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Carboxylic acids 

Carboxylic acids are organic acids characterized by The            O               

presence of a carboxyl group, which has the formula                           

- C(=O)OH, usually written –COOH or –CO2H. carboxylic        C 

acids are Bronsted acids      they are proton donors. Salts    R               OH     

and anions of carboxylic acids      they are called carboxylates.  

The simplest series of carboxylic acids are the alkanoic acids, R-COOH, 

where R is a hydrogen or an alkyl group. 

Physical properties   

Carboxylic acids are  polar, and  form  hydrogen bonds  with  each other. 

Lower carboxylic acids  (1 to 4 carbons ) are miscible  with water, while 

higher  carboxylic acids are very much less soluble due to the increasing 

hydrophobic nature of the alkyl chain. They tend to be rather soluble in less 

polar solvents such as ethers and alcohols. Carboxylic acids are typically 

weak acids, meaning they only partially dissocate into H+ cations and RCOO
- 

anions in aqueous solution. For  example, at room temperature,only 0.02% 

of all acetic acid molecules are dissociated in water. Since the carboxylic 

acids are weak acids, in water, both forms exist in an equilibrium: 

                                  RCOOH           RCOO
-
  +  H

+
  

The acidity of carboxylic acids can be explained either by the stability of 

acids, or the stability of the conjugate base using inductive effects or 

resonance effects. 
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Stability of the acid  

1. Inductive effects, the acidity of carboxylic acids can be rationalized by 

the two electronegative oxygen atoms distorting the electron clouds 

surrounding the O-H bond, weakening it. The weak O-H bond causes the 

acid molecule to be less stable, and causing the hydrogen atom to be 

labile, thus it dissociates easily to give the H+ ion. Since the acid is 

unstable, the equilibrium will lie on the right. 

Additional electronegative atoms or groups such as chlorine or hydroxyl, 

substituted on the R-group have a similar, though lesser effect. The 

presence of these groups increases the acidity through inductive effects. 

For example, trichloroacetic acid (three-Cl groups) is a stronger acid than 

lactic acid( one –OH group ) which in turn is stronger than acetic acid (no 

electronegative constituent).  

 

Stability of the conjugate base   

        O 
-
                        O                       O   resonance stabilization of carboxylic acids 

              
R                            R                      R              - 

 

              O                           O
 -
                      O 

2. The acidity of a carboxylic acid can also be explained by resonance 

effects. the  result of the dissociation of a carboxylic acid is a resonance 

stabilized product in which the negative charge is shared (delocalized) 

between the two oxygen atoms. Each of the carbon-oxygen bonds has 

what is called a partial double bond characteristic. Since the conjugate 

base is stabilized, the above equilibrium lies on the right. 
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Synthesis  

Carboxylic acids can be produced by oxidation of primary alcohols and 

Aldehydes with strong oxidants such as potassium permanganate, or sodium 

chlorite. They may also b e produced by the oxidative cleavage of olefins by 

potassium permanganate or potassium dichromate. In particular, any alkyl 

group on a benzene ring will be fully oxidized to a carboxylic acid, 

regardless of its chain length.  

Carboxylic acids can also be obtained by the hydrolysis of nitriles, esters, or 

amides, with the addition of acid or base. They can also be prepared from 

the action of a Grignard reagent on carbon dioxide. 

Reactions        

 Carboxylic acids can be react with bases to form carboxylate salts, in 

which the hydrogen of the hydroxyl (-OH) group is replaced with a 

metal cation. Thus, acetate, carbon dioxide, and water: 
              CH3COOH + NaHCO3                CH3COONa + CO2 + H2O  

 Carboxylic acids alos react with alcohols and amines to give esters and 

amides. Like other alcohols and phenols, the hydroxyl group on 

carboxylic acids may be replaced with a chlorine atom using thionyl 

chloride to give acyl chlorides.  

 Carboxylic acids may be reduced by lithium hydride or borane to give 

primary alcohols, though the former reaction is sluggish. Esters are 

more easily reduced, and it may be more feasible to esterify the acid 

before reduction.  

            O 

                              OH + LiAIH4                           CH 

            R                                                    R 
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 Like all carbonyl compounds, the protons on the α-carbon are labile 

due to ketoenol tautomerization.  

 The addition of a carboxyl group to a compound is known as 

carboxylation, the removal of one is decarboxylation. Enzymes that 

catalyze these reactions are known as carboxylases and decarboxylases.  

