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Nomenclature of Carboxylic Acids

Common names are frequently used for the simpler carboxylic acids 
that have been known for hundreds of years.

HCOOH CH 3COOH CH3CH2CH2COOH
Formic acid
(from Latin 
formica, ant)

Acetic acid
(from Latin

acetum, vinegar)

Butyric acid
(from Latin

butyrum, butter)

In common names, the positions of 
substituents are often given by aaaa, bbbb, gggg.... C   C   C   C   COOH

aaaabbbbggggdddd

Examples
O

Examples

aaaa-Chlorobutyric acid bbbb-Phenylpropionic acid

OH
OH

O

OCl

The simple dicarboxylic acids have common names, they are the 
ones usually used, and it is advisable to learn them at least through 
the six-carbon one. These are oxalic, malonic, succinic, glutaric, and 
adipic acid.

Examples HO
OH

O

O Oxalic acid HO
OH

O

O

Adipic acid
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IUPAC systematic names are derived from the name of the longest-chain
alkane present (the parent compound), dropping the final -e, and adding 
-oic acid.

Note: Count carboxyl carbon as part of the parent chain.

Examples

HO

O

HO

O

Systematic Names of Carboxylic Acids

HO HO
(E)-2-Hexenoic acid3-Methylpentanoic acid

Dicarboxylic acids can be named similarly although most have common
names that are the ones usually used.

HO
OH

O

O

3-Methylhexanedioic acid

OH

OH

O

O
(Z)-4-Octenedioic acid
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Aromatic Acids:  Benzoic Acids
The carboxylic acids derived from benzene are named as derivatives 
of benzoic acid, using the standard notations to indicate positions of 
substituent groups.

COOH

Benzoic acid

COOH COOH

NO2

m-Nitrobenzoic acid
NO2

Cl

2-Chloro-4-nitrobenzoic acidBenzoic acid m-Nitrobenzoic acid 2-Chloro-4-nitrobenzoic acid

Salts of Carboxylic Acids
To name a salt, use the name of the cation (sodium, ammonium, etc.) 
followed by the name of the acid with "ic acid"  changed to "ate."

CO2
- Na+

(CH3CH2CO2
-)2 Mg2+

Sodium benzoate

Magnesium propanoate 
or

Magnesium propionate
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The carbonyl carbon carries
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Effect of Substituents on Acidity
Any factor that stabilizes the anion more than it stabilizes the acid 
should increase acidity (decrease the magnitude of pKa).  Any factor 
that destabilizes the anion relative to the acid should decrease acidity.

RCOOH   +   H2O RCO2
-   +   H3O+

Electronic Influences

The electronic effect of a substituent G operates more strongly on the The electronic effect of a substituent G operates more strongly on the 
anion (charged species) than on the carboxylic acid (neutral species).

G C
O

O
-

Electron withdrawal
Stabilizes the anion and 

increases acidity

G C
O

O
-

Electron release
Destabilizes the anion 
and decreases acidity
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Some Examples of Substituent Effects
Electron-withdrawing aaaa-substituents increase acidity:

OH

O
Cl

OH

O
Cl

OH

O
Cl

OH

O

Cl Cl Cl

pKa 4.76 2.86 1.48 0.70

The more remote an electron-withdrawing substituent is from the 
carbonyl group, the less its effect:

OH

O

carbonyl group, the less its effect:

OH

O

OH

O

Cl

Cl

Cl
pKa 2.85 4.05 4.50

2-Chlorobutanoic
acid

3-Chlorobutanoic
acid

4-Chlorobutanoic
acid
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Substituent Effects in Benzoic Acids
Substituents introduced into the para position of a benzoic acid affect 
the acidity as expected for the electronic influence on the stability of 
the benzoate anion.

COOH COOH COOH COOH

Electron withdrawing Electron releasing

NO2 Cl CH3

pKa 4.19 4.363.983.41

The substituent influence is from a combination of resonance and 
inductive effects because direct resonance interaction between the 
benzene ring and the carboxylate anion is not important.
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Preparation of Carboxylic Acids

Oxidation of Aldehydes and 1o Alcohols

Oxidation of Alkenes
Alkenes can be oxidatively cleaved to carboxylic acids by use of either 
KMnO 4 or ozone.

