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• Isomers are different compounds having the 

same molecular formula but different physical 

and chemical properties.

• The two major classes of isomers are

Constitutional/structural isomers

Stereo isomers

Isomers



Constitutional/structural isomers have same 

molecular formula but different structure and 

therefore have different properties.

Chain isomerism

Position isomerism

Functional isomerism

Metamerism

Tautomerism

Ring Chain isomerism

Isomers



These isomers arise because of the possibility of 

branching in carbon chains. There are three isomers 

of pentane, C5H12. i.e. n-pentane, Isopentane (methyl 

butane) and neo-pentane (dimethylpropane).

Chain isomerism



The basic carbon skeleton remains unchanged, but 

important groups are moved around on that skeleton.

For example, there are two structural isomers with the 

molecular formula C3H7Br. 

Position isomerism



These isomers contain different functional groups - that is, 

they belong to different families of compounds (different 

homologous series).

For example, a molecular formula C3H6O could be either 

propanal (an aldehyde) or propanone (a ketone).

Functional group  isomerism



Compounds having the same molecular formula but

different number of carbon atoms (alkyl groups) on

either side of functional group are called metamers

and the phenomenon is called metamerism.

It is a rare type of isomerism and is generally limited

to molecules that contain a divalent atom (such

as sulfur or oxygen), surrounded by alkyl groups.

Example: C4H10O can be represented as

ethoxyethane (C2H5OC2H5) and methoxy-propane

(CH3OC3H7).

Metamerism

https://byjus.com/chemistry/sulfur/


Tautomers are isomers of a compound which differ

only in the position of the protons and electrons. The

carbon skeleton of the compound is unchanged. A

reaction which involves simple proton transfer in an

intramolecular fashion is called a tautomerism.

Tautomerism



Tautomerism



In ring-chain isomerism, one of the isomers has an 

open-chain structure whereas the other has a ring 

structure. They generally contain a different number 

of pi bonds.

A great example of this type of isomerism can be 

observed in C3H6. Propene and cyclopropane are 

the resulting isomers, as illustrated below.

Ring Chain isomerism



The study of the three-dimensional structure of 

molecules

Stereoisomers have same molecular and 

structure formula, same bonding sequence but 

differ only in the way the atoms are oriented in 

space. They have identical IUPAC names (except 

for a prefix like cis or trans). They always have 

the same functional group(s).

• A particular three-dimensional arrangement is called 

a configuration.  Stereoisomers differ in 

configuration.

Stereochemistry



Conformational isomerism is a form of 

stereoisomerism in which the isomers can be 

interconverted just by rotations about single bonds. 

While any two arrangements of atoms in a molecule 

that differ by rotation about single bonds can be 

referred to as different conformations.

Stereoisomerism

Two types

Rotation about single bond of butane to interconvert 

one conformation to another. 

https://en.wikipedia.org/wiki/Stereoisomerism
https://en.wikipedia.org/wiki/Isomer
https://en.wikipedia.org/wiki/Butane


The gauche conformation on the right is a 

conformer, while the eclipsed conformation on the 

left is a transition state between conformers. 

Above: Newman projection; below: depiction of 

spatial orientation.



Configurational isomers can be interconverted 

only by breaking and remaking of covalent bonds. 

These can not be interconverted by simple rotation 

about single bonds. 

Further two types:

• Optical isomerism

• Geometrical isomerism

Stereoisomerism

Two types





Optical Isomerism

 Isomers which differ only in their behavior 
towards plane polarized light.

 Rotates plane of polarized light towards right 
or left to the same extent and this 

phenomenon is called optical activity.

 The chemical and physical properties of two 
enantiomers are identical except in their 
interaction with chiral substances and plane 
polarized light.  



• Electromagnetic radiation, as the name implies, 

involves the propagation of both electric and 

magnetic forces. At each point in an ordinary 

light beam, there is a component electric field 

and a component magnetic field, which are 

perpendicular to each other and oscillate in all 

directions perpendicular to the direction in which 

the beam propagates. 

• In plane-polarized light the component electric 

field oscillates as in ordinary light, except that 

the direction of oscillation is contained within a 

single plane.

Plane-polarized (polarized) light



               normal light
(w aves vibrate in all directions)

        plane-polarised light
(vibrates in only one direction)

plane-polarised light after
     clockw ise rotation

 The wave vibrations are perpendicular to the 
direction of travel of the wave.



