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 Hydrocarbons 
Organic compounds contain only two elements ,hydrogen and carbon and hence are 

known as Hydrocarbons. 

On the basis of structure Hydrocarbons are divided into two main classes aliphatic  and 

aromatic . Aliphatic hydrocarbons are divided into families (alkanes ,alkenes ,alkyne 

and cyloalkane  ) . We shall take up  these families in the order given . 

 

 

Physical properties of alkanes 

Physical properties of alkanes constants for a number  of the n- alkanes. As we can see  

the boiling points and melting points, rise the number of carbons increases .the process 

of boiling and melting point require overcoming the intermolecular forces  of a liquid 

and a solid  ; the boiling points and melting points, rise because these intermolecular 

forces increases as increases molecules get larger .Except for the very small alkanes 

the boiling point rise 20- 30
o
C degrees  for each carbon that is added to the chain ;the 

first four n-alkanes  are gases .but ,as of the rise  a result in  boiling point and melting 

point with increasing chain length, the next (C5-C17)are liquids .and those containing 

18 carbon or more are solid  

In agreement  with the rule of thumb (Like dissolves like) the alkane soluble in non- 

polar solvents such as benzene ,ether ,chloroform and are insoluble in water and other 

highly polar solvents . 

The density increase with size of the alkanes ,but, tend to level off about 0.8 thus all 

alkanes are less dense than water .in general ,to be denser than water a compound must 

contain heavy atom like bromine ,iodide ,or several atoms like chlorine . 

Classes of carbon atoms  and hydrogen atoms  

Primary (1
o
): carbon atoms is attached to only one other carbon atoms   

Secondary (2
o
): carbon atoms is attached to two others carbon atoms   

Tertiary(3
o
) : carbon atoms is attached to three  others  carbon atoms   
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Each hydrogen atom is similarly classified being given the same designation of 

primary ,secondary , or tertiary as the carbon atom to which it is attached . 

 

  

 

  Alkyl group  

we have seen that chloroform CH3Cl is also know as methyl chloride . the CH3 group  

is called methyl wherever it appears. CH3Br being methyl bromide , CH3I methyl  

Iodide, CH3OH  methyl alcohol .in the same way ,the C2H5 group  is called Ethyl , 

C3H7 propyl ,C4H9 butyl ;and so on . 

These groups are named simply by dropping (ane) from the name of the corresponding 

alkane and replacing it by (–yl-). They are known collectively as alkyl groups.the 

general formula for an alkyl group is CnH2n+1, it contain one less hydrogen than the 

parent alkane CnH2n+2 . 

 

The propane chain, but differ in the point of attachment of the chlorine ; they are 

called n-propyl and isopropyl. We can distinguish the two chlorides by the names  

  

n-propyl chloride and isopropyl chloride ; we distinguish the two propyl bromides, 

iodides, alcohols , and so on in the same way. 
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We find that there are four butyl groups, two derived from the straight –chain         

n-butane , and two derived from the branched-chain isobutene. These are given the 

designations n-(normal), sec (secondary), iso-, and tert- (tertiary), as  shown below. 

Again the difference between n-butyl and sec-butyl and between isobutyl and tert-

butyl lies in the point of attachment of the alkyl group to the rest of the molecule. 

      

Alkyl group : - 

If a hydrogen  atom is removed from an alkane the remain  is called an alkyl group 

with general formula , CnH2n+1  

Common name of  alkanes                                                                    

As we have seen  the prefix  n-,iso and  neo  are adequate to differentiate the various 

butanes and pentanes , the prefix (n-) has  been retained for any alkane, in which all 

carbons from a continuous chain with no branching :       

          

An iso alkane is a compound  (of six carbons or   less ) in which all carbons except 

one from a continuous chain and that one carbon is attached to the next –to- end 

carbon:  
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IUPAC name of  alkanes 

 IUPAC (international union of pure and applied chemistry) 

1- (a)Choose the longest continuous chain of carbon atoms in the molecule , 

and use the name of that chain as the parent name.        

 
 

 (b) If two different chain of equal length are present, choose the one with the 

larger number of branch point as the present. 

 

2- In numbering the parent carbon chain , start at whichever end  result s in the 

use of the lowest numbers . 

     

3- If the same alkyl group occurs more than once as a side chain. indicate this 

by the prefix di , tri ,tetra .....etc....to show how many of these alkyl group 

there are and indicate by various  numbers the positions of each group .as 

2,2,4-trimethylpentane . 
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4- If there are  several difference alkyl groups attached to the parent  chain 

name them in order of increasing size or in alphabetical order ; as in  3,3-di 

ethyl -5-iso propyl 4-methyl octane . 

 

 
 

Reaction of alkanes  

1- Combustion of alkanes 

The reaction of alkanes with oxygen to formed carbon dioxide + water and 

most important of all  heat ,is the chief reaction occurring in the internal 

combustion engine ;  

For example  

 

 3CO2
5O2C3H8

CnH2n+2
 n CO2               +       (n+1) H2OO2

 2CO2
7 \ 2 O2C2H6 3 H2O

4 H2O

 

2- Halogenation  

Under the influence  of ultraviolet light or 250- 400
 o

C , chlorine or bromine converts 

alkanes  into chloro alkanes (alkyl chloride )  or bromo alkanes (alkyl bromides) an 

equivalent amount of hydrogen chloride or hydrogen bromide  is formed  at the same 

time . 
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Mechanism of Halogenation  

Halogenation of alkanes proceeds by the same mechanism as Halogenation  of 

methane 

 

Then (2),(3), (2),(3),etc until finally a chain is terminated 

A Halogen atom abstracts hydrogen form the alkane (RH) to form an alkyl radical (R`) 

in turn abstract a halogen atom from a halogen molecule to yield the alkyl halide 

(RX),Which alkyl halide  is  obtained depends upon which alkyl radical  is formed . 
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 Preparation of alkanes 

Each of the smaller alkanes from  methane  through n-pentane and isopentane can be 

obtained in pure form by fractional distillation from petroleum and natural gas .In 

some of these equations the symbol R  is used  to indicate any alkyl group . 

1- Hydrogenation of alkene 

General method for the conversion of a carbon –carbon double bond into carbon –

carbon single bond: using the same apparatus ,the condition   

 
2-Grignard reagent  : an organo metallic  compound when a solution of an alkyl 

halide in dry ether (C2H5)2O. is allowed to stand over turnings of metallic 

magnesium ,a vigorous  reaction take place : the solution turns cloudy begins  to 

boil and the magnesium  metal gradually disappear. The resulting solution is 

known as a Grignard reagent. the Grignard reagent  has the general formula 

RMgX . , and the general name alkyl magnesium halide. The carbon – 

magnesium bond is covalent but highly polar ,with carbon pulling electrons from 

electropositive magnesium; the magnesium – halogen bond is essentially ionic. 
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The Grignard reagent is highly reactive .it reacts with numerous inorganic 

compounds including water ,carbon di oxide ,and oxygen and with most kinds of 

make particular class of organic compound . 

