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Compounds 

Organic 
Aliphatic 

Aromatic 

Inorganic Inorganic 
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Classification of compounds 



Introduction to Organic Chemistry 
 Organic chemistry is the study of the structure, 

properties, composition, reactions, and preparation of 
carbon-containing compounds. Most organic 
compounds contain carbon and hydrogen, but they may 
also include any number of other elements (e.g., 
nitrogen, oxygen, halogens, phosphorus, silicon, sulfur). 

 Organic chemistry plays an important part in our daily 
life because food, clothes, paper, ink, rubber, soap, 
perfumes, medicines etc. are indispensable to us for 
proper living. Organic compounds are important 
constituents of many products e.g., paint, food, plastic, 
explosive, medicine, petrochemical, pesticide etc. 
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* Classification of organic compounds 
1- Hydrocarbons (C,H) 
2- Alcohols (C,H,O) 
3- Aldehydes (C,H,O) 
4- Ketones (C,H,O) 
5- carboxylic acids (C,H,O) 
6-Esters (C,H,O) 
7- Amines (C,H,N) 
8- Amides (C,H,O,N) 
9- Imides (C,H,O,N) 
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What are hydrocarbons? 
Hydrocarbons are compounds comprised exclusively of 
carbon and hydrogen. 

Hydrocarbons 

Unsaturated Saturated 

Single bonds 

( Alkanes) 

Triple bond 

( Alkynes ) 

Double bond 

( Alkenes) 
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Alkanes 
CnH2n+2 

8 

What are Alkanes? Alkanes are organic compounds that 
consist of single-bonded carbon and hydrogen atoms. 
The formula for Alkanes is CnH2n+2, subdivided into three 
groups – chain alkanes, cycloalkanes, and the branched 
alkanes. 

Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 



Methane (CH4) 
Ethane (C2H6) 
Propane (C3H8) 
Butane (C4H10) 
Pentane (C5H12) 
Hexane (C6H14) 
Heptane (C7H16) 
Octane (C8H18) 

List of Alkanes 
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Tetrahedral shape  
with angles 109.5° 
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CH2
 CH

 
CH3

 

Nomenclature of alkane 

CH
3 

CH
3 

4 3 2 1 

2-methylbutane 
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Naming rule 
• Identify longest chain 
• Branch will take the lowest number 



Preparation of alkanes  
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In a hydrogenation reaction, two hydrogen atoms are added across 
the double bond of an alkene, resulting in a saturated alkane. 
Hydrogenation of a double bond is a thermodynamically favorable 
reaction because it forms a more stable (lower energy) product. 

1- Hydrogenation of alkene 
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The Grignard reagent is very unstable in water and 
hydrolyzes to create an alkane compound. The Grignard 
reagent should be produced in dry media for this reason 
(without water or moisture). The alkane is used to preserve 
the number of carbon atoms in the Grignard reagent. 

2- Hydrolysis of Grignard reagent  
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2 CH3 CH2 CH2 Br +   2 Na CH3 CH2 CH2 CH2 CH2 CH3

+  2 NaBr

15 
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Propyl bromide hexane 

3) 
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Reactions of alkanes  
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2- Replacement reaction 

What is Halogenation of Alkanes? Halogenation of an 
alkane produces a hydrocarbon derivative in which one or 
more halogen atoms have been substituted for hydrogen 
atoms. Alkanes are notoriously unreactive compounds 
because they are non-polar and lack functional groups at 
which reactions can take place. 

Halogenation  
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Alkenes 
CnH2n 
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Alkenes are a class of hydrocarbons (e.g, containing only 
carbon and hydrogen) unsaturated compounds with at 
least one carbon-to-carbon double bond. Another term 
used to describe alkenes is olefins. Alkenes are more 
reactive than alkanes due to the presence of the double 
bond. 
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Angles 120° 
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CH
 CH

 
CH2

 

Nomenclature of alkene 

CH
3 

CH
3 

1 2 3 4 

3-methyl-1-butene 
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Naming rule 
• Identify longest chain contains double bond 
• Double bond will take the lowest number 
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(1) Dehydrohalogenation of alkyl halides 

When an alkyl halide is heated with concentrated solution of KOH, a 
molecule of hydrogen halide eliminated and an alkene forms. This 
reaction is called dehydrohalogenation. 