 Optical isomers rotate the plane of plane polarised 
light.

       (-)-enantiomer
(anticlockw ise rotation)

   (±)-racemate
(no overall effect)

     (+)-enantiomer
(clockw ise rotation)



• Plane-polarized light arises from passing 

ordinary light through a polarizer. 

Plane-polarized (polarized) light



• Originally a natural polarizer, calcite or 

iceland spar, was used.  Today, polarimeters 

use a polarized lens similar to that used in 

some sunglasses.

• A polarimeter is an instrument that allows 

polarized light to travel through a sample 

tube containing an organic compound and 

permits measurement of the degree to which 

the light is rotated.

Polarimeter



• With achiral compounds, the light that exits the 

sample tube remains unchanged.  A compound 

that does not change the plane of polarized 

light is said to be optically inactive.

Optical Activity



• With chiral compounds, the plane of the polarized light is 

rotated through an angle .  The angle  is measured in 

degrees (°), and is called the observed rotation.  A 

compound that rotates polarized light is said to be 

optically active.

Optical Activity



Polarimeter
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• Specific rotation is a standardized physical constant for 

the amount that a chiral compound rotates plane-

polarized light.  Specific rotation is denoted by the 

symbol [] and defined using a specific sample tube 

length (l, in dm), concentration (c in g/mL), temperature 

(250C) and wavelength (589 nm).



A Light source produces light vibrating in all directions

B Polarising filter only allows through light vibrating in one direction

C Plane polarised light passes through sample

D If substance is optically active it rotates the plane polarised light

E Analysing filter is turned so that light reaches a maximum

F Direction of rotation is measured coming towards the observer

A B

C D
E

F

POLARIMETERS can be used to analyse the effect optical isomers 

have on plane polarised light:



• The rotation of polarized light can be clockwise or 

counterclockwise. 

• If the rotation is clockwise (to the right of the noon 

position), the compound is called dextrorotatory.  

The rotation is labeled d or (+).

• If the rotation is counterclockwise, (to the left of 

noon), the compound is called levorotatory.  The 

rotation is labeled l or (-).

• Two enantiomers rotate plane-polarized light to an 

equal extent but in opposite directions.  Thus, if 

enantiomer A rotates polarized light +5°, the same 

concentration of enantiomer B rotates it –5°.

Optical Activity



• Although everything has a mirror image, 

mirror images may or may not be 

superimposable. 

• A molecule or object that is superimposable 

on its mirror image is said to be achiral 

(lacking-chirality). 

Chiral and Achiral Molecules:



• A molecule or object that is not 

superimposable on its mirror image is said 

to be chiral.

• Generally, a chiral carbon atom is sp3 with 

four different attachments.

Chiral and Achiral Molecules:



• Some molecules are like hands.  Left and right 

hands are mirror images, but they are not 

identical, or superimposable. 

Chiral and Achiral Molecules:



• We can now consider several molecules to 

determine whether or not they are chiral. 

Chiral and Achiral Molecules:



• A carbon atom with four different groups is a 

chiral center (stereogenic carbon atom).

• The case of 2-butanol.  A and its mirror image 

labeled B are not superimposable.  Thus, 2-

butanol is a chiral molecule and A and B are 

isomers.

• Non-superimposable mirror image stereoisomers 

like A and B are called enantiomers .

Chiral and Achiral Molecules:



• In general, a molecule with no stereogenic 

centers will not be chiral.  There are exceptions 

to this.

• With one stereogenic center, a molecule will 

always be chiral.

• With two or more stereogenic centers, a 

molecule may or may not be chiral.

• Achiral molecules usually contain a plane of 

symmetry but chiral molecules do not. 

• A plane of symmetry is a mirror plane that cuts 

the molecule in half, so that one half of the 

molecule is a reflection of the other half.

Chiral and Achiral Molecules:



Chiral and Achiral Molecules:

Two identical attachments on an sp3 carbon 

atom eliminates the possibility of a chiral center.



Summary of the Basic Principles of Chirality

• Everything has a mirror image.  The fundamental 

question is whether the molecule and its mirror 

image are superimposable.

• If a molecule and its mirror image are not 

superimposable, the molecule and its mirror 

image are chiral.

• The presence of a plane of symmetry makes a 

molecule achiral.



