




Organic 
Chemistry II

2nd Edition

by John T. Moore, EdD, and  
Richard H. Langley, PhD



Organic Chemistry II For Dummies®, 2nd Edition
Published by: John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, www.wiley.com

Copyright © 2023 by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any 
means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 
107 or 108 of the 1976 United States Copyright Act, without the prior written permission of the Publisher. Requests to 
the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River 
Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permissions.

Trademarks: Wiley, For Dummies, the Dummies Man logo, Dummies.com, Making Everything Easier, and related 
trade dress are trademarks or registered trademarks of John Wiley & Sons, Inc., and may not be used without written 
permission.

All other trademarks are the property of their respective owners. John Wiley & Sons, Inc., is not associated with any 
product or vendor mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: WHILE THE PUBLISHER AND AUTHORS HAVE USED THEIR 
BEST EFFORTS IN PREPARING THIS WORK, THEY MAKE NO REPRESENTATIONS OR WARRANTIES WITH RESPECT 
TO THE ACCURACY OR COMPLETENESS OF THE CONTENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL 
WARRANTIES, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY MAY BE CREATED OR EXTENDED BY SALES 
REPRESENTATIVES, WRITTEN SALES MATERIALS OR PROMOTIONAL STATEMENTS FOR THIS WORK. THE FACT 
THAT AN ORGANIZATION, WEBSITE, OR PRODUCT IS REFERRED TO IN THIS WORK AS A CITATION AND/OR 
POTENTIAL SOURCE OF FURTHER INFORMATION DOES NOT MEAN THAT THE PUBLISHER AND AUTHORS 
ENDORSE THE INFORMATION OR SERVICES THE ORGANIZATION, WEBSITE, OR PRODUCT MAY PROVIDE OR 
RECOMMENDATIONS IT MAY MAKE. THIS WORK IS SOLD WITH THE UNDERSTANDING THAT THE PUBLISHER IS 
NOT ENGAGED IN RENDERING PROFESSIONAL SERVICES. THE ADVICE AND STRATEGIES CONTAINED HEREIN 
MAY NOT BE SUITABLE FOR YOUR SITUATION. YOU SHOULD CONSULT WITH A SPECIALIST WHERE APPROPRIATE. 
FURTHER, READERS SHOULD BE AWARE THAT WEBSITES LISTED IN THIS WORK MAY HAVE CHANGED OR 
DISAPPEARED BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS READ. NEITHER THE PUBLISHER 
NOR AUTHORS SHALL BE LIABLE FOR ANY LOSS OF PROFIT OR ANY OTHER COMMERCIAL DAMAGES, INCLUDING 
BUT NOT LIMITED TO SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR OTHER DAMAGES.

For general information on our other products and services, please contact our Customer Care Department within 
the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002. For technical support, please visit 
https://hub.wiley.com/community/support/dummies.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with 
standard print versions of this book may not be included in e-books or in print-on-demand. If this book refers to 
media such as a CD or DVD that is not included in the version you purchased, you may download this material at 
http://booksupport.wiley.com. For more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2022949730

ISBN 978-1-119-98517-4 (pbk); ISBN 978-1-119-98518-1 (ebk); ISBN 978-1-119-98519-8 (ebk)

http://www.wiley.com
http://www.wiley.com/go/permissions
https://hub.wiley.com/community/support/dummies
http://booksupport.wiley.com
http://www.wiley.com
http://Dummies.com


Contents at a Glance
Introduction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

Part 1: Brushing Up on Important Organic Chemistry I 
Concepts . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5
CHAPTER 1:	 Organic Chemistry II: Here We Go Again!. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
CHAPTER 2:	 Remembering How We Do It: Mechanisms. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
CHAPTER 3:	 Alcohols and Ethers: Not Just for Drinking and Sleeping. .  .  .  .  .  .  .  .  .  .  .  .  . 29
CHAPTER 4:	 Conjugated Unsaturated Systems. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 49
CHAPTER 5:	 “Seeing” Molecules: Spectroscopy Revisited . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63

Part 2: Discovering Aromatic (And Not So Aromatic) 
Compounds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 75
CHAPTER 6:	 Introducing Aromatics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 77
CHAPTER 7:	 Aromatic Substitution Part I: Attack of the Electrophiles. .  .  .  .  .  .  .  .  .  .  .  .  . 89
CHAPTER 8:	 Aromatic Substitution Part II: Attack of the Nucleophiles and 

Other Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  107

Part 3: Carbonyls: Good Alcohols Gone Bad. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  117
CHAPTER 9:	 Comprehending Carbonyls. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  119
CHAPTER 10:	Aldehydes and Ketones. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  133
CHAPTER 11:	Enols and Enolates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  155
CHAPTER 12:	Carboxylic Acids and Their Derivatives. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  179

Part 4: Advanced Topics (Every Student’s Nightmare). .  .  .  211
CHAPTER 13:	Amines and Friends. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  213
CHAPTER 14:	Metals Muscling In: Organometallics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  239
CHAPTER 15:	More Reactions of Carbonyl Compounds . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  249
CHAPTER 16:	Living Large: Biomolecules . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  267

Part 5: Pulling It All Together. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  293
CHAPTER 17:	Overview of Synthesis Strategies. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  295
CHAPTER 18:	Roadmaps and Predicting Products . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  309