Preparation of Alkenes  
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Chemical reactions of 
Alkenes 

25 
Organic Chemistry- Aliphatic Compounds 

(Health Technical Institute- 1st year 
students) 

ethene ethane 

Addition of symmetric reactants such as H2 or X2 
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What is Markovnikov's rule? Markovnikov's rule states that when an 
asymmetrical reagent is added to an asymmetrical alkene, then the 
negative half of the reagent will attach to the carbon atom 
containing fewer hydrogen atoms. 

Organic Chemistry- Aliphatic Compounds 
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Addition of asymmetric reactants such as H2O or HX 
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2-propanol 

Addition of water is carried out according to Markovnikov's rule 

propene 

b) Hydration (addition of H2O) 



30 
Organic Chemistry- Aliphatic Compounds 

(Health Technical Institute- 1st year 
students) 

2-bromopropane 

1-bromopropane 
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Oxidation by Ozone 

32 
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Alkynes 
CnH2n-2 
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Alkynes are hydrocarbons which contain carbon-carbon 
triple bonds. Their general formula is CnH2n-2 for molecules 
with one triple bond (and no rings). Alkynes undergo 
many of the same reactions as alkenes, but can react 
twice because of the presence of the two p-bonds in the 
triple bond. 

Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 



34 

Simplest alkyne is Ethyne or Acetylene 

C
 

C
 

General formula: CnH2n-2 

H
 

H
 

Alkynes are hydrocarbons which contain 
carbon-carbon triple bonds.  
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C
 CH

 
CH

 

Nomenclature of alkyne 

CH
3 

CH
3 

1 2 3 4 

3-methyl-1-butyne 
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Naming rule 
• Identify longest chain contains double bond 
• Triple bond will take the lowest number 



Reactions of Alkynes 

CH
Br

2 CH
3
-C = CH

Br Br

Br
2

CH
3
-CBr

2
-CHBr

2

CH
3
-C = CH

Br H

BrH
CH

3
-CBr

2
-CH

3

CH3-C

HBr

Bromonation Br2 / Addition of HBr 
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Hydration of alkyne gives aldehyde or ketone 
Firstly, it gives an enol form (unstable) which 
convert to a keto form (stable) via Tautomerizaton 
process. 

CH CH
3
-C = CH

OH H

Br
2

CH
3
- C - CH

3

CH
2
 = C-H

BrH
CH

3
-C

OH
2

H
+

O

OH

H-C C-H
H

O

CH3-C

Hydration ( addition of H2O) 
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propyne 
acetone 

acetylene 
acetaldehyde 

Enol form 

Enol form 





Alcohols 

- Types of Alcohols 
- Nomenclature 
- Synthesis 

- Reactions 
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Types of Alcohols 
 

According to number  
       of –OH group 

1- Mono-hydric 
2- Di 
3- Tri 

According to position 
       of –OH group 
1- Primary 
2- Secondary 
3-Tertiary 
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According to number of –OH group 

   CH3OH 
 
CH3CH2OH 

Ethylene glycol  
1,2-dihydroxyethane 

Ethane-1,2-diol Glycerol  
1,2,3-trihydroxypropane 

propane-1,2,3-triol Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 
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methanol 

ethanol 



 
According to position of –OH group 
 

CH3CH2CH2OH 
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Primary 
Secondary Tertiary 



Nomenclature of alcohols 

CH3OH 

CH3CH2OH 

Methanol / 
Methyl alcohol 

Ethanol / 
Ethyl alcohol 

2-propanol/ 
Isopropanol 
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2-methyl-2-butanol 
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Naming rule 
• Identify longest chain contains functional group 
• Carbon of functional group will take the lowest number 



Synthesis  of alcohols 

1) Hydrolysis of Alkyl Halides 
 This is a nucleophilic substitution reaction. 
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2) 

Markincove’s rule 

Organic Chemistry- Aliphatic Compounds 
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students) 

propene 

2-propanol 



3) Preparation of Alcohols from Grignard Reagent 
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by application of Markincove's rule: 2-propanol 

by application of anti- Markincove's rule: 1-propanol 
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Reactions of alcohols 

1- Elimination R. (Dehydration) 
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C
 

H
 

OH
 

C
 

H
 

H
 

H
 

H
 

ethene 

+
 
H

2
O

 