Chiral vs. Achiral

 To determine if a compound is chiral:
 0 asymmetric carbons: Usually achiral
 1 asymmetric carbon: Always chiral
 2 asymmetric carbons: Chiral or achiral

Does the compound have an internal plane 
of symmetry?
– Yes:        achiral
– No:

– If mirror image is non-
superimposable, then it’s chiral.

– If mirror image is superimposable, 
then it’s achiral.



1

0

• To locate a stereogenic center, examine each 

tetrahedral carbon atom in a molecule, and look 

at the four groups—not the four atoms—bonded 

to it.

• Always omit from consideration all C atoms that 

cannot be tetrahedral stereogenic centers.   

These include

CH2 and CH3 groups

Any sp or sp2 hybridized C

Stereogenic Centers:



1

1

• Larger organic molecules can have two, three or 

even hundreds of stereogenic centers.

Identifying of Stereogenic Centers:



1

2

• Stereogenic centers may also occur at carbon atoms 

that are part of a ring.

• To find stereogenic centers on ring carbons, always 

draw the rings as flat polygons, and look for 

tetrahedral carbons that are bonded to four different 

groups. 

Contains a plane of symmetry

Identifying of Stereogenic Centers:



Plane of symmetry

The imaginary plane that divides the molecule 

into equal halves which are mirror image of each 

other.



Axis of Symmetry

 Cis-1,2-dichlorocyclopentane contains two 
asymmetric carbons but is achiral.
 contains an internal mirror plane of 

symmetry

 Any molecule that has an internal mirror plane 
of symmetry is achiral even if it contains 
asymmetric carbon atoms.

H H

ClCl

s



Internal Plane of Symmetry/Axis of 
symmetry

 Cis-1,2-dichlorocyclopentane is a meso 
compound:
 an achiral compound that contains chiral 

centers
 often contains an internal mirror plane of 

symmetry



Centre of Symmetry

 The imaginary point in the molecule through 
which when lines are drawn on one side and 
produced an equal distance on other side, will 
meet identical or same groups. 





Types of Stereoisomers

 Two types of stereoisomers:
 enantiomers

two compounds that are nonsuperimposable 
mirror images of each other

 diastereomers
Two stereoisomers that are not mirror 
images of each other

Meso compounds



2

• For a molecule with n stereogenic centers, the maximum 

number of stereoisomers is 2n.  Let us consider the stepwise 

procedure for finding all the possible stereoisomers of 2,3-

dibromopentane.

Stereochemistry

Diastereomers:



3

• If you have drawn the compound and the mirror image in the 

described manner, you have only to do two operations to see 

if the atoms align.  Place B directly on top of A; and rotate B 

180° and place it on top of A to see if the atoms align.

• In this case, the atoms of A and B do not align, making A and 

B nonsuperimposable mirror images—i.e., enantiomers.  

Thus, A and B are two of the four possible stereoisomers of 

2,3-dibromopentane.

Stereochemistry

Diastereomers:



4

• Switching the positions of H and Br (or any two groups) on one 

stereogenic center of either A or B forms a new stereoisomer 

(labeled C in this example), which is different from A and B.  The 

mirror image of C is labeled D. C and D are enantiomers.

• Stereoisomers that are not mirror images of one another are 

called diastereomers.  For example, A and C are diastereomers.

Stereochemistry
Diastereomers:
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Figure 5.8  Summary: The four stereoisomers of 2,3-dibromopentane

Stereochemistry

Diastereomers:
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• Let us now consider the stereoisomers of 2,3-dibromobutane. 

Since this molecule has two stereogenic centers, the maximum 

number of stereoisomers is 4.

Meso Compounds:

• To find all the stereoisomers of 2,3-dibromobutane, arbitrarily 

add the H, Br, and CH3 groups to the stereogenic centers, 

forming one stereoisomer A, and then draw its mirror image, B.



7

• To find the other two stereoisomers if they exist, switch the 

position of two groups on one stereogenic center of one 

enantiomer only.  In this case, switching the positions of H 

and Br on one stereogenic center of A forms C, which is 

different from both A and B.

• A meso compound is an achiral compound that contains 

tetrahedral stereogenic centers. C is a meso compound.

Stereochemistry
Meso Compounds:



• Compound C contains a plane of symmetry, and is 

achiral. 

• Meso compounds generally contain a plane of symmetry

so that they possess two mirror image halves.

• Because one stereoisomer of 2,3-dibromobutane is 

superimposable on its mirror image, there are only three 

stereoisomers, not four.