Part 6: The Part of Tens. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  319
CHAPTER 19:	Ten Surefire Ways to Fail Organic Chemistry II. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  321
CHAPTER 20:	More than Ten Ways to Increase Your Score on an  

Organic Chemistry Exam. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  325
CHAPTER 21:	Ten Simple Rules to Remember. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  331



Part 7: Appendixes . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  337
APPENDIX A:	Named Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  339
APPENDIX B:	A Few Great Online Resources. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  343

Index. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  345



Table of Contents      v

Table of Contents
INTRODUCTION . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

About This Book. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1
Conventions Used in This Book. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2
Foolish Assumptions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2
Icons Used in This Book. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3
Beyond the Book. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  3
Where to Go from Here . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  4

PART 1: BRUSHING UP ON IMPORTANT ORGANIC 
CHEMISTRY I CONCEPTS . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5

CHAPTER 1:	 Organic Chemistry II: Here We Go Again!. .  .  .  .  .  .  .  .  .  .  .  .  . 7
Recapping Organic Chemistry I. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8

Intermolecular forces. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  8
Functional groups. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
Reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
Spectroscopy . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  9
Isomerism and optical activity. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10

Looking Ahead to Organic Chemistry II. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  12

CHAPTER 2:	 Remembering How We Do It: Mechanisms. .  .  .  .  .  .  .  .  . 15
Duck — Here Come the Arrows . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
Coming Around to Curved Arrows. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
Getting Ready for Some Basic Moves. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18

Bond → lone pair. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18
Bond → bond. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18
Lone pair → bond . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  19

Combining the Basic Moves. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  19
Intermediates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  21
Keys to substitution and elimination mechanisms. . . . . . . . . . . . . .22

Revisiting Free-Radical Mechanisms. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24

CHAPTER 3:	 Alcohols and Ethers: Not Just for Drinking 
and Sleeping. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 29
Getting Acquainted with Alcohols. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  30

Structure and nomenclature of alcohols. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  30
Physical properties of alcohols. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  32
Making moonshine: Synthesis of alcohols. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  33
What will they do besides burn? Reactions of alcohols. .  .  .  .  .  .  .  .  .  38



vi      Organic Chemistry II For Dummies

Introducing Ether (Not the Ether Bunny). .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  42
Structure and nomenclature of ethers. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  42
Sleepy time: Physical properties of ethers. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  42
Synthesis of ethers . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  43
Reactions of ethers. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  45

Summarizing the Spectra of Alcohols and Ethers. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  48

CHAPTER 4:	 Conjugated Unsaturated Systems. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 49
When You Don’t Have Enough: Unsaturated Systems. .  .  .  .  .  .  .  .  .  .  .  .  .  49

Conjugated systems . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  50
The allylic radical. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  50
Butadiene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  51

Delocalization and Resonance. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  51
Resonance rules . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  52
Stability of conjugated unsaturated systems . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  53

Reactions of Conjugated Unsaturated Systems. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  53
Put in the second string: Substitution reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  53
Electrophilic addition . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  55
More than a tree: Diels-Alder reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  58

Passing an Exam with Diels-Adler Questions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  61
Identifying the product. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  61
Identifying the reactants. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62

CHAPTER 5:	 “Seeing” Molecules: Spectroscopy Revisited. .  .  .  .  .  .  .  . 63
Chemical Fingerprints: Infrared Spectroscopy . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  64

Double bonds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  65
Triple bonds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  65
O-H and N-H stretches. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  65
C-H stretches . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  65

Suntans and Beyond: Ultraviolet and Visible Spectroscopy. .  .  .  .  .  .  .  .  67
Not Weight Watchers, Mass Watchers: Mass Spectroscopy. .  .  .  .  .  .  .  .  68

The molecular ion. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  68
Fragmentation. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  69

No Glowing Here: NMR Spectroscopy . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  70
Proton. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  71
Carbon-13. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  73

PART 2: DISCOVERING AROMATIC (AND NOT SO 
AROMATIC) COMPOUNDS. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 75

CHAPTER 6:	 Introducing Aromatics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 77
Benzene: Where It All Starts. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  77

Figuring out benzene’s structure. . . . . . . . . . . . . . . . . . . . . . . . . . . . .78
Understanding benzene’s resonance. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  79



Table of Contents      vii

The stability of benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80
Physical properties of benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80
Organic math — Hückel’s Rule . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  81
Other aromatics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  82

Smelly Relatives: The Aromatic Family. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  83
Nomenclature of the aromatic family . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  83
Derivatives of benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  83
Branches of aromatic groups . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  84

Black Sheep of the Family: Heterocyclic Aromatic Compounds. .  .  .  .  .  85
Aromatic nitrogen compounds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  85
Aromatic oxygen and sulfur compounds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  85

Spectroscopy of Aromatic Compounds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  86
IR . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  86
UV-vis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  86
NMR. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  87
Mass spec. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  87

CHAPTER 7:	 Aromatic Substitution Part I: Attack of the 
Electrophiles. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 89
Basics of Electrophilic Substitution Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  90
Reactions of Benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  91

Halogenation of benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  91
Nitration of benzene. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  92
Sulfonation of benzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93

Friedel-Crafts Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  94
Alkylation . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  94
Acylation. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  95

Why Do an Alkylation? . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  96
Changing Things: Modifying the Reactivity of an Aromatic. .  .  .  .  .  .  .  .  .  97

