


Taxol is a anti-cancer drug used in chemotherapy. 
It is classified as a plant alkaloid, a taxane and an 
antimicrotubule agent.
Taxol is used for the treatment of breast, ovarian, 
lung, bladder, prostate, melanoma, oesophageal, 
as well as other types of solid tumour cancers. 
Taxol was first isolated from the bark of the Pacific 
yew tree, a slow growing tree found only in the 
northwest region of America.



Once its anti-cancer properties were discovered, 
concern was expressed about the effect on the 
yew tree population.
The bark of the yew tree contains a very small 
amount of Taxol which meant that initially the 
supply of the drug was limited and the process 
was non-renewable (one kilogram of bark was 
required to produce just 10 grams of the drug). 



A semi-synthetic route was developed in which a 
precursor of Taxol, 10-deacetylbaccatin (10-DAB), was 
isolated from the leaves of the European yew tree.  
This route gives a higher yield of 0.2 % (up to 50 grams of 
drug per kilogram). 
However, the conversion of 10-DAB to Taxol requires a 
complex series of steps and the use of a range of solvents 
and organometallic reagents. 
Recent studies suggest that Taxol precursors can be 
synthesised by genetically engineered organisms.



Taxol has low solubility in 
water. 
Water solubility is important 
because a drug must be fully 
dissolved to be safe for 
injection. 
To increase its water 
solubility, Taxol is dissolved 
in alcohol with the addition 
of polyoxyethylated (35) 
castor oil.





Taxol is a chiral molecule; it 
has 11 chiral carbon centres. 
It can exist as a large number 
of enantiomers.
The different enantiomers 
may produce harmful effects 
in the human body. 

It is possible to isolate the desired enantiomer from a 
racemic mixture but this process creates waste. 

** **

*

*

*

*
*

*
*



An alternative method is to use a chiral auxiliary, 
known as asymmetric synthesis. 
The chiral auxiliary (itself a chiral molecule) 
attaches to the non-chiral reactant molecule 
enabling the desired enantiomer to be produced. 
Once the desired enantiomer has been 
produced, the chiral auxiliary is removed and 
recycled. 



The different enantiomers can be distinguished 
between using a polarimeter:
• Pass plane-polarized light through the solution.
• An analyser is used to determine the angle of 

rotation of the plane of the plane-polarised light. 
• The different enantiomers rotate the plane of 

plane-polarised light by the same angle but in 
opposite directions. 





Radiotherapy (radiation therapy) is used to treat 
cancer.
In radiotherapy, ionising radiation is used to kill 
cancer cells. 
Radiotherapy can be internal or external.
In internal radiotherapy, an implant is placed close to 
the tumour inside the body. 
In external radiotherapy, high-energy rays are directed 
from outside the body into the tumour.



Ionising radiation is a type of particle or EM wave that carries 
enough energy to remove electrons from an atom or molecule.

Ionising radiation Non-ionising radiation

Alpha (α) and beta minus (β-) particles also have the 
ability to ionise an atom or molecule. 



Ionising radiation damages DNA, either directly or 
indirectly.
Direct damage - the ionising radiation collides directly 
with the DNA molecule.
Indirect damage - a free radical produced by the 
ionising radiation reacts with DNA. 
Exposure to ionising radiation can result in DNA 
mutations and damage to growing or regenerating 
tissue. 



Side effects occur because radiotherapy can also 
damage healthy cells and tissues near the area 
being treated. 
Side effects can include:
• Fatigue
• Nausea
• Hair-loss
• Sterility
• Skin reactions 





Targeted alpha therapy (TAT) is a form of cancer 
treatment that uses radioactive isotopes that 
undergo alpha (α) decay.
TAT selectively targets and kills cancer cells; it  
does not damage healthy cells.  
It is used to treat melanoma, breast, rectal, 
ovarian, prostate and pancreatic cancers.



An alpha-emitter attaches to an 
antibody through the use of a 
chelator. 
The antibody is a protein that 
binds specifically to cancer cells 
that possess a particular 
antigen.
This ensures that only specific 
cancer cells are targeted and 
healthy cells are not damaged. 



The isotope lead-212 is used in TAT.

The α particle is highly ionising which makes it highly  
effective at killing cancer cells. 
It has a short range, therefore it minimises damage 
to tissue surrounding the cancer cells. 





Boron neutron capture therapy (BNCT) is used to 
treat mainly head and neck cancers.
The patient is injected with the non-radioactive 
isotope boron-10 which concentrates in the 
tumour. 
The boron in the tumour is irradiated with low 
energy neutrons which causes it to emit high 
energy alpha particles that kill the cancer cells. 