Meso Compounds:
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Figure 5.9  Summary: The three stereoisomers 2,3-dibromobutane

Stereochemistry

Meso Compounds:



Chiral

 Enantiomers are chiral:
 Chiral:

Not superimposable on its mirror image

 Many natural and man-made objects are chiral:
 hands
 scissors
 screws (left-handed vs. right-handed threads)

Right hand threads 
slope up to the right.



Chiral

 Some molecules are chiral:

Asymmetric 

(chiral) carbon



Asymmetric Carbons

 The most common feature that leads to 
chirality in organic compounds is the presence 
of an asymmetric (or chiral) carbon atom.
 A carbon atom that is bonded to four 

different groups

 In general:
 no asymmetric C usually achiral
 1 asymmetric C always chiral
 > 2 asymmetric C may or may not be

chiral



Asymmetric Carbons

Example: Identify all asymmetric carbons 
present in the following compounds.

C C C C

OH

H

H

H

H

H

H H

H

H H3C

CH3
CH2CH3

H H H

BrBr

Br CH3

Br

H



Achiral

 Many molecules and objects are achiral:
 identical to its mirror image
 not chiral

H H

ClCl

H H

ClCl



Internal Plane of Symmetry 

Example: Which of the following compounds contain 
an internal mirror plane of symmetry?

C

C

C

C

C

C

O

OH

O

OH

HO

OH

H

H

H

Cl
HF

C C

CO2H

H
OH

H
HO

HO2C

C C

CO2H

OH
H

H
HO

HO2C

CH3H

H3C H

FF

C C

CH2CH3

Br
H

BrH

H3CH2C



Conformationally Mobile Systems

 Alkanes and cycloalkanes are conformationally 
mobile.
 rapidly converting from one conformation to 

another

 In order to determine whether a cycloalkane is 
chiral, draw its most symmetrical conformation 
(a flat ring).



Chiral vs. Achiral

Example: Identify the following molecules as 
chiral or achiral.

CH
3 C CH

2
CH

3

CH
3

Cl

H H

BrBr

BrH

Br H

CH
3 C CH

2
CH

3

CH
3

Cl

H H

BrBr

BrH

Br H

CH3CCH2CH3

CH3

Cl

CH3CHCH2CH2CH3

Cl
C C

Br

Br
H

HCH3CH2

CH2CH3

trans-1,3-dibromocyclohexane

ethylcyclohexane



(R) And (S) Nomenclature

 Stereoisomers are different compounds and 
often have different properties.

 Each stereoisomer must have a unique name.
 The system that we use was devised by R. S.

Cahn, Sir Christopher Ingold and Vladimir
Prelog

 The Cahn-Ingold-Prelog convention is used to 
identify the configuration of each asymmetric 
carbon atom present in a stereoisomer.
 (R) and (S) configuration



(R) and (S) Nomenclature

 The two enantiomers of alanine are:

Natural alanine Unnatural alanine
(S)-alanine (R)-alanine

CO2H

C

H2N
H CH3

CO2H

C

H3C NH2

H



(R) and (S) Nomenclature

 Assign a numerical priority to each group 
bonded to the asymmetric carbon:
 group 1 = highest priority
 group 4 = lowest priority

 Rules for assigning priorities:
 Compare the first atom in each group (i.e. 

the atom directly bonded to the asymmetric 
carbon)
Atoms with higher atomic numbers have 
higher priority



C

H

H
3
C

OCH
2
CH

3

Cl

(R) and (S) Nomenclature

1

2
3

4

Example priorities:

I > Br > Cl > S > F > O > N > 13C > 12C > 3H > 2H > 
1H

C

CH
3

NH
2

F
H

1 2

3

4



RULE 2:If two atoms are isotopes of the same
element, the atom of higher mass number has
the higher priority

C

1F

5

H 4

3 D
2

CH3



C bonded to 3 H’s

C bonded to C and 2 H’s

C bonded to O and 2 H’s

C bonded to 2 C’s

and one H

6



Evaluate substituents one by one.
Don't add atomic numbers within groups.

—CH2OH outranks —C(CH3)3

—C(O,H,H) —C(C,C,C)



(R) and (S) Nomenclature

 RULE 4: If two carbon chains are attached to the  
stereogenic carbon the chain with a secondary  
carbon is of higher priority than the one with  
primary carbon.

