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UNIT- I 
OPTICAL ISOMERISM 

 Isomers are compounds having same molecular formula butdiffer in physical or chemical or 

both physical and chemicalproperties. This phenomenon is known as isomerism It isbroadly 

classified into two types as a) Structural isomerism andb) Stereoisomerism 

1.1. Stereoisomerism 

 Stereoisomerism is a type of isomerism in which compoundshave same molecular 

structure but different spatial arrangementof atoms or groups in the molecule. Such isomers are 

known asstereoisomers. The branch of chemistry that deals with the studyof stereoisomers is 

known as stereochemistry. Stereoisomerismis mainly classified into three types. 

a) Optical isomerism  

b) Geometrical  

c) Conformational isomerism. 

 

1.2. Optical isomerism (Enantiomerism) 

 Optical isomerism is a type of stereoisomerism in whichcompounds have same structural 

formula, but differentconfigurations and have equal and opposite character towardsplane 

polarised light. Such compounds are called optical isomers or enantiomers. Example: (+) Lactic 

acid and (-) Lactic acid. 

 

1.3. Element of symmetry (Symmetry elements) 

Symmetry elements of a molecule are of four types. 

i) Plane of symmetry 

ii) Centre of symmetry 

iii) Axis of symmetry 

iv) Alternating axis of symmetry 

 

i) Plane of symmetry : 

 A plane of symmetry, is a plane that cuts the molecule into two equal halves which are the 

mirror images of each other. 

Example: Mesotartaric acid 
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ii) Centre of symmetry (i): 

 A centre of symmetry is a point from which lines, when drawn on one side and produced at 
equal distance on other side, will meet identical points in the molecules. 

Example: 2,4-dimethyl cyclobutane-1,3-dicarboxylic acid 

 

iii) Axis of symmetry (Cn): 

 Axis of symmetry is an axis through which one complete rotation (360°) of a molecule will 

result in more than one identical structure. This is also known as proper axis of symmetry. 

 

1.3. Alternating axis of symmetry (Sn): 

 An n fold alternating axis of symmetry is an axis through 360° and then which when a 

molecule is rotated by an angle reflected across a plane at right angles to the axis, another 

identical structure is obtained. Also known as improper axis of symmetry. Example: 2,4-dimethyl 

cyclobutane - 1,3-dicarboxylic acid. This molecule has two fold alternating axis of symmetry. 
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Structure I and III are identical. Therefore this molecule has two fold (n=2) alternating axis of 

symmetry, 

1.4. Symmetry or symmetric molecule 

 A molecule or an object having any one elements of symmetry i.e. plane of symmetry, 

centre of symmetry or alternating axis of symmetry is known as a symmetric molecule or 

symmetric object. Example: Mesotartaric acid is a symmetric molecule,because it has a plane of 

symmetry. 

 
1.5. i) Asymmetry or asymmetric molecule 

 A molecule or an object with no element of symmetry of any kind is an asymmetric 

molecule or asymmetric object. Example: (+) Lactic acid. 

 

1.6. Dissymmetry or dissymmetric molecule: 

 Molecules having only few elements of symmetry are known as dissymmetric molecules. 

(Dissymmetric molecules may have axis of symmetry but not alternating axis of symmetry). 

Dissymmetric molecules also cannot be superimposed on theirmirror images. 

 

1.7. Pseudo asymmetry 

 Some molecules possess asymmetric carbon atom. But they are optically inactive (meso). 

Such a character is said to be pseudo asymmetry. 

Example: One of the isometric forms of 2, 3, 4-trihydroxy glutaricacid has a central asymmetric 

carbon atom (C). But the molecule has a plane of symmetry bisecting carbon atom C. Therefore it 
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is optically inactive. The central asymmetric carbon atom (C) is said bypseudo asymmetric. (The 

asymmetry of C, is due to two of the attached groups are in opposite configuration [CS, CR] 

 

 
 

1.8. Optical activity  

 Substances which rotate the plane of polarised light are said to be optically active and this 

property is known as optical activity. Substances which can rotate the plane of polarized light to 

right are called dextro-rotatory and indicated by ǎƛƎƴΨŘΩ ƻǊ ΨҌΩΦ .ǳǘ ǎǳōǎǘŀƴŎŜǎ ǿƘƛŎƘ Ŏŀƴ ǊƻǘŀǘŜ ǘƘŜ 

plane of polarized light to left are called laevo-ǊƻǘŀǘƻǊȅ ŀƴŘ ƛƴŘƛŎŀǘŜŘ ōȅ ǎƛƎƴ ΨƭΩ ƻǊ Ψ-ΨΦ    

Example: (+) Lactic acid is and optically active compound. 

1.8.1. Optical and specific rotation: 

 When the plane polarised light is passed through certain substances or solutions, the 

emerging light is found to be vibrate in a different plane. This is called optical rotation.  

The measurement of optical activity is reported in terms of specific rotation. The specific rotation 

is a constant for a particular substance. FoǊ ŜȄŀƳǇƭŜ ǎǇŜŎƛŦƛŎ Ǌƻǘŀǘƛƻƴ ƻŦ ƛύ ǎǳŎǊƻǎŜ ƛǎ ҌссΦр    ƛƛύ 

ǇƘŜƴȅƭ ƭŀŎǘƛŎ ŀŎƛŘ ƛǎ ҌрнΦл 

1.10. Condition for optical activity (Chiral molecule, Chirality) 

 A molecule that is not superimposable on its mirror image is said to be dissymmetric or 

asymmetric molecule. This property is known as asymmetry or chirality. Such molecules are also 

called as chiral molecules. Example :(+) and  

(-) lactic acid. Chirality is the condition, criterion or the cause of optical activity.  

 

 

1.11. Achiral molecule: 

 A molecule that is superimposable on its mirror image is known as achiral molecule. 

Example 2-propanol. It does not have chiral centre.  

 

                   CH3       H3C 

 

  

             H    C   OH                                                         HO   C   H 

 

 

                   CH3                                                                  H3C 

1.12.Chiral centre or asymmetric centre 

 A carbon atom surrounded by four different atoms or groups is known as chiral centre or 

asymmetric centre atom. Example carbon atom (C*) in (+) lactic acid.    
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1.13.Optical purity 

  An optically pure compound is the one which has been prepared in 100% purity. Optical 

purity is expressed as percentage. For example: Let the maximum specific rotation of compound 

(A) be +500. If a sample of (A) has a specific rotation of +300 then,  

 
= enantiomer excess 

=30/50  X 100 = 60% 

 For racemic modification the optical purity is zero. If the enantiomers are present in 

unequal amounts then the optical activity can be measured. Using the value of measured rotation 

we can calculate the composition of the enantiomeric mixture.  

If the above example the composition of the enantiomeric mixture of 80% (+)A and 20% (-) A. 

Therefore the mixture is 60% opticallly pure (i.e., 80% -20%). The mixture has 60% of excess of +A. 

Hence optical purity is also known as enantiomeric excess.  

1.14.. Racemisation 

Definition: 

  The process of converting and optically active compound into the racemic modification is 

known as recemisation.  

1.15. Mechanism of racemisation 

 Racemisation occurs through cationic, anionic and radical intermediate formation.  

 

i) Racemization through anionic intermediate 

 Optically active compounds like (+) mandelic acid when treated with a base give the 

racemic modification. The acidic hydrogen attached to the asymmetric carbon atom is removed by 

the base. This produces a carbanion intermediate which is sp2 hybridised. On either side 

attachment of the proton leads to the formation of racemic mixture.  

 

ii) Racemization through cationic intermediate: 

 Addition of HBr to 1-butene proceeds through the formation of a carbocation 

intermediate. This carbocation is SP2 hybridised. On either side attachment of bromide ion leads 

to the formation of racemic mixture.  
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iii) Racemization through radical intermediate: 

 Bromination of n-butane at C2 position gives a racemic mixture of 2-bromobutane.  

Radical bromination of butane gives a more stable secondary free radical which is sp2 hybridized. 

On either side attachment of bromine radical leads to the formation of racemic mixture.   

 
 

1.16. Resolution: 

 Resolution is the process of separation of racemic modification into its two enantiomers. 

When the two enantiomers are separate is unequal amounts, it is known as partial resolution.  

Resolution by conversion into diastereoisomer: 

In this method the enantiomers of the racemic mixture are converted into diasteroisomers by 

treating with optically active substances. These optically active substances used for resolution are 

known as resolving agents. Optically active acids are used as resolving agents for the separation of 

racemic mixture of alcohols and bases. Similarly optically active bases are used of resolving agents 

for the separation of racemic mixture of acids. 

i) Resolution of acids: 

 Racemic mixture of organic acids is separated by salt formation using alkaloid basebrucine 

as the resolving agent. Example: (-/+) Tartaric acid is separated by salt formation using alkaloid 

basebrucine as the resolving agent. 
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The diastereoisomeric salts are separated by fractional crystallization. From the salts the pure 

enantiomers are obtained by treatment with HCl.  

ii) Resolution of bases: 

 Racemic mixture of organic bases is separated by salt formation using optically active acids 

as resolving agents. 

