted

11-18 - deleted

11-19 ! 11-19

11-20 ! 11-20

11-21 ! 11-21

11-22 ! 11-12

11-23 ! 11-13

11-24 ! 11-14

11-25 ! 11-22

11-26 ! 11-23

11-27 ! 11-24

11-28 ! 11-25

11-29 ! 11-26

11-30 ! 11-27

11-31 ! 11-28

11-32 ! 11-29

11-33 ! 11-30

11-34 ! 11-31

11-35 ! 11-32

11-36 ! 11-33

11-37 ! 11-34

11-38 ! 11-35

11-39 ! 11-36

11-40 ! 11-37

11-41 ! 11-38

11-42 ! 11-39

11-43 ! 11-40

11-44 ! 11-41

12-1 ! 12-1

12-2 ! 12-2

12-3 ! 12-3

12-4 ! 12-4

12-5 ! 12-5

12-6 ! 12-6

12-7 ! 12-7

12-8 ! 12-8

12-9 ! 12-10

12-10 ! 12-11

12-11 ! 12-12

12-12 ! 12-13

12-13 ! 12-14

12-14 ! 12-16

12-15 ! 12-18

12-16 ! 12-19

12-17 ! 12-20

12-18 ! 10-69

12-19 ! 12-21
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12-20 ! 12-22

12-21 ! 12-23

12-22 ! 12-17

12-23 ! 12-24

12-24 ! 12-25

12-25 ! 12-26

12-26 ! 12-27

12-27 ! 12-30

12-28 ! 12-31

12-29 ! 12-32

12-30 ! 12-33

12-31 ! 12-34

12-32 ! 12-35

12-33 ! 12-36

12-34 ! 12-37

12-35 deleted

12-36 ! 12-38

12-37 ! 12-39

12-38 ! 12-40

12-39 ! 12-41

12-40 ! 12-42

12-41 ! 12-43

12-42 ! 12-44

12-43 ! 12-45

12-44 ! 12-46

12-45 ! 12-47

12-46 ! 12-48

12-47 ! 13-19

12-48 ! 12-49

12-49 ! 12-50

12-50 ! 13-24

12-51 ! 12-51

12-52 ! 12-52

12-53 ! 12-53

13-1 ! 13-1

13-2 ! 13-2

13-3 ! 13-3

13-4 ! 13-4

13-5 ! 13-5

13-6 ! 13-6

13-7 ! 13-7

13-8 ! 19-55

13-9 deleted

13-10 ! 13-8

13-11 ! 13-9

13-12 ! 13-14

13-13 ! 13-15

13-14 ! 13-11

13-15 ! 13-17

13-16 ! 13-18

13-17 ! 13-20

13-18 ! 13-21

13-19 ! 13-22

13-20 ! 13-23

13-21 ! 13-30

13-22 ! 13-31

13-23 ! 13-32

13-24 ! 13-33

14-1 ! 14-1

14-2 ! 14-3

14-3 ! 14-4

14-4 ! 19-14

14-5 ! 14-5

14-6 ! 19-23

14-7 ! 14-6

14-8 ! 14-7

14-9 ! 14-8

14-10 ! 14-9

14-11 ! 14-10

14-12 ! 12-9

14-13 ! 14-11

14-14 ! 14-12

14-15 ! 14-14

14-16 ! 14-16

14-17 ! 13-27

14-18 ! 13-26

14-19 ! 13-10

14-20 ! 12-15

14-21 ! 14-17

14-22 ! 14-18

14-23 ! 14-19

14-24 ! 19-69

14-25 ! 14-20

14-26 ! 14-21

14-27 ! 14-22

14-28 ! 13-28

14-29 ! 13-25

14-30 ! 14-23

14-31 ! 14-24

14-32 ! 14-26

14-33 ! 14-25

14-34 ! 14-27

14-35 ! 14-28

14-36 ! 14-29

14-37 ! 14-30

14-38 ! 14-31

14-39 ! 14-32

15-1 ! 15-1

15-2 ! 15-2

15-3 ! 15-3