Nomenclature and examples   

The carboxylate anion R-COO-  is usually named with the suffix –ate, so 

acetic acid, for example, becomes acetate ion. In IUPAC nomenclature, 

carboxylic acids have an –oic acid suffix (e.g. octadecanoic acid). In 

common nomenclature, the suffix is usually –ic acid(e.g. stearic acid).  

Some representative carboxylic aids inclue: 

1. Short chain saturated monocarboxylic acids  

 Formic acid(methanoic acid) –HCOOH, found in insect stings 

(formic from the Latin word meaning ant) 

 Acetic acid (ethanoic acid) –CH3COOH, the principal component 

of vinegar  

 Propionic acid (propanoic acid) –CH3CH2COOH   

2. Medium chain saturated monocarboxylic acids  

 Valeric acid (pentanoic acid) –C4H9COOH 

 Enanthic acid (heptanoic acid) – C6H13COOH  

 Pelargonic acid(nonanoic acid) -C9H17COOH  

3. Short chain unsaturated monocarboxylic acids 

 Acrylic acid(2-propenoic acid) –CH2=CHCOOH, used in polymer 

synthesis  

4. Fatty acids-medium to long chain saturated and unsaturated 

monocarboxylic acids, with even number of carbons 
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 Butyric acid (butanoic acid) –CH3CH2CH2COOH, found in rancid 

butter  

 Lauric acid (dodecanoic acid) –CH3(CH2)10COOH,found in coconut 

oil 

5. Amino acids – the building blocks of proteins 

6. Keto acid – acids of biochemical significance that contain a ketone 

group  

 Pyruvic acid  

 Acetoacetic acid 

7. Aromatic carboxylic acids  

 Benzoic acid –C6H5COOH.sodium benzoate, the sodium salt of 

benzoic acid used as a food preservative  

 Salicylic acid – found in many skin care products 

8. Dicarboxylic acids – containing two carboxyl groups  

 Aldaric acid – a family of sugar acids  

 Oxalic acid – found in many  foods  

 Malonic acid  

 Malic acid – found in apples  

 Succinic acid – a component of the citric cycle  

 Glutaric acid  

9. Tricarboxylic acid – containing a hydroxy groups 

 Citric acid – found in citrus fruits  

10.Alpha hydroxyl acids – containing a hydroxyl group 

 Lactic acid (2-hydroxypropanoic acid) – found in sour milk  
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                                  esters 

In chemistry, esters are organic compounds. The most                O 

common esters are the carboxylate esters, where the acid 

 is acarboxylic acid. For example, if the acid is acetic acid,           C    

the ester is called an acetate. Stable esters such as            R            OR’ 

carbamates.RO(CO)NHR’, and dialkyl carbonates, RO(CO)OR, can be 

formed from unstable carbamic acid or carbonic            ethyl ethanoate 

acid, respectively. Esters may also be formed with  

inorganic acids, for example, dimethyl sulfate                                                 

is an ester, and sometimes called “sulfuric 

acid, dimethyl ester”.                                Ethyl groupfrom          Acetate / Ethanoate   

Esters are named similarly to salts,                the alcohol            group from the acid  

Although they don’t really have cations and anions. An ester can be thought 

of as a product of a condensation reaction of an acid (usually an organic 

acid) and an alcohol (or phenol compound), although there are other ways to 

form esters. Condensation is a type of chemical reaction in which two 

molecules are joined together and eliminate a small molecule, in this case 

two-OH groups are joined eliminating a water molecule. A condensation 

reaction to form an ester is called esterification. Esterification can be 

catalysed by the presence of H+ ions.  

 

 

H 

H 

H 

H 

 

O 

O 

H H H 

H 
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Physical properties  

Esters participate in hydrogen bonds as hydrogen-bond acceptors, but 

cannot act as hydrogen-bond donors, unlike their parent alcohols. This 

ability to participate in hydrogen bonding makes them more water-soluble 

than their parent hydrocarbons. However, the limitations on their hydrogen 

bonding also make them more hydrophobic than either their parent alcohols 

or parent acids. Their lack of hydrogen-bond-donating ability means that 

ester molecules cannot hydrogen-bond to each other, which makes esters 

generally more volatile than a carboxylic acid of similar molecular weight. 

Many esters have distinctive odors, which has led to their use as artificial 

flavorings and fragrances.  

