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3)- Stereoelectronic modification:

m Steric hindrance and electronic
stabilization have used together to stabilize
labile groups. E.g. procaine (an ester) is
quickly hydrolyzed, but changing the ester
to the less reactive amide group reduces
hydrolysis (procamide) or to lidocane.

m The presence of two ortho-methyl groups
on the aromatic ring in lidocaine helps to
shield the carbonyl group from attack by
nucleophiles or enzymes. This results in
the longer-acting local anaesthetic. Here
both steric and electronic influences are
both involved; these modifications are
defined as stereoelectronic.
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4)- Metabolic Blockers

= Some drugs are metabolized by introducing of polar
functional groups at particular positions in their
skeleton.

For example: Megestrol acetate (oral contraceptive) is
oxidized at position 6 to give OH group at this position.
Bu introducing a methyl group at position 6, metabolism
is blocked and the activity of the drug is prolonged.
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= 5)- Removal of susceptible metabolic groups

= Certain chemical groups are particularly susceptible
to metabolic enzymes. E.g. methyl groups on A
aromatic rings are often oxidized to carboxylic acids
which then quickly eliminated from the body.

= Other common metabolic reactions include aliphatic
and aromatic C-hydroxylation, N- & S-oxidations, O
& S-dealkylations and deamination.

= Susceptible group can sometimes be removed
replaced bylgrou s that are stable to oxidation, in
order to prolong the lifetime of the drug.

m e.g. The methyl group of Tolbutamide (anti diabetic)
was replaced by a chlorine atom to give
chlorpropamidé which is much longer lasting.
Replacement of a susceptible esterin
cephalosporins (cephaloridine & Cefalexin).

6)- Group Shifts

Removin? or replacing a metabolically vulnerable
group is feasible if the group concerned is not
involved in important binding interactions with the
binding site.

If the group is important, then we have to use a
different strategy such as: either mask the
vulnerable group by using a prodrug or shifting the
vulnerable group within the molecular skeleton.

By this tactic Salbutamol was developed in 1969
from its analogue neurotransmitter noradrenaline
(catechol structure).

Noradrenaline is metabolized by methylation of one
of phenolic groups with catechol O-methyl
transferase. The other phenolic group is important
for receptor binding interaction.

= Removing the OH or replacing it with a methyl
group prevents metabolism but also prevent H-
bonding interaction with the binding site. While
moving the vulnerable OH group out from the
ring by one carbon unit as in Salbutamol make
this compound unrecognizable by the
metabolic enzyme, but not to the receptor
binding site (prolonged action).

m Shifting is a useful important tool to overcome
the problem but no guarantee that this tactic
will be always successful and may make the
molecule unrecognizable both to its target and
to the metabolic enzyme.




m 7)- Ring Variation

m Certain ring systems are often found to
be susceptible to metabolism and so
varying the ring can often improve
metabolic stability.

m e.g. replacement of imidazole ring
(susceptible to metabolism) in
Tioconazole with 1,2,4-triazole ring
gives Fluconazole with improved
stability as shown previously.
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lI-Making druq less resistance
to drug metabolism

= Drug that is extremely stable to
metabolism and is very slowly excreted
can cause problems as that is
susceptible to metabolism. Such as
cause toxicity and side effects.

m Therefore, designing drugs with
decreased chemical and metabolic
stablility can sometimes be useful.

Strategies of designing such
drugs:

m 1)- Introducing metabolically susceptible
groups

= Introducing groups that are susceptible to
metabolism is a good way of shorting the
lifetime of a drug.

m For example: methyl group was introduced
to some drug to shorten its lifetime
because methyl can metabolically oxidized
to polar alcohol as well as to a carboxylic
acid.

m 2)- Self-destruct drugs

m A self-destruct drug is one which is chemically
stable under one set of conditions but becomes
unstable and spontaneously degrades under
another set of conditions.

= The advantage of a self-destruct drug is that
inactivation does not depend on the activity of
metabolic enzyme, which could vary from patient to
patient.

