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L-Dopa Purpose

Typical Antiparkinsonian

First isolated in 1913, L-dopa was initially declared biologically inactive.
Luckily for the 1.5 million people in the U.S. who suffer from Parkinson's
disease, the legume-derived amino acid r eceived a second look. Since the
early 1960s, L-dopa has been considered a gold-standard treatment for the
disease. Over the course of almost 50 years, and from an inauspicious
beginning, the history of L-dopa research paralleled scientific advances in
understanding neurotransmitters, especially the role of dopamine in regulating
central motor function.

L-Dopa (I-3,4-dihydroxyphenylalanine) was first isolated from seedlings of
Vicia faba by Marcus Guggenheim in 1913. The faba, or broad bean, is a
staple crop in some Asian and Mediterranean regions because of its high
protein content of 20 to 25%. Guggenheim suspected that L-dopa was a
precursor to adrenaline. To test this conjecture, he self-administered 2.5 g and
noted its emetic action. After later experiments with rabbits, however, he
concluded that it was not biologically active, and that was the prevailing
opinion for almost 15 years.

Beginning in 1927, biochemists discovered that L-dopa was biologically active
in rabbits, causing a fall in arterial blood pressure. In 1938, Peter Holz found
that L-dopa decarboxylizes into dopamine in mammalian tissue. Experiments
in the early 1940s demonstrated an increase in blood pressure in cats and
humans caused by the formation of dopamine in the body. During the 1950s,
medical researchers found L-dopa in many tissues of the human body,
especially in the brain, and continued to investigate whether the compound is
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Spray agglomeration

Fluidized bed spray agglomeration

The solution for free-flowing granulate from powder

Spray agglomeration in a fluidized bed is a method for shaping that enhances the properties of powders. By spraying in a
fluidized bed system, we convert powdery, non-flowing and often poorly soluble particles into free-flowing agglomerate or
granulate with outstanding solubility. The method is particularly suitable as a preliminary step for making tablets as well as for
manufacturing cleaning agents, drinking powders and instant products.

Spray agglomeration moves very small, powder particles in the fluidized bed where they are sprayed with a binder solution or —
suspension. Liquid bridges are created that form agglomerates from the particles. Spraying continues until the desired size of the

agglomerates is reached.
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“At MSD in the UK, we're 'inventing for Life'. We're helping to transform the lives of millions of patients in the UK by providing innovative medicines, vaccines and services, through our partnerships with the NHS and the work of the inspiring people who make up our company. We’re one of the top five biopharmaceutical companies in the UK and employ over 2,000 people across five sites.”

“SCIENTIFIC INVENTION IS AT THE HEART OF WHAT WE DO”
“Our scientists were among the first to develop medicines to treat hypertension, HIV and Hepatitis C. Today we're conducting approximately 100 clinical studies in the UK with over 3,000 patients participating each year.

For more than 10 years, MSD scientists have been researching different ways to treat Alzheimer’s disease, and we are actively involved in the fight against Ebola.”
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Making L-Dopa
Read through the booklet completing all tasks (those marked * are separates topics only and those with H are higher content) 
Scenario:

A North-East pharmaceutical company has been asked to manufacture SinemetTM. This is the brand name for the drug L-Dopa 

(Full name 3,4-dihydroxyphenylalanine)  L-Dopa is a medication used for the treatment of Parkinson’s disease. 
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L- Dopa. 

It can be drawn out in full as seen below.
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Work out the molecular formula for L-Dopa.

	


One of the first steps in manufacturing a new medicine is for research chemists to identify the functional groups (this will help indicate how the medicine will work)

On the diagram above circle the carboxylic acid functional group.*
L-Dopa also contains an alkene group. 
How could this be identified using a chemical test?*
	


Manufacture:
The next step is to determine how L-Dopa can be made. 

Other research chemists work out that it can be made in a two step process:
In the first step a molecule is reacted with hydrogen using an enzyme catalyst.
What type of bonding must be present for a substance to be called a molecule?

	


What is a catalyst?

	


Why are enzymes the preferred choice for a catalyst?

	


The second step uses an acid catalyst. 

What ion is present in all acids?

	


Below are the two equations (unbalanced) – can you balance both. 

Step 1:

C14H14NO6(s) +  H2 (g)  (  C14H16NO6(s)

Step 2: 

C14H16NO6(s)  +  __H2O(l)  (    C9H​10NO4(s)  + ___CH3COOH(aq)    +  CH3OH(aq)
What do each of the state symbols in the above equations indicate?

	g                                                                  s

l                                                                   aq




Step 1 can be carried out as a continuous process but step 2 has to be done as a batch process. 

