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In the 2nd. Semester the following topics will considered: 
 
1- Carbonyl Compounds (Aldehydes & Ketones). 
2- Carboxylic Acids. 
3- Functional Derivatives of Carboxylic Acids. 
4- Carbanion I and II. 
5- Amines. 
6- Phenols  



Carbonyl Compounds 

-These compounds occur everywhere.                        

-Most biological molecules contain carbonyl groups 

- most pharmaceuticals                                                    

- and many of the synthetic chemicals that touch our 
everyday lives 

Are compounds that 
contain C=O group 
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- Citric acid found in lemons and oranges.       

- Acetaminophen the active ingredient of many  

  over shelf medicine and 

- Dacron is a synthetic polyester       

12 March 2020 4 



Kinds of carbonyl compounds 
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The table below shows some of the many 
different kinds of carbonyl compounds 
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ALDEHYDES and KETONES 
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Some Naturally occurring Ketones  
Used in Perfumes Formulation: 
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From roses 
     oils 
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& ketones: ald.between  similarityThe Structure:  
            Both aldehydes and ketones contain  carbonyl group 

 

R, Rˋ = Aliphatic or Aromatic 
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The difference between aldehydes. & 
ketones: 

 
- Aldehydes are more reactive than ketones 

towards Nucleophilic  attack, for both 
Steric and Electronic reasons  
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Nature of the carbonyl group 

- Carbon bonded to 3 atoms 
- Sp2 Hybridized   
-Trigonal planner 
-Bond Angle 120 
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- In one important way the C=O & C=C double bonds are     
   very different. 
- The presence of the high electronegative oxygen make      
   carbonyl more polar.       

Electrostatic 
Potential Map 
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IUPAC (International Union of Pure and Applied Chemistry) 

 
     1- Select the longest chain carrying the –CHO group & give 
      the name of the corresponding alkane. 
 
 2- Change the suffix –e of the parent alkane to –al  
   
 3- Number the chain so that the –CHO group takes no. 1 
 
      

Nomenclature of Aldehydes 

1- According to the IUPAC name: 
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Nomenclature of ketones 
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3-isopropyl-4-methylcyclohexanon 
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Physical Properties     (B.P.s) 
 

1- The Presence of Polar carbonyl group makes 
Aldehydes and Ketones polar compounds ; 

     therefore  they have higher B.P.s than non polar 
compounds of comparable molecular weight. 

 
2- They are not capable of intermolecular            

     H- bonding. As a results they have lower boiling 
than corresponding alcohols of the same 

molecular weights 
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3- The lower aldehydes and ketones are       
        soluble in water because of H-bonding   

       with water. They are all soluble in 
organic solvents 
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Solubility 



4- Formaldehyde is gas (b.p. = -25 and is use        
    either as aqueous solution (formalin) or as 

one of its solid polymers                             
- paraformaldehyde (-CH2O-)n                         

- Trioxane (CH2O)3                                                                 
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Metaformaldehyde 



  Acetaldehyde (b.p. =20) is often generated from its 
  higher boiling trimer by heating with acid:        
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1- Industrial Preparation of aldehydes: 
    The presence of aldehydes and ketones in natural             
     products, (vaniline, cinamone, almondes,…etc.)   
      and involved in many organic reactions, encourage          
      scientists to find industrial methods:  
A- Oxidation of primary alcohols or                                          

, which give the name rogenationDehydcohol Al      
     Aldehyde 

Preparation of Aldehydes and Ketones 
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B- Hydration of Acetylene in the presence of HgSO4, H2SO4 

Tautomerization 
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Enol 
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1- Oxidation of 1° Alcohols , 
     using K2Cr2O7 or Na2Cr2O7 with H2SO4, 

       or PCC in CH2Cl2   at room temp. 
     or I(ᴠ)-containing Dess-Martin  
          periodinane in CH2Cl2   solvent  

PCC in CH2Cl2  

Distillation 
from reaction 
mixture 
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Selective oxidation of primary alcohols to Aldehydes ONLY no further 
Also known as Corey’s reagent. Does not oxidize aldehydes to acids. 



2- Oxidation of methyl benzene. 
     Toluene oxidized with permanganate  
      KMnO₄ give Benzoic acid.  
 Partial oxidation gives Aldehyde: 
A- Use of acetic anhydride, to give  
     gem-diacetate , hydrolysis give ald.      

Gem = Twin 
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B- Hydration of Dihalogen Compounds 
      Gem-Dihalides: 

So using either Cl2  or  
CrO₃/ Acetic anhydride 
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3- Reduction of Acid Chlorides and Esters: 
     A- Reduction of acid chlorides 
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Examples: 



B- reduction of esters: 
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4- Reimer-Tiemann Reaction: 
   Synthesis of Phenolic Aldehydes. Dichlorocarbene 
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5- Ozonolysis of alkene, gives Ald. & Ketones 
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Preparation of Ketones: 
1- Oxidation of 2° Alcohols 

2° Alcohols oxidized to give ketones 
Using Cu and Air at 300°C : Industrial 

 الخ....طلاء، بلاستك، ادويه، مفرقعات، والمطهرات

12 March 2020 47 



2° Alcohols also oxidized to Ketones using 
Chromic acid or CrO3 in glacial acetic acid: 
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Possible Mechanism 

It is possible that the proton is lost to an oxygen of the ester group 
in a cyclic mechanism 2a 
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Chromate ester 



2- Friedel-Crafts Acylation 
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Clemmensen reduction 

Wolff-Kishner reduction 12 March 2020 53 



The reaction Alkyl or Aryl halides with lithium 
gives lithium compounds, Which on reaction 
with copper halides give  
Lithium dialkyl cuprate,(less reactive) 
The reaction of the later with acid chlorides give the 
corresponding Ketones: 
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Formone 



4- Addition of water to Acetylenes: 
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5- Acetoacetic ester synthesis of Ketones: 
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6- Ketones from Nitriles: 
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