15-4 ! 15-4

15-5 ! 15-5

15-6 ! 15-6

15-7 ! 15-7

15-8 ! 15-8

15-9 ! 15-9

15-10 ! 15-10

15-11 ! 15-11

15-12 ! 15-12

15-13 ! 15-14

15-14 ! 15-13

15-15 ! 15-15

15-16 ! 15-16

15-17 ! 15-17

15-18 ! 15-18

15-19 ! 15-20

15-20 ! 15-23

15-21 ! 15-24

15-22 ! 15-21

15-23 ! 15-22

15-24 ! 15-25

15-25 ! 15-27

15-26 ! 15-28

15-27 ! 15-32

15-28 ! 15-33

15-29 ! 15-36

15-30 ! 15-35

15-31 ! 15-37

15-32 ! 15-34

15-33 ! 15-38

15-34 ! 15-19

15-35 ! 15-29

15-36 ! 15-30

15-37 ! 15-39

15-38 ! 15-41

15-39 ! 15-40

15-40 ! 15-42

15-41 ! 15-43

15-42 ! 15-44

15-43 ! 15-45

15-44 ! 15-46
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15-45 ! 15-47

15-46 ! 15-48

15-47 ! 15-49

15-48 ! 15-50

15-49 ! 15-62

15-50 ! 15-51

15-51 ! 15-52

15-52 ! 15-53

15-53 ! 15-54

15-54 ! 15-55

15-55 ! 15-56

15-56 ! 15-57

15-57 ! 15-58

15-58 ! 15-60

15-59 ! 15-61

15-60 ! 15-59

15-61 ! 15-63

15-62 ! 15-64

15-63 ! 15-65

15-64 ! 15-66

16-1 ! 16-1

16-2 ! 16-2

16-3 ! 16-3

16-4 ! 16-4

16-5 ! 16-5

16-6 ! 16-7

16-7 ! 16-8

16-8 ! 16-9

16-9 ! 16-10

16-10 ! 16-11

16-11 ! 16-12

16-12 ! 16-13

16-13 ! 16-18

16-14 ! 16-17

16-15 ! 16-19

16-16 ! 16-20

16-17 ! 16-21

16-18 ! 16-22

16-19 ! 16-14

16-20 ! 16-15

16-21 ! 16-16

16-22 ! 16-23

16-23 ! 19-36

16-24 ! 19-42

16-25 ! 19-43

16-26 ! 19-44

16-27 ! 16-24

16-28 ! 16-25

16-29 ! 16-26

16-30 ! 16-27

16-31 ! 16-28

16-32 ! 16-29

16-33 deleted

combined

with 10-115

16-34 ! 16-30

16-35 ! 16-31

16-36 ! 16-32

16-37 ! 16-33

16-38 ! 16-34

16-39 ! 16-35

16-40 ! 16-36

16-41 ! 16-38

16-42 ! 16-41

16-43 ! 16-42

16-44 ! 16-39

16-45 ! 16-40

16-46 ! 16-43

16-47 ! 16-44

16-48 ! 16-45

16-49 ! 16-50

16-50 ! 16-51

16-51 ! 16-52

16-52 ! 16-53

16-53 ! 16-54

16-54 ! 16-55

16-55 ! 16-56

16-56 ! 16-91

16-57 ! 16-6

16-58 ! 16-92

16-59 ! 16-93

16-60 ! 16-94

16-61 ! 16-46

16-62 ! 16-48

16-63 ! 16-95

16-64 ! 16-96

16-65 ! 16-97

16-66 ! 16-98

16-67 ! 16-99

17-1 ! 17-1

17-2 ! 17-2

17-3 ! 17-4

17-4 ! 17-5

17-5 ! 17-6

17-6 ! 17-7

17-7 ! 17-8

17-8 ! 17-9

17-9 ! 17-10

17-10 ! 17-11

17-11 ! 17-12

17-12 ! 17-13

17-13 ! 17-14

17-14 ! 17-15

17-15 ! 17-16

17-16 ! 17-17

