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What is Medicinal Chemistry?

The science that deals with the relationship between the chemical structure of the drug 

and its behavior in the biological systems, added to this the aspects of drug design and 

synthesis.

Chemical structure of a drugBiological activity / Side effects 
(Pharmacodynamics) (organic functional groups, stereochemistry)

Physicochemical properties of the 
drug 

These properties influence the 
ADME and toxicity of the drug

(Pharmacokinetics)
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What is Chemical Structure?

Clozapine
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Before we start
Before we start this course you need to review some previous courses of high relevance
to this one. Such things you need to review include:

• Important heterocycles frequently encountered in medicinal chemistry.
• Drug metabolism.
• Don’t forget to revise acidity, basicity, and drug ionization!!

Examples of common heterocycles.
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Examples of common heterocycles.
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Examples of common heterocycles.
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Drug Metabolism

➢ Biochemical modification or 
degradation, usually through 
specialized enzymatic systems, 
often converts lipophilic 
chemical compounds into 
more readily excreted polar 
products.
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◼ Glucuronic acid conjugation
◼ Sulfate Conjugation
◼ Glycine and other AA
◼ Glutathion or mercapturic acid
◼ Acetylation
◼ Methylation

Reduction
◼ Aldehydes and ketones
◼ Nitro and azo
◼ Miscellaneous

Oxidation
◼ Aromatic moieties
◼ Olefins
◼ Benzylic & allylic C atoms 

and a-C of C=O and C=N
◼ At aliphatic and alicyclic C
◼ C-Heteroatom system

C-N (N-dealkylation, N-oxide 
formation, N-hydroxylation)

C-O (O-dealkylation)
C-S (S-dealkylation, S-oxidation, 

desulfuration)
◼ Oxidation of alcohols and 

aldehydes
◼ Miscellaneous

Phase II - 
Conjugation

Phase I - 
Functionalization

Drug 
Metabolism

Hydrolytic Reactions
◼ Esters and amides
◼ Epoxides and arene oxides

by epoxide hydrase

Summary of phase I and II biotransformations
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Summary of the many types of oxidative reaction carried out by CYP.



Common acidic functional groups in pharmaceutical chemistry and their pKa values

pKa~ 4 - 6

pKa~ 9- 11

pKa~ 8-11

pKa~10.0

pKa~1.0
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Sulfonic acid

Carboxylic acid

Phenol 

Imide 

Sulfonamide 

RR



Common basic functional groups in pharmaceutical chemistry and their pKa values

pKa~8-10

pKa~8-10

pKa~8-10

pKa~4.0

pKa~7.0

pKa~5.0
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Primary amine 

Secondary amine 

Tertiary amine 

Aromatic amine 

Imidazole 

Pyridine 



pKa = pH +1 +2 +3-3 -2 -1

pH

50% i A-

50% un HA
91% i
9% un

99% i
1% un

99.9% i
0.1% un

0.1% i
99.9% un

1% i
99% un

9% i
91% un

HA            A- + H+

More A-More HA
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Ionization 



pKa = pH +1 +2 +3-3 -2 -1

pH

50% i BH+

50% un B
9% i

91% un
1% i

99 % un
0.1% i

99.9% un
99.9% i
0.1% un

99% i
1% un

91% i
9% un

BH+ B + H+

More BMore BH+
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Ionization 



Self assessment:
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Shown below is the structure of clonidine, an alpha2 agonist used to treat hypertension. 
Clonidine contains a guanidine functional group (highlighted in bold) that has a pKa = 8.3. 
Other guanidine functional groups, such as that seen with arginine, are much more basic 
with a pKa = 12.5. Provide a chemical explanation for this difference.
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Shown below are the structures of cefotaxime, nitrofurantoin, atenolol and 
ezetimibe. Each of these drug molecules contains one ionizable functional group. The 
pKa values have been provided.

1. Match the pKa values with the appropriate functional groups. For each functional group 
identify the name of the group and whether it is acidic or basic.

2. For each functional group indicate whether it would be primarily ionized or primarily 
unionized at a stomach pH 1.8, urinary pH 6.1 or plasma pH 7.4

Self assessment:



17

Evaluate each of the following metabolic transformations and determine which phase I 
metabolic transformation has occurred. 

Self assessment:
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Shown below is the structure of imipramine as well as three analogs. Evaluate each 
analog and provide an overall evaluation of how each change affects the chemical 
properties of imipramine.

