
AQUESTIVE THERAPEUTICS, INC.  EXHIBIT 1037

- ... _ . ~ 

_ ..... ~-
., . , ~., , ... . . . . 

INTRODUCTION TO 

ORGANIC CHEMISTRY 
FOURTH EDITION 

ANDREW STREITWIESER 
UNIVERSITY OF CALIFORNIA, BERKELE_Y 

CLAYTON H. HEATHCOCK 
UNIVERSITY OF CALIFORNIA, BERKELEY 

EDWARD M. KOSOWER 
TEL AVIV UNNERSITY 

MACMILLAN PUBLISHING COMPANY 
NEW YORK 

MAXWELL MACMILLAN CANADA 
TORONTO 

MAXWELL MACMILLAN INTERNATIONAL 
NEW YORK OXFORD SINGAPORE SYDNEY 



AQUESTIVE THERAPEUTICS, INC.  EXHIBIT 1037

Editor: Paul F. Corey 
Production Supervisor: Elisabeth H. Belfer 
Production Manager: Pamela Kennedy Oborski 
Text and Cover Designer: Sheree L. Goodman 
Cover photograph: ©' Richard Megna/Fundamental Photographs 
Photo Researcher: Chris Migdol 

This book was set in Times Roman and Goudy Old Style by York 
Graphic Services, Inc., printed and bound by Von Hoffmann Press. 
The cover was printed by Von Hoffmann Press. 

Copyright © 1992 by Macmillan Publishing Company, a division of Macmillan, Inc. 

Printed in the United States of America 

All rights reserved. No part of this book may be reproduced or transmitted in any form or 
by any means, electronic or mechanical, including photocopying, recording, or any in­
formation storage and retrieval system, without permission in writing from the Publisher. 

Earlier editions, copyright© 1985, 1976, and 1981 by Macmillan Publishing Company. 
Selected illustrations have been reprinted from Orbital and Electron Density Diagrams: An 

.Ap/Jliccuion of Computer Graphic5, by Andrew Streitwieser, Jr., and Peter H. Owens, 
copyright© 1973 by Macmillan Publishing Company. 

Macmillan Publishing Company 
866 Third Avenue, New York, New York, 10022 

Macmillan Publishing Company is part of the Maxwell 
Communication Group of Companies. 

Maxwell Macmillan Canada, Inc. 
1200 Eglinton Avenue East 
Suite 200 
Don Mills, Ontario M3C 3Nl 

Library of Congress Cataloging-in-Publication Data 

Streitwieser, Andrew (dace) 

Introduction co organic chemiscry.-4ch ed. / Andrew 
Streitwieser, Clayton H. Heathcock, Edward M. Kosower. 

p. cm. 
Includes index. 
ISBN 0-02-418170-6 
I. Chemistry, Organic. I. Heathcock, Clayton H. 

Edward M. III. Title. 
QD251.2.S76 1992 
547-dc20 

IL Kosower, 

91-33039 
CIP 

Printing: 3 4 5 6 7 8 Year: 3 4 5 6 7 8 9 0 l 



AQUESTIVE THERAPEUTICS, INC.  EXHIBIT 1037

Bond Lengths, A Bond Angles, deg 

C=O 1.202 H-C=O 124.1 
C- 0 1.343 0-C=O 124.9 
C-H 1.097 H- C-0 111.0 
0-H 0.972 H- 0-C 106.3 

FIGURE 18.1 Structure of fonnic acid. 

For formic acid in the vapor phase, Mr' for the dimerization has been determined to be -14 kcal mole- 1. 

18.2 Nomenclature 
Two systems of nomenclature are currently in use for carboxylic acids, and the student should be acquainted with both. Since many of the simpler acids are naturally occurring and were discovered early in the history of organic chemistry, they have well-entrenched common names. At the 1892 Geneva Congress it was agreed to derive the name of a carboxylic acid systematically from that of the normal alkane having the same number of carbon atoms by dropping the ending -e and adding the suffix -oic acid. The common and lUPAC names for the first ten straight-chain acids, as well as other selected examples, are 
given in Table 18.1. The name used by Chemical Abstracts in indexing is printed in bold 
~~- . Past caproic acid, the even-numbered carboxylic acids are the more important because only the even-numbered acids occur in nature. Carboxylic acids are biosynthesized by the combination of two-carbon units related to acetic acid. Biosynthesis is the synthesis from small precursor molecules in reactions catalyzed by the multiple enzyme systems found in living organisms. Because they are built up from acetic acid, most of the naturally occur­ring acids have an even number of carbon atoms in the chain. 