17-17 ! 17-18

17-18 ! 17-19

17-19 ! 17-3

17-20 ! 17-20

17-21 ! 17-21

17-22 ! 17-22

17-23 ! 17-23

17-24 ! 17-24

17-25 ! 17-25

17-26 deleted

combined

with 17-25

17-27 ! 17-26

17-28 ! 17-27

17-29 ! 17-28

17-30 ! 17-29

17-31 deleted

combined

with 17-30

17-32 ! 17-30

17-33 ! 17-31

17-34 ! 17-32

17-35 ! 17-33

17-36 ! 17-34

17-37 ! 17-35

17-38 ! 17-36

17-39 ! 17-37

17-40 ! 17-38

18-1 ! 18-1

18-2 ! 18-2

18-3 ! 18-3

18-4 ! 18-4

18-5 ! 18-5

xviii PREFACE



18-6 ! 18-6

18-7 ! 18-7

18-8 ! 18-8

18-9 ! 18-9

18-10 ! 18-10 .

18-11 ! 18-11

18-12 ! 18-12

18-13 ! 18-13

18-14 ! 18-14

18-15 ! 18-15

18-16 ! 18-16

18-17 ! 18-17

18-18 ! 18-18

18-19 ! 18-19

18-20 ! 18-20

18-21 ! 18-21

18-22 ! 18-22

18-23 ! 18-23

18-24 ! 18-24

18-25 ! 18-25

18-26 ! 18-26

18-27 ! 18-27

18-28 ! 18-28

18-29 ! 18-29

18-30 ! 18-30

18-31 ! 18-31

18-32 ! 18-32

18-33 ! 18-33

18-34 ! 18-34

18-35 ! 18-35

18-36 ! 18-36

18-37 ! 18-37

18-38 ! 18-38

18-39 ! 18-39

18-40 ! 18-40

18-42 ! 18-42

18-43 ! 18-43

18-44 ! 18-44

19-1 ! 19-1

19-2 ! 19-2

19-3 ! 19-3

19-4 ! 19-4

19-5 ! 19-5

19-6 ! 19-6

19-7 ! 19-7

19-8 ! 19-8

19-9 ! 19-9

19-10 ! 19-10

19-11 ! 19-11

19-12 ! 19-12

19-13 ! 19-13

19-14 ! 19-17

19-15 ! 19-15

19-16 ! 19-18

19-17 deleted

incorporated

in 19-14

19-18 ! 19-19

19-19 ! 19-20

19-20 ! 19-21

19-21 ! 19-22

19-22 ! 19-25

19-23 ! 19-27

19-24 ! 19-28

19-25 ! 19-30

19-26 ! 19-26

19-27 ! 19-29

19-28 ! 19-31

19-29 ! 19-24

19-30 ! 19-32

19-31 ! 19-33

19-32 ! 19-34

19-33 ! 19-61

19-34 ! 19-37

19-35 ! 19-64

19-36 ! 19-62

19-37 ! 19-63

19-38 ! 19-38

19-39 ! 19-65

19-40 deleted

incorporated

into 10-85

19-41 ! 19-45

19-42 ! 19-46

19-43 ! 19-47

19-44 ! 19-48

19-45 ! 19-50

19-46 ! 19-51

19-47 ! 19-71

19-48 ! 19-68

19-49 ! 19-72

19-50 ! 19-60

19-51 ! 19-49

19-52 ! 19-73

19-53 ! 19-74

19-54 ! 19-75

19-55 ! 19-76

19-56 ! 19-77

19-57 ! 19-78

19-58 ! 19-79

19-59 ! 19-80

19-60 ! 19-81

19-61 ! 19-82

19-62 ! 19-83

19-63 ! 19-84
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ABBREVIATIONS

COMMON ABBREVIATIONS

Other, less common abbreviations are given in the text when the term is used.