 
 

The diastereoisomeric salts are separated by fractional crystallization. From the salts the pure 

enantiomers are obtained by hydrolysis.  

iii)  Resolution of alcohols: 

Racemic mixture of alcohols is separated by ester formation using optically active acids as 

resolving agents. 

Example:  

 
 

 

The diastereoisomeric esters as separated by chromatography. Hydrolysis of the separated 

diastereoisomeric esters gives(+) 2-butanol and (-) 2-butanol in pure form. 

 

1.17. Enantiomers and diastereoisomers: 

a) Enantiomers (enantiomorphs or optical antipodes) 

Optical isomers having equal and opposite character towards plane polarized light and which 

are mirror images of each other are known as enantiomers. For example: 1) (+) and (-) forms of 

lactic acid, (2) (+) and (-) forms of tartaric acid. 

 
 

1.18. Diasteroisomers: 

Stereoisomers which are not mirror images of each other are known as diastereoisomers. 

Examples : 

 1) erythrose and threose   2) Cis and Trans-2-butene and 3) mesoform of tartaric acid. 
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Not mirror image 

1.19. Differences: 

 
 

 

1.20. Epimers: 

 Epimers are optical isomers which differ in the configuration at only one asymmetric 

carbon atom. The process of converting epimer into another is known as epimerization. Example D 

(+) glucose and D(+) mannose.  

 

 
1.21.Configuration and projection formulae: 

 The term configuration is defined as the arrangement of atoms or groups in space of a 

molecule. The 3D configurations may be transformed into two dimensional planar structures on a 

paper by the following formulae. They are commonly known as projection formulae.  

a) Fischer projection formula  

b) Newman projection formula 

c) Flying wedge formula 
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1.22. Fischer projection formula 

 It is planar projection formula of a 3D molecular model. The groups drawn on either side of 

the vertical line are considered to be below or behind the plane. But the groups drawn over a 

horizontal line are considered to be above or infront of that plane. For example, the 3D 

configuration of lactic acid can be represented by the planar  

Fischer projection formula as follows. 

 

 
 

 Fischer projection formulas for compounds with more than one chiral centre may be given 

as follows: 

 For example, tartaric acid molecule has 2 chiral centres (C2 and C3) . The lower chiral 

centre (C2) is nearer to us. But the upper chiral centre is farther from us. The different 

configuration of tartaric acid molecule are,  

 
 The Fischer projection formula with same or similar groups on same side is known as 

ΨŜǊȅǘƘǊƻΩ ƻǊ Ψ ƳŜǎƻΩ ŦƻǊƳΦ ¢ƘŜ ƻƴŜ ǿƛǘƘ ǎŀƳŜ ƻǊ ǎƛƳƛƭŀǊ ƎǊƻǳǇ ƻƴ ƻǇǇƻǎƛǘŜ ǎƛŘŜǎ ƛǎ ƪƴƻǿƴ ŀǎ ΨǘƘǊŜƻΩ 

form.  The drawback in the Fishcher projection formula that it represents the molecule only in the 

eclipsed conformation that it represents the molecule only in the eclipsed conformation. This 

particular conformation ins energetically unfavourable . But the stable form of the molecule 

cannot be represented by Fischer formula. Two other systems such as Newman projection formula 

and Sawhorse formula show the molecules both in their eclipsed and staggered conformations. 

1.23. Newman projection formula 

It represents the spatial arrangement of bonds on two adjacent atoms in a molecule. This 

is obtained by viewing the molecule along the bond joining the two atoms.  
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1.24.Sawhorse formula 

It represents the spatial arrangement of all the bonds as two adjacent atoms. The bond 

between the atoms is represented by a diagonal line, usually form lower left to upper right. Left-

handed bottom end represents the atom nearer to us (C2). Right-handed top end represents the 

atom farther from us (C3).  Each atom has a vertical bond and two other bonds at +1200  or -  1200. 

 

Transformation of Fischer into Newman and Sawhorse formulae: 

While transforming Fischer into Newman or Sawhorse formula, the eclipsed conformation 

can be given by writing the bottom(C2) chiral carbon atom at the front and the top(C3) chiral 

carbon at the rear(back) of the C-C bond axis.  Staggered form can be obtained by rotating the 

front chiral carbon(C2) of the eclipsed form through 1800 along (C-C) bond axis. 

i) Transformation of Fischer formula into Sawhorse and Newman formulae with an example of 

meso-tartaric acid can be given as follows: 

 

 

 
Meso tartaric acid Fischer projection formula 

 

 
 

ii) Transformation of Fischer formula into sawhorse and Newman formula with an 

example of (+) Tartaric acid can be given as follows: 
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 Meso tartaric acid is more stable than (+) and (-) forms of tartaric acid. This is due to the 

existence of meso form in the anti-conformation. 

Disadvantage: 

  The drawback in Newman and Sawhorse formulas is that they are useful only for 

compounds having not more than two chiral centres. 

мΦнрΦ άCƭȅƛƴƎ ǿŜŘƎŜέ ŀƴŘ άȊƛƎȊŀƎέ ŦƻǊƳǳƭŀŜΦ 

 The actual configuration and conformation of compounds with two or more chiral centres 

can be shown by flying wedge and zigzag formulas. These two formulas represent the staggered 

conformation of the entire molecule in the plane of the paper. Broken lines indicate that bonds 

that are going below or behind the plane and thick lines indicate the bonds coming above the 

plane of the paper.  

 

 
Convert the following Newman projection into Fischer projection: 
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1.26. Configuration or notations of optical isomers 

Two types of notations are used for studying the configuration of organic compounds 

i) D-L notation   (Relative configuration) 

ii) R-S notation   ( Absolute configuration) 

1.27. D-L notation or relative configuration 

 The configuration of compound established in relation to that of an arbitrarily assigned 

standard is known as relative configuration. Glyceraldehyde was chosen as the standard because 

of its relationship to carbohydrates.  

 Two forms of glyceraldehyde were assigned the following configuration and labelled as 

D(+) and L(-) glyceraldehyde respectively.  

 

 

 

 
 Thus any compound that can be prepared from or converted into D(+) glyceraldehyde will 

belong to D-series . Similarly may compound that can be prepared from or converted into L(-) 

glyceraldehyde will belong to L-series. It should be remembered that D or L prefix does not 

indicate the direction of rotation. But only indicates the configuration at the chiral carbon. This DL 

notation was proposed by Fischer.  
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1.28. R-S notation or absolute configuration 

 

The D-L notation has the following limitations 

i) There are many compounds which have similar configurations but different signs of 

rotation. For example, lactic acid and its corresponding methyl lactate have similar 

configuration but opposite sign of rotation. 

 
ii) Sometimes the configuration of the same molecules may related to both D and L forms 

iii) It is difficult to apply the DL notation to molecules having more than one chiral carbon 

atom. 

 

1.29. Cahn- Ingold- Prelog rules 

In order to overcome the above limitation, Cahn-Ingold and Prelog proposed a new 

systems for specifying the configuration or RS notation. The procedure involves: 

a) Step 1: The 4 different atoms or groups attached to the chiral carbon atom are numbered 

1,2,3 and 4 and are ranked according to the following sequence rules of priority. 

Sequence rule 1:  The groups or atoms are arranged in the decreasing order of the atomic 

number of the atom directly bonded to the chiral carbon 

Sequence rule 2:  In case of isotopes, priority is given to the heavier isotope. 

Sequence rule 3:  If 2 groups possess same first atom then priority must be given on the 

basis of the next atom.This process goes on till the selection is made. 

Sequence rule 4:A double or triple bonded atom is equivalent to two or three such atoms. 

 

b) Step 2: After assigning priority the molecule is view front the side opposite to the group of 

lowest priority 
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c) Step 3: The priority sequence of the remaining three groups 1-Ą2-Ą3 is determined. If it is 

found clockwise the symbol (R) in used (R=rectus=right). If the sequence is anti-clockwise, 

the symbol (S) is used (sinister=left) to designate the configuration. 

 

d) Step 4: In order to assign the R,S configuration for Fischer projection formula, first the atom 

with the lowest priority should be brought to the bottom. This should be done by effecting 

any 2 exchanges among the groups. Then look for the order of the priority sequence. 

