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Carboxylic acids

They contain a carboxyl group : COOH 
The carboxyl group must be terminal on the 
chain 
Acid derivatives : 
1)Amides (NH2)              2)Esters (OR) 
3)Acyl halides (X)            4)Anhydrides (COOR)

ϧ�ϲϛΣϧ�ϥΎηϋ�Ύϧϋ�ϭϧ�Ωϳϼγϟ�ιϳΧϠΗ�ΩΎϫ�ϭ
έϓϭΗϳ�ϡίϻ�ϲϠϳγϛϭΑέϛ�νϣΣ�Ώϛέϣϟ

�ϥϳΗϠϐη�
���ϝϳγϛϭΑέϛ�ΔϋϭϣΟϣ�ϱΩϧϋ�ϥϭϛϳ�ϡίϻ
���ϓέρ�ϝϳγϛϭΑέϛϟ�ΔϋϭϣΟϣ�ϥϭϛΗ�ϡίϻ�Δϳ

�ϱΩϧϋ�ΔϳϠϳγϛϭΑέϛϟ�νϭϣΣϟ�ϥϣ�ΕΎϘΗηϣϠϟ�ΔΑγϧϟΎΑ��ωϭϧ��
��ΕΎϧϳϣϻ
����έΗγϻ
����ϝϳγϻ
���ΩϳέΩϳΎϬϧϻ

�ϝ�ϝΩΑϧΑ�ˮ�ϡϬϳϠϋ�ϝλΣϧΑ�ϑϳϛOH�ϕϭϓ�ΔΑϭΗϛϣϟ�ΕΎϋϭϣΟϣϟΎΑ



هون الفكرة اني بدل ع وجود الكربوكسيل في ا&ركب في 
التسمية اني بحكي oic acid بنهاية اAسم طبعا اذا كان 

 Iاو يحتوي على رابطة ثنائية ب Iعبارة عن الك chainال
ioc acid بعدين بتطبق قاعدة ال Iذرتي كربون بنسميه الك





Nomenclature 

We might have a carboxyl group at each end so 
the way to name them is -dioic acid 

This is a : 
Pentanedioic acid

Note that in the dioic acid example the ʹe 
from the alkane nomenclature remained 
and this only happens in dioic examples 

�ϱΩϧϋ�ϥϭϛϳ�Ύϣϟ�ϲϣγϧΑ�ϑϳϛ�ϲϠϳϛΣΑ�ϥϭϫ
�ϑέρ�ϝϛ�ω�ϝϳγϛϭΑέϛ�ΔϋϭϣΟϣ

�ΎϬϳϠΧΑ�ΔρΎγΑΑdioic acid �ϝ�ϲϠΧΑϭʹe 
�ϥΎϛϟϻ�ΕόΑΗ



Nomenclature 

If the carboxyl group is bonded to a ring , name 
the ring compound and then add the suffix         
ʹcarboxylic acid

Note that the first C atom is NOT the one 
forming the carboxyl group as we treat the 
carboxyl group as a substituent ( only in ring 
structures ) 

Note that u can have more than 2 carboxyl 
groups in ring structures while u can NOT 
have more than 2 in chain structures 

Note that a ring structure is 
different than an aromatic structure 

Note that we use # to locate the 
substituents and the double bond 



Nomenclature ϳϣγΗϟΎΑ�Ϫϳϋέϧ�ϡίϻ�ϲη�ϝϭ�ϥϭϫ�Ύϧϋ�Δ
�ϝ�ϭϫparent �ΎϧϠΣοϭΑ�ϝϭΩΟϟ�ΩΎϫϭ

�Δϳϭϟϭϻ�Ϫϟ�ϲϟ�ϥϳϣ

Highest priority

Lowest priority

ϰϠϋ�ϱϭΗΣϳ�Ώϛέϣ�ΕϳϘϟ�Ϋ�ϭϧ�Γέϛϔϟ
Δϳϭϟϭϻ�ϲρόΑ�ϑ�ΕΎϳϔϳυϭ�ϥϳΗϋϭϣΟϣ�ϝϟ

parent �ϝϭΩΟϟ�ϲϓ�ϰϠϋ�ϲϠϟ�ϥϭϛϳ

ϳγϛϭΑέϛϠϟ�Δϳϭϟϭϻ�ϲρόΑ�ϑ�ϝϭΣϛ�ϭ�ϝϳγϛϭΑέϛ�ϱΩϧϋ�ϼΛϣ�Ϫϧϻ�ϝ
�Δϳϭϟϭϻ�ΙϳΣ�ϥϣ�ϰϠϋϻ�ϭϫ�ΎϣΩ