Ac Acetyl

O

Me

acac Acetylacetonate (ligand)

AIBN Azobisisobutyronitrile

aq Aqueous

ARC Anion relay chemistry

Ax Axial

B

9-Borabicyclo[3.3.1]nonylboryl

9-BBN 9-Borabicyclo[3.3.1]nonane

BDE Bond dissociation energy

BER Borohydride exchange resin

BINAP (2R,3S)-2,20-bis-(diphenylphosphino)-1,10-binapthyl

BINOL 1,10-Bi-2-naphthol

BMS Borane methyl sulfide

Bn Benzyl ÀÀCH2Ph

Boc tert-Butoxycarbonyl

O

Ot-Bu

Bpy (Bipy) 2,20-Bipyridyl

BSA N-O-Bis(trimethylsily)acetamide

Bu n-Butyl ÀÀCH2CH2CH2CH3

Bs Brosylate, O-(4-Bromophenyl) sulfenate

Bz Benzoyl

CAN Ceric ammonium nitrate (NH4)2Ce(NO3)6

cat Catalytic

Cbz N-Carbobenzyloxy

O

OCH2Ph

CD Circular dichroism

Chap Chapter(s)

Chirald (2S,3R)-(þ)-4-dimethylamino-1,2-diphenyl-3-

methylbutan-2-ol

CIDNIP Chemically induced dynamic nuclear polarization

CIP Cahn–Ingold–Prelog

CNDO Complete Neglect of Differential Overlap

cod 1,5-Cyclooctadienyl (ligand)
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cot 1,3,5-Cyclooctatrienyl (ligand)

Cp Cyclopentadienyl

Cy Cyclohexyl
�C Temperature in degrees Celcius

3D Three dimensional

DABCO 1,4-Diazabicyclo[2.2.2]octane

DAST Diethylammoniumsulfer trifluoride Et2NSF3

dba Dibenzylidene acetone

DBN 1,5-Diazabicyclo[4.3.0]non-5-ene

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene

DCC 1,3-Dicyclohexylcarbodiimide c-C6H11ÀÀNÀÀÀÀCÀÀÀÀNÀÀc-

C6H11

DDQ 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone

DDT 1,1,1-Trichloro-2,20-bis(p-chlorophenyl)ethane

DEA Diethylamine HN(CH2CH3)2

DEAD Diethylazodicarboxylate EtO2CÀÀNÀÀÀÀNCO2Et

DHAD Dihydroquinidine

DHU Dicyclohexylurea

DIAD Diisopropylazodicarboxylate

Dibal-H Diisobutylaluminum hydride (Me2CHCH2)2AlH

DMA Dimethylacetamide

DMAP 4-Dimethylaminopyridine

DME Dimethoxyethane MeOCH2CH2OMe

DMEAD Di-2-methoxyethyl azodicarboxylate

DMF N,N0-Dimethylformamide

O

H NMe2

DMS Dimethyl sulfide

DMSO Dimethyl sulfoxide (ligand)

DNA Deoxyribonucleic acid

DOSY Diffusion-ordered NMR Spectroscopy

dppb 1,4-Bis-(Diphenylphosphino) butane Ph2P(CH2)4PPh2

dppe 1,2-Bis-(Diphenylphosphino)ethane; see also Diphos Ph2PCH2CH2PPh2

dppf Bis(Diphenylphosphino)ferrocene

dpm 1,1-Bis(diphenylphosphino)methane

dppp 1,3-Bis(Diphenylphosphino)propane Ph2P(CH2)3PPh2

eÀ Transfer of electrons

% ee % Enantiomeric excess

EE 1-Ethoxyethoxy EtO(Me)CHÀÀ
Et Ethyl ÀÀCH2CH3

EDA Electron donor–acceptor orbital

EDTA Ethylenediaminetetraacetic acid

Equiv Equivalent(s)

EPR Electron paramagnetic resonance spectroscopy

ESR Electron spin resonance spectroscopy

FMO Frontier molecular orbital

FVP Flash vacuum pyrolysis

GC Gas chromatography

h Hour (hours)

hn Irradiation with light

HF Hartree–Fock
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HMO H€uckel molecular orbital