Lights, camera, action: Directing. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  98
Turning it on, turning it off: Activating and deactivating. .  .  .  .  .  .  .  103
Steric hindrance. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  104

Limitations of Electrophilic Substitution Reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  105

CHAPTER 8:	 Aromatic Substitution Part II: Attack of the 
Nucleophiles and Other Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  107
Coming Back to Nucleophilic Substitution Reactions. . . . . . . . . . . . . .107
Mastering the Mechanisms of Nucleophilic Substitution  
Reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  108
Losing and Gaining: Mechanisms of Elimination/ 
Addition Reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  110

Benzyne. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .110
The elimination/addition mechanism . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  110

Synthetic Strategies for Making Aromatic Compounds. .  .  .  .  .  .  .  .  .  .  .  111
Briefly Exploring Other Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  113



viii      Organic Chemistry II For Dummies

PART 3: CARBONYLS: GOOD ALCOHOLS GONE BAD. .  .  .  .  117

CHAPTER 9:	 Comprehending Carbonyls . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  119
Carbonyl Basics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  119

Considering compounds containing the carbonyl group . .  .  .  .  .  .  120
Getting to know the acidic carbonyl. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  123

Polarity of Carbonyls. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  123
Resonance in Carbonyls. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  124
Reactivity of the Carbonyl Group . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  125
Spectroscopy of Carbonyls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .126

Infrared spectroscopy. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  126
Ultraviolet-visible (electronic) spectroscopy . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  127
Nuclear magnetic resonance (NMR) spectroscopy. .  .  .  .  .  .  .  .  .  .  .  .  127
Mass spectroscopy . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  129

CHAPTER 10:	Aldehydes and Ketones . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  133
Meeting Alcohol’s Relatives: Structure and Nomenclature. .  .  .  .  .  .  .  .  133
Defining Physical Properties of Aldehydes and Ketones. .  .  .  .  .  .  .  .  .  .  135
Creating Aldehydes and Ketones with Synthesis Reactions. .  .  .  .  .  .  .  136

Oxidation reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  136
Reduction reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  138
Other reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  139

Taking Them a Step Further: Reactions of Aldehydes  
and Ketones. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  142

Nucleophilic attack of aldehydes and ketones. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  142
Oxidation of aldehydes and ketones . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  150
The Baeyer-Villiger reaction. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  153

Checking Out Spectroscopy Specs . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  154

CHAPTER 11:	Enols and Enolates . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  155
Getting to Know Enols and Enolates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  155

Enough already: Structure of enols and enolates. . . . . . . . . . . . . .156
I thought I saw a tautomer. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  156

Studying the Synthesis of Enols and Enolates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  158
Thinking Through Reactions of Enols and Enolates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  160

Haloform reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  160
Aldol reactions and condensations. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  162
Addition reactions to unsaturated aldehydes and ketones . .  .  .  .  165
Other enolate-related reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  171
Miscellaneous reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  172

CHAPTER 12:	Carboxylic Acids and Their Derivatives. .  .  .  .  .  .  .  .  .  .  .  .  179
Seeing the Structure and Nomenclature of Carboxylic Acids  
and Derivatives . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  180

Structure. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  180
Nomenclature . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  180



Table of Contents      ix

Checking Out Some Physical Properties of Carboxylic Acids  
and Derivatives . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  185

Carboxylic acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  185
Esters. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  185
Amides . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  186

Considering the Acidity of Carboxylic Acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  186
Determining How Carboxylic Acids and Derivatives Are 
Synthesized . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  188

Synthesizing carboxylic acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  188
Developing acyl halides with halogen . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  192
Removing water to form acid anhydrides. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  192
Uniting acids and alcohols to make esters . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  194
Bringing acids and bases together to create amides. .  .  .  .  .  .  .  .  .  .  197

Exploring Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  199
Generous carboxylic acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  200
Simple acyl halide and anhydride reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  201
Hydrolysis of esters. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  201
Amide reactions, ester’s cousins. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  202
Other reactions of carboxylic acids and derivatives. .  .  .  .  .  .  .  .  .  .  .  204

Taking a Look at Spectroscopy and Chemical Tests. .  .  .  .  .  .  .  .  .  .  .  .  .  .  208
Identifying compounds through spectral data. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  208
Using chemical tests. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  208

PART 4: ADVANCED TOPICS (EVERY STUDENT’S 
NIGHTMARE) . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  211

CHAPTER 13:	Amines and Friends. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  213
Breaking Down the Structure and Nomenclature of Nitrogen 
Compounds . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  213

Primary amines. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  214
Secondary and tertiary amines. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  215
Quaternary amines (quaternary ammonium salts). .  .  .  .  .  .  .  .  .  .  .  215
Heterocyclics . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  216

Sizing Up the Physical Properties . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  217
Understanding the Basicity of Nitrogen Compounds . .  .  .  .  .  .  .  .  .  .  .  .  217
Synthesizing Nitrogen Compounds . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  218

Nucleophilic substitution reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  218
Reduction preparations . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  220

Seeing How Nitrogen Compounds React. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  224
Reactions with nitrous acid . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  224
Replacement reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  226
Coupling reactions of diazonium salts. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  229
Reactions with sulfonyl chlorides. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  231
Exploring elimination reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  231



x      Organic Chemistry II For Dummies

Mastering Multistep Synthesis . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  234
Identifying Nitrogen Compounds with Analysis and  
Spectroscopy. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  236