�ϖΑΎγϟ�ϝΎΛϣϟ�ϲϓ�ΔϳϣγΗ�ϙ�ϲϔλΑ�ϑ��hydroxy carboxylic acid 



Nomenclature 
Benzoic acid is the simplest aromatic carboxylic 
acid
We use # to locate the substituents or we may 
use the o,m,p nomenclature 
We don͛t use # only if we have 1 substituent and 
that s͛ when there is only 1 carboxyl group 

ϟ�ΔϳΗΎϣϭέϻ�ΕΎΑϛέϣϟ�ϲϣγΗ�ϑϳϛ�ϙϳρόϣ�ϥϭϫ�ϲ
�ΩϳϼγϟΎΑ�ΎϧϳϛΣ�Ύϣ�ϱί�ΕΎϘϠΣϟ�ϥϋ�ϑϠΗΧΗΑ�ϝΑϘϟ

�ϝ�ϭϧ�ϑϳϛϭbenzoic acid �ΎϬργΑ�ϭϫ



Physical properties of Acids 
They are acidic => pKa = 5 
They are more acidic than alcohols 
The form strong H-bonds especially with each 
other 

They have high BP,MP=> higher than eq. MW 
alcohols
They are very soluble in polar protic solvents 

�ΔϳΎϳίϔϟ�ΔϳϠϳγϛϭΑέϛϟ�νϭϣΣϟ�ιΎλΧ�ϥϋ�ϙϠϳϛΣΑ�ϭϧ�Γέϛϔϟ�ϥϭϫ���
�ϲϫ�ϭϧ����έέϘΗγ�έΛϛ�ΎϬϧϻ�ΔϳοϣΣ�έΛϛ���ϱΎΟϟ�ΩϳϼγϟΎΑ�Ρέηϟ������ϝϟ�ΔόΑΎΗ�ΔϳϧϳΟϭέΩϳϫ�ρΑϭέ�ϝϣόΗΑϭ

IMF����ΔϳέΫϟ�ΔϠΗϛϟ�αϔϧ�ΎϫΩϧϋ�ϲϠϟ�ϝϭΣϛϟ�ϥϣ�ϰϠϋ�έΎϬλϧϭ�ϥΎϳϠϏ�ΔΟέΩ�ΎϫΩϧϋϭ����ϲϓ�ϥΎΑϭΫϟ�Δϳϭϗ�ΎϬϧϭ
ϝ�ϝϳϟΎΣϣϟpolar protic�˯Ύϣϟϭ�ϝϭΣϛϟ�ϱί





Physical properties of Acids
�ϲϗϼϧΑ�ϥϭϫ�ϑϭηϧ�ϲΟϳϧ�Ύϣϟ�αΑ�ΩϳΎγϛϭϛϟ�ϥϳϭϛΗ�ϝϋΎϔΗ�ϥϋ�έυϧϟ�νϐΑ�ϥϭϫ�ϱΩϧϋ�εϓ�ϭϧresonance

ϭϧ�ΙϳΣ�ΎϬϧΎϛϣ�ϲϓ�ΔΗΑΛϣ�ΔϧΣη�ϱΩϧϋ(localized)�ϝϭresonance ϝΎΑ�ΔϧέΗϘϣstability ���������ϝ�ϭοέΑ
stability ��ϝ�ϊϣ�ΔϳΩέρ�ΎϬΗϗϼϋacidity

�ϥϭϫ�ΎϣϧϳΑ�ϱΩϧϋ�ΎϧresonanceϪϣγ�ϲη�ϲϠϠϛηΗΑ
�ϝcarboxylate ion �ϡΩϘϟ�Ύϧόϣ�έέϛΗϳ�Ρέ���ϱίϭ