Self assessment:
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Shown below is the enantiomer of Fluvastatin. Which of the following 
properties/actions would be expected to be identical for Fluvastatin and its 
enantiomer and which would be expected to be different?
1. Hepatic metabolism
2. Water solubility
3. Adverse side effects
4. Active renal reabsorption by transport proteins
5. Potency
6. % ionization at pH 7.4

Self assessment:



Recommended book to assess yourself in medicinal chemistry:
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http://library.lol/main/1CDF08C85B
46AD66DD24652FFBE57179



       Now, heterocyclic compounds are named systematically by 
the International Union of Pure and Applied Chemistry (IUPAC). 
One of these IUPAC systems of nomenclature is called 
Hantzsch-Widman method and is used for simple, one-ring 
heterocylces, and is summarized by the following rules: 

1-  The name is constructed by combining prefixes that 
indicate the heteroatoms present with suffixes that indicate the 
ring size and the degree of unsaturation. 

 

 

 



2-The prefixes for the heteroatoms are: oxa (O), thia (S), and 
aza (N). 

3- When two or more different heteroatoms are present, 
prefixes are listed in order of priority and numbering starts at 
the highest priority atom as follows. 

O > S > N. 

4-  The letter a in the prefix is omitted when the prefix              
is followed by a vowel (the first letter in the suffix). 

5-  The suffixes used are listed in the table below. 

 

Name suffixes (determines ring size and degree of 
Unsaturation). 

Ring 
size 

Nitrogen present Nitrogen absent 

Unsat. Partial Sat. Unsat. Partial Sat. 

3 irine ---- iridine Irene ---- irane 

4 ete etine etidine ete etene etane 

5 ole oline olidine ole olene olane 

6 ine ---- ine in ---- ane 

7 epine ---- epine epin ---- epane 



 

6-  Two or more heteroatoms of the same kind are indicated 
by the prefix di, tri, .etc. 

 

 

7-  When compounds are partially unsaturated ( 4 and 5 ) and 
differ in the position of a double bond, the position of that 
double bond is specified. 

 

 

 

 



8- When a ring system with the maximum number of double 
bonds still has a saturated atom in the ring, the position of this 
atom is numerically indicated, together with the prefix H (italic) 
as a part of the name of the ring system (the position of the 

double bond can also be indicated using the symbol , capital 
delta, instead of the hydrogen H). 

 

 

9-  Partial unsaturation for six or seven membered ring 
structures is indicated by the prefix dihydro or tetrahydro. 

 

 

 



10-  Fully saturated six or seven membered ring structures 
containing nitrogen is indicated by the prefix perhydro. 

 

10- Substitutions on the heterocyclic ring are named as 
prefixes and arranged alphabetically. Some substituents are 
always named as prefixes such as: 

- The alkyl groups, the following are common names for 
some of the alkyl groups: 

 
- The halogens ( named as flouro, chloro, bromo and iodo ) 
-  nitroso (- NO ) 
-  nitro ( -NO2 ) 
-  alkyloxy ( RO- ) 
-  alkylthio ( RS- ) 
-  alkyl 

 



Those that can be named as either prefixes or suffixes. The 
following is a list of some functional groups and their names as 
prefixes, and suffixes : 

 

                                        



                              

11-  Fused–polyheterocyclics have non systematic names, and 
numbering is similar to the analogous non heterocyclic 
compound. 

 

 

 

The position of substitutions does not change regardless of 
the nature of substituent. Examples: 

 

      

Replacement nomenclature 

 Another  method of nomenclature, and is summarized by the 
following rules: 

1.  The name of heteroatoms, their sequence and numbering is 
the same as in Hantzsch – Widman method.  



O (oxa ) > S (thia) > N (aza) 

2.  When there is a choice, priority in numbering is given to the 
heteroatom, then un-saturations, then to substituents in 
alphabetical order. 

3. The position and prefix for each heteroatom is written in 
front of the name of the corresponding hydrocarbon, which 
represents the parent name.  

4. In fused heterocycles, numbering of the corresponding 
hydrocarbon is retained, irrespective of the position of the 
heteroatom, except when there is a choice, low numbers are 
assigned to the heteroatoms 

 

Few examples as an application of the replacement method of 
nomenclature are given below. 



           

     

         

 

 

 


