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2.4 Pharmaceutical Chemistry

2.4.1  Drugs are substances which alter the biochemical processes in the body and   
	 	 those	which	have	a	beneficial	effect	are	called	medicines.	A	medicine	usually		 	
	 	 contains	the	drug	plus	other	ingredients.

2.4.2  Most	medicines	work	by	binding	to	receptors.	Receptors	are	usually	protein		
	 	 molecules	that	are	either	on	the	surface	of	cells	where	they	interact	with	small		
  biologically active molecules or are enzymes that catalyse chemical reactions  
	 	 (catalytic	receptors).

2.4.3  That	structural	fragment	of	the	molecule	which	confers	pharmacological	
	 	 activity	on	it	is	called	the	pharmacophore.

2.4.4  The	shape	of	the	pharmacophore	complements	that	of	the	receptor	site,	
	 	 allowing	it	to	fit	into	the	receptor.	The	functional	groups	on	both	are	correctly	
	 	 positioned	to	interact	and	bind	the	medicine	to	the	receptor.

2.4.5  By	comparing	the	structures	of	medicines	with	similar	pharmacological	
	 	 activity,	the		pharmacophore	can	be	identified.

2.4.6  Many	medicines	can	be	classified	as	agonists	or	as	antagonists	according	to	
	 	 whether	they	enhance	or	block	the	body’s	natural	responses.

2.4.7  An	agonist	will	produce	a	response	like	the	body’s	natural	active	compound.		

2.4.8  An	antagonist	produces	no	response	but	prevents	the	action	of	the	body’s	
  natural  active compound

2.4.9  Many drugs act as enzyme inhibitors by binding to the enzyme’s active site and 
  blocking the reaction normally catalysed there

2.4.10  %	solution	is	the	mass	of	solute	made	up	to	100	cm3	of	solution.

2.4.11  %	by	volume	is	the	number	of	cm3	of	solute	made	up	to	100	cm3	of	solution.

2.4.12  The	unit	ppm	stands	for	parts	per	million	and	refers	to	1	mg	per	kg.
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Drug:  Natural or synthetic substance which (when taken into a living body) affects 
  its functioning or structure, and is used in the diagnosis, mitigation, treatment, 
  or prevention of a disease or relief of discomfort.

  (Not	to	be	confused	with:	Habit-forming	stimulant	or	narcotic	substance	which	produces	a		
	 	 state	of	arousal,	contentment,	or	euphoria)

Medicine: one or more drugs, integrated in a pharmaceutical form, submitted for sale 
  and intended for use in humans or animals.

     

Systematic name:      1-[2-Hydroxy-4-(2-hydroxy-indan-1-yl-carbamoyl)-5-phenyl-pentyl]-
      4-pyridin-3-ylmethylpiperazine-2-carboxylic acid tert-butylamide 

International	name:  Indinavir

Brand	name:   Crixivan® 
     (Merck, Sharp & Domme) 
     (anti- HIV)
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Medicines taken according to the correct dosage are beneficial but can be very dangerous 
when taken in larger quantities and may lead to a variety of unfortunate side-effects or 
even death.

Aspirin is now well established as the painkiller (analgesic) 
against which all other painkillers are compared. It is also an 
excellent antipyretic and anti-inflammatory agent used in the 
treatment of arthritis. 

Recently, it has been found to reduce the tendency of the blood to 
clot and so is often involved in the treatment and prevention of heart 
disease.  However, it should be remembered that, in common 
with most medicines, there are unwanted side effects 
associated with the use of aspirin and that it should only be used with care.

How a medicine functions
To understand how medicines work, it is first necessary to understand:

 • what is meant by a receptor 
 • how enzymes work.

A receptor is a part of a very large protein molecule 
that has evolved naturally to interact with a specific
small, biologically active molecule. The shape, size 
and structure of the receptor site are such that the 
biologically active molecule can bind reversibly with the receptor. 