ΔϧΣηϟΎϓ�ϥϳϔϳΎη�ΎϧΣ�Ύϣ�ϯέΧϻ�ΓέΫ�ϥϣ�ϙέΣΗΗ�έΩϘΗΑ
(delocalized)�ϝ�ΩϭΟϭ�ΏΑγΑresonance �ϲϟ
�ϝ�ΩϭΟϭ�ϲϧόϳΑstabilityϝ�ϊϣ�ΔϳΩέρ�ϪΗϗϼϋ�ϲϟ

acidity 

�ϡϛΗϘΟϋ�ϥϛϣϳ-
�ϥϭϛϳ�Ύϣϟ�ϭϧ�ιΧϠϣϟ

�ϱΩϧϋresonance ΩϳίΗΑ
�ΔοϭϣΣϟ



Carboxylate ion 
ϝ�ϲϫ�ΎόΑρcarboxylate ion ϝ�ϊϣresonance �ϪΗόΑΗ







هون تأثير عدد الذرات الي بتسحب الشحنة بعيدا عن 
ذرة اDكسجA الي عليها الشحنة عشان تزيد 

الحموضة واDستقرار





Resonance + inductive effects 

ˮ�έΛϛ�ΔοϭϣΣ�ϩΩϧϋ�ϡϬϳϓ�ϭϧ�ϭϫ�ϲϠϟ�έϭΗϛΩϟ�Ϫϧϋ�ϰϛΣ�ϡϬϣ�ϲη�ϱΩϧϋ�ϥϭϫ
�ϥϳϣϻ�ΔϋϭϣΟϣ�ϲη�ϝϭ�Ύγϫ(NH2) �ϪϳΟϭΗ�ϝϣόΗΑmeta �ϪϳΟϭΗ�ϝϣόΗΑ�ϝϳγϛϭΑέϛϟϭortho para

�έΗΑΎη�Ώ�ϭέϛΫΗΗΑ�Ϋϭ�ϑ�ϝϳγϛϭΑέϛϠϟ�ϥϭϫ�Δϳϭϟϭϻϭ�Δϳϭϟϭϻ�αΎγ�ω�ΕΎϋϭϣΟϣϟ�ρΣϧΑ�Ύϣ�ΎϧΣ�ϭϧ
�ϪΟϭΑ�ΎϧϠϗ�Ύϣ�ϱί�ϝϳγϛϭΑέϛϟortho para�ϲϓ�ϙΩϧϋ�έϳλΑ�ϲϟ�ϑ�����ϱΩϧϋ�Ύϣ�Ύϧϭ�ϭϧdirect 

resonance �Ώ�ΎϫΎϳ�ϱΩϧϋ�Ύϣ�ϱί����
�ϭϧ�έΧϻΎΑ�ϙΩϧϋ�έϳλΑ <�����αΑ�ΎϫΩϧϋinductive effect 

�����ΎϫΩϧϋdirect para resonance �ϝ�ΎϫΩϧϋ�ϙϳϫ�ϕϭϓϭinductive effect 
�ϝ�Ωί�Ύϣ�ϝϛ�ΎϧϠϗ�ΎϧΣ�ΎόΑρresonance ϝϭinductive effect �ΔοϭϣΣϟ�ΕΩί�Ύϣ�ϝϛ

(2) Is more acidic than (1) 

(2) (1)



Preparation of Acids

There are a number of ways to create carboxylic acids:
1. Oxidation of 1° alcohols or aldehydes:

Common reagents include; CrO3, H2SO4 in acetone (Jones’ 
reagent), KMnO4, HNO3, and for aldehydes Ag2O, i.e.

OH

O

OH OH

O

H

O

CrO3, H2SO4

   acetone

Ag2O





Preparation of Acids

2. Oxidation of aromatic alkyl side chains:
Common reagents include; KMnO4, commercially: O2, Co(III) 
in CH3CO2H, i.e.

OH

O

OH

O

O

OH

KMnO4

  heat

O2, Co(III)

CH3CO2H



Preparation of Acids
3. Grignard reagents with CO2: 

Note: the acid is one carbon atom longer than the Grignard 
reagent.