C
 

H
 

OH
 

C
 

H
 

H
 

H
 

H
 

H
2
SO

4 

Δ 

ethanol 
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2- Oxidation 

Primary alcohol ------------------›Aldehyde 

Secondary alcohol-----------------›Ketone 

Tertiary alcohols----------------›No oxidation 
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[O] 

[O] 

[O] 
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3-Esterfication 
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ALDEHYDES & KETONES  

 

 

(ALKANALS & ALKANONES) 



Aldehydes and Ketones 

Properties 
Nomenclature 
Preparation 
Reactions 
 
 



Carbonyl Functional Groups 
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Large Dipole Controls Properties and 
Reactivity 
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Boiling Points 
Dipole-Dipole Interactions 
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ALDEHYDES & KETONES (ALKANALS & ALKANONES) 

• The simplest aldehyde is formaldehyde (CH2O).  It is the only aldehyde 
without an alkyl group attached to the carbonyl C. 

C

O

carbonyl group

: :

R C

O

R'

ketone

: :

R C

O

H

aldehyde

: :
Aldehydes & ketones both 

contain the carbonyl group. 

All other aldehydes, such as acetaldehyde 
(CH3CHO), have one alkyl group and one H 
attached to the carbonyl C. formaldehyde

C

O

HH

: :

C

O

HCH3

: :

acetaldehyde

 All ketones have two alkyl groups attached to the carbonyl C. 

: :

C
CH3

O

methyl phenyl ketone
      (acetophenone)

: :

C
H3C CH3

O

dimethyl ketone
   (acetone)

  

  

  

  

: :

C
H3C CH2CH3

O

methyl ethyl ketone
         (MEK)
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Classical Aldehyde Nomenclature 

HCHO

CH3CHO

CHO

CHO

CHO

Prefix

form

acet

propion

butyr

valer

CHO










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Formaldehyde/ methanal 

Acetaldehyde/ ethanal 

propanal 

Naming rule 
• Identify longest chain contains functional group 
• Carbon of functional group will take the lowest number 



Preparation of  
Ketones and Aldehydes 

1. Hydration of Alkynes (ketones with 
oxymercuration, aldehydes with hydroboration) 

2. Ozonolysis of Alkenes (aldehydes and 
ketones depending on substitution) 

3. Oxidation of alcohols 
4. Reduction of acids 
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1- Hydration of alkyne 
a) Markovnikov's rule 

CH3CH2C CH
HgSO 4, H2SO4

H2O
CH3CH2C=CH2

OH

an enol

CH3CH2CCH3

O

a ketone
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1-butyne 

2-butanol 



Hydration 
b) Anti- Markovnikov's rule 
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1-butanal 



2- Ozonolysis 
Alkene Cleavage 

C=C

CH3

CH3

CH3

H

O3 in CH2Cl2
C O

H

CH3

C

CH3

CH3

O+

H

CH3

CH3

CH3

C=C

O
O

O

1)

2) CH3SCH3

or Zn/HOAc

O
O

O

H O

OO

H

ozonide

DMS

+  DMSO
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• alcohols can be oxidized 
to form aldehydes and 
ketones. 

• Primary (1o) alcohols are 
oxidized to aldehydes 
(and subsequently to 
carboxylic acids) 

• Secondary (2o) alcohols 
are oxidized to ketones 

1o alcohol

[O]

[O]

2o alcohol

aldehyde

ketone

[O] = KMnO4 or K2Cr2O7 

3- Oxidation of alcohols 
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Contd. Oxidation of alcohols 
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Nucleophilic Addition Reactions: 
Strong Nucleophiles 

O







Nu:

O

Nu

H3O
+ OH

Nu

Basic nucleophiles:  RMgX, RLi, LiAlH4, NaBH4, RC CNa

Nonbasic nucleophiles:  CN
-

Organic Chemistry- Aliphatic Compounds 
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Addition of a nucleophile:  Nucleophilic Addition 

O

Nu:
 -

O

Nu

O

Nu

tetrahedral intermediate

OH

Nu

OH

Nu

Good nucleophile, usually basic 

+ 

+ 

Attack of 

nucleophile 

occurs on 

both sides 

of carbonyl 

group.  

Produces 

both 

configurati

ons. 

Overall: H – Nu was added to carbonyl group double bond. 