Use the diagram to describe the difference between batch and continuous processes in industry.*
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Raw materials and Health and Safety
Once the manufacture route has been determined the raw materials need to be sourced and costed; then the Health and Safety executives will assess and advise on how to ensure the transportation, handling and manufacture is done in as safe a way as possible. The correct safety symbols must be worked out and used appropriately. 
Why is it important we use hazard symbols and not just rely on written warnings? 

	


Hydrogen is used in the first step, it is a flammable gas. 

What hazard symbol should be used when transporting and storing hydrogen?

	


What precautions should be taken when storing and handling hydrogen?

	


Hydrogen is a covalent molecule. 

What is a covalent bond?

	


Draw a dot-cross diagram for a hydrogen molecule. 

(Hydrogen has an atomic number of 1)

	


What are the properties of simple covalent molecules, like hydrogen?
 Link each one to the structure. 
	


An acid catalyst is used in the second step. 
What hazard symbol should be used when storing and handling the acid?
	


What precautions should be taken when storing and handling acids? 

	


The acid that is used is a concentrated acid, describe how this differs from a dilute acid. H
	


The acid is also classed as a strong acid. Describe, with equations how this differs from a weak acid. H
	


Risks and Benefits (Life Cycle Assessment)
Once all the risks have been assessed and a process has been proposed. An LCA consultant will carry out a life cycle assessment. 
Describe what this would involve.

	


Planning the synthesis

The company have been asked to make 1 million tablets. Each tablet weighs 500mg (0.4g)

The ‘pure’ tablet contains, L-Dopa mixed with binding agents (These make sure the chemical stays in tablet form), and other chemicals to make the tablet easy to swallow. 

Why would a chemist say that the tablet is not ‘pure’? (I.e. what is the chemical definition of pure?)

	


Each tablet will actually only contain 0.4g of L-Dopa. (C​9H10NO4)
Calculate the number of moles of L-Dopa in each tablet and in total in 1,000,000 tablets. 
	


The first step has a percentage yield of 95%
How is percentage yield calculated?*
	


The second step has a percentage yield of 75%
What would the overall percentage yield be?*
	


Why is it not possible to get a 100% yield? Give 3 reasons. *
	


If the two step process is combined the overall synthesis equation can be given as:
C14H14NO6 + H2 + 3H2O (  C9H10NO4 + 2CH3COOH + CH3OH

Using the overall percentage yield that you calculated earlier work out the mass in kg of C14H14NO6 need to make 400kg of L-Dopa. *H
	Mass in g of L-Dopa if x%

Mass of L-Dopa if 100%

Moles of L-Dopa if 100% 
Moles of C14H14NO6 needed
Mass in g of C14H14NO6 needed
Mass in kg of C14H14NO6  needed



Hydrogen is one of the reactants. Using the moles of C14H14NO6 calculated. Calculate the volume of hydrogen gas that will be needed to make the required amount of product. 
(1 mole of gas occupies 24dm3 at room temperature and pressure)*H
	


The hydrogen is added in excess. 

Why is this important?H
	


Green chemistry
When devising a new method of producing a product, lots of factors are looked at to make sure the process is as green as possible. 

One of these factors is atom economy. 

Define the term Atom economy.*
	


Calculate the atom economy for the overall process of making L-Dopa.*
C14H14NO6 + H2 + 3H2O (  C9H10NO4 + 2CH3COOH + CH3OH

	


The company have people looking at ways of making the atom economy greater. One proposal is that they sell the methanol to a company that makes antifreeze. 
Calculate the new atom economy if this proposal goes ahead. *
	


Draw the full structural formula of methanol.*
	


The rate of the reaction is also considered by environmental scientists. 
How can the chemists make the rate as fast as possible?

	


How does the use of an enzyme as a catalyst help keep costs down as well as ensuring that the process is better for the environment? 

	


Separation and purification

Once the product has been made it then needs to be isolated from the reaction mixture. 
Looking at the state symbols in the overall process, what would be the best method of removing the product? Use diagrams and keywords to describe how this could be done on a laboratory (small) scale. 
Overall process.

C14H14NO6(s) + H2(g) + 3H2O​(l) (  C9H10NO4(s) + 2CH3COOH(aq) + CH3OH(aq)

	


Once the product is isolated it is sent to the labs for testing to make sure that the product is pure enough to be used as a medicine. 
One method that is used to test purity is chromatography. 

Describe how chromatography is carried out in a lab and how the chromatogram is analysed to assess purity. 

	


Once the product has been tested to make sure it is pure, it is then packaged and sent to the distributers. 




MSD, a global pharmaceutical company with one of its bases in Cramlington, is involved in the manufacture of many important medicines.