Ester synthesis  

Esters can be prepared in the laboratory in several ways such as:  

 By esterification of carboxylic acid derivatives and alcohols 

 By transesterifications between other esters  

 By nucleophilic displacement of alkyl halides with carboxylic acid 

salts  

Some ester reactions  

   O                                                          O 

    R                 +  NaOH                          R                 +  HO     R’ 

                O     R                                                  O-Na+   

Carboxyl ate ester     sodium                                    sodium             alcohol 

                               Hydroxide                             carboxylate 

 

 

 Saponification  

Or hydrolysis  
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Ester saponification(basic hydrolysis)  

Esters react in a number of ways: 

 Esters may undergo hydrolysis-the breakdown of an ester by water. 

This process can be catalyzed both by  

acids and bases. The base-catalyzed 

 process is called saponification. The 

 hydrolysis yields an alcohol and a  

carboxylic acid or its carboxylate salt.  

 Esters also react if heated with primary 

 or secondary amines, producing amides. 

  

                             ESTERS OF SALYSILIC ACID 

Salysilic acid contains both a carboxylic group and a phenol group both of 

these functional groups can form esters. 

Salicylic acid has both pain-reducing (analgesic) and fever-reducing 

(antipyretic) properties. Unfortunately, it irritates the lining of the stomach. 

Methyl salicylate and  acetylsalicylic acid are two derivatives of salicylic 

acid that reduce this undesirable side effect while 

retaining medicinal properties. Methyl salicylate is an oil  

that is found in several plants. It has the aroma and flavor 

of wintergreen. It is used for flavoring candy and  

as a perfume. It is also used in liniments because  

it has the ability to penetrate the skin.  

HO 

HO 

O 

Salicylic acid 

O 

O 

HO 
Acetyl Salicylic acid 
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Once under the skin, methyl salicylate is hydrolyzed to salicylic acid, which 

relieves the soreness. 

Acetylsalicylic acid, better known as aspirin or sometimes ASA, is the most 

widely used drug in the world. More than 25 million pounds of aspirin are 

produced annually in the United states .Although aspirin does irritate the 

lining of the stomach and into the small intestines. There it is hydrolyzed to 

salicylic acid, which is absorbed by the body.  

 

Preparation and hydrolysis of esters in living systems  

Because it is catalyzed by enzymes, esterification in biological systems is 

rapid and efficient reaction. 

                                                              H3C 

HO                           +    CH3C                    enzyme          C       O                         + HSCoA 

                                            SCoA             

   Choline                      Acetyl CoA                          Acetyl choline 

In living systems, the hydrolysis of esters is also catalyzed by enzymes  

          CH2O2CR                        CH2OH          HO2CR      Enzyme 

                             Enzyme                                HO2CR’     catalyzed 

R’C O2CH                                   HOCH      +                                          CO2 + H2O + energy 

                                                                        HO2CR’’    oxidation 

         CH2O2CR’’                      CH2OH 

          Fat                         glycerol         faty acids           

N+ 

O 

O 

N+ 
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Unlike the acid-catalyzed reaction of preparing esters in the laboratory, 

which is a reversible reaction, the preparation and hydrolysis of esters in 

living systems occur by two separate paths: 

Example: the hydrolysis of Acetylcholine  

Acetylcholine is not hydrolyzed by the same enzyme that catalyzes its its 

formation from chline and acetyl CoA. Instead, acettlcholine reacts with a 

hydroxyl group on the enzyme to form choline and the acetylated enzyme. 

This is an example of a transesterification reaction: 

 H3C                                                                     H3C 

            C       O                         +  enzyme-OH                  C       O
-
enzyme +  HO             

       O                                                                       O 

Acetylcholine                                                         Acetylcholine                    choline 

 

                                                Thioesters   

 Thioesters are compounds containing –S-C- group bonded to the carbonyl 

carbon. 

                                        Amides 

Amide can de regarded as carboxylic acids in which the hydroxyl group is 

replaced by an-NH2, -NHR, or –NR2. The organic functional group 

characterized by a carbonyl group ( C=O) linked to a nitrogen atom (N).  

Amides are the most stable of all the carbonyl functional groups . 

N+ 
N+ 
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Amides are commonly formed from the reaction of a carboxylic acid with 

an amine. This is the reaction that forms peptide bonds between amino 

acids. In biochemistry peptides are synthesized in solid phase peptide 

synthesis.  

         O                                                                         O 

                              N            R’                                                   R’ 

 R          OH    +             N              - H2O              R           N      

                                     H                                                   H 

Amide linkages constitute a defining molecular feature of proteins, the 

secondary structure of which is due in part to the hydrogen bonding abilities 

of amides.  

