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STEREOCHEMISTRY 3

Polarizer Plane Polarimeter Tube Analyzer Rotated
Source (Nicol Prism) Polarised Light (Second Light
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Schematic Representation of Polarimeter and Optical Activity

The angle of rotation depends upon various factors like
1) Nature of optically active substance
2) Nature of the solvent
3) Concentration of solution

4) Wavelength of monochromatic light used

5) Length of the polarimeter tube containing the sample
6) Temperature of the solution

: The oppcal activity is expressed in terms of specific rotation. Specific rotation is defined
g o the degree of rotation of plane polansed light produced by an optically active compound
- of concentration one gm/ml present in a polarimeter tube of length one decimeter at a

weclﬁed temperature and wavelength. It is denoted by [a]_' where t is the temperature and
~ Dis the wavelength of light used. Generally D line of sodmm vapour lamp having a wave-

lﬂlgth of 5893A° is used as the source of monochromatic light.

Observed angle of rotation [ o]
Ix€

w4 Specific rotation [O. ], =

...........

olecules : It is observed that the molecular structure of all the D hca]ly
mpounds is chiral (c j; ymmg c) in nat nature. A molecule is chiral or dissymmetr
is non super imposable on fs miror image. This property of nan-super imposibilit
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ts like E, P, I
Other examples of chiral objects are - Pair of human hands, someaialﬁ::‘i:fs like “O” ml;' g
]. Examples of achiral objects are- a chair, a sphere, a qube and some alp __

“"M",
¢) Chiral and Asymmetric Carbon : This concept arises from the tetrahedral nature of
—— ——— e —— - 3

: s Hoff e that a saturated
carbon atom in various organic compounds. In 1873 Vant’s Hoft assum

carbon forms four bonds which are directed towards t}:e four corners 05' tetrall:;dron.fm
the four atoms attached to the carbon are different then it will produces diSym try. Such a

where
carbon 1s known as chiral or disymmetric carbon. It can be represenfea as Cmpgble i
are different groups. The mirror image of such carbon is non superimposs |
below :
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Non-Superimpossable Mirror Images

If two atoms attached to the carbon atom are similar, the chirality is lost and the mol-
ecule becomes symmetrical. As a simple rotation through 180° about its axis will make the
compound superimpossable on its mirror image. For e.g. 2-chloropropane is an achiral mol-
ecule. A chiral carbon is denoted by (*) on the carbon atom. For e.g. lactic acid (CH,-C*HOH-
COOH), 2,3-dihydroxy propanal (CHOH-C*HOH-CHO), are chiral and are optically active.

From the above examples, it is clear that the necessary and sufficient conditions for a
compound to be optically active is the presence of one or more chiral carbon atoms and the
chirality of the molecule as a whole.

f) Elements of Symmetry : There are three elements of symmetry which helps in iden-

¢ the su 0SS - of a molecul j hiral chnacks
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Do not have mirror image relationship

s are called diastereoisomers. So,

s which do not have any mirror
Another example of diastereoiso-

Such pair of stereoisomers that are not enantiomer

diastereoisomers are defined as the pair of stereoisomer
lmage relationship even though they have chiral centres.
mer is 2,3-dibromopentane

CH3—|6H——<|:H-—02H5

Br Br
PROPERTIES OF DIASTEREOISOMERS :

1)  Physical properties : {jjlike enantiomers, Diastereoisomers have different physical
properties i.e. they have different boiling points, melting points, solubilities etc. Due
to this difference in physical properties diastereoisomers can be easily separated by
various methods like distillation, crystallisation, chromatography etc.

2)  Chemical Properties : {jpjike enantiomers, diastereoisomers have similar but not
identical chemical properties. So, their rate of reactions also differ with respect to
one another. They have different energies of activation for a particular reaction and
reacts at different rates.