= e.g. Atracurium (neuromuscular blocking agent)
stable at acid pH but self-destructs when it meets
the slightly alkaline conditions of the blood. i.e. the
drug has a short duration of action, allowing
anesthetists to control its blood levels during
surgery by providing it as a continuous intravenous
drip.

Summary

m The polarity or pka of a lead compound can be
altered by varying alkyl substituents or
functional groups, allowing the drug to be
absorbed more easily.

= Drugs can be made more resistant to
metabolism by introducing steric shields to
protect susceptible functional groups. It may
also be possible to modify the functional group
itself to make it more stable. When both tactics
are used together, this is termed as a
stereoelectronic modification.

m Metabolically stable groups can be added to
block metabolism at certain positions.

m Groups which are susceptible to metabolism may be
modified or removed to prolong activity, as long as
the group is not required for drug-target
interactions.

= Metabolically susceptible groups which are
necessary for drug-target interactions can be
shifted in order to make them unrecognizable by
metabolic enzymes, as long as they are still
recognizable to the target.

= Varying a heterocyclic ring in the lead compound
can sometimes improve metabolic stability.

= Drugs which are slowly metabolized may linger too
long in the body and cause side effects.

m Groups which are susceptible to metabolic or
chemical change can be incorporated to reduce a
drug's lifetime.
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Drug Development

m The drug development phase is significantly
more expensive in terms of time and money
than either lead discovery or drug design and
many drugs will fall during the wayside.

= On average, for every 10000 structures
synthesized during drug design, 500 will reach
animal testing, 10 will reach phase | clinical
trials and only 1 will reach the market place.

= The average overall development cost of a new
drug was recently estimated as $ 800 million or
$ 444 million.

3/20/2018

Three main issues are involved in
drug development

1. The drug has to be tested to ensure that it is not
only safe and effective, but can be administered
in a suitable fashion. This involves preclinical
and clinical trials covering toxicity, drug
metabolism, stability, formulation, and
pharmacological tests.

2. There are the various patenting and legal issues.

3. The drug has to be synthesized in ever-
increasing quantities for testing and eventual
manufacture (this is known as chemical and
process development).

Toxicity tests are carried out in vivo on drug candidates to
assess acute and chronic toxicity. During animal studies,
blood and urine samples are taken for analysis.

Individual organ are analyzed for tissue damage or
abnormalities.

Toxicity testing is important in defining what the initial dose
level should be for phase | clinical trials.

Drug metabolism studies are carried out on animals and
human to identify drug metabolites. The drug candidate is
labeled with an isotope in order to aid the detection of
metabolites.

Pharmacology testes are carried out to determine a drug's
mechanism of action and to determine whether it acts at
targets other than the intended one.

Formulation studies aim to develop a preparation of the drug
which can be administered during clinical trials and beyond.
The drug must remain stable in the preparation under variety
of environmental conditions.

Clinical trials involve four phases.

= [n phase | healthy volunteers are normally used to
evaluate the drug's safety, its pharmacokinetics, and
the dose levels that can safely be administered.

m Phase Il studies are carried out on patients to assess
whether the drug is effective, to give further
information on the most effective dosing regime and
to identify side effects.

m Phase lll studies are carried out on larger numbers of
patients to ensure that results are statistically sound,
and to detect less common side effects.

= Phase IV studies are ongoing and monitor the long-
term use of the drug in specific patients, as well as the
occurrence rare side effects.

Patent are taken out as soon as a useful
drug has been identified. They cover a
structural class of compounds rather than a
single structure.

A significant period of the patent is lost as a
result of the time taken to get a drug to the
market place.

Patents can cover structures, their medicinal
uses, and their method of synthesis.

Regulatory bodies are responsible for
approving the start of clinical trials and the
licensing of new drugs for the market place.

= Drugs that show promise in a field which
devoid of a current therapy may be fast
tracked.

m Special incentives are given to companies to
develop orphan drug-drug that are effective
in rare diseases.

m Pharmaceutical companies are required to
abide by professional codes of practice
known as good laboratory practice, good
manufacturing practice, and good clinical
practice.

m Chemical development involves the
development of a synthetic route which is
suitable for large scale synthesis of a drug.
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