 

Examples: 

 
 

 

1.30. Erythro and threo representations 

 Molecules that contain two asymmetric carbon atoms can be represented by a special 

nomenclature and special form of notation. This nomenclature is derived from the names of 4 
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carbon sugars erythrose and threose. If the two similar groups are on the same side as the 

ƘȅŘǊƻȄȅƭ ƎǊƻǳǇǎ ƛƴ ŜǊȅǘƘǊƻǎŜ ǘƘŜ ƛǎƻƳŜǊ ƛǎ ŎŀƭƭŜŘ άŜǊȅǘƘǊƻέ ŦƻǊƳΦ LŦ ǘƘŜ н ǎƛƳƛƭŀǊ ƎǊƻǳǇǎ ŀǊŜ ƻƴ ǘƘŜ 

opposite sides as the hydroxyl groups in threosŜΣ ǘƘŜ ƛǎƻƳŜǊ ƛǎ ŎŀƭƭŜŘ άǘƘǊŜƻέ ŦƻǊƳΦ 

Example: the erythro and threo forms of 3-bromo-2-butanol can be given as follows: 

 
 

1.31. Optical activity of compounds not containing asymmetric carbon atoms 

 The presence of chiral carbon atom is not a condition for optical activity. But the essential 

condition is that the whole molecule should be chiral. Hence many compounds without chiral 

carbon atom are found to be optically active. This is due to the chiral nature of the entire 

molecule. 

Example:  

i) Substituted biphenyl compound 

ii) Allenes 

iii) Spiranes 

i) Substituted biphenyls: 

a) {ǳōǎǘƛǘǳǘŜŘ ōƛǇƘŜƴȅƭ ŀǊŜ ōƛǇƘŜƴȅƭ ŘŜǊƛǾŀǘƛǾŜǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ƻǊǘƘƻΣ ƻǊǘƘƻΩ Ǉƻǎƛǘƛƻƴǎ ŀǊŜ 

occupied by bulky groups. 

b) 9ȄŀƳǇƭŜΥ нΣнΩΣ5ƛŀƳƛƴƻΣсΣсΩ-dimethlyl biphenyl. 

 

Reasons for optical activity: 

a)  ²ƘŜƴ ǘƘŜ ƻǊǘƘƻΣ ƻǊǘƘƻΩ Ǉƻǎƛǘƛƻns are occupied by bulky groups, the free rotation about the 

 single bond joining the two phenyl groups is not possible. 

b)  ¢ƘŜǊŜŦƻǊŜ ŜŀŎƘ ǇƘŜƴȅƭ ǊƛƴƎ Ƙŀǎ ƴƻ ǾŜǊǘƛŎŀƭ ǇƭŀƴŜ ƻŦ ǎȅƳƳŜǘǊȅ ΧǘƘŜ ǘǿƻ ǇƘŜƴȅƭ ǊƛƴƎǎ ŀǊŜ 

not  coplanar. 

c) The mirror images are not superimposable. Thus substituted biphenyl are optically active.  

 

 

 



STUDY MATERIAL FOR BSC CHEMISTRY 
ORGANIC CHEMISTRY III 

SEMESTER ς V, ACADEMIC YEAR 2020 - 21 
 

 
Page 17 of 77 

d) This type of stereoisomerism arising from restricted rotation about a single bond is called 

άŀǘǊƻǇƛǎƻƳŜǊƛǎƳέ ŀƴŘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛǎƻƳŜǊǎ ŀǊŜ ƪƴƻǿƴ ŀǎ άŀǘǊƻǇƛǎƻƳŜǊǎέΦ 

ii) Allenes: 

a) Allenes are compounds which have the general structure  

 

 
 

b) Example: 1,3-5ƛǇƘŜƴȅƭ ΣмΩΣоΩ Řƛ-(1-naphthyl)allene. 

 
Reason for optical activity: 

a)  Carbon atoms 1,3 are sp2 hybridized and the centre carbon is sp hybridised. 

b) The central carbon atom forms two pi bonds which are perpendicular to each other. The pi 

 x bond is perpendicular to the plane of paper and pi y bond is in the plane of the paper. 

 Therefore the groups a,b lie in the plane of the paper and the other set of a,b lie in the 

 plane perpendicular to the plane of the paper. 

 
 

c) Hence the whole molecule does not possess a plane of symmetry. 

d) The mirror images are not superimposable. The whole molecule in chiral and hence the 

allenes are optically active. 

 
 

iii) Spiranes 

a) If both double bonds of allenes are replaced by ring systems the resulting molecules are 

ƪƴƻǿƴ ŀǎ ǎǇƛǊŀƴŜǎΦ ¢ƘŜ ǿƻǊŘ ǎǇƛǊŀƴŜ ƳŜŀƴǎ ά ǘǿƛǎǘΩ 

b) 9ȄŀƳǇƭŜΥ 5ƛƭŀŎǘƻƴŜ ƻŦ ōŜƴȊƻǇƘŜƴƻƴŜ нΣнΩΣ пΣпΩ-tetracarboxylic acid. 

Reasons for optical activity: 

c) In spiranes the rings are perpendicular to each other and the both the ring systems are not 

coplanar. 
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d) Hence the whole molecule has no plane of symmetry and it is chiral in nature. 

e) The mirror images are not superimposable. Thus spiranes are optically active. 

 
 

1.32. Stereo specificity (or) Stereospecific reaction: 

 A reaction is said to be stereospecific if stereochemically different reactants give rise to 

stereo chemically different products. 

Example: addition of bromine to 2-butane is a stereospecific reaction. Because, cis-2-butene on 

addition with bromine gives racemic mixture of 2,3-dibromobutane; but trans-2-butene on 

addition with bromine gives meso-2,3-dibromobutane. 

 

 
 

 

Mechanism: 

 Addition of bromine to the 2-butene involves antiaddition that is the two bromine atoms 

are attached to the opposite faces of the double bond. Br+ attacks the double bonded carbon to 

give a cyclic bromonium ion intermediate. 

The cis-cyclic bromonium ion intermediate is attacked by the Br- on either way or equally. The 

attack on path a) and b) give different products. i.e., racemic mixture of 2,3-dibromo butane. 
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 Similarly the trans-cyclic bromonium ion intermediate is attacked by the Br- ion on either 

way (a) and (b) equally. The attacks on path (a) and path (b) give the same product. i.e.,meso-2,3-

dibromobutane. 

 
 

1.33. Stereo selectivity (OR) stereo selective reaction 

 In a reaction out of the two or more possible stereo isomeric products, if one is produced 

in predominance then it is said to be stereo selective reaction. 

Example:1) Reduction of alkyne using sodium in liq.ammonia gives predominantly trans-alkene 

rather than cis-alkene. 

 
 Addition of hydrogen to alkyne involve anti-addition i.e.,the 2 hydrogen atoms are 

attached to the opposite faces of the double bond. 

Mechanism:  

 The mechanism involves the formation of vinyl radical which is more stable in the 

transconfiguration. 

 

1.34.Partial asymmetric synthesis 
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 The asymmetric synthesis carried out by the use of some other optically active compound 

is known as partial asymmetric synthesis. The product formed will be optically active due to the 

presence of one of the isomers in slight excess. For example when pyruvic acid is reduced with 

Al/Hg in the presence of menthol, optically active(-) lactic acid will be obtained. 

 
 

 

1.35. Absolute asymmetric synthesis: 

 The synthesis of an optically active compound from an optically inactive compound 

without the intermediate use of other optically active reagents is known as absolute asymmetric 

synthesis. For example, hydroxylation of ethyl fumurate in a beam of right circularly polarized light 

gives a dextro-rotatory products. Similarly when a beam of left circularly polarizedlight is used the 

product will be laevo-rotatory. 
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UNIT - II 
GEOMETRICAL AND CONFORMATIONALISOMERISM 

1. Geometrical isomerism (Cis-trans isomerism) 

Definition and Nomenclature: 

Geometrical isomerism is a kind of stereoisomerismwhich compounds have same 

structural formula but differentconfigurations around the double bond. Such compounds 

areincalled geometrical isomers or cis-trans isomers. 

 

E-Z notation 

Cis- trans system of nomenclature may not be suitable for many tri or tetra substituted 

olefins. For example, we can not decide whether the following compound cis or trans, because no 

two groups are same  

Sequence rules given by CIP system: 

Rule 1: The groups or atoms are arranged in the decreasing order of the atomic number. 
Example: Priority order I > Br>Cl> F 

Rule 2: For groups or atoms, the priority is given to the group in which the first atom has the 

highest atomic number. 

Example: Priority orderCl>OH>CHO> H 

Rule 3: In the case of isotopes, priority is given to the heavier isotope. 

Example :Priority order I >Cl> D (isotope) > H 

Rule 4: If two groups possess same first atom then priority mustbe given on the basis of the next 

atom. This process goes on till the selection is made. 

Example: Priority order I >CH3CH2>CH3>H 

Rule 5: A double or triple bonded atom is equivalent to two or three such atoms. 
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Method to assign configurations (or) Determination ofconfiguration of geometrical isomers: 

Contiguration of geometrical isomers can be using the following methods. 

i) Dehydration (Chemical method): 

Intramolecular reactions are possible only, when the reactinggroups are closer together ina 
molecule. In maleic acid both the-COOH groups are nearer to each other. Therefore on 
heatingmaleic acid undergoes dehydration and gives cyclic  
anhydridereadily. But fumaric acid does not form an anhydride of its own. 
 