 

 
 

3-Coupling  of alkyl halides with  organometallic  compound 

To make alkanes of higher carbon number than the starting material requires 

formation of carbon –carbon bonds ,most directly by the coupling together of two 

alkyl groups . the most method of doing this is through  a synthesis by E.J .Corey 

and Herbert House .coupling takes place  in the reaction between a lithium di alkyl 

copper R2CuLi and alkyl halide RX ( R stands for an alkyl group that may be the 

same as or different  from R  

  

An alkyl lithium  RLi  is prepared for alkyl halide RX ,in much the same  way as a 

Grignard reagent .To it is added cuprous halide .CuX  and then finally the second 

alkyl halide, RX   
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For good yields ,RX should be a primary halide ,alkyl group R in the 

organometallic  may be primary ,secondary ,or tertiary .for example : 

 

 

4-Wurtz –reaction 

To make alkanes by organ sodium compounds, the reaction of sodium with alkyl 

halides to the symmetrical alkanes R-R  
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Unsaturated hydrocarbons 

In our discussion of the alkanes we mentioned briefly another family of hydrocarbons , 

the alkene which contain less hydrogen, carbon for carbon  than the alkanes, and 

which can be converted into alkanes by addition of hydrogen.  The alkenes  were 

further described as being obtained from alkanes by loss hydrogen in the cracking 

process. The alkenes called Unsaturated hydrocarbons because the alkenes contain 

less than the maximum quantity of hydrogen .The simplest member of the alkene 

family is ethylene, C2H4 . 

 

 

 

Structure of Ethylene .The carbon –carbon double bond  

To start, then we connect the carbon atoms by covalent bond and then attach two 

hydrogen atoms to each carbon atom. At this stage we find that each carbon atom 

possesses only six electrons in its valance shell ,instead of the required eight ,and that 

the entire molecule needs an additional  pair  of electrons if it is to be neutral . 

  Physical properties of alkenes     

 As a class the alkenes posses physical properties that are essentially the same as those 

of the alkanes .they are insoluble in water but quite soluble in nonpolar solvents like. 

benzene  ,chloroform ,ether or ligroin. they are Less dense than water .,Like alkanes 

alkenes are  at most only weakly polar, trans isomer more stable than the cis isomer in 

alkenes. 

The general formula for alkenes is   CnH2n .we say that carbon atoms  are joined  by a 

double bond ,the carbon –carbon double bond  is the distinguishing  feature of the 

alkene structure . 

IUPAC name of  alkenes 

Alkenes are named using a series of rules similar to those for alkane with the suffix 

–ene used instead of –ane to identify the functional group There are three steps. 

STEP1  

Name the parent hydrocarbon. Find the longest carbon chain containing the 

double bond, and name the compound accordnary, using the suffix –ene. 
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STEP 2 

Number the carbon atoms in the chain. Being at the end nearer the double bond 

or, if the double bond equidistant from the two ends, Being at the end nearer the 

first branch point. This rule ensure that the double bond carbon receive the lowest 

possible numbers.  

                                      

STEP 3  

 Writ the full name. Number the substituents according to their positions in the 

chain, and the list them alphabetically. Indicate the position of the double bond by 

giving the number of the first alkene carbon and the placing that number directly 

before the parent name. 
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ISOMERS AND COMMON NAMES OF SIMPLE ALKENES 

 

 

Compounds containing more than one double bond  
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Preparation of alkenes  

Alkenes containing up to five carbon atoms can be obtained in pure form the 

petroleum industry . pure sample of more complicated alkenes must be prepared by 

methods like those outline below .  

The introduction of the  carbon- carbon double bond into a molecule containing only 

single bonds must necessarily involve the elimination of atoms or groups form two 

adjacent carbons. 

C C

Z Y

C C

 

 

1- Dehydrohalogenation of alkyl halide  

The most important of these methods of preparation alkenes .alkyl halides are 

converted into alkenes by dehydrohalogenation : elimination of the elements of 

hydrogen halide . Dehydrohalogenation involves removal of the halogen  atom 

together with a hydrogen atom from a carbon adjacent to the one bearing the halogen it 

The alkenes is prepared by simple heating together the alkyl halide and a solution of 

potassium hydroxide in alcohol. 

  

 General equation:- 
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Mechanism of dehydrohalogenation of  alkyl halides  

The function hydroxide ion is to pull a hydrogen ion away from carbon 

:simultaneously halide ion separates and the double bond forms we can. 

 

 

2- Dehydration of  alcohols 

   Alcohols are compound of the general formula ROH, R is  any alkyl group, an 

alcohol is converted into an alkene by dehydration :elimination of a molecule of 

water, Dehydration required the presence of an acid and the application of heat. It is 

generally carried out in either of two ways: (a) by heating the alcohol with sulphuric 

acid or phosphoric acid, or (b) by passing  the alcohol vapour over alumina (Al2O3) , at 

high temperature , alumina function as an acid serve as Lewis acid . 

notice the various classes of alcohol differ widely in ease of dehydration the order 

of reactivity being . 

easy dehydration of alcohol                           3
o  

>  2
o
>  1

o
 

general equation 
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Classification of alcohols 

 
 

 

mechanism of dehydration of  alcohols 

the general accepted mechanism for the dehydration of  alcohols 

is summarized in the following equations :for the sake of simplicity ,ethyl alcohol is 

used as the example : equation 

the ethyl alcohol unites (step 1) with a hydrogen ion to form the protonated alcohol 

,which dissociates (step 2) into water and a carbonium  ion ; the carbonium ion then 

loses (step 3) a hydrogen ion form the alkene   

 

 

The Function group 

The characteristic feature of the alkene  structure is the carbon – carbon double bond . 

the characteristic reaction of the alkene are those that take place at the double bond 

itself. determines their properties is called  the Function group in alkyl halide  the 

Function group is the halogen atom ,and in alcohols the –OH group ; in alkenes it is 

the carbon – carbon double bond. 

We must not forget that an alkyl halide ,alcohol ,or alkenes  has alkyl group attached 

to these Function group. 

Reaction of the carbon –carbon  double bond :addition   

Alkene chemistry is the chemistry of the carbon – carbon double bond .What kind of 

reaction can we expect of the double  bond  consists of the a strong sigma bond  and a 

weak pi bond ;we might expect ,therefore  that reaction would involve the breaking of 

this weaker bond .this expectation is correct ;the typical reaction of the double bond 

are of the  sort. Where the pi bond is broken and the two strong sigma bonds are 

formed in its place.  
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C C

Z Y

C C YZ Addition

 
  

Addition Reaction   

1- Addition  of halogens 

Alkenes are readily converted by chlorine or bromine into saturated compounds that 

contain  two atoms of halogen attached to adjacent carbons ; iodine  generally  fails to 

react . 