C
CH

3

CH
2
CH

2
Br

H

CH(CH
3
)

2

CH
2

CH(CH3)2 >  CH2CH2Br  >  CH3CH2

4

2

3

1



(R) and (S) Nomenclature

 Rule 5: Treat double and triple bonds as if 
both atoms in the bond were duplicated or 
triplicated:

C

C

C
C

Y

Y

Y C

Y
Y

Y C

C

Y

C

C

C
C

Y

Y

Y C

Y
Y

Y C

C

Y

C

C

C
C

Y

Y

Y C

Y
Y

Y C

C

Y

C

C

C
C

Y

Y

Y C

Y
Y

Y C

C

Y

C

C

C

O

H CH
2
OH

OH

C

H CH
2
OH

OH

O

C O

H

H

1

2

3
4

C

C

C

O

H CH
2
OH

OH

C

H CH
2
OH

OH

O

C O

H

H

1

2

3
4



RULE 6:To assign R and S configuration the
molecule has to be viewed with the lowest
priority group at the back.



RULE 7:When the lowest priority group is
towards eyes interchanging of the position of
any two groups twice at stereocenter retains
its configuration and also puts group of lowest
priority away from the viewer.

First 

interchange  H 

and CH3

Second 

interchange  

CH3 and NH2

2

3

4

1 4
3

1

2

4

13

11



2COH
orient lowest

priority groupaway

OH

H3C 2COH

H

1

OH
2

CH3

3

4H

1

2
3

clockwise =R

H

orient lowest

priority groupaway

OH
H

1

OH 3

CH3  

CO2H

2

4

1

CH33
2
HO2C

counter clockwise =S

15



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

 Atoms or groups on horizontal ends of chiral
centre are above the plane and on the vertical 
ends are below the plane. 

 Put the atom/group of lowest priority at the 
bottom of cross formula.



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

 4 conditions may arise:
1. atom/group of lowest priority is at the 

bottom – no position change.
2. atom/group of lowest priority is at the top.

3. atom/group of lowest priority is at the right 
side of the horizontal line.

4. atom/group of lowest priority is at the left 
side of the horizontal line.



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

1. Atom/group of lowest priority is at the 
bottom – no position change. Just find the 
direction of rotation of eye.

21

3

R



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

2. Atom/group of lowest priority is at the top.
Rotate the molecule by 180 degree so as to 
bring the atom/group of lowest priority at the 
bottom.



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

3. Atom/group of lowest priority is at the right 
side of the horizontal line.

Without changing the position of atom at top of 
vertical end, change the positions of other 
atoms in the clockwise direction.



(R) and (S) configuration in planar formula or 
Fisher Projection or Cross formula

4. Atom/group of lowest priority is at the left 
side of the horizontal line.

Without changing the position of atom at top of 
vertical end, change the positions of other 
atoms in the anti-clockwise direction.



What do you do when #4 is in the 
front i.e. on a wedge; on a horizontal 
line?

 Remember that determining R/S when #4 is in 
the front is equivalent to determining R/S on the 
mirror image of the chiral center.

 Therefore if 1,2 and 3 go “clockwise” (CW) when #4 
is in the front, then the true configuration is 
actually S, not R!

 And if 1, 2 and 3 go “counterclockwise” (CCW) when 
#4 is in the front, then the true configuration is 
actually R, not S!

 So when #4 is in the front, determine the direction 
in which priorities #1, #2, and #3 go, and then “flip” 
the result.



(R) and (S) Nomenclature

 Using a 3-D drawing or model, put the 4th 
priority group in back.

 Look at the molecule along the bond between 
the asymmetric carbon and the 4th priority 
group.

 Draw an arrow from the 1st priority group to 
the 2nd group to the 3rd group.
 Clockwise arrow                      (R) configuration
 Counterclockwise arrow              (S) configuration



Br

F  

3

Cl H

1

2 4

H

CH=CH2

3

CH2CH3

1 Br 2

4

21

3

12

3

R
S
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(R) and (S) Nomenclature

Example: Identify the asymmetric carbon(s) in 
each of the following compounds and determine 
whether it has the (R) or (S) configuration.O

O

H

H
C

H

CH
3

OH
CH

2
CH

3

C

C

C CH(CH
3
)

2

H

CH
3

OH
CH

2
CH

3

C
O OH

CH
2
CH

3

H

Br
CH

3

C

C

C CH(CH
3
)

2

C

H

CH
3

OH
CH

2
CH

3

C
O OH

CH
2
CH

3

H

Br
CH

3

CO
2
H

Br

H

CH
3

OH

Br



(R) and (S) Nomenclature

Example: Name the following compounds.