HMPA Hexamethylphosphoramide (Me2N)3PÀÀÀÀO

HMPT Hexamethylphosphorus triamide (Me2N)3P
1H NMR Proton nuclear magnetic resonance spectroscopy

HOMO Highest occupied molecular orbital

HPLC High-performance liquid chromatography

HSAB Hard–Soft Acid–Base

IBX o-Iodoxybenzoic acid

i-Pr Isopropyl ÀÀCH(Me)2

IR Infrared spectroscopy

IUPAC International Union of Pure and Applied Chemistry

ISC Intersystem crossing

LCAO Linear combination of atomic orbitals

LICA

(LIPCA)

Lithium N-isopropyl-N-cyclohexylamide

LDA Lithium diisopropylamide LiN(i-Pr)2

LHMDS Lithium hexamethyl disilazide LiN(SiMe3)2

LTMP Lithium 2,2,6,6-tetramethylpiperidide

LUMO Lowest unoccupied molecular orbital

Mcpba m-Chloroperoxybenzoic acid

Me Methyl ÀÀCH3 or Me

MEM b-Methoxyethoxymethyl MeOCH2CH2OCH2-

Mes Mesityl 2,4,6-tri-Me–C6H2

min minutes

MMPP Magnesium monoperoxyphthalate

MO Molecular Orbital

MOM Methoxymethyl MeOCH2ÀÀ
Ms Methanesulfonyl MeSO2ÀÀ

MTO Methyl trioxorhenium

NBS N-Bromosuccinimide

NCS N-Chlorosuccinimide

NHS N-Hydroxysuccinimide

NIS N-Iodosuccinimide

NMO N-Methylmorpholine N-oxide

NMP N-Methylpyrrolidinone

NMR Nuclear magnetic resonance

NOESY Nuclear overhauser effect spectroscopy

NOE Nuclear overhauser effect

Nu (Nuc) Nucleophile

OBs O-(4-Bromophenyl)sulfinate

Oxone1 2 KHSO5ÁKHSO4ÁK2SO4

Polymeric backbone

PCC Pyridinium chlorochromate

PDC Pyridinium dichromate

PEG Polyethylene glycol

PES Photoelectron spectroscopy

Ph Phenyl

PhH Benzene

PhMe Toluene
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PIFA Phenyliodine (III)-bis-(trifluoroacetate)

PPHF Pyridinium poly(hydrogen fluoride)

PMHS Polymethylhydrosiloxane

Pr n-Propyl ÀÀCH2CH2CH3

Py Pyridine
N

Quant Quantitative yield

Red-Al [(MeOCH2CH2O)2AlH2]Na

ROESY Rotating-frame NOE spectroscopy

rt Room temperature

sBuLi sec-Butyllithium CH3CH2CH(Li)CH3

s seconds

salen Bis (salicylidene) ethylenediamine

sc CO2 supercritical CO2

SCF self-consistant field

SDS Sodium dodecyl sulfate

Sec. Section(s)

SET Single electron transfer

Siamyl

(Sia)2BH Disiamylborane sec-Isoamyl

SOMO Singly occupied molecular orbital

Tr Tritium

TBAF Tetrabutylammonium fluoride n-Bu4Nþ FÀ

t-Bu tert-Butyl ÀÀCMe3

TEAB Tetraethylammonium bromide

TEBA Triethylbenzylammonium Bn(Et3)3Nþ

TED Tetraethylenediamine

TEMPO 2,2,6,6-Tetramethylpiperidinyloxy free radical

TFA Trifluoroacetic acid (solvent) CF3COOH

tfa Trifluoroacetic acid (ligand) (CF3CO)2O

Tf (OTf) Triflate ÀÀSO2CF3 (ÀÀOSO2CF3)

THF Tetrahydrofuran (solvent)