 

 
 

 
 

2- Hydrogenation 

Reduction of alkenes by catalytic hydrogenation 

 

 

  

Reduction occurs on metal surface the addition of hydrogen is syn (cis) 
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3- Addition  of halogen halide Markonikov`s rule 

An alkene is converted by hydrogen chloride or hydrogen bromide and hydrogen 

iodide into the corresponding alkyl halide . 

 

 
 

In this way  ethylene is converted into an ethyl halide, the hydrogen becoming 

attached to one doubly –bonded carbon and the halogen to the  other 

 

propylene could yield either of two products , the n-propyl halide  or the iso propyl 

halide, depending upon the orientation of addition  that is depending upon which 

carbon atoms the hydrogen and halogen  become  attached to actually only  the iso 

propyl halide is formed.                     
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in the same way, isobutylene could yield either of two products iso butyl halide or tert 

– butyl halide.  

Addition  of hadrogen bromide. Peroxide  effect  

 Addition  of hydrogen chloride and of hydrogen iodide to alkenes follows 

Markonikov`s rule. the addition of hydrogen bromide (HBr) to alkenes follows 

Markonikov`s rule, but the addition of hydrogen bromide (HBr) presence of peroxide 

in reaction system to actual product  don’t follow Markonikov`s rule (anti 

Markonikov`s rule).                       

C C

H X

C C HX HX= HCl, H Br, HI+

  

   

 

 

3-Addition of sulphuric acid  

Alkenes react with cold concentrated sulphuric acid for compound of the general 

formula ROSO3H ,known as alkyl hydrogen sulphates .these products are formed by 

addition  of hydrogen ion to one side of the double bond and bisulphate ion to the 

other . it is important to notice that carbon is bonded to oxygen and not to sulphur . 

If the sulphuric acid solution of the alkyl hydrogen sulphate is diluted with water and 

heated , there is obtained an  alcohol bearing the same alkyl group as the original alkyl 

hydrogen sulphate. alkyl hydrogen sulphate has been cleaved  by water to form the 

alcohol and sulphuric acid .  



19 
 

  

 

Addition  of water (hydration ) 

Water adds to the more reactive alkenes in the presence of acid to yield alcohols .this 

addition follows  Markonikov`s rule  

 

For example 

 

Elctrophilic Addition  :mechanism 

We shall take up first the addition of those reagent which contain ionizable hydrogen : 

the hydrogen halide ,sulphuric acid ,and water.    The general accepted mechanism will 

be outlined, and then will shall notice certain facts.  Like dehydration of alcohols 

addition as pictured   

As involving carbonium ions . 
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Addition  of the acidic reagent ,HZ {electron deficient molecul, lewis acid } is 

believed  to proceed by two steps  

Step (1)  involves transfer of hydrogen ion from  :Z  to the alkenes to form carbonium 

ion.  

The step (2) is the combining of the  carbonium ion with the base :Z   

Notice the step (1) is the difficult step 

 

Ozonolysis , determination of structure by degradation  

The classical  reagent for cleaving  the carbon –carbon double bond is ozone . 

Ozonolysis (cleavage by ozone ) is carried out in two stages :- 

First stage :- addition of ozone to the double bond to form an ozonide ;and second 

stage , hydrolysis of the ozonide to yield the cleavage  products. 

 

C C
O3

O

CC

O

O

Zn

H2O

Alkene ozonide

C O

H

C O

ketone aldehyde              

for example  
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Oxidation of alkene  by permanganate :- 

Addition  of permanganate  which is believed to involve formation and cleavage of 

intermediate glycols  

 

 

 

Carboxylic acids ,RCOOH ,are obtained instead of aldehydes RCHO . A terminal 

=CH2   Group is oxidized to CO2 . 

 for example  
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Alkynes  

Introduction  

alkanes have the general formula CnH2n+2 alkenes have the general formula CnH2n  

we shall take up  alkyne, alkynes have the general formula  CnH2n-2  . The formula 

indicates ,they contain an even smaller proportion of hydrogen than the alkenes  ,and 

display an even higher degree of unsaturation .   

Physical properties of alkynes      

Being compounds of low polarity, the alkynes have Physical properties that are 

essentially the same as those of the alkanes and alkenes, they are insoluble in water but 

quite soluble in the usual organic solvents of low polarity,  solvents such as benzene 

,ether ,chloroform they are less dense than water. As we can see  the boiling points and 

melting points, rise the number of carbons increases .the process of boiling and 

melting point require overcoming the intermolecular forces  of a liquid and a solid ; 

the boiling points and melting points, rise because these intermolecular forces 

increases as increases molecules get larger they are very nearly the same as the boiling 

point of alkanes or alkenes , with same carbon skeletons . 

The alkyne of chief industrial important is the simplest member of the family  

acetylene it can be prepared by the reaction of water on  carbide calcium CaC2 , which 

itself is prepared by the reaction between calcium oxide and coke at the very high 

temperatures of the electric furnace . 

 

 

Also acetylene preparation from oxidation  methane by high temperatures  

  

Nomenclature of alkyne 

Like the alkanes and alkenes, the alkynes from a homologous series, the again being -

CH2 - .The alkynes are named according to two systems In one, they are considered to 

be derived from acetylene by replacement of one hydrogen atoms by alkyl groups as 

like examples. 
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* For more complicated alkyne the IUPAC names are used. The rules are exactly the 

same as for the naming of alkenes , except that the ending –yen replaces –ene. 

 

Preparation of alkynes 

A carbon –carbon triple bond is formed in the same a double bond elimination of 

atoms or groups from adjacent  carbons .the group elimination and the reagents used 

are essentially the same as the preparation of alkenes . 

 

1- Dehydrohalogenation of  alkyl di halide 

  Dehydrohalogenation of alkyl di halides is particularly useful since the dihalides 

themselves are readily obtained from the corresponding alkenes by addition of 

halogen .this amounts to conversion –by several steps-of a double bond into a triple 

bond . 
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Dehydrohalogenation  can generally be carried out in two stages  as shown.  

  

For Example:- 

          

   

2- reaction of sodium acetylides  with primary alkyl halides 

 

R-X RCC
NaNH2

C C H C:NaCH

or Na

NaX

metal R must be o1  

 For Example:- 
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3-Dehalogenation  of tetrahalides  

 

 

Reaction of alkynes 

The triple bond of alkyne under goes most of electrophilic addition reaction (HX , 

H2O , H2 , X2). 

    General equation :- 

 

1. Addition of hydrogen halide an Alkyne 

Stepwise addition of two moles of HX  Markonikove region chemistry   
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2. Addition of halogen to an Alkyne 

 

 

 

Stepwise addition of two moles of  X2 

 

3. Addition of H2O  to an Alkyne 

Addition of water to acetylene to form acetaldehyde ,which can then be oxidized to 

acetic acid , is an extremely  important industrial process. 