Notice that the CO bond order was reduced from 2 to 1.  The addition reduced 

the bond order.  We will use this idea later. 
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Carbonyl Compounds Reactivity 

C

O

HH R H

O

C

R R'

O

C
R OR

O

C
> > >

decreasing rate of reaction with nucleophile






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Nucleophilic Addition Reactions: 
Weak Nucleophiles 

O O
H

H
+
, H2O

OH2
O

OH

H
H

OH

OH

a hydrate

-H2O

H2O

H3O
+
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Acetal Formation 

O
H

+
, CH3OH HO OCH3

hemiacetal

H
+
, CH3OH OCH3CH3O

acetal
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Carbonyl compound reacts with two molecules of alcohol to give acetal 



H2O

HOCH3

OCH3CH3O

H

-H2O OCH3HO OCH3

H

OH2

HO OCH3

H

HOCH3

O
H

acetal

OCH3CH3OH
+
, CH3OH

hemiacetal

HO OCH3H
+
, CH3OH

O

-H
+

-H
+

Acetal mechanism 
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Preparation of alcohols from Grignard Reagent 

Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 
79 



Formation of Hydrates, carbonyls and water. 

Carbonyl side of equilibrium is usually favored. 
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Oxidation and reduction of  
aldehydes and ketones 

• Aldehydes can be oxidized easily to carboxylic 

acids 

• Ketones are resistant to oxidation. 

Oxidation reactions 

aldehyde

[O]

[O]

ketone

no reaction

carboxylic acid
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 Carboxylic acids are strong organic acids which contain  

      the carboxyl group (-COOH, -CO2H) 

 Carboxylic acids are classified as aliphatic or aromatic depending        

on whether R or an Ar  is attached to the carboxylic group   

     R-COOH or Ar-COOH 

C

O

O H

83 
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Formula   IUPAC      Common 

     alkan -oic acid    prefix – ic acid 

 

HCOOH    methanoic acid     formic acid 

CH3COOH      ethanoic acid     acetic acid 

CH3CH2COOH   propanoic acid      propionic acid  

CH3CH2CH2COOH    butanoic acid               butyric acid  

   

Nomenclature of carboxylic acids 

84 
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• Identify longest chain 

• (IUPAC) Number carboxyl carbon as 1 

• (Common) Assign , , ,  to  carbon atoms 
adjacent to carboxyl carbon 

Naming Rules 

Examples: 

85 
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Physical Properties of Carboxylic Acids  

1. Solubility 

 The carboxylic acid are highly polar organic compounds.  

 This polarity results from the presence of a strongly polarized 

carbonyl (C=O) group and hydroxyl (O-H) group.  

 As the number of carbons in a carboxylic acid series becomes 

greater, the solubility in water decreases. 

 Aromatic carboxylic acids are insoluble in water.  
86 
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Structure of Carboxyl 

• Carbon is sp2 hybridized. 

• Bond angles are close to 120. 

• O-H eclipsed with C=O, to get overlap of  
orbital with orbital of lone pair on oxygen. 

=> 
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Boiling Points 
Higher boiling points than similar alcohols, 

due to dimer formation. 

Acetic acid, b.p. 118C => 



2. Boiling Point  

Carboxylic acids are polar compounds and form very strong 

intermolecular hydrogen bonds to form a dimer.  

 As the number of carbons in a carboxylic acid series becomes 

greater, the boiling point increases.  

89 
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Acidity and Acid Strength  

 The most important chemical property of carboxylic acids 

chemistry is their acidic nature.  

 The mineral acids (HCl, HBr, HI, H2SO4, H3PO4 ) are defined as 

"strong acids" because they undergo complete dissociation.  

 Carboxylic acids are strong organic acids , they are much more 

acidic than alcohols.  

 Carboxylic acids are stronger acids than phenols.  

90 
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Preparation of Carboxylic acids 
1. Oxidation:  

A. Oxidation of primary alcohols and aldehydes  

KMnO4/ H
+ / Δ  

K2Cr2O4 / H
+ 

91 
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2. Carbonation of Grignard Reagents:  

The addition of Grignard reagents to CO2 in form of dry ice gives  

an acid with one more carbon more than the original Grignard 

reagent.  
 

