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 Introduction
The carboxyl group (-CO2H) is the parent group of a family of
compounds called acyl compounds or carboxylic acid derivatives
O

Chapter 17
Carboxylic Acids and Their
Derivatives. Nucleophilic AdditionElimination at the Acyl Carbon
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Carboxylic acids - Substitution of hydroxyl group will produce
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Carboxylic acids – Physical Properties
 Nomenclature and Physical Properties
In IUPAC nomenclature, the name of a carboxylic acid is obtained
by changing the -e of the corresponding parent alkane to -oic acid


The carboxyl carbon is assigned position 1 and need not be explicitly numbered

The common names for many carboxylic acids remain in use


Methanoic and ethanoic acid are usually referred to as formic and acetic acid

Carboxylic acids can form strong hydrogen bonds with each other
and with water


Carboxylic acids with up to 4 carbons are miscible with water in all proportions
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 Acidity of Carboxylic Acids

 Dicarboxylic Acids

The carboxyl proton of most carboxylic acids has a pKa = 4 - 5



Dicarboxylic acids are named as alkanedioic acids in the IUPAC system

Carboxylic acids are readily deprotonated by sodium hydroxide or sodium
bicarbonate to form carboxylate salts
Carboxylate salts are more water soluble than the corresponding carboxylic acid



Common names are often used for simple dicarboxylic acids

Electron-withdrawing groups near the carboxyl group increase the
carboxylic acid’s acidity


They stabilize the carboxylate anion by inductive delocalization of charge
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Carboxylic Acids and Their Derivatives

Carboxylic Acids and Their Derivatives
Nomenclature—Esters

Nomenclature—Anhydrides

• Name the R’ as an alkyl group. This becomes the first
part of the name.

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

• Name the acyl group by changing the ic acid ending of
the parent carboxylic acid to the suffix –ate.
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• 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.
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Carboxylic Acids and Their Derivatives

Carboxylic Acids and Their Derivatives

Nomenclature—Amides
• All 10 amides are named by replacing the -ic acid, -oic acid, or -ylic
acid ending with the suffix amide.

Nomenclature—Acid Chlorides
• 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.

• For 2o and 30 amides, use the prefix “N-” preceding the name of each alkyl
group to show that it is bonded to a nitrogen atom. If the two alkyl groups
are different, alphabetize their names. Use additional prefix “di-”. One “N-”
is needed for each alkyl group, even if both R groups are identical.

Chapter 18
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Carboxylic Acids and Their Derivatives
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Carboxylic Acids and Their Derivatives

Nomenclature—Nitriles

Spectral Properties of Acyl Compounds:

• In naming a nitrile, the CN carbon is carbon atom ONE of the longest
chain. Number the chain to put CN at C1, and omit this number from
the name. So, CH3CH2CN is propanenitrile, not ethanenitrile.

IR spectra is important in identifying carboxylic acids, because C=O
stretching bond occurs at different frequencies for acid, ester & amides
(1620-1780 cm -1)

• 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 by the suffix –onitrile.
• When the CN is named as a substituent it is called a cyano group.
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Carboxylic Acids and Their Derivatives
13C

 Preparation of Carboxylic Acids

NMR Spectral Properties of Acyl Componds:

 By Oxidation of Alkanes

•13C NMR spectra is also important in identifying carboxylic acids
derivatives. The carbonyl carbon of acyl derivatives occurs downfield
in the  160-180 region. Please note that they resonates not as far as
ketones and aldehydes which have their peaks at 180-200.
• The nitrile carbon absorbs in the  115-120 region.

 By Oxidation of Aldehydes and Primary Alcohols

 By Oxidation of Alkylbenzenes
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 By Oxidation of Methyl Ketones (The Haloform Reaction)
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 By Carbonation of Grignard Reagents
Experiment which you did in Org. Chem lab.