 

ii) Method of cyclisation (Chemical method): 
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2-Bromo-5-nitroacetophenone oxime exists in two isomericforms. The oxime of 2-bromo-

5-nitroacetophenone isunaffected by NaOH, whereas the B-isomer undergoes ringclosure to form 

3-methyl-5-nitrobenziso-Oxazole. Thus thealpha-0xime is the syn-methyl isomer (A) and the beta-

oxime theanti-methyl isomer (B) 

 

 

 

iii) Dipole moment studies: 
Dipole moment is a vector quantity. In the trans isomer the bond moments cancel each 

other. Therefore in general cis-isomers always has higher dipole moment than the trans-
isomer.For example there are two isomeric 1,2dichloroethene. Theisomer which has 'zero' dipole 
moment is 'trans' and the other one is 'cis 
 

Example: i) Melting point of maleic acid (cis) is 130°C. 

ii) Melting point of fumaric acid (trans) is 287°C. 

Conformation and conformational analysis: 

The different arrangements of atoms that can be converted into one another by rotation 

about (C-C) single bond are called conformations. Each form is known as a 'conformerΩ or 

conformational isomer' or 'rotational isomer conformational isomers are inter convertible at room 

temperature due to very low energy barrier between them. The isomers cannot be separated and 

isolated due to rapid equilibrium between them. 

Example: Ethane (eclipsed)ăĄEthane (staggered). 

The study of existence of preferred conformation in molecules is known as conformational 

analysis. 

Conformational nomenclature: 

Eclipsed: 

When the hydrogen atoms attached tothe neighbouring carbon atoms are as closetogether 

as possible, that conformation is known as eclipsed conformation or cisoid conformation. In this 
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arrangement the hydrogen atoms are crowded together and eclipse each other. (Example: Ethane-

eclipsed) 

Staggered: 

When the hydrogen atoms attached tothe neighbouring carbon atoms are as far apartas 

possible, that conformation is known asstaggered conformation. (Example:Ethanestaggered) 

Gauche or skew: 

It is a type of staggeredconformations. Two groups are said to be Ψgauche' when the 

dihedral angle betweenthem is 60°. Vander Waals repulsive forces developed between the 

gauchegroups destabilize the conformation(Example: n-butane). Intramolecularhydrogen bonding 

developed between the gauche groups stabilizethe conformation (Example: Ethylene chlorohydrin 

andethylene glycol. 

Anti conformation: 

It is also a type of staggeredconformation. Two groups are staid to be Ψanti' when the 

dihydral angle between themis 180°. In this conformation the two groupsare maximum distance 

apart. This conformation is also known as ΨtransoidΩ. This is free from torsional strain and Vander 

Waalsstrain and stabilizes the conformation. (Example: n-butane) 

Dihydral angle: 

 

It is defined as the angle formed by the intersection of twoplanes. For example in ethane 

the angle between the HCC planeand the CCH plane is known as dihydral angle. 

 

Torsíonal angle: 
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Torsional angle is the produced by the two groups (A and B) across the (C-C) single bond. 

Unlike dihedral angle, torsional angle is directional. It is positive value when measured in a 

clockwise direction and a negative value when measured in anticlockwise direction. 

Factors affecting the stability of conformations: 

The stabilities of different conformers vary with respect to the following factors. 

1) Angle strain  

2) Torsional strain  

3) Van der Waals strain (Steric strain) or Steric effect  

4) Dipole-dipole interaction 

5) Hydrogen bonding 

Angle strain: 
Any deviation from the normal tetra hedralbond angle (109°28) produces strain in the 

molecule. This is known as angle strain. Cyclohexane (no angle strain) is more stable than 

cyclopropane (much angle strain). 

Torsional strain: 

The repulsive interaction between the electron clouds of the (C-H) bonds of the 

neighbouring carbonatoms is known as torsional strain. It will be maximum in the eclipsed 

conformation and minimum in the staggered conformation. Therefore any deviations from the 

staggered arrangement are accompanied by torsional strain. It destabilizes the molecule. Eg. 

Staggered conformation of ethane (notorsional strain) is more stable than the eclipsed 

conformation (much torsional strain) 

Van der Waals strain or steric strain or steric effect: 

The non-bonded interaction developed between the bulky groups available in the 

neighbouring carbon atoms is known as vander Waals strain or steric strain or steric effect. The 

crowding together of bulky groups in the eclipsed and gauche conformation bring about van der 

Waals repulsion and causes steric strain. This destabilizes the molecule.  

 

Dipole-dipole interaction: 

When a hydrogen atom of ethane is replacedby a more electronegative chlorine atom the 

(C-Cl) bondbecomes polar and a dipole is created. (C+,Cl-). In 1,2-dichloroethane there are two 

such dipoles. The non-bondedinteraction between these two dipoles is known as dipole-

dipoleinteraction. This interaction may be either repulsive or attractive.a) Dipole-dipole repulsive 

interaction.The repulsive interaction between the similarly chargeddipoles is known as dipole-

dipole repulsive interaction. This destabilizes the conformation. 

b) Dipole-dipole attractive interaction/Hydrogen bonding: 

Conformational analysis of ethane: 

1) Ethane molecule contains a (C-C) single bond and eachcarbon is further attached to three 

hydrogen atoms. Let us suppose that one carbon atom is rotated about the(C-C) bond while the 

other carbon atom remains stationary.When the hydrogens are crowded together the 

conformation isknown as 'eclipsed. The energy in the eclipsed conformation ishigh due to 

torsional strain. Now the dihederal angle is zero. 

2) When the hydrogens are as far apart as possible, theconformation is known as staggered'.  
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3) In one full rotation, three eclipsed and three staggeredconformations are obtained. 

4) Energy diagram and relative stabilities of differentconformations of ethane: 

5) The staggered conformation is more stabilized than theeclipsed conformation by 12.5 kJ/mol. 

Thereforepreferred conformation of ethane is the staggered conformation. 

6) Newman and Sawhorse representation of eclipsed and staggered conformation of ethane: 

 

Conformational analysis of propane: 
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Conformational situation in propane is similar to that of ethane. Propane is derived from 

ethane by replacing one of its hydrogen atoms by a methyl group. Rotation can take place about 

either of the two carbon-carbon single bonds. As in the case of ethane, rotation about the carbon-

carbon single bond is almost free. 

1) When the hydrogens of carbon 1 (C1) and the methylgroup (C2) are crowded together, the 

conformation is known as Ψeclipsed'. The energy in the eclipsed conformation is high dueto i) 

torsional strain as in ethane and ii) CH3/H van der Waalsrepulsive interactions. Now the 

dihedral angle is 'zero'. 

2) When the hydrogens of (C1) and the methyl group (C2)are as far apart as possible, the 

conformation is known as staggered'. Due to least torsional and van der Waals strain 

thestaggered conformation of propane. Now the dihedral anglebecomes 600. The energy 

barrier between eclipsed and staggered conformation is 14.2kJ/mole. 

3) In one full rotation three eclipsed and three staggered conformations are obtained 

 

4) The staggered conformation is more stabilized than theeclipsed conformation by 14.2 kJ/mole. 

Therefore the mostpreferred conformation of propane is the staggered conformation. 

5) Energy diagram andrelative stabilities of different conformationsof propane. 

6) Newman and Sawhorse representation of eclipsed andstaggered conformation of propane: 
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1. The difference in energy between anti conformation and fully eclipsed conformation is 

about 18. 836 kJ/mol. 

2. Between the anti conformation and eclipsed conformation is about 11.72 KJ/mol. 

3. The energy difference between anti conformation and gauge conformation is about 4.6 KJ/ 

mol. Since the energy barrier among the different conformations is low at room temperature 

all the confirmations is low at room temperature all the conformations are interconvertible. 

Hence 1,2- dichloroethaneconsists of an equilibrium mixture of all the possible conformations. 

But the most preferred confirmation of 1,2- dichloroethane is the anti conformation 

4. The difference in energy between the anti and gauge conformations of 1,2-dichloroethane is 

larger than that of n- butane. This is not due to steric reasons, but because of the strong 

dipole-dipole interactions of the carbon chlorine dipoles in the gauche conformation of 1,2-

dichlorethane. 