Such binding, between functional groups in the active molecule and functional groups in 
the complex protein, involves weak forces such as hydrogen bonding and 
weak electrostatic interactions.
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Many different kinds of cell in the body have receptors on the surface of the cell. If the 
correct natural molecule binds to the receptor site, it activates the cell and triggers a 
biological response within the cell. 

The active molecule then leaves the site without itself being chemically changed.

Medicines work by acting on a receptor site either to mimic the response of the natural 
active compound or to block the effect of the natural compound. Medicines can be 
classified as agonists or antagonists according to the way in which they operate.

An agonist interacts with a receptor to produce a response similar to the body’s natural 
active compound.

An antagonist interacts with a receptor to produce no response but it prevents	the	action	of	
the body’s natural active compound.

For example, Histamine is an organic nitrogenous compound involved in local immune 
response. Although histamine is small compared to other biological molecules 
(containing only 17 atoms), it plays an important role in the body. It is known to be 
involved in 23 different physiological functions.
 

Histamine is known to be involved in so many physiological functions because of its 
chemical properties that allow it to be so versatile in binding.

     One effect is increased vascular permeability causes fluid  
     to escape from capillaries into the tissues, which leads to 
     the classic symptoms of an allergic reaction: a runny nose  
     and watery eyes.

     While this is a natural part of the bodies immune system, 
     excessive watering and a continuous runny nose was often  
     too uncomfortable. 

New drugs were designed that would mimic histamine 
binding and would then prevent histamine from binding. 

The effects of these types of drugs were to act as antihistamines, 
to act as antagonists.
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Most medicines and drugs are complex molecules containing a variety of functional 
groups. Some of these groups may not be essential for binding to the receptor. For 
chemists trying to design new, more effective medicines, it would be useful to know the 
minimum structural requirements for a molecule to be pharmacologically active.

The structural fragment of the molecule that confers pharmacological activity on it is 
called the pharmacophore. The shape of the pharmacophore complements that of the 
receptor site, allowing it to fit into the receptor. 

The functional groups on both structures have to be correctly positioned to interact and 
bind the medicine molecule to the receptor.

All of these molecules are powerful analgesics (pain killers) but, 
unfortunately, they are also highly addictive. Ideally, chemists would 
like to identify the structural	fragment	of	the	molecule	that	confers 
pharmacological activity but then go on to perhaps remove any 
'unnecessary' fragments that contribute to their addictive properties.

For example, in the structure of morphine, the pharmacophore for 
all these molecules, is shown by the darker line.

Once the pharmacophore has been identified, chemists can design 
and synthesise potential medicines with a greater likelihood of success. 
By selectively changing parts of the molecule but still retaining the 
pharmacophore, it is possible to produce compounds which have 
reduced addictive properties while still retaining their analgesic properties.

Whilst most 'unnecesary' fragments can be removed, as they do not interact directly with a 
receptor, some must be retained as they help establish the structure and shape of the drug 
molecule and ensure functional groups remain correctly positioned to fit the receptor's 
active site. 

More recently, modern analytical techniques coupled with 
computer-aided molecular modelling have enabled biochemists to 
work out the precise structure of some enzymes and receptor sites. 

Computer-generated models of possible active compounds can 
then be matched with the active site.
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Clearly, the presence of individual functional groups (in both the drug molecule and the 
receptor's active site) play a crucial role in the interactions that can bind either an agonist 
or an antagonist to the active site.

Labels such as ‘hydrogen bond donor’ D, 
‘hydrogen bond acceptor’ A as well as the 
presence of cations (positive ions) P and 
anions (negative ions) N are often used in 
describing parts of a receptor and the 
pharmacaphore that would match up.

With the receptor site mapped, attention can 
then turn to suitable D and A groups:

       Other weaker attractions can also be 
       important but, in general, it is the stronger   
       hydrogen bonding and ionic attractions that   
       are most significant.