Example: 

δ- 
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3. Hydrolysis of Nitriles:  

Nitriles: 

 They are prepared by reacting a 1° or 2° alkyl halide with cyanide salt. 

 Acid hydrolysis of a nitriles yields a carboxylic acids. 

Examples: 

 

+  NH3 

 

+  NH3 

 

+  NH3 
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Reactions of Carboxylic acids 

1. Reaction with Bases : Salt formation  

The carboxyl hydrogen is replaced by metal ion, M+ 

  

A) With strong base:  

+ 

94 
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B) With weak base 

  Weaker acids like phenols react only with strong bases like  

(NaOH or KOH) and will not react with NaHCO3  

95 
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2. Reaction with Nucleophiles to form acid derivatives:  
   

 When the OH of a carboxylic acid is replaced by a nucleophile, :Nu ,   

a carboxylic acid derivative is produced. 
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Esterification is the reaction of a carboxylic acid and 
alcohol in the presence of an acid catalyst to produce 
an ester. 
 

ESTERIFICATION 
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Derivatives of  Carboxylic acids  

98 
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Nomenclature 

Nomenclature:  the functional derivatives’ names are derived 

from the common or IUPAC names of the corresponding 

carboxylic acids. 

1. Esters: 

Change –ic acid to –ate preceded by the alkyl is derived from the 

alcohol, R'OH. 

alkyl alkanoate 

Examples: 
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2.  Acid Chlorides:  

Change –ic acid to –yl chloride 

Examples: 

Alkanoyl chloride 
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3. Acid Anhydride: 

Change acid to anhydride 

Examples: 

alkanoic anhydrides  
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4. Amides:  

Change -oic acid to –amide   

alkanamide 

Examples: 
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Esters Reactions: 
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Acid Chlorides Reactions: 
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Acid Anhydride Reactions: 
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Amides Reactions: 

/ 

Reduced to amines containing one less carbon atom 

4- Reaction of amides with alkaline hypohalite solution:  
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The organic bases 



Structure & Classification 

• Amines are classified as:  

– 1°, 2°, or , 3° amines: Amines in which there are 1, 
2, or 3 alkyl or aryl groups. 

Methylamine
(a 1° amine)

Dimethylamine
(a 2° amine)

Trimethylamine
(a 3° amine)

CH3 - NH2 CH3 - NH CH3 - N

CH3 CH3

CH3: :

:

Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 
108 



Categorizing Amines 

• Amines are categorized by the number of alkyl groups 
attached to nitrogen: 
 

 1º  (primary amine)   RNH2  

 2º  (secondary amine)   R2NH 

 3º  (tertiary amine)    R3N 

 4º  (quaternary amine salt)  R4N+ 
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Naming simple amines 

• Simple 1º amines are named as “alkylamine” 

– Examples: 

• methylamine   CH3NH2 

• ethylamine  CH3CH2NH2 

• butylamine  CH3CH2CH2CH2NH2 

 

• Symmetrical 2º or 3º amines are named as 

“dialkylamine” or “trialkyamine” 

– Examples: 

• diethylamine  (CH3CH2)2NH;    trimethylamine   
(CH3)3N 
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Naming more complex amines 

• Amines with more than one type of alkyl group may be 
named as N-substituted primary amines.  The longer 
alkyl chain determines the base name. 

– Examples 

• N-methylpropylamine   CH3NHCH2CH2CH3 

• N,N-dimethylethylamine   (CH3)2NCH2CH3 
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Naming more complex amines 

• Amines that have more than one functional group may 
be named using “amino” as a substituent on the parent 
molecule. 

– Examples: 

• 2-aminoethanol    H2NCH2CH2OH 

• 4-aminobutanoic acid   H2NCH2CH2CH2CO2H 
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Heterocyclic amines 

• Some amines have a nitrogen as part of a ring.  These 
generally have common (non-systematic) names, which 
should be memorized: 

NH2

N N

N

N

H

N

N

H

N

H

N

N

H

N

aniline pyridine pyrimidine pyrrole 

quinoline indole imidazole benzimidazole 
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Structure of amines 

• Amines have an sp3 hybridized nitrogen 

• In principle, tertiary amines with three different R groups 
should be chiral (i.e., have a stereocenter).   

• However, rapid pyramidal inversion of the amine 
nitrogen prevents isolation of the enantiomers except 
where the nitrogen is part of a ring or has other 
geometrical constraint. 