C

H

Br

CH
2
CH

3

CH
3

CH3Br

CH3H



(R) and (S) Nomenclature

 When naming compounds containing multiple 
chiral atoms, you must give the configuration 
around each chiral atom:
 position number and configuration of each 

chiral atom in numerical order, separated by 
commas, all in ( ) at the start of the 
compound name

CH3H3C

Cl
HH Br

(2S, 3S)-2-bromo-3-chlorobutane



Depicting Structures with Asymmetric 
Carbons

Example: Draw a 3-dimensional formula for (R)-
2-chloropentane. 

Step 1: Identify the asymmetric carbon.

Step 2: Assign priorities to each group attached to 
the asymmetric carbon.

C

CH
3

C CH
2
CH

2
CH

3

Cl

H

*

C

CH
3

C CH
2
CH

2
CH

3

Cl

H

1

2
3

4



Depicting Structures with Asymmetric 
Carbons

Step 4: Place the highest priority group at the top.

Step 3: Draw a “skeleton” with the asymmetric carbon 
in the center and the lowest priority group attached to 
the “dashed” wedge (i.e. pointing away from you).

C

CH
3

C CH
2
CH

2
CH

3

Cl

H

H

C

CH
3

C CH
2
CH

2
CH

3

Cl

H

H

Cl



Depicting Structures with Asymmetric 
Carbons

Step 5: For (R) configuration, place the 2nd and 
3rd priority groups around the asymmetric 
carbon in a clockwise direction.

C

CH
3

C CH
2
CH

2
CH

3

Cl

H

H

Cl

CH
3

CH
2
CH

2
CH

3

Step 6: Double-check your structure to make 
sure that it has the right groups and the right 
configuration.



Depicting Structures with Asymmetric 
Carbons

Example: The R-enantiomer of ibuprofen is not 
biologically active but is rapidly converted to the 
active (S) enantiomer by the body.  Draw the 
structure of the R-enantiomer.

CH2CH(CH3)2HO2CCH

CH3



Depicting Structures with Asymmetric 
Carbons

Example: Captopril, used to treat high blood 
pressure, has two asymmetric carbons, both with 
the S configuration.  Draw its structure.

N C CHCH2SH

O

CH3

CO2H





Two commonly used conventions are:

1. D-L System 2. R-S System

1. D-L System: This is one of the oldest and the most  
commonly used system for assigning

configuration

comparison of the projection formula of
to a given enantiomer. It is based upon the

one
enantiomer to which the name is to be assigned,
with that of a standard substance arbitrarily chosen
for comparison.

• The following two conventions are used for this  
purpose.

•(i) Hydroxy Acid or Amino Acid Convention

•(ii)Sugar Convention

What is cofiguration of any enantiomer?



(i) Hydroxy Acid or Amino Acid Convention

• According to this convention the prefix D-and  L-
refer to the configuration of -hydroxy or

-amino acids (i.e. the lowest numbered

chirality
formula.

centre) in the Fischer projection

• If the -OH or -NH2 group is on the right hand side
(of the viewer), the prefix D-is used.

• Whereas if these groups are on the left hand side
the prefix L-is used.





(ii) Sugar Convention

• Emil Fischer arbitrarily assigned D- and L- configurations to (+)
and (–)-glyceraldehydes, respectively. He assigned D-
configuration (OH on the right) to (+)-glyceraldehyde and L-
configuration (OH on the left) to (–)-glyceraldehyde.

• The relative configurations of a large number of compounds
were determined by correlating them with D(+) or L(–)-
glyceraldehyde, e.g., relative configuration of (–)-lactic acid
was designated as D-(–) -lactic acid as it had the same
configuration as D (+) glyceraldehyde.

H OH

CH2OH

D-(+)-Glyceraldehyde

CHO

HO H

CH2OH

L-()-Glyceraldehyde

CHO



D and L convention

 Notations D and L refer to relative 
configuration, while d or (+) and l or (-) refer to 
the sign of rotation. i.e. a compound with D 
configuration can be dextrorotatory or 
levorotatory.

 Sign of rotation is not an indication of 
configuration.

 Similarly R and S does not tell about the optical 
rotation, it tells about only absolute 
configuration.