   As previously mentioned, histamine has many roles within the    
   immune system - “is	known	to	be	involved	in	23	different	physiological		
	 	 	 functions”.  This is due, in part to the variety of structures it can adopt  
   which allows it to attach to many different receptors.
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Receptors are usually protein molecules on the surface of cells. The overall shape and 
size of the drug has to be such that it fits a binding site. The functional groups on both the 
drugs and the receptor are positioned such that the drugs can interact with and bind to the 
receptor. 

Many drugs act as enzyme inhibitors by binding to the enzyme’s active site and blocking 
the reaction normally catalysed there.

You should be able to identify the types of interaction between drugs and binding sites - 
london	dispersion	forces, polar-polar	attractions, hydrogen bonding and ionic interactions.

Many drug molecules have chiral carbons and both enantiomers can be present within a 
medicine. Often, one of the enantiomers has no activity at all but it can sometimes act as 
an antagonist or bind to a totally different	receptor causing unforseen side-effects - 
thalidomide.

This enantiomer of glyceraldehyde fits the 
four specific binding sites on the enzyme 
surface. It will be able to trigger a response 
(agonist).

This enantiomer of glyceraldehyde only 
fits three of the sites. It will not be able 
to trigger a response (agonist) but it may 
be able to block the site (antagonist)
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Pharmaceutical preparations are often composed of many and varying ingredients. These 
ingredients can take various forms - some solid and some liquid - and, as such, different 
methods of describing concentrations need to be taken into consideration. 

A medicinal product needs to be defined by its concentration as it is this concentration that 
lets someone know how much of the drug is present. 

Solid ingredients in solid tablets can often be described as a weight / weight percentage 
where:-
  1%  w/w is equivalent to 1g of ingredient for every 100g of tablet

Solid ingredients suspended in a liquid (suspension) can often be described as a weight / 
volume percentage where:-

  1%  w/v is equivalent to 1g of ingredient for every 100 ml of suspension

Liquid ingredients in solutions can often be described as a volume / volume percentage 
where:-
  1%  v/v is equivalent to 1ml of ingredient for every 100 ml of solution

Example 1: 5g	of	a	cream	contains	250	mg	of	sulphur	in	yellow	soft	paraffin. 

  This would be considered as a solid within a solid, so w/w. Before comparing, they  
  must be expressed in the same unit, 250 mg = 0.25 g.

   So,  0.25 g in 5 g    =  (0.25 / 5) x 100  =  5 % w/v

Example 2: An	eye	wash	contains	1.2	g	of	sodium	chloride	dissolved	in	water	to	produce		 	
	 	 120	ml	of	solution.	Express	the	concentration	of	the	solution	as	amount	strength.

  This would be considered as a solid within a solution, so w/v. (Before	comparing,		 	
	 	 they	should	strictly	be	expressed	in	the	'same	unit'.	For	simplicity,	it	is	assumed	that		
	 	 120	ml	of	solution	(water)	would	be	equivalent	to	120	g.)

   So, 1.2 g in 120 ml  =  (1.2 / 120) x 100  = 1 % w/v

Example 3: 2	litres	of	a	cough	mixture	solution	contains	50	ml	of	ethanol.

  This would be considered as a liquid within a liquid, so v/v. Before comparing, they  
  must be expressed in the same unit, 2 l = 2000 ml

   So, 50 ml in 2000 ml  =  (50 / 2000) x 100  = 2.5 % v/v

Example 4: A	patient	is	injected	with	1	%	w/v	morphine	sulphate.	The	required	dose	of	
	 	 morphine	sulphate	is	20	mg.	What	volume	should	be	injected	into	the	patient?

  1 % w/v morphine sulphate  = 1 g per 100 ml   =  1000 mg per 100 ml.

  20 mg / 1000 mg    x   100 ml  = 2 ml 
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Example 5: How	many	milligrams	of	aluminium	acetate	are	required	to	prepare	500	ml	of	a		 	
	 	 0.03%	w/v	solution?

  0.03 % w/v aluminium acetate  = 0.03 g per 100 ml   =  30 mg per 100 ml.