 By Hydrolysis of Cyanohydrins and Other Nitriles


Hydrolysis of a cyanohydrin yields an -hydroxy acid

• Primary alkyl halides can react with cyanide to form nitriles and these can be hydrolyzed to carboxylic acids
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Carboxylic Acids and Their Derivatives—Nucleophilic
Acyl Substitution – Critical Concept.
• This is the characteristic reaction of carboxylic acid derivatives.
• This reaction occurs with both negatively charged nucleophiles
and neutral nucleophiles.

Chapter 18
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Acyl substitution requires a leaving group (LG) at the carbonyl
carbon
Review the relative strength of acids (pKa) (See table 3.1 on
REMEMBER:
The stronger the acid (lower pKa) OR the weaker the
page
111)
conjugated base - the better the leaving group)



Acyl Substitution occurs by a Nucleophilic Addition –
Elimination mechanism (Important new concept !)

[1] Find the sp2 hybridized carbon with the leaving group.
[2] Identify the nucleophile.
[3] Substitute the nucleophile for the leaving group. With a neutral nucleophile,
18
the proton must be lost to obtain a neutral substitution product.

Esters, carboxylic acids and amides generally react with loss of
the leaving groups alcohol, water and amine, respectively


These leaving groups are generated by protonation of the acyl compound

BUT

To undergo nucleophilic addition-elimination the acyl compound
must have a good leaving group or a group that can be converted
into a good leaving group


Carboxylic Acids and Their Derivatives—Nucleophilic
Acyl Substitution - MECHANISM

Aldehydes and ketones cannot react by this mechanism because
they lack a good leaving group

Acid chlorides react with loss of chloride ion
Anhydrides react with loss of a carboxylate ion
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 Relative Reactivity of Acyl Compounds

 Acid Chlorides

The relative reactivity of carboxylic acids and their derivatives is as
follows:

 Synthesis of Acid Chlorides
Acid chlorides are made from carboxylic acids by reaction with
thionyl chloride, phosphorus trichloride or phosphorus
pentachloride


These reagents work because they turn the hydroxyl group of the carboxylic acid
into an excellent leaving group

In general, reactivity can be related to the ability of the leaving group
(L) to depart




Leaving group ability is inversely related to basicity
Chloride is the weakest base and the best leaving group
Amines are the strongest bases and the worst leaving groups

As a general rule, less reactive acyl compounds can be synthesized
from more reactive ones (CRITICAL: help in avoiding memorization)


Synthesis of more reactive acyl derivatives from less reactive ones is difficult and
requires special reagents (if at all possible)
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A mechanism for the reaction of thionyl chloride with carboxylic
acids.
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Reactions of Acyl Chlorides
• Acyl chlorides are the most reactive acyl compounds and can be used to
make any of the other derivatives (Why? Because chloride ion is the best LG.
Why is the best LG?)
• Since acyl chlorides are easily made from carboxylic acids they provide a
way to synthesize any acyl compound from a carboxylic acid
• Acyl chlorides react readily with water, but this is not a synthetically useful
reaction

24
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 Reactions of Carboxylic Acid Anhydrides

 Carboxylic Acid Anhydrides

Carboxylic acid anhydrides are very reactive and can be used to
synthesize esters and amides

 Synthesis of Carboxylic Acid Anhydrides
Acid chlorides react with carboxylic acids to form mixed or
symmetrical anhydrides




Hydrolysis of an anhydride yields the corresponding carboxylic acids

It is necessary to use a base such as pyridine

Sodium carboxylates react readily with acid chlorides to form
anhydrides

Cyclic anhydrides with 5- and 6-membered rings can be synthesized by heating diacid
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Mechanism of the Fischer Esterification

 Esters
 Synthesis of Esters: Esterification
Acid catalyzed reaction of alcohols and carboxylic acids to form
esters is called Fischer esterification
Fischer esterification is an equilibrium process



Ester formation is favored by use of a large excess of either the alcohol or
carboxylic acid
Ester formation is also favored by removal of water

To remember: reaction is catalyzed by acid and is reversible
The reverse reaction is called: ACID CATALYZED ESTER HYDROLYSIS
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Esters from Carboxylic Acid Anhydrides