Conformational analysis of cyclohexane: 

1) Cyclohexane is not a planar molecule like cyclopropane, cyclobutane and cyclopentane. Due to 

angle strain, puckered arrangement is proposed for cyclohexane. The different puckered 

arrangements are 

i) Chair conformation 

ii) Boat conformation 

iii) Twist conformation and 

iv) Half chair conformation 

i) Chair conformation of cyclohexane: 

This conformation is not only free from angle strain but also free of torsional strain and has 

an energy minimum. Chairconformation of cyclohexane is similar to the staggered conformation 

of ethane. Therefore chair conformation is the most preferred conformation of cyclohexane. 

ii)Boat form: 
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Boat conformation of cyclohexane is similar to eclipsed conformation of ethane. Therefore 

it has torsional strain. In addition there is van der Waals steric strain due to flagpole interaction. In 

the boat form the flagpole hydrogen (Ha and Hb) lie only 1.83A° apart. This distance is closer than 

the sum of their van der Waals radii (2.5A). Therefore boat form is less stable than the chair form 

by about 28.8 kJ/mol. 

iii) Twist form (Twist boat form): 

In the twist form the flagpole hydrogen Ha and Hb moveapart, but hydrogensHc and Hd 

tend to move close to each other.Even then the nonbonded interactions between Ha and Hb, 

andHc and Hd are minimum. So the torsional strain is partly relieved.Therefore the twist form is 

more stable than the boat form byabout 5.4 kJ/mol and less table than the chair form by 

about23.4 kJ/mol. 

iv) Half chair: 

The halfchair conformation of cyclohexane has considerableangle strain and torsional 

strain. It is less stable than the chair form by about 46 kJ/ mol 

Equilibrium exists only between the chair and twist boatforms (conformers). The most preferred 
conformation is onlythe chair conformation. 
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UNIT - III 
AROMATICITY AND AROMATIC SUBSTITUTION 

              

Organic compounds have been broadly classified into two types as aliphatic and aromatic. The 

term aliphaticis used for compounds having open-chain structures. 

               In addition to aliphatic compounds a large number of compounds were obtained from 

natural sources such as resins, balsams, aromatic oils, etc, with pleasant odour. These compounds 

were termed as aromatic (Greek: aroma= fragrant smell). Careful examination of these 

compounds showed that they contain a higher percentage of carbon than the corresponding 

aliphatic hydrocarbons. Most of the simple aromatic compounds contains at least six carbon 

atoms. Aromatic compounds are benzenoid or nonbenzenoid compounds which are cyclic and 

their properties are totally different from those of the alicyclic compounds. 

3.1. Aromaticity: 

Aromatic compounds such as benzene have an unusual stability. They have planar cyclic structure 

ǿƛǘƘ ŘŜƭƻŎŀƭƛȊŜŘ ˉ-electrons and have a great tendency to undergo electrophilic substitution 

reactions such as nitration, halogenations, sulphonation etc. these properties arise from a closed 

ring of electrons. Hence aromaticitymay be defined as the ability to retain an induced ring current. 

3.2. Consequences of aromaticity or aromatic characteristics (or) general characteristics of 

aromatic compounds  

1)High carbon content: Aromatic compounds posses a higher percentage of carbon content than 

the corresponding aliphatic hydrocarbons and they burn with a sooty flame. 

2)Cyclic structure: They are planar and cyclic compounds  

3)Carbon-carbon bond length: All carbon-carbon bonds in benzene (aromatic compounds) are 

equal and are intermediate in length between single and double compounds. 

i)  Carbon -carbon bond single bond length is 1.53A0.  

     Example: Ethane (CH3-CH3) 

ii) Carbon ςcarbon bond double bond length is 1.34A0. 

     Example: Propene (CH3-CH=CH2) 

iii) Carbon-carbon double bond in benzene is 1.39A0. 

4)Stability:  

Benzene (aromatic compound) is more stable than the corresponding conjugated system 

(cyclohexatriene). This fact is proved by the heat of hydrogenation and heat of combustion data. 

i) The observed heat of hydrogenation of benzene is 49.8kcal  

Benzene +3H2     
ƘŜŀǘ ƻŦ ƘȅŘǊƻƎŜƴŀǘƛƻƴ          ҟIόпфΦуύ  

   But the calculated value of heat of hydrogenation of cyclohexatriene (conjugated system) 

is 85.8kcal. 

Cyclohexatriene  +  3H2
ƘŜŀǘ ƻŦ ƘȅŘǊƻƎŜƴŀǘƛƻƴ    ҟIόурΦуύ 

Thus benzene (aromatic compound) is more stable by (85.8-49.8) 36 kcal. 
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ii) Similarly the observed heat of combustion of benzene is 789.1 kcal. But the calculated value of 

heat of combustion of cyclohexatriene (conjugated system) is 824.1 kcal. Thus benzene (aromatic 

compound) is more stable than the corresponding conjugated system by35 kcal. 

5) Resonance energy: 

Benzene is the resonance hybrid of the following contributing structures I & II. 

 

 

The resonance hybrid is more stable than any of the contributing structures. This increase 

in stability is called the resonance energy. Benzene is resonance stabilized by 36 kcal than the 

corresponding conjugated system- cyclohexatriene. This 36 kcal of resonance stabilization is that is 

responsible for the new set of properties called aromatic characters. 

6) Participation in addition reaction: 

               Addition reaction is the characteristic feature of alkene. For example cyclohexene 

undergoes rapid oxidation with dilute alkaline KMnO4 ό.ŀȅŜǊΩǎ ǘŜǎǘύΦ 

 

  But benzene (aromatic compound) does not undergo this reaction.  

 

7) Participation in substitution reaction: 

         Benzene and other aromatic compounds  readily undergo substitution reaction. Electrophilic 

substitution is characteristic feature of aromatic compounds. For  example, benzene undergoes 

nitration in the presence of  nitrating mixture to give nitro benzene. 

 

оΦоύ IǳŎƪŜƭΩǎ όпƴҌнύ ǊǳƭŜΥ 

Huckel connected ŀǊƻƳŀǘƛŎ ǎǘŀōƛƭƛǘȅ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ όпƴҌнύˉ ŜƭŜŎǘǊƻƴǎ ƛƴ ŀ ŎƭƻǎŜŘ ǎƘŜƭƭ. 

!ŎŎƻǊŘƛƴƎ ǘƻ IǳŎƪŜƭΩǎ ǊǳƭŜΣ ǇƭŀƴŀǊ ŎƻƴƧǳƎŀǘŜŘ ŎȅŎƭƛc ǎȅǎǘŜƳǎ ŎƻƴǘŀƛƴƛƴƎ όпƴҌнύˉ ŜƭŜŎǘǊƻƴǎ ŀǊŜ 

aromatic where n is an integer (n=0,1,2,3,etc)., Hence system with 2 (n=0), 6(n=1), 10(n=2), 

мпόƴҐоύˉ ŜƭŜŎǘǊƻƴǎ ǿƛƭƭ ōŜ ŀǊƻƳŀǘƛŎΦ  

Examples: 
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IǳŎƪŜƭΩǎ ǊǳƭŜ ƘƻƭŘǎ ƎƻƻŘ ƛƴ ŎŀǎŜ ƻŦ ŎƻƳǇƻǳƴŘǎ ƭƛƪŜ ōŜƴȊŜƴŜΣ ǇȅǊǊƻƭŜΣ ŦǳǊŀƴΣ ǘƘƛƻǇƘŜƴŜΣ 

ǇȅǊƛŘƛƴŜ όсˉ ŜƭŜŎǘǊƻƴǎύ ƴŀǇƘǘƘŀƭŜƴŜ όмлˉ ŜƭŜŎǘǊƻƴǎύΣ ǇȅǊŜƴŜ ǿƛǘƘ όмпˉ ŜƭŜŎǘǊƻƴǎύ ǇŜǊƛǇƘŜǊŀƭ ŜǘŎ 

are aromatic. 

 

3.4. Non- benzenoid aromatic compounds: 

Aromatic compounds which do not contain benzene ring are called non-benzenoid 

compounds. A large number of non-ōŜƴȊŜƴƻƛŘ ǎȅǎǘŜƳǎ ǿƛǘƘ нΣсΣмлΣмп ˉ ŜƭŜŎǘǊƻƴǎ ŜȄƘƛōƛǘ ŀǊƻƳŀǘƛŎ 

character. 

ƛύнˉ ŜƭŜŎǘǊƻƴ ǎȅǎǘŜƳΥ 

             Many cyclopropenium salts exhibits aromatic character. They obey 4n+2  rule (n=0) 

 

ƛƛύ сˉ ŜƭŜŎǘǊƻƴ ǎȅǎǘŜƳΥ 

/ȅŎƭƻǇŜƴǘŀŘƛŜƴƛŘŜ ǎŀƭǘǎ ŀƴŘ ǘǊƻǇȅƭƛǳƳ ǎŀƭǘǎ ŀǊŜ ŜȄŀƳǇƭŜǎ ƻŦ с ˉ ŜƭŜŎǘǊƻƴ ǎȅǎǘŜƳ 

 

 

d) Heterocyclic compound: 
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            In pyrrole, furan and thiophene, the hetero atoms contain lone pairs which are in 

conjugation with the double bonds. They are used for the formation of aromatic sextet. 