R
R'

R
R'

(1) KMnO 4, OH-  (hot)

(2) H3O+

(1) O3

(2) H2O2

R OH

O

R' OH

O
+

Oxidation of Aldehydes and 1  Alcohols

Aldehydes are easily oxidized to carboxylic acids, even by mild 
oxidants such as Ag(NH3)2

+OH-, which is used in the Tollens' test for 
distinguishing aldehydes from ketones. Stronger reagents such as 
chromic acid (H2CrO4) or KMnO 4 can oxidize either aldehydes or 1o 
alcohols to carboxylic acids.

R H

O

R OH

O

R OH

Ag(NH3)2
+OH-

H2CrO4 or KMnO 4
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Oxidation of Alkylbenzenes
Vigorous oxidation by KMnO4 of primary and secondary (but not 
tertiary) alkyl groups directly attached to a benzene ring produces 
aromatic acids.

CHRR'
(1)  KMnO4, HO-, H2O

(2) H3O+

COOH

Oxidation of Alkylbenzenes

R

The benzene ring of an alkylbenzene can be converted to a carboxyl 
group by ozonolysis.

(1) O3, CH3COOH

(2) H2O2 R OH

O
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Carbonation of Grignard Reagents

A more general way to prepare carboxylic acids from alkyl or aryl 
halides is by carbonation (reaction with CO2) of the corresponding 
Grignard reagents.
     The strongly nucleophilic organomagnesium reagents add to CO2 
to produce magnesium carboxylates. Acidification of these salts yields 
the carboxylic acids.

R-MgX
dddd- dddd++++

+
:O:=

R-C-O:

: -
MgX+

Nucleophilic
addition H3O+

R-C-OH

:

R-MgX
dddd-

+ C

=

:O:

= R-C-O
:O:

= :

:
:

-
MgX+

     All alkyl (1o, 2o, 3o) and aryl Grignard reagents undergo the 
carboxylation reaction. This reaction is accomplished by either 
bubbling dry gaseous CO2 through an ether solution of the Grignard 
reagent or by pouring the Grignard reagent onto crushed dry ice 
(solid CO2).

H3O
R-C-OH

:O:

=
:

:
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 Syntheses Using the Grignard Carbonation Reaction

Mg

ether CH3C-MgCl
CH3

CH3

tert-Butylmagnesium
chloride

CH3C-Cl
CH3

CH3

tert-Butyl
chloride

CH3C-COOH
CH3

CH3

2,2-Dimethyl-
propanoic acid

(1) CO2

(2) H3O+

H3C CH3

CH3

Br

Mg
ether

CH3

CH3

MgBr

2,4,6-Trimethylphenyl-
magnesium bromide

CH3

CH3

COOH

2,4,6-Trimethylbenzoic
acid

(1)  CO2

(2) H3O+

H3C H3C

2,4,6-Trimethyl-
bromobenzene
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Hydrolysis of Cyanohydrins and Other Nitriles

     Cyanohydrins, prepared by addition of HCN to aldehydes or ketones, 
can be hydrolyzed to aaaa-hydroxy acids.
     Nitriles can also be prepared by nucleophilic substitution reactions of 
1o alkyl halides with sodium cyanide. Hydrolysis then provides a 
carboxylic acid of increased chain length .

R R'

O
+  HCN

R R'

HO CN HA

H2O R R'

HO CO2H

Br Br NaCN NC CN
O OH3O+

Br Br NaCN NC CN
HO OH

     Because of the elimination-promoting basicity of cyanide ion, the SN2 
reaction proceeds in good yield only with CH3X and 1o halides.  Aryl 
halides (except for those with o- or p-nitro groups) do not readily undergo 
nucleophilic substitution reactions.

     Hydrolysis of nitriles may be carried out under either basic or acidic 
conditions.

C3H6Br2 C5H6N2 C5H8O4

~ 80% ~ 80%
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An  Example:  The Synthesis of Pentanoic Acid 
                           from 1-Bromobutane

CH3CH2CH2CH2Br  +  Na+ -CN

1-Bromobutane

CH3CH2CH2CH2CN

Pentanenitrile

+  NaBr

(1)  HO-, H O
CH3CH2CH2CH2CN

(1)  HO-, H2O

(2)  H3O+
CH3CH2CH2CH2COOH

Pentanoic acid

(valeric acid)
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