  500 ml of solution required so,  500 x 30 mg = 15000mg =  15 g 

Example 6: During	a	synthesis	a	student	pipetted	10	cm3	of	a	5%	solution	of	ethanol	into	the		 	
	 	 reaction	vessel.	The	%	solution	by	mass	refers	to	grams	of	solute	in	100	cm3 
	 	 of	solution.

  Calculate	the	number	of	moles	of	ethanol	added	to	the	synthesis.

  5% , 100 cm3  5 g ethanol,    So, 10 cm3  0.5 g ethanol, 
       

  46 g   =  1 mol,    0.5 g   =   1  x  0.5 / 46   mol     = 0.011 mol

Notice that these methods of dealing with concentrations do not require knowledge of the 
formulae of substances, the gram formula mass or any knowledge of the mole concept.

      As part of clinical studies, chemists may need to 
      measure the amount of a drug present in a patient   
      over many days. 
      These quantities will be very small (compared to the 
      quantity of sample taken) and will often be measured in  
      a unit called parts	per	million	(ppm).

      Parts per million means that there is a 106 
      difference between the unit used to describe the   
      quantity	of	chemical	being	analysed and the unit 
      used to describe the quantity	of	sample.

      For example,  mg (10-3)   per kg (103)   (most common)

           mg (10-3)   per litre (103) (most common)

               ng (10-9)   per ml (10-3)

              g (100)    per tonne (106)

One way of calculating a concentration in parts per million is to put both quantities into 
the same unit and then:

 quantity	of	chemical / quantity	of	sample    x    1000000  =  parts per million

Example 7: A	1.5	g	tablet	contains	7.2	mg	of	active	ingredient.
	 	 Express	this	in	parts	per	million.

  1.5 g   =   1500 mg so  7.2  / 1500    x    1000000 = 4800 ppm

Alternatively, create a 106 difference in units, 1.5 g    contains 7.2 mg
       1.5 kg     contains 7200 mg
 then express per kg    1.0 kg     contains 7200 x 1.0/1.5  = 4800 ppm 
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Questions
Q1. Dichloromethane is a solvent used in the extraction of caffeine. A caffeine tablet (1.5g) has  
 been developed which contains traces of chloromethane solvent.

 The tablets were found to contain 586 ppm chloromethane. The unit ppm stands for parts   
 per million and refers to 1 mg per kg.

 The permitted daily exposure to chloromethane is 2 mg per day.

 Calculate the maximum number of tablets that can be taken daily to be within permitted 
 levels of dichloromethane.

Q2. Most medicines work by binding to receptors.   Receptors are usually

 A    nucleophiles B    electrophiles C    free radicals D    protein molecules.

Q3. Anandamide is a substance found in small quantities in chocolate, that plays a role in 
 appetite, memory, fertility and pain depression. It binds to the same receptors as the 
 cannabinoid drugs and enhances some of the body’s natural responses.

 State the term used to describe drugs that behave in this way.

Q4. The table has the structural formulae of some sulfonamides and their antibacterial activity.

 Which of the following would be an active antibacterial agent?

             A 
         

             B 
         

             C 
         

             D 

Q5. Sir Isaac Newton was thought to have suffered from mercury poisoning and when his hair  
 was analysed the level of mercury was found to be 73 ppm. The unit ppm stands for parts  
 per million and refers to 1 mg per kg.

 Calculate the number of moles of mercury in a 1·0 × 10-6 g sample of Newton’s hair.



CfE Advanced Higher Unit 2- Nature's Chemistry

Pharmaceutical ChemistryKHS Chemistry Mar 2016 page 12

Q6. Omeprazole is a drug commonly used to prevent stomach ulcers. 
 It is described as a proton pump inhibitor as it reduces the 
 ability of enzymes to produce gastric acid. 
 