Esters from Acid Chlorides


Alcohols react readily with anhydrides to form esters

Acid chlorides react readily with alcohols in the presence of a base (e.g. pyridine)
to form esters
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 Base-Promoted Hydrolysis of Esters: Saponification

What is the mechanism? Nucleophilic Addition –Elimination:
Hint: Find carbonyl carbon and nucleophile
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 Lactones

Reaction of an ester with sodium hydroxide results in the
formation of a sodium carboxylate and an alcohol

- or -Hydroxyacids undergo acid catalyzed reaction to give
cyclic esters known as - or -lactones, respectively

This mechanism is IRREVERSIBLE because the salt of the
carboxylic acid is formed


The last step draws the overall equilibrium toward completion of the hydrolysis

Please workout problem 17.5 (p. 802) at home
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 Amides
Lactones can be hydrolyzed with aqueous base


Since reaction is reversible acidification of the carboxylate product can lead back
to the original lactone if too much acid is added. Exactly one equivalent of acid
produced hydroxycaid

 Synthesis of Amides
Amides From Acyl Chlorides (widely used)


Ammonia, primary or secondary amines react with acid chlorides to form amides
An excess of amine is added to neutralize the HCl formed in the reaction
Carboxylic acids can be converted to amides via the corresponding acid chloride




Lactones in nature

Amides can be also prepared from Esters

Please note chemoselectivity of the
Nucleophilic Addition –Elimination vs.
Nucleophilic Substitution 34

33

Amides from Carboxylic Anhydrides





Amides from Carboxylic Acids and Ammonium Carboxylates

Anhydrides (carbonyl substrate) react with 2 equivalents of amine (nucleophile) to
produce an amide and an ammonium carboxylate

Reaction of a cyclic anhydride with an amine, followed by acidification yields a
product containing both amide and carboxylic acid functional groups
Heating this product results in the formation of a cyclic imide



Direct reaction of carboxylic acids and ammonia yields ammonium salts



Some ammonium salts of carboxylic acids can be dehydrated to the amide at high
temperatures
This is generally a poor method of amide synthesis





35

THE BEST way to synthesize an amide is to convert a carboxylic acid to an acid
chloride and to then to react the acid chloride with ammonia or an amine

Note: Amides are the linkages that join individual amino acids together to form
proteins.
36
Formation of amide bonds is therefore of great importance in biochemistry.
Please see useful dicyclohexylcarbodiimide(DCC)-promoted amide synthesis on
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Acid hydrolysis of an Amide
 Hydrolysis of Amides
Heating an amide in concentrated aqueous acid or base causes
hydrolysis


Hydrolysis of an amide is slower than hydrolysis of an ester

Acid hydrolysis

Basic hydrolysis
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 Lactams: Cyclic Amides

Basic hydrolysis of an Amide

The size of the rings designed by greek letters
Recall: lactones (cyclic esters)

The penicillin antibiotic is -lactam: It acts by interfering with the synthesis of bacterial cell
walls by reaction with an amino group of the essential enzymes of the cell wall biosynthetic
pathway
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Nitriles: Preparation and Chemical Properties

Acidic Hydrolysis of Nitriles

 Nitriles by the Dehydration of Amides
A nitrile can be formed by reaction of an amide with phosphorous
pentoxide or boiling acetic anhydride

 Hydrolysis
H d l i off Nitriles
Nit il
A nitrile is the synthetic equivalent of a carboxylic acid because it
can be converted to a carboxylic acid by hydrolysis
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 Decarboxylation of Carboxylic Acids

Basic Hydrolysis of Nitriles

-Keto carboxylic acids decarboxylate (release of CO2) readily when heated.


Some even decarboxylate slowly at room temperature

The mechanism of -keto acid decarboxylation proceeds through a 6membered ring transition state

Malonic acids (which are too -keto acids) also decarboxylate readily
(malonic ester synthesis: more in Chapter 19)
Here dicarboxylic acid is converted
to mono carboxylic acid
43
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