R M gBr O C O R O
O

R O H
O

B r M gBr
O H

O
1) C O 2

2) H 3O +

+M gBr
H 3O +

 M g

ether

هاي الطريقة جيدة لو بدي ازيد عدد الكربونات لكنها بكون مو منيحة لو بدي التزم بعدد الكربونات
هاي طريقة جيدة لو بدي ازيد عدد الكربونات لكنها بتكون مو منيحة لو بدي التزم بعدد الكربونات 



Preparation of Acids

4. Hydrolysis of nitriles: need either an acid or base 
catalyst, i.e.

Note: the nitrile can be made from an alkyl halide, i.e.

N
O H

O

N
O

O

O H

OH 3O +

+ 2 H 2O H C l + N H 4
+C l-

+ 2 H 2O
N aO H +N H 3

OH

O
Br CN

H3O+ CN-

DMF



Nucleophilic Acyl Substitution
In contrast to aldehydes and ketones, which react by nucleophilic
(acyl) addition, carboxylic acids (and derivatives) react by 
nucleophilic acyl substitution, i.e.

O
R
R O

Nu

R
R O

Nu

R
R

H

O
R

LG O
Nu

LG
R O

R
Nu

Nu:-

H3O+

Nu:-

+ LG:-

    trigonal planar
carbonyl compound

trigonal planar
acyl derivative

 tetrahedral
intermediate

tetrahedral
  product

 tetrahedral
intermediate

trigonal planar
acyl derivative







Acid Derivatives
The -OH group of the acid has been replaced by another 
functional group.

All of the derivatives can be hydrolyzed back to the 
carboxylic acid.

Types of derivatives:
1. Esters: R-CO2-R’
2. Acyl halides: R-CO-Cl
3. Anhydrides: R-CO2CO-R
4. Amides: R-CO-NH2





Nucleophilic Acyl Substitution
The reaction proceeds by a substitution since the acid / 
derivative has a leaving group in place of an H atom or alkyl 
group of the aldehyde or ketone, neither of which is a good 
leaving group. The relative reactivity of the derivatives depends 
on the leaving group ability, i.e.

R NH2

O

R O

O

R'
R O

O

R

O

R Cl

O

increasing reactivity

increasing stability



Esters

The –OH of an acid has been replaced by a –OR’ 
from an alcohol.

Very common compounds in nature and a wide 
variety are produced commercially.



Esters
• The functional group of an ester is an acyl 

group bonded to -OR or -OAr.
– Name the alkyl or aryl group bonded to oxygen 

followed by the name of the acid. 
– Change the suffix -ic acid to -ate.



Preparation of Esters
The most common method is a “Fisher esterification”.

The general reaction is:

Note:  you need an acid catalyst.
it is an equilibrium reaction, to drive it forward use  
excess alcohol or acid, or distill off the ester or 
water.

R O H

O

R O

O

R 'R ' O H
H +

+ H 2 O+



Preparation of Esters
The mechanism:

R OH

O

R OH

O
+H

R'OH

R
OH

OH
O

+

R' H

R
OH

OH
O

R'

R
OH

OH2
+

O
R'

R OR'

O
+H

R OR'

O

H+

H2O

H3O+

-H2OH2O



Preparation of Esters
Note:

i. Every step is reversible so the entire reaction is reversible

ii. The –OR’ comes from the alcohol, i.e. it is a nucleophilic attack by 
the alcohol O atom on the carboxylate C atom (this is confirmed by 
radioisotopic labeling).

iii. Substitution occurs rather than addition as we generate a very good 
leaving group, a water molecule.



Lactones

Lactones are cyclic esters made from g or d
hydroxy acids.

Common reaction produces a 5 or 6 membered 
ring which are stable, i.e.

OH

OH O
O

O

H+



Lactones
Mechanism: 

OH

OH O
O

+
H

OH OH

OH

OH O
+H

O

OH OH2
+

O

O
+H

O

O

H+

-H2OH2O
H3O+



Saponification
Generally done on esters but acids work also.