CHAPTER 14:	Metals Muscling In: Organometallics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  239
Grignard Reagents: Grin and Bear It . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  239

Preparation of Grignard reagents. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  240
Reactions of Grignard reagents. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  240

Organolithium Reagents . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  245
Formation of Other Organometallics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  246
Putting It Together . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  247

CHAPTER 15:	More Reactions of Carbonyl Compounds . .  .  .  .  .  .  .  .  .  249
Checking Out the Claisen Condensation and Its Variations . .  .  .  .  .  .  .  250

Doing the two-step: Claisen condensation . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  250
Circling around: Dieckmann condensation. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  252
Doubling Up: Crossed Claisen condensation . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  252
Other carbanions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  252

Exploring Acetoacetic Ester Synthesis . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  254
Defining Malonic Ester Synthesis . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  256
Working with Other Active Hydrogen Atoms. . . . . . . . . . . . . . . . . . . . .259
Reacting with Knoevenagel Condensation . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  260
Looking at Mannich Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  261
Creating Enamines: Stork Enamine Synthesis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  263
Putting It All Together with Barbiturates. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  265

CHAPTER 16:	Living Large: Biomolecules. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  267
Delving into Carbohydrate Complexities. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  268

Introducing carbohydrates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .268
Examining the many reactions of monosaccharides. .  .  .  .  .  .  .  .  .  .  272
Synthesizing and degrading monosaccharides. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  276
Meeting the (D-)aldose family. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  279
Checking out a few disaccharides. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  280
Looking at some polysaccharides. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  281
Discovering nitrogen-containing sugars . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  283

Lipids: Storing Energy Now So You Can Study Longer Later. .  .  .  .  .  .  .  284
Pondering the properties of fats. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  284
Soaping up with saponification. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  285

Bulking Up on Amino Acids and Proteins . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  286
Introducing amino acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  287
Perusing the physical properties of amino acids. .  .  .  .  .  .  .  .  .  .  .  .  .  287
Studying the synthesis of amino acids. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  288



Table of Contents      xi

PART 5: PULLING IT ALL TOGETHER. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  293

CHAPTER 17:	Overview of Synthesis Strategies. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  295
Working with One-Step Synthesis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  296
Tackling Multistep Synthesis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  297
Practicing Retrosynthetic and Synthetic Analysis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  297

Example 1. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  298
Example 2. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  300
Example 3. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  304
Example 4. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  307
Example 5. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  307

CHAPTER 18:	Roadmaps and Predicting Products. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  309
Preparing with Roadmap Basics. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  309
Practicing Roadmap Problems . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  310

Problem one. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  310
Solution one. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  310
Problem two. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  312
Solution two. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  312
Problem three . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  314
Solution three. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .314

Predicting Products. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  316

PART 6: THE PART OF TENS. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  319

CHAPTER 19:	Ten Surefire Ways to Fail Organic Chemistry II . .  .  321
Simply Read and Memorize Concepts. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  321
Don’t Bother Working the Homework Problems and Exercises. .  .  .  .  322
Don’t Buy a Model Kit. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  322
Don’t Worry About Falling Behind. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  322
Don’t Bother Learning Reactions . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  323
If Your Textbook Confuses You, Don’t Bother with Additional 
Resources. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  323
Don’t Bother Reading the Chapter before Attending Class. .  .  .  .  .  .  .  .  323
Attend Class Only When You Feel Like It. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  324
Don’t Bother Taking Notes — Just Listen (When You Aren’t  
Sleeping or Texting). .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  324
Don’t Bother Asking Questions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  324

CHAPTER 20:	More than Ten Ways to Increase Your Score  
on an Organic Chemistry Exam. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  325
Don’t Cram the Night before a Test . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  326
Try Doing the Problem Sets and Practice Tests Twice. .  .  .  .  .  .  .  .  .  .  .  .  326
Study the Mistakes You Made on Previous Exams. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  326
Know Precisely Where, Why, and How the Electrons Are Moving. .  .  327



xii      Organic Chemistry II For Dummies

Relax and Get Enough Sleep before the Exam. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  327
Think Before You Write. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  327
Include Formal Charges in Your Structures When Appropriate. .  .  .  .  328
Check That You Haven’t Lost Any Carbon Atoms. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  328
Include E/Z, R/S, cis/trans Prefixes in Naming Organic Structures. .  .  .  329
Think of Spectroscopy, Especially NMR, As a Puzzle . .  .  .  .  .  .  .  .  .  .  .  .  .  329
Make Sure That Each Carbon Atom Has Four Bonds. .  .  .  .  .  .  .  .  .  .  .  .  .  329

CHAPTER 21:	Ten Simple Rules to Remember. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  331
Carbon Has Four Bonds. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  331
Positive Charges Attract Negative Charges. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  332
Bulky Groups Lead to Steric Hindrance. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  332
Like Dissolves Like. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  332
Two Groups Must Be in Contact to React . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  333
The Octet Rule. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  333
The More Electronegative Atom Gets Its Electrons First. .  .  .  .  .  .  .  .  .  .  333
If It’s Not C Or H, It’s Polar . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  334
Hydrogen Bonding Occurs When H Is Bonded Directly  
to N, O, or F . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  334
Markovnikov’s Rule: Them That Has Gets. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  335

PART 7: APPENDIXES . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  337

APPENDIX A:	Named Reactions. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  339

APPENDIX B:	A Few Great Online Resources. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  343

INDEX. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  345



Introduction      1

Introduction

Welcome to Organic Chemistry II For Dummies. We’re certainly happy you 
decided to delve further into the fascinating world of organic chemis-
try. It’s a complex area of chemistry, but understanding organic chem-

istry isn’t really that difficult. It simply takes hard work, attention to detail, some 
imagination, and the desire to know. Organic chemistry, like any area of chemis-
try, isn’t a spectator sport. You need to interact with the material, try different 
study techniques, and ask yourself why things happen the way they do.