From the structure of acetaldehyde ,it at first appears that this  reaction follows a 

different pattern  from the others , in which two groups attach  themselves to the 

two triply –bonded carbons .actually ,however ,the  product  can be accounted for 

in a rather simple way . 
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4. Reduction of an Alkynes 

Reduction of an Alkynes  with hydrogen in presence of  ordinary nickel , 

platinum or palladium gives alkanes hydrogenation of alkynes with Lindlar
,
s 

Catalyst gives a cis alkene. 

 

 
5. Formation  of heavy metal acetylides 

The acidic acetylenes react with certain heavy metal ions chiefly Ag
+
 and Cu

+ 
 , to  

form insoluble acetylides formation of a precipitate upon addition of an alkyne to a 

solution of  AgNO3 in alcohol ,for example is an indication of hydrogen attached to 

triply-bonded carbon .this reaction   can be used to differentiate  terminal alkynes          

( those with the triple bond at the end of the chain ) from nonterminal alkynes   
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AROMATIC COMPOUND  

Aliphatic and aromatic compounds  

Chemists have found it useful to  divide all organic compounds into two broad classes 

: aliphatic compounds and aromatic compounds .the original meanings of the  words 

aliphatic (fatty) and aromatic (fragrant ) no longer have any significance. 

 aliphatic compounds are open –chain compounds .the families we have studies so far   

alkanes, alkenes and alkynes are all members of the aliphatic class  

 Aromatic compounds 

Benzene and the aromatic character 

The organic compounds were divided into two classes :- 

1-aliphatic compounds      2- aromatic compounds . 

The aliphatic compounds are studies previously. Aromatic compounds are benzene 

and compounds that resemble benzene in chemical behaviour. Aromatic compounds 

are characterized by a tendency to undergo ionic substitution ( electrophilic aromatic 

substitution ) 

Structure of benzene  

Benzene has been known since 1825 ,but its structure not known until  about 1931 

.The understanding of the structure of benzene is important in our study  of aromatic 

compounds . we shall examine  the fact upon which this structure of benzene to built . 

Molecular formula ,kekule structure 

1-Benzene has the Molecular formula C6H6 . benzene is consist of six carbon atoms 

and six hydrogen atoms. Now ,how are these atoms arranged ?  Kekule had proposed 

that carbon atoms join to each other to from a chains then these carbon chains can 

sometimes  be  closed to form rings .There are many structures consistent with the 

Molecular formula C6H6 ,  
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H

H

H

H

H

H

I

Kekule  structure

H

H

H

H

H

H

II

Dewar formula

H

H

H

CH2

H

III

CH3 C C C C CH3
C
H

C C C
H

CH2H2C

 

From all these structures , kekule structure(1) was expected as the most nearly 

satisfactory 

3- Benzene yields only mono substitution product , C6H5y like C6H5Br .by replacing 

the hydrogen atom by another  atom such as bromine , chloride ,this mean that all 

the hydrogen atoms must be exactly equivalent i .e .replacement of any  one of 

them yields they same product therefore , I  , II  and v  must be rejected because 

they would yield two isomeric mono substituted derivatives . 

4- Benzene yields three isomeric disibstituted  products , C6H4y2 or  C6H4yz  such as 

C6H4Br2 therefore(1v)must be rejected     ( give two isomers ) and only the 

structure(1)seems to be consistent with this fact ,the three isomeric dibrom 

derivatives 1,2- 1,3- and 1,4- dibromobezene . 

Br

Br
1

2

Br
1

2

Br3

Br
1

2

Br

3
4

1,2-dibromobenzene 1,3-dibromobenzene 1,4-dibromobenzene   

Examination of structure (1) ,shows that two 1,2-dibromo isomers ( ) should be 

possible  

Br

Br
1

2

Br

Br
1

2

 

There are two tautomeric structure for benzene  ()There is  two tautomeric between 

the two structures 
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H

H
1

2

H

H
1

2

H

H

H

H

H

H

H

H

tautomerism

  

 

3-Stablityof benzene ring  

The Kekule structure is consisted with the previous fact (1,2,and 3) but there are a 

number of facts that are not accounted for by this structure . this  fact are related to 

the un usual stability of the benzene ring. This stability is found in the chemical  

reaction of benzene  

4-benzene undergoes substitution rather then addition reaction ;- 

 Kekule structure of benzene can be called (1,3,5-cyclohexatriene) which is expected 

to undergo  readily the addition reaction similar to cyclohexane  and cyclohexadiene  . 

but actually . benzene did not  react at all or react  very slowly under the similar 

condition of addition of alkenes . 

for example  

Reagent                  cyclohexane gives      benzene gives

KMNO4 (cold,dil.  aqu)

Br2 / CCl4 (in dark)

HI

H2 ,  Ni

Rapid addition

Rapid addition

Rapid addition

Rapid hydrogenation

At 25 ,20

No reaction

No reaction

No reaction

slow hydrogenation

at 100- 200 , 1500

 

In place of addition benzene undergo substituted reaction benzene undergoes nitration  

,sulfonation ,halogenation alkylation and acylation .In each of these reactions on atoms 

or group of atoms have been  substituted for one of the hydrogen atom of benzene . in 

all these reaction the benzene has retain its characteristic  structure . It would be appear 

that benzene resists addition , in which the benzene ring structure would be destroyed 

,whereas it readily undergoes substitution ,in which the ring system is preserved.   
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5-Heat of hydrogenation and combustion  

The of hydrogenation and combustion of benzene are lower than expected the benzene 

is more stable than cyclohexatriene , How much it more stable the heat of 

hydrogenation is the quantity of heat evolved when one mole of an   unsaturated 

compound is hydrogenated . The of hydrogenation of one double bond is  about 28.6 

K.Cal., cyclohexadiene has = 55.4 K.Cal.,( about twice ).we  might expected 

cyclohexatriene to have  heat  of hydrogenation about three times as large as 

cyclohexene , that is  about 85.8 K.Cal., K.Cal.,  ,but actually the value for benzene  

49.8 K.Cal., ,is  36 k cal less than the expected value benzene evolved  36 K cal less 

energy that predicted ,i .e .benzene contain36 K cal less than predicted , .benzene is 

more stable cyclohexatriene by 36 K .cal  

1- Cabon –carbon double bond length in benzene : 

All Cabon –carbon double bond  in benzene are equal and  are intermediate in 

length between single bond  and double bonds .Bond length of C=C       = 1.34 A  

Bond length of  C- C     =1.53A         (IN ethane ) 

Bond length of     C- C        = 1.50 A     (IN propylene ) 

Bond length of     C- C       1.48 A       ( in butadiene ) 

if benzene  actually possessed three single and three   double bonds as in kekule 

structure ,we expct to to find three short  bonds (1.34 a) and three long bonds ( 

1.48A) as in butadiene ) Actually , x-ray diffraction  studies show that six    C- C  

bonds in benzene are equal and have a length of 1.39A ,and are this intermediate 

between single and double bonds. 