THP Tetrahydropyran

TMEDA Tetramethylethylenediamine Me2NCH2CH2NMe2

TMS Trimethylsilyl or tetramethylsilane ÀÀSi(CH3)3

Tol Tolyl 4-(Me)C6H4

TOSMIC Toluenesulfonylmethyl isocyanide

TPAP Tetrapropylammonium perruthenate Pr4NþRuO4
À

TPP Triphenylphosphine (solvent)

tpp Triphenylphosphine (ligand) pPh3

Ts(Tos) Tosyl¼ p-Toluenesulfonyl 4-(Me)C6H4SO2

UV Ultraviolet spectroscopy

VCD Vibrational circular dichroism

VDW van der Walls

vis Visible

XPS X-ray photoelectron spectroscopy
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PART I

INTRODUCTION

This book contains 19 chapters. Chapters 1–9 may be thought of as an introduction to

Part II. The first-five chapters deal with the structure of organic compounds. These chapters

discuss the kinds of bonding important in organic chemistry, the fundamental principles of

conformation and stereochemistry of organic molecules, and reactive intermediates in

organic chemistry. Chapters 6–9 are concerned with general principles of mechanism in

organic chemistry, including acids and bases, photochemistry, sonochemistry and micro-

wave irradiation, and finally the relationship between structure and reactivity.

Chapters 10–19, which make up Part II, are directly concerned with the nature and the

scope of organic reactions and their mechanisms.
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CHAPTER 1

Localized Chemical Bonding

Localized chemical bonding may be defined as bonding in which the electrons are shared

by two and only two nuclei. Such bonding is the essential feature associated with the

structure of organic molecules.1 Chapter 2 will discuss delocalized bonding, in which

electrons are shared by more than two nuclei.

1.A. COVALENT BONDING2

Wave mechanics is based on the fundamental principle that electrons behave as waves

(e.g., they can be diffracted). Consequently, a wave equation can be written for electrons, in

the same sense that light waves, sound waves, and so on, can be described by wave

equations. The equation that serves as a mathematical model for electrons is known as the

Schr€odinger equation, which for a one-electron system is

d2c

dx2
þ
d2c

dy2
þ
d2c

dz2
þ

8p2m

h2
ðE À VÞc ¼ 0

where m is the mass of the electron, E is its total energy, V is its potential energy, and h is

Planck’s constant. In physical terms, the function (C) expresses the square root of the

probability of finding the electron at any position defined by the coordinates x, y, and z,

where the origin is at the nucleus. For systems containing more than one electron, the

equation is similar, but more complicated.

The Schr€odinger equation is a differential equation, so solutions to it are themselves

equations, but the solutions are not differential equations. They are just simple equations

for which graphs can be drawn. Such graphs are essentially three-dimensional (3D)
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1 See Hoffmann, R.; Schleyer, P.v.R.; Schaefer, III, H.F. Angew. Chem. Int. Ed. (Engl.) 2008, 47, 7164.
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organic chemistry, see Matthews, P.S.C. Quantum Chemistry of Atoms and Molecules, Cambridge University

Press, Cambridge, 1986; Clark, T. A Handbook of Computational Chemistry, Wiley, NY, 1985; Albright, T.A.;
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pictures that show the electron density, and these pictures are called orbitals or electron

clouds. Most students are familiar with the shapes of the s and p atomic orbitals (Fig. 1.1).

Note that each p orbital has a node: A region in space where the probability of finding the

electron is extremely small.3 Also note that in Fig. 1.1 some lobes of the orbitals are labeled

þ and others À. These signs do not refer to positive or negative charges, since both lobes of

an electron cloud must be negatively charged. They are the signs of the wave function C.

When a node separates two parts of an orbital, a point of zero electron density, C always

has opposite signs on the two sides of the node. According to the Pauli exclusion principle,

no more than two electrons can be present in any orbital, and they must have opposite spins.

Unfortunately, the Schr€odinger equation can be solved exactly only for one-electron

systems (e.g., the hydrogen atom). If it could be solved exactly for molecules containing

two or more electrons,4 a precise picture of the shape of the orbitals available to each

electron (especially for the important ground state) would become available, as well as the

energy for each orbital. Since exact solutions are not available, drastic approximations

must be made. There are two chief general methods of approximation: the molecular

orbital (MO) method and the valence bond method.