Organic Chemistry II is a more intricate course than the typical freshman intro-
ductory chemistry course, and you may find that it’s also more involved than 
Organic I. You may actually need to use those things you learned (and those study 
habits that you developed) in Organic I to be successful in Organic II. But if you 
work hard, you can get through your Organic II course. More importantly, you 
may grow to appreciate the myriad chemical reactions that take place in the 
diverse world of organic chemistry.

About This Book
Organic Chemistry II For Dummies is an overview of the content covered in the sec-
ond half of a typical college-level organic chemistry course. We’ve made every 
attempt to keep the material as current as possible, but the field of chemistry is 
changing ever so quickly — new reactions are always being developed. The basics, 
however, stay the same, and that’s where we concentrate our attention.

While you flip through this book, you see many chemical structures and reactions. 
Much of organic chemistry involves knowing the structures of the molecules 
involved in organic reactions. If you’re in an Organic Chemistry II course, you 
made it through the first semester of organic chemistry, so you probably recog-
nize many of the structures, or at least the functional groups, from your previous 
semester’s study.

If you bought this book just to gain general knowledge about a fascinating subject, 
try not to get bogged down in the details. Skim the chapters. If you find a topic 
that interests you, stop and dive in. Have fun learning something new.
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If you’re taking an organic chemistry course, you can use this rather inexpensive 
book to supplement that very expensive organic chemistry textbook. Then, when 
you complete your course, you can put it on your bookshelf as a conversation 
piece, alongside Chemistry For Dummies, by your intrepid author, John Moore 
(Wiley), The Doctor Who Error Finder, by R.H. Langley (McFarland), and A Brief His-
tory of Time, by Stephen Hawking (Bantam Dell). Or you can look forward to adding 
a copy of Biochemistry For Dummies, also by the authors of this book (Wiley), 
beside it.

Conventions Used in This Book
We’ve organized this book in a logical progression of topics; your second semester 
organic chemistry course may progress similarly. In addition, we set up the fol-
lowing conventions to make navigating this book easier:

»» Italics introduce new terms that you need to know.

»» Bold text highlights keywords within a bulleted list.

»» We make extensive use of illustrations of structures and reactions. While you 
read, try to follow along with the associated figures, whether they be struc-
tures or reactions.

Foolish Assumptions
We assume — and we all know about the perils of assumptions — that you’re one 
of the following:

»» A student taking a college-level organic chemistry course.

»» A student reviewing organic chemistry for some type of standardized exam 
(the MCAT, for example).

»» An individual who just wants to know something about organic chemistry.

If you fall into a different category, you’re special — and we hope you enjoy this 
book, too.
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Icons Used in This Book
If you have ever read other For Dummies books (such as the wonderful Chemistry 
For Dummies or Biochemistry For Dummies, written by the two authors of this book 
and published by Wiley), you recognize the icons we use. The following five icons 
can guide you to certain kinds of information:

This icon is a flag for those really important things that you shouldn’t forget while 
you go deeper into the world of organic chemistry.

The Real World icon points out information that has a direct application in the 
everyday world. These paragraphs may also help you understand the bigger  
picture of how and why organic mechanisms are in place.

We use this icon to alert you to a tip on the easiest or quickest way to learn a  
concept. Between the two of us, we have over 70 years of teaching experience.  
We picked up a few tricks along the way, and we don’t mind sharing.

The warning icon points to a procedure or potential outcome that can be danger-
ous. We call it our Don’t-Try-This-At-Home icon.

We try to avoid getting too technical throughout this book (believe it or not),  
but every now and then, we can’t help but throw something in that’s a little more 
in-depth than you might need. You can’t hurt your education by just skipping it.

Beyond the Book
In addition to the material in this printed book, go to www.dummies.com to find a 
Cheat Sheet with study tips and exam-taking advice. To access this resource, sim-
ply type “Organic Chemistry II For Dummies Cheat Sheet” in the search box on 
Dummies.com.

https://www.dummies.com/
http://Dummies.com
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Where to Go from Here
The answer to this question really depends on your prior knowledge and goals. 
Like with all For Dummies books, this one attempts to make all the chapters inde-
pendent so that you can dive right into the material that’s causing you trouble 
without having to read other chapters first. If you feel comfortable with the topics 
covered in Organic Chemistry I, feel free to skip Part I of this book. If you want a 
general overview of organic chemistry, skim the book. And when you find a topic 
that interests you or one in which you really need help, take a deeper plunge into 
the chapter that deals with that topic.

And for all of you, no matter who you are or why you’re reading this book, we hope 
you have fun reading it and that it helps you to understand and appreciate organic 
chemistry.



1Brushing Up 
on Important 
Organic 
Chemistry I 
Concepts



IN THIS PART . . .