 

ƛƛύ млˉ ŜƭŜŎǘǊƻƴ ǎȅǎǘŜƳΥ 

a) 5ƛǇƻǘŀǎǎƛǳƳŎȅŎƭƻƻŎǘŀǘŜǘǊŀŜƴƛŘŜ ƛǎ ŀǊƻƳŀǘƛŎ ǿƛǘƘ млˉ ŜƭŜŎǘǊƻƴǎΦ 

 

b) Azulene is a non-benzenoid system containing seven and five membered rings fused. It has 

млˉ ŜƭŜŎǘǊƻƴǎ ŀƴŘ ƛǘ ƛǎ ŀǊƻƳŀǘƛŎΦ 

 

3.5. Anti-aromatic compounds: 

        Cyclic compounds which do not obey 4n+2 rule are anti-aromatic and are less stable 

3.6. Aromatic electrophilic substitution  

         .ŜƴȊŜƴŜ ƴǳŎƭŜǳǎ Ƙŀǎ όпƴҌнύ ŘŜƭƻŎŀƭƛȊŜŘ ˉ ŜƭŜŎǘǊƻƴǎ ŀƴŘ ƘŜƴŎŜ ƛǘ ŀŎǘǎ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŜƭŜŎǘǊƻƴǎΦ 

Therefore it is easily attacked by electrophilic reagents. Thus benzene undergoes only electrophilic 

substitution reactions. The common electrophilic substitution reactions of benzene are 

halogenations, nitration, sulphonation, Friedel Crafts alkylation and acylation. These electrophilic 

substitution reactions are given by almost all aromatic compounds and hence they are known as 

aromatic electrophilic substitution reactions. 

3.7. General Mechanism of electrophilic substitution 

1) Aromatic electrophilic substitution proceeds by a bimolecular mechanism via formation of an 

intermediate sigma complex 

2) The formation of the intermediate is the rate determining step (slow step) 

3) The intermediate sigma complex or benzonium ion exhibits resonance. 

 

The three resonance structures are combined and the intermediate sigma complex is 

represented as follows. 
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4) The sigma complex releases a proton in the presence of base and gives the substituted 

product. 

 

5) Rate = k[substrate][electrophile] 

3.8. Mechanism of Nitration 

1. The mechanism of nitration can be illustrated by considering the nitration of benzene. Benzene 

undergoes nitration with a mixture of con.HNO3 and con.H2SO4 to give nitro benzene. 

 

2. The electrophile nitronium ion. NO2
+  is generated by the reaction of con.HNO3 and con.H2SO4. 

HNO3+  2H2SO4             NO2
++H3O+ + 2HSO4- 

3. The NO2+ attacks the benzene ring and forms the intermediate sigma complex or benzonium 

ion. This intermediate is stabilized by three resonating structures. 

 

4. The sigma complex releases a proton in the presence of base HSO4
-  and gives the product 

nitro benzene. 

 

 рΦ ¢ƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ˋ ŎƻƳǇƭŜȄ ƛǎ ǘƘŜ ǎƭƻǿ ǎǘŜǇ όǊŀǘŜ ŘŜǘŜǊƳƛƴƛƴƎ ǎǘŜǇύ ŀƴŘ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ ǇǊƻǘƻƴ 

ŦǊƻƳ ˋ ŎƻƳǇƭŜȄ ƛǎ ǘƘŜ Ŧŀǎǘ ǎǘŜǇΦ  

6.  The overall reaction may be represented as follows.  
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3.9. Mechanism of halogenations  

1) The mechanism of halogenations can be illustrated by considering the chlorination of 

benzene. Benzene undergoes chlorination with chlorine in the presence of catalyst such as 

ZnCl2, FeCl3, AlCl3, etc. to give chlorobenzene 

2) The catalyst FeCl3, polarises the chlorine molecule and generates the electrophile Cl+ 

3) The electrophile Cl+  ŀǘǘŀŎƪǎ ǘƘŜ ōŜƴȊŜƴŜ ǊƛƴƎ ŀƴŘ ŦƻǊƳǎ ǘƘŜ ˋ ŎƻƳǇƭŜȄ ǿƘƛŎƘ ƛǎ ǎǘŀōƛƭƛȊŜŘ 

by three resonance structures  

пύ ¢ƘŜ ˋ- complex releases a proton in the presence of base FeCl4
-  and gives the product 

cholorobenzene 

3.10. Mechanism of sulphonation 

1) The mechanism of sulphonation can be illustrated by considering the sulphonation of benzene. 

Benzene reacts with con. H2SO4 to give benzene sulphonic acid. 

 

2) The electrophile in sulphonation is sulphur trioxide, SO3. The sulphur atom of sulphur trioxide is 

highly electron deficient. The electrophile is generated by the following reaction. 

 

3) The electrophile SO3 ŀǘǘŀŎƪǎ ǘƘŜ ōŜƴȊŜƴŜ ǊƛƴƎ ŀƴŘ ŦƻǊƳǎ ǘƘŜ ˋ- complex which is stabilized by 

three resonance structures  

 

 

пύ ¢ƘŜ ˋ-complex releases a proton and finally benzene sulphonic acid formed. 
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5) In contrast to other electrophile substitution reactions sulphonation is a reversible reaction. i.e, 

benzene sulphonic acid undergoes de sulphonation in the presence of steam. 

6) The overall reaction may be represented as follows  

 

 

 

7) Kinetics studies of sulphonation show that when the H atom of benzene is replaced by heavy 

ƛǎƻǘƻǇŜΣ ǘƘŜ ǊŀǘŜ ƻŦ ǊŜŀŎǘƛƻƴ ƛǎ ǎƭƻǿŜŘ ŘƻǿƴΦ IŜƴŎŜ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ ǇǊƻǘƻƴ ŦǊƻƳ ǘƘŜ ˋ-complex is 

also involved in rate determining step. 

оΦммΦ aŜŎƘŀƴƛǎƳ ƻŦ CǊƛŜŘŜƭ /ǊŀŦǘΩǎ !ƭƪȅƭŀǘƛƻƴ   

The mechanism of alkylation can be illustrated by considering the alkylation of benzene. 

1) Benzene undergoes alkylation with alkyl chloride in the presence of anhydrous AlCl3 (Lewis 

acid) to give alkyl benzene. 

 

2) The electrophile R+ is in the form of complex. It is generated by the following reaction. 

 

3) ¢ƘŜ ŜƭŜŎǘǊƻǇƘƛƭŜ ŀǘǘŀŎƪǎ ǘƘŜ ōŜƴȊŜƴŜ ǊƛƴƎ ŀƴŘ ŦƻǊƳǎ ǘƘŜ ˋ ŎƻƳǇƭŜȄ ǿƘƛŎƘ ƛǎ ǎǘŀōƛƭƛȊŜŘ ōȅ 

three resonance structures. 
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4) ¢ƘŜ ˋ- complex releases a proton in the presence of base AlCl4
- and forms alkylbenzene. 

 

5) The overall reaction may be represented as follows.  

 

 

3.12. Mechanism of Friedel Crafts acylation 

The mechanism of acylation can be illustrated by considering the acylation of benzene. 

1) Benzene undergoes acylation with acetylchloride (or) acetic anhydride in the presence of 

anhydrous AlCl3 (Lewis acid) to give acylbenzene. 

2) The electrophile acylium ion is generated by the following reaction. 

 

3) The electrophile attacks ǘƘŜ ōŜƴȊŜƴŜ ǊƛƴƎ ŀƴŘ ŦƻǊƳǎ ǘƘŜ ˋ-complex which is stabilized by 

three resonance structures. 

 
4) ¢ƘŜ ˋ- complex releases a proton in the presence of base AlCl4

- and forms acylbenzene 

5) The overall reaction may be represented as follows. 

 



STUDY MATERIAL FOR BSC CHEMISTRY 
ORGANIC CHEMISTRY III 

SEMESTER ς V, ACADEMIC YEAR 2020 - 21 
 

 
Page 38 of 77 

 

 

3.13. Orientation in monosubstituted benzene (Aromatic disubstitution) 

Monosubstituted benzenes undergoes further substitution to give disubstituted benzenes. There 

are three isomeric disubstituted benzenes. They are ortho, para and meta. 

Ortho-para directing groups 

Substituents like hydroxyl ςOH, amino ςNH2, halogen- X, methyl ςCH3, etc. when attached to the 

benzene ring will direct the incoming electrophile to ortho and para positions. Hence they are 

called as ortho, para directing groups. 

Meta directing groups 

Substituents like nitro ςNO2, sulphonic acid ςSO3 H, cyano- CN, etc. will direct the incoming 

electrophile to meta position. Hence they are known as meta directing groups. 

3.14. Ring activating and deactivating groups 

The electron density of the benzene ring is uniform at all carbon atoms. However the presence of 

substituent in the benzene ring will change the electron density at various carbon atoms. Some 

substituents will increase the electron density at ortho, para positions by +I and +R effects and 

activate the benzene ring towards electrophilic substitution. They are known as activating groups. 

Example: -OH, -NH2, -CH3 groups. 