In the MO method, bonding is considered to arise from the overlap of atomic orbitals.

When any number of atomic orbitals overlap, they combine to form an equal number of new

orbitals, called molecular orbitals. Molecular orbitals differ from atomic orbitals in that an

electron cloud effectively surrounds the nuclei of two or more atoms, rather than just one

atom. In other words, the electrons are shared by two atoms rather than being localized on one

atom. In localized bonding for a single covalent bond, the number of atomic orbitals that

overlap is two (each containing one electron), so that two molecular orbitals are generated.

One of these, called a bonding orbital, has a lower energy than the original atomic orbitals

(otherwise a bond would not form), and the other, called an antibonding orbital, has a higher

•
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FIG. 1.1. (a) The 1s orbital. (b) The three 2p orbitals.

3 When wave mechanical calculations are made according to the Schr€odinger equation, the probability of finding

the electron in a node is zero, but this treatment ignores relativistic considerations. When such considerations are

applied, Dirac has shown that nodes do have a very small electron density: Powell, R.E. J. Chem. Educ. 1968, 45,

558. See also, Ellison, F.O.; Hollingsworth, C.A. J. Chem. Educ. 1976, 53, 767; McKelvey, D.R. J. Chem. Educ.

1983, 60, 112; Nelson, P.G. J. Chem. Educ. 1990, 67, 643. For a general review of relativistic effects on chemical

structures, see Pyykk€o, P. Chem. Rev. 1988, 88, 563.
4 See Roothaan, C.C.J.; Weiss, A.W. Rev. Mod. Phys. 1960, 32, 194; Kolos, W.; Roothaan, C.C.J. Rev. Mod. Phys.

1960, 32, 219. For a review, see Clark, R.G.; Stewart, E.T. Q. Rev. Chem. Soc. 1970, 24, 95.
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energy. Orbitals of lower energy fill first. Since the two original atomic orbitals each held one

electron, both of these electrons will reside in the new molecular bonding orbital, which is

lower in energy. Remember that any orbital can hold two electrons. The higher energy

antibonding orbital remains empty in the ground state.

The strength of a bond is determined by the amount of electron density that resides

between the two nuclei. The greater the overlap of the orbitals, the stronger the bond, but

total overlap is prevented by repulsion between the nuclei. Figure 1.2 shows the bonding

and antibonding orbitals that arise by the overlap of two 1s electrons. Note that since the

antibonding orbital has a node between the nuclei, there is practically no electron density in

that area, so that this orbital cannot be expected to bond very well. When the centers of

electron density are on the axis common to the two nuclei, the molecular orbitals formed by

the overlap of two atomic orbitals are called s (sigma) orbitals, and the bonds are called s

bonds. The corresponding antibonding orbitals are designated sÃ. Sigma orbitals may be

formed by the overlap of any of the atomic orbital (s, p, d, or f ) whether the same or

different, not only by the overlap of two s orbitals. However, the two lobes that overlap

must have the same sign: A positive s orbital can form a bond only by overlapping with

another positive s orbital or with a positive lobe of a p, d, or f orbital. Any s molecular

orbital may be represented as approximately ellipsoidal in shape.

Orbitals are frequently designated by their symmetry properties. The s orbital of

hydrogen is often written cg. The g stands for gerade. A gerade orbital is one in which the

sign on the orbital does not change when it is inverted through its center of symmetry. The

s
Ã

orbital is ungerade (designated cu). An ungerade orbital changes sign when inverted

through its center of symmetry.

In MO calculations, the linear combination of atomic orbitals (known as LCAO)

generates a wave function from a linear combination of overlapped atomic orbitals.

Addition of the atomic orbitals gives the bonding MO:

c ¼ cAcA þ cBcB (1-1)

σ*  (antibonding orbital)

σ  (bonding orbital)

+ +

+ –

– E

+ E

+
+

FIG. 1.2. Overlap of two 1s orbitals gives rise to a s and a sÃ orbital.
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