 
N

Y
Z

X

N

Y
Z

X

fast 
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Properties of amines 

• Amines are moderately polar and are capable of 
hydrogen bonding. 

• Low MW amines (up to about C5) are soluble in water; 
higher MW amines will dissolve in acidic solution (as 
their conjugate acid). 

• Amines are weak bases. 
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Example of biologically active amines 

H2NCH2CH2CH2CH2NH2      putrescine H2NCH2CH2CH2CH2CH2NH2      cadaverine

H2NCH2CH2CH2CH2NCH2CH2CH2CH2NH2     

                                                 spermidineH

H2N(CH2)N(CH2)4N(CH2)3NH2         

                                        spermineH H

NHCH3

OHH

HO

HO

epinephrine

(adrenaline)

NH2

OHH

HO

HO

norepinephrine

(noradrenaline)

NH2HO

HO

dopamine
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Basicity of amines 

• Amines are slightly basic.  This because they have a lone 
pair of electrons to donate to a proton.  This same 
feature makes them nucleophiles. 

 

 

 

 

 

• Typical amines have Kb values = 10-3 to 10-4 

 

 

 

 

RNH2       +        H OH RNH3       +        OH

Kb   =   
[RNH3 ] [OH ]

[RNH2]
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Basicity of amines… 

• However, instead of measuring an amine’s basicity using 
the above equilibrium, chemists usually refer to the 
acidity of the conjugate acid of the amine.  The weaker 
the conjugate acid, the stronger the base strength of the 
amine. 

 

 

 

 

• Typical amines have Ka values (of their conjugate acids) of 
10-10 to 10-11  (pKa values of 10 to 11.) 

 

 

RNH3       RNH2     +      H Ka  =   
[RNH3 ] 

[RNH2] [H ]
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SN2 Reactions of Alkyl Halides 

• Ammonia and other amines are good nucleophiles 
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formaldehyde to give primary alcohols    

 aldehydes to give secondary alcohols 

  ketones to give tertiary alcohols 

   esters to give tertiary alcohols 

Grignard reagents react with: 
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Mechanism 
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Example 
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Chemical Reaction 

parts are mixed together to make 
something new. 

General:  A + B  AB 



Types of Reactions 

1. Synthesis reactions 

2. Decomposition reactions 

3. Substitution reactions 

4. Addition reactions 

5. Elimination reactions 

You need to be able to identify each type. 
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1. Synthesis 

Example C + O2 

O O  C +  O O  C 
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Ex. Synthesis Reaction 
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Synthesis 

• Predict the products. 

 

         Na(s) + Cl2(g)   

 

  Mg(s) + F2(g)  

 

  Al(s) +   F2(g)   

NaCl(s) 

MgF2(s) 

AlF3(s) 

2 
2 

2 3 2 

Synthesis = join together 
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2. Decomposition 

Example: NaCl 

General:  AB  A + B 

 Cl   Na Cl +   Na 

Organic Chemistry- Aliphatic Compounds 
(Health Technical Institute- 1st year 

students) 
139 



 
 

3. Substitution reaction 

 
 a- Nucleophilic reaction 

  

b- Electrophilic reaction 
  
R-Br + OH− → R-OH + Br− 
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join together 

 

A + B  AB 

split apart 

 

AB  A + B 

trade 1 place 

AB + C  AC + B 

trade 2 places 

AB + CD  AC + BD 
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Aromatic Compounds 



 Benzene – a remarkable compound 

 Discovered by Faraday 1825 

 Formula C6H6 

 Highly unsaturated, but remarkably stable 

 Whole new class of benzene derivatives – called 

 aromatic compounds 



BENZENE : Resonance description 
 Later spectroscopic evidence showed all bond lengths in 

benzene to be equal and intermediate between single and 
double bond lengths (1.39 Å). 

 Resonance instead considers such molecules to be an 
intermediate or average (called a resonance hybrid) 
between several structures that differ only in the placement 
of the valence electrons   



Benzene-orbitals   
It was also found that benzene was a flat (planar) molecule. 