          But substituents like ςCl, -NO2, -SO3H etc. decrease the electron density at ortho, para 

positions by ςI and ςR effects and deactivate the benzene ring towards electrophilic substitutions. 

They are known as deactivating groups. 

3.15. Electron interpretation of ortho-para orientation 

         Groups like OH, NH2, X, etc. contain lone pair of electrons on the key atom. This lone pair is in 

ŎƻƴƧǳƎŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ˉ ŜƭŜŎǘǊƻƴǎ ƻŦ ōŜƴȊŜƴŜ ǊƛƴƎΦ 5ǳŜ ǘƻ ǎǘǊƻƴƎ Ҍw ŜŦŦŜŎǘΣ ƻǊǘƘƻ ŀƴŘ ǇŀǊŀ Ǉƻǎƛǘƛƻƴǎ 

become electron rich and thus the benzene ring gets activated towards electrophilic substitution 

occurs at the otho and para positions. 

   Methyl or other alkyl groups repel electrons towards the ring by inductive and 

hyperconjugation effects and activate the benzene ring towards the electrophilic substitution 

  Thus ςI effect and +R effect in chlorobenzenes are opposed each other. However the 

stronger ς I effect causes net electron withdrawal and hence benzene ring gets deactivated 

towards electrophilic substitution. But chloro group (halogen) is orthopara orientating. 

Examples: 

i) Nitration   of toluene: 

              Toluene on nitration with a mixture of con.HNO3 con.H2SO4 gives a mixture of ortho and 

para nitrotoluene. 
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Mechanism: 

  CH3 group is ortho-para directing. The ortho and para positions have more electron 

density and hence electrophilic substitution like nitration, halogenations, sulphonationetc occur at 

the ortho and para positions. 

 

 

 

3.16. Electronic interpretation of meta-orentation 

Groups like NO2, -SO3H, -/bΣ ŜǘŎΦ ƘŀǾŜ ŀ ƳǳƭǘƛǇƭŜ ōƻƴŘ ǿƘƛŎƘ ƛǎ ƛƴ ŎƻƴƧǳƎŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ˉ- 

electrons of benzene ring. They also contain electronegative atoms. Due to ςR effect there will be 

a decrease in the electron density at the ortho and para positions. Thus the ortho,para positions 

get deactivated towards electrophilic substitution. The meta positions have relatively higher 

electron density. Hence electrophilic substitution occurs at the meta position. 

Examples: 

i) Nitration of nitro benzene: 

NO2 groups is meta directing. Therefore further nitration with fuming HNO3 and 

conc.H2SO4 gives metadinitro benzene. 

 

Methods of orientation: 

 Orientation is the process of finding out the relative position of substituents in substituted 

benzene derivatives. The following are some of the important methods to find out orientation. 
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оΦмтΦ YƻǊƴŜǊΩǎ ŀōǎƻƭǳǘŜ ƳŜǘƘƻŘ ƻŦ ƻǊƛŜƴǘŀǘƛƻƴ 

YƻǊƴŜǊΩǎ ƳŜǘƘƻŘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƛǎƻƳŜǊ ƴǳƳōŜǊΦ ²ƘŜƴ ŀ ŘƛǎǳōǎǘƛǘǳǘŜŘ ōŜƴȊŜƴŜ 

derivative is converted into trisubstituted product, the para isomer forms one, the ortho isomers 

forms two and meta isomer forms three isomers. Korner applied this principle to confirm the 

orientation of the isomeric dibromobenzenes. 

 

 

3.18. Dipole measurement method 

                 When two substituents posses linear moments, (Eg. Chloro, bromo, nitro, methyl etc.,) 

measurement of dipole moment of the compound helps in finding the orientation. Out of three 

disubstituted isomer the value of dipole moment will be zero for para (as the two dipole moments 

cancel each other), maximum for ortho and in between these two for meta isomer. Thus for three 

dichlorobenzenes the dipole moments are given below. 

 

            This is applicable only when the two substituents are linear and identical. 

3.20. Rules of orientation 

                  In order to predict the position to be occupied by the new incoming group, various rules 

were suggested as given below: 

1) YƻǊƴŜǊΣ IǳōŜǊ ŀƴŘ bƻŜƭǘƛƴƎΩǎ ǊǳƭŜΥ According to this rule basic are weakly acidic groups 

like ςCOOH, -SO3H etc, are meta directing. The rule, however, fails to explain the nature of 

ςCH3, -Cl, -CN, -CHO etc. 

2) Crum brown and Gibson rule:  This rule states that if a group or atom already present 

forms a compound with hydrogen, and if it is converted into hydroxyl compound by direct 
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oxidation, the group is meta directing, otherwise ortho and para directing. The following 

table explains the application of this rule. 

 

Group 

present 

 

Hydrogen 

compound          

HX 

Hydroxyl 

compound HO.X 

Wheather direct 

oxidation 

Directive 

influence 

 

-CL 

-OH 

-NH2 

-CH3 

-NO2 

-CHO 

-SO3H 

HCL 

H.OH 

H.NH2 

H.CH3 

H.NO2 

HCHO 

HSO3H 

HOCL 

HO.OH 

HO.NH2 

HO.CH3 

HO.NO2 

HOCHO 

HOSO3H 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Ortho & para 

Ortho & para 

Ortho & para 

Ortho & para 

Meta 

Meta 

Meta 

 

This rule has the following limitations 

i) This rule fails to explain the directive influence of ςCN group. 

ii) This rule doesnot mention the propotions of ortho and para isomers. 

iii) ¢ƘŜ ǘŜǊƳ ΨŘƛǊŜŎǘ ƻȄƛŘŀǘƛƻƴΩ ƛǎ ǾŀƎǳŜ ŀƴŘ ŦƭŜȄƛōƭŜΦ 

3) ±ƻǊƭŀƴŘŜǊΩǎ ǊǳƭŜΥ According to this rule the unsaturated groups containing double or triple 

bonds such as ςNO2, -CHO, -COOH, -SO3H, -CN, etc. are meta directing, while saturated 

groups like ςOH, -NH2, -CH3 etc., are ortho and para directing. 

3.21. Aromatic nucleophilic substitutions 

Generally aromatic compounds are more reactive towards electrophilic substitution and less 

reactive towards nucleophilic substitution. But the presence of electron- withdrawing substituents 

such as NO2, CN, COOH, SO3H c., will active the benzene ring towards the nucleophilic substitution 

reaction. for example: chlorobenzene (arylhalide) is converted into phenol by aqueous sodium 

hydroxide above 350oC. butortho or para nitro chlorobenzene (activated arylhalide) is converted 

into the nitro phenol by aqueous sodium hydroxide at 160oc. 
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In p-nitrochlorobenzene, the nitro group withdraws electrons from the benzene ring and makes 

the carbon bearing the chlorine atom more positive. Hence the nucleophilic attack is more easy in 

p-chloro nitro benzene than in chlorobenzene. 

 

 

Mechanism of nucleophilic substitution: 

        Three mechanism have been proposed for aromatic nucleophilic substitution reactions. They 

are; 

1. Unimolecular (SN1) mechanism. 

2. Bimolecular (SN2) mechanism. 

3. Elimination ςaddition mechanism (benzyne mechanism) 

3.22. SN1 mechanism. 

           Substitution reaction of diazonium salts follow SN1 mechanism. 

Example;  

        Benzene diazonium chloride reacts with potassium iodide to give iodobenzene. 

        The mechanism involves two steps.  The first step is the decomposition of diazonium salt to 

form a highly reactive phenyl cation. It is the slow step (rate determining). In the second step, the 

phenyl cation reacts with the nucleophile iodide  ion (I-) to give the product.  
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Evidences for SN1 mechznism 

i) The dissociation of diazonium salt is a reversible reaction which is proved by isotopic 

studies. 

ii) The rate of substitution depends only on the concentration of diazonium salt. 

iii) The mechanism follows first order kinetics. 

3.23. SN2 mechanism 

              Nucleophile substitution reactions of aryl halides (chloro benzene) and activated aryl 

halides (p-nitrochlorobenzene) follows SN2 mechanism. 

Example; 

       Conversion of p-nitrochlorobenzene to p-nitrophenol. 

The mechanism involves two steps. The first step is the attack of the nucleophile on the aryl halide 

ǘƻ ƎƛǾŜ ˋ- ŎƻƳǇƭŜȄΦ Lǘ ƛǎ ǘƘŜ ǎƭƻǿ ǎǘŜǇ όǊŀǘŜ ŘŜǘŜǊƳƛƴƛƴƎύΦ Lƴ ǎŜŎƻƴŘ ǎǘŜǇ ǘƘŜ ˋ- complex Cl- to give 

the product p-nitrophenol. 

 

 

     ¢ƘŜ ˋ- complex is a resonance hybrid of structures I, II, III & IV and represented by the single 

structure I. 