The effectiveness of BNCT is dependent upon the 
uptake of boron-10 by the cancer cells. 
If only small amounts of boron are taken up by the 
surrounding (healthy) cells, the damage to healthy 
tissue can be minimised.





Isotopes used in nuclear medicine include: Tc-99m,  
Lu-177, Y-90, I-131 and Pb-212.

Yttrium-90 and lutetium-177 undergo beta minus (β-) 
decay and are used in targeted radionuclide therapy. 



Yttrium-90 is used in internal radiotherapy to treat tumours 
in the liver (targeted radionuclide therapy). 
Thousands of tiny beads embedded with Y-90 are delivered 
to the tumour in the liver. 
The blood vessels that sustain tumours are smaller in size 
than blood vessels that feed healthy tissue, therefore the 
beads get stuck in the smaller blood vessels, delivering 
radiation directly to the tumour.
As a result, side effects are minimised because there is little 
exposure to healthy surrounding tissue.



Technetium-99m (Tc-99m) is the most commonly used 
medical radioisotope.
It is used as a radioactive tracer for the following reasons:
• Short half-life of 6 hours – decays quickly and minimises 

exposure to patient. 
• Low energy emission level is just enough for gamma 

cameras to detect; patient is not exposed to high levels of 
radiation. 

• Different forms of technetium-99m means that it can 
travel to different organs in the body, targeting specific 
parts of the body. 



Iodine-131 is used for the treatment of thyroid disease 
and certain types of thyroid cancer.

Once in the body, it is absorbed in the thyroid gland 
where it begins destroying the gland's cells.
Because gamma radiation is also emitted, patients 
should avoid prolonged close contact with others for    
3-4 days after treatment. 





A breath alcohol testing device is used to estimate the 
blood alcohol content from a sample of breath. 
There are three types of breath alcohol testing devices:
• Breathalyser – detects alcohol by a redox reaction 

that produces a colour change.
• Alcosensor – detects alcohol using fuel cell 

technology.
• Intoximeter – detects alcohol by infrared (IR) 

spectroscopy.



In a breathalyser, breath is blown through a tube 
containing crystals of potassium dichromate(VI). 
The ethanol is oxidised to form ethanoic acid.
The dichromate ion is reduced to form the Cr3+ ion.

The colour change is from orange to green.



An alcosensor contains a fuel cell with two platinum  
electrodes and a porous acid-electrolyte material between 
them. 
The alcohol undergoes oxidation at the anode to produce 
ethanoic acid, protons and electrons.

The higher the concentration of alcohol in the breath sample, 
the greater the electric current produced by the fuel cell.





The products in drug synthesis often contain a 
mixture of compounds in addition to excess 
reactants, solvents and catalysts.  
The high purity of drugs requires them to be 
isolated and purified using a range of 
experimental techniques.
Drugs can be isolated and purified based on 
differences in solubility and volatility. 



Polar molecules are soluble in polar solvents.

Carboxyl group  Hydroxyl group Amine group 

Molecules with the functional groups shown above are 
able to form hydrogen bonds with water molecules and 
are therefore soluble in water. 



Molecules with non-polar (hydrophobic) functional 
groups are soluble in non-polar solvents.

Phenyl group

Hydrocarbon chain 
(alkyl group)

Molecules with the functional groups shown above are 
fat soluble due to the London dispersion forces between 
molecules.
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ketones (dipole-dipole forces)

aldehydes (dipole-dipole forces)

alkanes (London dispersion forces)

alcohols (hydrogen bonding)

carboxylic acids (hydrogen bonding) 

esters (dipole-dipole forces)

amides (hydrogen bonding) 
Soluble in 

polar solvents

Soluble in non-
polar solvents 



The mixture is poured into a separating 
funnel and a non-polar solvent (hexane) is 
added. 
The non-polar components of the mixture 
dissolve in the non-polar solvent.

Two layers are formed (less dense layer on top) with each layer 
containing the polar or non-polar components of the mixture.
The lower aqueous layer is removed, leaving the non-polar 
layer containing the non-polar component of the mixture. 
The hexane is evaporated and the product is obtained.  



Fractional distillation is used to separate two or 
more components with different boiling points. 
When the mixture is heated both fractions  
evaporate and rise up the fractioning column. 
The vapour of the fraction with the highest 
boiling point will condense in the column and 
run back into the round-bottomed flask. 
The vapour of the fraction with the lowest 
boiling point will enter the condenser, condense 
and flow into the conical flask. 