Refresh yourself on the basics from Organic Chemistry I.

Get up to speed on mechanisms and how to push 
electrons around with those curved arrows.

Review the structure, nomenclature, synthesis, and 
reactions of alcohols and ethers.

Tackle conjugated unsaturated systems.

Get the how-to on spectroscopic techniques, from the 
IR fingerprints to NMR shifts.
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Chapter 1
Organic Chemistry II: 
Here We Go Again!

If you’re looking at this chapter, it’s probably because you’re getting ready to 
take the second half of organic chemistry, are in the midst of Organic II, or 
you’re trying to figure out what Organic II covers in time to change your major 

from pre-med to art history. In any respect, you probably successfully completed 
Organic Chemistry I. Many of the study techniques (and coping mechanisms) you 
learned that helped you do well in Organic I are helpful in Organic II. The two 
primary things to remember are

»» Never get behind.

»» Carbon has four bonds.

In this book we use larger, more complex molecules than you may have encoun-
tered in Organic I.  We chose to do this because, firstly, that’s the nature of 
Organic II — larger and more complex molecules. Secondly, many of you will be 
taking biochemistry at some point, and to succeed in that subject you need to 
become comfortable with large, involved molecules. (If you do take biochemistry, 
be sure to check out Biochemistry For Dummies by John T.  Moore and Richard 
H. Langley [Wiley]. We understand the authors are really great guys.)

IN THIS CHAPTER

»» Reviewing the material you learned 
in Organic I

»» Previewing what you find out in 
Organic II
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To get you started, this chapter does a quick review of the topics commonly found 
in Organic I, and then gives an overview of what we cover in Organic II.

While you read over what you specifically need from Organic I, make sure you note 
anything you feel weak about so that you can do a quick review now.

Recapping Organic Chemistry I
In Organic I you learned that organic chemistry is the study of carbon compounds. 
Until the mid-1800s, people believed that all carbon compounds were the result of 
biological processes requiring a living organism. This was called the vital force 
theory. The synthesis (or formation) of urea from inorganic materials showed that 
other paths to the production of carbon compounds are possible. Many millions of 
organic compounds exist because carbon atoms form stable bonds to other carbon 
atoms. The process of one type of atom bonding to identical atoms is catenation. 
Many elements can catenate, but carbon is the most effective, with apparently no 
limit to how many carbon atoms can link together. These linkages may be in 
chains, branched chains, or rings, providing a vast number of compounds.

Carbon is also capable of forming stable bonds to a number of other elements, 
including the biochemically important elements hydrogen, nitrogen, oxygen, and 
sulfur. The latter three elements form the foundation of many of the functional 
groups you studied in Organic I, while hydrogen is in nearly every organic 
compound.

Intermolecular forces
You learned about intermolecular forces in Organic I. Intermolecular forces (forces 
between chemical species) are extremely important in explaining the interaction 
between molecules. Intermolecular forces that you saw in Organic I and see again 
in Organic II include dipole-dipole interactions, London, hydrogen bonding, and 
sometimes ionic interactions.

Dipole-dipole forces exist between polar regions of different molecules. The pres-
ence of a dipole means that the molecule has a partially positive (δ+) end and a 
partially negative (δ–) end. Opposite partial charges attract each other, whereas 
like partial charges repel.

Hydrogen bonding, as the name implies, involves hydrogen. This hydrogen atom 
must be bonded to either an oxygen atom or a nitrogen atom. (In nonbiological 
situations, hydrogen bonding also occurs when a hydrogen atom bonds to a 
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fluorine atom.) Hydrogen bonding is significantly stronger than a normal dipole-
dipole force, and is much stronger than London dispersion forces, the forces 
between nonpolar molecules due to the fluctuations of the electron clouds of 
atoms or molecules. The hydrogen bonded to either a nitrogen or oxygen atom is 
strongly attracted to a different nitrogen or oxygen atom. Hydrogen bonding may 
be either intramolecular or intermolecular.

In organic reactions, ionic interactions may serve as intermolecular or intramo-
lecular forces. In some cases, these may involve metal cations, such as Na+, or 
anions, such as Cl–. Cations may include an ammonium ion from an amino group, 
such as RNH3

+. The anion may be a carboxylate ion, such as RCOO– from a carbox-
ylic acid. The oppositely charged ions attract each other very strongly (stronger 
than the other intermolecular interactions). 

Functional groups
Carbon is an extremely versatile element because it can form many different com-
pounds. Most of the compounds you see have one or more functional groups, which 
contain atoms other than carbon and hydrogen and/or double or triple bonds, and 
define the reactivity of the organic molecule.

In Organic I you probably started with the hydrocarbons, compounds of carbon 
and hydrogen, including the alkenes and alkynes that contained double and single 
bonds, respectively. Then you probably touched on some of the more common 
functional groups, such as alcohols and maybe even some aromatic compounds.

Reactions
You encountered many reactions in Organic I. Every time you encountered a dif-
ferent functional group, you had a slew of reactions to learn. Reactions that told 
how the functional group could be formed, common reactions that the functional 
group underwent — reactions, reactions, and more reactions.

Two of the most important ones you learned were substitution and elimination 
reactions: SN1, SN2, E1, and E2. We hope you learned them well because you’ll be 
seeing them again quite often.