Resonance  structure in benzene :- 

The benzene have the Kekule structure according to the prevision facts and 

presentin two Resonance  structures (I ,II ) 

i.e . benzene is a hybrid of I and II .    

Resonance  structures : 

  Structures that  differ                 

H

H
1

2

H

H
1

2

H

H

H

H

H

H

H

H
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Only in the arrangement of electrons .I ,and  II are exactly  equivalent , and  hence  of 

exactly  the same stability ,and they make  equal contribution to the hybrid .The 

unusual expected due to the hybrid of equivalent structure . The 36 Kcal . of energy of 

benzene  does not contain ( compared to cyclohexatriene )  is resonance energy , which 

is responsible for  the new set of properties  (a aromatic properties  ) .Addition 

reactions  convert an alkene into a more stable  saturated  compounds but addition 

would convert benzene into a less stable product by destroying the resonance 

stabilized benzene ring system ( aromaticity ) . while substitution  retain the  resonance 

–stabilized benzene ring hence it place more easier than  addition reaction . 

Orbital picture of benzene :- 

Each carbon in benzene is bonded to three other atoms , it uses Sp
2
 orbitals . The 

orbitals lie in the same plane that of carbon nucleus and are directed toward the 

corners of equilateral triangle  as in (a) 

Representation of benzene ring :- 

It represented as                                         

Which  means a hybrid of 

                                                                     
and

 

Aromatic character :-  The Hukle 4n+2 rule . 
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There are many substances that are called aromatic but not possess. Benzene ring or 

resemble benzene . 

Now ,what properties do all aromatic compounds have in common ? Aromatic 

compounds are compounds of high degree of unsaturation and which resist addition 

reactions (that  is the characteristic of unsaturatedcompounds have unsual  stability 

(low haets of hydrogenation and combustion ) aromatic compounds are cyclic ( 

generally  containing 5-7 membered rings ) flat (or nearly flat ) molecules . 

The aromatic compounds must have a molecule that contains cyclic clouds of 

declocalization  π-electrons above and below the plane of molecule , and the π-clouds 

must contain a total of (4n +2) π-electrons ,i.e ,2,4,6,10that is to say , the high stability 

and the delocalization of π-electrons is not enough to give the aromatic  charcter to the 

molecules but must contain 4n +2  π-electrons (which is called Hukel rule). 

 

Each molecule is a hybrid of either five of seven equivalent structures, which the 

charge  or odd electron on each carbon , but only two of them (cyclopentadienyl anion 

and the cycloheptatrienyl cation) have unusual high stability. 

Nomenclature of benzene derivatives:- 

Naming   the benzene derivatives by prefix the name of substituent group the word –

benzene .for example  chlorobenzene , flourobenzene , bromobenzene ,nitrobenzene 

chlorobenzene

Cl BrNO2
F

nitrobenzenefluorobenzene bromobenzene
 

There  are  other derivatives  which have a special name such as : 
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If several groups are attached to the benzene ring , we must indicate the position and 

the name of the groups . Only for disibstituted benzene we can use ortho , meta  and 

para  to indicate the relative position  1,2  ,1,3   and 1,4- di substituted benzene . 

Br

Br

1,2-dibromobenzene

Br

Br

Br

Br

1,4-dibromobenzene1,3-dibromobenzene

o-dibromobenzene m-dibromobenzene p-dibromobenzene  

If there is different group , we simply naming the two groups  with their position  and 

ending the word with benzene . 

NO2

m-bromo iodobenzene

Cl

O-chloro nitrobenzene

I

Br

 

For di substituted  benzene  with groups of special name : for example 

CH3

OH COOH

SO3H

I

Cl

Br
NO2

m-bromophenol O-chlorobenzoic acid
P-iodobenzenesulfonic acid P-methyl nitrobenzene

p-nitro toluene  

 

If there are more than two groups attached to the benzene ring , number mustbe used 

to  indicate their relative  position 
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CH3

O2N NO2

 2,6-di nitro toluene

OH

Cl

NO2

NH2

Br Br

Br

Br

Br

NO2

BrCl

Br

1,2,4-tribromobenzene 2-chloro-4-nitrophenol

2,4,6-tribromobenzenamine1-bromo-3-chloro-5-nitrobenzene

 

 

 

Nomenclature of Disubstituted 

and Polysubstituted Benzenes 

 

Disubstituted Benzenes 

 

The relative positions of two substituents on a benzene ring can be indicated either by 

numbers or by the prefixes ortho, meta, and para. Adjacent substituents are called 

ortho, substituents separated by one carbon are called meta, and substituents located 

opposite one another are designated para. Often, only their abbreviations (o, m, p) are 

used in naming compounds. 

 

 
If the two substituents are different, they are listed in alphabetical order. The firststated 

substituent is given the 1-position, and the ring is numbered in the direction that gives 

the second substituent the lowest possible number. 
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If one of the substituents can be incorporated into a name that name is used and the 

incorporated substituent is given the 1-position. 

 
 

 

A few disubstituted benzenes have names that incorporate both substituents. 

 
Polysubstituted Benzenes 

If the benzene ring has more than two substituents, the substituents are numbered so 

that the lowest possible numbers are used. The substituents are listed in alphabetical 

order with their appropriate numbers. 
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As with disubstituted benzenes, if one of the substituents can be incorporated into a 

name, that name is used and the incorporated substituent is given the 1-position. The 

ring is numbered in the direction that results in the lowest possible numbers in the 

name of the compound. 
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PROBLEM 1 

 

Name the following compounds: 

 

 
PROBLEM 2_ 

Draw structures of the following compounds: 

a. para-toluidine                          c. para-xylene 

b. meta-cresol                              d. ortho-chlorobenzenesulfonic 

 

Draw the structure of each of the following compounds: 

a. m-chlorotoluene                            e.   2-bromo-4-iodophenol 

b. p-bromophenol                              f. m-dichlorobenzene 

c. o-nitroaniline                                 g. 2,5-dinitrobenzaldehyde 

d. m-chlorobenzonitrile                     h. o-xylene 

 

 

PROBLEM 2 

Correct the following incorrect names: 

 

a. 2,4,6-tribromobenzene              c. para-methylbromobenzene 

b. 3-hydroxynitrobenzene             d. 1,6-dichlorobenzene 

 

 

Electrophilic  Aromatic Substitution 

The characteristic reactions of benzene is substitution reactions  in which the 

resonance  stabilized  ring system a preserved . In benzene molecule there is a cloud.of  

π electron above and  below the plane of the carbons there π electron are loosely held 

and available to a reagent  that is seeking  electrons (electrophilic reagents or acids) .so 

which the benzene rings serves as  a source  of  electrons. Electrophilic  Aromatic 

Substitution includes ; 1-nitration -2- halogenation  -3-sulfonation and friedel –crafts -

4-  alkylation and-5- acylation. 
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NO2

nitrobenzene

conc. HNO3

conc. H2SO4

H

H2O

H

H

H

H

SO3H

X

R

H2O

X =Cl ,Br ,

HCl

HCl

HCl

H2SO4 \ SO3

X2

AlCl3

AlCl3

AlCl3

RCl

Cl
C

O

R

O
R

 

 

Effect of substitution  groups:- 

Any group attached to benzene ring affects the reactivity of the ring and determines 

the orientation. i.e . the group already attached  determines how readily the attack 

occurs and there it occurs A group that makes the ring more reactive than benzene is 

called an activating group . 

