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•  Three resonance structures stabilize carboxylic acid derivatives (RCOZ) 
by delocalizing electron density. 

•  The more resonance structures 2 and 3 contribute to the resonance 
hybrid, the more stable RCOZ is: 

Resonance of Carboxylic Acid Derivatives 



•  Because the basicity of Z determines the relative stability of the 
carboxylic acid derivatives, the following stability order results: 

•  In summary, as the basicity of Z increases, the stability of RCOZ 
increases because of added resonance stabilization. 

Stability of Carboxylic Acid Derivatives 
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•  The structure and bonding of nitriles is very different from that of other 
carboxylic acid derivatives, and resembles the C–C triple bond of 
alkynes. 

•  The carbon atom on the C≡N group is sp hybridized, making it linear 
with a bond angle of 180°. 

•  The triple bond consists of one σ and two π bonds. 

Resonance of Carboxylic Acid Derivatives 

•  For acyclic acid chlorides: change the suffix –ic acid of the parent 
carboxylic acid to the suffix –yl chloride; or 

•  When the –COCl group is bonded to a ring: change the suffix     –
carboxylic acid to –carbonyl chloride. 

Nomenclature—Acid Chlorides 
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•  Symmetrical anhydrides are named by changing the acid ending 
of the carboxylic acid to the word anhydride. 

•  Mixed anhydrides, which are derived from two different 
carboxylic acids, are named by alphabetizing the names for both 
acids and replacing the word acid with the word anhydride. 

Nomenclature—Anhydrides 



10 

Composition of Anhydrides 
•  Anhydride means without water. 

•  Removing one molecule of water from two molecules of 
carboxylic acid forms an anhydride. 

Nomenclature—Esters 

•  All 1° amides are named by replacing the -ic acid, -oic acid, or -ylic acid 
ending with the suffix amide. 

Nomenclature—Amides 



•  In contrast to the carboxylic acid derivatives, nitriles are named as alkane 
derivatives. 

•  Find the longest chain that contains the CN and add the word nitrile to the name 
of parent alkane.  

•  Number the chain to put CN at C1, but omit this number from the name. 

•  Common names of nitriles are derived from the names of the carboxylic acid 
having the same number of carbon atoms by replacing the –ic acid ending of the 
carboxylic acid with the suffix –onitrile. 

•  When the CN is named as a substituent it is called a cyano group. 

•  CH3CH2CH2CN is butanenitrile, not propanenitrile. 

Nomenclature—Nitriles 

•  Nitriles also have dipole-dipole interactions, because they have a polar 
C≡N group.  

•  Because they contain one or two N–H bonds, 1° and 2° amides are 
capable of intermolecular hydrogen bonding and will have substantially 
higher melting and boiling points. 

Intermolecular Attractions 



•  Many low molecular weight esters have pleasant and very 
characteristic odors. 

Interesting Esters and Amides 

•  Vitamin C (ascorbic acid) is a water-soluble vitamin that contains a 
five-membered lactone ring. 

•  Vitamin C is synthesized in plants. 

•  Humans do not have the necessary enzymes to make it, so we must 
obtain it from our diet. 

•  Cocaine is an addictive stimulant obtained from the leaves of the coca 
plant. 

Biologically Active Esters 

Proteins are an important group of naturally occurring amides, consisting 
of polymers of amino acids joined together by amide linkages. 

Proteins—Polyamides Useful Drugs Containing Lactams 



Introduction to  
Nucleophilic Acyl Substitution 

•  Mechanism of acid-catalyzed 
esterification and hydrolysis 

•  Mechanism of base-promoted  
hydrolysis of an ester 

• Nucleophilic acyl substitutions is the characteristic reaction of 
carboxylic acid derivatives. 

• This reaction occurs with both negatively charged nucleophiles 
and neutral nucleophiles. 

General Nucleophilic Acyl Substitution 

•  Some nucleophiles that participate in this reaction include: 

General Mechanism of Nucleophilic Acyl Substitution Comparing Leaving Group and Nucleophile 

• Nucleophilic addition to a carbonyl forms a tetrahedral intermediate 
with two possible leaving groups, Z or Nu. 

• Whichever group is a better leaving group will be eliminated. 



• Based on this order of reactivity, more reactive compounds 
can be converted into less reactive ones.  

• The reverse is not usually true. 

Reactivity Related to Leaving Group Ability 

•  Treatment of a carboxylic acid with thionyl chloride (SOCl2) affords an 
acid chloride. 

•  This is possible because thionyl chloride converts the OH group of the 
acid into a better leaving group, and because it provides the nucleophile 
(Cl¯) to displace the leaving group. 

Formation of Acyl Halides 

•  Since acid chlorides have the best leaving group of acid derivatives, 
they react readily with a wide range of nucleophiles to form nucleophilic 
substitution products. 

•  HCl is usually formed as a by-product. 
•  A weak base like pyridine is added to the reaction mixture to remove the 

strong acid (HCl), forming an ammonium salt. 

General Reactions of Acid Chlorides 



Reactions of Acid Chlorides and Oxygen Nucleophiles 
•  Acid chlorides also react with ammonia, and 1° and 2° amines to form 1°, 

2° and 3° amides, respectively. 
•  Two equivalents of NH3 or amine are used. 
•  One equivalent acts as the nucleophile to replace Cl, while the other 

reacts as a base with the HCl by-product to form an ammonium salt. 

Reactions of Acid Chlorides and Amines 

•  As an example, reaction of an acid chloride with diethylamine forms the 
3o amide N,N-diethyl-m-toluamide, popularly known as DEET. 

•  DEET is the active ingredient in the most widely used insect repellents, 
and is effective against mosquitoes, fleas, and ticks. 

Amide Formation Mechanisms of Acid Chloride Substitutions 