Amide properties  

         O                                                    O- 

                       R                                                       R 

 R           N                                         R           N+      

              H                                                       H 

              A                                                 B 

An amide linkage is kinetically stable to hydrolysis. However, it can be 

hydrolysed in boiling alkali, as well as in strong acidic conditions.  

Compared to amines, amides are very weak bases. This lack of basicity is 

explained by the electron-withdrawing nature of the carbonyl group where 
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the long pair of electrons on the nitrogen is delocalized by resonance, thus 

forming a partial double bond with the carbonyl carbon and putting a 

negative charge on the oxygen. On the other hand, amides are much stronger 

bases than carboxylic acids, esters, Aldehydes, and ketones. 

Amides are prepared by the reaction of ammonia or amines with averaity of 

acid derivatives such as esters and acid anhydrides. Their major reaction of 

biological interst is hydrolysis to a carboxylic acid and an amine or 

ammonia. 

 

   H2N                                                         HO                                                    

                                 +  H2O        H+                                       + NH4
+ 

   O                                                            O    

               Benzamide                                          Benzoic acid   

 

                            Carboxylic acid anhydrides      

A carboxylic acid anhydride can be regarded as a carboxylic acid whose –

OH group has been substituted by a carboxylaee group. They are named by 

replacing the word acid of the corresponding common IUPAC  

Of the carboxylic acid with anhydride. 
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      Acetic anhydride                                   benzoic anhydride 

Anhydreides react with water, amines, alcohols and thiols. All of these 

reaction involve substituting an –OH, -NHR, -OR, or –SR group, FOR THE 

–OOCR group.  

 

                               Acyl Transfer Reactions  

Many of the substitution reactions of carboxylic acids and their derivatives 

in living systems are called acyl transfer reaction: 

                 O                                                         O  

RCH2C             +   HSCH2R’’            RCH2C            +   R’CH2OH  

            OCH2R’                                            SCH2R’’ 

 

In most carboxylic acid derivatives in living systems, the group bounded to 

the carbonyl carbon is much larger and more complex than the acyl group: 

A typical example is the reaction of acetyl coenzyme A with an acyl carrier 

protein (ACP): 
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       O                                                  O 

CH3C            +    HSACP             CH3C             +   HSCoA  

            SCoA                                         SACP 

  Acetyl CoA         ACP                 Acetyl ACP          CoA  

Both the coenzyme A protion of acetyl coenzyme A and acyl carrier protein 

are large and complicated. Therefore it is easier to focus  on the transfer of 

the acyl group, which in this case is an actyl group. This view is emphazised 

by the name given to the enzyme that cataelyzes this reaction: ACP-

acyltransferase.  

  

                      Phosphoric acid and its derivatives 

Phosphoric acid, also known as  orthophosphoric acid, have the chemical 

formula H3PO4 . 

Orthophosphoric acid is a non-toxic, inorganic, rather weak triprotic acid 

which, when pure, is a solid at room temperature and pressure. 

Orthophosphoric acid is a very polar molecule, therefore  it is highly soluble 

in water. The oxidation state of phosohorus (P) in ortho- and other 

phosphoric acids is +5, the oxidation state of all the oxygens (O) is -2 and 

all the hydrogens (H) is +1. Triprotic means that an orthophosphoric acid 

molecule can dissociate up to three times, giving up an H+ each time, which 

typically combines with a water molecule, H2O.   
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 HO                       O                                           OH 

                       

       P               P                       +          2 HO        P         O 

O                           OH 

            O    O                                                       O 

     Pyrophosphate                                   hydrogen phosphate 

Because the tripotic dissociation of orthophosphoric acid, the fact that its 

conjugate bases cover a wide PH range, and because phosphoric acid/ 

phosphate solutions are generally non-toxic, mixture of these types of 

phosphates are often used as buffering agents or to make buffer solutions, 

where the desired PH depends on the proportions of the phosphates in the 

mixtures. Phosphates are found pervasively in biology, especially in the 

compounds derived from phosphorylated sugars, such as DNA and RNA 

and adenosine triphosphate (ATP). 

                                                  O  

                                                                 

                                     O 

      O – H  

Examples of some of the phosphoric acid derivatives found in living 

systems.  

 

O 

O 
P H 

H 
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HO  

          

                                                              H3C     O                                  O 

 

Methyl phosphate (a monoester)                methyl pyrophosphate (an aster anhydride)                                     

 HO                       O                                            

                       

       P               P                                  

O                           OH 

            O    O       

 Pyrophosphate (an anhydride)       

 

 

 

 

 

 

 

                          

 P 

O 

HO 

 O 
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