3)  Effect on plane polarised light : pj)ctereomers differ in s pecific rotation, they may
have same or opposite signs (+ or —) of rotation or may be optically inactive.

e —

Difference Between Diastereomers and Enantlomers

T o R O i B

1. They have a mirror image relationship. 1. They do not have mirror image relationship.
o My haw oimﬂa.r phymcal properhes 2. They have d.lfferent phymcal P"w m
erties | 3. meymcmmmmmm
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RESOLUTION OF RACEMIC MIXTURES

Racemic mixture contains equal amounts of optically active ‘d” and ‘I’ isomers. The process

of the separation of a racemic mixture into optically active d and I isomers 1s known as resolution.
._ The synthesis of organic compqur}ds_in_fhe abgence oi a cihiral rfagggtrq;_chi{al_gamlyst
results in a mixture of both the “_'enz;.-_;n_ti?::nql_'_s, 1.e., a racemic mixture is o tained. Slflce d and
isomers have identical melting points, solubilities, and all other physical properties except
the direction in which they rotate the plane of Polarized hrg_ht_,_. optical isomers cannot be
separated by the usual methods such as distilaltion, crystallization, extraction etc.

S

Various methods used for separation of a racemic mixture are given below :

a)  Mechanical separation : The first racemic mixture was separated by Pasteur in 1848.
He observed that when sodium and ammonium salt of racemic tartaric acid is al-
lowed to crystallize slowly from water solution, the crystals obtained were of two

_ ey s e —

shapes, which were mirror images of each other. Pasteur was able to separate these
two types of crystals by sorting under microscope and found that while a solution of
one type of crystals was dextro-rotatory, the solution of second type was laevo-
| rotatory.

Pasteur’s mechanical separation is a difficult method as most often substances do

not crystallize into readily distinguishable crystals and, therefore, the separation

would be difficult. Also it cannot b_t_-:-_ aEPIieq to ligujd substances.

i e ———

b)  Biochemical method : This method was also discovered by Pasteur. He found that
when certain organisms such as bacteria, fungi or yeasts are allowed to grow in a

solution containing racemic compound, one of the enantiomer is selectively destroyed
or selectively assimilated, so that an excess of one of the active forms gets accumu-
lated in solution. For example when penicillium galucum is allowed to grow in race-
mic tartaric acid or racemic ammonium tartarate, the dextro form is selectively de-

stroyed, leaving behind laevo-tartaric acid in the solution.

This method can be applied only to a few cases because one of the enantiomers is
completely destroyed in separation.

- o  Chemical method. This is one of the most important methods developed by Pasteur
% and finds greater utility than the other two methods. This method is based on the
fact that when a racemic acid, for example, is allowed to react with an optically
~ active base, two diastereoisomers are produced. Since diastereoisomers have differ-
~ent physical _ _

f a racemic acid is allowed to react with an optically active base, two salts will be
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In a similar manner, racemic organic base can also be resolved by treating it with SOme '
optically active acid as shown below : L

4 4 dl-base + l-acid —s5d - base-I ~acid + | -base-I-acid —

Pair of Diastereomers _

A large number of alkaloids which are found in nature are optically active bases a.;nd can

be employed for separation of racemic acids. Some of the commonly used alkaloids fo,
resolution of dl-acids are : I-brucine, [-cinchonine and [-quinine.

d)  Chromatographic method. When a racemic mixture solution 1S Pa_SS?_d__thr?Eg..h_ an
optically active adsorbent, the two enantiomers can be separated. As iﬁe-adsor.
bates, _Eroducea by the combination of enantiomers an__cr adsorbents, are diastere-

OO0 M OO T e

e e B s i

omers and as they are not equally stable, one of them will pass through the column

— B

faster than other. The two enantiomers are then obtained from the two diastere-

T — -

e sl W ——

omers by careful elutions. '

RELATIVE AND ABSOLUTE CONFIGURATION
Configuration : It is the actual arrangement of atoms or group of atoms present in a

EE R

molecule in space which characterises a particular stereoisomer.
For example, the structures of two enantiomers of 2-butanol are given below :

?Ha | ?Hs
H '—(|3 o HO—(IJ s

: (1) {2)

o1 = e
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