RACEMIC MIXTURE: 

“An equimolar mixture of a pair of enantiomers is 

called as racemate or racemic mixture or racemic 

modification.

+

(+-)α- Chloropropanoic acid

1



Nomenclature

2

A racemic mixture is denoted by the prefix 

(±)- or dl- ,  indicating an equal (1:1) 

mixture of dextro and levo  isomers. Also 

the prefix rac- (or racem-) or the  symbols 

RS and SR (all in italic letters) are used.

 If the ratio is not 1:1 (or is not known), the  

prefix (+)/(−), D/L- or d/l- (with a slash) is 

used  instead.

The usage of d and l is strongly discouraged 

by IUPAC.



Properties of Racemate

3

 Racemate may have different physical properties

from either of the pure enantiomers because of the

differential intermolecular interactions.

 The change from a pure enantiomer to a racemate

can change its density, melting point, solubility,

heat of fusion, refractive index, and its various

spectra. Crystallization of a racemate can result in

separate (+) and (−) forms, or a single racemic

compound.



Racemic Mixture

o
m.p. C

[]

(degrees)

 (g/mL)

168-170

- 12

1.7598

168-170

+ 12

1.7598

210-212

0

1.7723

Racemic Mixture (Racemate): 50/50 mixture of enantiomers

(R,R) Tartaric acid (S,S) Tartaric Acid (+/-) Tartaric

acid

CO2H

H O

H

H

O

H H O

H

H

O

H

CO2

H

R,R

CO2H

S,S

CO2H

4



Resolution is necessary to prepare optically pure 

chiral auxiliaries, to purify products of low 

enantiomeric excess and it is valid strategy for 

chiral synthesis. 

•RESOLUTION: “Separation of enantiomers from 

either racemic mixture of  enantiomerically 

enriched mixture.” 

Mefloquine (Antimalarial)

Marketed in the form of its racemic mixture where the erythro 

form is more active than threo form.

5



NEED FOR RESOLUTION OF RACEMIC  

MIXTURE:

CETRIZINE

levocetirizine has been found to be less sedating than

cetirizine
4



LEVODOPA

levodopa (L-dopa) is used in treatment of Parkinson’s disease,

its D-form causes serious side effects, such as granulocytopenia



 Thalidomide- Optically active drug, 
thalidomide-which has two isomers, but only 
one of the optical isomers is effective (reduces 
morning sickness during pregnancy). The 
“other” enantiomer causes restriction of blood 
flow to developing baby limbs. 

 Ethambutol - Drug is optically active, used to 
treat tuberculosis. The other enantiomer 
causes blindness.



ADVANTAGES OF RESOLUTION OF 

RACEMIC MODIFICATION 

Single enantiomers have less complex and more 

selective pharmacodynamic profile as compared 

to racemic mixture so have lesser adverse drug 

reactions, improved therapeutic profile, and less 

chances of drug interactions than racemic 

mixtures. 



Single enantiomers seem to be more 

advantageous over racemic mixtures as adverse 

drug reactions occurring due to one enantiomers 

are avoided, patients are exposed to less amount 

of drug, so the body is exposed to the lesser 

metabolic, renal, and hepatic load of drug, there 

is easier therapeutic drug monitoring of the 

active pure active enantiomers. 



•Reduction in the therapeutic dose. 

•Reduction in the interpatient variability in 

metabolism and in response to treatment. 

•Simplification of the relationship between the 

dose and the response to treatment. 

•Reduction in the toxicity and side effects due to 

the greater specificity of action of the isomer 

with the relevant biological processes. 

•Cuts cost. 

•Reduces patients dosage by half as pure is more 

potent.



•Levorotary isomer of all β-blockers is more 

potent in blocking β-adrenoceptors than their 

dextrorotary-isomer, such as S(-)- propranolol is 

100 times more active than its R(+)-antipode.

•All ACE inhibitors such as captopril, benazepril, 

enalapril, and imidapril are chiral compounds 

under diastereoisomeric form, and most of them 

are marketed as single isomer. Valsartan, an 

angiotensin II receptor antagonist, is used as a 

single S-enantiomer and the activity of the R-

enantiomer is clearly lower than the S-enantiomer.