Spectroscopy
In Organic I you probably covered different types of spectroscopy and how they’re 
used in structure determinations. You discovered how mass spectroscopy can give 
you an idea about molar mass and what fragments may be present in the mole-
cule. You found out that infrared spectroscopy can be used to identify functional 
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groups, and you learned to look at the fingerprint region. Then finally you pro-
gressed to nuclear magnetic resonance (NMR) spectroscopy, one of the main tools 
of organic chemists, which can be used to interpret chemical shifts and splitting 
patterns to give you more clues about structure.

Isomerism and optical activity
During Organic I you were exposed to the concepts associated with isomerism and 
optical activity. You need to be familiar with these concepts in Organic II, so we 
take a few minutes here for a brief review.

Isomers are compounds that have the same molecular formula but different struc-
tural formulas. Some organic and biochemical compounds may exist in different 
isomeric forms, and these different isomers have different properties. Two com-
mon types of isomers in organic systems are cis-trans isomers and isomerism due 
to the presence of a chiral carbon.

Cis-trans isomers
The presence of carbon-carbon double bonds leads to the possibility of isomers. 
Double bonds are rather restrictive and limit molecular movement. Groups on the 
same side of the double bond tend to remain in that position (cis), while groups on 
opposite sides tend to remain across the bond from each other (trans). You can see 
an example of each in Figure 1-1. However, if the two groups attached to either of 
the carbon atoms of the double bond are the same, cis-trans isomers are not pos-
sible. Cis isomers are the normal form of fatty acids, but processing tends to con-
vert some of the cis isomers to the trans isomers.

Cis-trans isomers are also possible in nonaromatic cyclic systems. The cis form has 
similar groups on the same side of the ring, while the trans form has similar 
groups above and below the ring.

Chiral compounds
A carbon atom that has four different groups attached is chiral. A chiral carbon 
rotates plane-polarized light, light whose waves are all in the same plane, and has 

FIGURE 1-1: 
Cis and trans 

isomers.
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an enantiomer (non-superimposable mirror image). Rotation, which may be either 
to the right (dextrorotatory) or to the left (levorotatory), leads to one optical iso-

mer being d and the other being l. Specific rotation (represented by 
D

T
, where  

α = observed rotation, T = temperature, and D = sodium D line) is a measure of the 
ability of a compound to rotate light. The specific rotation comes from the observed 
rotation (α) divided by the product of the concentration of the solution and the 
length of the container. Other than optical activity, the physical properties of 
enantiomers are the same.

A racemic mixture is a 50:50 mixture of the enantiomers.

A meso compound is a compound with chiral centers and a plane of symmetry. The 
plane of symmetry leads to the optical rotation of one chiral carbon cancelling the 
optical rotation of another.

Diastereomers are stereoisomers that aren’t enantiomers.

R-S notation is a means of designating the geometry around the chiral center. This 
method requires the groups attached to the chiral center to be prioritized in order 
of decreasing atomic weight. To assign the center, place the lowest priority group 
(the group that has the lowest atomic weight) on the far side and count the 
remaining groups as 1, 2, and 3. Counting to the right is R and counting to the left 
is S. Any similarity between d and l and R and S is coincidental.

Some important organic compounds have more than one chiral center. Multiple 
chiral centers indicate the presence of multiple stereoisomers. The maximum 
number of stereoisomers is 2n where n is the number of nonidentical chiral cen-
ters. Figure 1-2 shows the four stereoisomers present in a molecule that has two 
chiral centers. Non-superimposable mirror images are enantiomers, while the 
other species in the figure are diastereomers. Unlike enantiomers, diastereomers 
have different physical properties.

FIGURE 1-2: 
Representations 

of a molecule 
with two chiral 

centers (the 
center two 

carbon atoms).
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Emil Fischer developed a method of drawing a compound to illustrate which ster-
eoisomer is present. Drawings of this type, called Fischer projection formulas, are 
very useful in biochemistry. In a projection formula, a chiral carbon is placed in 
the center of a + pattern. The vertical lines (bonds) point away from the viewer, 
and the horizontal lines point towards the viewer. Fischer used the D designation 
if the most important group was to the right of the carbon, and the L designation 
if the most important group was to the left of the carbon. (See Figure 1-3.)

The use of D and L is gradually being replaced by the R and S system of designat-
ing isomers, which is particularly useful when more than one chiral carbon atom 
is present.

Looking Ahead to Organic Chemistry II
One of the keys to Organic II is mechanisms, the specific way in which a reaction 
proceeds. Recall from Organic I that this involves pushing around electrons, 
showing where they’re going with curved arrows. We give you a good review of 
these concepts in Chapter 2, along with some basic reaction moves.

In Chapter 3 we go into some depth about alcohols and ethers. Like Organic I, 
when we encounter a new functional group we examine the structure, nomencla-
ture, properties, synthesis, and reactions. In some courses and textbooks, alcohols 
are covered in the first semester, but for those readers who haven’t gotten to them 
yet, we include them in this book. If you’re already comfortable with that mate-
rial, please feel free to skip that chapter and go on to another.

Conjugated unsaturated systems are an important part of organic chemistry, so in 
Chapter 4 we spend a little time talking about those systems, setting the stage for 
our discussion of aromatic compounds that you can find in Chapter 6.