Used to make soap (or in structure determination to remove 
the alcohol group).

This is a base hydrolysis reaction

It is irreversible!

R O

O

R'
R O

O
R' O HN aO H

H 2O

hea t N a +
+ +

este r sa lt o f an  ac id
     "soap"

a lcoho l



Saponification

Mechanism:

O

O

Et

O

O

Et OOEt
O

OH
OH

O

Et OH

OH-

Na+



Ammonolysis of Esters

Used to make amides
Ammonia is the nucleophile, i.e.

R O

O

R '
R N H 2

O
R ' O HN H 3+ +



Ammonolysis of Esters

Mechanism:

O

O O
O

NH3
+

O

NH3
+

O

NH2
OH

O

NH3

ركزوا على ال general mechanism انو ال Nu بتضيف وبيطلع عندي 
LG



Ester Reactions with Grignard Reagents

Esters will react with 2 equivalents of a Grignard 
reagent to produce a 3° alcohol, i.e.

OEt

O MgBr O
OEt

O

OO MgBr OH

-OEt

2) H3O+



Ester Reactions with Grignard Reagents

The second addition occurs since the ketone is still 
reactive to the Grignard reagent.

This is a good method to make 3° alcohol where two of 
the alkyl groups are the same.



Reduction of Esters

Product is a 1° alcohol.
Reagent: LiAlH4 in anhydrous ether

R O

O
R ' R C H 2 O H R ' O H

1 )  L i A l H 4  /  a n h .  e t h e r

2 )  H 3 O +
+



Reduction of Esters
Mechanism:

O

O

O
O

H

H

O

H

O

H
O

H

OH

LiAlH4 

LiAlH4 

-EtO-

H3O+



Reduction of Esters

Note:
1. You can not isolate the aldehyde as it is still reactive to 

the LiAlH4

2. LiAlH4 does not reduce C=C so you can selectively 
reduce an acyl group without reducing a C=C p bond.

3. NaBH4 is not strong enough to reduce acids or acid 
derivatives, this allows for the selective reduction of 
aldehyde or ketone groups.





Acyl Halides

More reactive than acids or esters.

Man made compounds, they do not exist in 
nature.

The chloride is the most common.

R Cl

O

R O

O

R

O

R O

O
R'

R NH2

O



Acid Chlorides
• The functional group of an acid halide is an acyl group 

bonded to a halogen.
– The most widely used are the acid chlorides.
– To name, change the suffix -ic acid to -yl chloride.



Acyl Halides: Preparation

Prepared from acids using thionyl chloride or 
phosphorus pentachloride, i.e.

O H

O

C l

O

O H

O

C l

O

S O C l2+ + H C l S O 2+

P C l5+ + H C l P O C l3+



Acyl Halides

Acyl halides are much more reactive than acids or esters, therefore 
reactions occur in milder conditions, don’t normally need to heat or 
use acid catalysts.

Better way to make esters, no catalyst needed, and a Fisher is an 
equilibrium.
Note: the HCl normally fumes and is an irritant.

C l

O

O

O
E t O H+ + H C lr o o m

t e m p



Acyl Halides

Mechanism:

Cl

O

O

O

OH Cl
O

O
+

H

O

O

H

O

O

H
+ HCl

Cl-

+

Cl-

+



Acyl Halides

Hydrolysis will produce the acid, i.e.

C l

O

O H

O
H 2 O+ + H C l



Acyl Halides
Ammonolysis will produce the amide, i.e.

Need 2 equivalents of NH3, 1 makes the amide, the other 
neutralizes the HCl.

Acyl halides are also used in Friedel-Crafts acylation 
reactions.

C l

O

N H 2

O
2  N H 3+ + N H 4

+ C l -



Acid Anhydrides

Another more reactive form is the anhydride.

Made by reacting two acid molecules together with the 
loss of a water molecule, i.e.