A group that cause attack  to  occurs chiefly at ortho  and para position to it is called 

ortho , para  director . A group  that cause attack to occur chiefly at  .A group  that 

cause attack to occur chiefly position meta to it is called meta director  for example ;- 

Toluene undergoes electrophilic aromatic substitution like benzene .such as 

sulfonation ,to from three monosulfonation products of different percentage .the 

reaction actually yields a chief products of o- and p- isomers. 

CH3

H2SO4 ,SO3 ,35oC

CH3

SO3H

and

CH3

SO3H

and 6% isomers

62% 32%  

Benzene reacts with  fuming sulphuric acid completely within 20 to 30 minutes 

whereas toluene is found to read within only a minute or two . This mean that toluene 

is more reactive than benzene .i.e .methyl group makes the ring more reactive than 

unsubstituted benzene and directs the attacking reagent to the ortho and para position 

of the ring On the other hand ,nitrobenzene ,has been found to undergo substitution 

more slowly than benzene and to yield chiefly the meta isomer. 
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Determination of orientation:- 

From analyzing the percentage of  three  products of the reaction we can determine the 

orientation of the group that present on the benzene ring any group  can be put into one 

of two classes : ortho , para  directors  or meta director  the following table 

summerized the nitration of number of substituted benzene .table 

Determination of relative reactivity 

A group is classified as activating if the ring attached to it is more reactive than 

benzene and classified as deachvating if the ring attached to it is less reactive than 

benzene. The comparison between the reactivity of benzene and substituted benzene is 

in the following ways. 

1-The time required for the reaction to occur under identical condition ex; toluene is 

found to react with fuming sulphuric acid is about 1 / 10 or 1 /20 the time required by 

benzene  i.e . toluene is more reactive than benzene and therefore –CH3 is an 

activating group . 

2- The severity of conditions required for comparable reaction to   occur within the 

same period of time ex .benzene is nitrated in less than one hour at 60 
o
C by a 

mixture of conc.H2SO4 and conc.HNO3 ;conyabable nitration of nitro benzene 

requires treatment at90
o
C  with fuming HNO3 and conc.H2SO4 therefore 

nitrobenzene is less reactive than benzene and group is deactivating group 

3- Competitive reaction quantitative comparison under identical reaction 

conditions for example if equimolar of benzene and toluene aretreated with a 

small amount of nitric acid in a suitable solvent ,the nitrobenzene formed is 

about 25 times as nitrobenzene formed ,i.e .toluene is more reactive than 

benzene by about 25 times . also benzene and chlorobenzene give 30 /1 
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nitrobenzene to chloronitrobenzene .this mean that chloro benzene is less 

reactive than benzene by 30 times .therefore CH3group is activating group 

while Cl group is deactivating  group  . 

Classification of substituent groups:- 

the groups that attached to benzene ring have a great effect on the electrophilic 

substitution ,and nearly all groups fall into one of two classes . 

1- Activating and ortho ,para directly  

2- Deactivating and meta directly 

3- Halogens are deactivating but orthob,para, directly. 

The following table shows the effects of groups on the electrophilic aromatic 

substitution. 

  

 

 

The table is very important for determining the electrophilic aromatic substitution 

products and to predict the rate of reaction and the reaction conditions , required 

for the reaction to proceed. 
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This table is  necessary for the student to solve rapidly the synthetic problems 

involving compound. 

Orientation of di substituted benzenes 

the  Orientation in this case more complication ,there are many cases the two 

groups may be located so that directive influence of one reinforce that of the other 

,for example.  

CH3
NHCOCH3

CN

NO2

 

2-when the directive effect of one group opposes that of the other , a complicated 

mixtures of several products are obtained , but it is possible to product according 

to 

a- Strongly activating group generally overcome deactivating or weakly activating 

groups .The difference in directive power in the sequence                                                     

NH2 , OH > -OCH3 , -NHCOCH3 > -C6H5 , -CH3  > meta 

Directors .for example;- 

conc. HNO3

conc. H2SO4

OH

NHCOCH3

CHO

 Br  \ FeBr 3

CH3

OH

CH3

NO2

OH

CH3

 Br  \ FeBr 3

CHO

OH

Br

NHCOCH3

CH3

Br

 
There must be large difference in activity effects of the two groups for clear –

cut result ,otherwise many products can be obtained  

CH3

Cl

NO2

CH3

Cl
NO2

CH3

Cl

conc. HNO3

conc. H2SO4

58% 42%  
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If there two groups in meta position to each other , the substitution between 

then is very little  ,due to the crowding ( or steric hindrance) 

   

CH3

Cl

CH3

Cl

59%

62%

1%
59%

9%

32%  

 

ORIENTATION AND SYNTHESIS  

Th e aim of synthesis to obtained a single pure product, and we avoid a reactions that 

give a mixture of product because it lower the yield of the wanted product and cases 

difficult problems of  purification ,therefore we must apply our knowledge of 

orientation to synthesis of pure aromatic compounds. 

1- In the preparation of  aromatic compounds.:-first of all ,we must consider the 

order in which we introduce this various  Substituent into the ring.                                                                                         

For example:-  preparation of  bromonitro benzene, if the nitration is before 

bromination ,we will obtained the m-isomer  ,whereas if the bromination is before 

nitration, we will obtained amaxture of  the ortho and para –isomers this is depend on 

which isomer we want 

 

NO2

meta bromonitrobenzeneH

Br

NO2

HNO3 / H2SO4

Br

Br, Fe

Br, Fe

NO2

HNO3 / H2SO4

38% 62%

NO2

Br

Br

ortho para

 

2- Next ,if the synthesis involves conversion of one group into another ,we must 

consider the proper time for this conversion . in the preparation of nitrobenzoic 

acid  from toluene the particular product obtained depends upon  where 

oxidation or nitration is carry out firt. 
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CH3

NO2

COOH

HNO3 / H2SO4

NO2

HNO3 / H2SO4
O2N

CH3

CH3

ortho
para

KMNO4

K2CrO7

COOH

NO2

NO2

COOH

NO2

K2CrO7

 

 

The otho and para nitrotoluene can be separated by fractional distillation . 