Evidence for SN2 mechanism: 

i) Kinetic studies prove that the mechanism follows second order kinetics. 

ii) The rate of substitution depends on the concentration of both the nucleophile (OH-) and 

the substrate. 

iii) The rate of substitution is independent of the nature of C-Cl bond. 

iv) This mechanism is also supported by spectroscopic studies and X-ray analysis. 

 

3.24. Benzyne Mechanism  

(Elimination- Addition mechanism) 
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In several cases of nucleophilic aromatic substitution, the entering groups does not occupy the 

position vacated by the expelled group. Such reactions are called Cine-substitution. 

When chlorobenzene labelled with C at the carbon atom of C-Cl group is treated with 

sodamide in liquid ammonia, the amino group enters partly at the labelled carbon and partly at 

the ortho- carbon atom. 

Mechanism: 

i) Benzyne is formed by a stepwise elimination.  

ii) Benzyne undergoes stepwise addition to give the final product aniline 
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UNIT - IV 

HETEROCYCLIC COMPOUNDS 
Heterocyclic compounds are stable cyclic compounds with the ring containing carbon and 

other cyclic carbon and other elements like O,N,S .,etc., Example: Pyrrole, Furan,Thiophene. 

PYRROLE(AZOLE) C4H5N 

Pyrrole is a 5 membered heterocyclic compound containing nitrogen as the hetero atom 

 

4.1. MOLECULAR ORBITAL PICTURE OF PYRROLE 

The ring structure of heterocyclic compound Pyrrole is made up of four carbon atoms and 

one nitrogen atom. All the carbon and nitrogen atoms are sp2 hybridized. 

The three sp2 hybridized orbitals of each carbon and nitrogen atoms form three sigma 

bonds. These three sigma bonds lie in a plane with an angle  of 1200. Each carbon has a free p 

orbital with one electron. Similarly the nitrogen atom has a free p orbital with a pair of electron. 

These five unhybridized free p orbitals which lie perpendicular to the plane overlap 

laterally. This lateral overlapping gives rise to cyclic delocalized pi electron clouds one above and 

one below the plane of the ring. These delocalised Pi electrons clouds contain a total of six 

electrons. This is known as aromatic sextet. This delocalisation of Pi electrons gives the aromatic 

character of pyrrole that is., 

1) Pyrrole has low heat of combustion 

2) Pyrrole ring is resonance stabilized 

3) Pyrrole undergoes electrophilic substitution reactions 

4) Resemblance of pyrrole with phenol and aromatic amines 

 

4.2. ELECTROPHILIC SUBSTITUTION REACTION 

Prefered site of electrophilic substitution is alpha (2 or 5). This is due to greater 

stabilization of carbonium ion intermediate form during Alpha substitution 

1) On chlorination with sulphuryl chloride it gives tetrachloropyrrole 

2) On bromination with bromine/CH3OH it gives tetrabromopyrrole 
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3) On iodination with iodine/NaOH it gives tetra iodopyrrole 

4) On nitration with nitric acid/acetic anhydride it gives 2-nitropyrrole 

5) On sulphonation with SO3/pyridine it gives pyrrole-2-sulphonic acid 

6) On Friedel Crafts acetylation it gives 2-acetyl pyrrole 

 

 

 

4.3. Resemblance of pyrrole with phenol 

Following reactions or some of the examples to prove the resemblances between pyrrole 

and phenol. 

1) Acidic character 

Pyrrole is a weak acid. With potassium hydroxide it forms potassiopyrrole. 

Acidic character of pyrrole is due to 

¶ Relative easy dissociation of proton attached to nitrogen 

¶ Greater resonance stabilization of pyrryl anion 

 

2) Reaction with Grignard reagent 
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Pyrrole reacts with Grignard reagent to form salt like N- magnesium halide. This also proves 

its acidic character 

3) Kolbe- Schmidt reactions 

Potassiopyrrolereacts with carbon dioxide to give pyrrole-2-carboxylic acid 

4) Riemer-Tiemann reaction 

Pyrrole reacts with CHCl3 and KOH or NaOH to give pyrrole-2- aldehyde or 2- formylpyrrole 

 

4.4. ELECTROPHILIC SUBSTITUTION REACTION 

 The preferred site of electrophilic substitution is only alpha (2 or 5). This is due to the 

greater stabilization of carbonium ion intermediates formed during alpha substitution 

1) It reacts readily with halogens but the liberated halogen acid causes polymerization. 

Chlorination of furan at -450C  gives a mixture of 2- chloro, 2,5-dichloro, 2,3,5-trichloro 

furan. Bromination and iodination occurs through mercuration 

2) On nitration with acetyl nitrate it gives 2-nitrofuran 

3) On sulphonation with Sulphur trioxide/pyridine it gives furan-2-sulphonic acid 

4) On Friedel crafts acylation it gives 2-acetyl furan 

5) On Friedel crafts alkylation gives 2-alkyl furan 

6) It reacts with n-butyl lithium followed by treatment with carbon dioxide gives furoic acid 

7) On Gattermann-Koch reaction it gives furfural 
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THIOPHENE (THIOLE) C4H4S 

Thiophene is a five membered heterocyclic compounds containing sulphur as the heteroatom 

 

4.5. MOLECULAR ORBITAL PICTURE OF THIOPHENE 

 Ring structure of heterocyclic compounds thiophene is made up of four carbon atoms in 

one sulphur atom. All the carbon and sulphur atoms are sp2 hybridized. 
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 The three sp2 hybridized orbitals of each carbon atom form 3 sigma bonds. Each carbon 

atom has a free P orbital with one electron. But the heteroatoms sulphur forms two sigma bonds 

by overlapping of 2 sp2 hybridized orbitals containing odd electron. The pair of electrons in the 

third sp2 hybridised orbitals of sulphur atom remain unshared. 

 The hetero atom sulphur also has a pair of electrons in the unhybridized P orbital. The 

sigma bonding overlapping of 4 carbon atoms and one heteroatom sulphur gives a planar 

geometry with the bond angle of 1200.  

 The five unhybridized free pi orbitals lie perpendicular to the plane. They overlap laterally 

to give a cyclic delocalised Pi electron clouds one above and below the plane of the ring. This 

delocalised Pi electron clouds contain a total of 6 electrons.  

 

4.6. Electrophilic substitution reaction  

1) Onchlorination at 300C thiophene gives 2- chloro and 2,5-dichloro thiophene 
2)On bromination gives 2,5- dibromothiophene 
3) On iodination gives 2-iodo thiophene nitration with acetyl nitrate it gives 2- nitro thiophene 
4) Onsulphonation gives thiophene 2,5- sulphonic acid 
5) 0nFriedel -Crafts acylation gives 2-acetyl thiophene. With acetic anhydride and sulphuric acid it 
gives a better yield of 2- acetyl thiophene. 
6) Onchloromethylation gives 2-chloro methyl thiophene 
7) Onmercuration it gives 2-acetoxy Mercurithiophene 
8) Onformylation it gives 2- formylthiophene 
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4.7. COMPARISON OF AROMATIC CHARACTER OF THIOPHENE PYRROLE AND FURAN 

The order of aromatic character of thiophene,pyrrole and furan can be given as follows 

 

4.8. COMPARISON OF REACTIVITY OF FURAN, PYRROLE AND THIOPHENE 

 The important reaction of these aromatic heterocyclic compounds is electrophilic 

substitution reaction. This involves the formation of carbonium ion intermediate which is 

resonance stabilized.  

 Furan is less reactive than pyrrole because   oxygen accommodates a positive charge less 

readily than nitrogen. The +M effect of sulphur smaller than that of oxygen. The reason is that the 

overlap between 3p orbital of sulphur and 2P orbital of carbon is lesser than the overlap between 

the same 2P orbitals of oxygen and carbon. Therefore thiophene is less reactive than furan.  
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4.9. Synthesis of pyridine- C5H5N 

a)Hantzsch synthesis 

 Condensation of Alpha, beta dicarbonyl compound with an aldehyde and ammonia gives 

dihydropyridine derivative. This on oxidation with nitric acid gives pyridine derivative. 

 

 

4.10. Molecular orbital picture of pyridine 

 The ring structure of heterocyclic compound pyridine is made up of 5 carbon atoms and 

one nitrogen atom. All the carbon and nitrogen atoms are sp2 hybridised.  

 

 

 Each carbon atom has 3 sigma bonds and nitrogen atom has two sigma bonds. All the 

sigma bonds lie in a plane with an angle of 120 degree. One of the sp2 hybridised orbital of 

nitrogen contains the unshared pair of electron. In carbon atom and nitrogen atom have a free P 

orbital with one electron.These six unhybridized free P orbitals which lie perpendicular to the 

plane overlap laterally. This lateral overlapping gives rise to cyclic delocalised by electron clouds 

one above and one below the plane of the ring. This be localised electron clouds contain a total of 

6 electrons. This is known as aromatic sextet. 