Characteristics of aromatic compounds  

1. A delocalized conjugated π system, most commonly an 
arrangement of alternating single and double bonds : 
Conjugated  

2. Coplanar structure, with all the contributing atoms in 
the same plane  

3. Contributing atoms arranged in one or more rings  
4. A number of π delocalized electrons that is, 4n + 2 

number of π electrons, where n=0, 1, 2, 3, and so on. This 
is known as Hückel's Rule.  



Huckel’s Rule: The 4n+2 Rule 

 Planar monocyclic rings with a continuous system of p 

 orbitalsand 4n + 2p electrons are aromatic(n = 0, 1, 2, 3 etc) 

 Aromatic means substantial resonance stabilization 

 Benzene is aromatic: 

 planar 

 Cyclic 

 orbital at every carbon 6 p electrons (n=1) 

 Benzene has 3 bonding and 3 antibonding orbitals 

 All the bonding orbitals are full and there are no electrons 
in antibonding orbitals; benzene has a closed shell of 
delocalized electrons and is very stable 



N

O + CH
- +

n=1 n=1
n=1 n=0 n=1 n=1

CH
-

+

Non Aromatic compounds 

Aromatic compounds 



Nomenclature of Aromatic Compounds 
1. Monosubstituted Benzenes 

a. IUPAC name 
ClCH2CH3C(CH3)3

NO2

t-Butylbenzene Ethylbenzene Nitrobenzene Chlorobenzene

CH2   

Benzyl group

C O
OH

CH=CH2

CH3
OH C O

H

Toluene Styrene Phenol Benzaldehyde Benzoic acid

NH2

Aniline

CH2 Cl

Benzyl chloride

b. Common name 



2. Disubstituted Benzenes 

All disubstituted benzenes, can give rise to three possible isomers. The 

differentiate between the isomers, the relative positions of the substituents 

are designated by number or, more commonly, by the prefixes ortho (o: 1,2), 

meta (m:1,3) or para (p:1,4).   

Br

Br

Br

Br

Br

Br
1,2-Dibromobenzene 1,3-Dibromobenzene 1,4-Dibromobenzene

o-Dibromobenzene m-Dibromobenzene p-Dibromobenzene

When the substituents are different, they are listed in alphabetical order 

C2H5

Cl

O2N

Br

F

I
1-Chloro-2-ethylbenzene 1-Bromo-3-nitrobenzene 1-Fluoro-4-iodobenzene

o-Chloroethylbenzene m-Bromonitrobenzene p-Fluoroiodobenzene



If one of the substituents is part of a parent compound, then 
the disubstituted benzene is named as a derivative of the 
parent compound. 

OH

Cl

O2N

CH3

COOH

Br

2-Chlorophenol 4-Nitrotoluene 3-Bromobenzoic acid

o-Chlorophenol p-Nitrotoluene m-Bromobenzoic acid

Certain disubstituted benzenes are referred to by their common 

names. 

CH3

CH3

CH3

CH3

o-Xylene m-Xylene

CH3

CH3

p-Xylene



Reactions of Benzene 
 Even though benzene is highly unsaturated, it does not 

 undergo any of the regular reactions of alkenes 



Reactions of Benzene 

 Benzene can be induced to react with bromine if a Lewis acid 
catalyst is present 

 The reaction is a substitution and not an addition! 

Benzene produces only one monobrominatedcompound 

All 6 carbon-hydrogen bonds are equivalent in benzene 



Specific Electrophilic Aromatic : 
Substitution Reactions 

X2 , FeX3

Halogenation

X

+ HX     (X=Cl, Br)

RCl, AlCl3

Alkylation

R

+ ClH

HONO2 , H2SO4

Nitration

NO2

+ OH2

SO3 , H2SO4

Sulfonation

SO3H



Side-Chain Reactions of Aromatic 
Compounds 

a. Halogenation of an Alkyl Side Chain 
CH3

Br2

UV light

Toluene

CH2Br

+ BrH

Benzyl Bromide

b. Oxidation of an Alkyl Side Chain 
CH3

KMnO4

Toluene

COOH

Benzoic acid

CH2CH3
KMnO4

COOH

Benzoic acid

+ + OH2CO2



Disubstituted Benzenes : Orientation 
Orientation Effects of Substituents in Electrophilic 
Aromatic Substitution : 

Meta directors Ortho , para directors 

-NO2 
-SO3H 
-COOH, -COOR 
-CHO, -COR 
-CN 

-OH, -OR 
-NH2, -NHR, -NR2 
-C6H5 
-CH3, -R (alkyl) 
-F, -Cl, -Br, -I 

OH
OH

NO2

NO2

nitration

NO2

NO2

nitration
+

OH

NO2
o-Nitrophenol p-Nitrophenol

53 47
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Electrophilic Aromatic Substitution 

•The characteristic reaction of benzene is electrophilic aromatic 

substitution—a hydrogen atom is replaced by an electrophile. 