RESOLUTION  
OF RACEMIC  

MIXTUR

MECHANICAL    
SEPERATION

PREFRENTI  
AL      

CRYSTALLI
Z ATION

BIOCHEMIC  
AL     

SEPERATION

BY    
DIASTEREO  

MERS

PRECIPITATI

ON

CHROMATO  
GRAPHIC  

SEPERATIO N

KINETIC  
METHOD
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MECHANICAL SEPARATION OR
SPONTANEOUS RESOLUTION

This invoved mechanical separation of the crystal 

of one enantiomers  from the other in racemic 

mixture based on difference in their shapes

Being mirror image of each other, Crystal of the 

two forms have different shapes .

Separated by  magnifying lens and forceps



MECHANICAL SEPARATION OR
SPONTANEOUS RESOLUTION

This method first used by Pasteur (1884) for he 

resolutiuon of sodium  ammonium tartarate 

which crystallise out in the form of racemic  

mixture below 27 degree

This methods is time consuming and every 

compound can not be crystallized at room 

temperature



PREFERENTIAL CRYSTALIZATION
BY INOCULATION (Gernez-1866)

This method involves the seeding of a 
saturated solution of the  racemic mixture
with a pure crystal of one of the two
enantiomers.  The solution now becomes 
supersaturated with respect to the  added 
enantiomers and after sometimes cooling it 
begins to  crystallize out.

Harda obtained total optical resolution of 
freealpha- amino acids with the aid of ‘/” or 
d-isomers of the  corresponding amino acid.8



Biochemical separation:
 This method is based on the fact that when

certain micro- organisms (e.g. bacteria yeast,

mould, fungi) are grown in dilute solution of

racemic mixture, they assimilate on one

enantiomers rapidly than the others.

 e.g. The mould penicillin glaucum preferentially

destroys the (+) isomers of racemic ammonium

tartarate and thus leaves the (-) ammonium

tartarate in solution. 17



27

 This method has certain disadvantage viz.

 One isomer is always destroyed and sometimes

some of the other isomer is also destroyed.

 Sometimes it is impracticable to find a  

microorganism (Enzyme) applicable to given  

racemic form.

 Sometimes the racemic modification may be toxic  

for the micro-organism and may destroy the 

enzyme  or may not be attacked by either ot them.



CHROMATOGRAPHIC

SEPERATION:

19

The racemic mixture can be separated by 

chromatography on an optically active 

support.

The diastereomeric adsorbates which are 

formed have different  stabilities.

Thus one enantiomer will be held more 

tightly than the other and  would be eluted 

first.



•Chromatographic methods are developed for direct

seperation of enantiomer.

•Stereoselective adsorbents prepared in the presence

of a suitable reference compound of known

configuration.eg: silica gel in the presence of quinine.

Silica gel adsorbs quinine more readily then its

stereoisomer quinidine.

•Cinchonidine (configurationally related to quinine )

is adsorbed more readily then its stereoisomer

cinchonine (configurationally related to quinidine)
20



•Optically active substances are selectively

adsorbed by optically active adsorbent. Wool

and casein selectively adsorb (+)-Mandelic acid

from aqueous solution of (+-)- Mandelic acid.

•Resolution is by Troger’s base.

•Amines resolved via acylation by optically

active acid chlorides.

21



KINETIC RESOLUTION

• Enantiomer react with chiral compounds at 

different rates, so it possibly affects a partial 

separation by stopping the reaction before 

completion.

• Application: 

• Menthol reacts faster with (+) mandelic acid than 

with (-) mandelic acid.

• Resolution of racemic alkenes is done by treatment 

with diisopinocamphenylborane. 

22



• Only one of the enantiomer of the original racemic 

mixture is obtained, but 2 ways of getting the other 

are

 Use of other enantiomer of the chiral reagent.

Convert pdt to starting compound by reaction that 

preserves the stereochemistry. 

• Reactions catalysed by enzymes use for kinetic 

resolution.

23



PRECIPITATION METHOD:

This method is based on formation of 

precipitate by reaction between any reagent 

and racemic mixture.

Example: (+) & (-) narcotine when dissolved 

in HCL, precipitates (+) narcotine.



By diastereomerism (Pasteur-1858)

 This method converting the eanantiomers of a racemic

mixture to diastereomers with the aid of a pure

enantiomers of other compound. Diastereomers are

non- identical, they have different physical properties

and hence easily be separated its two compounds by

fractional crystallization.

28
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 Hence success depend upon:-

 Diastereomers- easily formed in crystalline form.
 Easy to convert back into parent compound.

 Resolving agent should be

cheaper or readily prepared and recoverable.
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