O H

O

O

O O
2 + H 2 O



Acid Anhydrides
• The functional group of an acid anhydride is 

two acyl groups bonded to an oxygen atom.
– Anhydrides may be symmetrical (two identical acyl 

groups) or mixed (two different acyl groups).
– To name, replace acid of the parent acid by 

anhydride.



Acid Anhydrides: Preparation

Anhydrides can be made by heating an acid, i.e.

The high temperature drives off the water and drives 
the reaction forward.

O H

O

O

O O
2 + H 2 O

1 3 0 - 1 4 0  ° C



Acid Anhydrides: Preparation

Mechanism:

OH

O

O

O O

OH

O
OH

O

O
+

O
H

O

O O

H

O

O O

H

+ H2O

+
OH-

+
OH-



Acid Anhydrides: Preparation

Diacids form cyclic anhydrides, i.e.

OO O

OH O H

O O
+ H 2 O



Acid Anhydrides: Preparation

Mixed anhydrides can be made, but you need to use an 
acyl halide and an acid (or salt) other wise you get a 
mixture of products, this way only the acid (or salt) can 
act as the nucleophile, i.e.

C l

O

O

O

O

O O

+ H 2 O
N a +



Acid Anhydrides

Anhydrides undergo nucleophilic acyl substitution and 
are more reactive than acids or esters, but not acyl 
halides, i.e.

Alcohol and water react the same way as ammonia.
The “leaving group” is a carboxylate ion which will get 
protonated to form the acid.

N H 2

O

O H

O

O

O O

+ N H 3 +

R O

O



Amides

Amides are the least reactive of the acid 
derivatives.

1° amides: RCONH2 = 
R N H 2

O



Amides

The N atom in an amide is sp2 hybridized (and 
planar). This allows the lone pair electrons on 
the amide N to interact with the carbonyl p
system, i.e.

This means the amide bond is rigid to rotation 
the same as a C=C p bond.

R N

O

H

H
R N

O

H

H+



Amides

The amide group possess both a hydrogen bond 
donor and acceptors so form strongly H-bonded 
complexes similar to alcohols and acids. This 
means they are soluble in water and have high 
MP & BP for their size.



Amides
• The functional group of an amide is an acyl group 

bonded to a trivalent nitrogen.
– IUPAC: drop -ic acid from the name of the parent acid and 

add -amide.
– If the amide nitrogen is bonded to an alkyl or aryl group, 

name the group and show its location on nitrogen by N-.



Amides: Preparation

1° amides can be prepared by: reacting NH3 with esters, 
acyl halides or anhydrides. They can also be prepared 
from acids but require heating, i.e.

R N H 2

O

R O H

O

+ H 2 O

N H 3

 



Amides:
2° amides have one H atom replaced by an alkyl group

3° amides have both H atom replaced by alkyl groups

Note: no longer has a H-bond donor

R N

O

R"

R'

R N

O

H

R'



Lactam
• Lactam: a cyclic amide.

– Name the parent carboxylic acid, drop the suffix -ic 
acid and add -lactam.

– The location of the nitrogen atom in the ring is 
commonly indicated by a Greek letter, a, b, etc.



The Penicillins
• The penicillins are a family of b-lactam antibiotics.

– The structural feature common to all penicillins is a b-lactam 
ring fused to a five-membered ring containing one S atom 
and one N atom. 



Cephalosporins
• The cephalosporins are also b-lactam 

antibiotics.



Amides: Preparation
The N atom is weakly nucleophilic due to the lone pair electrons, 
but less than expected as they are conjugated to the carbonyl 
group. 2° amides can be prepared by reacting a 1° amide with an 
alkyl halide, i.e.

This is an SN type reaction on the alkyl halide.
The initial product can react again to produce a 3° amide.

R N H 2

O R ' C l

R N
H

O
R ' + H C l



Amides: Hydrolysis

Hydrolysis of an amide leads back to a carboxylic acid.
Requires the use of an acid or base catalyst, i.e.

N H 2

O

O H

O

+ N H 3

H +  o r  O H -

  H 2 O ,  







!!   chapter 10 وبهيك بكون انتهى تفريغ

                       #النادي-الطبي
                   #معكم-خطوة-بخطوة! 

"موفق@!