Background 



17 

•Benzene does not undergo addition reactions like other 

unsaturated hydrocarbons, because addition would yield 

a product that is not aromatic.  

•Substitution of a hydrogen keeps the aromatic ring 

intact. 

•There are five main examples of electrophilic aromatic 

substitution. 
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•Regardless of the electrophile used, all electrophilic aromatic 

substitution reactions occur by the same two-step mechanism—

addition of the electrophile E+ to form a resonance-stabilized 

carbocation, followed by deprotonation with base, as shown 

below: 
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•The first step in electrophilic aromatic substitution forms a 

carbocation, for which three resonance structures can be 

drawn. To help keep track of the location of the positive 

charge: 
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•In halogenation, benzene reacts with Cl2 or Br2 in the 

presence of a Lewis acid catalyst, such as FeCl3 or 

FeBr3, to give the aryl halides chlorobenzene or 

bromobenzene respectively. 

•Analogous reactions with I2 and F2 are not synthetically 

useful because I2 is too unreactive and F2 reacts too 

violently. 

Halogenation 
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•Chlorination proceeds by a similar mechanism. 
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•Nitration and sulfonation introduce two different functional 

groups into the aromatic ring.  

•Nitration is especially useful because the nitro group can be 

reduced to an NH2 group. 

Nitration and Sulfonation 
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•Generation of the electrophile in nitration requires 

strong acid. 
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•Generation of the electrophile in sulfonation requires 

strong acid. 
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•In Friedel-Crafts alkylation, treatment of benzene with an 

alkyl halide and a Lewis acid (AlCl3) forms an alkyl 

benzene. 

Friedel-Crafts Alkylation and Friedel-Crafts Acylation 
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•In Friedel-Crafts acylation, a benzene ring is treated with 

an acid chloride (RCOCl) and AlCl3 to form a ketone. 

•Because the new group bonded to the benzene ring is 

called an acyl group, the transfer of an acyl group from 

one atom to another is an acylation. 
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Friedel-Crafts Alkylation and Friedel-Crafts Acylation 



29 



30 

•In Friedel-Crafts acylation, the Lewis acid AlCl3 ionizes the 

carbon-halogen bond of the acid chloride, thus forming a 

positively charged carbon electrophile called an acylium ion, 

which is resonance stabilized. 

•The positively charged carbon atom of the acylium ion then goes 

on to react with benzene in the two step mechanism of 

electrophilic aromatic substitution. 
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Three additional facts about Friedel-Crafts alkylation 

should be kept in mind. 

[1] Vinyl halides and aryl halides do not react in Friedel-

 Crafts alkylation. 
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[2] Rearrangements can occur. 

These results can be explained by carbocation 

rearrangements. 
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Rearrangements can occur even when no free carbocation 

is formed initially. 
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[3] Other functional groups that form carbocations can 

also be used as starting materials. 
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Each carbocation can then go on to react with benzene to 

form a product of electrophilic aromatic substitution. For 

example: 
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H

E

B
E
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3) Draw a detailed mechanism of the chlorination of 

benzene. 

Cl Cl
FeCl3 Cl Cl FeCl3

Formation of Electrophile 

Cl Cl FeCl3

H
H

Cl

H

Cl

H

Cl

+ FeCl4

Electrophillic Additon 
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H

Cl

 FeCl4

Cl

+ HCl + FeCl3

Deprotonation 
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H

SO3H

R
R

H

SO3H

R

H

SO3H

R

H

SO3H

Electrophillic Addition 

R

H

SO3H

HSO4
R

SO3H

+ H2SO4

Deprotonation 
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H3CH2C Cl AlCl3

H

H

CH2CH3

H

CH2CH3

H

CH2CH3

Electrophillic Additoon 

H

CH2CH3

AlCl3Cl

CH2CH3

+ HCl + AlCl3

Protonation 