 

General Mechanism for Electrophilic 

Aromatic Substitution Reactions 

Because electrophilic substitution of benzene involves the reaction of an electrophile 

with an aromatic compound, it is more precisely called an electrophilic aromatic 

substitution reaction. In an electrophilic aromatic substitution reaction, an 

electrophile 

Substitutes for hydrogen of an aromatic compound. The following are the five most 

common electrophilic aromatic substitution reactions: 

 
H Y

Y H

 
 

1. Halogenation: A bromine (Br), a chlorine (Cl), or an iodine (I) substitutes for a 

hydrogen. 

2. Nitration: A nitro group(NO2) substitutes for a hydrogen. 

3. Sulfonation: A sulfonic acid group(SO3) substitutes for a hydrogen. 

4. Friedel–Crafts acylation: An acyl group (RC=O ) substitutes for a hydrogen. 

5. Friedel–Crafts alkylation: an alkyl (R) group substitutes for a hydrogen. 
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All of these electrophilic aromatic substitution reactions take place by the same two-

step mechanism. In the first step, benzene reacts with an electrophile forming a 

carbocation intermediate. The structure of the carbocation intermediate can be 

approximated by three resonance contributors. In the second step of the reaction, a 

base in the reaction mixture pulls off a proton from the carbocation intermediate, and 

the electrons that held the proton move into the ring to re-establish its aromaticity. 

Notice 
that the proton is always removed from the carbon that has formed the new bond with 

the electrophile. 

 

General mechanism for electrophilic aromatic substitution 

Mechanism of nitration  

 

 

The first step is relatively slow and endergonic because an aromatic compound is 

being converted into a much less stable non aromatic intermediate . The second step is 

fast and strongly exergonic because this step restores the stability enhancing 

aromaticity. 

We will look at each of these five electrophilic aromatic substitution reactions 

individually. As you study them, notice that they differ only in how the electrophile 

needed to start the reaction is generated. Once the electrophile is formed, all five 

reactions follow the same two-step mechanism for electrophilic 

aromatic substitution. 

Halogenation of Benzene 

The bromination or chlorination of benzene requires a Lewis 

acid such as ferric bromide (FeBr3) or ferric chloride(FeCl3) . Recall that a Lewis 

acid is a compound that accepts a share in a pair of electrons . 

 

 
Br

HBr

H

Br2

FeBr3

FeCl3
H

Cl2

Cl

HCl

chlorobenzene

bromobenzene

chlorination

bromination
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In the first step of the bromination reaction, bromine donates a lone pair to the Lewis 

acid. This weakens the Br -  Br bond, thereby providing the electrophile necessary for 

electrophilic aromatic substitution. 

 

mechanism for bromination:- 

 

 
 

To make the mechanisms easier to understand, only one of the three resonance 

contributors of the carbocation intermediate is shown in this and subsequent 

illustrations. Bear in mind 

however, that each carbocation intermediate actually has the three resonance 

contributors,. In the last step of the reaction, a base (: B) from the reaction mixture 

removes a proton from the carbocation intermediate. The following equation shows 

that the catalyst is regenerated: 

 

 
Chlorination of benzene occurs by the same mechanism as bromination. 

 

 

 

 

mechanism for chlorination 
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To know the effect of orientation and the reactivity  of the substituted on the 

electrophilic aromatic substitution ,we must know the mechanism of electrophilic 

aromatic substitution we will start with nitration :- 

The commonly accepted the mechanism for nitration with  ortho mixture of nitric 

acid and sulphuric acid involves the following sequence of reactions 

Ferric bromide and ferric chloride react readily with moisture in the air during 

handling, which inactivates them as catalysts. Therefore, instead of using the actual 

salt, ferric bromide or ferric chloride is generated in situ (in the reaction mixture) by 

adding iron filings and bromine or chlorine to the reaction mixture. Therefore, the 

halogen in the Lewis acid is the same as the reagent halogen. 

 

Unlike the reaction of benzene with Br2 or Cl2 the reaction of an alkene with Br2 or Cl2 

or does not require a Lewis acid. An alkene is more reactive than benzene because an 

alkene has a smaller activation energy, since carbocation formation is not accompanied 

by a loss of aromaticity. As a result, the or bond does not have to be weakened to form 

a better electrophile 

ectrophilic iodine (I
+
)   is obtained by treating (I2) with an oxidizing agent such as 

nitric acid. 

Iodination 

 

Once the electrophile is formed, iodination of benzene occurs by the same mechanism 

as bromination and chlorination. 

mechanism for iodination 

 

Nitration of Benzene:- 
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Nitration of benzene with nitric acid requires sulfuric acid as a catalyst. 

 

     

To generate the necessary electrophile, sulfuric acid protonates nitric acid. Loss of 

water from protonated nitric acid forms a nitronium ion, the electrophile required for 

nitration. Remember that any base present in the reaction mixture ( solvent) can 

remove the proton in the second step of the aromatic substitution reaction. 

mechanism for nitration:- 

 

 

 

 
 

 

Sulfonation of Benzene 

Fuming sulfuric acid (a solution of SO3 in sulfuric acid) or concentrated sulfuric acid 

is used to sulfonate aromatic rings. 
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As the following mechanism shows, a substantial amount of electrophilic sulfur 

trioxide is generated when concentrated sulfuric acid is heated, as a result of the 

electrophile losing a proton. Take a minute to note the similarities in the mechanisms 

for forming the electrophile for sulfonation and the  electrophil for nitration. 

 

mechanism for sulfonation 
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Friedel–Crafts Acylation of Benzene 

Two electrophilic substitution reactions bear the names of chemists Charles Friedel 

and James Crafts. Friedel–Crafts acylation places an acyl group on a benzene ring,and 

Friedel-Crafts alkylation places an alkyl group on a  benzene ring. 

 

 

 

 

 

 

 

 

 
An acylium ion is the electrophile required for a Friedel–Crafts acylation reaction.This 

ion is formed by the reaction of an acyl chloride or an acid anhydride with a Lewis 

acid. 

 

 

 

mechanism for Friedel–Crafts acylation 

 

 
Because the product of a Friedel–Crafts acylation reaction contains a carbonyl group 

that can complex with Friedel–Crafts acylation reactions must be carried out with 
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more than one equivalent of When the reaction is over, water is added to the reaction 

mixture to liberate the product from the complex. 

 

 

 
 

Friedel–Crafts Alkylation of Benzene 

The Friedel–Crafts alkylation reaction substitutes an alkyl group for a hydrogen. 