 Omeprazole exhibits optical isomerism and is 
 sold as a mixture of both enantiomers.

 a)  Write the molecular formula for 
  omeprazole.

 b)  State the name given to a mixture containing equal amounts of both enantiomers.

 c)  Suggest the drug classification that best describes omeprazole.

 d)  Only one omeprazole enantiomer, known as esomeprazole, is active.
  However, in acidic environments the other, inactive, enantiomer is converted into 
  the active one.

   i)   Explain the benefit of selling the drug as an equal mixture of both enantiomers.

  ii)    The first stage of the conversion of the inactive enantiomer involves the 
          reaction  with H+ ions as shown.

   

    Identify a functional group that is present in compound X but not in esomeprazole.

Q7. The level of hypochlorite in swimming pools needs to be maintained between 1 and 3 parts 
 per million (1–3 ppm).

 400 cm3 of a commercial hypochlorite solution will raise the hypochlorite level of 45 000  
 litres of water by 1 ppm.

 Calculate the volume of hypochlorite solution that will need to be added to an Olympic   
 sized swimming pool, capacity 2 500 000 litres, to raise the hypochlorite level from 1 ppm 
 to 3 ppm.

Q8. The maximum safe dose of lidocaine for an adult is 4·5 mg of lidocaine per kg of body   
 mass.

 1·0 cm3 of lidocaine solution contains 10 mg of lidocaine.

 Calculate the maximum volume of lidocaine solution that could be given to a 70 kg adult.
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Q9. Cimetidine, ranitidine and burimamide are drugs used to counteract the effect of histamine
 which is known to be involved in the production of acid in the stomach.

 

 Using your knowledge of chemistry suggest how cimetidine, ranitidine and burimamide   
 can counteract the effect of histamine.

Q10. A drug containing a carboxyl group can bind to an amino group on a receptor site in three 
 different ways.

 

 
 The drug with the following structure
 could bind to the same site

 A  only by ionic interaction

 B  only as a hydrogen-bond donor

 C  only as a hydrogen-bond acceptor

 D  both as a hydrogen-bond donor and acceptor.
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Answers
Q1. 586 ppm =  586 mg   1.0  kg of tablets
        2 mg   (2 / 586)   x  1.0       kg of tablets
         =    0.00341 kg of tablets
         =    3.41 g of tablets

    number of tablets =  3.41 / 1.5 = 2.27 tablets  or  2 tablets

Q2. D    protein molecules.   Q3. Agonist.

Q4. A  

Q5. 73 mg per kg  =          ( 73 × 10−3 g per 103 g) = 7.3 × 10−2 g per 103 g
        =  7·3 × 10−11 g of Hg in 10−6 g of hair

 Number of mol =  7·3 × 10−11/200·6  =  3·64 × 10−13 (mol)

Q6. a)  C17H19N3O3S  b)  A racemate or racemic mixture. c)  Antagonist 

 d)   i)  In an acidic environment, such as the stomach, the inactive isomer would be 
   converted into the active one.
  or
   Cheaper to have a racemic mixture as you don’t have to separate 
   enantiomers.

  ii)  The OH or hydroxyl group.

Q7. 44·4 (litres) or 44400 (cm3)

Q8. 
 1kg  4.5 mg  so 70kg  4.5  x  75  =  315 mg

 10 mg     1.0 cm3 so 315 mg    315 / 10  x 1.0 = 31.5 cm3

Q9. Opportunity to: write about histomine as an agonist (triggers a response)

    write about a receptor / active site

    write about role of functional groups wrt to attractions formed, in 
    particular hydrogen bonding

    specifically describe functional groups in histamine and describe as 
    hydrogen bond donator or hydrogen bond acceptor

    possible ionisation of NH2 group to NH3
+ (at low pH) - ionic 

    interactions
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Q9. contd

    need for correct spacing / orientation to ensure groups on molecule   
    match  with complimentary groups on active site

    highlight the 3 functional groups on histamine likely to form 
    attractions
    

    highlight that most of the other molecules have two groups of correct  
    type and correct position so may be able to attach to active site but   
    without triggering response

    explain that this will block active site to histamine molecule - 
    antagonist

Q10. C  only as a hydrogen-bond acceptor