When naming a substituted carboxylic acid in the IUPAC system, the longest carbon 
chain containing the carboxy group is numbered from 1 to 11, beginning with the carboxy 

TABLE 18.1 Nomenclature of Carboxyllc Acids 

Compound Common Name IUPAC Name 
HCOOH formic acid methanoic acid 
CH3COOH acetic acid ethanoic acid 
CH8CH2COOH propionic acid propanoic acid 
CHa(CH2hCOOH butyric acid butanoic acid 
CHa(CH2)3COOH valeric acid pentanolc acid 
CH3(CH2) 4COOH caproic acid hexanolc acid 
CHa(CH2)5COOH enanthic acid heptanolc acid 
CH3(CH2)6COOH caprylic acid octanolc acid 
CHiCH2hCOOH pelargonic acid nonanolc acid 
CHa(CH2)8COOH capric acid decanoic acid 
CHa(CH2) 10COOH !auric acid dodecanolc acid 
CHi CH2) 12COOH myristic acid tetradecanoic acid 
CH3(CH2) 14COOH palmitic acid bexadecanoic acid 
CHa(CH2) 16COOH stearic acid octadecanoic acid 
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Bond Lengths, A Bond Angles, deg 

C=O 1.193 
C-N 1.376 
C-H 1.102 
N-H(a) 1.014 
N-H(b) 1.002 

H-C=O 
H-C- N 
N-C=O 
C-N-H(a) 
C-N-H(b) 
H-N-H 

FIGURE 19.2 Structure of formamide . 
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(19-2) 

Since the simplest acyl chloride, formyl chloride, is not stable at temperatures above 
- 60 °C, its structural parameters have not been measured. However, the bond lengths 
and bond angles have been determined for acetyl chloride (Figure 19.3). The carbon­
chlorine bond is not appreciably shorter than the analogous bond in methyl chloride 
(1. 784 A), suggesting that dipolar resonance structures are not particularly important in 
the case of acyl halides. 

EXERCISE 19. l For methylamine, dimethyl ether, and methyl fluoride, the CH3-X 
distances are 1.47 A, 1.42 A, and 1.38 A, respectively. For acetamide, methyl ace­
tate, and acetyl fluoride, the analogous distances are 1.36 A, 1.36 A, and 1.37 A, 
respectively. Use the differences in C-X distances to evaluate the relative importance 
of dipolar resonance structures in the three carboxylic acid derivatives. Is there a 
correlation between the importance of the dipolar resonance structure and the relative 
basicity of p-, OH-, and NH2 -7 

0 
Bond Lengths, A Bond Angles, deg 

~ C=O 1.192 C-C=O 127.08 

/c". c-c 1.499 C-C-CI 112.66 
C-CI 1.789 O=C-CI 120.26 CH3 Ct 
C-H 1.083 

FIGURE 19.3 Structure of acetyl chloride. 

19.2 Nomenclature 

Esters are named in the following way. The first word of the name is the stem name of the 
alkyl group attached to oxygen. The second word of the name is the name of the parent 
acid with the suffix -ic replaced by -ate. This nomenclature applies for both common and 
IUPAC names of acids. 

~ - -
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CJIA.PTER 19 
Derivatives of 

Carboxylic Acids 

0 
II 

H-C-OCH 3 
methyl formate ethyl acetate 

CH3 0 
I II 

CH3CH-C- OCH(CH3) 2 
isopropyl isobutyrale 

isopropyl 2-methylpropanoate 
Amides are named by dropping the suffix -ic or -oic from the name of the parent acid and adding the suffix -amide. 

0 
H- ~ -NH

2 
formamide 

0 
II 

CH3 C - NH2 
acetumide 

0 

CH:1CH2CH2 ~ -NH2 
butanamidc 

A substituted nitrogen is indicated by prefixing the name of the simple amide by N-, followed by the name of the substituent group. 

~ /H 
CH3CH2C-N'-. 

CH3 
N-methylpropanamide 

CH 0 I a II / CHa 
CH3CHCH2C-N'--

CH3 
N,N.3-trimethylbutanamide 

Acy] halides are named in a similar manner. In this case the suffix -ic is replaced by the suffix -yl, and the halide name is added as a second word. (Note that for acyl halides, the " o" of the ending oic is retained.) 

0 
II 

CH3C-Cl 
acetYlcbloride 

?i 
CH3CH2C-F 

propanoYI nuoride 

Anhydrides are named by adding anhydride to the name of the corresponding carbox­ylic acid. 

acetic anhydride 3-methylpentanoic anhydride 
For mixed anhydrides, the parent name of each acid is given, followed by the word anhydride. 

0 0 
II II 

H-C-0- C-CH3 
acetic formic anhydride 

For functional derivatives of carboxylic acids that are named as alkanecarboxylic acids (page 483) the suffix -carboxylic acid is replaced by -carboxamide or -carbonyl halide. 

[>-cooH 
cyclopropaneCurboltylic acid 

[>-coNH2 

cyclopropaneCarbolUlrnitll: 

• O-coc1 
cyclobutancearbonyl chloride 

Occasionally it is necessary to name an acid derivative function as a derivative of some other functional stem. The group names for the various radicals as prefixes are given in Table 19. l. 
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