 

 
 

 

In the first step of the reaction, a carbocation is formed from the reaction of an alkyl 

halide with Alkyl fluorides, alkyl chlorides, alkyl bromides, and alkyl iodides can all 

be used. Vinyl halides and aryl halides cannot be used because their carbocations are 

too unstable to be formed  

 
 

we will see that an alkyl-substituted benzene is more reactive than benzene. Therefore, 

to prevent further alkylation of the alkyl-substituted benzene, alarge excess of benzene 

is used in Friedel–Crafts alkylation reactions. This approach ensures that the 

electrophile is more likely to encounter a molecule of benzene than a molecule of 

alkyl-substituted benzene. 

Recall that a carbocation will rearrange if rearrangement leads to a more stable 

carbocation When the carbocation can rearrange in a Friedel–Crafts alkylation 

reaction, the major product will be the product with the rearranged alkyl group on 

the benzene ring. The relative amounts of rearranged and unrearranged product depend 

on the increase in carbocation stability achieved as a result of the rearrangement. 

For example, when benzene reacts with 1-chlorobutane, a primary carbocation 

rearranges to a secondary carbocation, and 60–80% of the product (the actual 

percentage depends on the reaction conditions) is the rearranged product 
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When benzene reacts with 1-chloro-2,2-dimethylpropane, a primary carbocation 

rearranges to a tertiary carbocation. Thus, there is a greater increase in carbocation 

stability and, therefore, a greater amount of rearranged product—100% of the product 

(under all reaction conditions) has the rearranged alkyl substituent. 

 

 

Alkylation of Benzene by Acylation–Reduction 

It is not possible to obtain a good yield of an alkylbenzene containing a straight-chain 

alkyl group via a Friedel–Crafts alkylation reaction, because the incipient primary 

carbocation 

will rearrange to a more stable carbocation 
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Acylium ions, however, do not rearrange. Consequently, a straight-chain alkyl group 

can be placed on a benzene ring by means of a Friedel–Crafts acylation reaction, 

followed by reduction of the carbonyl group to a methylene group. It is called a 

reduction reaction because the two bonds are replaced by two bonds .Only a ketone 

carbonyl group that is adjacent to a benzene ring can be reduced to a methylene group 

by catalytic hydrogenation (H2/Pd) .. 

 

 

The Effect of Substituents on Reactivity 

Like benzene, substituted benzenes undergo the five electrophilic aromatic substitution 

reactions  halogenation, nitration,sulfonation, alkylation, and acylation. Now we need 

to find out whether a substituted benzene is more reactive or less reactive than benzene 

itself. The answer depends on the substituent. Some substituents make the ring more 

reactive and some make it less reactive than benzene toward electrophilic aromatic 

substitution. The slow step of an electrophilic aromatic substitution reaction is the 

addition of an 

electrophile to the nucleophilic aromatic ring to form a carbocation intermediate  

Substituents that are capable of donating electrons into the benzene ring will stabilize 

both the carbocation intermediate and the transition state leading to 

its formation thereby increasing the rate of electrophilic aromatic substitution. In 

contrast, substituents that withdraw electrons from the benzene ring will destabilize 

the carbocation intermediate and the transition state leading to its 

formation, thereby decreasing the rate of electrophilic aromatic substitution  .Before 

we see how the carbocation intermediate is stabilized by electron 

donation and destabilized by electron withdrawal, we will look at the ways in which a 

substituent can donate or withdraw electrons. 
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 There are two ways substituent can donate electrons into a benzene ring: inductive 

donation and electron donation by resonance. There are also two ways substituent can 

withdraw electrons from a benzene ring: inductive electron withdrawal 

and electron withdrawal by resonance. 

 

 

 
 

Why the _CF3 group is meta directing 

All meta-directing groups have either a partial positive charge or a full positive 

charge on the atom directly linked to the benzene ring. In the trifluoromethyl 

group (CF3), there are three electronegative fluorine atoms, which make this 

group strongly electron withdrawing. As a result _CF3 deactivates the benzene 
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Why the _CH3 group is ortho–para directing 

The stability of the carbocation intermediate formed in the rate-determining 

step is actually the underlying factor for a substituent to direct an incoming 

electrophile to a particular position, ortho, meta or para. The methyl group 

(_CH3) donates electrons inductively, and in the presence of this electrondonating 

group the resonance contributors formed from ortho, meta and 

para attacks are shown below. In the most stable contributors, arising from 

ortho and para attacks, the methyl group is attached directly to the 

positively charged carbon, which can be stabilized by donation of electrons 

through the inductive effect. From meta attack no such stable contributor is 

formed. Thus, the substitutions in ortho and para positions are favoured. 

Therefore, the methyl group is an ortho and para directing group 
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electrons from the ring through the inductive effect more strongly than they 

donate electrons by resonance. It is the resonance-aided electron-donating 

effect that causes halogens to be ortho–para-directing groups. Halogens can 

stabilize the transition states leading to reaction at the ortho and para 

positions. On the other hand, the electron-withdrawing inductive effect of 

halogens influences the reactivity of halobenzenes. A halogen atom, e.g. Cl, 

donates an unshared pair of electrons, which give rise to relatively stable 

resonance structures contributing to the hybrids for the ortho- and parasubstituted 

arenium ions. Thus, despite being deactivators, halogens are 

ortho- and para-directors. The resonance contributors formed from ortho, 
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meta and para attacks on the chlorobenzene are shown below. 

 

 

 

 

Why halogens are ortho–para directing 

Halogens are the only deactivating substituents that are ortho–para directors. 

However, they are the weakest of the deactivators. Halogens withdrawelectrons from 

the ring through the inductive effect more strongly than they 

donate electrons by resonance. It is the resonance-aided electron-donating 

effect that causes halogens to be ortho–para-directing groups. Halogens can 

stabilize the transition states leading to reaction at the ortho and para 

positions. On the other hand, the electron-withdrawing inductive effect of 

halogens influences the reactivity of halobenzenes. A halogen atom, e.g. Cl, 

donates an unshared pair of electrons, which give rise to relatively stable 

resonance structures contributing to the hybrids for the ortho- and parasubstituted 

arenium ions. Thus, despite being deactivators, halogens are 

ortho- and para-directors. The resonance contributors formed from ortho, 

meta and para attacks on the chlorobenzene are shown below. 
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Arenes ―alkyl benzene ―  

These compounds contain both aliphatic and aromatic units , and have 

the chemical behaviour  of both . the ring undergoes electrophilic 

aromatic substituted and the side chain (alkyl group) undergoes free 

radical substitution and each proton of the molecule should effect the 

chemical properties of the other (the reactivity) and determine the 

orientation of attack alkyl groups activate the ring towared 

electrophilic aromatic  substitution and ortho ,meta ,para directors , 

the  bromination of the side chain (R- group ) takes place more readily 

than ethane ,  because the presence of benzene ring , and occurs 

exclusively on the carbon nearer the ring ( benzyl position ) 

 

     


