
 

  

CCHHEEMMIISSTTRRYY  AANNDD  
CCHHIIRRAALLIITTYY  

 

 
 

 

 

 
Low Dimensional Systems and Nanostructures 

Student: Ana Belen Sanchez 

 



  Chemistry and chirality 
 

2 
 

1 

The term chiral in general is used to describe an object that is non-

Definition of chirality 

superposable on its 
mirror image. Achiral (not chiral) objects are objects that are identical to their mirror 
image.  

Human hands are perhaps the most universally recognized example of chirality: The 
left hand is a non-superposable mirror image of the right hand. This difference in 
symmetry becomes obvious if someone attempts to shake the right hand of a person 
using his left hand, or if a left-handed glove is placed on a right hand. The term chirality 
is derived from the Greek word for hand. 

In chemistry, chirality usually refers to molecules. A chiral molecule is a type of 
molecule that lacks an internal plane of symmetry and has a non-superposable mirror 
image. Two mirror images of a chiral molecule are called enantiomers or optical 
isomers. Pairs of enantiomers are often designated as "right-" and "left-handed."  
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But, how important is it for chemists to isolate and identify pure enantiomers, why is 
important the chirality?  

Importance of chirality 

One may think that both forms of chiral molecules should be equally common in nature, 
but when we study the molecules of the cells in close-up, it is evident that nature 
mainly uses one of the two enantiomers. 

That is why we have – and this applies to all living material, both vegetable and animal 
– amino acids, and therefore peptides, enzymes and other proteins, only of one of the 
mirror image forms. Carbohydrates and nucleic acids like DNA and RNA are other 
examples.  

Thus the enzymes (the most efficient catalysts optimized by nature over billions of 
years) in our cells are chiral, as are other receptors that play an important part in cell 
machinery. This means that they prefer to bind to one of the enantiomers. In other 
words, the receptors are extremely selective; only one of the enantiomers fits the 
receptor's site like a key that fits a lock. (This metaphor comes from another Nobel 
Laureate in Chemistry, Emil Fischer, who was awarded the Prize in 1902.) 

So, two enantiomers of a chiral molecule often have totally different effects. Here are a 
few examples: 

● Thalidomide sedativewas introduced as a  drug in the late 1950s. In 1961, it was 
withdrawn due to teratogenicity and neuropathy. The drug (S-thalidomide) is a potent 
teratogen in zebrafish, chickens, rabbits and primates including humans: severe birth 
defects may result if the drug is taken during pregnancy.  
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Thalidomide was sold in a number of countries across the world from 1957 until 1961 
when it was withdrawn from the market after being found to be a cause of birth defects 
in what has been called "one of the biggest medical tragedies of modern times".  

It was soon discovered that only one particular optical isomer of thalidomide caused 
the teratogenicity. The pair of enantiomers, while mirror images of each other, cause 
different effects although it is now known that the R-thalidomide isomer can be 
converted to the teratogenic isomer once in the human body. 

However, since then thalidomide has been found to be a valuable treatment for a 
number of medical conditions and it is being prescribed again in a number of countries, 
although its use remains controversial. 

● Limonene

 

, for example, is chiral, but the two enantiomers can be difficult to 
distinguish. The receptors in our nose are more sensitive. (R)-limonene smells of 
oranges while its enantiomer, (S)-limonene, smells of lemons. 
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Since the two enantiomers of a chiral molecule often have totally different effects, it is 
important to be able to produce each of the two forms pure. 

Chirality and nanoscience 

The synthesis of these molecules often requires the introduction of at least one chiral 
center, and this can be achieved by asymmetric transformations. 

Because the tools to perform such transformations are not always available, the 
synthesis of many molecules either cannot be realized or is highly inefficient.  
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Therefore, the invention of selective, chiral reagents (such chiral or selective catayst) 
has become one of the most important facets of synthetic chemistry. 

 A chiral or selective catalyst will recognize and react with only one type of functional 
group. 

Selective catalysts can be considered as nanomachines designed to perform the 
synthesis of molecules with high reaction activity and high selectivity. These properties 
arise from a precise control of the structure of the active sites. A selective catalyst can 
be defined as an organized assembly of atoms and molecules, governing not only the 
activation barrier and the lifetime of different intermediate species (i.e., kinetic), but also 
the paths of the reacting molecules (i.e., statistic), eventually specifically selected from 
a complex mixture. 
 
Furthermore, it must be taken into account that chirality is also important for 
nanotechnology because if we think about “manufacturating” nanoproducts we cannot 
think in terms of production lines, because these are not easy to apply at the 
nanoscale. Many nano-enginners argue that we should be looking to chemistry and 
biology for inspiration, taking advantage of Brownian motion and molecular recognition 
(lock and key interactions) to build things. 
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Problems and relevant questions  

As explained earlier it is very important to produce commercially pure enantiomers. 
However, the complexity of isolating and producing a pure enantiomer, as well as the 
expense of evaluating its efficacy and safety in accordance with regulatory standards, 
may make the cost prohibitive. Also, the technology for producing a pure enantiomer 
may not yet exist. 
 
For example, polycyclic non-aromatic molecules studded with chiral centers, such as 
erythromycin, podophyllotoxin, and paclitaxel are all chiral compounds. All of these 
drugs are technically difficult, if not impossible, to resolve into homochiral pure 
enantiomers. 
 
Additionally, some pure enantiomers are thermodynamically unstable; therefore it may 
be possible for a pure enantiomer to spontaneously racemize into a racemate [±R,S] 
mixture of enantiomers. 
 
Maybe these selective catalysts give us the solutions of these problems... 
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