FIGURE 1-3: 
The Fischer 

projection 
formulas.
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To bring you up to speed on spectroscopy, we cover the basics in Chapter 5. We 
give you the executive summary on infrared (IR), ultraviolet-visible (UV-vis), 
mass spectrometry (mass spec), and nuclear magnetic resonance (NMR). In addi-
tion, many of the chapters in this book have a spectroscopy section at the end 
where we cover the essentials concerning the specific compounds that you study 
in that chapter.

Aromatic compounds and their reactions are a big part of any Organic II course. 
We introduce you to the aromatic family, including the heterocyclic branch, in 
Chapter 6. (You may want to brush up on the concept of resonance beforehand.) 
Then in Chapters 7 and 8, you find out more than you ever wanted to know about 
aromatic substitution reactions, starring electrophiles and nucleophiles.

Another important part of Organic II is carbonyl chemistry. We look at the basics 
of the carbonyls in Chapter 9. It’s like a family reunion where I (John, one of your 
authors) grew up in North Carolina — everybody is related. You meet aldehydes, 
ketones, carboxylic acids, acyl chlorides, esters, amides, and on and on. It’s a 
quick peek, because later we go back and examine many of these in detail. For 
example, in Chapter 10 you study aldehydes and ketones, along with some of the 
amines, while in Chapter 11 we introduce you to other carbonyl compounds, enols 
and enolates, along with nitroalkanes and nitriles.

Carboxylic acids and their derivatives are also an important part of Organic II. We 
spend quite a few pages looking at the structure, nomenclature, synthesis, reac-
tions, and spectroscopy of carboxylic acids. While on this topic in Chapter 12, we 
use a good deal of acid-base chemistry, most of which you were exposed to in your 
introductory chemistry course. (For a quick review, look over a copy of Chemistry 
For Dummies or Chemistry Essentials For Dummies, both written by John T. Moore 
and published by Wiley.)

Carbon compounds that also contain nitrogen, such as the amines, play a signifi-
cant part of any Organic II course. You encounter more acid-base chemistry with 
the amines, along with some more reactions. We hit this topic in Chapter 13 and 
give you some tips for multistep synthesis.

You probably haven’t considered the fact that some organic compounds may con-
tain a metal, so we give you an opportunity to become familiar with the organo-
metallics in Chapter 14. In this chapter you meet the Grignard reaction. It’s a very 
important organic reaction that you may have the opportunity to run in organic lab.
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You just can’t get away from those carbonyls, so you get another taste of these 
reactions, many of them named reactions, in Chapter 15. You may be able to avoid 
biomolecules if your course doesn’t cover them, but if it does, Chapter 16 is there 
for you.

Finally, what’s a good organic course without multistep and retrosynthesis along 
with roadmaps? We hope that our tips can ease your pain at this point. Roadmaps 
are the bane of most organic chemistry students, but just hang in there. There is 
life after organic chemistry, and you may just find in the end that you actually 
enjoyed organic. And for those of you who missed the chemical calculations, 
there’s always quantitative analysis and physical chemistry.
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Chapter 2
Remembering How We 
Do It: Mechanisms

Mechanisms are the key to organic chemistry. Understanding the mechan­
ism allows organic chemists to control the reaction and to avoid 
unwanted side reactions. Many times, understanding the mechanism 

allows chemists to increase the yield of product.

In this chapter you review the basics of mechanisms and their conventions and 
look at some of the more common ways that electrons shift during a reaction. You 
also see how these individual steps can fit together in the overall reaction mechan­
ism and apply some of these techniques in free-radical mechanisms.

Duck — Here Come the Arrows
Many types of arrows are used in organic chemistry, and each of them conveys 
information about the particular reaction. These arrows include the resonance 
arrow, equilibrium arrow, reaction arrow, full-headed curved arrow, and half-
headed curved arrow.

IN THIS CHAPTER

»» Analyzing arrows

»» Breaking down basic moves

»» Contemplating combining basic 
moves

»» Mastering free-radical mechanisms
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The resonance arrow, a single line that has arrow heads at both ends (see Figure 2-1), 
separates different resonance structures. The actual structure is a weighted average 
of all resonance forms. More resonance forms usually indicate a more stable struc­
ture. One or more of the resonance structures may be useful in predicting what will 
happen during a reaction (a mechanism).

The equilibrium arrow, which has two lines pointing in opposite directions (see 
Figure 2-2), separates materials that are in equilibrium. Materials on each side of 
the arrow are present. Unlike a resonance arrow, the materials actually exist and 
aren’t a hybrid. If one of the arrows is longer than the other, it indicates that one 
side of the equilibrium predominates over the other.

A reaction arrow, a single arrow pointing in one direction (see Figure 2-3), simply 
separates the reactants from the products. The use of this arrow usually indicates 
that the reaction proceeds in only one direction (unlike the equilibrium arrow).

Full- and half-headed curved arrows indicate the movement of electrons. Full-
headed curved arrows (shown in Figure 2-4a) show the movement of two electrons, 
whereas half-headed curved arrows (Figure 2-4b) indicate the movement of one 
electron. The electrons always move in the direction indicated by the arrow. The 
head (point) of the arrow is where the electron is going, and the tail is the  
electron’s source.

FIGURE 2-1: 
The resonance 

arrow.

FIGURE 2-2: 
The equilibrium 

arrows.

FIGURE 2-3: 
The reaction 

arrow.

FIGURE 2-4: 
Curved arrows 
indicating the 
movement of 

electrons.


